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Acronyms and abbreviations

ACCLIMATE
ACMAD
AFD
AfDB
API
ARC
ARPEGE
ASECNA
AWS
CBOs
cc
cep
CCVA
CMRS
cP
CRS
cs
cTD
DEM
Di4
DRM
DRR
EbA
ECMWF
EE
ENSO
EOP
ER2C
ERP
ESA
EU
EW
EWS
FAT
FAO
FP

FS
GCF
GCM
GDP
GETI
GFCS
GFDRR
GFS
GIS
GRC
GTS
HFA
IAEA
IBF
ICAM
ICPAC
IDF
IFS
IGAD

Adaptation au Changement Climatique

African Centre of Meteorological Application for Development
Agence Frangaise de Développement

African Development Bank

Application Program Interface

African Risk Capacity (Agency)

Action de Recherche Petite Echelle Grande Echelle
Agency for the Safety of Air Navigation in Africa and Madagascar
Automatic Weather Station

Community-based Organizations

Cklimate Change

Command Post

Climate change vulnerability risk assessment
Commercial Mobile Radio Service

Climate Products

Catholic Relief Services

Climate Services

Climate Data Tools (software)

Digital Elevation Model

I0C’s Climate Change & Sustainable Department
Disaster Risk Management

Disaster Risk Reduction

Ecosystem-based Adaptation

European Centre for Medium-Range Weather Forecasts
Executing Entity

El Niflo-Southern Oscillation

Emergency Operations Procedures

Enhancing Resilience to Climate Change

Early Recovery Plan

European Space Agency

European Union

Early Warning

Early Warning Systems/Services

Factory Acceptance Test

Food and Agriculture Organization

Funding Proposal

Feasibility Study

Green Climate Fund

Global Climate Models / General Circulation Models
Gross Domestic Product

Global Education and Training Institute (of UNDRR)
Global Framework for Climate Services

Global Facility for Disaster Reduction and Recovery
Global Forecast System

Geographic Information System

Gestion des Risques de Catastrophes

WMO Global Telecommunication System

Hyogo Framework for Action

International Atomic Energy Agency

Impact-based Forecasting

Integrated Coastal Area Management

IGAD Climate Prediction and Application Centre
Intensity-Duration-Frequency

Integrated Forecasting System (ECMWF)
Intergovernmental Authority on Development



INDC
INGC
IN-MHEWS
10C
ITCZ
IWRM
JRC
MHEWS
MH-IBF-EWS
MoU
MSLP
NAP
NAPA
NCCP
NCOF
NCP
NDCs
NDRP
NFCS
NGOs
NMHSs
NMSs
NOAA
NOC/UK
NPV
NTC
NTWC
NWP
OCHA
ORSEC
oT
PDNA
PEIDs
PIROI
PMA
PMU
QMs
RCOF
RCMP
RIMES
RPSC
RSMC
RTSP
TAHMO
TC
SADC
SARCOF
SAT
SOP
SWIO — RAFI
SWIO
SWIOCOF
SWOT
TOC

UIP

UN
UNDAC

vi

Intended Nationally Determined Contributions

Instituto Nacional de Gestao de Calamidades, Mozambique
International Network for Multi-Hazard Early Warning Systems
Indian Ocean Commission

Intertropical Convergence Zone

Integrated Management of Water Resources

Joint Research Centre (European Commission)

Multi-Hazard Early Warning Systems

Multi-hazard Impact-based Forecasts and Early Warning Systems
Memorandum of Understanding

Mean Sea Level Pressure

National Adaptation Plan

National Adaptation Programme of Action

National Climate Change Policy

National Climate Outlook Forum

Numerical Climate Prediction

National Determited Contributions (Paris Agreement, national post-2020 climate actions)
National Disaster Response Plan

National Framework for Climate Services

Non-governmental Organizations

National Meteorological and Hydrological Services

National Meteorological Services

National Oceanic and Atmospheric Administration

National Oceanographic Center (UK)

Net Present Value

Non-Tropical Cyclone

National Tsunami Warning Centre

Numerical Weather Prediction

United Nations Office for the Coordination of Humanitarian Affairs
Organisation de la Réponse de SEcurité Civile

Operational Test

Post Disaster Needs Assessment

Petits Etats Insulaires en Développement

Indian Ocean Regional Intervention Platform of the International Red Cross and Red Crescent Movement
Pays Moins Avancés

Project Management Unit

Quality Management Systems

Regional Climate Outlook Forum

Royal Canadian Mounted Police

Regional Integrated Multi-hazard Early Warning System for Africa and Asia
Regional Project Steering Committee

Regional Specialized Meteorological Centre

Regional Tsunami Service Provider (India)

Trans-African Hydro Meteorological Observatory

Tropical Cyclone

Southern African Development Community

Southern African Regional Climate Outlook Forum

Site Acceptance Test

Standard Operating Procedures

Southwest Indian Ocean Risk Assessment and Financing Initiative
South West Indian Ocean

South West Indian Ocean Climate Outlook Forum

Strengths, Weaknesses, Opportunities and Threats

Theory of Change

User-Interface Platform

United Nations

United Nations Disaster Assessment and Coordination



UNDP
UNDRR
UNFCCC
UNFPA
UNICEF
UNITAR
UNOSAT
UN-HABITAT
VCA
VDA
VMM
WIS
WEFP
WHO
WMO

Comoros
ANACM
CATI
CGC
CIGRC
CMS
CNDO
CNGRC
CRC
COSEP
DAC
DGEME
DGF

DGS
DGSC
DM

DNS
DTM
MAMWE
MAPE
MATUTT
MESR
MIDAT
MPTENI
MSSPSPG
MTMA
OVK
PNPRRC
PRP

PSS
SNRRC
SOGEM
UCEA
UCEM
uDC
VDAs

Vi

United Nations Development Programme

United Nations Office for Disaster Risk Reduction (formerly known as UNISDR)
United Nations Framework Convention on Climate Change
United Nationa Population Fund

United Nations Children’s Fund

United Nations Institute for Training and Research

UNITAR Operational Satellite Applications Programme
United Nations Programme for Human Settlements
Vulnerability and Capacity Assessment

Village Development Association

Veille météorologique mondiale

WMO Information System

World Food Programme

World Health Organization

World Meteorological Organization

Agence Nationale de I’Aviation Civile et de la Météorologie

Cellule d’Analyse et de Traitement de I'Information

Corps des Gardes Cotes

Commission Insulaire de Gestion des Risques de Catastrophes

Comoros Meteorological Service

Centre national des données et informations océanographiques
Commission Nationale de Gestion des Risques de Catastrophes

Croix Rouge Comorienne

Centre des Opérations de Secours et de la Protection Civile

Direction de I’Aviation Civile

General Directorate of Water, Mines & Energy

Direction Générale des Foréts

La Direction Générale de la Santé

Direction Générale de la Sécurité Civile

Direction de la Météorologie

Direction Nationale de la Santé

Direction des transports maritimes

National Society for Water & Electricity Support

Ministére de I’Agriculture, de la péche et de I’environnement

Ministére de I'aménagement du territoire, de I'urbanisme et des transports terrestres
Ministére de I'’enseignement supérieur et de la recherche

Ministére de l'intérieur, de la décentralisation et de 'aménagement du territoire
Ministére des Postes télécommunications, de I'économie numérique et de I'information
Ministére de la santé, protection sociale et prise en compte du genre
Ministere des transports maritimes et de I'aviation

Observatoire du Volcan Karthala

Plateforme nationale pour la prévention des risques de catastrophes

Plan de Relévement Précoce

Plans de Secours Spécialisé

Stratégie Nationale de Réduction des Risques de Catastrophes aux Comores
Société de Gestion de I'Eau de Mohéli

Union des Comités de I'Eau d’Anjouan

Union des Comités de I’'Eau de Mohéli

Université des Comores

Village Development Associations



Madagascar

AD2M Appui au Développement des Régions Melaky et Menabe

APIPA Autorité de Protection contre les Inondations de la Plaine d’Antananarivo
APMP Agence Portuaire Maritime et Fluviale

BCPR Bureau for Crisis Prevention and Recovery

BNGRC Bureau National de Gestion des Risques et des Catastrophes

CCGRC Comité Communal de Gestion des Risques et Catastrophes

CDGRC Comité District de Gestion des Risques et Catastrophes

CERVO Centre d’Etude et de Réflexion de Veille et d’Orientation

CIL Centre des infrastructures et de la logistique

CISRI Climate Information Services Research Initiative

CFIM Centre de Fusion d’Information Maritime

CLGRC Comité Local de Gestion des Risques et Catastrophes

CNA Centre national Anti-acridien

CNES Centre National d’Etudes Spatiales (National Centre for Space Studies)
CNGRC Conseil National de Gestion des Risques et Catastrophes

CPC Corps de Protection Civile (Civil Protection Corps)

CPGU Cellule de prévention et de gestion des urgences

CRIC Comité de Réflexion des Intervenants en Catastrophes

CRM Croix Rouge Malgache

CTD Collectivité territoriale décentralisée

DAPV Direction de I'agriculture en appui a la production végétale

DEM Directorate of Meteorological Operations

DGM Direction Générale de la Météorologie

DHRD Directorate of Hydro-meteorological Research and Development Department
DMA Directorate of Applied Meteorology

DREEH Direction régionale de I'Eau, de I'Energie et des hydrocarbures

EMMO/REG  Etat-Major mixte de I’Armée malgache

GTCS Groupe de Travail Climat Santé

HCT Country Humanitarian Team

I0GA Institut et Observatoire de Géophysique d’Antananarivo

MAEP Ministére de I’Agriculture, de 'Elevage et de la Péche

MATHTP Ministére de I'aménagement du territoire, de I’habitat et des travaux publics

MCC Ministére de la Communication et de la Culture

MDN Ministére de la Défense Nationale

MEDD Ministere de I'Environnement et du Développement Durable

MEEH Ministere de I'Energie, de I'Eau et des Hydrocarbures

MENETP Ministére de I’'Education Nationale et de I'Enseignement Technique et Professionnel
MESRS Ministére de I'Enseignement Supérieur et de la Recherche Scientifique

MID Ministéere de I'Intérieur et de la Decentralisation

MPPSPF Ministere de la Population, de la Protection Sociale et de la Promotion de la Femme
MPTDN Ministere des Postes, des Télécommunications et du Développement Numérique
MSP Ministére de la Santé Publique

MSPP Ministere de la Sécurité publique & police

MTTM Ministére des Transports, du Tourisme et de la Météorologie

NAPIHMS National Action Plan for the Improvement of Hydro-meteorological Services
NHMSUG National Hydro-Meteorological Services Users Group

ONE Office National de I’'Environnement

ORSEC Plan d’ORanisation des SECours

PACARC Amélioration des capacités d’adaptation et de résilience des communautés rurales face au CC
PANASH Plan d’Action National pour I’Ameliorization des Services Hydrométéorologiques
PHSP Plateforme humanitaire du secteur privé

PNGRC Politique Nationale de Gestion des Risques et des Catastrophes

PNRRC Plateforme Nationale pour la Reduction des Risques et des Catastrophes

PRADA Adaptation des chaines de valeur agricoles au changement climatique (GIZ project)
SAHH Service d’Appui a I’'Hydrologie et I'Hydrogeologie
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SNGRC
SNPS
SPCR
SURECa

Mauritius
CCD

ICZM

LDA

LEOC

MAI
MoDHAEC
MEPU
MESWMCC
MHLUP
MMS

MOl
MNICD
NDRRMC

NDS
NDU
NEOC
NIWRM
NPC
NPS
NRPP
OPS
PLFRP
REOC
RID
SCD
sccop
WRU

Seychelles
CMP

DA

DalA
DRDM
NCEP

SFA

SMA

SSDS

Stratégie nationale de gestion des risques de catastrophes
Stratégie nationale pour la protection sociale
Madagascar’s Strategic Programme for Climate Resilience
Service des Urgences et de Riposte

Climate change division (referring to Min of Environment)

Integrated coastal zones management division (referring to Min of Environment)
Land drainage authority (referring to NDU)

Local emergency operation commands

Ministry of Agro-industry and Food Security

Ministry of Defence, Home Affairs and External Communications
Ministry of Energy and Public Utilities

Ministry of Environment, Solid Waste Management and Climate Change
Ministry of Housing and Land Use Planning

Mauritius Meteorology Services (referring to Min of Environment)
Mauritius Oceanography Institute

Ministry of National Infrastructure and Community Development
National disaster risk reduction management center (referring to Ministry of Local Government,
Disaster and Risk Management)

National Disasters Scheme

National development unit (referring to Prime ministry)

National emergency operations command

National Integrated water resources management Plan

National Parks Council (referring to Min of Agro-industry)

National Planning Scheme

National Risk Prevention Plan

Outline Planning Scheme (at district level)

Port Louis Flood Response plan

Rodrigues emergency operations command

Risk Information Document

Shelf continental department (referring to MofD&R)

Self-Safe Community Operation Plan

Water Resources Unit

Climate Change Management Policy

District Administrator

Damage, Loss, and Needs Assessment
Department of Risk and Disaster Management
National Center for Environmental Prediction
Seychelles Fisheries Association

Seychelles Meteorological Authority
Seychelles Sustainable Development Strategy



Glossary of key terms

Climate services (based on GFCS! and WMO definitions): CS equip decision-makers in climate-
sensitive sectors with better information to help society adapt to climate variability and change. They
are produced based on high quality climate-related data (for temperature, rainfall, wind, etc.), risk
maps, vulnerability assessments, and long-range projections and scenario. These data are sometimes
combined with socio-economic variables (e.g. agricultural production, human settlement maps) to
produce services tailored to user needs. These meteorological and non-meteorological variables are
transformed into usable products, like agricultural advisories for farmers, which are produced using
seasonal forecasts (climate information) combined with knowledge of the growing seasons and crops
in a specific area. The service must respond to user needs, must be based on scientifically credible
information and expertise, and require appropriate engagement between the users and providers.

Users of climate services (based on WMO definition?): Recipients of climate information, such as trend
projections and forecasts of various climate and weather parameters, who interpret, analyse and
process it in light of sector-specific knowledge in order to produce a useable, tailored and integrated
climate service that can be communicated to end-users. The users (i.e. the service co-producers) are
the partners of NMHS in producing CS; they are in charge of processing climate information (input) to
produce sector-tailored climate services (output).

End-users of climate services: It is a mix of stakeholders from the national, sub-national and
community levels. Each user can derive a benefit — potential or actual —in using climate services. Final-
or end-users of climate services often do not need climate information/data, but a finished useable
climate advisory service or product that they can input into their decision-making. End-users
encompasses farmers, fishermen, vulnerable communities, etc., as well as national decision-makers
and planners who need finished climate information products at longer timescales (climate
projections).

NMHSs: This term is used throughout the report to refer to both meteorological AND hydrological
institutions/services (whether they are part of the same institution e.g. in Madagascar, or separated
entities e.g. in Mauritius). When we refer to one institution specifically, we will use the terms
meteorological services or hydrological services.

1 https://gfcs.wmo.int/what-are-climate-services

2 https://public.wmo.int/en/bulletin/what-do-we-mean-climate-services




Executive Summary

This Feasibility Study (FS) is written in support to the Funding Proposal submitted to the Green Climate
Fund, entitled “Building Regional Resilience through Strengthened Meteorological, Hydrological and
Climate Services in the Indian Ocean Commission (I0C) countries” — namely Hydromet project. This FS
and Funding Proposal were prepared in agreement with the governments of Comoros, Madagascar,
Mauritius and Seychelles, the IOC (the project Executing Entity) and the AFD (Accredited Entity for this
project and who provided financial support for the development of these studies and proposal). The
development objective of this project is to enhance adaptive capacity and climate resilience of
communities and economic sectors in the 4 countries of the SWIO region. To enable sustained
economic growth, foster climate change adaptation and improve livelihoods, the proposed project
will implement interventions that will (i) strengthen the technical capacities of hydro-meteorological
institutions to monitor the weather, climate and hydrological conditions, and to produce more
accurate, timely, locally-relevant climate services (CS) that respond to user needs, and (ii) build the
capacity for and implement people-centered end-to-end multi-hazard impact-based forecasts and
early warning systems (MH-IBF-EWS) in the four target countries through improved coordination
and collaboration between NMHSs and PIROI and national DRM institutions, NGOs, humanitarian
and UN agencies on the ground. While important, strengthening the technical capacities of hydro-
meteorological institutions is not sufficient to effectively support the production of climate services
that adequately equip decision makers with essential tools and knowledge to help adaptation to
climate variability and change in climate-sensitive sectors and communities. Hence, the proposed
project will also support institutional strengthening, organisational efficiency (including financial),
service delivery, and stakeholder engagement for CS co-production. This will be achieved through
various interventions implemented at regional and national levels in the SWIO region.

Climate risks and vulnerability

The SWIO region has been recognised as a ‘climate hotspot’ due to its high exposure to climate-related
hazards including tropical cyclones, heavy rainfalls, storm surges and droughts. The SWIO-RAFI study,
led by the World Bank in 2017, indicated that over the last 50 years, Comoros, Madagascar, Mauritius
and Seychelles have been affected by more than 100 natural disasters, 94 of them related to hydro-
meteorological phenomena. The population affected by these hazards was estimated at 14.4 million
people across the four counties, and the physical damage resulting from climate-related hazardous
events was estimated at USD 13.1 billion. The affected population and physical damages resulting
from climate-related hazardous events are likely to rise in the coming years, as both the frequency
and the intensity of these hazardous events are expected to increase in the context of climate change.

Despite very different socio-economic contexts — with Comoros and Madagascar classified as Least
Developed Countries, Mauritius as upper-middle income country and Seychelles as high-income
country — the economy and populations of these four islands are extremely vulnerable to climate-
related hazards. In Comoros and Madagascar, the population is highly reliant on agriculture and
fisheries, two key economic sectors which are severely affected by increased temperature, tropical
cyclones, sea level rise, and coastal inundation and erosion, as well as changes in sea temperature>.
In Mauritius and Seychelles, the economy is highly dependent of tourism, which is also threatened by
tropical cyclones, increased occurrence of floods and flash floods, landslides, and storm surges
resulting in coastal inundation and erosion. In all countries, other key sectors are also affected by
climate-related impacts including health, water resources and disaster risk reduction.

These four islands are also characterised by microclimates, which makes it all the more difficult to
predict climate-related hazardous events and therefore implement risk mitigation or prevention
measures. More precisely, there is a lack of localized climate and weather information to inform

3 IPCC, 2014. Climate Change 2014: Impacts, Adaptation and Vulnerability — AR5. Chapter B: Regional
Aspects, Chapter 29.
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decision-making processes, a limited production and dissemination of climate services that can help
reduce risk exposure and vulnerability among communities and sectors and limited cooperation at the
regional level to monitor hazards and risks, and share hazard- and risk-related information in the SWIO
countries. As a result, Comoros, Madagascar, Mauritius and Seychelles are increasingly vulnerable to
the impact of climate change.

Climate services in the SWIO region

Climate-related losses and damages can be reduced or even avoided through the provision of weather
and climate information. Such information can equip decision-makers with essential tools and
knowledge to help adaptation to climate variability and change in climate-sensitive sectors and
communities. Climate services are increasingly useful in the context of climate change, to enable risk
preparedness, and to improve mitigation and response to increasing climate vulnerability and
extremes. Studies have demonstrated that a better access to relevant climate information contribute
to reduce vulnerability.

There are currently several barriers to producing timely, accurate, and user-friendly weather and
climate services in the SWIO region. Nonetheless, the governments of Comoros, Madagascar,
Mauritius and Seychelles recognize the importance of CS to reduce the impacts of climate hazards on
communities and socioeconomic sectors. At the regional level, the Indian Ocean Commission (I0C) —
of which these four countries are members — has adopted a climate change adaptation strategy that
advocates strengthening forecasting and climate prediction capabilities, increasing the capacity of all
actors, and disseminating climate information more broadly. At the national level, the National
Meteorological and Hydrological Services of the four countries have engaged in several initiatives to
improve the production and delivery of CS to vulnerable communities and sectors. For example,
ANACM in Comoros is currently implementing a project to improve water resource management with
support from UNDP and GCF; DGM in Madagascar is developing agricultural advisory services with
support from the GIZ; in Mauritius, the LDA is in the process of mapping all flooded and vulnerable
areas to improve land use planning with the support of AFD; finally, in Seychelles, the IAEA is
supporting the government to better detect harmful algal blooms, which are detrimental to the fishery
sector.

Despite these existing initiatives, which are often limited to one sector or region of a country, both
the 10C and the governments of the four above-mentioned countries lack the financial resources,
expertise and robust institutional arrangements to foster regional cooperation for hazard monitoring
and forecasting, risk assessment, and impact-based forecasting, and strengthen the NMHSs at scale,
in order to effect a paradigm shift towards climate resilience and adaptive capacities among
communities in the SWIO region.

Request for GCF support

GCF investment is therefore requested to achieve a transformative impact on monitoring and
managing climate, weather and hydrological risks in the short-, medium-, and long-range, facilitate
growth in key climate sensitive sectors like food security, water resources, health, energy and disaster
risk reduction, and enable adaptation to climate change impacts and early warning/early action based
on multi-hazard impact-based forecasts. In particular, GCF resources will be deployed across the 3
components that will enable the paradigm shift:

Component 1: Capacity building, institutional development, regional cooperation and public-private
engagement

Under this component, a Regional Climate Centre Network (RCC-Network) will be established; and
Regional and National Frameworks for Climate Services (RFCS & NFCS) developed and implemented.
This will: i) facilitate information, experience and knowledge sharing within the SWIO region for risk
prevention/mitigation; ii) harmonize processes to monitor climate-related hazards and disseminate
warnings; iii) support co-development of regional climate models and projections; and iv) support cost
efficiency by sharing facilities (i.e. regional specialized training center and regional lab for the
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maintenance and regular calibration of hydrometeorological equipment). The RFCS is the basis under
which 10C member states develop their own NFCS and adopt a common risk culture that reinforces
hydro-meteorological data collection and information sharing to better understand and monitor main
hazards for the region (i.e. tropical cyclones with violent winds and heavy rain, etc.). The organisation
of this framework will capitalise on the existing regional organisation implemented for the tropical
cyclone forecast coordination (Tropical Cyclone Committee TCC) knowing that this TCC maintains a
Tropical Cyclone Operation Plan (TCOP) recording all the international arrangements regarding the
information and data sharing. These frameworks will establish a common methodology in the SWIO
region for weather and climate monitoring and forecasting (based on the WMO technical regulations
/ standards), and will support the procedures for co-producing CS with the users of these services,
packaging and disseminating them; and the protocols to systematically include users’ feedback in the
production of CS.

The hydro-meteorological services* in the four target countries will be strengthened, with a focus on
streamlining roles and responsibilities, enhancing staffing and skills through core trainings, improve
working environment (to retain skilled staff), fostering collaboration between meteorological and
hydrological institutions (where such institutions are separated) and DRM institutions, and improving
their financial efficiency. This work will result in robust NMHSs, following WMO recommendations on
how to support the transition of the National Meteorological Services into autonomous entities.

In addition, it is well demonstrated worldwide that an Hydromet Law, which is a national legal
instrument establishing a National Meteorological and Hydrological Services (NMHS), is an important
element for its successful operation, as it helps defining its mission and mandate; ensuring clarity in
the definition of its responsibilities; providing legal authority for certain responsibilities; gaining
recognition of its contribution to society; and facilitating allocation of adequate resources (WMO,
2017)°, eventually through a potential establishment of a ring-fenced fund to support O&M and
further developments. Through the proposed project, Hydromet Laws will be revised or prepared with
the possibility of establishing a national fund. Collaboration with UNDP may be pursued to explore the
possibility of blended finance approaches, such as those implemented in Indonesia, Bangladesh,
China, Ecuador and Brazil®.

Component 2: High-quality climate-related data, improved multi-hazard impact-based forecasts
and EWS (MH-IBF-EWS), and climate risk assessments

This component essentially engages technical expertise on observations and monitoring, data
management, ICT, modelling and forecasting to support the modernization of hydro-meteorological
data collection infrastructure, management and access to information systems for optimal utilization
in the SWIO region. Hydro-meteorological equipment in the four target countries will be improved,
based on country-specific needs, which have been identified during the Project Proposal Development
phase (PPD). At the regional level, a regional lab will be established as a WMO Regional Instrument
Centre, to facilitate the maintenance and calibration of hydrometeorological equipment; and the
regional specialized training center based in Mauritius will be refurbished. Research and development
capacities will also be strengthened through trainings and capacity building, which will essentially take
place at the regional and national levels, and target staff members from the NMHSs. Training will focus
on: i) improved daily weather forecasts (up to D+3) and intra-seasonal forecasts; and introducing
impact-based forecasting; ii) enhance climate predictions/models from seasonal to longer timescales

4 This include the national meteorological and hydrological services, which are separated institutions in

some of the beneficiary countries.

5 See WMO, 2017. Guidelines on the Role, Operation and Management of National Meteorological and
Hydrological Services, 2017 Edition, WMO-No. 1195.
Shttps://www.undp.org/content/undp/en/home/librarypage/environment-
energy/low_emission_climateresilientdevelopment/blending_climatefinancethroughnationalclimatefunds.htm
I
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(6 months to 30 years) at regional level and downscaled at country-level and local level, where
possible; iii) support the implementation of hydrological models for improved hydrological
forecasting; and iv) support production of agrometeorological advisories. At the national level, users
of CS will also be engaged through this component, as the downscaled forecasts, climate predictions
and climate change projections will be used to co-produce climate hazard maps and vulnerability
assessments. These will be developed in consultation with key sectors and communities to identify
risk-prone areas for selected hazards and level of vulnerability among local communities. Such maps
will be useful tools to develop, for example on-the-ground intervention plans and multi-hazard
impact-based forecasts and early warning systems (MH-IBF-EWS). Multi-hazard impact-based
forecasting and early warning system/services capability’ will be built through shifting from
deterministic to probabilistic forecast techniques. NMHSs will make use of recent scientific and
technological developments, including innovative and cost-effective solutions to ensure sustainability
by using ensemble prediction system products from advanced centers at very high-resolution® (e.g. as
those generated within the framework of the Copernicus programme?®), and will carry out downscaling
and calibration of these products to the target countries exploiting newly developments such as
artificial intelligence?®. This will result in more accurate forecasts of the likelihood and severity of the
events, which will lead to increasing confidence of end-users in using such forecasts and warnings in
their decision-making processes. Thresholds values for issuing warnings will be determined based on
extreme value analysis and review of historical hydrometeorological events. By working with the DRM
institutions and the various sectors, risk analysis will be undertaken, incorporating hazard, exposure
and vulnerability data, and assess potential impacts from extreme weather- and climate-related
events. The implementation of MH-IBF-EWS will be done under component 3.

Moreover, short- and long-range forecasts produced under Component 2, including climate change
projections, as well as warnings, will be shared on an online platform supported under Component 3
of the project.

Component 3: Enhanced accessibility and use of climate services for climate change adaptation, and
improved capabilities in implementing a people-centered MH-IBF-EWS for disaster risk reduction

Under this component, short- and long-range climate products and services will be co-developed in a
participatory way. These CS will be defined based on end-users consultations and they will target key
priority areas of the GFCS with a focus on 2 key economic sectors per country (as identified in the
project Economic Analysis, Annex 3a). The CS will include long-range climate change adaptation plans
for key economic sectors, for example tourism, agriculture or fisheries; as well as enhanced early
warning dissemination to the most vulnerable people. Producers and users of climate services will
work together to develop these products to ensure they are packaged according to users’ needs,
understandable and use the most efficient dissemination channels. The emphasis will be on setting
up a mechanism to ensure users’ feedback on the CS are collected and integrated to improve such
services. To facilitate access to CS and the implementation of a feedback mechanism, users from
climate-sensitive sectors will be trained to understand and use CS efficiently and invited to attend
NCOF and SWIOCOF and to actively engage on the UIP strengthening, under this Component 3.

A national framework for MH-IBF-EWS for each country will be developed and harmonized at the
regional level. This framework will guide the implementation of MH-IBF-EWS at the local level. This
involves collaboration among NMHS, PIROI and the national DRM institutions, and other stakeholders,
the development risk matrices for each hazard with agreed risk levels and colour-codes, and description
of related impacts and response/actions. Selected vulnerability sites in each country will be selected to

7 https://public.wmo.int/en/resources/world-meteorological-day/wmd-2018/multi-hazard
8https://www.ecmwf.int/en/about/media-centre/science-blog/2020/baseline-global-weather-and-climate-simulations-1-
km?fbclid=IwAROAVIMKH1glIXyToXYGgPko5RtXmd8mDIu2ErKCQzUU30pAEzfEDSNfnMQ

9 https://climate.copernicus.eu

10 https://journals.ametsoc.org/bams/article/98/10/2073/70032/Using-Artificial-Intelligence-to-Improve-Real-Time
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use such risk matrices and associated information for testing and validating MH-IBF-EWS, with the
assistance of PIROI and its national counterparts and associated NGOs. These developments and
testing will be done in the first three years of the proposed project, and then expanded and rolled out
nationwide (in the last two years of the project) using scenarios, and through the dissemination of
knowledge products and outreach materials with the assistance of NGOs and through the community
leaders, in order to reach all population in the four countries. At the same time, a web-based knowledge
and decision support system (DSS) that aggregate information from the four target countries, with MH-
IBF and color-coded risk-based warnings (regional “meteoalarm”!'/"vigilance”'?'3-type platform that
would also contribute to the WMO Global Multi-hazard Alert System — GMAS'4) will be jointly develop
to support early warnings / early actions at regional, national and local levels. While this DSS is primarily
to support DRM operations, it is intended to also address impacts to the relevant socioeconomic sectors
in the country (i.e. agriculture, fisheries and tourism).
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Source: WMO Guidelines on impact-based forecast and warning services.®

Project Implementation and Budget

The proposed Hydromet project has a total budget of USD 71,386,085 over a period of 5 years, with
an expected total lifespan of 15 years. It will be implemented by the I0OC, with the support from the
NMHSs of the four target countries as well as other relevant institutions as indicated in the project
framework (Chapter 5). To implement this project, a GCF grant of USD 52,767,986 is solicited. In
addition to the requested funding to the GCF, AFD and EU will contribute USD 11,677,099. Moreover,
the project secured co-finance from the beneficiary governments on the amount of USD 6,941,000.

The economic and financial analysis developed for the proposed project (Annex 3a) indicates that high
returns on investment can be expected, especially in terms of reduced economic losses linked to
climate-related hazards and enhanced agricultural production from the delivery of reliable
agrometeorological services. For example, in Comoros, an EWS as proposed under the Hydromet
project would provide an average benefit of USD 0,280 M as well as benefits up to USD 0,86 M in the
agricultural sector from the production of related CS. In Madagascar, an EWS as proposed under the
Hydromet project would provide an average benefit of USD 5,029 M per year; in addition, USD 43,5
M in agricultural benefits can be expected from the production of CS in agriculture. In Mauritius, an
EWS would provide an average benefit of USD 5,5 M per year and, in Seychelles this benefit would be
of USD 0,140 M per year.

In addition to its economic viability, the Hydromet project is an innovative initiative in the SWIO
region. There is yet no consolidated approach for climate services in the region that contribute to
reducing disaster risks and fostering climate change adaptation using a mix of regional and national-

1 http://www.meteoalarm.eu

12 https://vigilance.meteofrance.fr/fr

13 http://www.meteofrance.re/vigilance-reunion

4 https://www.wmo.int/gmas/

15 https://library.wmo.int/doc_num.php?explnum_id=7901
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level interventions. Besides the need to strengthen hydro-meteorological equipment and approach to
produce and disseminate reliable CS in each target country, the region as a whole would benefit from
harmonization of processes, and enhanced communication and knowledge sharing. Regarding
technical improvements, the regional framework would benefit, inter alia, from two key activities that
are currently not done by the four countries. These include: (i) the establishment of a calibration and
maintenance facilities for all the specialised hydro-meteorological equipment (current and future) of
the four countries, with capabilities and fuctions as a WMO Regional Instrument Centre?; (ii)
development of seamless weather and climate modelling capabilities at highest resolution as possible,
and at all time scale (nowcasting, daily forecast, monthly forecast, seasonal forecast and climate
prediction); and (iii) the development and implementation of multi-hazard impact-based forecasts
and early warning systems.

The investment proposed through the Hydromet project is sustainable both economically and
institutionally, as well as technically feasible as demonstrated in this FS. It will also generate strong
economic, environmental and social benefits, and include gender-related considerations (see Annex
8). The governments of the four target countries have committed to sustain and maintain the
equipment, staffing and services established under the Hydromet project, including the shared
facilities which will be set up under the RCC-Network. A suggested business model is also presented
in the economic and financial analysis (see Annexe 3a) and will be further explored and detailed under
the Hydromet project to ensure future investments in CS from public and private sectors. The
proposed project will also secure the livelihoods of many people in the four countries, for example
directly benefiting those depending on agriculture, fisheries and tourism; and indirectly benefiting the
whole population of these four islands. Through the project, business plans will be developed for the
transition of current business models that are not sustainable to new one following the principles and
guidance in the WMO Guide to Aeronautical Meteorology Services Cost Recovery (WMO-No. 904)'7.
The new business models will be based on cost-recovery for the relevant sectors in the four countries,

e.g. aviation for Mauritius and Seychelles (as aeronautical meteorology services in Comoros and
Madagascar are provided by ASECNA'), shipping, insurance, tourism, energy, among others.

In this context, support from the GCF is key to help countries in the SWIO region deliver more
accurante, high quality, timely, and understandable climate services that will support sustained
economic growth and improved livelihoods in the context of climate change. The GCF investments will
have long-term impacts as countries in the region will be able to sustain and upscale project
interventions, which will place them in a better position to adapt to the impacts of climate change on
their people and economy.

16 https://www.wmo.int/pages/prog/www/IMOP/instrument-reg-centres.html
7 https://library.wmo.int/doc_num.php?explnum_id=5298
18 Agence pour la Sécurité de la Navigation Aérienne en Afrique (ASECNA), https://asecnaonline.asecna.aero/index.php/fr/
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Infroduction

The island states located in the South West Indian Ocean (SWI0O) are particularly vulnerable to climate-
related hazards and climate change. These countries have been identified as ‘climate hotspots’
because of their high exposure and vulnerability to climate-related risks including coastal erosion,
hydro-meteorological hazards, sea-level rise and saline intrusion, and temperature variability, among
others. A study conducted by the World Bank in 2017, the Southwest Indian Ocean Risk Assessment
(SWIO - RAFI), confirmed an increased frequency and intensity of extreme weather events in this
region. Over the last 50 years, Comoros, Madagascar, Mauritius and Seychelles have been affected by
more than 100 natural disasters, 94 of them related to hydro-meteorological phenomena. The
population affected by these hazards was estimated at 14.4 million people across the four countries,
and the physical damage resulting from climate events was estimated at USD 13.1 billion.

In Comoros, the World Bank estimated an average annual direct loss of USD 5.7 million due to floods
and tropical cyclones. Tropical cyclones represent the largest risk with 64% of direct annual losses. In
Madagascar, 35 cyclones, 8 floods and 5 severe droughts were noted over the past 20 years, causing
damages of over USD 1 billion and affecting food security, water availability, health care and livelihood
conditions. In Mauritius, SWIO RAFI indicates a combined USD 110 million in direct losses from
earthquakes, floods and tropical cyclones each year'®. Finally, in Seychelles, the DalLA (Damage, Loss,
and Needs Assessment, 2013)%° produced by the Government of Seychelles finds that Cyclone Felleng
caused an estimated loss of USD 8.4 million, equivalent to 0.77% of the country’s GDP.

Comoros, Madagascar, Mauritius and Seychelles are committed to reducing the vulnerability of their
population to climate-related hazards. Their commitments are reflected in their adoption of key
documents and policies, including NDCs, NAPAs, the Paris Climate Agreement, and national climate
change and DRR strategies. These countries have set up targets for disaster risk reduction and aim to
put in place effective early warning and risk response systems. Improving hydro-meteorological
services is therefore an undeniable necessity to enhance disaster risk management and to ensure
sustainable and harmonious socioeconomic development in the SWIO region. More specifically,
hydro-meteorological information is essential to ensure the safety of goods, people, and the
environment on the one hand, and the sustainability and profitability of any public or private
investment on the other hand.

To support the production of hydro-meteorological information that can contribute to reducing
vulnerability, strengthening infrastructure and capacity for data collection and interpretation is key.
This approach is essential to promote the stability and social cohesion that are essential for peace and
economic growth. More specifically, the strengthening of infrastructure and capacity to collect and
interpret hydro-meteorological information is essential to produce and disseminate effective early
warnings (for example, to anticipate floods) and to inform decision-making in key climate-sensitive
sectors such as agriculture & food security, health, water, and disaster risk reduction. These sectors
are defined as the initial priority areas of the Global Framework for Climate Services (GFCS) supported
by the World Meteorological Organisation (WMO) and other UN agencies.

The GFCS is a global partnership of inter- and non-governmental organisations, regional, national and
local stakeholders that produce and use climate information and services. It seeks to enable
researchers, producers and users of the information to join forces to improve the quality and quantity
of climate services worldwide, particularly in developing countries.

The GFCS implementation plan?', adopted by the extraordinary session of the World Meteorological
Congress in 2012 for subsequent consideration of the Intergovernmental Board on Climate Services
(IBCS), provides guidelines to promote effective collaboration and efforts among global, regional and

19 https://reliefweb.int/sites/reliefweb.int/files/resources/mauritius.pdf

20 https://www.gfdrr.org/sites/default/files/publication/Seychelles DalLA 2013 Floods.pdf
21 https://gfcs.wmo.int//implementation-plan
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national stakeholders. By providing individuals, communities, and the public and private sectors with
weather and climate information they can understand and act on, i.e. they will be empowered to
prepare and act before a disaster strikes and in turn will significantly reduce losses.

To provide communities with integrated weather and climate information and services, National
Meteorological and Hydrological Services (NMHSs) need to develop capacity along the entire service
delivery chain. By doing so, they will improve targeted impact-based forecasting, timely dissemination
of accurate and easily understandable information, and delivery to the public and other sectors. The
adoption of such a robust approach is identified as a high priority in the WMO Guidelines on Multi-
hazard Impact-based Forecast and Warning Services (2015, WMO-No 1150)?? as well as in the Multi-
hazard Early Warning Systems: A Checklist (2018)%, which supports the Sendai Framework for Disaster
Risk Reduction 2015-2030 (United Nations, 2015).

Within this context and in line with Decision 10d of the 33rd Council of Ministers of the Indian Ocean
Commission (I0C), following I0C request, the Agence Francaise de Développement (AFD — French
Development Agency) has decided to finance a Feasibility Study and a Funding Proposal for the project
entitled: “Building Regional Resilience through Strengthened Meteorological, Hydrological and
Climate Services in the Indian Ocean Commission (I0C) countries” — namely Hydromet project.

The project rationale is to assist all four island States in moving towards the production and
dissemination of climate services that allow the development of responses to mitigate those impacts.

It is designed with end users in mind, thereby placing significant resources on addressing end-user
needs. Conceived by the 10C, the Hydromet project concept was presented to AFD in 2018 and
received its support. A Concept Note was then developed and has already been received and amended
by the Green Climate Fund (GCF), who has issued a positive opinion on the project.

Based on positive GCF feedback, IOC with support from AFD decided to develop a full-scale Funding
Proposal (FP) and complementary annexes. The process started in May 2019 with the aim to submit
this project to the GCF in 2020. The project preparation team was commissioned under the AFD
Adapt’Action Facility. The consultants carried out in-country consultations and field visits between
May and September 2019, including a series of workshops with relevant government and sector
representatives to gather feedback on initial project interventions.

° A project kick-off meeting was organised on 09 May 2019 in Mauritius;

° A week-long mission took place between 10-17 May 2019 to meet country partners in
Comoros, Madagascar and Mauritius and introduce the work of the consultants (the team met
representatives from Mauritius and Seychelles during the kick-off meeting in Mauritius);

° A 4-week mission spread over 24 June — 03 August 2019 was organised in Comoros,
Madagascar, Mauritius and Seychelles to collect data to prepare the FS and complementary
studies;

° A 2-week mission was organised in the four countries between 26 August and 10 September

to discuss FS findings with all relevant parties during national pre-validation workshops;

° A 1-month mission conducted by WMO consultants in the four target countries to develop
project interventions linked to strengthening hydrological monitoring (linked to HYCOS
project) in June 2019; and

2 World Meteorological Organisation, 2015. WMO Guidelines on Multi-hazard Impact-based Forecast

and Warning Services.
3 World Meteorological Organisation, 2017. Multi-hazard Early Warning Systems: A Checklist: Outcome
of the first Multi-hazard Early Warning Conference
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° A regional final validation workshop was organised by IOC in Mauritius on 26 and 27
November 2019, to finalise project interventions and validate the Funding Proposal.

Regular communications with AFD and the 10C Secretariat were organised at various stages of the
feasibility study.

The Hydromet Project aims to bolster climate resilience and adaptive capacities among communities
by developing national hydro-meteorological services, through strengthening regional cooperation
and climate knowledge sharing, and with an overall focus on improving and scaling up climate services
(CS) delivery and Multi-Hazard Impact-based Forecast and Early Warning Services (EWS) in the 10C
countries. Led by the Indian Ocean Commission, this project will be co-financed, among others, by the
AFD and the European Union; in addition, a close partnership with the WMO has been established to
benefit from their expertise in climate services and early warning systems. Yet, a co-financing from
the Green Climate Fund is necessary to amplify the transformational character of this project.

This Feasibility Study (FS) has been prepared in support of the Hydromet project. It represents a
detailed framework for identifying climate hazards and climate change threats, assessing strength and
weaknesses in NMHSs and the current development of CS, and highlighting corresponding strategies
and opportunities to improve climate services for reducing vulnerabilities and increasing the resilience
of the population and assets in the 10C region.

The study begins with a description of the baseline context in the four target countries (Chapter 1).
Thereafter, a detailed presentation of regional and national institutions, plans relevant to climate,
hydrological and meteorological services is provided, along with a presentation of relevant
initiatives/projects in the region (Chapter 2). The next chapter examines NMHS and DRM institutions
and DRM processes in the four target countries, through a critical review and using real-life case
studies of recent disasters (Chapter 3). Based on this critical analysis, a comprehensive suite of
recommendations for improving climate services and enhancing the resilience of the region to climate
change impacts is provided, based on the GFCS main pillars (Chapter 4). The Feasibility Study
concludes with an action plan to implement Hydromet in the SWIO region (Chapter 5).
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Chapter 1 Climate change risks, impacts and
vulnerability

1.1 Overview of regional climatic events and parameters

SEYCHELLES
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Figure 1a: Countries of the SWIO region, member states of IOC

The regional climate of the South-west Indian Ocean (SWIO) is influenced by the following atmospheric
features: (a) the Inter Tropical Convergence Zone (ITCZ), responsible for the convergence of the Monsoon
and trade winds (privileged zone for cyclone genesis, and convective precipitations), (b) sub-tropical
Highs, responsible for the trade winds; and (c) the high level jets (i.e. the subtropical western jet and the
near tropical eastern jet)?* (Figure 1). SWIO regional climate in terms of season is mainly driven by the
Monsoon annual cycle. These features represent expansive bands of large-scale wind convergence and
high rainfall, which strongly influence intra-annual and inter-annual variability in rainfall, winds, and
tropical cyclone tracks. The interplay between these climate drivers causes dramatic changes in weather
in the SWIO countries, most obviously during El Nifio and La Nifia events, and their connection with the
Indian Ocean Dipole (10D)*.

Presswe 850 Time Jan

Figure 1b. SWIO atmospheric features.?*

24 https://gfcs.wmo.int/sites/default/files/MF-DIROI ClimateDrivers SWI0.pdf




1.1.1 Regional severe events
Tropical cyclones

Tropical cyclones (TC) are the most frequent catastrophic hazard in the SWIO region and have been
responsible for significant historical economic losses and casualties, especially in the island nations of
Madagascar and Mauritius. In terms of tropical cyclone formation, the Southwest Indian basin is one of
the most active areas in the world. Not only are tropical cyclones more frequent in this ocean basin, but
they are also more intense than in other parts of the world. On average, 13 tropical cyclones with wind
speeds exceeding 63 km/h form in this region each year. The SWIO cyclone season begins on November
15 and ends on April 30 of the following calendar year.

The historical record of tropical cyclones in the SWIO region, which is based on information from local
meteorological agencies (e.g., RSMC La Reunion, Australian Bureau of Meteorology (BoM), Joint Typhoon
Warning Center (JTWC)) includes 847 events that took place between the years 1950 and 2014 (Figure 2).

In a study developed for the World Bank?, the related effects of cyclones like wind, precipitation and
flooding and storm surges have been analysed and a summary of the results is provided below.

While the historical record includes nearly 850 tropical cyclone events, many of these storms are
bypassing or cause little damage. Events are documented when they impact population or cause physical
damage. These documented events are then further classified as “catastrophic” if they are reported with
>10,000 people affected, at least S10M USD in losses, or 210 deaths.
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Figure 2: Storm tracks by Saffir-Simpson category for the 65-year historical record

The distribution of total events and catastrophic events (demarcated in parentheses) are provided in Table
1. Between 1950 and 2015, Madagascar has the highest number of tropical cyclone events counting 59,
of which 48 are considered catastrophic events. During this same period, Mauritius, Comoros, and
Seychelles experienced 19, 7, and 1 catastrophic event(s), respectively.

2 AIR Worldwide, South West Indian Ocean Risk Assessment and Financing Initiative (SWIO-RAFI), Final
Report Submitted to the WBG, Component 1 — Hazard, June 1st, 2016
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Table 1 Number of recorded tropical cyclone events for each SWIO island nation, by decade. Events
considered to be “catastrophic” are provided in parentheses

1950-1959 1(1) 0 (0) 0(0) 0 (0)
1960-1969 0 (0) 2(2) 6 (3) 0 (0)
1970-1979 0(0) 6 (6) 4(3) 0 (0)
1980-1989 5(4) 7 (6) 11 (6) 0 (0)
1990-1999 1(1) 9 (8) 5(3) 1(0)
2000-2009 1(0) 26 (17) 4(3) 3(1)
2010-2015 1(1) 9(9) 1(1) 0 (0)

Total 9(7) 59 (48) 31(19) 4(1)

Non-Tropical Cyclones

Regular precipitation, or non-tropical cyclone (NTC) rainfall, induced flood events are significant
throughout the SWIO region. Characterizing NTC hazards is particularly important for understanding the
flooding risks in countries that are rarely subjected to tropical cyclones, such as Comoros, and Seychelles.
In the same study for the World Bank that the one for Tropical Cyclone, they calibrated daily precipitation
for each country using past reports of significant NTC-related flooding and subsequently applied to
determine whether a spatiotemporal precipitation pattern is likely to cause flooding.

The non-tropical cyclone flood consequence database contains information gathered from publicly
available sources about the impacts of 67 events. The distribution of total events and catastrophic events
(demarcated in parentheses) are provided in Table 2. Between 1970 and 2015, Mauritius and Seychelles
have the highest number of non-tropical cyclone related flooding events counting 20 and 22, respectively,
of which 9 entries in Mauritius and 1 entry in Seychelles are considered catastrophic events. During this
same period, Madagascar and Comoros experienced 9 and 2 catastrophic events, respectively.

Table 2 Number of recorded non-tropical cyclone flooding events for each SWIO island nation, by decade.
Events considered to be “catastrophic” are provided in parentheses.

1970-1979 | 1(0) [ 0(0) [ 0(0) 0 (0)
1980-1989 1(1) 1(1) 0(0) 0(0)
1990-1999 0(0) 1(1) 3(0) 2(0)
2000-2009 3(0) 10 (5) 11(2) 14 (0)
2010-2015 2Q) 202 6(2) 6(1)

Total 7(2) 14 (9) 20 (4) 22 (1)

On the top of the list of these events, the most serious damages have been done by the following historical
events:



Table 3 Selected historical events organized by peril.

TC Wind, Flood, Storm Surge Madagascar 1994 Geralda
TC Wind, Flood, Storm Surge Madagascar 2000 Eline
TC Wind, Flood, Storm Surge Madagascar 2004 Gafilo
e Wind, Flood, Storm Surge Madagascar 2007 Indlala
TC Wind, Flood, Storm Surge Madagascar 2008 Ivan
TC Wind, Flood, Storm Surge Madagascar 2012 Giovanna
TC Wind, Flood, Storm Surge Madagascar 2013 Haruna
TE Wind, Flood, Storm Surge Madagascar 2014 Hellen
TC Wind, Flood, Storm Surge Mauritius 1989 Firinga
e Wind, Flood, Storm Surge Mauritius 1994 Hollanda
TC Wind, Flood, Storm Surge Mauritius 1999 Davina
TC Wind, Flood, Storm Surge Mauritius 2002 Dina

1.1.2 Regional precipitation and temperature evolution
Graphics in the Figures of this section are based on data available at the climate change knowledge portal®®

of the World Bank.

Precipitation

Comparing the two periods 1961-1990 and 1991-2016, an increase of precipitation during the rainy
season is noted while a decrease of precipitation is noted during the dry season. It implies an increase of
drought and flooding events.

Figure 3: Average Monthly Rainfall of the Indian Ocean Watershed (World Bank)

Average Monthly Rainfall of Watershed #413 for 1961-1990 at Average Monthly Rainfall of Watershed #413 for 1991-2016 at
Location (47.37,-17.11) Location (47.37,-17.11)
Mar Apr Jul €
Mar  Apr  May n ) Au ep  Oct  Nov
Rainfall
Rainfall
Temperature

Comparing the three thirty-year periods from 1931-1960 to 1991-2016, an increase of maximum
temperature in January-March is observed from 23.5 to 24° during the last period.

26 https://climateknowledgeportal.worldbank.org/
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The minimum temperature observed in July is less impacted with values around 18.7 from 1931 to 1990
and 18.9° in the period 1991-2016.
Figure 4: Average Monthly temperatures of the Indian Ocean Watershed (World Bank)
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1.1.3 Impact of climate change on Tropical cyclones

Many studies have been done to assess the impacts of climate change on tropical cyclones. The most
recent is called “Projected changes in tropical cyclones over the South West Indian Ocean under different
extents of global warming “?’.

In this paper an ensemble of very high-resolution climate model simulations of present-day climate, and
projections of future climate change over southern Africa, has been analysed and the main results are a
decrease of the number of tropical cyclones with a light decrease of the intensity. Indeed, as we can see
on the following picture the intensity of wind (which is related to the intensity of the cyclones) generally
decreases at almost all latitudes for all three climatic scenarios (+1.5°C, +2°C and +3°C).

2 M S Muthige et al 2018 Environ. Res. Lett. 13 065019



Figure 5 Median of simulated maximum wind speed per latitude (as indicated) over the South West Indian
Ocean (35°E—80°E) relative to present simulated maximum, for 1.5 <C warming (solid black line), 2 °C
warming (broken black line) and 3 -C warming (broken grey line).
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1.2 Comoros

The Union of the Comoros is a group of islands with an area of 2,235 km? located between Madagascar
and Mozambique, north of the Mozambique Channel. In 2018, the country had a population of 845,477%
(71.2% living in rural areas).

The islands of Comoros are volcanic with a total of 340 km of coastline. Grande Comore is the largest
island, with a generally rocky surface, shallow soils and no permanent streams. Mohéli, the smallest of
the three islands, includes a large plateau, fertile valleys and hills covered with thick forests. The Anjouan
terrain is dominated by the central volcano of Mount Ntingui. Soil coverage is being depleted in some
areas due to erosion. %

Ranked as a low-income country by the World Bank, Comoros has an economy that is largely based on
subsistence agriculture and fisheries and is heavily dependent on foreign aid. The country's economic
development has been hampered by general political instability.

1.2.1 Climate risk profile

The climate of Comoros is maritime tropical, and presents local contrasts marked by microclimates due
to the influence of typography on the different climatic elements, in particular rainfall. This tropical
climate is characterized by two main seasons: a hot and humid season (rainy season) marked by heavy
rains, average temperatures of around 27°C, and sometimes tropical cyclones; and a dry and cool season
less humid than the rainy season, average temperatures of 23 to 24°C, and an almost permanent wind -
trade winds or sea breeze.

28 https://www.populationdata.net/pays/comores/

CIA World Factbook, Comoros: Geography; Encyclopaedia Britannica, Comoros: Relief, Drainage, and
Soils.; Encyclopaedia Britannica, Comoros: Relief, Drainage, and Soils.
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Temperature

According to studies conducted in Comoros by C. McSweeney and al*?, it is noted that the average annual
temperature increased by 0.9°C from 1960 to 2000, with an average rate of 0.19°C per decade. This
temperature increase was faster in March, April and May, at a rate of 0.22°C per decade.

The following figures show an upward trend in maximum temperatures over the last four decades (1960-
2000). It appears that the minimum temperature shows a greater upward trend compared to the
maximum temperature.

Figure 6 Maximum temperatures (1960-2000) (C. McSweeney et al)

Precipitations

An analysis of daily (2008-2016) and monthly (1901-2015) rainfall data from Moroni (Southwestern
Grande Comore) and daily rainfall data from Ouani (North-eastern Anjouan) is available for the frequency
of rainy dry periods and extreme rain events.>!

30 McSweeney, C et al (2009). UNDP Climate Change Country Profiles: Comoros. Assessed in April 2011
31 MP2L, 2015. Schema Directeur AEP Mbadjini Est



Monthly data are suitable for understanding the extended dry periods and daily data are useful to identify
extreme events. The main conclusions are summarized below.

Monthly rainfall data for Moroni, collected in 12-month totals and classified for the entire rainfall record,
indicate Feb 1999, Nov 2003, Dec 2007 and Jan 2013 as the driest 4 months over the entire period. Since
1960, there has also been a clear trend towards drier conditions from season to season, throughout the
annual moving average. The study also confirms an increasing frequency of extreme phenomena trends
(more dry periods over the last 2 decades).

It is therefore reasonable to conclude that Comoros has already been experiencing more extreme rainfall
patterns and that its baseline over the last two or three decades is therefore already based on increased
climate variability and climate change.

Analysis of daily rainfall data

A set of daily rainfall data over 9 years was analysed for Moroni and Hahaya in Grande Comore and Ouani
in Anjouan. This makes it possible to evaluate sub-monthly precipitation patterns.

There is no obvious trend in the number of dry days or maximum number of consecutive dry days over
the last 9 years. However, there is an upward trend in the number of consecutive 10-day dry periods (i.e.
dry spells) in a year over the past 9 years.

The above analysis was repeated for the actual dry days, meaning the days when precipitation minus
evapotranspiration is <0 mm/d, which is a more useful indicator for agriculture. In this analysis, the longest
effective dry period of consecutive days to Moroni increased to 54 days and Ouani to 92 days, although
that of Hahaya remained at 155 days.

It should be noted, as mentioned above, that the 4 driest periods recorded since 1960 have been observed
over the past 16 years. As such, these dry day periods are part of a growing trend towards drought. Daily
rainfall data were not available until 1998, but it is likely that dry periods were less extreme before that
date, based on monthly data.

Analysis of extreme rainfall

The frequency and intensity of extreme rainfall events were also analysed over the past 9 years.

Extreme precipitation can last more than a day. Tropical storms and cyclones can sometimes last more
than two to three days, spread over three to four or more calendar days. The daily analysis was therefore
undertaken not only over one day, but also over two days, three days, four days and five days.

The heavy rainfall analysis determined that the maximum daily rainfall was 423 mm in Moroni, 197 mm
in Hahaya and 347 mm in Ouani - all in different years. The Moroni rains took place in April 2012 and were
one of the heavy rainy days that caused the April 2012 floods. These floods caused extensive damage on
the three islands, but were particularly extreme in the southern Grande Comore, seriously damaging the
water supply in the city of Moroni for a period of 2 months.

The April 2012 rains lasted 6 consecutive days with rainfall > 100 mm/d, with a total of more than 1250
mm over the period, more than the annual average in some parts of the country.

Analysis of the high daily precipitation shows that the maximum annual precipitation is greater than 100
mm/day in 8 years over the last 9 years at the three stations (Moroni, Hahaya and Ouani). There has been
no obvious upward trend over the past 9 years, but this is clearly a significant amount of water, especially
considering the 3-day total for the 3 sites of > 200 mm, which highlights the persistent and continuous
risk of floods and flash floods in the Comoros.



A specific review of the global climate model (GCM) predictions for Mutsamudu in Anjouan®? indicates a
5% reduction in annual precipitation by 2065, but most importantly a reduction of up to 80% in dry season
precipitation (June to October) and 100% increase in monthly precipitation for some GCMs during some
months of the wet season.

CGM predictions suggest that precipitation intensity will increase during the wettest months. The most
likely climate change scenario is therefore an increase in extreme precipitation events, which is consistent
with climate change results more generally. The Comoros islands can therefore expect more frequent and
intense rainfall than at the present, although rainfall data already confirms that the Comoros has
experienced greater climate variability since the 1990s.

Sea level rise

Different studies show an accelerated rise in sea level due to the ocean temperature increase, which will
have repercussions on coastal erosion and saltwater intrusion. Sea level rise is particularly high in the
southwestern part of the country.

A study conducted by Hamid Soulé and Ahmed Abdoulkarim to assess the vulnerability of the Comorian
population to various hydro-meteorological and geological hazards, taking into account the characteristics
and specificities of each island, produced a map indicating the zones of ocean ocean invasion/penetration
in the three main islands (Figure 8).

Figure 8 Map of ocean ivasion/penetration in the Comoros islands
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1.2.2 Climate vulnerability

As previously mentioned, Comoros' economy is largely based on subsistence agriculture and fisheries —
sectors that are highly sensitive to climate hazards and variability. The country is highly exposed to various
hazards, which will increase in the context of climate change, including: increasing temperatures, changing
rainfall and wind patterns, increased intensity of tropical cyclones, ocean acidification and rising sea levels.
Their effects are exacerbated by key environmental problems such as deforestation that promotes soil

32 NAPA 2006, WHO Standard, daily water supply per person (I/d/p) documented by AfDB, PEAPA
https://www.who.int/water sanitation health/emergencies/qa/emergencies ga5/en/
3 Etude de vulnérabilité aux aléas climatiques et géologiques en Union des Comores, Pnud-Cosep 2011




degradation, erosion and landslides. This has had a significant negative impact on the country's main
economic activities, food security and people's living conditions. 3

The impacts of climate change affect all economic sectors in Comoros.

Below is an overview of vulnerability in the following sectors: agriculture (and fisheries), health, and water
resources. These sectors are identified as priority intervention areas for the provision of climate services
in the Global Framework for Climate Services (GFCS)®. In addition to these sectors, the GFCS also
highlights the importance of disaster risk reduction (see Chapter 2 and 3 of this FS); as well as the energy
sector®, It should be noted that the sectors presented below have been identified as priorities in various
national studies, strategies and policies, including the NAPA (2006), the ACCLIMATE analysis conducted
by the 10C (2011), the Second National Communication on Climate Change (2012) and a recent AFD
analysis (2018)%. The Economic and Financial Study (see Annexes) provides more information on
vulnerability in the agriculture and fisheries sectors.

It should also be noted that Comoros' limited capacity to adapt is linked to: (i) the high poverty rate of the
population, many of whom live in precarious conditions; (ii) infrastructure constraints; and (iii) weak
institutional capacities®*. The most vulnerable socio-economic groups, according to the NAPA (2006),
are subsistence farmers and fishermen, who together constitute more than 70% of the working
population; they are also the two groups most affected by poverty.

Agriculture and fisheries

Agriculture has traditionally been an important part of the Comorian economy, employing 54.9% of the
population and accounting for 30% of the GDP. It is mainly present on the island of Anjouan. Important
agricultural products include vanilla, cloves, ylang-ylang (perfume essence), coconut, bananas, and
cassava?. Currently, national agricultural production is not sufficient to meet domestic needs and 40% of
all imports are food related. Agricultural production is likely to decline further, given the vulnerability of
this sector to changes in temperature and rainfall, extreme events and sea level rise (leading to soil erosion
and salinisation). This would potentially have serious impacts in Comoros, where half the population is
food insecure®.

The following hazards and climatic variations have already affected the agricultural sector for several
years: decrease in rainfall, droughts and the shift in the rainy season. The impacts of these hazards
including water stress, soil and coastal erosion, soil salinisation, and flooding, particularly affect food and
cash crops. Changes in rainfall patterns have detrimental effects on crop production, which is mostly
rainfed. These include, for example, banana, cassava, and tomato production. Some studies indicate that
in the long-term, coastal areas may no longer be suitable for banana and tomato production due to
increasing temperatures®’. Climate change is also leading to the emergence of new insect pests,
particularly on cassava, banana and papaya crops, as well as market gardening.

Cash crops, such as ylang ylang and vanilla, are also affected by climate change. For example, the presence
of ylang ylang mainly in coastal areas makes it highly vulnerable to sea level rise, thereby seawater
intrusion and soil salinisation. A decrease or loss of production would result in a significant loss of income

34 AFD (2018). Etude de vulnerabilite aux effets du changement climatique aux Comores.

Priority areas in the Global framework for Climate Services: https://gfcs.wmo.int/priority-areas

Which was not taken into account in this analysis because it is more relevant to climate change mitigation
objectives than adaptation.

37 AFD (2018). ‘Etude de vulnerabilite aux effets du changement climatique aux Comores’.

AFD (2018). ‘Etude de vulnerabilite aux effets du changement climatique aux Comores’.

Inform Index for Risk Management, Mid-2019..

CIA World Factbook, Comoros: Economy.

Rapport ACCLIMATE (2011). ‘Etude de vulnerabilite aux changements climatiques: evaluation qualitative’.
AFD (2018). ‘Etude de vulnerabilite aux effets du changement climatique aux Comores’.
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for producers of this cash crop. However, there are some opportunities related to climate change, such
as the possibility of producing fruit in some regions of Mohéli due to the presence of higher
temperatures®.

Regarding fisheries, it should be noted that nearly 65% of Comoros' population lives in coastal areas and
depends on fishing as their main source of food and income. This activity is affected by rising seas and
increasing temperatures, ocean acidification and changes in seawater salinity, as well as by the increasing
intensity of extreme weather events. In 20 years, the sea level has already risen by 30-40m, leading to
significant coastal erosion in Comoros. The modification and reduction of marine habitats is already being
observed, due to changes in temperature and ocean acidification, the impacts of which are exacerbated
by human activities such as dumping waste into the sea®.

Increasing temperatures can also rise post-harvest losses, while the multiplication of extreme events such
as cyclones and storms prevent sea outings and can cause damage/loss of equipment and infrastructure®.

Climate change is causing the proliferation of toxic algae and the disappearance of nursery areas for
marine wildlife, including corals and mangroves. The latter are particularly threatened by oceanic water
intrusion, which leads to the salinisation of soils in coastal areas.

Water resources

Although water resources are present in all of the Comorian islands, only Mohéli and Anjouan have
permanent watercourses; Grande Comore has underground reserves. On the three islands, the
distribution and quality of water presents challenges - only 23% of Comoros' population has access to
drinking water. These challenges are exacerbated by climate change?.

In particular, water availability and quality are affected by changes in precipitation (quantity and
distribution), increasing temperatures, rising sea levels (which lead to salinisation of aquifers in coastal
areas), and the frequency of extreme events (which can destroy water-related infrastructure)*’. For
example, increasing temperatures and rainfall variability pose risks to groundwater supplies in Grande
Comore due to more intense evapotranspiration and decreased recharge of underground aquifers.

Sea level rise leads to saltintrusion, which can reach up to 2 km inland and contaminate aquifers in coastal
areas. Finally, decreased rainfall has a negative impact on the hydrographic networks in Mohéli and
Anjouan. For example, on Mohéli, the number of permanent watercourses decreased from 49 in 1950 to
10 in 2009%.

Health

This sector is sensitive to changes in temperature and rainfall, the multiplication of extreme events, and
sea level rise.

The multiplication of flood risks and soil salinisation are changing waterborne diseases by developing
conditions favourable to the spread of their vectors. Extreme hazards such as cyclones can destroy water
supply and sanitation infrastructure, leading to an increase in vector-borne and water-related diseases
such as cholera. The expected rise in temperatures leads to more frequent cases of dehydration, especially
in people at risk such as children, the elderly and the sick people. This impact of climate change is also
already having an influence on malaria — its incidence has reportedly increased in Comoros, and its

43 ibid.
a4 AFD (2018). ‘Etude de vulnerabilite aux effets du changement climatique aux Comores’.

Rapport ACCLIMATE (2011). ‘Etude de vulnerabilite aux changements climatiques: evaluation qualitative’.
AFD (2018). ‘Etude de vulnerabilite aux effets du changement climatique aux Comores’.
Rapport ACCLIMATE (2011). ‘Etude de vulnerabilite aux changements climatiques: evaluation qualitative’.
48 FAO Aquastat: http://www.fao.org/3/V8260B/V8260B0l.htm
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geographical prevalence could extend, particularly to high altitude areas previously spared*. Many
communities in Comoros are highlyvulnerable to this type of disease because they are poor and have
limited access to health care services; it should be noted that the quality of health care available in
Comoros is low*°.

Finally, a possible reduction in agricultural, livestock and fisheries production due to climate change could
increase food insecurity and lead to an increase in diseases directly related to food, such as cardiovascular
diseases and diabetes. Chronic malnutrition particularly affects the poorest, due to the inaccessibility or
rising cost of foodstuffs that must be imported (due to the decline in national production), such as meat.

1.3 Madagascar

The Republic of Madagascar is an island nation with an estimated population of 27 million (as at 2019)°%.
Madagascar is divided into six provinces (or faritany): Antananarivo, Antsiranana, Fianarantsoa,
Mahajanga, Toamasina, and Toliara. Each province is further divided into 22 regions (or Faritra), 118
districts, 1,557 communes and 17,500 fokontany*2.

Covering a total area of 587,041 km?, the island of Madagascar is located in the southwestern Indian
Ocean, 400 km from the southeast coast of the African continent (across the Mozambique Channel).
Madagascar is characterised by narrow plains and low plateaus along the coast (50 km wide along the
eastern coast and 100-120 km wide on the western coast), contrasting with the high plateaus and (often
steep) mountains in the centre of the island. The capital, Antananarivo (formerly Tananarive), is located
on the island's central plateau. The country is home to many inland lakes and rivers>3.

Ranked as a low-income country by the World Bank®, Madagascar’'s economy is largely based on
agriculture, and is heavily dependent on foreign aid. The country's economic development has been
hampered by general political instability, particularly during the 2009-2014 period.

1.3.1 Climate risk profile

Madagascar is a large island located almost entirely in the tropics. A mountain range located between
1200 and 1500 meters above sea level extends from north to south of the island along its entire length.
The geographical situation, its relief, the influence of the sea and wind conditions are at the origin of very
variable climatic conditions in the island characterized by two main seasons:

e Adry season from May to October;
e Arainy season from November to April.

From May to October, the climate is affected by high southeast trade winds. During this season, the
eastern part of the island benefits from a humid and windy climate, while the western part struggles with
a dry leeward climate. During the hot summer season, anticyclones in the Indian Ocean region weaken
and the trade winds become less regular, but the eastern part of Madagascar remains under its influence.

Temperature

Regarding temperature, the annual average is between 14°C and 27.5°C. In coastal areas, temperatures
vary depending on latitude, and range from 27°C to 23°C from north to south. The west coast is warmer
than the east coast by 1°C to 3°C. Across the plateau, average annual temperatures range from 14°C to

49 Rapport ACCLIMATE (2011). ‘Etude de vulnerabilite aux changements climatiques: evaluation qualitative’.

AFD (2018). ‘Etude de vulnerabilite aux effets du changement climatique aux Comores’.

IMF, Republic of Madagascar: At a Glance.

Encyclopaedia Britannica, Madagascar: Local Government; World Atlas, Regions of Madagascar by
population.

53 CIA World Factbook, Madagascar: Geography; Encyclopaedia Britannica, Madagascar: Relief.
Madagascar connait un taux de pauvreté trés élevé (92 % de la population vit avec moins de 2 SUS par
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22°C. The average temperature reaches its lowest in July throughout the country; the maximum occurs in
January and February for most regions except in a few parts of the Highlands and northwest where it is
observed in November.

The General Directorate of Meteorology (DGM) reported that temperatures in Madagascar have steadily
increased since 1970. Between 1961 and 2005, 17 of the 21 weather stations recorded statistically
significant increases in daily minimum temperatures in all seasons. Several stations also indicated an
increase in the daily maximum temperature. This seems to be a trend, since the DGM records an average
temperature increase of 1% per year. Global warming, which began in 1950 in the south (over 0.2°C in
2000) and gradually spread to the north of the country, is reflected in the rise in extreme temperatures.

Droughts are common in southern Madagascar: the hottest and driest part of the island receives less than
400 mm of rainfall per year. Prolonged dry periods are caused by large-scale disruptions in atmospheric
circulation. Droughts quickly lead to water shortages and harvests and seriously threaten the food security
of rural households. According to the World Food Programme in Madagascar, in recent years, droughts
have caused widespread failure of maize crops in the southern regions, affecting more than 230,000
children under five years of age.??

Temperature projections

The results of the global climate model do show an increase in temperature, but this is not consistent over
the territory:

e The largest increase in the South: from 1.6°Cto 2.6°C
e Asmallerincrease along the coasts: from 1 1°Cto 1.8°C
e Anincrease between 1.3°C and 2.5°C over the rest of the island.

These increases in average temperature will undoubtedly enhance evaporation from soils, leading to an
increase in the duration of droughts during low precipitation periods with a very significant impact except
on the coasts.

13



Precipitations
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Figure 9 Annual precipitation in Madagascar

Rainfall varies from 350 mm on the southwest coast to nearly 4,000 mm in Antongil Bay and Tsaratanana
Massif. See Figure 9 above.

The DGM reports that precipitation patterns are becoming increasingly variable and that droughts have
become more frequent. The average rainfall over the last decade has been between 1000 and 1200 mm.
The frequency of cyclones remained almost stable, but their intensity has increased, affecting larger areas.

Projections from Global Climate Models (GCMs) show the following results:
e General increase between months January to April;
e From May to June, decrease in the far south, and increase in the rest of the island;

e From July to September, increase in the northern, north western and highland parts, and
decrease in the eastern and south eastern parts;

e |n October, decrease over the far southeast and an increase over the rest of the island;

e From November to December, there would be a general increase, except for some
uncertainties in the far south and far north.

Cyclones

Madagascar has one of the highest cyclone risks among African countries, with an average of 3 to 4
cyclones affecting the country each year. The tropical cyclone season (November to April) systematically
has serious consequences: crop losses, floods and outbreaks of waterborne diseases, coastal degradation
and disruption of marine ecosystems, damage to essential infrastructure and services such as water and
electricity and, in some cases, victims. In recent years, several damaging cyclones have hit the country.
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Sea level rise

The GCMs show an accelerated rise in sea level due to the increase in ocean temperature, which will have
repercussions on coastal erosion. Sea level rise is particularly high in the southwestern part of the country.

1.3.2 Climate vulnerability

According to the 2017 World Risk Index, Madagascar is the 8th most exposed country to climate change®.
Classified as a least developed country, it is highly exposed to a variety of hazards, which will increase in
the context of climate change, including: increasing temperatures, changing rainfall patterns, rising sea
levels, and increasing frequency and intensity of tropical cyclones. For example, some 50 cyclones have
hit Madagascar in the past 15 years, affecting more than 10 million people®®. This has had a significant
negative impact on the country's main economic activities, food security and people's living conditions®’.

The impacts of climate change affect all the economic sectors in Madagascar. Below is an overview of
vulnerability in the following sectors: agriculture (and fisheries), health, and water resources. These
sectors are identified as priority intervention areas for the provision of climate services in the GFCS®, In
addition to these sectors, the GFCS also emphasises the importance of disaster risk reduction (see
Chapters 2 and 3 of this FS); as well as energy®.

It should also be noted that the sectors presented below have been identified as priorities in various
national studies, strategies and policies, including the NAPA (2006), the National Climate Change Policy
(NCCP, 2011), the ACCLIMATE report (2011), the Environmental Research Master Plan related to Climate
Change 2015-2019, and the Third National Communication on Climate Change (2017). The Economic and
Financial Assessment provides more information on vulnerability in the agricultural and water sectors (see
Annexes).

Agriculture and fisheries

Agriculture traditionally constitutes an important part of the Malagasy economy, employing 74.4% of the
population and contributing 20% of GDP. Important agricultural products include coffee, vanilla, sugar
cane, cloves, cocoa, rice, cassava, beans, bananas, and groundnuts®.

In general, food crops have low productivity for a variety of reasons including climate shocks, low use of
agricultural inputs, poor or inappropriate environmental practices, and anthropogenic pressure on soils.
This results in significant food insecurity in the country, especially in the regions of Atsimo Atsinanana
(>60%), SAVA, Sofia, and Vatovavy Fitovinany (around 40%)°.

Being mainly rainfed, agriculture is particularly vulnerable to climate variability and change, which is felt
in the form of droughts, water deficits, floods, increased temperatures and irregular rainy seasons. Rice
production, for example, which accounts for 60% of cultivated land and 87% of farms, is particularly
affected by climatic hazards, including floods linked to cyclonic episodes. As a result, yields are already
falling, particularly in the eastern, central, north-eastern and north-western regions of the country®?. It
should be noted that floods, often associated with cyclonic events and extreme rainfall, often occur just
before the harvest period, and can result in the loss of nearly half of the fields. In the south of the country,
crops are mainly affected by droughts, the occurrence and duration of which are increasing, as well as by

55 GIZ (2018). ‘Etat des lieux des études de la vulnérabilité & Madagascar’. Antananarivo: Deutsche

Gesellschaft fiir Internationale Zusammenarbeit (GIZ).

56 Ibid.

57 AFD (2018). ‘Etude de vulnerabilite aux effets du changement climatique aux Comores’.

Zones prioritaires dans le Global framework for Climate Services: https://gfcs.wmo.int/priority-areas
Qui n’a pas été pris en compte dans cette analyse de part son rattachement plus important aux objectifs
d’atténuation des changements climatiques qu’a I’adaptation.

60 CIA World Factbook, Madagascar: Economy.

GIZ (2018). ‘Etat des lieux des études de la vulnérabilité & Madagascar’. Antananarivo: Deutsche
Gesellschaft fiir Internationale Zusammenarbeit (GIZ).
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the disruption of rainfall patterns with the late arrival of the rainy season and irregular rainfall. These
phenomena are particularly challenging agricultural calendars.

Climatic hazards affect both food crops such as maize, beans and cassava and cash crops such as sugar
cane and vanilla, the latter being important for the national economy and particularly sensitive to the
wind gusts associated with tropical cyclones.

Madagascar has more than 5,000 km of coastline, which houses 65% of the total population. Madagascar's
poorest populations live in coastal areas, particularly in the east and south of the country. These depend
mainly on agriculture and the exploitation of coastal resources. The availability of these resources is
directly affected by tropical cyclones (which mainly affect the east coast), variations in sea temperatures,
ocean acidification, and floods that cause sudden desalination of the sea.

Fishing is also prevalent in Madagascar. Traditional fishing, which is the main occupation of populations
in coastal areas, is experiencing a reduction in productivity due to the degradation of marine ecosystems,
particularly corals and mangroves. This degradation is due to the combined actions of people and climate
change. The result is a reduction in the available fish resources, particularly for shrimp fishing, for example
- the main export product from fishing in Madagascar®. In addition, there has been an increase in the
intensity of tropical cyclones, storm surges, wind sea and swells. This particularly affects small fishermen,
who cannot then go to the sea even though they are totally dependent on fishing as a source of food and
income. These fishermen also suffer from physical harms (loss of boats/vessels, destruction of homes).

Water resources

Vulnerability to climate change in the water sector is important for two main reasons: (i) high dependence
of key economic activities on water supply; and (ii) reduced access to safe drinking water for urban and
rural populations, with 51% of the population having access to an improved drinking water source - only
35% in rural areas®.

Climate change affects the quality and quantity of water available in different ways: i) a decrease in the
availability of water resources, particularly due to irregular rains and droughts; ii) destruction of or
damage to water infrastructure, particularly during strong swells, floods and tropical cyclones, which can
potentially lead to the contamination of water resources; iii) a decrease in the quality of available water
caused by floods, droughts (increased salinity), and degradation and erosion of watersheds; and iv)
increased variability in the availability of water resources from one region of the country to another and
according to how they are affected by climate change®.

It should be noted that hydrological and agricultural drought has been observed for more than 20 years,
particularly through the drying up of water sources and the disappearance of wetlands throughout the
country, and a decrease in rainfall that mainly affects the south of the country. Finally, in terms of quality,
higher temperatures coupled with more frequent floods contribute to the proliferation of microbes and
bacteria in the water, which increases health risks.

Health

Madagascar's public health sector is considered highly sensitive to climate change®®, including rising
temperatures, heavy rainfall causing floods and the resulting presence of standing water. The latter can

63 Republique de Madagascar (2017). Troisieme Communication Nationale sur les Changements Climatiques

Improved drinking water includes any of the following sources: piped water into dwelling, yard, or plot;
public tap or standpipe; tubewell or borehole; protected dug well; protected spring; or rainwater collection.
Unimproved drinking water includes any of the following sources: unprotected dug well; unprotected spring; cart
with small tank or drum; tanker truck; surface water, which includes rivers, dams, lakes, ponds, streams, canals or
irrigation channels; or bottled water.

65 Republique de Madagascar (2017). Troisieme Communication Nationale sur les Changements Climatiques
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cause disease epidemics with high morbidity rates or increase the frequency of these diseases and their
area of proliferation.

The main diseases whose incidence is linked to climate change are malaria, the Rift Valley fever (according
to the Working Group on Climate and Health — GTCS) and diarrhoeal diseases®’. Malaria, for example, is
on the rise from February to May (rainy season), although it is present all year round in Madagascar.
Variations in temperature and humidity due to climate change are facilitating to redistribute the
prevalence of malaria in every region of the country.

Similarly, increased temperatures are already leading to an intensification of diseases linked to rising
blood pressure, influenza and diarrhoea. It should also be noted that there are increased risks of
malnutrition and cardiovascular diseases following the expected drop in productivity in the agricultural
sector. High poverty rates, as well as their geographical isolation, make access to health care difficult,
which increases their vulnerability to the negative impacts of climate change on health.

1.4 Mauritius

The Republic of Mauritius is an island nation with an estimated population of 1.3 million in 2019, It
includes the Island of Mauritius, Rodrigues Island, Agalega, Cargados Carajos, and the Chagos Archipelago
including, among others, Diego Garcia.

Located in the southwest Indian Ocean, Mauritius is 2,040 km? in total. The main island (Mauritius) is
approximately 800 km east of Madagascar. Rodrigues is about 550 km east, the Cargados Carajos are
about 400 km northeast, and the Agalega Islands are about 930 km north of the main island®®. The main
island is volcanic and surrounded by coral reefs”.

Mauritius is considered an upper middle-income country’. The country does not rely heavily on overseas
aid and has developed a mixed economy based on manufactured exports, agriculture, tourism, and
financial services. Despite its relative wealth compared to other countries in the region, it is important to
note both Mauritius’ high debt levels, and high vulnerability to climate shocks due to its size and exposure
to hazards.

1.4.1 Climate risk profile

The Republic of Mauritius enjoys a mild tropical maritime climate with a warm humid summer extending
from November to April and a relatively cool dry winter from June to September. The adverse impacts of
climate change are already being experienced in terms of temperature rise, decrease in rainfall amount,
sea level rise, accentuated beach erosion and increase in frequency and intensity of extreme hydro-
meteorological events such as flash floods. Climate records over the period 1951-2014 show a significant
warming trend of about 1.2°C and a decreasing trend in rainfall amount of about 8%. Over the same
period, the central plateau, the main recharge zone of the island has witnessed a decrease in annual
precipitation from a maximum of 4000 mm/year to 3800 mm/year with drying being more pronounced
to the north and west.

Sea level rise has been observed to be accelerating at an average rate of 5.6 mm/year in the last decade.
The Republic of Mauritius is also situated in the tropical cyclone belt of the South Western Indian Ocean
(SWI0) where rapid formations of intense tropical cyclones have been observed.

67 Republique de Madagascar (2017). Troisieme Communication Nationale sur les Changements Climatiques.
68 IMF, Mauritius: At a Glance.

69 Encyclopaedia Britannica, Mauritius: Land.

70 CIA World Factbook, Mauritius: Geography; Encyclopaedia Britannica, Mauritius: Relief and Drainage.

n OECD, DAC List of ODA Recipients and History of DAC Lists of aid recipient countries.
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Temperature

The mean temperature over Mauritius is 24.7°C during summer and 21.0°C during winter. The
temperature difference between the two seasons is relatively small, it varies from place to place and is
usually larger over coastal areas when compared to the Central Plateau.

Climate records over the period 1951-2014 show a significant warming trend of about 1.2°C in Mauritius
and Rodrigues. Analysis of temperature records indicate that the observed rate of temperature change is
on average 0.020°C/yr and 0.023°C/yr for Mauritius for the period 1951-2014 and for Rodrigues for the
period 1961-2014 respectively. Projections made on the basis of RCP 4.5 and RCP 8.5 (the business as
usual scenario and the worst-case scenario respectively) indicate an increase in temperature of up to 2 °C
over both Mauritius and Rodrigues for the period 2051-2070.

Figure 10 Temperature Projections for Mauritius (10a) and Rodrigues (10b) for RCP 4.5 and RCP 8.5
(Source: Mauritius’ Third National Communication Report 2016)
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Precipitations

Analysis of rainfall over the period 1951 -2014 shows a decreasing trend in rainfall amount of about 8%
for Mauritius. For Rodrigues, which is a water scarce island, a downward trend has also been observed in
the rainfall.

The following table gives the mean monthly, seasonal and annual rainfall for the period 1981-2010 over
Mauritius. February is the wettest month and October is the driest.

Table 4 Mean monthly and seasonal rainfall in mm over Mauritius (1981-2010)
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Source: Mauritius Meteorological Services

The following figure shows long-range variations in annual rainfall over Mauritius, the trend and the 5-
year moving average (red). The data indicate a steady decreasing trend over the period 1904 to 2015.
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Figure 11 Long-range annual rainfall (blue dots), trend (black continuous line), and 5-year moving average
(red line) over Mauritius (1904-2015) (Source: Mauritius’ Third National Communication Report 2016)
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However, projections for RCP 4.5 and RCP 8.5 scenarios, does not show significant variation with respect
to the present rainfall pattern in Rodrigues (Figure 12b). Nevertheless, for Mauritius, the precipitation
seasonal cycle shows an increase in monthly precipitation during the period from May to October as
depicted at Figure 12a for Mauritius.

Figure 12 Precipitations Projections for Mauritius (12a) and Rodrigues (12b) for RCP 4.5 and RCP 8.5
(Source: Mauritius’ Third National Communication Report 2016)
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Cyclones

The Republic of Mauritius is located in the tropical cyclone belt of the SWIO. Cyclone season is from
November to mid-May. However, tropical cyclones have formed, on some occasions, outside the official
cyclone season. Studies conducted by the Mauritius Meteorological Services (MMS) using data for the
cyclone seasons 1975-76 to 2014-15 show that the:

a) mean number of named tropical storms/cyclones in the SWIO has not changed
b) frequency of storms reaching at least tropical cyclone strength has increased

c) rate of intensification of tropical storms has increased, and a higher number of explosive
intensifications has been observed over the last 15 years

d) no change in latitudinal cyclogenesis has been observed
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Sea level rise

Sea level rise has been observed to be accelerating in the last decade at an average rate of 5.6 mm/yr
compared to the global value of 3.2 mm/yr. The average yearly sea level for the period (1987 to 2011)
along with the trend line and the 2-year moving average for Mauritius and Rodrigues are shown in the
following figures. The data series are divided into the period when sea level is decreasing (blue) and when
it is increasing (red).

Figure 13 Average yearly sea level (in blue) when decreasing and (in red) when increasing, with trend line
and 2-year moving average for Mauritius (1987- 2011) (Source: Mauritius’ Third National Communication
Report 2016)

Average yearly sea level in mm for Mauritius

= 1850
g ®
® 1800
-
o
5
o 1750
g
3 1700
2
eh
o
5
2 1650
<

1600

1985 1990 1995 2000 2005 2010
Year

Source: Ministry of Environment, Sustainable Development, Disaster and Beach Management (MoESDDBM)

Figure 14 Average yearly sea level (in blue) when decreasing and (in red) when increasing, with trend line
and 2-year moving average for Rodrigues (1987- 2011) (Source: Mauritius’ Third National Communication
Report 2016)
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1.4.2 Climate vulnerability

Mauritius’ upper middle-income status is particularly threatened by climate change due to its small island
status. Although the country diversified its economy, expanding from an economy largely focused on
sugar production before 1980, to a mixed economy based on manufactured exports, agriculture, tourism,
and financial services, sugar still generates approximately 17% of export earnings, and occupies
approximately 80% of the total arable land’2. The tourism industry is also key to Mauritius’ economy and
a priority sector for future economic development for the government (see Financial and Economic
Assessment, Annexes to the FS).

Mauritius is affected by various climate-related hazards and climate change, which are already threating
livelihoods and key economic sectors. Increased temperatures and sea level rise, reduced precipitation
and more frequent droughts, and increased rainfall variability with heavy rainfall episodes (leading to flash
floods and landslides), are important threats, along with more frequent extreme events like tropical
cyclones and associated storm surges.

Below is an overview of the climate change related vulnerability in four key sectors, namely: agriculture
and fisheries, health, water resources, and tourism. Three of these sectors are identified as priority areas
in the GFCS”3, which also notes disaster risk reduction (DRR) and energy as key sectors; tourism was added
due to its significance for the national economy. The sectors presented below have also been defined as
priority areas for adaptation measures through several studies, strategies and national plans including:
ACCLIMATE (2011), the National Climate Change Adaptation Policy Framework for the Republic of
Mauritius (2012), and Mauritius’s Second and Third National Communications (2011; 2016). Further
details on climate change vulnerability for the tourism and agriculture/fisheries sectors in Mauritius are
available in the Financial and Economic Assessment (see Annexes).

Agriculture

Agriculture is practiced over more than half of Mauritius’ territory, especially through sugar cane
production. This cash crop is particularly water-demanding; hence, its growth is affected by water stress’.
However, it is possible to develop multiple climate-resilient crop cultivars for sugarcane, such as drought
tolerant cultivars, as well as cultivars more resilient to tropical cyclones and floods”. As a result, this crop
is less vulnerable to climate change than food crop production in Mauritius.

However, the rest of the agriculture in Mauritius focusing on the production of vegetables, fruits and
livestock serving to supply domestic food markets, is very sensitive to shifts in temperature and rainfall
patterns. Extreme events (such as tropical cyclones and high winds) result in productivity decreases and
crop losses; these also severely damage farm buildings, harvests and livestock. Increase in temperature
causes shifts in agricultural zones, reduce soil moisture and generate heat stresses, which all lead to lower
crop productivity. Reduced precipitation and extended droughts accelerate soil erosion, along with heavy
rainfall events, which also lead to floods and declining yields in Mauritius’®. Insects and pests on crops are
also expected to increase due to temperature increase’’. Finally, sea level rise leads to soil salinisation
and coastal inundation, which in turn reduce productivity along the coast.

72 Encyclopaedia Britannica, Mauritius: Economy.

I Zones prioritaires dans le Global framework for Climate Services: https://gfcs.wmo.int/priority-areas

74 Khaled K A, et. Al. (2018). Sugarcan genotypes assessment under drought condition using amplified
fragment length polymorphism. Biotechnology, 17 : 120-127

7 Rapport ACCLIMATE (2011). ‘Mauritius — Etude de vulnerabilite aux changements climatiques: evaluation
qualitative’.

76 Ministry of Environment, Sustainable Development, and Disaster and Beach Management (2016). Third
National Communication to the UNFCCC.

7 Rapport ACCLIMATE (2011). ‘Mauritius — Etude de vulnerabilite aux changements climatiques: evaluation
qualitative’.
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These climate-related hazards and extreme events are expected to increase in frequency and intensity in
the coming decades. As a result, a decrease in food-crop production is expected, which could have serious
impacts on nutrition and health. This will have a greater impact on lower-income individuals and
households because of the high price of imported goods in Mauritius and the unpredictability of local
production.

Regarding fisheries, climate change impacts on ocean fisheries, on the one hand, are not well known and
likely mostly indirect. Changes in sea temperature, for example, could result in a shift in fish habitats and
migration, affecting off-shore pelagic species like tuna. Ocean acidification will also affect the
development of marine plankton and, thus, modify food chains for many pelagic species’.

On the other hand, artisanal fishing is more directly threatened by climate change. Threats on habitats
such as coral bleaching and the death of coral reefs are noted due to increasing sea temperature. Likewise,
climate change impacts on mangroves affect fish reproduction and fish stocks. Finally, algal bloom is
already a growing problem for Mauritius’ artisanal fishery, which is causing mass mortality of corals and
fish and could become more frequent due to changes in sea temperature. Due to climate change, shifts
in production, altered growth rates, stock migration and depletion are already noted”.

Water resources

Water management in Mauritius is challenging due to reduced water stock. Water availability and quality
are affected by more frequent heavy rainfall events, which reduce water catchment capacity. Changes in
river flows and ground water have already been observed, especially in the central plateau of Mauritius,
which encompasses Mauritius’ largest water catchment. This region has been particularly affected by a
significant decrease in rainfalls®’. In fact, a decreasing trend in annual precipitation of about 8% has been
observed in a comparison of the periods 1951-60 and 1998-2008%!. The dry transition months between
winter and summer are also becoming longer. Reduced precipitation combined with increased
evapotranspiration — due to higher temperatures — threaten the quality and availability of freshwater.
With climate change likely to cause a reduction in the longer-range trend in precipitation, usable water
resources in Mauritius may decrease by up to 13% by 205082, This will be a growing problem in Mauritius,
accentuated by increasing demand from the growing population and tourism sector.

Health

The linkages between climate change and health issues are complex— further studies are needed to better
understand the consequences of climate change on health. However, several consequences are already
foreseen. For example, there is a correlation between increased temperatures in Mauritius and more
frequent respiratory or cardio-vascular diseases, as well as increased transmission on vector-borne
diseases. Moreover, diseases related to the deterioration of water quality, such as gastroenteritis (linked
to dehydration or contaminated water), are becoming more frequent. Studies have indicated that vector-
borne and infection diseases spread faster during floods; furthermore, the occurrence of Chikungunya
and dengue are correlated to changes in temperature, precipitation and humidity. For example, in 2011,
2014 and 2015 in Mauritius, outbreaks of Chikungunya fever and epidemics of dengue were observed;
this correlated with gradual temperature increases®. Finally, rainfall pattern changes including more
frequent droughts and heavy rainfall events are increasingly affecting food production which, in turn,
impact food security, with associated risks of malnutrition. Mauritius’ Third National Communication

78 Ibid.
7 Ministry of Environment, Sustainable Development, and Disaster and Beach Management (2016). Third
National Communication to the UNFCCC.

8 Ibid.
81 Ibid.
8 Ibid.
8 Ibid.
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(2016) underlines that severe climate change impacts on the health sector will result in higher health
costs.

Coastal zones, tourism and infrastructures

Coastal areas in Mauritius are key to support many economic activities, including fisheries (described
previously) and tourism. About 20% of the population resides in coastal areas, which generated about
36% of GDP in 2011, essentially through tourism activities®®. However, coastal areas are particularly
affected by erosion, with a noted 10-15m coastline retreat depending on the area®. Beach erosion directly
affects tourism activities, for example through the deterioration of reef quality. In the North East, large
hotels are resorting to artificially replenishing their beaches with sand to combat erosion.® This could
result in a reduction in tourism and associated income.

Moreover, continuous sea level rise, and stronger or more frequent extreme events like heavy rainfalls
will cause increasing damage and loss of key infrastructure supporting tourism activities, including water
reservoirs, overhead cables for electricity supply, roads, buildings and hotels; the latter are often built on
the coastline, at less than 2m above sea level. Finally, part of Mauritius” main harbour is already flooded
on a regular basis during extreme events such as tropical cyclones.

1.5 Seychelles

Seychelles is a 455 km?, 115-island archipelago in the southwest Indian Ocean, located about 1,100 km
northeast of Madagascar. It is made up of two main groups of islands: the Mahé group of more than 40
central, mountainous granitic islands and a second group of more than 70 outer, flat, coralline islands™®’.
The estimated population is 96,000 in 2019%,

Seychelles is divided into 25 administrative divisions: Anse aux Pins, Anse Boileau, Anse Etoile, Anse
Royale, Au Cap, Baie Lazare, Baie Sainte Anne, Beau Vallon, Bel Air, Bel Ombre, Cascade, Glacis, Grand
Anse Mahe, Grand Anse Praslin, Inner Islands, La Riviere Anglaise, Les Mamalles, Mont Buxton, Mont
Fleuri, Plaisance, Pointe Larue, Port Glaud, Roche Caiman, Saint Louis, Takamaka. The country is
considered a high-income country, with an economy that relies on tourism and fisheries — in particular
tuna. Despite its relative wealth compared to other countries in the region, it is important to note both
its high debt levels, and its high vulnerability to shocks due to its size and exposure to hazards. In 2019,
government gross debt is estimated to stand at 54.5% of GDP in Seychelles (ranking 88" out of 187
countries)®. It should also be noted that Seychelles’ reliance on tourism and tuna also makes it particularly
vulnerable to external economic shocks.

1.5.1 Climate risk profile

The climate of the Seychelles archipelago is strongly influenced by the ocean, especially through changes
in monsoonal winds, ocean currents and sea surface temperature patterns, hence a tropical maritime
climate.

In Seychelles two distinct seasonal patterns associated with the wind regime dominate: i) the south-east
monsoon which blows from May to September associated with the dry season; and ii) the north-west
monsoon from November to March associated with the wet season and also the Tropical Cyclone Season
over the Southwest Indian Ocean. Synoptically, the main systems which govern weather over these parts

84 Ibid.
85 Rapport ACCLIMATE (2011). ‘Mauritius — Etude de vulnerabilite aux changements climatiques: evaluation
qualitative’.

86 AFD Adapt’Action ER2C Climate Change impacts and projections on 6 priority sites. 2019.

Encyclopaedia Britannica, Seychelles: Land.
IMF, Republic of Seychelles: At a Glance.
IMF DataMapper, World Economic Outlook (April 2019): General government gross debt (Percent of GDP)
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of the world are primarily the Inter-Tropical Convergence Zone. Hence, complex and highly interactive
processes control the Seychelles climate system. The interactions among these various processes are
indeed difficult to predict, not least because they may occur on widely differing temporal scales, but also
because of the relatively microscopic size but extensive spatial distribution of the islands in the Seychelles
archipelago.

Detailed observational data in Seychelles are available since the opening of the International Airport in
July 1971, but rainfall data are available for more than 100 years. Paleo-climatological evidence from sea-
bed cores of the last 20,000 years indicates that there may have been drastic climatic variations within
the Seychelles region, mainly associated with changes in rainfall®°.

Temperature

The temperature varies between 25°C and 26°C in July and August, and between 27°C and 28°C in March
and April. Near sea-level, the maximum temperature is about 4°C higher than at higher altitude, reaching
an average of 31°C at mid-day in April.

The warmer, wet season during north-west monsoon months of November to March produces prolonged
sunshine with extreme maximum temperatures of up to 34°C on the coasts, and which may be broken by
short heavy bursts of rainfall. From May to September, cool and dry conditions are accompanied by
extreme minimum temperatures of up to 19°C, with cooler nights and lower humidity particularly at high
altitude. There is an average of seven hours of sunshine each day throughout the year. The average
maximum temperature is 29.90C; average minimum of 24.60C with average humidity at 80%.

A range of seven General Circulation Models (GCMs) at 5° (~500 km) resolution were employed to assess
the regional climate change patterns (Chang Seng, 2007) and models suggest the following:

° Air temperature for both Mahé and Aldabra area is very likely to warm by +3.0°C;
° The relative warming will occur mainly during the cooler southeast monsoon;
° The warming ranges are from +0.4° to 0.7°, 0.9° to 1.4° and 1.8° to 2.9° C respectively for the

years 2025, 2050 and 2100

Figure 15 Observed (1972-1990) and Composite Model Scenarios for Average Maximum Temperature
Values (°C) for the Years 2025, 2050 and 2100 at the International Airport, Mahé, Seychelles for the B2
Mid-range Emission with Mid -range Climate Sensitivity (Source: Seychelles’” Second National
Communication, 2010)

B2: Composite Model of Seasonal Maximum Temperature for the years 2025, 2050 and 2100

- &= Cteerved |

Temperature ('C

Max Temp DJF Max Termp MAM Max Temp JJA MaxTemp SON
Season (months)

90 Perlmutter et al., 1996

24



Precipitations

The topography of the Seychelles strongly influences rainfall patterns. The rainfall varies according to the
height above sea level, and ranges from 76.2 mm in July to 404.8 mm in January. The mean annual rainfall
total for Mahé is 2369.4 mm over the coastal areas but it is expected to exceed that amount over most of
the hilly interiors. Rainfall also tends to be higher on the west facing slopes and ridges of La Misere, since
most rainfall occurs during the Northwest monsoon. The heavy downpour normally occurs mainly from
late December to the beginning of January.

Figure 16 Annual Rainfall Distribution for January and July over Mahé (Source: Seychelles’ Second National
Communication, 2010)

Thirty-six-Year Long Term Mean of Monthly Rainfall Distribution over Mahe
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Analysis of rainfall for January, the month of maximum rainfall, indicates variability throughout the last
36 years. It reveals three remarkable peaks in 1974, 1991 and 2005 respectively with 10 years of rainfall
above the 400 mm average for that month. On the opposite, July the month of lowest rainfall depicts a
decreasing trend having 17 years of rainfall equal and below 50 mm. The analysis does clearly indicate
that the El Nino - Southern Oscillation (ENSO) phenomenon is just one of several factors influencing
climate variability in the Seychelles.

Figure 17 Annual Rainfall Distribution for January and July over Mahé (Source: Seychelles’ Second National
Communication, 2010)
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According to several independent regional climate change projections from Multi-Model Ensembles, the
following trends can be summarized:
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° Likely extremes of low rainfall in the dry season with a deficit of -12.7 % (-9.9 mm) in rainfall
for the year 2025, and a decrease of -36.3 % (-31.1 mm) in the year 2100;

° In contrast, the likely extremes of wet conditions are likely to be characterized by an increase
of +5.9 % (+19 mm) for the year 2025, +9.3 % (+25.4 mm) for the year 2050 and +12.4% (+38.6
mm) for the year 2100.

° On an annual basis it is 89 % likely that the rainfall rate will be greater and equal to +0.5 mm

per day by the year 2100. The certainty lowers to 45-50% that the seasonal rainfall will
increase in the rainy season of up to +1.0 mm per day by the year 2100. This informs us that
rainfall is more likely to increase in the southern summer and decrease during southern
wintertime.

Figure 18 Observed (1972-1990-Grey Colour) and Composite Model Scenarios of the Seasonal
Precipitation Values (mm) for the International Airport for the Years 2025, 2050, and 2100 for B2 Midrange
Emission for mid-range Climate Sensitivity (Source: Seychelles’ Second National Communication, 2010)

B2 Composite Model- Annual Rainfadl (mm) for the years 2023, 2050 and 2100
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The Seychelles is vulnerable to a range of natural hazards, including tropical cyclones, coastal inundation,
and storm surges.
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Cyclones

The Seychelles are indirectly affected by tropical cyclones via the intensification of the intertropical
convergence zone (ITCZ) and spiral rain bands associated with cyclone passing south of the islands. Chang-
Seng®! established that Seychelles has its fair share of cyclonic impacts through intense rain equivalent to
rain rates in the inner core of tropical cyclone through the spiral rain band which can give rain rates
equivalent to the inner structure of cyclone. It was also shown that tropical cyclone by-track characterizes
the preceding rainfall in the Seychelles at both event and seasonal time scales. Furthermore, it was shown
that tropical cyclone generated swells and storm surges have significant wider basin impact, posing a risk
to maritime users within the archipelago.

Tropical cyclones, combined with wind, flood, and storm surge hazards, have generated significant
damage in recent years. In 2013, Tropical Storm Felleng brought heavy rainfall, which led to severe floods
and landslides causing damages and losses.

o Climate Change Scenario Assessment for the Seychelles
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Additionally, in April 2016, Tropical Cyclone Fantala passed near the Seychelles’ Farquhar Group, causing
widespread damage to nearly all buildings and significantly impacting communities and livelihoods in the
archipelago.

Sea level rise

The mean elevation of the coastal plateau of the granitic islands is 2-10 m, whereas the coral islands vary
from 1.8 metres to 9 metres above sea level. Ste Pierre is the most uplifted reef in the Seychelles group,
being surrounded by cliffs of up to 10 metres. Sea level monitoring data for the Seychelles is limited. Data
is available from 1993 to present and are not consistent.

Chang-Seng®? suggests an annual sea level trend anomaly of +1.46 mm (% 2.11 mm) per year on Mahé
Island, which is very close to Ragoonaden’s®® estimate of +1.69 mm/year. Church et al.** using tide gauge
data combined with TOPEX/Poseidon satellite altimetry data from 1950-2001 estimated the rate of
relative sea-level rise of 0.5 + 0.5 mm/yr for Pointe Larue, Mahé (Seychelles), which is lower than proposed
earlier. Against the global mean sea level rise (1961 to 2003) of 1.8 + 0.5 mm/year (Bindoff et al.%), these
results appear in line with the global average increase in sea level.

1.5.2 Climate vulnerability

Seychelles’ high-income status is particularly threatened by climate change, due to its small island status
and economic reliance on tourism, followed by the fisheries sector (particularly tuna). As a country
comprised of small islands with a concentration of development on the low-lying coastal areas, Seychelles
is particularly vulnerable to sea level rise, among other climate change impacts.

Below is an overview of climate change threats on four key sectors, namely: agriculture and fisheries,
health, water resources, and tourism. Three of these sectors are identified as priority areas in the GFCS®,
which also notes disaster risk reduction (DRR) and energy as key sectors; tourism was added due to its
significance for the national economy. The sectors presented below have also been defined as priority
areas for adaptation measures through several studies, strategies and national plans including: Seychelles
National Climate Change Strategy (2009), ACCLIMATE (2011), and the Second National Communication
(2011). Further details on climate change vulnerability for the tourism and agriculture/fisheries sectors in
Seychelles are available in the Financial and Economic Assessment (see Annexes to the FS).

Agriculture and fisheries

Seychelles’ agricultural sector is small, with a GDP contribution of only 2%°’. Key agricultural products
include: coconuts, cinnamon, vanilla, sweet potatoes, cassava (manioc, tapioca), copra, and bananas®.
With such a small-scale industry, the country heavily relies on food imports to feed its population.
Nonetheless, agriculture is extremely vulnerable to climate change. For example, increased temperatures
have an impact on the spread of diseases and pests. More frequent strong winds and changing rainfall
patterns with more frequent extreme rainfall events leading to floods and extended period of droughts,
also have detrimental impacts on agriculture. It is noted that extreme rainfall events have already caused
significant crop losses in recent years®. Sea level rise is of concern given that most of the agricultural
activity takes place along the coast (due to strong relief inland). It is negatively affecting crop production

92 Climate Variability and Climate Change Assessment for the Seychelles

Sea Level Activities and Changes on the Islands of the Western Indian Ocean

A 20th century acceleration in global sea-level rise

Observations: oceanic climate change and sea level

Zones prioritaires dans le Global framework for Climate Services https://gfcs.wmo.int/priority-areas
World Bank, Country Profile: Seychelles.

CIA World Factbook, Seychelles: Economy.

Rapport ACCLIMATE (2011). ‘Seychelles — Etude de vulnerabilite aux changements climatiques: evaluation
qualitative’.
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through soil salinisation and coastal flooding. Finally, livestock is also negatively impacted by increased
temperatures and the spread of diseases.

Climate change also threatens fisheries, a major pillar of the economy of Seychelles (after tourism) and a
key to food security. Artisanal fishing is especially vulnerable to climate change as, for example, the
degradation of coral reef habitat generates a reduction in fish stock. The degradation of mangroves
resulting from coastal erosion and extreme events also generate a loss in terms of fish stocks. Changes in
ocean temperature and acidification affect the distribution of fish species and fish reproduction. Reduced
productivity in fisheries can result in increased market fish prices, and could generate nutrition issues for
socio-economic groups who could not afford increased prices for this food product.

Water resources

Water supply in Seychelles comes essentially from rivers, combined with some groundwater extractions
and desalination plants. River flows are climate-sensitive and can fall drastically during prolonged
droughts. Expected changes in rainfall patterns (in particular, decreased rain during the dry southeast
monsoon) and temperatures (which will increase rates of evapotranspiration) will have negative
consequences on water supply as this will result in decreased stream flow and groundwater recharge. In
addition, more frequent extreme rainfall events will result in greater surface runoff and, therefore, less
water capturel®, Water scarcity due to climate change will be exacerbated through greater demand from
the growing population and the tourism industry®®,

Health

In the context of climate change and increased temperatures, Seychelles could become a malaria-prone
country — a disease currently not present on the islands. An upsurge of other diseases could also be
observed. For example, Seychelles could face more frequent outbreaks of Chikungunya; like Mauritius,
the country faced a Chikungunya outbreak in 2006, which was facilitated by changes in temperature and
rainfall patterns. In fact, warmer temperatures, as expected in Seychelles, create the ideal conditions for
the rise of Chikungunya disease. Likewise, the country has faced multiple outbreaks of dengue, also closely
related to changes in temperature, precipitation and humidity!2. Finally, impacts of climate change on
agriculture and fisheries will result in additional negative effects on health through malnutrition.

Coastal zones, infrastructure and tourism

The tourism sector employs 26% of the population, and accounts for more than 55% of GDP. To illustrate
the significant weight of the tourism sector, in 2016 Seychelles hosted over 300,000 visitors'® in addition
to its resident population of 96,000. Seychelles’ coastal areas are key for the tourism sector, but they are
extremely vulnerable to climate change. Major threats include sea level rise, storm surges, increased sea
surface temperatures and coastalinundation. This vulnerability is emphasised by the fact that the country
is mostly comprised of coastal areas, where 90% of the population and infrastructures are located.

Coastal inundation and landslides have become common in Seychelles, especially due to heavy rainfall
events. For example, the Mahé group consists of narrow coastal areas and steep mountains and is
particularly vulnerable to these hazards, which tend to occur more frequently as short, intense rainfalls
increase in frequency. The negative impacts of floods are accentuated by a lack of appropriate drainage
and high-density development!®, Sea level rise, on the other hand, is already destabilising the coastline
with serious impacts on infrastructure such as roads and hotels. Storm surges, generated by severe

100 The Seychelles National Climate Change Committee (2009). Seychelles National Climate Change Strategy.

Rapport ACCLIMATE (2011). ‘Seychelles — Etude de vulnerabilite aux changements climatiques: evaluation
qualitative’.
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storms, can also cause significant coastal damage. Given that Seychelles was not considered to be prone
to tropical cyclones, most infrastructure was not built to withstand such events. Yet, in the context of
climate change, more extremes such as storms, tropical cyclones and high winds are expected to affect

the country, with potential serious damage to coastal infrastructure, such as tourist hotels, roads,

harbours, industry and power plantst®.

As tourism activities and infrastructure are essentially located in coastal areas, the impacts of climate-
related hazards and climate change on the coastal areas of Seychelles are expected to be largely
negative from an economic view point, also through their impacts on the natural environment, for
example by degrading coral reefs and damaging the coastline.

1.6 State of the regional climate and projections

Vincent et al (2011)'% produced an analysis of climate trends for the countries of the SWIO (i.e. the four
target countries — Comoros, Madagascar, Mauritius and Seychelles — plus La Réunion), including those
targeted in this proposed Hydromet project. The analysis of the temperature and precipitation indices for
1961-2008 reveals some consistent changes in means and extremes during these 48 years in the countries
of the western Indian Ocean. However, observed changes in temperature indices have a better spatial
coherence than in precipitation indices, and this is mainly due to higher spatial and temporal variability in
precipitation as compared to temperature. Table 5 presents the regional trends per decade for 1961-2008
and 1975-2008 for each of the chosen indices.

Temperature

Warming is observed in the SWIO countries. Regional average series indicate significant trends of 0.19
and 0.21°C per decade from 1961 to 2008 for TXMean and TNMean, respectively (Table 5), and the
regional series show a gradual increase for these 48 years (Figure 19). At a majority of the stations, an
increase of 0.15 to 0.25°C per decade is observed over 1961-2008 in their daytime and night-time
temperatures and trends are significant at most stations (Figure 20). No spatial coherent change is
observed in the diurnal temperature range (Figure 20); the regional average series suggests a small and
insignificant decrease of 0.03°C per decade for these 48 years (Table 5 and Figure 20). The results for
1975-2008 are very similar for these three temperature indices.

Summer days (SU25) and tropical nights (TR20) occur very often in the SWIO. Regional trends suggest
4.72 more summer days and 5.14 more tropical nights per decade for 1961-2008, but less pronounced
over 1975-2008 (Table 5).

105 Rapport ACCLIMATE (2011). ‘Seychelles — Etude de vulnerabilite aux changements climatiques: evaluation

qualitative’.
106 https://agupubs.onlinelibrary.wiley.com/doi/pdf/10.1029/2010JD015303
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Table 5. Trends per Decade for the SWIO3® (values for trends significant at the 5% level are shown in

boldface)

Element Index 1961-2008 1975-2008 Unit
Temperature TXMean 0.19 0.17 °C
TNMean 0.21 0.20 °C
DTR —-0.03 —-0.04 °C
SU25 4.72 3.20 days
TR20 5.14 4.32 days
TX90P 3.75 5.37 %
TX10P -1.28 —0.44 %
TNOOP 3.83 5.65 %
TNI10P -1.03 —0.12 %
TXx 0.23 0.33 °C
TXn 0.09 0.05 °C
TNx 0.21 0.28 °C
TNn 0.25 0.17 °C
Precipitation PRCPTOT —2.63 —-0.20 %
SDIT —-0.09 —-0.01 mm
CDD 1.94 —0.48 days
CWD 0.04 0.09 days
R10mm -1.22 —0.63 days
R20mm -0.75 —-0.40 days
RXlday -1.77 -1.26 %
RX5day -1.22 1.31 %

Figure 19 — Regional average of station’s anomalies for TXMean, TNMean and DTR. The linear trend for
1961-2008 is represented by the dashed line.3®
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Figure 20 — Trends in TXMean, TNMean, and DTR for 1961-2008. Upward (black) and downward (grey)
pointing triangles indicate positive and negative trends, respectively. Solid triangles correspond to trends
significant at the 5% level. The size of the triangle is proportional to the magnitude of the trend.3®
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As for the extreme temperatures, changes are spatially coherent across the region, even though changes
are more significant in the extreme highs than the extreme lows.

The regional average series indicate that the warm days (TX90P) and warm nights (TN9OP) have
significantly increased by 3.75 and 3.83% per decade, respectively (Table 5 and Figure 21). Significant
increasing trends ranging from 2 to 6% were also found at most stations (Figure 22). Observed changes in
cold extremes are smaller than in warm extremes; with an insignificant decrease of 1.28% per decade in
the percentage of cold days (TX10P) while a significant decrease of 1.03% per decade is found in the
percentage of cold nights (TN10P) (Table 5 and Figure 21). Most stations show a coherent pattern of
decreasing trends ranging from —1 to —3% per decade (Figure 22). The analysis of the annual highest and
lowest daily maximum and minimum temperatures confirm the previous results. The regional average series
suggest significant increases of 0.23 and 0.21°C per decade in the annual high maximum (TXx) and
minimum (TNx) temperatures, respectively, while significant increases of 0.09 and 0.25°C per decade are
observed in the annual low maximum (TXn) and minimum (TNn) temperatures.

Figure 21 — Regional average of the station’s anomalies for TX10P, TX90P, TN10P, and TN9OP. The linear
trend for 1961-2008 is represented as a dashed line.®
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Figure 22 - Trends in TX10P, TX90P, TN10P, and TN90P for 1961-2008. Upward (black) and
downward (grey) pointing friangles indicate positive and negative tfrends, respectively. Solid
triangles correspond to trend.38
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Precipitation

The results for the precipitation indices show less evidence of changes and spatial agreement compared
to the temperature indices. The regional average series indicate a significant decrease in the annual total
precipitation amount (PRCPTOT) of 2.63% per decade (Table 5 and Figure 23). Most stations show
decreasing trends ranging from -2 to —-6% per decade (Figure 8). Some weak increasing trends were also
found at some stations in Madagascar and Seychelles. The annual precipitation intensity (SDII) shows very
little change with an insignificant regional trend of —0.09 mm per decade (Table 5 and Figure 23). Individual
stations indicate either an insignificant positive or negative trend across the region (Figure 24). Consecutive
dry days (CDD) have increased by 1.94 days per decade but the trend is not significant (Table 5 and Figure
23). Consecutive dry days have mainly increased over land primarily in Madagascar (Figure 24).

Figure 23 - Regional average of the station’s anomalies for PRCPTOT, SDII, and CDD. Linear trend
for 1961-2008 is represented in dashed line.38
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Overall, the results show small and insignificant decreases in precipitation extremes. Regional average
series indicates fewer days with rain above 10 and 20 mm (R10mm and R20mm); however, trends are not
significant at the 5% level (Table 5 and Figure 25). Most individual stations show a decrease of 1 to 3 days
in R10mm and R20mm and several significant decreasing trends are found across the region (Figure 26).
A decrease is also observed in the regional series of the annual highest daily precipitation (RX1day) and
the highest 5 consecutive days of precipitation (RX5day); however, these trends are not significant (Table
5 and Figure 25). Stations show both increasing and decreasing insignificant trends across the region
although more decreasing trends are observed (Figure 26).
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Figure 24 - Trends in PRCPTOT, SDII, and CDD for 1961-2008. Upward (black) and downward
(grey) pointing triangles indicate positive and negative trends, respectively. Solid triangles
correspond to trends significant at the 5% level. The size of the triangle is proportional to the
magnitude of the frend.38
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Figure 25 - Regional average of the station’s anomalies for R10mm, R20mm, RX1day, and
RX5day. Linear frend for 1961-2008 is represented in dashed line.38
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Correlation with the Sea Surface Temperature (SST)

Vincent et al (2011)38 also demonstrated that there is a correlation between the changes in temperature
and precipitation indices and the SST, by comparing each regional averaged index with the SST of the
area. Results are presented in Table 6. Sea surface temperatures for the western Indian Ocean show an
increase of 0.12°C per decade over 1960-2009 (Figure 27).

Figure 27 - Sea surface temperature monthly anomalies averaged for the grid points between
30°E and 70°E and between 40°S and the equator.38
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Table 6 shows that the annual mean of daily maximum and minimum temperature (TXMean and TNMean)
and number of summer days and tropical nights (SU25 and TR20) are highly correlated with the annual
average of SST and correlation coefficients range from 0.85 to 0.87. The correlation between warm and
cold extremes (TX90P, TX10P, TN9OP and TN10P) and SST vary from 0.66 to 0.84 (cold extremes have
negative correlations). The highest and lowest values of the year (TXx, TXn, TNx and TNn) have lower
correlation with SST and their values range from 0.60 to 0.66. Coefficients of determination (values
multiplied by 100 in Table 6) indicate that 75% of the total variation in TXMean is explained by SST. Table
6 also indicates that there is almost no evidence of linear association between precipitation indices and the
annual SST.
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Table 6. Correlation between each index and the regional average annual anomalies SST
computed over the SWIO38 (percentage of the total variability in each index accounted for by
the relation between SST and the index )

Percent of Variability
Explained by

Element Index Correlation SST
Temperature TXMean 0.87 75.0
TNMean 0.85 71.8

DTR 0.02 0.3

SuU25 0.86 73.5

TR20 0.85 74.0

TX90P 0.74 54.1

TX10P -0.84 70.2

TN9OP 0.66 43.0

TN10P -0.80 63.5

TXx 0.66 43.5

TXn 0.65 42.8

TNx 0.60 35.5

TNn 0.61 37.5

Precipitation PRCPTOT -0.25 6.4
SDII -0.05 0.3

CDD 0.22 4.7

CWD 0.03 0.1

R10mm -0.25 6.4

R20mm —0.18 34

RXlday -0.21 4.5

RX5day -0.11 1.1

Projected changes in Tropical Cyclones over the SWIO

On average, the SWIO experiences nine tropical cyclones annually. Muthige et al (2018)'%7 studied the
potential changes in tropical cyclone tracks over the SWIO under different extents of global warming (1.5 °C,
2°C and 3 °C of warming with respect to pre-industrial conditions), relative to the present-day baseline
period of 1971-2000. Based on 6 model simulations (CORDEX) under the RCP8.5 scenario (a low
mitigation future), it is projected that the number of tropical cyclones making landfalls over southern Africa
under global warming will decrease, with 2 °C being a critical threshold, after which the rate of cyclone
frequency with further temperature increases no longer has a diminishing effect. The lower tropical cyclone
frequencies across the main tropical cyclone formation region of the SWIO is demonstrated (Figure 28) by
larger and more intense negative anomalies associated with stronger global warming, in particular over the
Mozambique Channel, and the north and northeast of Mauritius. While the downward trend in simulated
tropical cyclone-like vortices is consistent, there is some spread among the models in their magnitude of
projected change. Associated with the lower frequency of tropical cyclones simulated, there is also a
decrease ranging between 25% and 50% in landfalls simulated.

Figure 28 - Simulated change in the frequency of tropical cyclone-like vortices per 2- grid point
across six downscaling’s under 2- C of global warming. The area where the changes are
significant are indicated by crosses.3?

107 https://iopscience.iop.org/article/10.1088/1748-9326/aabc60
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Climate variability in the Indian Ocean

As shown above, there is a correlation between the SST and temperature and precipitation. Predicting
changes in the pattern and magnitude of sea surface temperature (SST) fluctuations over the tropical
oceans is critical for attributing changing climate variability and extreme weather. While considered a minor
driver of climate variability as compared with the Pacific or the Atlantic oceans, the Indian Ocean is
experiencing changes in its mean state that could favour stronger SST variations. These long-term changes
appear to be forced by increasing greenhouse gas (GHG) concentrations; however, models are
inconclusive on whether SST variability will increase or not. 108

DiNezio et al (2020)'°° analyzed an ensemble of simulations of 21st-century climate performed by 36
models participating in the Coupled Model Intercomparison Project 5 (CMIP5). The simulations indicate
that under greenhouse warming and Last Glacial Maximum (LGM) conditions''9, the Indian Ocean can
exhibit increased SST variability in the eastern Equatorial Indian Ocean (Figure 29, A and B). This pattern
of intensification resembles modern variability in the other tropical oceans and represents a pronounced
departure from current variability in the Indian Ocean, which is minimal along the equator (Figure 30).

108 X .-T. Zheng, S.-P. Xie, G. A. Vecchi, Q. Liu, J. Hafner, Indian ocean dipole response to global warming: Analysis of
ocean—atmospheric feedbacks in a coupled model. J. Clim. 23, 1240-1253 (2010).

109 https://advances.sciencemag.org/content/advances/6/19/eaay7684.full.pdf

110 | GM - a past climatic interval ~21,000 years before present when the 10 exhibited a similarly altered mean state
featuring stronger upwelling and an eastward shoaling thermocline.
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DiNezio et al (2020)*' concludes that the emergence of the equatorial mode could drive rainfall variability
with stronger amplitude and altered patterns over the Indian Ocean and surrounding land masses relative
to currently experienced. Warm events, with their positive SST anomalies spanning much of the equatorial
Indian Ocean, could drive rainfall deficits over the western Indian Ocean, in addition to increased rainfall
over the eastern Indian Ocean (Figure 31C). Rainfall anomalies with such patterns and magnitudes have
not been observed during the historical period because warm Indian Ocean Dipole (IOD) events are
extremely weak and their rainfall impacts are restricted to the south-eastern Indian Ocean (Figure 31A). On
the other hand, cold events associated with the equatorial mode could drive rainfall anomalies with a similar
spatial pattern and magnitude as the warm events, but with opposite polarity and subtle, yet important
differences for terrestrial precipitation (Figure 31D).

The emergence of the equatorial mode could make these high-amplitude SST anomalies a common
occurrence by the second half of the 21st century when CMIP5 models predict two to four events (warm or
cold) per decade (range was estimated from the subset of models with mode activation). Over the western
Indian Ocean, the associated rainfall fluctuations could represent a surplus (or deficit) of current seasonal
rainfall. Thus, predicting and attributing changing distributions of future extremes in a warming climate must
consider these dynamical changes in rainfall variability alongside with thermodynamic effects.

Figure 29, A and B - Simulated changes in the Indian Ocean climate variability and mean state
under glacial conditions (A) and greenhouse warming (B) — SST variability .41
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Figure 30 - Modern climate of the fropical oceans - SST variability.4!
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Figure 31 - Modern climate of the tropical oceans - SST variability.4!
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Chapter 2 Institutional frameworks, Policies and
Projects

This chapter provides an overview of existing policies and strategies that relate to climate services,
disaster risk reduction and climate change in the SWIO region and at national level in Comoros,
Madagascar, Mauritius and Seychelles. It includes a description of the legal frameworks and key
supporting institutions involved in the production and dissemination of CP-CS, as well as the main
processes to disseminate climate related-information, including early warning services (EWS). For each
country, the chapter includes an overview of the main ongoing or planned projects supporting climate
services.

2.1 Regional level

2.1.1 Policies and strategies

The I0C Member States have developed a joint adaptation strategy at the regional level: Document cadre
pour la stratégie régionale d’adaptation au changement climatique des pays membres de la Commission
de I'Océan Indien 2012-2020.**' This strategy aims at strengthening regional cooperation, fostering a
shared understanding of regional issues, and improving the coordination of actions. To reach these aims,
the strategy advocates strengthening forecasting and climate prediction capabilities, to increase the
capacity of all actors, and to more broadly disseminate climate information.

Internationally, the Geneva Declaration — 2019: Building Community for Weather, Climate and Water
Actions stresses on the importance of the engagement of all sectors in addressing the societal needs
through weather, climate, water and other environmental information and services.!'? The summary of
WMO questionnaire on the status of the Public-Private-Engagement (PPE), including in the four target
countries who responded to the survey as part of the WMO Regional Association | (RA |, Africa),
indicate!3:

e Most of the NMHSs have not established internal structures to deal with private sector;

e That there is a growing participation of the private sector in hydromet during the last 3 years;

e Most of the countries have no legislation and/or regulations that determine the roles and
relationships of public and private sectors with regard to the provision of hydromet information
services;

e Current level of commercial services has low impact (less than 10%) on the NMHS budget;

e The need to define clear roles and responsibilities, and process for engagement between public
and private sectors in weather, climate and water in support of hydromet-depended user sectors
(including disaster risk management, agriculture, fisheries, among others), and climate change
adaptation and mitigation.

2.1.2 SWIOCOF

Regional Climate Outlook Forums (RCOFs) produce consensus-based, user-relevant climate outlook
products in real time to reduce climate-related risks and support sustainable development for the coming

m I0C Climate Change Portal. ‘Document cadre pour la stratégie régionale d’adaptation au changement
climatique des pays membres de la Commission de I'océan Indien 2012-2020’. Accessed 18™ August 2019.
Available at: https://prodigious-lab.com/coi/wp-content/uploads/2018/01/DR-Document-cadre-pour-la-
strate%CC%81gie-re%CC%81gionale-d_adaptation-au-changement-climatique-des-pays-membres-de-la-COl.pdf
112 https://ane4bf-datapl.s3-eu-west-1.amazonaws.com/wmocms/s3fs-

public/ckeditor/files/Design of Geneva Declaration PDF Flyer 2019-10-

02 A4 EN.pdf?TRACAIYONNYSK1 Y5hNcx2ImtyG2ji9p

113 https://anedbf-datapl.s3.eu-west-1.amazonaws.com/wmod8 ppe/s3fs-
public/ppe survey 2018 results for all ras.pdf?8FbP8jC7MsqgsP DJOHdn1YKTWDBMG6cLF=
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season in sectors of critical socioeconomic significance for the region in question. Typically, sectors that
are engaged in the RCOFs include:

° Agriculture and food security

° Water resources

° Energy production and distribution

° Public health

° Disaster risk reduction and response

° Outreach and communication

° Other sectors such as tourism, transportation, urban planning, etc. are increasingly involved.

The South West Indian Ocean Climate Outlook Forum (SWIOCQOF) is coordinated by the African Centre of
Meteorological Application for Development (ACMAD) in Niamey, Niger. It covers Comoros, Madagascar,
Mauritius, La Réunion (France), and Seychelles, and is open to neighbouring countries as well, including
Mozambique, South Africa and Tanzania!'*. The 10C has supported the organisation of SWIOCOF since
2017, providing funding and logistic support. The forum is organised once a year — in September — and
gathers representatives of the meteorological services from I0C member countries. Through this forum,
countries’ scientists collaborate to produce seasonal outlooks for the SWIO region, which are
disseminated at national level by the national meteorological services (NMSs).

2.1.3 SARCOF

The Southern African Regional Climate Outlook Forum (SARCOF)*® is coordinated by the Southern African
Development Community (SADC) Climate Services Centre (CSC) in Gaborone, Botswana. The principal goal
of the Climate Services Centre is to reduce negative impacts from climate extremes, such as droughts and
floods!!. SARCOF covers all SADC Member States: Angola, Botswana, Comoros'’, Democratic Republic of
Congo, Eswatini'®, Lesotho, Madagascar, Malawi, Mauritius, Mozambique, Namibia, Seychelles, South
Africa, Tanzania, Zambia and Zimbabwe.

The climate across the member states of Southern Africa differs (Figure 32), yet they experience climate
effects that affect the region as a whole. Consequently, climate monitoring is considered a united effort.

Figure 32 Climate classification for SADC

Topinases

114 https://public.wmo.int/en/our-mandate/climate/regional-climate-outlook-products
115 http://www.wmo.int/pages/prog/wcp/wcasp/rcofs/webpage/SARCOF.html

116 https://www.sadc.int/themes/meteorology-climate/climate-information/

1 According to the SADC website, Comoros became a full member in August 2018

118 Swaziland was renamed Eswatini in 2018
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Source: SADC

SADC contributes to SARCOF by bringing together scientists from the Member States” NMHS’s with those
from the SADC Climate Service Centre and the Intergovernmental Authority on Development’s Climate
Prediction and Application Centre (ICPAC). Through this forum, collaboration leads to the development of
Regional Climate Outlook Bulletins!'®. These are medium-range (10 to 14 days) and long-range (three to
six months) forecasts that are disseminated to local communities by the respective member state NMHSs.
These bulletins provide valuable information on evolution and potential hazards of the climate system in
Southern Africa (Figure 33 and Figure 34).

Figure 33 Rainfall Outlook for January, February, March 2019
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119 For example, see: http://csc.sadc.int/en/climate/climate-outlook/241-season-outlook-for-oct-2018-to-

mar-2019
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SADC also supports member countries individually: for example, in Madagascar the SADC supported the
first National Climate Outlook Forum (NCOF) in October 2015 and helps provide outputs such as those
illustrated in Figure 35.

Figure 35 Example of SARCOF support to Madagascar
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2.1.4 NCOF

At National level, the National Climate Outlook Forum has the following objectives:

° Ensure that climate information products, including their uncertainties and limitations, are
regularly communicated, interpreted and understood by users;

° Discuss user views, and based on their feedback to make this climate information accessible, user-
friendly and applicable;

° Provide an institutional platform for understanding risks and opportunities of past, current and
future climate information; and for inter-agency coordination of policies, sectoral plans and
programs linked to potential impacts of hydro-meteorological hazards;

° Evolve a culture of working together through joint climate information interpretation sessions for
managing risks in various climate-sensitive sectors, like agriculture, irrigation, disaster risk
reduction and health.

Global, regional and national centres provide inputs to RCOFs and NCOFs as schematized in Figure 36
below, guided by the Global Seasonal Climate Update (GSCU) — a new flagship product of WMO%,

The main role of NCOF is to organise the discussions with the national stakeholders and provide services
through national adaptation of the data produced at global and regional levels. This adaptation will use
techniques like model downscaling to deliver services as precise as possible to the national stakeholders.

120 GSCU summarizes the current status and expected future behavior of seasonal climate in terms of major general
circulation features and large-scale oceanic anomalies around the globe (e.g., ENSO, NAO, 10D, etc.), and discusses
briefly their likely impacts on continental scale temperature and precipitation patterns. See:
https://public.wmo.int/en/our-mandate/climate/global-seasonal-climate-update.
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In the region, the NCOFs of the four countries has been set-up in 2016 and since then, they have been
organised on a yearly basis.

Figure 36 Contributions at different scales to RCOFs and NCOFs
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The NCOF aims at encompassing representatives from key organizations such as World Meteorological
Organization (WMO) and key stakeholders from climate sensitive sectors such as agriculture and food
production, water management, health, energy, tourism and disaster risk management to discuss climate
services and their benefits at the national level. It downscales the Regional Seasonal Outlook for Rainfall
and Temperature to national level with a grid of around 10 km.

The Forum can serve as an opportunity to investigate pathways to integrate the seasonal outlook into
sector planning based on its applicability; to achieve this, NCOF needs to become an annual operational
activity which links the seasonal climate outlooks and other climate information being generated by the
NMHSs with stakeholder institutions, and their decision-making processes in order to improve application
of climate information, particularly the seasonal climate outlooks.

NCOF can be used as a key mechanism for IOC member states to regularly engage, interact and coordinate
among the NMHSs and key stakeholder agencies in responding to seasonal climate, their extremes and
variability. It can facilitate a dialogue process that focuses on the application of probability in seasonal
forecasts to communicate uncertainties in climate risk management in the priority areas and provide a
platform for regular evaluation of the seasonal forecast, its uptake, application and value-added results.
In the IOC region, the four NCOF (Madagascar, Comoros, Seychelles and Mauritius) have been benefiting
from the BRIO project (Building Resilience in the Indian Ocean) that is supporting training of
meteorologists of the four countries to downscale the climatic outlook, during two years until mid-2020.

2.1.5 User-interface platform

At the moment, the main User Interface Platform (UIP) available at the regional level is the Regional
Climate Portal, which was developed by DI4 of IOC. The Portal is hosted by Seychelles (SMA) since August
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201921, The platform is already used by Météo France La Reunion and IOC to disseminate climate-related
information associated with the SWIOCOFs.

In addition, in the 10C region, WMO has set-up in 1993 a Regional Specialized Meteorological Center —
Tropical Cyclone Center at La Réunion (TC-RSMC) with the vocation to permanently monitor the tropical
cyclonic activity on its area of responsibility in  the Southwest  Indian Ocean (from 30 degrees East to
90 degrees East, between the equator and 40 degrees South). This operational mission, under the
responsibility of the Tropical Cyclone Committee, is accomplished mainly through the development and
dissemination of skillful information on the cyclonic  activity and the tropical low-pressure systems. This
information, including analyses and forecasts, is provided through various bulletins, including the
following main production:

° All year round once a day at 12 UTC: A Daily Tropical Weather Activity Monitoring Bulletin
(named “ITCZ”). It includes a well-informed analysis of the weather situation and its expected
evolution (if necessary) and concludes with an evaluation of the risk of formation of a tropical
depression (cyclogenesis) in the next five days.

° In case of ongoing cyclone activity on the basin: Different types of bulletins are issued in
addition to the “ITCZ”, generally 4 times a day (sometimes less, especially when it is a low-
intensity )at 00, 06, 12- and 18-hours UTC.

2.1.6 Regional baseline projects
The table below describes regional initiatives which bear relevance to this project.

Table 7 Regional baseline projects

Building 2018- AFD Existing climate models do not cover most of the South-West
Resilience in the | 2020 Indian Ocean area. The BRIO project aims to develop high-
Indian  Ocean resolution climate projections that will extend up to 2100. Thus,
(BRIO) the climate model will reveal long-range trends in temperature,

rainfall, and cyclonic activity. It is a valuable aid to IOC member
states to understand the implications of climate change to
human and animal health, food security, water supplies, soil
erosion and natural hazards. BRIO’s objectives are to: i) train
experts in different countries of the zone to develop skills in the
exploitation of data sets from all available simulations (ALADIN,
CMIP6, and other available regional simulations); (ii) define and
generate climate products or services based on the datasets
created (in line with the needs of national users); and iii) provide
countries in the region with high-resolution regional climate
simulations based on the ALADIN-climate model.

The proposed project will use the methodologies and outputs of
BRIO to improve climate change projections in the SWIO region
(see Activity 2.3.7).

World 2017- WMO World Hydrological Cycle Observing System aims to strengthen
Hydrological 2019 national capacities in basic observation, foster basin-wide,
Cycle Observing regional and international cooperation and promote the free
System exchange of hydrological data. It is implemented through
(WHYCOS) regional components called HYCOS projects, which adopt a

bottom-up approach focused on user requirements and aim to
improve the technical and institutional capacities of NMHSs.1?

121 http://regionalclimate-change.sc/en/

122 WMO. ‘World Hydrological Cycle Observing System (WHYCOS)’. Accessed 20 September 2019. Available
at: https://hydrohub.wmo.int/en/world-hydrological-cycle-observing-system-whycos
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An HYCOS for the Indian Ocean region is currently being
prepared. In addition, the existing SADC-HYCOS project covers
Mauritius, in addition to Angola, Botswana, DRC, Eswatini,
Lesotho, Malawi, Mozambique, Namibia, South Africa, Tanzania,
Zambia, Zimbabwe.'?

The proposed project integrate HYCOS’ study recommendations
in terms of equipment needs for hydrology monitoring (see
Activity 2.1.1) and training (Activity 2.3.8).

Satellite & | Ongoing | ACMAD The main objective of this project is to improve the core
Weather capabilities of NMHSs and Regional Climate Centers (RCCs) to
Information for develop climate services that meet the needs of disaster risk
Disaster management agencies and socio-economic sectors. The project
Resilience in has already organised regional consultations and interactions
Africa between weather experts and disaster risk management experts
(SAWIDRA) in selected regions (East, West, Central, and Southern Africa)

during seasonal forecast fora. ACMAD has done the same
exercise in the South West Indian Ocean region during
SWIOCOF-8 (South Western Indian Ocean Climate Outlook
Forum, held in Mauritius from 23 to 27/09/2019), which aims to
determine the expected hazards and potential impacts in
relation to the seasonal forecast developed during the pre-
forum and the forum theme, as input into updating their
contingency and preparedness plan. During this SWIOCOF-8,
ACDMAD worked with representatives of DRR institutions,
meteorological services and the health sector to enhance
understanding of seasonal forecasts, share experience in health
risk management and facilitate decision-making based on
seasonal forecasts in the health sector.

The proposed project will build on the methodologies and
results from SAWIDRA to improve CS in the health sector (see
Activity 3.1.2).

2.2 Comoros

2.2.1 Policies and strategies on climate services and DRR

Comoros has ratified 6 of the 18 International Human Rights Instruments.!?* It is also a party to
international agreements on: Biodiversity, Climate Change, Climate Change-Kyoto Protocol,
Desertification, Endangered Species, Hazardous Wastes, Law of the Sea, Ozone Layer Protection, Ship
Pollution, Wetlands.'®® Finally, the country is signatory of the Hyogo and Sendai Multilateral Agreements.

Relevant UNFCCC-related policies

Comoros submitted its NAPA in November 2006. The NAPA followed a participatory process and noted
Comoros’ high vulnerability to the impacts of climate change due to both environmental and
socioeconomic factors. The NAPA notes the adverse effects on agriculture and fisheries and emphasised

123 WMO. ‘SADC-HYCOS (Southern Africa)’. Accessed 20 September 2019. Available at:
https://hydrohub.wmo.int/en/projects/SADC-HYCOS
124 International Convention on the Elimination of All Forms of Racial Discrimination 1969; Convention on the

Elimination of All Forms of Discrimination against Women 1981; Convention against Torture and Other Cruel,
Inhuman or Degrading Treatment or Punishment 1987; Convention on the Rights of the Child 1990; Optional
Protocol to the Convention on the Rights of the Child on the sale of children, child prostitution and child
pornography 2002; and Convention on the Rights of Persons with Disabilities 2008. See: UNHR,
https://indicators.ohchr.org.

125 CIA World Factbook, Comoros: Geography.
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the need to set up a “coordination and implementation communication structure”, including establishing
and further developing early warning systems.!?¢

Several of the NAPA's priority projects relate to climate services: in particular, ‘Early warning’, which ‘aims
at setting-up monitoring and warning systems for risky climate situations, on the entire national
territory.”*?’

Comoros is currently developing its National Adaptation Plan (NAP), a process which started in 2014. This
plan, still under development (as of August 2019), seeks to build on existing policies like the Accelerated
Growth and Sustainable Development Strategy 2015-2019, which emphasises the importance of
adaptation measures for the agricultural sector.2® Comoros’ NAPA remains the main strategy regarding
climate change adaptation, until the finalisation and adoption of the NAP.

Comoros submitted its INDC on 17 September 2016, and ratified the Paris agreement on 23 November
2016,1%° at which point its INDC became its NDC — this NDC has not been modified since.’®! Within this
document, Comoros’ priority actions target the water and agriculture sectors, aim to integrate adaptation
into sectoral policies, and to reduce vulnerability through poverty reduction (particularly noting the
vulnerabilities of rural communities and farmers to climate change).!* Priorities include, for example: i)
by 2020, 66%, and by 2030, 100%, of the population has access to potable water; ii) by 2030, 100% of
farmers have a water management system and use techniques and varieties adapted climate change; and
iii) development of an effective cross-sectoral early warning system 133

To accomplish these goals, the NDC identifies the following priority adaptation projects and their
associated sectors:

1. Capacity Building and Resilience of the Agricultural Sector to Climate Change in the Comoros
(CRCCA) - Agriculture: Reducing the Vulnerability of Agricultural Systems to Climate change and
climate variability

2. Capacity building in water resources management for adaptation to climate change (ACCE) -
Water: reducing CC risks to daily life and impacts on water resources

3. Support Programme to the Union of Comoros to Strengthen Resilience to Climate Change
(AMCCA) - Integration: improving the integration of climate change into strategies, projects and
mechanisms for planning, coordination and monitoring

4. Joint water adaptation programme: reducing the risks related to climate change on daily life and
the impacts on water resources at 5 pilot sites

5. Rehabilitation of watersheds, forests and adaptive livelihoods - Coastal areas: building resilience
in the Comoros by rehabilitating watersheds, forests and diversifying livelihoods

126 Ministry of Rural Development, Fisheries, Handicraft and Environment (2006). ‘Union of the Comoros:

National Action Programme of Adaptation to climate change’. Accessed 19t" August 2019. Available at:
https://www.preventionweb.net/files/8507_comO1le.pdf

127 UNFCCC. ‘NAPA Priorities Database’. Accessed 12" August 2019. Available at:
https://unfccc.int/topics/resilience/workstreams/national-adaptation-programmes-of-action/napa-background
128 UNDP. ‘Supporting Comoros to advance their NAP process’. Accessed 215 August 2019. Available at:
https://www.adaptation-undp.org/projects/comoros-nap-process

129 UNFCCC. ‘INDCs as communicated by Parties’. Accessed 23" August 2019. Available at:
https://www4.unfccc.int/sites/submissions/indc/Submission%20Pages/submissions.aspx

130 United Nations Treaty Collection. ‘Chapter XXVII Environment: 7. d Paris Agreement’. Last updated 13t
August 2019. Accessed 215 August 2019. Available at:
https://treaties.un.org/Pages/ViewDetails.aspx?src=TREATY&mtdsg_no=XXVII-7-d&chapter=27&clang=_en

131 UNFCCC. ‘NDC Registry: Comoros’. Accessed 21°t August 2019. Available at:
https://www4.unfccc.int/sites/NDCStaging/Pages/Party.aspx?party=COM

132 Ibid. at page 11.

133 Ibid. at pages 12-13.
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6. Resilience to risks from climate variability and change - Risks: strengthening adaptation and
capacity resilience of the most vulnerable communities to the risks of disasters related to climate
change and variability in the Comoros

The NDC also notes that to achieve these objectives, Comoros will need to access international finance,
including through the Green Climate Fund, and that due to current limitations on access to data its INDC
will need to evolve as more data becomes available.’3*

National policies and strategies

The Meteorology section of Comoros’ Strategic Plan 2017-2020 notes the current lack of stations,
difficulties in delivering services on time, and lack of capacity in the department. It aims to address this by
i) significantly improving infrastructure and networks; ii) significantly improving data quality and
timeliness of services offered; iii) enhancing the quality of alerts for different hazards; iv) strengthening
staff technical and managerial skills; and v) strengthening contributions to enhance regional and global
exchange of meteorological data.’*

In addition, key outputs of the UNDP/GEF 2019 Annual Work Plan for the Project to Strengthen Comoros’
Resilience to Disaster Risks related to Climate Change and Climate Variability include: i) a programme to
strengthen the technical and operational capacity of the General Directorate of Civil Security, the
Technical Department of Meteorology, the Observatory of the Volcano Karthala, the Directorate of
Agriculture, Environment, and Forestry, Port and Maritime Authorities and other key national institutions
with a focus on emergency preparedness and climate-related disaster response; ii) an efficient system for
transmitting early warnings of climate-related disasters in the three islands; iii) update and improve risk
and vulnerability assessments as well as maps of local communities and socio-economic infrastructure by
integrating more accurate meteorological, hydrological and climate information; and iv) improved
Meteorological Monitoring Network.!3®

2.2.2 |Institutions and mandates of NMHSs and DRR institutions

This section presents the institutional, legal and functional framework for risk management and hydro-
meteorological services in Comoros.

Hydro-meteorological services

According to Decree No. 17-024/PR of 06/03/2017, the Meteorological Directorate is a department of the
National Agency for Civil Aviation and Meteorology (ANACM), which is an agency with the status of an
administrative establishment under public law with legal personality and administrative and financial
autonomy. According to the WMO Country Profile Database (WMO/CPDB), the Comoros Meteorological
Directorate provides Public Weather Service (PWS) or other services to the state or to the public only
(commercial activities are not allowed in the legislation). This legal framework does not have any
provisions concerning the private sector involvement in hydrometeorological aspects. There is no
consultative platform for the public sector, private sector, and academia and civil society to foster regular
cooperative dialogue. As indicated above, the Comoros Meteorological Directorate depends financially of
the ANACM budget, however there are other sources of funding (i.e. from international agencies)
primarily through projects for improving the hydrometeorological infrastructure, etc., but no specific Trust
Fund that supports the Comoros Meteorological Directorate activities. **’

134 Ibid. at page 5.
135 Direction de la Météorologie des Comores, ‘Plan Stratégique 2017-2020: RESUME’ (March 2017).
136 GEF and UNDP. ‘Plan de Travail Annuel 2019: Projet 00105390 - Projet de Renforcement de la Résilience

des Comores aux Risques des Catastrophes liés au climat et a la variabilité climatique’.
137 https://community.wmo.int/members/com
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The missions of the Meteorology Department are defined by Article 13 of Order No. 17-022/VP-MTPTTIC
of 13/04/2017, implementing the above Decree for the organisation and functioning of the ANACM. The
organisation chart is as follows:

Figure 37 Organizational chart of ANACM
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The Meteorological Directorate's mission (as stated in the ‘Code de I’Aviation Civile et de la Météorologie’)
includes: (i) carrying out activities relating to weather, climate and water information and forecasts and
the evolution of the climate system; (ii) implementing the State's policy on the meteorological security of
persons and property; (iii) developing and managing the country's observation networks other than those
of the Airport (for which ASECNA is responsible); and (iv) contributing to the prevention and management
of natural disasters.

The Meteorological Directorate is composed of five different departments:

1) Department of Climatology, Environment and Observation;
2) Forecasting and Research Department;

3) Agrometeorology Department;

4) Hydro-meteorology Department;

5) Marine Meteorology and Oceanography Department.

Concerning hydrology, the main legal framework is the 1994 Water Law, which was reviewed in 2015 (but
still not validated). The Hydro-meteorology Department has a broad mandate that includes hydrological
observations (including water level and flow), groundwater and water quality analysis, climatology,
hydrological forecasting (drought, floods), disaster risk prevention and reduction, and research. This
service shares data with other stakeholders in water resource management, including the National Society
of Water, which oversees water exploitation and distribution, attached to MAPE, and local water
committees.
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DRR institutions

The institutional and legal framework for risk management is in line with international commitments to
achieve the Millennium Development Goals and the Disaster Risk Reduction Strategy of African and Arab
countries®, and at the national level with the Poverty Reduction Strategy. Two decrees issued in 2012
specify the operational elements, one (March 2012) creating the General Directorate of Civil Security
(DGSC) and the other (Sept 2012) creating the National Platform for Disaster Risk Reduction (PNPRRC).

The policy document is the National Strategy for Disaster Risk Reduction in the Comoros (SNRRC), finalised
in May 2015 as part of the programme entitled: "Integration of Disaster Risk Reduction into Poverty
Reduction Policies in the Union of the Comoros" funded by the Global Facility for Disaster Risk Reduction
and Recovery (GFDRR), is the result of a consultation commissioned by UNDP on behalf of the Directorate
General of Civil Security.

The risk management system of the Union of the Comoros is organised around 3 structures with strategic,
decision-making, and operational functions: (i) the National Disaster Risk Management Commission
(CNGRC) for the strategic and decision-making aspect; (ii) the General Directorate of Civil Security (DGSC);
and (iii) the Coordination Centre for Rescue Operations and Preparedness (COSEP) for the operational
aspects.

CNGRC

The purpose of the CNGRC is to ensure the direction of civil protection operations, the coordination of the
resources to be deployed and the adequacy of exceptional measures to be adopted in the event of a
disaster. It is activated by its President and operates at the headquarters of COSEP, which oversees the
Island-specific Disaster Risk Management Commission (CIGRC) —i.e. island-specific arm of the CNGRC. The
CNGRC is composed as follows:

° Secretary General of the Government,

° a representative of the General Directorate of Civil Security,
° the Director of Civil Protection

° the Director of the Karthala Volcanic Observatory,

° the Head of the Weather Forecasting Department,

° the Chief of Staff of the National Development Army,

° the secretary general of the Comorian Red Crescent,

° the Director of Civil Aviation and Meteorology,

° the Director of Maritime Transport,

° the General Directors of the relevant sectoral and transversal ministries.
DGSC

The DGSC is a crisis management platform, founded by decree on 9 March 2012, under the supervision of
the Ministry of Civil Security. The platform is responsible for implementing the national disaster risk

138 Under UNISDR, africa-arab platform on DRR, tunisia oct 2018, Tunis Declaration on accelerating the
implementation of the Sendai Framework for Disaster Risk Reduction2015-2030 and the Africa Regional Strategy
for Disaster Risk Reduction

Within art 13 : 13.Encourage African States to strengthen their early warning systems, including multi-hazard and
impact based early warning with priority on hydrological and meteorological systems and the delivery of services in
understandable manner to end-users for enhanced preparedness, response, recovery and reconstruction;
https://www.google.com/url?sa=t&rct=j&g=&esrc=s&source=web&cd=18&cad=rja&uact=8&ved=2ahUKEwjNudrU7
trlAhUp8-

AKHXsUDKIQFjAAegQIBBAC&url=https%3A%2F%2Fwww.preventionweb.net%2Ffiles%2F57759 finaladopteddraftt
unisdeclaration13.pdf&usg=A0vVawlUpxmtu-O1lbGaCQgZBXDna
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management (DRM) policy, promoting risk prevention, coordinating crisis management between different
actors, and organising the protection and defence of people, property and the environment during crises.
This Directorate is also responsible for informing the Ministry of Civil Protection of any situation justifying
emergency measures, as well as for participating in the protection and safeguarding of the population and
national heritage in civil defence circumstances.

To this end, the DGSC proposes methods for intervention on the ground in the event of a crisis and
coordinates the implementation of national assistance and relief resources for the population and ensures
the management of relief operations and feedback. Finally, it defines and supports the implementation
of regional and international cooperation actions in the field of civil protection.

The DGSC has an information service and public relations department which is responsible for public
relations, and for ensuring the implementation of the strategy and procedures for informing and raising
awareness among the population, as well as for preparing and disseminating alert bulletins at national
level. It also has a Sub-Directorate for Studies and Prevention, an Analysis and Information Processing Unit
(CATI), a Sub-Directorate for Resources and Logistics, and a Fire Brigade Group, which includes one unit
per island. CATI works in partnership with various public and private services and specialised centres, from
which it receives information on disaster risk prevention and management. This allows CATI to have an
up-to-date, geo-referenced database that can be used as a decision support tool for the DGSC.

COSEP

COSEP is the operational centre for crisis management, which coordinates, manages, monitors and
mobilises disaster response and relief resources (human and material, local and national, public and
private).

Amongst other considerations, it ensures the centralisation of information relating to crisis preparation
and management, the monitoring and updating of contingency plans (national and specialised by sector),
the mobilisation of various actors and resources in support of crisis management.

The animation of the CATI for the analysis and processing of information, particularly during crises, and
the activation of the Crisis Command Post (PC) as soon as necessary in the operational room. In addition
to these structures, there is a national multisectoral platform for disaster risk reduction and prevention
(PNPRRC), created in 2012.

This platform is responsible for the integration, prevention and risk reduction within policies,
development plans and strategies, good governance and poverty reduction, as well as for validating the
national programme for disaster risk reduction and prevention. The PNPRRC is also responsible for
facilitating resource mobilisation for risk reduction and post-disaster rehabilitation and development, as
well as promoting risk culture education in schools. As a multi-sectoral platform, the PNPRRC facilitates
cooperation between institutions working in the field of disaster risk reduction. This platform is made up
of the National Commission, the national coordination and their respective representation at the regional
level (for each island).

Local Coordination

The DGSC is represented on each island by a regional directorate (DRSC) which includes a rescue
coordination service, a prevention and study service, a resources and logistics service, a fire department
and a rescue coordination service (SCOSEP). In addition, the DRSC includes representatives of the island's
administration (sectoral focal points), the army and police, island councils, municipalities and villages,
associations and organisations working for the Royal Canadian Mounted Police (RCMP), representatives
of civil society development partners. An Island Disaster Risk Management Council (CIGRC) is also in place
at the government level of each island (Anjouan, Mohéli).

Finally, there is a regional commission and local committees for each island, which are responsible for
collecting and analysing risk data and implementing risk prevention and reduction programmes.
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Operationalisation

Figure 38 represents the institutional actors involved in risk management. The operational processes are
explained below this diagram.

Figure 38 Disaster Risk Management coordination in Comores
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As indicated above, the DGSC coordinates the risk management process with the help of the branches of
the other departments involved, according to the needs and types of risks. This risk management process
includes several elements described below.

Information flow: The meteorological services transmit hazard information to the DGSC and the Ministry
of the Interior in charge of triggering the alert. There are Specialised Relief Plans (SRPs) for each of the
main hazards (cyclone, tsunami, Karthala, storms); these plans have been implemented by civil security
and supported by UNDP and the World Bank with a breakdown by island.

The Karthala Volcano Observatory (KVO) oversees monitoring Karthala, alerting and supporting crisis
management in the event of an eruption. The Karthala Volcano Eruptions Relief Plan, known as the
Karthala Plan, was established in October 2004 (OVK, 2004). It plans the various emergency relief
procedures to be undertaken to deal with the consequences of a volcanic eruption that could cause loss
of life and loss of property. No revisions or simulations of the response plan have been carried out since
2004.

The General Directorate of Forestry (DGF) is responsible for issuing forest fire alerts to the DGSC.

Mobilisation of means of action for the activation of plans: The DGSC relies primarily on the resources and
means of the Ministry of the Interior, Civil Security and Fire Brigade, which are present on each island for
the land component. Regarding interventions at sea, a body of coastguards representing the State at sea
was created in 2010 by decree within the Army with a central command to ensure the maritime
monitoring of waters under Comorian sovereignty. This body is responsible for the protection of persons
and property (marine search & rescue), environmental protection, police missions at sea and controls
hydrographic and oceanographic activities. A specialised Tsunami relief plan was developed as part of a
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project entitled "Capacity Development for Natural and Climate Disaster Risk Management in the Union
of the Comoros" by COSEWIC with support from UNDP (Nov 2011).

The General Directorate of Health (la Direction Générale de la Santé, DGS) has its own contingency plan
for cyclone risks for each of the Comoros islands. National and island committees for the management
and coordination of health sector emergencies and disasters were established in 2012. The "external"
partners involved in health actions and likely to intervene in support of crisis management are resident
actors (WHO, UNFPA, UNICEF, Comorian Red Crescent (CRCO), Qatari Red Crescent (CRQ), Canadian Red
Crescent and Caritas Comores) and non-resident actors UNAIDS, UNHCR, FAO, WB, 10C, and WFP.

The Comorian Red Crescent (CRC), which supports the Comorian State in health and disaster risk
management, has a network through its local offices and can mobilise up to 3000 people on the 3 islands.
In the contingency plan, CRC provides first aid, emergency shelter, water and sanitation, food distribution,
and health support services. It also provides training for managers in disaster risk reduction every two
years as part of the Regional Disaster Response Team programme led by PIROI. Finally, village
communities (the basis of the social structure of the Comoros) are active during and after crises in
recovery operations and are the local relay for the resources provided by the diaspora.

Action plans: The national contingency plan created in 2008, with the assistance of OCHA, is the main
management tool for emergency response. This plan organises the necessary crisis management
arrangements for all relevant actors and stakeholders. This plan focuses on the 3 main hazards: volcanic
eruption, epidemiological crisis and tropical disturbances. It is updated on a regular basis (every year or
two years). Then, there are the emergency organisation plans - ORSEC plans - which specify the measures
to be taken on each island in the event of an emergency. Finally, there are specific contingency plans:
Karthala, Tsunami and Cyclone/tropical storms defining the command organisation for the different alert
levels.

These existing plans were amended by the Early Recovery Plan (ERP) carried out with the assistance of
UNDP and OCHA and based on the 2012 post-disaster assessment reports prepared by the UNDAC team,
the World Bank delegation, the Comorian Red Crescent and the Red Crescent Movement, NGOs, civil
society organisations and the private sector.

Concerning the alert system: The alert system is based on 4 categories - from blue to red - defining a
different level of crisis characterisation (see Table 8). For each level and according to the hazard
considered, the various national or local authorities that must participate in emergency management have
a role defined in the 2011 National Contingency Plan.

Table 8 Four early warning classes in Comoros

Class Alert Threat level Institution in charge of raising the
alert
1 Bleu: situation de routine minimum COSEP et comité de veille concerné

(selon la nature du risque)

2 Jaune : situation anormale qui fait | intermediate COSEP- Comité national. Ministere
appel a une vigilance de l'intérieur. DGSC

3 Orange : déclarée en situation | high Comité national. Ministere de
d’urgence nécessitant des dispositions I'intérieur

4 Rouge : niveau maximum entrainant | maximum Comité national. Présidence.
I'activation des moyens opérationnels Ministére de I'intérieur

The tropical cyclone alert is broadcasted by the Meteorological Directorate via multiple channels
(telephone, radio, broadcasting). Local media (Radio Gazia and El Watan newspaper) are essential

52



channels for the dissemination of the alert or instructions; this method of dissemination is included in the

contingency plans.

Finally, there is an action plan to be adopted in the case of a tropical cyclone alert, within 24 hours of the
alert, within 48 hours including crisis management time during the event, and within two weeks of the
event and concerning actions until the situation returns to normal.

2.2.3 Baseline projects

The table below describes national initiatives which bear relevance to this project.

Table 9 Baseline projects in Comoros

“

Ensuring climate
resilient water

supplies in the
Comoros Islands”

(FPO94)
2018-2026

Funding entities:
UNDP, GCF

Budget: USS 60.8m

Contributions to improving water resource data management
through installation of 10 hydrological (surface water)
gauging stations in Anjouan and Mohéli and 30 groundwater
piezometers on Grande Comore and 13 across Anjouan and
Mohéli. All water related monitoring stations will be coupled
with the existing synoptic stations (4), automatic weather
stations (10) or with the 90 rain gauges already installed.
Technicians will be trained on monitoring system operation
and management. Data will be captured, processed, and
shared by the Directorate of Meteorology. A simple flood
alert early warning system using total rainfall and rainfall
intensity from selected automated rainfall gauges will be
developed to provide a flood risk warning system for each
island. This will be connected to the mobile phone system
and provide SMS flood warning messages.

The equipment installed for
water monitoring will be
complemented by additional
hydrological stations through
the proposed project Activity
2.1.1; training provided, and
data and climate services
developed by this project, will
be complemented by the
proposed project Activity
2.1.2 to upscale impacts in
terms of improved flood risk
management and resilience in
Comoros.

“

Strengthening
Comoros Resilience
Against Climate

Change and
Variability Related

Disaster”

2018-2023

Funding entities:
UNDP, UNISDR,
PASDTR, Qatar, China
(USS 8.5m proposed
GEF LDCF Grant
pending)

Budget: USS$ 36.3m

Strengthening institutional, policy and regulatory frameworks
to integrate climate and disaster risks into planning, improve
knowledge and understanding of key climate drivers and
natural disasters, and strengthen community resilience to
climate-induced disaster risks.

The project will develop climate modelling and provide Early
Warning System messages for cyclone-related climate
disasters. The climate products developed will support the
integration of climate risks into all sectors including but not
limited to the water sector in Comoros.

The proposed Hydromet
project will enhance the
results of this project by
providing downscaled climate
change projections, seasonal
forecasting, and improving
EWS for tropical cyclones and
other hydro-meteorological
hazards.

“Ensuring climate
resilient water

supplies in the
Comoros Islands”

(FP094)
2018-2026

Funding entities:
UNDP, GCF

Budget: USS 60.8m

Contributions to improving water resource data management
through installation of 10 hydrological (surface water)
gauging stations in Anjouan and Mohéli and 30 groundwater
piezometers on Grande Comore and 13 across Anjouan and
Mohéli. All water related monitoring stations will be coupled
with the existing synoptic stations (4), automatic weather
stations (10) or with the 90 rain gauges already installed.
Technicians will be trained on monitoring system operation
and management. Data will be captured, processed, and
shared by the Directorate of Meteorology. A simple flood
alert early warning system using total rainfall and rainfall
intensity from selected automated rainfall gauges will be
developed to provide a flood risk warning system for each

The equipment installed for
water monitoring will be
complemented by additional
hydrological stations through
the proposed project Activity
2.1.1; training provided, and
data and climate services
developed by this project, will
be complemented by the
proposed project Activity
2.1.2 to upscale impacts in
terms of improved flood risk
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island. This will be connected to the mobile phone system management and resilience in
and provide SMS flood warning messages. Comoros.

In addition, Comoros is a beneficiary country of a multi-country climate change mitigation project!* for
which the GCF has approved funding of USS 165m (across 29 countries), with a total project value of USS
765m.

2.3 Madagascar

2.3.1 Policies and strategies

Madagascar has ratified 13 of the 18 International Human Rights Instruments.'®® It is also party to
international agreements on: Biodiversity, Climate Change, Climate Change-Kyoto Protocol,
Desertification, Endangered Species, Hazardous Wastes, Law of the Sea, Marine Life Conservation, Ozone
Layer Protection, Ship Pollution, and Wetlands. Finally, the country is signatory of the Hyogo and Sendai
Multilateral Agreements.

Relevant UNFCCC-related policies

Madagascar submitted its National Adaptation Programmes of Action (NAPA) in December 2006. The
NAPA targets the following five priority sectors: agriculture and livestock, public health, water resources,
coastal zones and forestry'*!. Several of the NAPA’s priority projects relate to climate services, particular
‘Support to the intensification of crop and livestock production’ as improvements in climate services and
development of agroclimatic products will help farmers plan and select appropriate agricultural practices
and crops!*2,

Madagascar is currently developing its National Adaptation Plan (NAP), a process which started in 2011.
This plan, still under development (as of August 2019), will focus on agriculture, climate risk management,
coastal zone management, forests and biodiversity, human health, infrastructure, and water resources®.
Madagascar’s NAPA remains the main strategy with regards to climate change adaptation, until the
finalisation and adoption of the NAP.

139 FP038 Geeref Next. See: https://www.greenclimate.fund/countries/comoros

140 International Convention on the Elimination of All Forms of Racial Discrimination 1969; International
Covenant on Civil and Political Rights 1976; Optional Protocol to the International Covenant on Civil and Political
Rights 1976; Second Optional Protocol to the International Covenant on Civil and Political Rights, aiming at the
abolition of the death penalty 1991; International Covenant on Economic, Social and Cultural Rights 1976;
Convention on the Elimination of All Forms of Discrimination against Women 1981; Convention against Torture
and Other Cruel, Inhuman or Degrading Treatment or Punishment 1987; Optional Protocol to the Convention
against Torture and Other Cruel, Inhuman or Degrading Treatment or Punishment 2006; Convention on the Rights
of the Child 1990; Optional Protocol to the Convention on the Rights of the Child on the involvement of children in
armed conflict 2002; Optional Protocol to the Convention on the Rights of the Child on the sale of children, child
prostitution and child pornography 2002; International Convention on the Protection of the Rights of All Migrant
Workers and Members of their Families 2003; and Convention on the Rights of Persons with Disabilities 2008. See:
UNHR, Status of Ratification Interactive Dashboard.

41 Ministry of the Environment (2006). ‘Republic of Madagascar: National Adaptation Programme of Action’.
Accessed 12" August 2019. Available at: https://unfccc.int/topics/resilience/workstreams/national-adaptation-
programmes-of-action/napas-received

142 UNFCCC. ‘NAPA Priorities Database’. Accessed 12" August 2019. Available at:
https://unfccc.int/topics/resilience/workstreams/national-adaptation-programmes-of-action/napa-background
143 NAP Global Network (2019). ‘Madagascar NAP Approach’. Accessed 13t August 2019. Available at:

http://napglobalnetwork.org/wp-content/uploads/2018/02/napgn-en-2019-madagascar-nap-process-poster.pdf

54



Madagascar submitted its Intended Nationally Determined Contributions (INDC) on 24 September
2015, and ratified the Paris agreement on 21 September 2016,* at which point its INDC became its
NDC — this NDC has not been modified since!*®. The NDC notes that while adaptation and mitigation have
different goals, the two can be mutually reinforcing — for example, ecosystem-based adaptation measures
like reforestation and development of mangrove swamps support mitigation efforts by acting as carbon
sinks.'¥ Madagascar can therefore contribute to mitigation efforts while addressing its adaptation needs.

By 2030, Madagascar aims to reduce its GHG emissions by 30 MtCO; compared to business as usual, which
represents 14% of its current national emissions. However, Madagascar’'s NDC states that this
commitment is contingent on financial support from the international community.#

To accomplish this, Madagascar’s NDC includes the following measures of particular relevance to the
Hydromet project:14°

1. Increasing renewable energy supply from 35% to 79%.

2. Improving energy efficiency.

3. Large-scale implementation of conservation and climate-smart agriculture and agroforestry.
4. Reforestation of 270,000ha with indigenous species.

5. Enhanced monitoring of forests and grasslands.

To implement these measures, Madagascar’s priority actions before 2020 described in its NDC of
particular relevance to the Hydromet project (particularly project outcomes around climate services, EWS,
and sector-specific climate risk management plans for agriculture and water) include:**°

1. Multi-hazard early warning systems primarily that mainly consider tropical cyclones, floods,
drought and the public health monitoring;

2. Effective application of existing or newly established sectorial policies: flood and cyclone-resistant
hydro-agricultural infrastructures standards, cyclone resistant buildings standards, flood-resistant
terrestrial transport infrastructure standards, local for climate-related hazard community
guideline for Water-Sanitation-Hygiene;

3. Development of Resilient Agriculture Integrated Model pilot projects/programmes (combination
of watershed management, selected/adapted varieties, locally-produced compost, rehabilitation
of hydro-agricultural infrastructures, input access facilitation system, conservation agriculture,
and agroforestry) or "climate-smart agriculture";

4. Promotion of intensive/improved rice farming system and rain-fed rice farming technique;

5. Formulation and implementation of the National Strategy for Integrated Water Resources
Management; and

6. Contribution to the finalisation of the “National framework for climate services” for which
Madagascar has committed to the World Meteorological Organisation.

144 UNFCCC. ‘INDCs as communicated by Parties’. Accessed 14" August 2019. Available at:
https://www4.unfccc.int/sites/submissions/indc/Submission%20Pages/submissions.aspx

145 United Nations Treaty Collection. ‘Chapter XXVII Environment: 7. d Paris Agreement’. Last updated 13t
August 2019. Accessed 14" August 2019. Available at:
https://treaties.un.org/Pages/ViewDetails.aspx?src=TREATY&mtdsg_no=XXVII-7-d&chapter=27&clang=_en
146 UNFCCC NDC Registry. ‘Madagascar INDC’. Accessed 14" August 2019. Available at:
https://www4.unfccc.int/sites/NDCStaging/pages/Party.aspx?party=MDG

147 Ibid. at page 1.

Ibid. at pages 2 and 9.

Ibid. at page 3.

Ibid. at page 7.

148
149
150
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Actions it intends to take before 2030 include:**?
1. Real-time monitoring of climate information;

2. Effective implementation of multi-hazard early warning systems, including tropical cyclones,
floods, food security, drought, hunger, health and phytosanitary monitoring;

3. Widespread application of Resilient Agriculture Integrated Models in major agricultural centre,
cash crop zones, extensive livestock farming areas, priority areas for fisheries, mangroves, as well
as drought hotspots;

4. Sustainable and integrated water resources management, particularly in sub-arid areas and those
vulnerable to drought periods;

5. Strengthen and upgrade casualty multi-hazard early warning systems including the aspects of
phytosanitary, agricultural, drought and food security monitoring; and

6. Sustainable and integrated water resources management, especially in sub-arid areas and those
vulnerable to drought periods.

National policies and strategies

Climate change-related policies and strategies are essentially coordinated by Bureau National de
Coordination des Changements Climatiques et REDD+ (BN-CCCREDD+). It was created in 2016 and is
attached to the Ministry of Environment, Ecology and Forests'>2. BN-CCCREDD+ has a mission to lead
national efforts for climate change adaptation and mitigation, as well as to oversee the preparation of the

country’s REDD+ programme and its implementation®®3.

The Government of Madagascar has identified as priority “the strengthening of the National Early Warning
System and the improvement of the production and access to weather, water, and climate services” in
the key national strategies such as the 2015-2019 National Development Plan (NDP), the National Climate
Change Management Policy (NCCMP, 2012), and the National Strategy for Disaster Risks Management
(NSDRM, 2016-2020)*>*.

The NSDRM 2016-2020 aims to better strengthen the state's interventions, including disaster risk
identification, assessment and monitoring, and to strengthen early warning systems, by:*°

1) Strengthening the technical, material and financial capacity of institutions and other stakeholders
in risk and disaster reduction.

2) Identifying and assess risks at both the national and local levels, so that their profile contributes
adequately to the decision-making of stakeholders.

3) Building the capacity of key data collection structures.

4) Strengthening and relaying the national multi-risk early warning system by community-based
Farmer Organisations.

5) Strengthening Madagascar's participation in DRR™® in a framework of bilateral, sub-regional,
regional and international cooperation.

151 Ibid. at pages 7-8.

152 GlzZ (2019). ‘Pour un processus de PMA qui reponde aux questions de genre a Madagascar’. Source:
http://napglobalnetwork.org/wp-content/uploads/2019/03/napgn-fr-2019-pour-un-processus-de-pna-qui-
reponde-aux-questions-de-genre-a-madagascar.pdf

153 https://bnc-redd.mg/fr/2-bnc-redd-fr/93-details-infos-encadres

154 UNDP TOR for concept note formulation support in Madagascar (2018)

Resilience Capacity Building Project through the production and management of climate information in
Madagascar, Concept Note, February 2017

156 Réduction / gestion des risques de catastrophes
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2.3.2 Institutions and mandates of NMHSs and DRR institutions

This section presents the institutional, legal and functional framework for risk management and hydro-
meteorological services in Madagascar.

Hydro-meteorological services

The institutional and legal framework for the General Directorate of Meteorology (DGM) is articulated in
ARRETE N° 22.785/2015/MTTM, Articles 81 to 98 stipulating the missions and structures of central
services and regional services as part of the Ministry of Tourism, Transport and Meteorology. According
to the WMO Country Profile Database (WMO/CPDB), the DGM is a government institution with
commercial activities is a government institution with commercial activities. In addition to the above, the
primarily legislative Act determining the DGM functions is the Decree 2019-066 of 21 February 2019.
There is a consultative platform for the public sector, private sector, and academia and civil society to
foster regular cooperative dialogue through the ‘Groupe de Travail Climat et Santé’, which is a partnership
of the DGM and the Ministry of Agriculture, Aquaculture and Fisheries. The legislation does not allow any
participation of non-NMHS entities in the provision of hydrometeorological information and services. The
DGM depends primarily of government funds, however there are other sources of funding (i.e. from
national and international agencies) for improving the hydrometeorological infrastructure, etc., but no
specific Trust Fund that supports the DGM activities.*>’

The DGM is responsible for:

° Providing weather information to various public and private institutions.

° Ensuring that meteorology serves the public interest through a sustainable development
approach.

° Ensuring the proper implementation of provisions of international conventions on meteorology.

Figure 39 illustrates the current organisational chart of DGM reported in the DGM strategic plan (2016-
2020) based on ARRETE N° 22.785/2015/MTTM.

Figure 39 Organisational chart of the Direction Générale Météorologique (DGM)
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The DGM is in charge of the meteorological and hydrological services, has three main Directorates and
five supporting services.

Directorate of Meteorological Operations (DEM): In charge of the meteorological activities related to
weather forecasting, hydrological forecasting and early warning operations. DEM includes the following
three services:

° Hydrological Service
° Operational Meteorology
° Weather and Hydrological Early Warning Support Service

Directorate of Applied Meteorology (DMA): In charge of the administrative and technical coordination for
the use, application and integration of weather, climate and hydrological information in socio-economic
development and climate change adaptation and resilience. DMA encompasses the following three
services:

° Agricultural Meteorology Service
° Climatology and Climate Change Service
° Meteorological Applications Service

Directorate of Hydro-meteorological Research and Development Department (DHRD): In charge of the
innovation strategy and policy and the development, piloting, and implementation of research programs
based on the socio-economic sector needs and the national commitment to the WMO programs and
initiatives. DHRD is also responsible for research in modelling and forecasting and developing tools for
accessing and sharing data and information within the DGM. DHRD includes the following services:

° Hydro-meteorological Research Service
° Computer and Databases Service
° Adaptations and State of the Art Technologies

In addition, DGM has several services:

° General Affairs Service: This service is in charge of human resources legislation and regulations,
administrative, financial management, and accounting of Public operations.

° Communication Service: Responsible for the collection, exploitation and dissemination of
information to the Ministry of Transport and Meteorology; and external communications of the
NMHS.

° Planning and Legislation Service: Responsible for the NMHS project programming; budgeting

programming of the NMHS directorates and services coherence and synergy of meteorology
projects with the National Development Plan; coordination and monitoring of asset management
of the NMHS Madagascar, and handling of legal affairs;

° Infrastructure Facilities and Logistics Service (CIL): Responsible for standardization, calibration,
maintenance and servicing of instruments and meteorological and hydrological equipment;
management of equipment, instruments, equipment and infrastructure of the NMHS;
maintenance and repair of vehicles, buildings and infrastructure of the NMHS.

° Interregional Hydro-meteorological Services: Responsible for the representation of the
Directorate General of Meteorology at the interregional level and support of operationalization
of all Regional Services.

With regards to hydrology, a specialised service is attached to DGM as mentioned above. The main legal
framework is the “Code de I'eau” and related decrees of application, which clearly determine the mandate
of the national hydrological service, namely: hydrological observations of water level and flow,
climatological observations, assessment of water resources (quantity and quality), hydrological forecasts
and alerts production (for droughts, floods and flows), and disaster risk prevention. Figure 40 illustrates
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which institutions contribute to the production and sharing of water-related information. In addition to
the hydrological service, SAHH (service d’appui a I'hydrologie et I'hydrogéologie), based at MEEH, has
mandate to monitor ground water (quantity and quality).

Figure 40 Information flow regarding hydrology

MAEP

DRR institutions

The DRR policy of Madagascar refers directly to the Prime Ministry. The policy is aligned with Sendai
international Commitment (March 2015). The Disaster Risk Management in Madagascar is implemented
according to Law No. 2015-031 (February 2016), the National policy for DRM (Politique Nationale de
Gestion des Risques et des Catastrophes - PNGRC) and referring decrees. Under these legal frameworks,
DRM institutions have been set up and their roles and responsibilities defined.

Furthermore, the Law No. 2017-028 on the National Policy on Social Protection and the National Strategy
for Social Protection (SNPS 2018) foster the development of national social safety nets reactive to shocks
and aiming (i) by 2019 to develop and pilot "shock-responsive social protection" approaches adapted to
the different intervention zones and different types of shocks, and (ii) from 2020, after the evaluations of
the pilot projects, to gradually scale up these approaches.

The National strategy for disaster management (Stratégie nationale de gestion des risques de
catastrophes- SNGRC) validated in September 2016 is a main pillar for sustainable development. The
SNGRC has been based on four (04) strategic axes?®®:

° AXIS 1: Greater political commitment in the DRR, taking into account the different specificities of
the assets and issues involved, improving resilience.

° AXIS 2: Improved governance of the DRR at all levels.
° AXIS 3: Capacities of the actors in the field of DRR and coordination strengthened.
° AXIS 4: Knowledge management practice for the benefit of the DRR.

At the strategic level, three institutions are noted:

CNGRC - Conseil National de Gestion des Risques de Catastrophe

158 Source : SNGRC 2016 -2030- version finale Sept 2016
59



The CNGRC (National Council for Risk and Disaster Management) is a consultation and decision-making
structure at the highest national level. It intervenes in the organisation of the protection of the population
and the environment in the event of disaster occurrence. Its main tasks are to implement the DRM
strategy, supervise BNGRC, make strategic decisions for DRM including calling for international support
during crisis, and ensure the mobilisation of relevant ministries while implementing DRM measures.

CPGU — Cellule de prevention et gestion des urgences

This structure provides a technical assistance to Prime Minister and CNGRC for implementing DRR and is
in charge of communication with other institutions at national level involved in this process. Moreover,
CPGU is in charge of elaborating, monitoring and actualising DRR policies and strategy, integrating DRR in
existing sectorial policies, providing Risk profiles, reinforcing prevention and mitigation actions within
sectorial policies, and declaring official urgency situation and if necessary call for international help
(financial and technical assistance from national and international partners).

PNRRC - Plateforme nationale pour la reduction des risques et des catastrophes

The platform serves as a forum for all stakeholders to share information and experience on risk and
disaster management. It is a place of capitalisation and sharing of experiences and achievements in DRR,
in terms of good practices and lessons learned. It is also the place to improve the environment of the DRR
in Madagascar, to propose update of the National Strategy of Risk Management and Catastrophes
(SNGRC) as well as to discuss DRR strategies with international partners.

With regards to the operationalisation of disaster risk management, the following institutions play a key
role:

BNGRC — Bureau National de Gestion des Risques et Catastrophes

BNGRC is the operational arm of CNGRC. This key institution is the national authority for the management,
coordination and follow-up of all activities related to the DRM and Disaster Risk Reduction (DRR) in
Madagascar (Loi 2014-018 et 2014-020), under the authority of the Ministry of Domestic Affairs. The
mandate of BNGRC includes the promotion of risk prevention, preparedness and mitigation among
relevant institutions and agencies, including local governments and NGOs, the provision of technical
assistance to local governments in implementing their action plan for DRM, the provision of advice,
recommendations and guidelines for contingency plan, commanding the national emergency operational
centre (CERVO) during crisis, and compiling information before, during and post crisis. In addition, BNGRC
updates its National Contingency Plan on cyclones and floods annually, in a collaborative way by
consulting all stakeholders involved in DRR/DRM interventions. This plan highlights all processes to follow
during cyclone events. It benefits from lessons learned from previous crises through its annual update®®®,

CRIC — Comité de réflexion des intervenants en catastrophe

The CRIC is a national collaborative platform in charge of technical coordinating of on-the-ground
interventions during crisis, acting under BNGRC authority. This platform facilitates information exchange,
join lessons learning process, sharing of recommendations and coordination of every institutions involved
in DRM. Run by the BNGRC, the CRIC encompasses 7 commissions: 3 operational commissions
(Logistics/Infrastructure/Monitoring and evaluation) and 4 thematic commissions (health, agriculture,
education, sciences) that are implemented through a large participative approach in the following areas:

° Vulnerability risk assessment in order to implement sectorial development action plans.

° Early Warning System activation, monitoring and evaluation.

° Information management related to emergency situation during preparation, during event and
after crisis.

159 Source : COI Renforcement des politiques publiques et appui aux structures nationales de coordination,

de prévention et de gestion des risques naturels et des catastrophes dans les pays membres de la COI- Rapport
decembre 2013
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° Evaluation of implemented actions, and recommendations for Contingence plan improvement.
° Dissemination of information and good practices coming from international partners.

CRIC’'s mandate is also to provide technical assistance to BNGRC through designing and developing
documents and technical tools to support and guide DRM interventions, monitoring and evaluation of
previous DRR actions undertaken and documenting positive experiences, and developing
recommendations to improve future risk prevention and response.

CERVO - Centre d’études, de réflexion, de veille et d’orientation

CERVO operates under the BNGRC. The CERVO is the focal point for all warnings and disaster information.
CERVOQ’s team has been recently reinforced with new competencies: agriculture, DRM specialist, GIS
specialist, spatial analyst, and drone specialist. CERVO implements early warning systems (see following
paragraph). Finally, CERVO focuses on research activities, together with University of Antananarivo and
other institutions. Research focuses on risk prevention (‘retex’ — return on experiences, contingency plan,
sectoral data improvement).

At the local level:

Though decentralization is underway in Madagascar, there is yet no legislation guiding the DRM process
at regional and local levels. However, several committees are in place to coordinate local-level
interventions. Local operational coordination is done at the district level, under the coordination of the
District Risk Management and Disaster Management Committees (CDGRC). The Regional Risk
Management Committee (comité regional de gestion risques de catastrophes — CRGRC) ensures the
overall coordination of the CDGRCs, the centralisation of information and the making of major decisions.
These CRGRC have been established in the 22 regions of Madagascar. They are headed by the Prefect and
the Regional Chief. A firefighter and a civil protection unit are also in place and ready to intervene within
each regional headquarters. As soon as an alert is released at the national level, the regional committees
are in charge of disseminating risk information at district and village (fokontany) level to warn the
population and give the rules of conduct to be maintained. During the acute emergency phase, local and
district committees are reinforced by central BNGRC teams. The most active partners at the regional and
district level, especially during the emergency phase, provide support to local coordination at their
convenience.

Figure 41 is an illustration of the disaster risk management process in Madagascar (more detailed in
Section 3.2.3 — country case study), from national to regional levels.
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Figure 41 Institutional chart of DRM in Madagascar
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Disaster risk management process

Within BNGRC, CERVO is the pillar and focal point for all warnings and disasters information. As long as
the disaster is predictable, all the warnings provided by the different warning systems (APIPA, DGM, Early
Warning System for the Great South, firefighters, IOGA, etc.) are centralised within the CERVO / BNGRC
which, according to the gravity or the imminence of the event, decides to diffuse or not to all the actors
concerned (Authorities at different levels, Rescue Services, Partners, Media). Depending on the source
and the nature of the disaster, the alert can pass through the Ministry concerned for evaluation and
validation and the latter sends it to the BNGRC. This is the case for epidemic alerts and alerts related to
the locust attack.

During a crisis, BNGRC is in charge of operational management of action, including command of the
National Center for Emergency Operations (Crisis Staff), liaison between CNGRC and local decision and
action levels; coordination between the various ministerial or local executive committees, support Prime
Minister’s decision and mobilisation of relevant partners for DRR meetings. It receives CRIC’s technical
assistance to perform these tasks.

CERVO is in charge of permanent watch on the crisis situation as soon as BNGRC activates the Crisis
Command post (CCP). CERVQ'’s tasks include:

° Ensure the collection, processing and analysis of data and all relevant information concerning
serious events threatening civil security.

° Prepare a daily bulletin in the form of situation reports, flash bulletins or any other document that
provides information on the evolution of the crisis situation and which is intended for all relevant
authorities and partners.

° Propose actions to be undertaken as the prioritization of immediate intervention zones according
to the different means available.

° Ensure the dissemination of information and decisions of the BNGRC to decision-makers and
information relay.
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Figure 42 Common mechanism to alert for any disasters
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Tropical cyclone and tsunami alerts come directly from DGM to CERVO. DGM disseminates pre-alerts and
updates on climate-related hazards progress to BNGRC via CERVO, on an hourly basis or more frequently
if a significant evolution in the event is noted (see Figure 43). Based on feedback from CERVO / BNGRC, a
"state of alert” may be declared by the relevant authorities that allow them to apply restrictive measures.

Figure 43 Functional relation between meteo information and Risk management (DRM)
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There are 7 major risks that have been clearly identified in Madagascar, with dedicated institutions in
charge of knowledge, information, risk assessment, monitoring and forecasting of the hazards:
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° FLOODS: DGM is assisted by APIPA for floods by monitoring rivers catchments in the plain around
Antananarivo. There is no reliable monitoring on other rivers catchments prone to floods in the
others flood regions (North, North East and West) specially regarding rivers catchments near main
urbanised areas (Nosy Be and Antsinanana in the North as tourism areas, Mahajunga and
Morandava and Toliana on the West coast, and Taomasina on the East coast).

° DROUGHTS: DGM provides data on rainfall over the 5 to 10 previous years, mainly for the rainy
period between October and March in the great south (3 regions). There is no reliable monitoring
on the 3 main rivers catchments in the Great South for water resource availability regarding
agriculture irrigation to prevent from drought.

° CYCLONES: DGM is responsible for tropical cyclone information and knowledge, and alert to the
BNGRC.
° EPIDEMICS: DGS is responsible for five major groups of major epidemic threats that may interest

Madagascar, namely: malaria; epidemic diarrhea like cholera; severe respiratory infections
represented by pandemic influenza and MERS-CoV; viral haemorrhagic fevers and arboviroses,
including dengue, chikungunya or Rift Valley Fever (RVF).

° LOCUST ATTACKS (criquets): the CNA is responsible for locusts that may destroy harvests.
° EARTHQUAKES: IOGA is responsible for earthquake
° FOREST FIRES: the DGF is responsible for Forest fire information

Regarding preparedness and response capacity, together with dissemination and communication there
are 3 specific contingency plans regarding main important hazards which may damage the country:
drought; tropical cyclones, tropical storms and floods; and epidemic alerts (not detailed here).

Drought contingency plans are prepared for the Great south region: the DGM provides data on rainfall
over the 5 to 10 previous years, mainly for the rainy period between October and March. In case of low
rainfall during this period before the crop season, the alert must be activated by BNGRC/CERVO for the 3
regions (CRGRC) and the local directions of concerned sectors: DR for water and sanitation, DR for
education, DR for public infrastructure and works, Office régional de nutrition, DR protection et affaires
sociales, DR santé publique, DR developpement rural, together with the present partners on site Unicef
and WFP/FAO.

Cyclone and flood contingency plans are prepared for 16 regions prone to tropical cyclones and floods:
The DGM provides information on the potential cyclones 3 days before possible occurrence over
Madagascar (i.e. 1500 to 2000 km away from the coasts). A 4-class alert system is operated
(green/yellow/red/blue) and presented in the following table 10.
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Table 10 Four-class alert system for cyclones

Alerte Verte

Alerte Rouge

Signification
12h avant I'impact
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Restez a l'abn de votre habitation, ne circulez pas, tenez-vous
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2.3.3 Baseline projec
The table below describes

Table 11 Baseline projects

Signification
48h a 24h avant I'impact
Le cyclone menace la localité mais le danger n'est pas

immédiat.

Dans les prochaines heures, Soyez trés vigilant

» Les auterités locales prennent toutes les dispositions gu'elles
jugent utiles.

» Mettez vous a I'abri, tenez-vous informés.

» U'Avis de menace peut &tre trés court ou méme ne pas
exister.

Actions a entreprendre

» Ecouter en permanence les informations radiophoniques et
telévisées

» Abandonner les maisons situées au bord de ['eau

» Rejoindre un endroit sdr. si I'nabitation ne I'est pas

» Faire une provision suffisante pour quelques jours

» Cesser toutes activités maritimes

» Stocker de I'eau potable

» Mettre dans un endroit sdr le bétail

> Ramener les pirogues vers la terre ferme et bien les amarrer

Alerte Bleue

Signification
Phénoméne s'éloignant ou se comblant. Mais il reste des
I

résidus de phénoménes, des dangers persistent

localement

Pas de vigilance particuliere
dire quil fait beau - un

informations

e de I'oeil du

ts
national initiatives which bear relevance to this project.

in Madagascar

« Adaptation des
chaines de valeur
agricoles au
changement
climatique (PrAda) »

(Adaptation of
agricultural value chains
to climate change)

2017-2022

Funding entity: GIZ

Under this project, agricultural value chain players will The agriculture-related data
benefit from better access to agrometeorological and and climate services
agricultural advisory services, which allows them to adapt developed by this project
production to climate change. In addition, the project also will be complemented and
aims to improve structural framework conditions. These upscaled in other regions,
include the development of a quality agricultural policy, the | for other crop varieties and
organisation of actors and cooperation between them. using different
Access to operating resources is simplified and production communication means to
techniques are adapted. Finally, the project supports the increase outreach through
establishment of climate risk insurance. DAPV is working the proposed Hydromet
with GIZ on PRADA project which aims at translating project. Note that
agriculture was selected as
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climate information into agrometeorological advisories and
disseminate them at the local level using mobile phones.

one of the key sectors for
Madagascar.

« Projet d’Amélioration
des Capacités
d’Adaptation et de
Résilience des
Communes Rurales face
aux Changements
Climatiques (PACARC) »

2016-2021

Funding entity: PNUD-
FEM

PACARC contributes to implementing the NAPA. It aims to
enhance adaptive capacity among vulnerable communities
of Androy, Anosy, Atsinanana, Analamanga et Atsimo
Andrefana ; climate variability and change are already
affecting their livelihoods. Through PACARC, the following
interventions will be implemented : i) strengthening of
adaptive capacity among institutions ; ii) production and
dissemination of hydrological and agrometeorological
information to help decision-making processes ; and iii)
implementaiton of adaptation technologies in selected
municipalities.

The proposed project will
build on PACARC
interventions to strengthen
to production and
dissemination of
hydrological and
agrometeorological
information in other
communities not targeted
by this project.

In addition, Madagascar is a beneficiary country of four current projects® for which the GCF has approved
funding of USD 686.1 million, with total project values of USD 2.4 billion.

2.4 Mauritius
2.4.1

Policies and strategies

Mauritius has ratified 12 of the 18 International Human Rights Instruments.’! It is also a party to
international agreements on: Antarctic-Marine Living Resources, Biodiversity, Climate Change, Climate
Change-Kyoto Protocol, Desertification, Endangered Species, Environmental Modification, Hazardous
Wastes, Law of the Sea, Marine Life Conservation, Ozone Layer Protection, Ship Pollution, Wetlands.262

Finally, the country is signatory of the Hyogo and Sendai Multilateral Agreements.

Relevant UNFCCC-related policies

As Mauritius is not classified as a LDC, it has not submitted a National Adaptation Programme of Action
(NAPA). The country has however started its National Adaptation Plan (NAP) process.

160

FP099 Climate Investor One, FP095 Transforming Financial Systems for Climate, FP038 Geeref Next, and

FP026 Sustainable Landscapes in Eastern Madagascar. See: https://www.greenclimate.fund/countries/madagascar

161

International Convention on the Elimination of All Forms of Racial Discrimination 1969; International

Covenant on Civil and Political Rights 1976; Optional Protocol to the International Covenant on Civil and Political
Rights 1976; International Covenant on Economic, Social and Cultural Rights 1976; Convention on the Elimination
of All Forms of Discrimination against Women 1981; Optional Protocol to the Convention on the Elimination of All
Forms of Discrimination against Women 2000; Convention against Torture and Other Cruel, Inhuman or Degrading
Treatment or Punishment 1987; Optional Protocol to the Convention against Torture and Other Cruel, Inhuman or
Degrading Treatment or Punishment 2006; Convention on the Rights of the Child 1990; Optional Protocol to the
Convention on the Rights of the Child on the involvement of children in armed conflict 2002; Optional Protocol to
the Convention on the Rights of the Child on the sale of children, child prostitution and child pornography 2002;
and Convention on the Rights of Persons with Disabilities 2008. See: UNHR, Status of Ratification Interactive
DashboardStatus of Ratification Interactive Dashboard.
162 CIA World Factbook, Mauritius: Geography.
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Mauritius submitted its INDC on 28 September 2015, and ratified the Paris agreement on 22 April
2016, at which point its INDC became its NDC — this NDC has not been modified since.'®® Within this
document, Mauritius’ priority adaptation actions include:!6®

1. Infrastructure: protection of infrastructure against climate change calamities enhanced.

2. Disaster Risk Reduction Strategy: to understand disaster risk, implement disaster risk
strategy, strengthen management of related governance, and invest in resilience.

3. Coastal Zone Management: to improve awareness, enhance rehabilitation, and strengthen
regulatory framework for protection of beach, dunes and vegetation.

4. Water Resources Management: improve forecasting, management, protection and quality of
water resources, including upgrading and building of new treatment plants and reservoirs
and reducing water losses in the distribution system.

5. Rainwater Harvesting: procurement and installation of rainwater harvesting systems and
improvement in policy, legal, and regulatory water framework in mainland Mauritius,
Rodrigues, and other outer islands.

6. Desalination: small desalination projects, especially for Rodrigues island.

In addition, Mauritius’ key mitigation activities identified in the NDC include:

1.

2
3
4.
5

10.

11.

The NDC also notes that to achieve these objectives, Mauritius will need to access international finance.

smart use of marine resources;

expansion in solar, wind and biomass energy production and other renewable energy sources;
sustainable consumption and production in all sectors of the economy;

gradual shift towards the use of cleaner energy technologies, such as LNG, among others;

modernisation of the national electricity grid through the use of smart technologies, which is a
prerequisite to accelerate the uptake of renewable energy;

efficient use of energy through the deployment of appropriate technologies in all sectors of the
economy and awareness raising on energy conservation;

sustainable transportation, including promotion of energy efficient mass transportation systems
based on hybrid technologies and cleaner energy sources;

climate smart agriculture including bio-farming;
sustainable and integrated waste management, including waste to energy;

sustained tree planting programme within the context of the cleaner, greener and safer
initiative; and

leapfrog to low global warming potential refrigerants.
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UNFCCC. ‘INDCs as communicated by Parties’. Accessed 6% September 2019. Available at:

https://www4.unfccc.int/sites/submissions/indc/Submission%20Pages/submissions.aspx
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United Nations Treaty Collection. ‘Chapter XXVII Environment: 7. d Paris Agreement’. Last updated 13t

August 2019. Accessed 6" September 2019. Available at:
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National policies and strategies

Mauritius’ National Climate Change Adaptation Policy Framework aims to mainstream climate change
adaptation in policies, strategies and plans. It includes a National Climate Change Adaptation Policy, a
Climate Change Adaptation Strategy and Action Plan, and a Climate Change Adaptation Investment
Plan.1%® The adaptation policy focuses on agriculture, water, fisheries, ecosystems, protection of human
settlements and infrastructure, and capacity building to “understand, analyse and pre-empt” climate
change impacts “in a timely manner”.'® It notes the importance of information gathering and regional
and international collaboration to implement its adaptation goals.”°

The framework notes that “more detailed analysis is available for the island of Mauritius” and that
“specific considerations are made for Rodrigues”, but data gaps mean that not all islands are addressed
equally.t’?

Mauritius has also developed Technology Action Plans for Climate Change Adaptation and Mitigation. For
adaptation, these include, in the agriculture sector, integrated pest management and micro-irrigation, in
the water sector, rainwater harvesting, hydrological models, and desalination technology, and in the
coastal zone, dune and vegetation restoration, rock revetments, and wetland protection.’?

Mauritius’ National Disasters Scheme (NDS) 2015 takes a multi-agency approach to DRR “based upon
comprehensive multi-hazard mapping for the country”.}” It includes protocols for issuing warnings and
mandates to collect and provide data — for example, on the approach of a tropical cyclone, collecting data
from extensometers (1.6.7(b)), during heavy/torrential rainfall and floods, collecting rainfall data from
automatic weather stations (2.3.1(c)(v)), and during drought, providing data on irrigation water allocation
to different users and on reservoir water usage/storage (5.5.8-5.5.9).

In addition, in July 2013 Mauritius established a Climate Change Information Centre which “aims to

become a regional Climate Change Information Hub for the Eastern African Region in the near future”.'’*

2.4.2 |Institutions and mandates of NMHSs and DRR institutions

This section provides an overview of the institutional, legal and operational frameworks for DRR and
NMHS in Mauritius.

Hydro-meteorological services

The Mauritius Meteorological Services (MMS) is under the Ministry of Environment and Sustainable
Development. Its mission is to provide accurate and timely weather and climate information and
meteorological products for the general welfare of the citizens of the Republic of Mauritius.

168 ‘National Climate Change Adaptation Policy Framework for the Republic of Mauritius’ (December 2012),

at page 4. Accessed 6% September 2019. Available at: https://www.greengrowthknowledge.org/national-
documents/national-climate-change-adaptation-policy-framework-republic-mauritius

169 Ibid. at page 5.

Ibid. at page 6.

Ibid. at page 4.

Republic of Mauritius, Ministry of Social Security, National Solidarity, and Environment and Sustainable
Development (Environment and Sustainable Development Division). ‘Climate Change: Technology Action Plan for
an enhanced Climate Change Adaptation and Mitigation’. Accessed 6 September 2019. Available at:
http://environment.govmu.org/English/Climate_Change/Pages/Climate-Change.aspx

173 National Disaster Risk Reduction and Management Centre. ‘National Disasters Scheme 2015’ at page 3.
Accessed 6™ September 2019. Available at:
http://gis.govmu.org/English/Documents/National%20Disasters%20Scheme%20(NDS)%202015%20pmo.pdf

174 Republic of Mauritius, Ministry of Social Security, National Solidarity, and Environment and Sustainable
Development (Environment and Sustainable Development Division). ‘Climate Change: Climate Change Information
Centre’. Accessed 6 September 2019. Available at:

http://environment.govmu.org/English/Climate Change/Pages/Climate-Change.aspx
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Regarding to its legal framework, MMS has a legal and financial autonomy with the responsibility for the
provision of weather, climate services and warnings for hydro-meteorological hazards and tsunamis.
According to the WMO Country Profile Database (WMO/CPDB), the primarily legislative Act determining
the MMS functions is an Administrative Decree, which does not allow commercial activities. This legal
framework does not have any provisions concerning the private sector involvement in
hydrometeorological aspects. There is no consultative platform for the public sector, private sector, and
academia and civil society to foster regular cooperative dialogue. The MMS budget is primarily from the
government, however there are other sources of funding (i.e. from national agencies) primarily through
projects for improving the hydrometeorological infrastructure, etc., but no specific Trust Fund that
supports the MMS activities.'’

MMS is committed to provide services complying with customer, statutory and regulatory requirements,
including WMO and ICAO, and to continually improve the effectiveness of the QMS so as to ensure its
continuing suitability for meeting the need and aspiration of its customers. It is also committed to
fostering a conducive work environment using modern technology that will enable the MMS to achieve
its mission, objectives and goals. A Quality Policy is under action and is reviewed on 3 yearly basis or earlier
whenever there are changes in the business environment.

Figure 44 Organizational chart of MMS
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MMS has the following offices along the country:

° Main Meteorological Office at Vacoas;
° Aeronautical Met. Station at Plaisance;
° Agalega Meteorological Station;

175 https://community.wmo.int/members/mus
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° St. Brandon Meteorological Station;
° Rodrigues Meteorological Station.
According to its organigram (Figure 44) MMS has the following main sections:

° Applied: Hydro-meteorology, Marine Meteorology, Climatology, Agro-meteorology,
Publication and Public Awareness.

° Operational: Atmospheric sounding (Upper air), Instruments, Main Meteorological Office,
Aeronautical Met. Station at Plaisance, Rodrigues Meteorological Station, Agalega
Meteorological Station, St. Brandon Meteorological Station.

° Electronics: Informatics, Communications, Automatic weather stations and Hydrogen
generators.

With regards to hydrology, and in terms of legal framework, it should be noted that there is no Water law
in Mauritius but, since 2015, the National integrated water resources management Plan (NIWRM) is
implemented under the responsibility of MEPU (for Mauritius and five other islands).

The Ministry of Energy and Public Utilities (MEPU) is responsible for the water sector. It formulates policy
and strategy for the mobilization and conservation of water resources and management of supply and
distribution of water. It is also responsible for implementation of projects for the construction of
reservoirs and related infrastructure. The Water Resources Unit (WRU) attached to the MEPU oversees
hydrological services for electricity production (dams), potable water consumption and agriculture
irrigation. The WRU is responsible for the assessment, monitoring, mobilisation, control, development,
management and conservation of water resources in Mauritius.

In Mauritius, 55% of domestic water uses comes from ground water and the rest from surface water
through 6 reservoirs and 1 dam at Bagatelle. The water resources availability in Mauritius is highly
depending on rainfalls. As WRU oversees providing water for human activities including agriculture,
domestic use, and industry, its ability to understand and monitor rainfall is critical. To support this, MMS
provides monthly rainfall forecast divided on 9 geographical sectors (not related to water catchments) to
WRU, which also monitors 150 gauging stations for surface water, and 260 piezometers for boreholes in
ground water. Finally, WRU receives information on water monitoring made by the sugar cane industry
(which has its own monitoring station network).

DRR institutions

The DRR policy of Mauritius refers directly to Ministry of Local Government, Disaster and Risk
Management. Aligned with the Sendai Framework (March 2015), this policy follows the National Disaster
Risk Reduction and Management Act (NDRRM Act, 2016). Under these legal frameworks, DRM institutions
have been set up and their roles and responsibilities defined. The NDRRM Act (2016) aims at a “continuous
and integrated multi sectorial, multi-disciplinary process of planning, organising coordinating and
implementing measures for: preventing and reducing the risk of disasters; mitigating the adverse impacts
of disasters; disaster preparedness; rapid and effective response to disaster; and managing post disaster
activities, including post-disaster recovery and rehabilitation”.

The key strategic DRR institutions in Mauritius are:

° The National Disaster Risk Reduction and Management Council (NDRRM Council): in charge of
the formulation of the NDRRM policy, as well as the oversight and the implementation of the
national strategic framework and action plan, which aims to substantially reducing disaster risk-
related mortality, the number of affected people, economic losses and damages to critical
infrastructure by 2030. The Council also ensures that DRR is mainstreamed into all sectorial
policies. There are one Council for Mauritius and one for Rodrigues.

° The National Disaster Risk Reduction and Management Centre (set up in 2013) is the body that
acts as the main institution for the Republic of Mauritius for the planning, organizing, coordinating
and monitoring of disaster risk reduction and management activities at all levels. The NDRRM
Centre coordinates with all stakeholders to ensure that risk reduction and preparedness planning
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is included at all levels of the country, from individuals and communities, to Government policy
and strategy. The NDRRM Centre insures the implementation of the National Strategic
framework and National Plan. The Centre works in close collaboration with MMS, which is in
charge of developing and improving warnings and advisories systems for all natural hazards
affecting Mauritius.

In terms of operationalising DRR in Mauritius, the following institutions play a key role:

The National Emergency Operating Command (NEOC) is established within the NDRRM Center
and is activated whenever a disaster or any major crisis is imminent. The NEOC is a multi-agency,
comprising representatives from ministries, emergency services, NGOs and private sectors. It is
the main coordinating body during the preparedness, response and recovery phases of any
disaster or crisis. The commissioner of Police leads disaster response operations jointly with the
Ministry of Local Government, Disaster and Risk Management, and other agencies as needed
according to the circumstances.

The National Crisis Committee meets at the specific request of the Director General of the NDRRM
Center, based on the assessment of the severity of expected disaster. The committee shall take
decisive actions to safeguard the life of persons in danger, including evacuation of persons at risk
owing to age or some disability, women, children and persons detained in an institution. ok
The Mauritius Police Force leads disaster response operations.

The Ministry of Public Infrastructure and Land Transport oversees monitoring landslides.

The Mauritius Fire and Rescue Service provides capacity and resources in search and rescue
operations for all types of disaster.

Coordination at local level

There are 12 Local Emergency Operations Command (LEOC) at district level, headed by the
Mayor/President of District Council. In addition, the REOC — Rodrigues Emergency Operations Command
— has been established for Rodrigues with the support of NDRRM Center. With a view of engaging the
local communities in disaster preparedness and response, the Fire and Rescue Service is currently setting
up a volunteer fire and rescue service jointly with the local authorities. Figure 45 indicates key DRR
institutions in Mauritius including their relationships.
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Figure 45 Institutional chart of DRM in Mauritius (source NDS 2015)'76
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Under the National Disasters Scheme (NDS) for NDRRM, there are 8 emergency schemes dedicated to 7
specific risks:

1) Cyclone: MMS releases the alerts.

2) Heavy rainfalls/floods emergency: MMS provides general flood warnings with emphasis on
flooding risks in known low-lying and poorly drained areas.

3) Tsunami: The Regional Tsunami Service Providers (RTSP) from India, Indonesia and Australia will
provide tsunami advisories to the National Tsunami Warning Centres (NTWC) of the Indian Ocean
countries, including Mauritius. As soon as a Tsunami advisories is received from the RTSPs, MMS
will activate the Tsunami Warning System while taking into consideration the degree of risk as
well as the time factor. In virtue of its geographical location, Mauritius, Rodrigues and the Outer
Islands have a lead-time of 4-7 hours before tsunami waves are likely to reach their coasts
generated from either the Sumatra or the Makran source.

4) High waves resulting from strong winds and storm surges: MMS issues warning for high waves
arising from heavy swells which have been originated from strong winds over the ocean far from
the region or due to storm surge arising from a tropical storm/cyclone. As far as practicable, about
24 hours in advance, a Special Communiqué is issued to inform the public of any impending high
waves based on observation available.

5) Water crisis (Drought): a national water crisis emergency scheme has been formulated with the
collaboration of all concerned stakeholders. The MEPU is the main warning/alerting agency in
case of a water crisis situation, based on monthly rain forecast given by MMS and water resource
availability given by WRU.

176 Note that as of November 2020, the NDRRMC reports to the Ministry of Local Government, Disaster and

Risk Management.
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6) Landslides: The Ministry of Public Infrastructure and Land Transport (MPI) is responsible for the
monitoring of landslides in the 3 landslide-prone regions: Chitrakoot, QuatreSoeurs and Vallée
Pitot. MPI works on close collaboration with concerned local authorities, MMS and NDRRMC to
inform the public about the risk and to undertake surveys for updating the list of landslide-prone
regions in Mauritius. The landslides warning system is based on MMS rain forecast in case of
continuous rainfall.

In addition to these special schemes, an 8™ scheme specific to Port Louis has been developed: the Port
Louis Flood response plan (PLFRP), which is activated in case of MMS alert bulletin of heavy rains.

Each of the schemes described above provides detailed instruction of what to do for general risk
preparedness, before a crisis, during a crisis, and after a crisis. The schemes delineate roles,

responsibilities and coordination between all relevant stakeholders involved in risk management.

2.4.3 Baseline projects

The table below describes national initiatives which bear relevance to this project.

Table 12 Baseline projects in Mauritius

Name

Description: purpose, key activities (relating to
Hydromet) and location

Complementarity with Hydromet

“ER2C Mauritius”
2018 - Dec 2019

Funding Entity:
AFD
(Adapt’Action)

Budget: EUR
682,988

Provides a gap analysis of the NDRMMC and Pathways
to Sendai Implementation (DRRM Strategic
framework, action plan and policies); includes a study
of community risk perception; support the updating of
the IDF curves for flood forecasting working with MMS
and WRU; has identified land drainage priority
measures in 6 priority sites for flood risk reduction

The flood forecasting conducted
through this project, as well as
the gaps identified in data
gathering and analysis (and
recommendations to fill these
gaps), will inform the hydrology
training and equipment to be set
up under this project; and serve
as a basis to produce additional
flood hazard maps in Mauritius
(see Activity 2.3.3).

“Emergency Alert
System”

2018-2020

Funding Entity:
NEF

Budget:

Support to establish a reliable system and its
infrastructure to disseminate warnings and alerts to
maximise number of people receiving information
within reasonable timeframe, and using various
channels such as mobile phone and landlines, TV and
radio and the Internet. In addition to the equipment,
training is also provided to operate the system.

This system will be used and
complemented to disseminate
climate-related alerts, which
accuracy and timeliness will be
improved through the proposed
project.

“Land Drainage
Master Plan”

Planned to start
late 2019 for 15
months

Funding Entity:
AFD

Budget: EUR 1,5
million

The LDMP will include a: a) detailed inventory of the
infrastructure and hydraulic diagnosis on the island
drainage infrastructure and mapping of all flooded and
vulnerable areas on the basis of field surveys; b)
technical and economic comparison between different
levels of protection scenarios and recommendations
for optimal design drainage network frequency and c)
studies will be produced in the most critical sites using
an integrated ridge-to-reef approach. At the national
scale, a detailed map of vulnerable areas will be
produced. A set of specific structural and non-
structural measures in each of the local critical sites.

The flood forecasting and flood
hazard maps produced through
this project will be
complemented by the proposed
Hydromet project, which will
build on data and training in
hydrology conducted by this
initiative.

“Doppler radar
and capacity
building”

Radar in
operation in April
2019, capacity

Strengthening the capacity of the MMS for
disseminating more accurate and timely
meteorological information to disaster-related
organisations and the public through capacity
development in the areas of meteorological

Both the capacity building and
equipment provided through this
project will serve as a basis to
build on for the proposed project;
the radar installed under the
proposed project (see Activity
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building until observation, analysis, and the dissemination of 2.1.1) will complement this JICA

April 2022 forecasts, warnings and other information. initiative.
Funding entity: The S-Band Doppler Solid State Radar Project

JICA consisted of two phases, the acquisition and

Budget: JPY installation of the S-Ba.nd Doppler Solid State Radar

261.7m as well as the construction of a new tower at Trou aux

Cerfs which will house the new Radar and its
communication systems.

Installation of the radar was completed in April 2019
and the calibration process is ongoing.

In addition, Mauritius is a beneficiary country of three current projects'’” for which the GCF has approved
funding of 557.8 million, with total project values of 1.7 billion.

2.5 Seychelles

2.5.1 Policies and strategies

Seychelles has ratified 14 of the 18 International Human Rights Instruments.’’® It is also a party to
international agreements on: Biodiversity, Climate Change, Climate Change-Kyoto Protocol,
Desertification, Endangered Species, Hazardous Wastes, Law of the Sea, Marine Dumping, Ozone Layer
Protection, Ship Pollution, Wetlands.'’”® Finally, the country is signatory of the Hyogo and Sendai
Multilateral Agreements.

Relevant UNFCCC-related policies

As Seychelles is a high-income country, it has not submitted a National Adaptation Programme of Action
(NAPA) nor is it preparing a National Adaptation Plan (NAP).

Nonetheless, Seychelles submitted its INDC on 25 September 2015, and ratified the Paris agreement on
29 April 2016, at which point its INDC became its NDC — this NDC has not been modified since.!®

77 FP095 Transforming Financial Systems for Climate, FP038 Geeref Next, and FP033 Accelerating the
Transformational Shift to a Low-Carbon Economy in the Republic of Mauritius. See:
https://www.greenclimate.fund/countries/mauritius

178 International Convention on the Elimination of All Forms of Racial Discrimination 1969; International
Covenant on Civil and Political Rights 1976; Optional Protocol to the International Covenant on Civil and Political
Rights 1976; Second Optional Protocol to the International Covenant on Civil and Political Rights, aiming at the
abolition of the death penalty 1991; International Covenant on Economic, Social and Cultural Rights 1976;
Convention on the Elimination of All Forms of Discrimination against Women 1981; Optional Protocol to the
Convention on the Elimination of All Forms of Discrimination against Women 2000; Convention against Torture
and Other Cruel, Inhuman or Degrading Treatment or Punishment 1987; Convention on the Rights of the Child
1990; Optional Protocol to the Convention on the Rights of the Child on the involvement of children in armed
conflict 2002; Optional Protocol to the Convention on the Rights of the Child on the sale of children, child
prostitution and child pornography 2002; International Convention on the Protection of the Rights of All Migrant
Workers and Members of their Families 2003; International Convention for the Protection of all Persons from
Enforced Disappearance 2010; and Convention on the Rights of Persons with Disabilities 2008. See: UNHR, Status
of Ratification Interactive Dashboard.

179 CIA World Factbook, Seychelles: Geography.

180 UNFCCC. ‘INDCs as communicated by Parties’. Accessed 6% September 2019. Available at:
https://www4.unfccc.int/sites/submissions/indc/Submission%20Pages/submissions.aspx
181 United Nations Treaty Collection. ‘Chapter XXVII Environment: 7. d Paris Agreement’. Last updated 13"

August 2019. Accessed 6" September 2019. Available at:
https://treaties.un.org/Pages/ViewDetails.aspx?src=TREATY&mtdsg_no=XXVII-7-d&chapter=27&clang=_en
182 UNFCCC. ‘NDC Registry: Mauritius’. Accessed 6" September 2019. Available at:
https://www4.unfccc.int/sites/NDCStaging/Pages/Party.aspx?party=SYC
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Seychelles’ adaptation contribution within this document will cost at least USD 295 million to implement.
It recommends further research to understand the impacts of a changing climate on “cyclone patterns,
ocean and air currents, and...other climate phenomena such as El Nifio.”183

The INDC also notes the impact of climate change will have on fisheries, infrastructure, and tourism,
among other sectors. Key vulnerabilities identified include the lack of protection for critical infrastructure,
significant development in the coastal area (particularly for tourism), water security, food security (both
due to impacts on fisheries and reliance on imported food), and disaster preparedness (including the need
for research and resources to “predict, prevent and respond to disasters”).18*

To meet these adaptation requirements, the INDC proposes, amongst other measures:#

1. Critical Infrastructure: Climate change adaptation to be mainstreamed in all sectors with critical
infrastructure; planning process for all new developments, with associated improvements in the
building codes and their rigorous enforcement

2. Tourism: Greater co-management of the sector by the Ministry of Tourism and Department of
Risk and Disaster Management as well as with the Ministry of Environment, Energy and Climate
Change

3. Food Security: A sustainable modern agriculture supported by new and innovative technologies
across all food production supply and value chains, and by skilled and qualified human resources
and integrated with the Blue Economy and Seychelles Strategic Plan 2015

4. Biodiversity: Fully implemented Seychelles Biodiversity Strategy and Action Plan; fully
implemented and enforced Biodiversity Law; fully bio-secure border

5. Water Security: Fully integrated approach to water security that addresses issues such as
ecosystem health, waste management, water treatment and supply, sewage, agriculture, etc

6. Energy Security: More resilient energy base with greater innovation of renewable energy where
practicable; efficient fuel-based land transport and more use of electric vehicles charged with
renewable energy technology; strengthened cooperation between Government entities

7. Health: Health sector able to respond to population increase and its additional climate-related
health burden; exploration of relevant potential science and technology innovations

8. Waste: Waste managed according to strict hierarchy and waste policy fully implemented;
exploration of relevant potential science and technology innovations

To implement these measures, the NDC notes the need for further research and improved technological
capacity, including the necessity to undertake “climate change modelling and risks, monitoring of climate
change impacts and implementation of adaptation measures.”8

As for its mitigation commitments in the NDC, Seychelles aims to reduce emissions by 122.5 ktCOz. in
2025 and 188 ktCO4 in 2030 relative to baseline emissions. Its mitigation efforts will focus on the Energy
(public electricity generation and demand side management, and land transport), and Waste (solid waste
management) sectors — LULUCF is excluded. The cost of meeting these mitigation targets was estimated
to be at least USD 309 million, which Seychelles aims to meet “partly through domestic funding and
conditional on international climate financing including through the Green Climate Fund among
others.”%8”

183 Ibid. at page 4.
184 Ibid. at pages 4-5.
185 Ibid. at page 6.
186 Ibid. at pages 6-7.
187 Ibid. at page 2.
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National policies and strategies

The Seychelles Coastal Management Plan 2019-2024% aims to protect the coastal zone in the face of
climate change and development pressures. It identifies five priorities for coastal management: (i)
monitoring and research; (ii) coastal infrastructure; (iii) risk-based land planning; (iv) capacity building;
and (v) awareness raising. Particularly relevant actions under these priorities include “monitoring flooding
and erosion events, mapping benthic habitats and monitoring water quality...[to] enable better
understanding of coastal risks, [and] allow a proactive approach toward coastal effects” and “technical
training, promoting cross-sectoral collaboration, or international collaboration to promote best

practices”.1®

The Coastal Management Plan emphasises the need to understand the key characteristics of coastal
systems — such as wave propagation, sediment transport, and inundation/floods — and to undertake
special delimitation of coastal zones to develop a tailored approach to each coastal system.'® It notes the
need for more monitoring and research to understand these unique characteristics and the underlying
causes of current and future coastal problems. It emphasises that green and blue infrastructure or
ecosystem-based adaptation (for example, dune and vegetation restoration) is preferred where possible,
rather than the use of hard infrastructure. It also notes the importance of risk-based land planning, based
on a strong understanding of exposure and vulnerability to hazards.!*!

Seychelles has a National Climate Change Strategy (2009), although this strategy is now 10 years old. The
Seychelles Climate Change Policy (currently under development) provides for an update to the Climate
Change Strategy. The current strategy notes that a key impediment to implementing adaptation measures
is a lack of domestic capacity.®?

2.5.2 |Institutions and mandates of NMHSs and DRR institutions

This section provides an overview of the institutional, legal and operational frameworks for DRR and
NMHS in Seychelles.

Hydro-meteorological services

The Seychelles Meteorological Authority (SMA) was established on the 19th of November 2015 as a
corporate body having transitioned from Seychelles National Meteorological Services (SNMS) through the
enactment of the Meteorological Act of 2015 as the sole recognised national service provider on weather
and climate services in Seychelles. According to the WMO Country Profile Database (WMO/CPDB), this
legislative does not allow commercial activities. It allows private sector participation in the delivery of
information and services along the value chain, under certain conditions, such as licensing; however, there
is no consultative platform for the public sector, private sector, and academia and civil society to foster
regular cooperative dialogue. The SMA budget is primarily from the government, however there are other
sources of funding (i.e. from international agencies) primarily through projects for improving the
hydrometeorological infrastructure, etc., but no specific Trust Fund that supports the SMA activities.'*3

Before that, SNMS was established in 1972 at Port Victoria by the British Sailors to provide marine weather
services to the ships leaving and coming into the Seychelles. However, with the setting up of the Seychelles
International Airport, it was moved to the airport premises to provide Aviation weather services to
aircrafts leaving and coming to Seychelles. Since then it has evolved to provide a wider range of services

188 Ministry of Environment, Energy and Climate Change. ‘Seychelles Coastal Management Plan 2019-2024'.

Accessed 9" September 2019. Available at: https://www.gfdrr.org/sites/default/files/publication/seychelles-
coastal-management-plan.pdf

189 Ibid. at page 29.
190 Ibid. at pages 30-31.
191 Ibid. at page 39.

192 The Seychelles National Climate Change Committee. ‘National Climate Change Strategy’ (November 2009),

at pages 60-61. Accessed 9" September 2019. Available at:
https://www.preventionweb.net/files/20091100 seychelles climate change strategy 2009.pdf
193 https://community.wmo.int/members/syc
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including public weather and early warning services, agriculture, marine, agro-meteorology, hydro-
meteorology among others. Previously SNMS was a service under the Department of Environment and
Climate Change with the director of the service reporting directly to the Permanent Secretary Department
of Energy and Climate Change. In 2017, SNMS has transitioned to a quasi-independent Authority, with the
nomination of a Chief Executive Officer (CEQ) — SMA - with the enactment of the Meteorology Act of 2015.

Figure 46 Organizational chart of the SMA
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Under the Meteorology Act of 2015, the new proposed governance structure is as shown in Figure 46.
This governance structure fits with a process model of the organisation where there are four main process
groups namely:

° Leadership and Management
° Operations Centre

° Specialized Applications

° Technical/Support Services.

With regards to hydrology, it should be noted that there is no water law in Seychelles, but a national water
policy, which has been implemented since 2017 (MEECC-PUC July 2017). The policy focuses on water
resources protection and integrated water resources management (IWRM). The legal framework
regarding water resources preservation depends on the Environment law of 2016 regarding providing
data on water catchments, together with urban land planning on the main islands'®4.

The only state-owned enterprise related to water management is the Public Utility Corporation (PUC),
which is under the Ministry of Environment, Energy and Climate Change (MEECC). PUC is mandated to
manage the electricity, water and sewerage systems, water production and distribution facilities. PUC is
responsible for the treatment and distribution of potable water. Similarly, it is mandated to ensure the
safe production and distribution of the indispensable fossil fuel energy and electricity. PUC, therefore,
play a major role in providing reliable utilities and infrastructure that resist to damages that may be caused
by natural hazards such as storm surges, floods, landslides and tsunamis. PUC has driven several major
investments in exploring new water sources, upgrading and extending pipes networks in various parts of
the country and guaranteeing continuous supplies of potable water to the local households and
population, as well as the tourism establishments. The service reservoirs are instrumental in sustaining

194 World Hydrological Cycle Observing System- projet Indian ocean HYCOS, document avant projet —
annexes- July 2019
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supply and altogether provide a total storage capacity of 238,000 m3 scattered all around the island. To
supply the 25 districts with potable water and safe sewage treatment, there are 2 major dams (located at
Rochons -district Mont fleuri, and La Gogue - District Anse Etoile), 4 desalination plants, several water
treatment systems, and 80 pumping stations.

There are 5 main rivers in Seychelles, but none of them are monitored regarding hydrology. PUC is in
charge of providing hydrological data actualisation every year but the latest data from the hydrological
yearbook go back to 1999. Although PUC — through its Water Resources Unit (WRU) — is responsible for
hydrological services, their scope is currently limited to the provision of drinking water through the
distribution network.

PUC has created a rivers committee, which receives and approves requests for water use.

At present, the existing hydrological observation stations on Seychelles’ 5 rivers do not work and the
available data on the river and river flow are also limited. Among the 5 rivers controlled by the PUC, two
are now polluted (e-coli) and the withdrawal is limited until the quality is approved for domestic use.

There are neither data on seasonal variations of river flows, nor capacity to identify some intermittent
streams that surface during heavy rains. Maps and monitoring data are not available to prevent floods
and there is no historical data on the maximum height some of these rivers have already reached.

DRR institutions

The Government of Seychelles has been placing great emphases on disasterrisk reduction, and has been
a strong advocate of climate change adaptation, locally and globally. To support risk and
disaster management, Seychelles has developed the National Risk and Disaster Management Policy
(NRDM Policy; 2008) and the Disaster and Risk Management Bill/Act (2014). This Act aims to achieve
sustainable development in line with Seychelles Vision 2020 and Seychelles Sustainable Development
Strategy (SSDS) 2012-2020. This will be achieved through strengthening of national capacities to reduce
risk and build community resilience to disasters.

Whilst there is no specific DRR/DRM/CCA investment policies, there are some initiatives and projects to
address DRR and CCA through public investments in Seychelles, including: i) the institutionalisation of
disaster risk management through the creation of the Department of Risk and Disaster Management
(DRDM); ii) the institutionalisation of climate change by creating the Division of Climate Change,
Adaptation and Information; iii) setting up early warning systems for tsunamis and weather through the
Meteorological Services and Climate Change, Adaptation and Information Divisions; and iv) enforcing
stringent planning processes for any form of construction or infrastructure developments requiring the
approval of the Seychelles Planning Authority.

Institutional structures engaged in DRR implementation’%®

The main ministries working with DRR and CCA are Ministry of Environment and Energy, Ministry of Land
Use and Habitat, and Ministry of Community Development, Social Affairs and Sports. The Ministry of
Environment, Energy is the body responsible for designing and coordinating risk and disaster reduction
policy and action plans. The key National disaster risk reduction management-institutions in Seychelles at
strategical level are following the same vision: to minimize the impacts of climate change through
concerted and proactive action at all level of society.

° The National Disaster Committee (NDC) was created in Seychelles in 1995. The NDC is under the
chairmanship of the Principal Secretary of the President’s Office; and it comprises members such
as the Principal Secretaries of Key ministries as well as high-ranking officers in charge of the
essential services such as Met Office, Police and Defence Force, environment, etc. Its prime
objectives are prevention and preparation of National Disaster Response Plan (NDPR). The
President sometimes chairs the meetings of the NDC whenever the situation is catastrophic and
warrants such high-level strategic leadership.
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The Department of Risk and Disaster Management (DRDM) of Seychelles was created in 2004 as
the National Disaster Secretariat for the NDC (the tsunami impacted Seychelles this year). In 2008,
DRDM was moved under the Ministry of Environment. From December 2016 the President of the
Republic upgraded DRDM to a Department. DRDM is targeting to become an Agency in order to
fully accomplish its goals. The DRDM is a fully-fledged risk and disaster management national
coordinating body and its functions are guided and supported by the National Risk and Disaster
Management Policy (finalized in April 2008) under the United Nations funded project.

National emergency operations command (NEOC) relies on DRDM and is activated in case of
national importance event to coordinate local DEOCs.

Figure 47 Institutional chart of DRDM in Seychelles

National Disaster Committee

Ministry of Environment

Department of Risk and Disaster Ministry of Community
Management-DRDM development

Others ministries involved

Others district agencies (police,

4 Regional platforms schools, clinics. ..}, local
{for preparation} environment. road...

Feprasen ratives

25 District administrator's offices

There are 4 regional platforms in Seychelles: Southwest platform, East platform, Central/North platform
and Praslin/La Digue platform. The regional platforms act as the focal point of coordination for disaster
preparedness between local districts and national government when necessary. The roles of the platforms
are to primarily manage and organize district disaster preparedness activities at district level. Each
platform is headed by a coordinator, usually a District administrator from one of the districts and
committee members representing the following organizations:

N o v ks~ w N PR

Department of Community Development
Police Department

Ministry of Health

Fire Service Department

Land Transport Division

Red Cross Society of Seychelles

Department of Environment

At district level, the district office is the local level branch office of the government. It is headed by a
district administrator (DA) with other support staff, responsible for the governance of districts. The district
administrator is the focal person for managing and coordinating emergency response operations at
district level. During an emergency, one of the key responsibilities of the DA is to act as the early warning
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system for districts i.e. the DA will receive official notification from DRDM and in turn, be responsible to
alert and activate all office staff, the emergency brigade and social/business organisations at district level.

Operational level in case of emergency situation and coordination at local level

° District emergency operation centre (DEOC): For emergency response of national, regional, and
localized disasters such as tsunami, tropical cyclone, heavy rainfall causing flash floods, water
logging and landslides, the DA’s office is generally used to conduct field-based operations and
becomes the district emergency operations centre (DEOC) for the district disaster management
committee. In situations where the district office lies in predicted risk areas, alternative identified
DEOC sites will be used as a backup location. DEOC preparedness includes a set of equipment’s
in case of intervention (work equipment, safety wears, telecom, computers, kitchen facilities, first
aid medical kit...) and maintenance of stocking for these items during normal times and for
directing setup of these items when the DEOC is activated.

° Emergency Brigade is a key organization to implementing disaster preparedness and response
activities based in each district. It is a voluntary organization and one of the main roles of this
organization is to assist the district administrator’s office during arising emergency situations. It
is generally comprised of 15 volunteers with 1 member as team leader. The team leader acts as
overall group coordinator and works under the DAs directive during response of that district. The
backup for the team leader is the assistant team leader.

° Social/Business Organisations: These comprise of active community-based organizations such as
the Red Cross Society of Seychelles, hotels, restaurants, telecommunication businesses, disabled
people’s group, youth action teams, parents committee, senior citizens group, sports committee,
eco-tourism committee and other volunteer organizations. They are an important community
resource assisting with disaster preparedness initiatives and field emergency response operations
when needed and at the request of the DA.

There are other structures contributing to the DRR policy implementation:

° The Early Warning Centre at the Seychelles National Meteorological Service (SNMS) issues impact-
based advisories and warnings during a hazardous event to warn people of heavy rains and of
locations that are considered dangerous.

° National Flood Task Force (NFTF). In the past the President convened extraordinary Cabinet
meetings (like in the case of DalA to review the situation on the ground. This situation had led to
the establishment of a more permanent National Flood Task Force (NFTF) to enable high-level
coordination among ministries and agencies and to mitigate the impact of any possible secondary
disasters.

° National Disaster Relief Fund (NDRF). Seychelles also set up a National Disaster Relief Fund (NDRF)
in order to raise funds both locally and internationally (for both monetary and in-kind
contributions) for the families who were left without a home during the floods, those who will
need to repair their homes, as well as for the surrounding infrastructure.

° National contingency plan and District disaster response plan (DDRP):

There are District Tsunami, Cyclone and Flood Disaster Response plans, elaborated in a joint initiative of
the Department of Risk and Disaster Management (DRDM), Government of Seychelles and the United
Nations Development Programme (UNDP) to strengthen community-based disaster preparedness and
emergency response in Seychelles (designed in 2008). The district contingency planning process was
implemented together with the design of an early warning system, capacity assessment study, risk
assessment study, national contingency plans and public awareness campaigns to help the Government
and people of Seychelles successfully handle disaster situations with a minimum loss of human life and
financial infrastructure.

There are 25 District Disaster Plans (Mahé, La Digue and Praslin districts) and additionally 1 plan for
Silhouette Island. They formalise the district contingency planning process specifically for disasters
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relating to tsunamis, cyclones and floods given the historical occurrence of these in Seychelles and related
risks associated to them. This district contingency plan meets the following objectives:

° To provide districts and first level field responders with a useful guide on how to effectively
prepare for and respond to emergencies and disasters arising from tsunami, tropical cyclone and
floods in their areas.

° To improve preparedness of local communities through mitigation tools such as risk and
vulnerability analysis and developing a structure for maintaining a record of resource registers
and databases.

° To sequentially outline and clearly describe the standard operating procedures for the different
components of disaster preparedness and response.

° To ascertain existing emergency response practices of stakeholders, resources available, evaluate
requirements, agree on changes and integrate into plan.

° To clearly distinguish and standardize the roles and responsibilities of district disaster
management stakeholders in disaster preparedness and response.

° To develop a framework for future ongoing appraisal and improvement of plan to reflect current
circumstances.

As with all operational documents, with the evolution of time and experienced events, these DDP will
have to be periodically updated to reflect overall changes in society and the working environment. A large
part of the future success and effectiveness of this plan will rest largely on the enthusiastic contributory
and ongoing participatory efforts of the users at community level.

Implementation of Early Warning Systems

The District Administrator will officially receive an alert in the form of an SMS from the DRDM and in the
expected event of floods, tropical cyclone, or tsunami. The different levels of warnings that will be issued,
implications and actions to be followed are organised per scenario. These are based on and consistent
with the procedures developed for the national contingency plans. We provide below the example for
tsunamis.

Table 13 Early warning system for tsunami

Warning | Interpretation/ Actions to be taken by DA branch office Actions recommended for the
Levels scenario public

Yellow. Waves between 1. Notification continues as described in 1. If your house/office is in a
Advisory | 0.5and 1m. Green level. dangerous coastal area or
Moderate damage | 2. The DA is in touch with other agencies floodable area, take precautions
to coastline. by telephone to liaise and have standby or evacuate temporarily if the
Possibility of measures for transport, security, and authorities ask to do so
destructive local shelter to evacuate public if advised to do
L 2. Protect your home and assets
tsunami within 100 | so by DRDM. .
. N ) . by turning of the gas, water
km of epicentre. 3. District office along with emergency .
connections.
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brigade prepares population in vulnerable | 3. Listen to the official broadcasts
coastal areas to evacuate if needed. on radio and TV.
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2.5.3 Baseline projects

Table 14 Baseline projects in Seychelles

“SeyCCAT (Seychelles’
Conservation and
Climate Adaptation
Trust)”, 2015-present,
NatureVest (the
conservation impact
investing unit of The
Nature Conservancy) and
the Government of
Seychelles

Budget: funded by a
sovereigh USS15m Blue
Bond

SeyCCAT is an independent, nationally
based, public-private trust fund,
established through the Conservation and
Climate Adaptation Trust of Seychelles Act
of 2015. It “strategically invests in ocean
stakeholders to generate new learning,
bold action and sustainable blue prosperity
in Seychelles.” On-going projects include
Blue Grants Fund #1: empower the fisheries
sector with robust science and knowhow to
improve governance, sustainability, value
and market options.'%®

Hydro-meteorological Information and
climate services generated by the
proposed Hydromet project can be
used to support these efforts to
empower the fisheries sector with
robust science, by providing the
necessary information on which to
base decisions and further innovation.
Fisheries were indeed selected as a
key climate-sensitive sector in
Seychelles for the development of
tailored CS.

“Seychelles Water &
Sanitation Project
(SWsSP)”, also called
“Project Neptune”, 2008-
202, AFD, European
Investment Bank,
European Development
Fund, African Water
Facility, and Government
of Seychelles

Budget: EUR 65m

A 20-year investment plan to meet water
demand on Mahé, Praslin, and La Digue to
2030, specifically targeting the threat posed
by the lack of proper sanitation facilities on
La Digue.' It also includes refurbishment
and upgrading of 4 desalination plants;
non-revenue water (NRW) reduction
programme; rehabilitation of 2 main water
treatment plants and 8 measuring weirs;
resource efficiency programmes; capacity
building programme for Public Utilities
Corporation; and development of
sanitation master plan.'®®

Meeting water demand requires a
greater understanding of water supply.
The proposed Hydromet project will
help provide this information through
trainings in hydrology and
development of flood hazard maps, as
well as increasing the capacity of
SNMS in hydro-meteorological
forecasting and climate change
projections that can allow for early
action to maintain consistent supply.

“Seychelles Ocean
Temperature Network”,
2012-present, Gov./SFA

Established as part of the Enabling
Activities for Seychelles’ Second National
Communication. Aims to “promote
collaboration in ocean temperature
monitoring and access to data [which is
available online] based on the use of in situ
temperature loggers deployed across the
Seychelles archipelago.”**

The proposed Hydromet project will
support the further development of
data of regional interest, which can
complement these efforts to monitor
and make available publicly data
regarding ocean temperatures.

196 SeyCCAT. Ongoing Projects. Accessed 26 September 2019. Available at: https://seyccat.org/projects/#on-

going
197

Project Neptune Project Management Unit (2017). ESIA: Seychelles Water and Sanitation Project:

Construction of La Digue Wastewater System. Accessed 26 September 2019. Available at:
https://www.eib.org/attachments/registers/91346907.pdf

198

African Development Bank (2015). Republic of Seychelles: Mahe Sustainable Water Augmentation Project

Appraisal Report, at page 2 (Donor Coordination). Accessed 26 September 2019. Available at:
https://www.afdb.org/fileadmin/uploads/afdb/Documents/Boards-Documents/Seychelles__AR-
_Mahe_Sustainable_Water_Augmentation_Project.pdf
199 ASCLME 2012 (UNDP and GEF). ‘National Marine Ecosystem Diagnostic Analysis. Seychelles. Contribution
to the Agulhas and Somali Current Large Marine Ecosystems Project’, at page 16. Accessed 26 September 2019.

Available at:

https://wedocs.unep.org/bitstream/handle/20.500.11822/25894/Seychelles MEDA.pdf?sequence=1&isAllowed=y
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“Monitoring of Algal The IAEA has been supporting member Information and climate services
Bloom”, IAEA states (including Seychelles) through its produced by the proposed Hydromet
technical cooperation programme to detect | project could be used, along with this
harmful algal blooms2® using nuclear data on algal blooms, to release
technology.?? appropriate EWS to the fishery sector
about algal blooms; and to understand
and address the causes of these
blooms, including through observation
of correlated hydro-meteorological
phenomena and algal blooms.

In addition, Seychelles has received readiness assistance of USD 339,300 (of the approved 903,000) from
the GCF.22

200 For example, a mass algal bloom in Seychelles in 2015 led to wide-spread death of coral reef fish and coral

bleaching. See David Obura, et al. (2017). Coral reef status report for the Western Indian Ocean.

Global Coral Reef Monitoring Network (GCRMN)/International Coral Reef Initiative (ICRI), at page 117. Accessed 26
September 2019. Available at:
https://www.icriforum.org/sites/default/files/COI1%20REEF%20LR%20F2.compressed.pdf

201 IAEA (2011). Nuclear Techniques Help to Detect Harmful Algal Blooms. Accessed 26 September 2019.
Available at: https://www.iaea.org/newscenter/news/nuclear-techniques-help-to-detect-harmful-algal-blooms

202 See: https://www.greenclimate.fund/countries/seychelles
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Chapter 3 Assessment of meteorological institutions
and existing climate services in SWIO region

This chapter provides a critical analysis of the national meteorological institutions2°® presented in Chapter
2, with regards to their capacity to produce and disseminate reliable, timely and understandable CS. The
results of this analysis are illustrated in case studies, through which concrete DRR interventions in
Comoros, Madagascar, Mauritius and Seychelles are scrutinised. Each analysis ends with a SWOT analysis,
which provides an overview of the strengths, weaknesses, opportunities and threats to reducing the
vulnerability to climate-related hazards in Comoros, Madagascar, Mauritius and Seychelles. Some of the
weaknesses and threats identified through the SWOT analysis are similar to all four countries; all of these
are pointing to the development of recommendations at regional and national levels, which will be
presented in Chapter 4.

Methodology used for the analysis NMHS assessment - First, this chapter provides an assessment of the
national meteorological services, presented in Chapter 2, and the climate services they produce. This
assessment is based on meetings and discussions held with the NMHSs and DRM institutions, which allow
assessing the institutional, capacity building and
equipment needs, as well as on the WMO Hycos
study (see Annex 22), all conducted in 2019, which

informed the project design. Survey templates | }J{erlnterface Platfohrk |
used during the interviews, alongside with the / 3 \

summary of the discussions, are provided in
Annex 2E. Additionally, they were reviewed a |
number of reports wherein the national and

Climate Service Information System ‘

regional needs have been expressed for several
years by the four countries, since the PUMA

-/

and Prediction

CAPACITY
DEVELOPMENT

(Preparation for Use of MSG in Africa) project
supported by EUMETSAT in coordination with
WMO; to the consultations carried out in the
context of the under the GFCS Intra ACP project.
The results of the assessments have been
categorized based on the five pillars of the GFCS
and WMO'’s four categories of NMHS. The GFCS is
an UN-led initiative spearheaded by WMO to guide the development and application of science-based
climate information and services in support of decision-making in climate sensitive sectors. The GFCS
defines five core functions (pillars) that NMHS should perform:

Figure 48 The five pillars of the Global Framework
for Climate Services (GFCS)

° Observations and Monitoring

° Research, Modelling and Prediction
° Climate Service Information System
° User Interface Platform

° Capacity Development.

WMO’s NMHS Categories specify criteria that a NMHS must satisfy to be placed within one of four
different categories:

° Basic Climate Services

203 To note: there is no actual national hydrological services in the four target countries. In fact, there is a lack

of monitoring of water resources in the countries. The HYCOS study available as Annex 22 has conducted an analysis
of hydrological services in the four target countries; and identified interventions for improving rainfall monitoring in
key watershed. Please refer to this study for a critical analysis of water resources and hydrological institutions in the
4 target countries.

85



° Essential Climate Services
° Full Climate Services
° Advanced Climate Services

The five GFCS pillars (Figure 48) represent a very broad outline of a theory of change. WMO posits that
the capacity of a NMHS to deliver effective climate services improves as it becomes better able to perform
more in these five functions. Four of the five pillars represent a rough progression in terms of capacities
that the NMHS has and outputs that it produces, though the progression is not simple and some of the
capacities can be developed out of sequence. A NMHS needs reliable equipment to be able to collect data
on the national environment and needs to maintain the quality of that data, as measured under the
Observations and Monitoring pillar. The NMHS also needs to apply research and modelling to make
predictions about weather and climate variables, as documented under the Research and Predictions
pillar. The resulting forecasts and predictions are a necessary input into the Climate Services Information
System pillar and the User Interface Platform pillar. However, the latter two pillars also require a rather
independent set of investments in two-way communication with users of climate information that is
needed to produce information that is useful for applications. The fifth pillar, Capacity Development,
documents the resources that are needed to make the work done under the other four pillars possible,
and therefore progress under this pillar is likely to be necessary for progress under the other pillars to
occur.

Yet the GFCS offers limited guidance on the level at which a NMHS should perform each of the functions
or how they can acquire capacity to perform them. The criteria that a NMHS must satisfy to be placed into
one of the four WMO categories partially fill this gap, offering more specific guidance. The categories
reflect incremental steps toward a more complete climate information service but are not organized by
GFCS pillars.

In the proposed framework, we consider the WMO criteria applied to classify NMHSs into the categories
as the objectives that NMHS should strive to achieve; and then assign each objective to one of the five
GFCS pillars according to the function, which the attainment of each objective helps to perform. For
example, the first row in Table 15 lists the criteria that correspond to the Basic Climate Services category
(category 1) for each of the five GFCS pillars. We assign the criterion that requires an adequate observing
system as an objective to be achieved under the Observations and Monitoring pillar. The criterion that
requires conducting weather forecasts and warnings is an objective to be achieved under the Research,
Modelling, and Predictions pillar, and so on. A NMHS that operates an adequate observing system is
placed in category 1 for the Observations and Monitoring Pillar, though it also could be associated with
category 2 or 3 under each of the other pillars. A NMHS that operates an expanded observation network
is classified in category 2 under the Observations and Monitoring pillar. Note that Table 15 only provides
an example. The full framework assigns multiple criteria to each category under each pillar.

Table 15 An example of the five GFCS pillars combined with WMO Categories (only three shown) with
some of the associated criteria

Operate and Participate in Conduct basic Interacts with users, Participate in
maintain funded climate diagnostics to meet requests (for : training, as
adequate national : research and analysis weather forecasts required, for
Cat1 observing projects and and information and data
. systems, suitable @ field for basic climatology management,
Basic for basic hydro- experiments questions) QMF, data
meteorological rescue, basic
purposes analysis (using,
e.g., CDMS)
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analysis, prediction
and monitoring
products,

Operates Participate in Conduct advanced Interact with users in Participate in
expanded surface | national and statistical analysis one or more sectors training for
climate and international (diagnostics; to identify their climate services
Cat 2 weather collaborative homogeneity requirements for, specialties
observation climate testing and and provide advice
Essential network science and adjustment; on, climate
research regression, information and
initiatives. development of products for their
climate indices, etc.) : application
Adopt long- term @ Conduct or Develop and/or Provide climate Conduct, or
strategy for participate in provide, in a multi- information relevant provide expertise
managing research and disciplinary context, to policy to, training of
Cat3 observing network: field specialized development and climate services
Full and its change experiment (tailored) climate National Action Plans | and prediction

specialists

On the table 16 below, a summary of the assessment for the four countries is presented, based on WMO
categories of NHMSs. The full assessment for the meteorological aspects is detailed in the following
sections, and the hydrological aspects in Annex 22 & Annex 22a.

Table 16 Summary of the NMHSs’ assessment

Mauritius

Seychelles

GFCS Pillar | NMHS Comoros Madagascar
Category?*
1 1
O&M 2
3
2 1
R&P 2
3
3 1
CSIS 2
3
4 1
uIP 2
3
5 1
Ccbv 2
3

DRR/DRM assessment - Secondly, this chapter provides an analysis of disaster risk management - with a
focus on EWS - in the four countries. The section is prepared based on the WMO Multi-Hazard Early

204 The color green, yellow and red relies with the level of development of each category: red is when the
category is not reached, yellow for partially reached and green for fully reached.
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Warning System checklist. This checklist is a key outcome of the first Multi-Hazard Early Warning
Conference, which was organized by the partners of the International Network for Multi-Hazard Early
Warning Systems (IN-MHEWS) from 22 to 23 May 2017 in Cancln, Mexico. It is the internationally
accepted basis for early warning system design. The checklist is structured around the four elements of
early warning systems, as depicted in Figure 49. Likewise, this study used the four elements of an early
warning system, and the corresponding checklist of key topics within them, as a basis for research.

Figure 49 The four elements of an early warning system?®

Disaster risk knowledge Detection, monitoring, analysis
« Are key hazards and related threats identified? and forecasting of the hazards and
* Are exposure, vulnerabilities, capacities and possih[e consequences

% % s i
Visks assessed? S * Are there monitoring systems in place?

2 flre ".'l“ and responsibilities of stakeholders » Are there forecasting and warning services in
identified? place?

s R » - e . :
Is risk information consolidated? » Are there institutional mechanisms in place?

Warning dissemination and Preparedness and response
communication capabilities

« Are organizational and decision-making * Are disaster preparedness measures, including
processes in place and operational? response plans, developed and operational?

« Are communication systems and equipment in = Are public awareness and education campaigns
place and operational? conducted?

= Are impact-based early warnings communicated + Are public awareness and response tested and
effectively to prompt action by target groups? evaluated?

These four elements came to prominence at the World Conference on Disaster Reduction in Kobe, Japan
18-22 January 2005, where the Hyogo Framework for Action 2005-2015 (HFA) was agreed (the
predecessor to the Sendai Framework 2015-2030). Just prior to the 10-yearly World Conference, on 26
December 2004, the Indian Ocean Tsunami led to the loss of about 230,000 people. Consequently, the
international disaster reduction and development community responded by committing considerable
funds into the creation of the Indian Ocean tsunami early warning system. As countries subsequently
reported on their progress regarding commitments under the HFA, it became clear that early warning
systems were receiving significant attention and much more than other aspects of the HFA such as
reducing underlying drivers of risk. More recently, investments in early warning systems are often a driver
in the strengthening of hydro-met services. However, it is also clear that despite advances in detection,
monitoring, analysis and other technical aspects of the early warning systems, there remains one element
of the system that is often neglected: the last mile.

This study is conscious of this gap, and so has focused as much attention on the experience of user
communities and sectors as possible. Indeed, the survey tools and methodology deployed in this study
focus more purposefully on the end-user than the WMO checklist, despite the WMO checklist recognising
the importance of end-to-end people centred approaches. Investing in necessary strengthening of
elements of early warning system such as observation networks and data processing without appropriate
attention on the end-user and last mile will undoubtedly render the early warning system defunct.

Country Case Studies — Thirdly, this chapter incorporates case studies of recent disaster experiences in
the respective countries. The case studies were developed through consultations in country based on a
semi-structured template that used the WMO MHEWS Checklist as a framework, supplemented by
secondary literature. The case studies are introduced at the beginning of each country assessment. Then
issues of importance from these case study experiences are included within each of the sub-sections that
deal with the four elements of the MHEWS within each country. In this way, the study intends to ensure

205 https://library.wmo.int/doc_num.php?explnum_id=4463
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that actual recent practice, rather than a key feature of the critical analysis. In turn, this approach
strengthens the recommendations made.
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3.1 Comoros

3.1.1 Assessment of NHMS

Pillar 1: Observation and Monitoring

The ANACM has 10 operational Automatic Weather Stations (AWSs) distributed by three islands:

e 4 AWSs in Grande Comore (of which 3 need replacement/upgrade of some sensors — details in
the excel sheet);

e 4 AWSs in Anjouan (of which 3 have telecommunication problems due to discontinuation of
services by the Comoros Telecom Operator; and 1 needs replacement/upgrade of some sensors
— details in the excel sheet); and,

e 2 AWSs in Moheli (of which 1 need replacement/upgrade of some sensors — details in the excel
sheet).

While noting that these stations are operating with some limitations, only 3 AWSs are registered in the
WMO OSCAR Database?® (Figure 50). According to the WMO WIGOS Data Quality Monitoring System
(WDQMS)?’, two of these stations are reporting data on the WMO Information System / Global
Telecommunication System (WIS/GTS), thereby complying with the WMO Global Basic Observing Network
(WMO/GBON) for surface-based stations, which requires 1 mandatory and 1 conditional surface-based
stations.

Figure 50 The three AWSs registered in the WMO OSCAR Database?®®

an © mapboX o vapber ©WMO © Gpensuesiiap

= land or ocean surface | @ operational
lake or river * partly operational
sub-surface silent
- air X closed
2 unknown

Infrastructure has been put in place for the installation of 15 manual climatological stations (7 in Grande
Comore, 5 in Anjouan, and 3 in Moheli), however equipment has not been installed, and there is a lack of
Observers to perform observations in these locations.

There are 98 rainfall stations (48 in Grande Comore, 37 in Anjouan, and 13 in Moheli), however only 36
are operational. 4 rainfall stations have been definatelly closed, and therefore 58 need to be renovated.
About 13 rainfall stations are being upgraded by ongoing projects.

The ANACM does not operate an upper-air radio-sonding station, and therefore there is a need to install
1 of such stations to comply with the WMO/GBON requirements for upper air stations.

The ANACM does not operate a weather radar, nor a marine observation network in support of safety of
life at sea and fisheries. In addition, the ANACM does not operate an lightnening system, while lightening
is considered an important hazard in the country.

206 https://oscar.wmo.int/surface/#/
207 https://wdgms.wmo.int
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Each manufacter provides a different data acquisition system, and therefore ANACM does not dispose of
an integrated data management system to manage, monitor and manipulate the observational data,
neither a datacenter to store in a standardized manner the data. The Message Switching System is
obsolete, which compromises internal and external communications. The ANACM does not have a climate
database.

In summary, the ANACM meets only some of the criteria for Category 1 for the Observation and
Monitoring pillar. It can meet the criteria required for Category 2 by improving coverage of upper air
observation stations, strengthening station inspection, and backing up climate data regularly.

Strengths: The Comoros Met stations are manned by trained observers, and coverage of surface stations
is at least one station every 50 km. It uses basic quality control procedures. ANACM is on the way to
upgrade its synoptic network through a UNDP project.

Weaknesses: The number of surface station are too sparse for a NMHS Category 2 and ANACM has no
upper air station neither doppler radar and it does not backup climate data often and has not digitized
many of its climate data. It doesn’t maintain an electronic climate database and has no access to
computing capacity for data collection, storage, and transmission.

Pillar 2: Modelling and Prediction

The ANACM does not run a numerical weather prediction (NWP) model, but has access to NWP data made
available by WMO World Meteorological Centres (WMCs) and Regional Specialized Meteorological
Centres (RSMCs) on the WIS/GTS. However, the ANACM does not manipulate raw data, rather it uses
some of the available data (at course resolution) at the outdated Forecaster Workstation, which is
configurated in a way that does not allow visualization of most of the NWP and Ensemble Prediction
Systems (EPS) products. At the same time, the ANACM has access to graphical tropical cyclone products
from the RSMC for Tropical Cyclone Forecasting La Réunion, and NWP/EPS products made available within
the framework of the WMO Severe Weather Forecasting Programme?® Portal, hosted by RSMC Pretoria.
There is limited capacity to forecast severe events, and there is no impact-based forecasting capability.

The main reason why the ANACM does not meet the requirements for a Category 1 NMHS in the Research,
Modelling and Predictions pillar is that the NMHS is not involved in any research projects and experiments
in which the staff participate except for the BRIO project since June 2019.

Based on available data, the NMHS would need to expand the time range and the updates of seasonal
forecasts in order to fully satisfy the requirements for a Category 1 service. The NMHS should improve
human and technological research capacity, and expand the range of weather, seasonal, and monthly
forecasts in order to satisfy the criteria of a Category 2 NMHS in Research and Predictions.

Strengths: ANACM fulfils some research and prediction criteria for a Category 1 NMHS, such as providing
weather forecasts for up to 3 days and seasonal rainfall forecasts.

Weaknesses: ANACM does not participate in any research program. The NMHS needs to improve access
to research resources, and the range of forecast products as well as the human and technological
capacities to produce them to meet the requirements for a Category 2 service.

Pillar 3: Climate Services Information System

The ANACM fulfils partially the criteria for a Category 1 NMHS for Climate Services Information System.
There are aspects within the two categories that are not fully met, such as range of forecast products and
access to software for computing climate statistics (i.e. Climate Tools). The NMHS should expand the range
of products and improve the information that it communicates to users of climate information on its
dissemination media to move up to a Category 3 NMHS for Climate Services Information System.

Strengths: At a governance level, the ANACM has clear policy guidelines on the provision of Climate
Information Services and provides data free of charge to government ministries (in charge of agriculture,
DRR, and environment) and education institutions. Staff produce most basic climate statistics for major

208 https://community.wmo.int/swfp-southern-africa
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climate variables. ANACM performs statistical analyses and contributes to national early warning systems
through early warning information and advisories.

Weaknesses: ANACM should improve capacity to produce basic climate statistics and seasonal outlooks.
ANACM does not perform homogenization of climate data. The range of seasonal outlooks is limited, and
the webpage does not provide sufficient specialized products. The website is not frequently updated.

Pillar 4: User Interface Platform

At the ANACM, the production of forecasts and warnings is made manually, however there is a broadcast
system in place to broadcast them. Forecasts and warnings are dissiminated by radio, fax and email, and
limited information is displayed on the website (http://www.anacm-comores.com). There are face-to-
face meetings in case of severe event. The ANACM does not operate a suitable TV studio.

ANACM partially fulfils the criteria for a Category 1 NMHS for the User Interface Platform pillar. To move
to a Category 2 NMHS, it would need to improve its documentation of user needs and feedback,
incorporate feedback into a redesign of products, enhance the training of users and improve the website.

Strengths: Together with a strategic plan and procedure for user engagement, some staff members have
been trained to interact with users (mainly from the agricultural sector) around requests for seasonal
forecasts and basic climatological queries. Such interactions have occurred in the past two years. ANACM
has started the process for establishing a National Framework for Climate Services (NFCS).

Weaknesses: ANACM does not document feedback from users of climate information, has no formal
procedure in place to co-produce climate information with users, and it has not signed an MOU with some
sectors. The website communicates no basic climate information to users. ANACM has not produced
tailored products in response to user’s requests even for Agriculture, Water and Health sectors.

Pillar 5: Capacity Development

The ANACM has 27 staff members, of which 10 are climatologists, 1 researcher, 7 supporting staff and 9

categorized as ‘other’.2%

ANACM does not fulfil the criteria for a Category 1 NMHS for Capacity Development. To satisfy the criteria,
the NMHS would need to establish a formalized governance structure with a financial autonomy, expand
participation in the national policy process, and strengthen human and technological capacity.

Strengths: ANACM participates in climate related policies and plans. Staff have basic training in essential
meteorological services. It has some staff with a range of specializations including Numerical Weather
Prediction (NWP). Staff have some access to software tools for weather forecasting and climate prediction
and there is some training conducted for entry and mid-level meteorological technicians.

Weaknesses: The Met department of ANACM has no formalized governance structure. Human and
technological capacities are limited. Most staff have access to very basic computing resources and no
internet capacity. There are weaknesses in staff qualifications with more staff with MSc’s and PhDs
required. The internet connection speed does not meet the Category 1 requirement of 1 Mbps. The NMHS
does not have high performance computing capacity.

3.1.2 Assessment of existing climate services users and platforms

Regarding access to climate services, the World Meteorological Organisation (WMO), through the GFCS,
has prioritised several sectors including water, agriculture and fisheries for food security, health and
disaster risk reduction.

Water resources management for potable water, domestic uses

The management of water resources for all uses is based on the General Directorate of Water, Mines and
Energy - DGEME, a national operator for water services, MAMWE (National Society for Water and
Electricity Support) and local island management structures: SOGEM (Mohéli Society of Water

209 https://community.wmo.int/members/com
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Management), UCEA (Union Committee of Anjouan Water) and UCEM (Union Committee of Mohéli
Water).

There is no water resource monitoring system for all uses or knowledge of the hydrological functioning of
rivers and aquifers that could contribute to the establishment of a flood warning system or risk of flooding
for populations. It should also be noted that access to drinking water is still very limited, not exceeding
15% in some rural areas. A UNDP-FVC project (see 2.2.3, baseline projects) plans to move to a 51% access
rate for the 60,000 households concerned in the 139 villages on the 3 islands. This project also includes
an urban drainage component to reduce the risk of flooding and a hydro-meteorological equipment
component on water courses.

Agriculture and fisheries for food security

In Comoros, it is estimated that 41% of the rural population are poor and 79% of the poor are farmers.
For this group, family livelihoods and food security are based on small-scale agriculture and livestock, food
crops (bananas, cassava, sweet potatoes, coconuts, rice) and cash crops (cloves, ylang-ylang, vanilla, black
pepper). Agriculture is essentially rainfed; access to water for agriculture is difficult because the reservoirs
are primarily dedicated to drinking water for domestic consumption and are therefore located near urban
centres. There is no service dedicated to agriculture which relates to precipitation forecasting or its
absence, temperature and humidity with data localisation at a relevant scale given the island reliefs
(notably Grande Comore).

Concerning the fisheries sector, there is no efficient marine weather service to alert fishing communities
in the event of strong winds or swells. There is a cyclone alert system, which allows fishermen to keep
their boats ashore. But little trust in weather forecasts means that local fishermen do not necessarily
follow ANACM alerts. However, some fishermen have a good knowledge of the weather phenomena
(movement of clouds, colour of the sea and sky, etc.) that allows them to predict extreme events and
warn their community members. Moreover, there is not an effective communication system to warn
vessels already at sea. As a result, Comoros has about 20 deaths at sea per year. It also reflects an
important need to raise awareness among this very poor socio-economic group; it should be noted that,
in this context of extreme poverty, even in the event of an alert, fishermen will often go to sea to provide
an income for their families.

Health

Fundamentally, climatic conditions influence health status (see section 1.1 Climate Vulnerability). The
General Directorate of Health (DGS) has a budget dedicated to crisis management and a cyclone
contingency plan to manage health emergencies during the crisis and its post-crisis consequences, such
as waterborne diseases linked to the disruption of water and sanitation services. The health sector is also
widely supported by humanitarian associations, in particular the CRC, which has a network of local actors
and volunteers of more than 3000 people on the three islands to intervene in the event of a humanitarian
crisis (health, nutrition or climate risk).

The health sector is one of the first actors to be informed and mobilised in the event of a crisis.
Mechanisms are in place to mobilise international humanitarian actors in the event of a crisis that exceeds
the response capacities of the Comorian State (particularly in the context of heavy flooding event).

Disaster risk reduction

The Union of the Comoros has a national risk reduction strategy since 2015, which illustrates the political
will to make progress in disaster risk reduction. The national risk reduction strategy is aligned with the
Comoros' Poverty Reduction Strategy. However, there is not yet a legal framework for risk management
that would provide a budgetary and financial framework to ensure the means of intervention. However,
the legal framework for risk management is reflected in the Environment Act and Health Act.

The DGSC has a national contingency plan and specific information support mechanisms to issue an alert
for each of the major risks identified (earthquake, volcanic eruption, tropical cyclone, tsunami, storms,
forest fires) and specialised plans for the main risks (tropical cyclone, tsunami, Karthala, storms).
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A population alert system is operational with the capacity to go on the ground in villages (in support of
the CRC) to set up prevention, protection and even evacuation actions in the event of a tropical cyclone.
There is also a coast guard service for surveillance and response at sea, and a fire brigade to support civil
security for shore-based interventions (one for each island).

There is a long history of work between the Meteorological Service and the CRC in terms of risk reduction,
particularly in the area of prevention. The CRC is a member of the PIROI network (Indian Ocean Regional
Response Platform) and receives bulletins from the RSMC la Réunion (Météo France) covering the entire
western Indian Ocean area, which provides a complementary source of information to the Comoros
weather, particularly in the event of a major tropical cyclonic event.

The most frequent events are heavy rains, strong winds and floods, especially flash floods, but for these
events there is no information and warning service; neither risk vulnerability studies and hazard-based
mapping of risk areas.

3.1.3 Assessment of EWS, End-users and Case Studies
Case Study — Tropical Cyclone Kenneth, 24-25 April 2019

Tropical Cyclone Kenneth struck Comoros during the night of 24 to 25 April 2019. According to sources
including the Multi Sector Response Plan?'°, across Comoros the tropical cyclone left 7 dead, 182 injured,
19,372 displaced, and 345,000 people (about 43% of the population) affected”!!. The damage to
agriculture and livestock was very significant, up to 90% in some localities. Impacts included crop damage
and salinization of soils affecting agriculture. Nearly 4,500 houses were destroyed and over 7,000 houses
damaged. Additionally, nearly 150 water tanks, used as potable water supply, were destroyed or damaged
with contamination of domestic water supply. Schools were badly affected too with 465 classrooms
damaged, of which 213 were destroyed?'?, disrupting education for about 44,800 pupils between the ages
of 3 and 18. Power was lost across the whole grid. Other impacts have also been noted, including
disturbance of land, sea and air transport, degradation of coastal and marine biodiversity caused by
terrigenous deposition?!? and inevitably by waves and storm surges. The budget to meet the needs across
sectors was estimated at over USD $28 million. Heaviest losses were on the island of Grande Comore.
Figure 51 shows the areas most affected, and Table 17 provides more detail on sectoral impacts.

Figure 51 Impacts of tropical cyclone Kenneth in Comoros
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Table 17 Tropical cyclone Kenneth sector impacts

Sectors Total population affected Estimated Recovery Budget total
per sector (USD)

Food security and livelihoods 200 000 12.221.000

Health/Nutrition 80% of total population affected 886.925
(276,000 people)2«

Education/Protection 44 800 2.685.863

Shelters and Non-Food Items 19 372 3.010.322

(NFI)

Wash 191 880 850.000

Energy 2.750.000

Telecommunications 5.625.000

Total 28.029.110

Source: Government of Comoros Multi-Sector Response Plan Following the Passage of Tropical Cyclone
Kenneth, 4 May 2019

Disaster Risk Knowledge®*

Past disasters have driven awareness regarding exposure to various natural hazards. For example,
corroborating literature?!® and information in Section 2.1 (climate risk profile), the following hazards were
referred to by various stakeholders during this study:

° Strong wind is a hazard especially significant for fishermen and is also recognized as a contributing
factor in the drying up of soil and hence presents agricultural risk too (e.g. to young yam, potato,
sweet potato, cassava plants). Tropical cyclone was not considered a pressing threat until tropical
cyclone Kenneth in 2019 on account of the last tropical cyclone experience dating back to 1959.
Now cyclone risk is elevated;

° Drought conditions leading to food insecurity in this largely agriculturally-based economy where
commonly found rain water harvesting is for non-agricultural purposes (especially potable
resources) leaving agriculture as rain-dependent;

° Volcanic eruptions of Karthala, such as occurred in 2005 (April and November), 2006 and 2007.
The 2005 eruptions resulted in the accumulation of several centimetres of ash, especially at higher
elevations.

° Dengue fever, and other health risks, are also of concern according to local community members

in Nioumamilima;
° Observed erosion and saltwater intrusion on account of sea level rise may be present;

° Heavy rainfall of 776mm in one night on 20 April 2012 (equivalent to an accumulation of rain
occurring every day during the entire month of January) led to a severe flooding event in Grande
Comore*’. The implications of a very poor drainage system in urban areas exacerbated the risk of
floods, as was observed in Moroni. Heavy rain has also triggered landslides, as observed in south-
east Grande Comore, and hinders navigation at sea on account of poor visibility according to
fishermen interviewed in Foumbouni.

214 345,000 people affected by Cyclone Kenneth

Including a consideration of the following questions: Are key hazards and related threats identified? Are
exposure, vulnerabilities, capacities and risks assessed? Are roles and responsibilities of stakeholders identified? Is
risk information consolidated?

216 For example, L'évaluation des Risques de Catastrophe aux Comores: Une Analyse de la Situation Globale
du Pays (Février 2014)

217 See Comoros floods, April 2012. Available at: https://reliefweb.int/disaster/fl-2012-000066-com
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An example of a rudimentary approach to mapping is shown in Figure 52, highlighting in very broad terms,
areas affected by the April 2012 floods.

Figure 52 Flood map by COSEP
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Source: COSEP, illustrated in Directorate of European Affairs (2013)

More nuanced and detailed risk assessment processes appear to have been deployed through a hazard
mapping exercise undertaken on a pilot basis in four districts of Moroni with the technical assistance of
UN-Habitat?'®. In this case, stakeholders identified risks and proposed mitigation measures, such as for
improved stormwater drainage, waste treatment and with respect to land use (although these have not
been funded). Similar exercises were conducted in Fomboni in Mohéli with the intention to also carry out
the exercise in Anjouan. Funding has been sought from GEF to extend the project across Moroni.

Also representing a more thorough approach to risk assessment, across its’ international network the Red
Cross Red Crescent uses a vulnerability and capacity assessment (VCA) methodology to identify risks at a
local community level. Typically, these tend to emphasise disaster preparedness measures, such as
stockpiling and evacuation planning. In Comoros, it is unclear what actions VCA has initiated.

Disaster risk knowledge is also strengthened in Comoros through climate studies. For example, in the
project on climate resilient water supplies for Comoros?'?, it is noted how daily rainfall analysis
demonstrates climate change has had a significant impact on rainfall variability in the last decade,
including the worst drought and worst flood to date. The NAPA identifies 19 climate change impacts of
which the most acute is considered to be drought, whilst heavy rains, tropical cyclones and sea level rise
were also identified.

Insights from the case study

The Comoros tropical cyclone season is from October to May. Tropical cyclones and associated floods are
often referred to as constituting the most significant disasters in Comoros, generating an average yearly

218 Part of a project covering Malawi, Mozambique, Madagascar, as well as Comoros.
219 UNDP, 2018. FP094: Ensuring climate resilient water supplies in the Comoros Islands
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direct cost of climate-related impacts of around USD $5.7 million. Between 1911 and 1961, the
archipelago experienced 23 tropical cyclones, an average of one tropical cyclone every two years.

Figure 53 Tropical cyclone tracks near Comoros between 1976 and 2010
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Source: CMRS Data in Directorate of European Affairs, 2013, April 2012 Floods in Comoros

Itis understood that there is now a tendency for higher intensity tropical cyclones in the south-west Indian
Ocean?? on account of climate change.

However, tropical cyclone Kenneth is considered the first major event to affect the Comoros archipelago
since 1959, in terms of commonly held views on tropical cyclone events as expressed during fieldwork by
multiple stakeholders, especially local community members??'. Consequently, the risk from cyclones and
the dangers they present were either not known or not taken seriously by members of the public ahead
of tropical cyclone Kenneth’s impact. Now, with the recent tropical cyclone Kenneth experience itself,
perceptions of tropical cyclone risk are likely fully heightened.

Critical analysis

Despite many examples of loss and damage caused by different disaster experiences over recent years,
and climate change studies indicating disaster-related implications, there are very limited examples of
detailed risk assessments and risk maps in Comoros that could guide disaster risk reduction decision
making. This deficiency is widely recognised and noted by, for example, UNDP?2,

The type of mapping shown in Figure 54, whilst depicting general areas of greatest exposure (in this case
to floods), does not indicate levels of susceptibility or sensitivity of different people, different buildings,
different services. The level of risk to floods in any given location, is not uniform. Likewise, it is clear that
Comoros has been aware of its general exposure to tropical cyclones and has developed a contingency
plan to manage such a disaster event. What appears to be absent is a detailed understanding on all the
elements of the tropical cyclone-related exposure, sensitivity and capacity, and consequently what can be
done beyond disaster preparedness and response to reduce risk to future events through development
processes.

Furthermore, a significant value in risk assessment is derived through the process of undertaking the
assessment in a participatory and multi-sectoral way, as this can foster shared learning and greater
understanding leading to the development of more sustainable and effective resilience measures.

Finally, it appears unlikely that risk assessment approaches (such as those mentioned above) are being
deployed as an integral part of local and national development decision making. Their absence is a missed
opportunity for developing a solid understanding of local risks and vulnerabilities as a basis to ensure early

220 INGC. 2009. Synthesis report. INGC Climate Change Report: Study on the impact of climate change on

disaster risk in Mozambique (van Logchem B and Brito R (ed.) INGC, Mozambique
221 Hansindsy and Nioumamilima, 2 July 2019, Vouvouni and Foumbouni, 4 July 2019
222 UNDP, 2018. FP094: Ensuring climate resilient water supplies in the Comoros Islands
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warning is suitably targeted to help vulnerable groups and sectors and suitably disseminated in ways that
are most likely to result in action.

Detection, Monitoring, Analysis and Forecasting of the Hazards and Possible Consequences®??

Previous projects focusing on disaster prevention, especially of tropical cyclones, have supplied CMS with
equipment for data collection, weather forecasting and warning dissemination. However, in 2002 this
equipment was transferred to Hahaya airport which is under the responsibility of the Agency for the Safety
of Air Navigation in Africa and Madagascar (ASECNA) to provide weather forecasts for civil aviation. Today,
equipment and staff trained by various projects are now dedicated primarily to the needs of civil
aviation®?*,

In addition to information received by ASECNA, Comoros benefits from information from the RSMC La
Reunion - Tropical Cyclone Centre??® (Regional Specialized Meteorological Centre for the South-West
Indian Ocean). Furthermore, three-day weather forecasts are regularly provided by the Regional
Integrated Multi-Hazard Early Warning System for Asia and Africa??® (RIMES), whose Secretariat (that
support a Program Unit in managing a regional early warning facility) is based in Bangkok, Thailand. RIMES
also provides alerts in case of tsunamis.

On account of deficiencies in the technical capacities of the CMS for detection, monitoring, analysis and
forecasting, the regional partners mentioned above are relied upon for early warning by important
national disaster management actors. For example, RCRC in Comoros benefit from information generated
by these partners which is shared through the PIROI network??’. Yet they also note the incapability of the
warning system to predict the local impacts of heavy rain leading to flash flood and landslide, despite
these being major hazards.

Insights from the case study

Comoros benefitted from the detection and warning of tropical cyclone Kenneth’s threat provided by
partners in the region.

Figure 54 Tropical cyclone Kenneth'’s track

Le 24/04/2019 a 16h
Heures locales La Réunion

223 Including a consideration of the following questions: Are there monitoring systems in place? Are there

forecasting and warning services in place? Are there institutional mechanisms in place?

224 “Plan d’Action de renforcement du Service météorologique comorien (SMC). Rapport de Mission” April
2010. WMO, Geneva

225 RSMC La Reunion Tropical Cyclone Center:

http://www.meteo.fr/temps/domtom/La Reunion/webcmrs9.0/#

226 RIMES: http://www.rimes.int/

227 PIROI responds in the Comoros following Cyclone Kenneth Available at: https://piroi.croix-rouge.fr/piroi-
responds-in-the-comoros-following-cyclone-kenneth/?lang=en
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Detection, monitoring, analysis and forecasting of hazards, like tropical cyclone Kenneth, is not only a
technical matter for hydro-meteorological agencies. Traditional knowledge plays a very significant role.
For example, fishermen explain how they “read” the weather according to cloud conditions over the
volcano, the stars at night, and by the fish they catch at depths of 200m (that appears to relate to water
currents, which themselves are responses to weather conditions)??8. Anecdotal evidence suggests that
trust in these signs as shared by experienced community members is greater than trust in Met Service
forecasts and warnings.

Critical analysis

Despite the country’s heavy bias of meteorological capability geared towards aviation needs, CMS is
nevertheless responsible for preparing advisories for dissemination to national and local authorities as
well as to community leaders. CMS must therefore rely on the meteorological centre at Hahaya Int. Airport
managed by ASECNA. Furthermore, CMS can only receive data through the Internet at a very low speed.
This data, however, does not meet national needs and CMS has practically no technical means for the
acquisition of real-time data and data processing.

For an agricultural-based economy, there are pressing needs for improvements in weather forecasting
and for seasonal outlooks??°. Improvements in these services would support farm management decisions,
such as what to plant and when, and what to protect, how and when. The lack of tailored meteorological
services to farmers and extension services means that stakeholders operate in a vacuum without access
to quality information that could help inform decision making.

Although gaps in the technical and scientific detection architecture are clear to see, it is important to
recognise that traditional knowledge plays a very significant role in how end user communities, such as
agricultural and fishing communities, interpret conditions and determine whether there is cause for
concern and a need to take remedial actions. As trust in traditional knowledge can often be much stronger
than trust in information provided by non-local sources like government Hydro-Meteorological Services,
it is clear that this has very significant implications for the development and functioning of an effective
early warning system that inspires action amongst end users.

Warning Dissemination and Communication®*°

The CMS has the responsibility for providing alerts concerning tropical cyclones, floods, rain storms and
earthquakes. CMS also has the national responsibility for providing alerts of tsunamis, dangerous waves
and the movement of volcanic ash, however, observations of these phenomena are absent.

“Special bulletins” form the backbone of the alert warning message service. According to a protocol, they
are developed and disseminated through various channels to various stakeholders. Commonly cited
methods of dissemination referred to by government and non-government interviewees include radio,
TV, mobile phone, and at the local level, the use of megaphones and flags.

Alert levels are a key feature of the communication, as indicated in Table 18.

Table 18 Example alert levels

Centre de veille L'alerte bleue caractérise une situation MINIMUM
| Secteur Concerné normale

DGSC

Centre de veille Situation anormale qui fait appel a une = INTERMEDIAIRE
1] Secteur Concerné vigilance. cette phase de I'alerte n’est pas

DGSC diffusée auprés du Public

228 Local interviewees Handsinsdy 2 July 2019 and local fishermen in Foumbouni 4 July 2019

229 See UNDP, 2014

230 Including a consideration of the following questions: Are organizational and decision-making processes in
place and operational? Are communication systems and equipment in place and operational? Are impact-based
early warnings communicated effectively to prompt action by target groups?
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MININTER/Autorité Insulaire

Centre de veille L'alerte orange est diffusée en situation HAUT
" Secteur Concerné d’urgence nécessitant des dispositions.

DGSC un message spécifique est destiné a la

MININTER/Autorité Insulaire population

Centre de veille L'alerte Rouge est le niveau maximum MAXIMUM
v Secteur Concerné entrainant I'engagement des moyens

DGSC opérationnels pour répondre a la crise

MININTER/Autorité Insulaire

Secteur Concerné La levée de l'alerte ou le retour a un MINIMUM
v DGSC niveau d’alerte inferieure doit étre

MININTER/Autorité Insulaire communiqué a la population, bien que
I’on maintienne la surveillance

Source : National Contingency Plan 2017-2018

With respect to radio, CMS provides the special bulletins directly to the radio stations. Presenters then
share this in both French and the Comorian language. The use of mobile phones is also quite common and
especially used for transmitting SMS messages. It appears Comoros is benefitting from development of
telecommunications through two operators (Comores Telecom and Telma). It is claimed there is now
100% national coverage®®.

The RCRC volunteers can play an important role in dissemination as they are from the respective
communities and are already present in most communities across all islands. Training provided at a
regional level via PIROSANTER in Reunion seeks to exploit the potential of the extensive RCRC network as
an important player in the early warning dissemination and communication process. On account of this,
RCRC views tropical cyclone, volcano and health alert systems to be relatively efficient. However, their
ability to warn of flash floods and landslides is weak, as the detection of such localised hazardous events
is lacking.

Flags are often a feature of the warning communication, for example a colour coding system that warns

fishermen of sea conditions.

Although Comoros has well developed procedures and protocols to respond to emergencies®?, (for
example, the Cyclone Special Relief Plan), the quality of the implementation of the plans is not uniform
(see Table 19)%3,

231 National Contingency Plan 2017-2018

232 In case of an alert, the Director of CMS has to travel to Hahaya airport to disseminate alerts to the
appropriate authorities.

233 Rapport RD/COI, 2010. “Etude de faisabilité d’un projet régional de gestion des risques et catastrophes
naturels. Proposition d’un programme d’actions. Rapport intermédiaire”. Risques & Développement, Aubagne
(France).
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Table 19 Quality of alerts

Niveou de qualitd da Folerte | Organisma référent pour Falerte

| Lagende
Bos

Fatle

Pay intégre

Insights from the case study

A phase of warning dissemination and communication can be thought of as beginning about a week before
tropical cyclone Kenneth struck Comoros. Official accounts indicate a clear outworking of pre-determined
protocol and communities across the islands receiving timely warning of the pending powerful storm.

7 days prior: Comoros Meteorological Service issued the first warning (based on information provided by
RSMC La Réunion). In accordance with the protocol, COSEP informed the Ministry of Interior, who has
responsibility for triggering an official warning, and focal points convened from key sectors (including
health, education, army, gendarmerie, national environment directorate).

4 days prior: A meeting was held with sectors to mobilize available resources and to discuss the emergency
strategy.

3 days prior: Further convening of the key stakeholders occurred and updates on the tropical cyclone were
provided by a CMS technician every 2 hours. At this stage Mayors were alerted and civil protection, with
support from the RCRC and NGOs, began issuing warnings directly to the public with the use of
megaphones. Advice was provided to protect homes (e.g. sand bags on roofs), prune trees (presumably
for dangerous branches), avoid going out to sea, shelter animals, and store food. Communities were
encouraged to identify the most vulnerable homes.

2 days prior: The public warning continued, and civil protection sought to ensure they prioritised
communities who did not have power, and hence were less likely to hear warnings issued via radio, TV or
mobile phone.

1 day prior: By this stage the country had mobilized 550 army personnel, 200 police, and 150 gendarmerie.
In addition, many local volunteers had been mobilised. Forced evacuations by COSEP of some most at-risk
families begun, such as on the coast at Fomboni where a strong storm surge was expected.

In Handsindsy?3* the men received the warning but did not pass this information on to the women. Some

residents in Vouvouni heard the warning messages but did not take preparedness action. This despite
Vouvouni being a highly flood-prone community that suffered significantly from the April 2012 floods (and
was even experiencing challenges of water-logged roads during the time of the field visit due to
unseasonal heavy rainfall). Known high exposure to flooding was not enough to prompt action on hearing
tropical cyclone Kenneth warning messages.

Critical analysis

This study, that included a focus on the experience of some local communities affected by tropical cyclone
Kenneth, would dispute the findings of the earlier study that indicates that the quality of the cyclone alert

234
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system is good. This study found that even if the alert procedures were followed, this did not necessarily
result in the intended benefits for reasons outlined below.

Several challenges exist with respect to using radio as a means of warning dissemination. The radio
broadcasters can have difficulty understanding the message they are conveying to the population, with
implications regarding clarity of the message?®. Additionally, not all community members have access to
a radio. Those that do have a radio rely upon power supply which can be lacking or very intermittent at
the best of times and certainly not dependable in an emergency.

Power supply also plays a very significant role with respect to mobile phone connectivity. Additionally,
mobile phone range is not sufficient for reaching fishing crafts at relatively large distances from shore.

For end-user dissemination of warning messages, it is not sufficient to rely upon technical solutions.
Instead, the sharing of warning messages through face-to-face communication is a commonly held
preference. In addition, it appears that the trust held in the person responsible for delivering the message
to end users by the community is highly important. Paraphrasing one community member from
Hansindsy®®, “Rumours do not lead to action. Trusted sources are vital.” Therefore, whilst there may be
some benefit from COSEP and other officials driving through communities declaring warnings with the
use of megaphones, the best way to ensure messages are taken seriously is to have the messages relayed
by respected local voices, such as mayors, women’s association leaders, fishing unions and others.

Figure 55 CMS discussing with community members in Hansindsy

Photo: Paul Venton (DAI)

Preparedness and Response Capabilities?*”

The National Contingency Plan indicates several areas where weaknesses in the preparedness and
response capabilities of Comoros exist. For example, with respect to legislation, there is no specific
regulation on national emergency coordination in certain areas (e.g. education and protection). Whereas
it is noted that poor cross-sector coordination is preventing an adequate humanitarian response and
leading to an increase in losses.

235 “Final Report of the WMO Mission to the Direction Nationale de la Météorologie. Severe Weather

Forecasting Demonstration Project (Swfdp) Country Visit”, October 2012. WMO, Geneva (Switzerland).
http://www.wmo.int/pages/prog/amp/pwsp/documents/Comoros Report English Final.pdf

236 Community meeting, 2 July 2019

Including a consideration of the following questions: Are disaster preparedness measures, including
response plans, developed and operational? Are public awareness and education campaigns conducted? Are public
awareness and response tested?
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The Contingency Plan also refers to inadequately trained personnel at all levels, no capacity to store
humanitarian food and non-food items, and therefore a dependence on external resources for stock
mobilization, purchase and pre-positioning.

Insights from the case study

There was a serious under-appreciation regarding the scale of the threat from the tropical cyclone. A lack
of tropical cyclone experience and a lack of trust in the message were at the heart of the lack of action.
This was then compounded by a sense that there is a lack of ways that people and property could be
protected anyway. With hindsight, people recognize that they could have protected some assets, such as
by moving them to safer locations.

According to all local accounts, the actions taken among local communities to prepare for tropical cyclone
Kenneth were reactions to observed deteriorating conditions. They were not precautionary based on early
warning messages.

As conditions deteriorated, fishermen in Fomboni in south-east Grande Comore protected their boats. But
this protection was based on earlier experiences weathering storm conditions, and not accounting for the
severity of tropical cyclone Kenneth with high wind speed and a significant storm surge of between 3 and
6 meters, as forecasted. Consequently, even “protected” boats suffered loss and damage. For example,
boats in Fomboni were pulled on to a beach, protected by a rock outcrop. Yet the storm surges breached
the outcrop for the first time in living memory, leading to the loss and damage of many boats. Of the 45
motorised boats within Fomboni, only 17 were not lost or damaged.

Figure 56 Protected areas for boats in Fomboni (to the left of the low-lying rock outcrop)

Protected area for boats

Rock outcrop

Photo: Paul Venton (DAI)

The storm surge also over-topped and destroyed the dyke that was intended to protect the town.
Buildings were destroyed, including some concrete buildings. Water entered the hospital, but patients
had been evacuated to safer locations, most likely their own homes or the concrete homes of neighbours.

One man interviewed, who lives near the hospital in Fomboni and has a shop on the waterfront, lost all
valuables from the shop in its’ exposed location. He had not heard advance warning of the tropical
cyclone. With hindsight, if he had known what was in store, he would have protected the shops’ stock of
valuable items.
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Figure 57 Damaged coastal property next to shop in Fomboni

Photo: Paul Venton (DAI)

In Vouvouni, according to anecdotal evidence, 70% of the buildings are of corrugated iron construction.
Also, of significance with respect to flooding, water is easily able to enter homes on account of their low
floors and due to poor drainage. Consequently, tropical cyclone Kenneth destroyed or damaged many
buildings as roofs were blown off and homes were flooded. In addition, falling trees caused damage and
disruption. During the night, people residing in weak and damaged buildings took refuge in stronger
people’s homes. Deteriorating conditions forced their reactive response to deal with the unfolding
disaster.

In more northerly areas of Grande Comore there are many accounts of agriculture-related damages, with
losses to bananas, cassava, sweet potatoes and other crops, plus to livestock. Not only does this directly
affect farmers, but the lack of produce resulted in rising prices for commodities now only available in short
supply. Under such circumstances, the poor and those without strong social networks likely suffer worst.
It was not only agriculture-related losses that were suffered in northerly areas. Northerly areas also
expressed how they had experienced losses to boats and dykes, many households lost their roofs, and
trees were also blown down.

As tropical cyclone Kenneth made impact, the local community members, particularly young men, can be
considered as the dominant first responders. Local groups set to work clearing roads, such that within
about 24 hours road access was restored. Such groups also took the lead in clearing debris in fields.

A very clear trait for social cooperation, solidarity and support was demonstrated during and in the
aftermath of the tropical cyclone. In particular, it was very common for community members with
concrete houses to provide shelter to others who had lost their own homes, especially when corrugated
metal roofs were blown off. Furthermore, for several households, co-habiting arrangements were still
necessary at the time of the fieldwork, over 2 months since tropical cyclone Kenneth. Similarly, those who
still had potable water provided this to those who had lost access to their own supply. Fishermen too,
through local unions, are cooperating to share the use of non-damaged boats and rebuild damaged ones.
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Figure 58 Vouvani, where neighbours are still providing shelter for community members who lost their
homes, such as this college teacher who has a wife and five children.

Photo: Paul Venton (DAI)

From the government side, the pre-determined contingency planning procedures were important,
allowing key stakeholders to take emergency action. A rapid needs assessment began in the morning
following the cyclone with the mobilization of 16 inter-agency teams across Grande Comore, Mohéli and
Anjouan. According to the emergency authorities, over the course of the coming days and weeks the worst
affected were provided food (rice), health kits, and shelter. However, several community members report
how they are still waiting for assistance, or in one example?® how the only external assistance came from
the RCRC with a food distribution several weeks after the tropical cyclone. In Anjouan, like elsewhere, the
tropical cyclone destroyed much of the various crops. Some, like banana, have been re-planted but will
take around 2 years before their produce will be available for harvest. In the meantime, with no signs of
government support, local people are facing a pending food gap crisis.

Critical analysis

The largest and most frequently cited gap in the Comoros early warning system relates to inadequacy in
the warning service driving actions that would prevent or reduce loss. Of course, challenges exist across
all other elements of the early warning system too, but even when a hazardous event is anticipated, an
accurate warning is developed and is disseminated in good time, as occurred in the case of the tropical
cyclone Kenneth, it is very apparent that this does not lead to adequate action. Therefore, investing in
better observation capability alone without sufficient investment in local user engagement processes will
be futile from an early warning system perspective.

What effort that has been directed at improving early warning in Comoros appears to have focused on
“upstream” aspects of the hydro-meteorological value chain. Consequently, projects that have sought to
build competence tend to under emphasise the need to build end user capacity. And should end-user
capacity building feature in project activities, there is a strong likelihood that the emphasis is on
explaining to end users what the alert system is and what should be done when an alert is received. By
contrast, what is needed is a system based on strong engagement between producers and users of
warning information, where users play a vital role in product design and dissemination preferences, and
trust between stakeholders is built.

238 Female community member in Hansindsy, 2 July 2019
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The emphasis on disaster risk management in Comoros is heavily weighted towards preparedness and
response. A paradigm shift towards risk reduction and resilience building as a development priority has
not taken hold. This perspective is captured in the Sendai Framework which expands the notion of disaster
risk reduction beyond preparedness and response capability to encompass, under Priority 4, the vital need
to ‘build back better’ in recovery, rehabilitation and reconstruction.

In the case of torpical cyclone Kenneth, many aspects of a lack of investment in DRM for resilience can be
recognized in the findings of the multi-sectoral rapid damage and needs assessment that took place in the
immediate aftermath of the tropical cyclone. This is because the reality of what was “at risk” before the
tropical cyclone was actually then demonstrated when the tropical cyclone occurred. Similarly, disaster
losses indicate where resilience was lacking. A consideration of those losses provides clues regarding
resilience building needs. For example, based on known losses through tropical cyclone Kenneth alone,
resilience building can be drastically improved in terms of people’s personal safety, house design, land
use planning, water supply and sanitation (for example, the city of Moroni operates with a single water
pumping station and inadequate stormwater collection and drainage — see Figure 59), education and
school safety, multi-purpose evacuation shelters, ecosystem protection as a disaster and climate
resilience strategy, agriculture, health, continuity in energy supply, infrastructure such as road design, and
financing for recovery.

Figure 59 Flooding from heavy downpour in Moroni

Photos: Paul Venton (DAI)

On Grande Comore, there is no permanent river or truly structured stormwater collection network.
Overall, stormwater collection is provided by gullies in rural and natural areas and by diffuse runoff (roads,
gutters, embankments, etc.) in the case of landscaped areas. Sometimes, stormwater is collected by

gutters and pipes and discharged to the shoreline?*®,

The absence of resilience building as a development concern is already noticeable in how some aspects
of tropical cyclone Kenneth recovery and reconstruction is taking shape.

With the assistance of others, such as family members living in France, many people have already rebuilt
their homes. However, these appear to be built in the same locations and to the same specifications as
those damaged or destroyed. In effect, the risk has been rebuilt. It is understood that UNDP has a project
to build 150 houses across the three islands, but these are of metal construction, not concrete. It is
worthwhile noting that roof shape and construction techniques can help considerably in building
resilience against strong winds. Where cost remains a critical impediment to safe shelter, it is not always
inevitable that non-concrete construction has to be weak and likely to suffer failure.

239 Directorate of European Affairs, 2013, April 2012 Floods in Comoros
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Figure 60 Metal house by the coast in Foumbouni

Photo: Paul Venton (DAI)

Similarly, despite the catastrophic failure of coastal defences, there are calls from the local population for
them to be rebuilt. The coastal defence had probably offered a false sense of security, encouraging homes,
businesses and even the hospital (in Foumbouni) to be located very close to the sea. Such calls for the
reconstruction of engineered defences would suggest that local people do not anticipate a similar storm
in the near future, or the benefits of restoring “business-as-usual” outweigh the perceived threats. Yet
climate change effects on sea level and tropical cyclone severity for Comoros would suggest that greater
caution would be prudent.

Figure 61 Damaged coastal defence leaving coastal buildings close to sea unprotected

/4 & o

o i § “. $
Photos: Paul Venton (DAI)

Existing local arrangements would provide a strong basis for embedding DRR and EWS awareness and
activities. For example, Comoros benefits from well organised Village Development Associations (VDAs)
that implement local development initiatives. VDA’s can consist of several branches, including for
women'’s support, youth, and community development, and are often important channels through which
projects and organisations engage with communities. For example, in the Bandasamlini area the
Community Based Organisations (CBO) ‘Groupement Bandasamlini’ is active in supporting a range of
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community development issues?*?. Farmers associations, women’s associations and fishing unions are
also integral and important community structures.

Similarly, the Red Crescent offer an extensive network of local community volunteers across Comoros. As
integral members of their community, they can provide a locally appropriate and year-round service. This
has been especially well demonstrated through their support in public health programmes. The presence
of this existing local network of volunteers is very significant, as it differs from project-based initiatives
where intended contributions become obsolete over time as they are not embedded in normal

community decision-making processes.
3.1.4 SWOT analysis
Table 20 SWOT analysis of DRM in Comoros

Existing SNRRC (2015) linked
to development and poverty
reduction strategies.

CRC with local resources
(volunteers” team  and
coordination capacity, food
stocks) in the 3 islands and
working in cooperation with
DGSC for warning and
preparedness.

CRC benefiting from large
experience in humanitarian
actions.

NHMS | System of broadcasting | Weak links between CMS and users of
forecasts and warnings in | weather and climate information
place. services.

CMS protocol for sharing | Lack of tailored weather, water and
information with COSEP in | climate services including adequate
place. early warning that provide decision
. makers at all levels with information
Met stations manned by . e
. essential for mitigation of extreme
trained observers. . .
events and adaptation to a changing
climate.
Gaps in  monitoring  capacity,
inadequate stations network.
Climate data not digitalised nor
backed up often.
Staff qualification at CMS weak with
limited MSCs and PhDs.

DRM Developed procedures and | Lack of budget to implement/support

institut | protocols to respond to | the SNRRC.

ions emergencies.

Inadequate framework for national
emergency coordination
sectors (e.g. education).

in some

Lack of legal framework to allocate
dedicated budget and resources to
DGSC.

Absence of comprehensive and
participatory risk assessment
products and processes.

Lack of environmental data and
hazard maps to understand risks
including location and evolution.

Lack of information and
communication tools to advice the
population of the existing risks and
increase risk culture and awareness.
For marine sector: lack of
hydrography and oceanography data
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and maps for coast guards warning
and intervention.

Sector | At the national government | Inadequate mainstreaming of climate | FAO / Ministry | Lack of
CS level, multi-sector | change and disaster risk management | of Agriculture | appreciation
users cooperation in the face of an | (DRM) in development policy and | technicians amongst
emergency/ existence of a | planning. could act as | sector users
multi-sectoral coordination . L . intermediaries and end users
Inadequate dissemination of services | .
platform (PNRRC). ] . . in the | of the
to fishermen, particularly at distance . L .
. dissemination possible
Data provided by CMS to | offshore. . .
overnment ministries for CCEREIMIAT || [IERIE &
?ree ANACM website not up to date to | and forecasts. hydro-
' rovide relevant information to . meteorologic
. Potential  for . .
users. al services.
payment for
Lack of procedure to co-produce | services by
climate information and collect users’ | fishing unions.
feedback.
No procedure to develop CS that
responds to users’ needs even for key
sectors like agriculture or fisheries.

Last Local community | Little public awareness of how to | RCRC are | Perception of

Mile/G | cooperation and solidarity. adapt to climate change. establishing low

ender . local offices | confidence in

aspect Village Development around the | earl

P Associations (VDAs), A y.

s . country  with | warnings
Community Based otential as a | amon
Organisations (CBOs), local P g.

. , forum for co- | population.

community women’s .

- . production.
associations, farming Sense of lack
associations and fishing of viable
unions are strong entry preparedness
points for embedding DRM and response
and EWS in local options.
development plans. .

P P Significance of
Widespread network of Red traditional
Crescent volunteers across knowledge
Comoros. perceived by

national
agencies  as
less important
in early
warnings than
scientific
knowledge.

Other | Vital partnerships with | Weak understanding of water Important Very little
international and regional | resources vulnerability to climatic synergies exist | interest
partners. extremes. with various | focused on

Lack of decentralized level capacity projects  (see | prevention
(regions, districts, municipalities and | section 2.2.3). | and disaster
decentralized sectoral ministries) to | ANACM can be | risk reduction.
manage climate and disaster risks. strengthened

by optimising

ANACM can only receive data
through the Internet at a very low
speed.

opportunities

where projects
can offer
mutual support
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to increase
benefits.
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3.2 Madagascar
3.2.1 Assessment of NMHS

Pillar 1: Observation and Monitoring

The DGM has 23 Automatic Weather Stations (AWSs), of which 18 require replacement/upgrade — details
in the excel sheet. All these stations, alongside with 21 climatological stations (all needing upgrade), are
registered in the WMO OSCAR Database?* (Figure 62). According to the WDQMS?*, 5 AWSs are reporting
data on the WIS/GTS, and in order to comply with the WMO/GBON for surface-bsed stations, there is a
need to upgrade 10 mandatory and 21 conditional surface-based stations, as well as the need to install
new 34 stations.

Figure 62 Madagascar surface-based stations registered in the WMO OSCAR Database?®®
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According to the WMO OSCAR Database?*!, there are 2 upper-air radio-sonding stations in Madagascar
(Figure 63), and therefore there is a need to install 1 of such stations to comply with the WMO/GBON
requirements for upper air stations.

While noting that there were 3 weather radars in the past, at the moment there are no operating in
Madagascar. There is no marine observation network in support of safety of life at sea and fisheries. In
addition, the DGM does not operate an lightnening system.

Each manufacter provides a different data acquisition system, and therefore DGM does not dispose of an
integrated data management system to manage, monitor and manipulate the observational data, neither
a datacenterto store in a standardized manner the data. The Message Switching System is obsolete, which
compromises internal and external communications. The DGM does not have a climate database.

24 https://oscar.wmo.int/surface/#/
242 https://wdgms.wmo.int
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Figure 63 Madagascar upper-air stations registered in the WMO OSCAR Database?®

Madagasear

The DGM meets only some of the criteria for Category 1 for the Observation and Monitoring pillar. It can
meet the criteria required for Category 2 by improving the coverage of ground and upper air observation
stations, strengthening station inspection, and backing up climate data regularly.

Strengths: The DGM Met stations are manned by trained observers, and there are 23 surface stations
spread along the country. It uses basic quality control procedures. The DGM is on the way to upgrade its
synoptic network through GIZ and UNDP projects, as well as SADC. For example, meteorological stations
to detect thunderstorms have been operationalised thanks to support from Medair NGO. These stations
receive imagery similar to those received from radars. Trainings targeting meteorologists on how to
operationalise the stations have been completed in November 2019.

Weaknesses: The number of surface station are too sparse for a NMHS Category 1 and the DGM has no
upper air station neither doppler radar, and it does not backup climate data often and has not digitized
many of its climate data. It does not maintain an electronic climate database and has no access to
computing capacity for data collection, storage and transmission.

Pillar 2: Modelling and Predictions

The DGM run AROME model, but at very course resolution and in an experimental mode. It has access to
global and regional NWP data made available by WMCs and RSMCs on the WIS/GTS. However, the DGM
has limited capacity to manipulate raw data. The DGM visualizes the meteorological data on a PUMA 2015
version Forecaster Workstation, which is configurated in a way that does not allow visualization of most
recent NWP and EPS products. At the same time, the DGM has access to graphical tropical cyclone
products from the RSMC for Tropical Cyclone Forecasting La Réunion, and NWP/EPS products made
available within the framework of the WMO Severe Weather Forecasting Programme?* Portal, hosted by
RSMC Pretoria. There is limited capacity to forecast severe events, and there is no impact-based
forecasting capability.

The main reason why the DGM does not meet the requirements for a Category 1 NMHS in the Research
and Predictions pillar is that the NMHS is involved in a limited number of research projects and
experiments. For example, the BRIO project since June 2019, SAWIDRA from the AfDB which is being
developed, the Pilot Project on Climate resilience focusing on climate trends and future climate

283 https://community.wmo.int/swfp-southern-africa
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projections (funded by the World Bank), and C-Rise on sea-level rise implemented by NOC/UK, among
others.

Based on available data, the NMHS would need to expand the range of seasonal forecasts in order to fully
satisfy the requirements for a Category 1 service. The NMHS should improve human and technological
research capacity, and expand the range of weather, seasonal, and monthly forecasts in order to satisfy
the criteria of a Category 2 NMHS in Research and Predictions.

Strengths: TheDGM with its R&D department, fulfils some research and prediction criteria for a Category
1 NMHS, such as providing weather forecasts for up to 3 days and seasonal rainfall forecasts.

Weaknesses: The DGM does not participate in any research program. The NMHS needs to improve access
to research resources, and the range of forecast products as well as the human and technological
capacities to produce them, in order to meet the requirements for a Category 2 service.

Pillar 3: Climate Services Information System

The DGM fulfils partially the criteria for a Category 1 NMHS for Climate Services Information System. There
are aspects within the two categories that are not fully met, such as range of forecast products and access
to software for computing climate statistics (i.e. Climate Tools). The NMHS should expand the range of
products and improve the information that it communicates to users of climate information on its
dissemination media to move up to a Category 3 NMHS for Climate Services Information System. At least
DGM should provide climate information relevant to policy development and National Action Plans on the
five pillars of GFCS.

Strengths: At a governance level, the DGM provides data free of charge to government ministries and
education institutions. Staff produce most basic climate statistics for major climate variables. DGM
performs statistical analyses and contributes to national early warning systems through early warning
information and advisories. The DGM has a well updated website that includes a climatic portal
(http://www.meteomadagascar.mg/maproom) to help different sectors in the use of long-range climate
change impacts.

Weaknesses: The DGM has no clear policy guidelines on the provision of Climate Information Services and
it should improve capacity to produce basic climate statistics and seasonal outlooks. The DGM does not
perform homogenization of climate data. The range of seasonal outlooks is limited, and the website does
not provide sufficient specialized products.

Pillar 4: User Interface Platform

At the DGM, the production of forecasts and warnings is made by making use of the Production System
MeteoFactory, including the Vigilance System for heavy rainfall, strong thunderstorms, strong winds and
high waves. The DGM has a proper website (http://www.meteomadagascar.mg) and operates a TV studio.

The DGM partially fulfils the criteria for a Category 1 NMHS for the User Interface Platform pillar. In order
to move to a Category 2 NMHS, it would need to improve its documentation of user needs and feedback,
incorporate feedback into a redesign of products, and enhance the training of users.

Strengths: With a procedure for user engagement, some staff members have been trained to interact with
users around requests for seasonal forecasts and basic climatological queries. Such interactions have
occurred in the past two years. The DGM has started the process for establishing a National Framework
for Climate Services (NFCS). The DGM co-produces weather bulletins with the health and agriculture
sectors. MoUs have been signed in this regard. It uses the Vigilance system to issue warnings. The TV
bulletin system has been renewed.

Weaknesses: The DGM does not document feedback from users of climate information. The website
provides basic climate information to users. The DGM has not produced tailored products in response to
user’s requests in all priority areas of the GFCS.
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Pillar 5: Capacity Development

The DGM has 283 staff members, of which 3 are climatologists, 4 researchers, 217 supporting staff and

59 categorized as ‘other’.2*

The DGM does not fulfil the criteria for a Category 1 NMHS for Capacity Development. To satisfy the
criteria, the NMHS would need to establish a formalized governance structure with a financial autonomy,
expand participation in the national policy process, and strengthen human and technological capacity.

Strengths: The DGM contributes to climate related policies and plans. Staff have basic training in essential
meteorological services. It has some staff with a range of specializations including NWP. Staff have some
access to software tools for weather forecasting and climate prediction, and there is some training
conducted for entry and mid-level meteorological technicians.

Weaknesses: The DGM has no formalized governance structure. Human, and technological capacities are
limited. There are weaknesses in staff qualifications, with more staff with MSc’s and PhDs required.

3.2.2 Assessment of existing climate services users and platforms

WMO has prioritized several sectors for the provision of climate services, including water, agriculture and
fisheries for food security, health and disaster risk reduction.

Water resources management for potable water, domestic uses

The supply of drinking water covers about 52% of the total population in 2015 (82% in urban areas, 35%
in rural areas.) Approximately 12% of the total population has access to health facilities in 2015 (18% in
urban areas and 9% in urban areas)*”. Despite these numbers, Madagascar has significant potential in
terms of water resources. Yet, these are under increasing pressure because of population growth,
urbanization, and expansion of agriculture, deforestation, and climate change. As a result, the following
consequences are noted:

° the resource becomes scarce as groundwater resources are drying up;

° the quality of the resource deteriorates, which is accentuated by upstream pollution (often
related to poor sanitation, the use of inputs or pesticides, etc.); and

° the use of the resource is confrontational: conflicts of use, mainly between irrigators and drinking
water supply in rural areas.

As presented in Chapter 2, the DGM has some capacity to monitor weather elements over water
resources, including: rainfall, temperature, wind and humidity (for evapotranspiration). However,
hydrological monitoring is weak and there is limited understanding of water catchments dynamics to
provide reliable information to the integrated water resources management decision making process,
including flood risk reduction.

Agriculture and fisheries for food security

Nearly 32% of Malagasy people are undernourished over the period 2010-2012, particularly in the south
with 47% of children under 5 suffering from chronic malnutrition®.

With the support of the DGM weather information, the DAPV (Direction de I’Agriculture en appui a la
production végétale, attached to MAEP) is providing farmers with crop calendars for the rainy season for
each type of crop and for each region. These calendars are sent to the regional direction of agriculture in
charge of informing farmers. However, there is a lack of downscaled forecasts and climate data at district
level to provide accurate information to farmers, in support to their decision-making processes.

244 https://community.wmo.int/members/mdg

245 www.fao.org

National Institute of Statistics of Madagascar, Department of demographic and social Statistics,
Demographic and social surveys (2012)
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Moreover, regarding drought threat monitoring, there is no reliable monitoring on the 3 main rivers
catchments in the Great South for water resource availability.2*’

Fisheries and aquaculture, still underdeveloped and mainly for local consumption, are experiencing strong
growth and are the second largest export earnings of the primary sector, especially shrimps, tuna, lobster
and crab?®, The DGM delivers weather data to fishermen, including: wind speed and direction, height and
direction of waves and swell, and storm surge. Tropical cyclones and storms are the main hazards affecting
the fishery sector and resulting in destruction of equipment and infrastructure, loss of boats but also loss
of lives, in particular for small-scale fishermen. As for farming, there is a lack of downscaled data, which
would be very useful for fishermen who fish locally. According to the fishery department, it is critical to
focus on the small-scale fishermen alert system, because large industry and private sector have their own
information systems. Several projects currently work with small-scale fishermen to disseminate weather
information and train on responses, which should, therefore, be scaled up. ¥

Figure 64 Example of cropping calendar for groundnuts in relevant regions
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Health
Climate conditions affect health in various ways, including:

° heat wave: weakening of the most fragile population (e.g. elderly, children, people affected by
respiratory diseases, dehydration, ...).

° peak of air pollution due to high heat in urban areas: respiratory diseases.

° Tropical cyclones, floods and droughts that disrupt or create a break in access to vital needs
(water, food) endangering the health or even the life of population with the appearance of vector-
borne diseases (e.g. malaria, ...) and waterborne diseases (e.g. diarrhoea, cholera ...).

The Directorate-General for Health has a budget dedicated to crisis management and a contingency plan
in the event of a tropical cyclone to manage health emergencies during the crisis and its post-crisis
consequences (often water-related diseases related to break of the water & sanitation services).

Disaster risk reduction

According to experience and observation, the most important direct losses that Madagascar experienced
from disaster events are those that occur because of tropical cyclones.

Tropical cyclone and storm surge alert: There is a contingency plan for tropical cyclones and storms. The
DGM send a message to ministries, and the communication is broadcasted at TV and radio but most
remote people don’t have access. Small-scale fishermen have a very limited access to climate information
and alerts because they do not listen to national TV and radio (which are currently the main channel used
for dissemination of hydro-meteorological information) as often there is no electricity in the households.
They are also located in remote areas with limited telecommunications. This issue is however being
addressed in the South of the country, where PrAdA project is improving access to meteorological
information by small fishermen.

247 meeting with DAPV, Direction de I'agriculture en appui a la production végétale
248 Jiro sy Rano Malagasy-JIRAMA (Public Electricity and Water Corporation of Madagascar) database 2015
249 meeting with MAEP, Direction générale de la péche
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Flood risk reduction: APIPA (Autorité pour la Protection contre les Inondations de la Plaine d’Antananarivo)
is in charge of hydrology monitoring over the plain along Antananarivo (lkopa, Mamba and Sisaony rivers),
drainage system monitoring (including buffer basins) and flood alert for the 30 local cities belonging to
Great Tana area.

° Regarding prevention and protection, the plain (which is a polder) is protected by dikes, dam and
drainage network system (with pumping stations) to protect from river floods.

° APIPA oversees monitoring the system, cleaning of the canals and reinforcement of the dikes if
needed.
° The flood alert equipment consists of 18 automatic rainfall and / or flow measurement stations in

the lkopa watershed above Bevomanga (4,300 km2). These stations are connected by radio to a
central data acquisition and processing station at the APIPA office where the central station
collects data every hour and uses them to forecast the floods of the lkopa and Sisaony rivers in
their crossings of the agglomeration. The service delivers a warning alert to the population and
rescue services 24 hours before a flood threat. This system is also used to improve drainage
system management (channels drainage network and valves, pumping system, dams and dikes).

There are no other equivalent structures and equipment on the other catchments prone to floods, mainly
in the North of the country and upstream to main cities. 16 regions prone to floods have been identified
but there is no vulnerability assessments, no hazards maps neither risk maps elaborated with concerned
cities and others local authorities.

Floods related to tropical cyclone and storm events are taken into account in the dedicated contingency
plan, for warning the population 3 days before the potential hazard, but there is no monitoring on the
field regarding water basin evolution.

Drought and food security: In the most drought-prone areas, surveys are implemented on the field among
vulnerable population twice a year to alert when the families are forced to sell their goods to buy food for
avoiding starving. The government may organise food distribution with humanitarian partners within the
CRIC, or it can implement prevention action plan regarding agriculture activities (trees’ planting ...).
Madagascar country has joined ARC insurance (32 African countries): the government pay the insurance
contribution to receive funds to give to people, in case of droughts.

Landslide: The DGM works on crossing data on flood/precipitation and soil moisture and geological
structure to produce hazard maps. There are already hazard maps made for the hills around Antananarivo
and the work needs to be extended to the entire Malagasy plateau for risk of landslides.

3.2.3 Assessment of EWS, End-users and Case Studies
In recent years, several damaging tropical cyclones have hitten the country.

° In 2000, three tropical cyclones (Eline, Gloria and Hudah) caused extensive flooding in their areas
of impact and the downstream watersheds (as noted in Section 2).

° In 2004, tropical cyclones Elita and Gafilo caused an estimated 2.3% loss in GDP. Elita killed 363
people and affected one million people, causing economic damages of over US$250 million?°.

° In 2017, tropical cyclone Enawo affected over 430,000 people with a potential economic loss
equivalent to 4% of GDP.

° In 2018, two tropical cyclones Ava and Eliakim left 23 people dead and more than 20,000
displaced.

250

2011.
http://sdwebx.worldbank.org/climateportalb/doc/GFDRRCountryProfiles/wb_gfdrr_climate_change_country_prof
ile_for_MDG.pdf

Vulnerability, Risk Reduction and Adaptation to Climate Change. Madagascar Country Profile. GFDRR,
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Disaster Risk Knowledge®*

Madagascar has experienced many disaster events and ranks amongst the ten countries most vulnerable
to extreme weather events?*2, Furthermore, it is experiencing more intense climate-related disasters each
year. Between 1990 and 2013, 63 major climate-related disasters were recorded, impacting more than 13
million people, over half of the Madagascar population. These experiences lead to high levels of public
awareness of the impacts of hydro-meteorological hazards across the country.

Figure 65 Major climate-related hazards
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Source: Madagascar Strategic Programme for Climate Resilience, 2017

It is known that over the past 30 years, the average annual number of tropical cyclones affecting
Madagascar has not changed (3 or 4 a year), but the number of intense tropical cyclones has increased.
Between 1980 and 1993, the most affected areas were the East Central, the West Central and part of the
Highlands with tropical cyclones bringing average wind speeds of 120 km/h. Then, in accordance with The
Direction Générale de la Météorologie (DGM) observations, from 1994 onwards, tropical cyclones have
affected most of Madagascar and the worst affected area has migrated northward, mainly to the
northeast, where average winds of 150km/h have been observed®. This trend has resulted in increased
loss of life. Indeed, Madagascar is among the 10 countries in the world where the death index related to
tropical cyclones is the highest, and the country experiences frequent wide spread damage to
infrastructure and property. Recent research suggests that while the frequency of tropical cyclones will
not change along this part of the southern Indian Ocean, their intensity is projected to increase®.

Tropical cyclone season is between November and April with the most active period being between mid-
December and mid-March. Tropical cyclones have resulted in serious impacts, including:

° crop losses

251 Including a consideration of the following questions: Are key hazards and related threats identified? Are

exposure, vulnerabilities, capacities and risks assessed? Are roles and responsibilities of stakeholders identified? Is
risk information consolidated?

252 Germanwatch, 2017. Global Climate Risk Index. https://germanwatch.org/en/download/16411.pdf

253 Resilience Capacity Building Project through the production and management of climate information in
Madagascar, Concept Note, February 2017

254 Madagascar Strategic Programme for Climate Resilience, 2017
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° severe flooding

° waterborne diseases’ outbreaks

° coastal degradation and disruption of marine ecosystems

° damage to critical infrastructure and services such as water and electricity supply
° human casualties

Additionally, intense rainfall caused by strong storms and tropical cyclones, coupled with increasing
deforestation and poor land use practices, have led to damaging floods and landslides across the country.
The most damaging were those caused by tropical cyclone Elita. Flood conditions are exacerbated in urban
areas by lack of solid waste management. For example, it is a persistent concern that rubbish blocks
drainage channels and efforts to clear drains are sporadic and incomplete. Flooding in adjacent
communities is a common occurrence and causes a high incidence of water-borne disease.

Figure 66 Litter piles up in the Reunion Kely district, one of the poorest in the capital, Antananarivo,
January 2019

Intense drought over recent years and decades has led to high levels of food insecurity and poverty,
especially in the south, impacting more than 3.5 million people. The increasing irregularities in rainfall
patterns®> and other climate elements, key for productive rain-fed and/or irrigated crops, make
livelihoods mainly based on agriculture ever more precarious?®.

According to the Government of Madagascar®’, the four most harmful hazards associated with the effects
of climate change are: floods, drought, high winds (tropical cyclones) and locust invasions.

Experience with disasters and concerns over climate change have led to the development of some
improved understanding on how climate variables can lead to disaster risk. For example, data on
precipitation, soil moisture and geological structure have been used to develop landslide risk maps for
some hilly areas. Over 70 percent of settlements in the capital Antananarivo are informal, below living

255 Direction Générale de la Météorologie (DGM) indicates that between 1961 and 2005, 17 of the 21
weather stations recorded statistically significant increases in daily minimum temperatures across all seasons, and
several stations also indicated daily maximum temperature increase. Also noted in Madagascar Strategic
Programme for Climate Resilience, 2017

256 UNDP TOR for concept note formulation support in Madagascar (2018)

Resilience Capacity Building Project through the production and management of climate information in
Madagascar, Concept Note, February 2017
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standards and located in risk-prone and environmentally degraded areas?®. The unplanned and
unmanaged nature of the rapid expansion of cities and the increasing frequency and intensity of hydro-
meteorological events is a risk-multiplying equation. While erratic and intense rainfall is expected to
increase, water drainage and sanitation systems in cities are damaged or not fit to the increasingly
extreme storms?%®,

In 2016, the Global Facility for Disaster Reduction and Recovery (GFDRR) of the World Bank published a
“Disaster Risk Profile of Madagascar’?®, as part of the Southwest Indian Ocean Risk Assessment and
Financing Initiative, based on risk modelling for three hazards: tropical cyclones, floods and earthquakes.
Data on exposure of infrastructure (including public facilities, residential construction and transport
infrastructure — roads, ports, airports, etc.-) were combined with data on hazards and vulnerability
provided by the Government of Madagascar (GoMc). These were used for risk analysis, and made
available to end-users in an open data geospatial risk platform. The analysis suggests that, on average,
Madagascar experiences over USD $100 million in combined direct losses from earthquakes, floods and
tropical cyclones each year. Tropical cyclones are by far the most risky hazard in this study, causing
approximately 85% of the annual average loss.

The DGM works with the European Space Agency — Centre National D’Etudes Spatiales / French Space
Agency (ESA-CNES) members. In this way they have been able to access raw and processed satellite images
for real-time flood mapping.

At the local community level, risk mapping (i.e. Community Capacity and Vulnerability Assessments —
CCVA:s) also leads to improved knowledge and understanding amongst stakeholders involved.

Above examples aside, mapping of socio-economic vulnerabilities and climate risk is identified as deficient
within Madagascar’s Strategic Programme for Climate Resilience (SPCR).

Figure 67 Loss in infrastructure combined from tropical cyclones, floods and earthquakes
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Key Facts
This analysis suggests that:

= The average annual direct
losxs from earthquakes; floods,
and tropical cyclones is
approximately $100 million.

The 100-year return period
loss from all perils is almost
$8320 million, or 8% of
Madagascar's 2015 GDP

The 250-year return period
loss from all perils could be
$1.2 billion, or nearly 12% of
Madagascar's 2015 GDP

258 World Bank, 2013. Building resilience: integrating climate and disaster risk into development planning: the

World Bank Group Experience.
http://documents.worldbank.org/curated/en/762871468148506173/pdf/826480WP0Ov10Bu0130Box379862000U
0090.pdf

259 Madagascar Strategic Programme for Climate Resilience, 2017

260 GFDRR-WB, 2016. Madagascar Disaster Risk Profile.
http://documents.worldbank.org/curated/en/119311492590083804/pdf/114366- WP-PUBLIC-disaster-risk-profile-
madagascar.pdf
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Source: GFDRR-WB, 2016. Madagascar Disaster Risk Profile?:.

Critical analysis

According to the Technical Report into the Assessment of Hydro-meteorological Services, flood hazard
maps (and flood forecasts and early warnings) are among the most solicited information by key user
sectors?®?, However, despite being vital for flood hazard and risk management, currently these maps do
not respond fully to user needs.

Figure 68 Users' information needs

Users' Information Needs

Numberof Sector Users

Source: Technical Synthesis Report into the Assessment of Hydro-meteorological Services and
Recommendations for their Improvement. World Bank Group, January 2017

In particular, there is a need to extend landslide risk mapping to the entire Madagascar Plateau.

Detection, Monitoring, Analysis and Forecasting of the Hazards and Possible Consequences?®

The very limited number of weather stations and the lack of an hydrological monitoring system have made
it impossible to monitor many important regions of Madagascar and populations especially vulnerable to
climate-related hazards. For example, in the past, there were some landslide tracking stations, but now
heavy rains are not monitored in landslide-prone areas, soil moisture conditions are not known in
agricultural areas, warning levels of flooding are not properly detected and forecasted. As a result, many
potentially fatal hazards have not been anticipated and foreseeable consequences have not been
mitigated?®4,

Detection, monitoring, analysis and forecasting of hydro-meteorological hazardous events and possible
consequences are present only in some region; however, these systems are not homogeneous accross
the regions.

For example, three watersheds have monitoring systems suited for the detection of floods. Two of these
have been equipped by CPGU; one in the Antananarivo area, and the other near Toliara. While CPGU was
responsible for installing the necessary hydrological monitoring equipment, the DGM collects and exploits
the data. Unfortunately, maintenance of the equipment is a challenge. Additionally, data collection is not
easy. Data stations require manual collection of data, yet they are sometimes difficult to reach. CPGU has

261 http://documents.worldbank.org/curated/en/119311492590083804/pdf/114366- WP-PUBLIC-disaster-
risk-profile-madagascar.pdf

262 Technical Synthesis Report into the Assessment of Hydro-meteorological Services and Recommendations
for their Improvement. World Bank Group, January 2017

263 Including a consideration of the following questions: Are there monitoring systems in place? Are there
forecasting and warning services in place? Are there institutional mechanisms in place?

264 Resilience Capacity Building Project through the production and management of climate information in

Madagascar, Concept Note, February 2017
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provided bikes to aid data collection, yet distance, road condition and poor weather conditions, all hinder
the collection process.

Whilst scientific and technological means to forecast hazardous events is weak, it isimportant to recognise
that communities, such as farmers, have their own belief/weather prediction systems. Even if official
warnings were technically possible, local user groups will not necessarily take heed. Indeed, international
evidence suggests it highly likely that official warnings will not be effective in fostering action.

Key hydro-meteorological information to share with fishermen are: wind speed and direction, height and
direction of waves and swell, and storm surges.

Insights from the case study

Tropical Cyclone Ava was born from a low-pressure weather system located about 2,000km off the
northeast coast of Madagascar on 27 December 2017. It then intensified into a Tropical Cyclone by the
time of its landfall. However, Tropical cyclone Ava’s strength was higher than expected because initial
forecasts had estimated Ava would land at moderate Tropical Storm stage. The storm surge threat was
monitored by the European Commission Joint Research Centre (JRC)%®.

Critical analysis

Weather forecasting and risk assessment need to be refined/downscaled to become more useful for
users. However, there is concern that downscaled information is expensive and, therefore, access by users
can sometimes be at a cost. It is already possible to get more refined information e.g. from Météo France,
but the problem is that it is expensive.

As climate conditions change, local user groups such as fishermen, are noticing that signs of pending
weather have changed. They are less able to recognise signs and forecast conditions. This may open up
new opportunities for collaboration between scientific approaches and traditional knowledge on
forecasting. The hydro-meteorological community needs local insight and cooperation for a warning
system to work, and local community user groups may increasingly value the services provided by official
sources.

Warning Dissemination and Communication®®®

The DGM has a weather communication unit (see Section 3.1) that supports the broadcasting of weather
information and alerts via radio, television, telephone, fax, and internet. In addition, Madagascar has
organisational and decision-making processes in place. For example, as soon as there is an indication of
the probability of an event, the CRIC is activated (see part 3.1 for CRIC presentation). This is a platform
that brings together key actors needed for coordination during an emergency and to determine whether
to deploy a field response team (e.g. BNGRC CPGU, relevant government departments, WFP, UNICEF, UN
OCHA, NGOs, Red Cross).

Once pre-alert information of an event is forecasted, the DGM begins issuing regular bulletins to CPGU
(Risk Management Operational Cell). The frequency is related to the type of hazard (possibly every hour).
In turn, CPGU produces briefing notes for the Prime Minister to report on the situation and crisis
management measures. To alert regional entities, BNGRC sends information to RCMP regional

265 The JRC has developed an experimental global storm surge model, which is run after each advisory issued

by the regional tropical cyclone centres. The calculations are published about 20 minutes after a new advisory is
detected by the Global Disaster Alert and Coordination System (GDACS). The calculations identify the populated
places affected by storm surge up to three days in advance, using the forecasted track. When forecasts change, the
associated storm surge changes too and alert levels may go up or down. All links, data, statistics and maps refer to
the latest available calculation. If the calculation for the last advisory is not completed, the latest available
calculation is shown. (See
http://www.gdacs.org/Cyclones/report.aspx?eventtype=TC&eventid=1000429&episodeid=26)

266 Including a consideration of the following questions: Are organizational and decision-making processes in
place and operational? Are communication systems and equipment in place and operational? Are impact-based
early warnings communicated effectively to prompt action by target groups?
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committees who relay information to districts and Fokoutani. In turn the public are warned and provided
with rules of behaviour to adopt.

The experience is varied among different sectors with respect to receiving forecasts and warnings (see
Table 21). But a common denominator is the lack of capability to provide warnings to specific user groups,
services and communities.

Table 21 Summary of dissemination to some sectors

Sector Product Frequency Dissemination Key issue
method
Health Newsletter 2 weeks Email
Alerts Public media
Maritime Bulletin Lack of dissemination to
specific services and users
Alerts Public media
In-land transport Alerts Lack of dissemination to
specific services and users
Agriculture Bulletin 2 weeks [/ ?? Too technical. Lack of
monthly drought warning for user
groups

The health sector receives weather forecast newsletters from the DGM every 2 weeks via email. However,
for fast onset hydrometeorological extremes, like tropical cyclones, these are only disseminated via public
media. No specific alert is sent. However, a platform has been set up to disseminate climate services
specifically towards the health sector.

For the maritime sector, the DGM sends a meteorological bulletin to various users including Agence
Portuaire Maritime et Fluviale (APMF), Centre de Fusion d’information maritime (CFIM), etc. These users
will then disseminate these bulletins widely using national radio channels. The local population is used to
listen to the radio for weather-related information and hazard alerts. However, small-scale fishermen do
not always have access to radio due to their limited access to electricity; this can also be due to their
location in remote areas with no communication means. Hence, there are difficulties to reach them with
relevant weather-related information and alerts.

Similar to the maritime sector, the in-land transport sector receives information from the DGM. However,
they do have not enough capacity to further disseminate the alerts towards all users of land transport.
For example, when they receive an alert, they directly inform the ‘gare routiére’ (bus station). However,
for those who have already taken the road, there is no way to communicate with them because of a lack
of connectivity in the country.

The agriculture sector (MAEP) receives meteorological news in the form of a bulletin every 2 weeks or on
a monthly basis (depending on types of crops and cropping practices) for each region of the country. The
Ministry of Agriculture has recently set up decentralised services, but these are not yet functional. The
intention is that these will disseminate relevant agrometeorological information to communities.
Currently though, the regional climate bulletins are considered too technical to be used as agricultural
climate advisories and they are not disseminated to the farming community. A further weakness exists in
the fact that it is not possible to provide specific drought warnings. Overall, small-scale farmers, a critical
segment of Madagascar’s economy and society, do not receive information that would help them in
making decisions, such as when to sow seeds ahead of the rainy season.

This gap is being addressed through the GIZ project, PRADA (with partners including the DGM, MAEP,
FIFAI, TAHMO). Through this project, farmers can call a mobile phone hotline for free up to six times per
month. When they call, they will receive an approximately 2-minute long recorded monthly information
message in Malagasy relevant to their region. In this manner, farmers can receive weather information,
advice on the type of cultivation and other agricultural practices.
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However, some challenges will still remain. For example, GIZ estimate that only about 30% of the rural
population have access to a mobile phone and power supply affects usability. Furthermore, the messages
would ideally be translated into the various local dialects. High levels of illiteracy rule out sending text
messages. For the system to maximise its potential, further efforts to ensure information is shared more
broadly are required. Such as through relaying information during community meetings, displaying
posters, and by connecting the service with local radio which is more accessible than mobile phones to
rural communities (estimated at about 56%). Finally, the project needs to develop a sustainability
mechanism to ensure the system is operational when the project ends (e.g. sell information to private
companies).

Insights from the case study

The various government departments began sectoral information-sharing meetings before the arrival of
Tropical Cyclone Ava. The Malagasy authorities issued a red alert (imminent threat) for the regions of
Analanjirofo, Atsinanana and Alaotra Mangoro for 4 to 5 January, and Vatovavy Fitovinany for 5 to 6
January. In addition, several districts were placed on yellow and green alert®®’.

Critical analysis

Whilst protocol exists for the dissemination of warning information through the described decision-
making process, it is a generally held view that information is not properly disseminated and does not
adequately reach end-users®%8,

The current DGM weather forecasting service provides only basic qualitative weather forecast such as
strong wind, low temperature, high chance of rainfall, low visibility etc. It is not able to provide impact-
based forecasts and early warnings targeted to user groups and communities.

There is a heavy reliance among sector departments on receiving warning information via public media,
through TV and radio (but not through local radio transmitted in local languages). For example, the DGM
does not currently send weather forecasts and warnings to the Direction for Communication at MAEP
who could then share this with the various services and regional units of the Fishery Department. The lack
of tailoring to sector needs is a serious impediment to the effectiveness of any required preparedness
measures needed.

The tourism sector is keen to receive information.
Preparedness and Response Capabilities?®®

The BNGCR is responsible for crisis/disaster management, from warning through to response, including
responsibility with respect to food security. Contingency plans exist for each sector. For example, when
there is an alert of a disease outbreak, the health sector will ensure that local clinics have sufficient
medicine supplies.

Tropical cyclones are the main hazard affecting the fishery sector in Madagascar. Impacts typically include
damage or destruction of equipment and infrastructure and loss of boats (see Disaster Risk Knowledge).
Small-scale fishing communities are most at risk, and their lives are in danger. However, even if warning
messages reach such communities, it is likely that the warning will go unheeded. Mainly, this is due to two
reasons. Firstly, as fishing is so vital for food and income, some will consider the risks are outweighed by
the necessity to go to the sea. Secondly, official warnings are likely not to be trusted. Instead, fishermen
tend to rely more on their own observations of conditions. If an official tropical cyclone warning is issued
but the sky is clear, they are likely to assume that the warning is false. In addition, a warning or forecast
that is not totally accurate will undermine trust, even though this level of accuracy is unrealistic. A lack of

267 Reliefweb, OCHA 5 January 2018. Available at: https://reliefweb.int/disaster/tc-2018-000001-mdg

268 Resilience Capacity Building Project through the production and management of climate information in
Madagascar, Concept Note, February 2017

269 Including a consideration of the following questions: Are disaster preparedness measures, including
response plans, developed and operational? Are public awareness and education campaigns conducted? Are public
awareness and response tested?
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trust in official warnings is shared by other local communities too, such as farmers. Consequentially, a
trait for local people not to respond to warnings, of all types (e.g. tropical cyclone, floods, landslides), is a
common tendency.

Landslide alert system is based on experience (soils are crumbly - soil saturation, house weight). The local
authorities are informed and organise the evacuation of populations to reduce the load on fragile soils
and to shelter people.

Insights from the case study

At the time of the first Tropical Cyclone Warning, the government’s response was to activate the National
Contingency Plan via the National Office of Risk and Disaster Management (BNGRC) and the Country
Humanitarian Team (HCT). The following activities were then jointly conducted by BNGRC, HCT and the
relevant ministries.

1) Pre-deployment of BNGRC teams, each accompanied by a Civil Protection Corps Unit; the team
that went to Toamasina (the tropical cyclone's entry point) in particular was accompanied by the
Office of the United Nations Resident Coordinator, through OCHA

2) Activation of all Operational Crisis Management Centres, at the BNGRC level and at the
decentralized level where these centres are available (Toamasina, Brickaville and Analamanga)

3) The dissemination of vigilance instructions and appropriate behaviours at each administrative
level, with a particular focus on communication on flood and landslide alertness

4) Activation of satellite support (UNITAR, UNOSAT, COPERNICUS) to have a map analysis of the
expected potential consequences

5) Activation of all Regional Disaster Risk Management Committees (CRGRC).

6) Conducting evaluations through the existing mechanism, and three aerial survey assessments of

the affected areas: the first two funded by UNICEF on ECHO funds, and technically supported by
OCHA for the South-East, West and Northwest, and the third funded by Ambatovy for the East
Zone.

7) CRIC regular meetings, usually every two days, to define the strategy for response, prioritization
of needs assessments, cross-sector coordination of these responses

Tropical Cyclone Ava was the first cyclone of the 2017-2018 southern season of the Indian Ocean. The
system peaked at Category 2 with sustained winds of 150 km/h and gusts of up to 190 km/h. Heavy rain
associated with Ava was recorded since 3 January in the north, north-east and east, and preventive
evacuations began in Brickaville on 4 January?’®. The tropical cyclone actually made landfall on the coast
of Madagascar on 5 January 2018 near Toamasina, after remaining for several hours near St. Mary's Island
during the previous night. From landfall, the tropical cyclone arced through eastern Madagascar, before
leaving the country across Mananjary district, spreading heavy rains to the highlands and the south-east.

According to the official Situation Report?’?, 51 people lost their lives and 22 went missing. In addition,
damage to property affected 160,000 people forcing 54,000 people to evacuate their homes. Of these,
there were estimated to be over 6,000 displaced children. Food security was seriously threatened with an
estimated 42,000 households needing assistance to revive their agricultural activities and restore their
destroyed livelihoods. The tropical cyclone caused other forms of damage. For example, health
infrastructure was damaged, including Basic Health Centres and a district hospital. Administration staff
housing was also affected or destroyed. For the education sector, many schools were badly affected and
even collapsed. It was reported that 512 classrooms were destroyed. Furthermore, 77 damaged

270 Reliefweb, OCHA 5 January 2018. Available at: https://reliefweb.int/disaster/tc-2018-000001-mdg
271 National Office of Disaster Risk Management (BNGRC) and the Humanitarian Team of Madagascar.
Madagascar: Cyclone Tropical Ava Rapport de Situation conjoint: No. 1 17 Janvier 2018
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classrooms were themselves used as a shelter?’?, clearly indicating inadequacy in this arrangement. During
the first day of the tropical cyclone's entry, the BNGRC describes the most urgent activities as the
reinforcement of alerts, the evacuation of people living in areas at risk, and the care of evacuees in the
accommodation sites?”3.

The main impact of Tropical Cyclone Ava was from the flooding, although wind damage occurred, and the
heavy downpours also triggered mudslides (Figure 69). The Northeast and East coasts had already
received a lot of rain during the last three months of 2017, and so the ground was less able to absorb the
heavy rains, exacerbating flood risk. Away from the coast too, Antananarivo was not spared the effects of
flooding.

Figure 69 Heavy rainfall from Tropical Cyclone Ava over Madagascar
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Source: NASA%™4

Although the government reports that pre-positioned stocks of aid were available in Antananarivo,
Toamasina and major cities on the east and south-east coasts, roads were rendered impassable. This
meant that basic needs could not be easily delivered or medicines, vaccines and other health inputs. The
phone network was also knocked out, hampering response by disrupting communication channels.?”®

In the Situation Report, it is reported how various needs are to be met by different agencies through the
distribution of assorted items — for example, tarpaulins, health kits, kitchen items, buckets, even cash
transfers. What is not known, is the extent with which this assistance was provided, whether it did meet
needs sufficiently for all affected people, and the contribution this made towards recovery. Similarly, it
was also noted that assistance was needed to help vulnerable households access safe land, but the
likelihood of progress seems low.

Important assistance on the ground was provided by various non-governmental organisations, such as the
Malagasy Red Cross (e.g. disinfection of contaminated wells), Catholic Relief Services and Helvetas Swiss
Intercooperation (e.g. water sanitation and health kits distribution). Such organisations can target the
most vulnerable based on pre-existing knowledge and data on who is most at risk. Therefore, strong

272 Reliefweb, OCHA 8 January 2018. Available at: https://reliefweb.int/disaster/tc-2018-000001-mdg
273 National Office of Disaster Risk Management (BNGRC) and the Humanitarian Team of Madagascar.
Madagascar: Cyclone Tropical Ava Rapport de Situation conjoint: No. 1 17 Janvier 2018

274 Available at: https://www.nasa.gov/feature/goddard/2018/ava-southern-indian-ocean

The views of Feedback Madagascar reported by Al Jazeera, 9 January 2018. Available at:
https://www.aljazeera.com/news/2018/01/cyclone-ava-kills-29-madagascar-180109184951149.html
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collaboration and coordination with local authorities and partners is highly beneficial. Helvetas note
participation in simulation exercises conducted by the BNGRC in November 2017 and how such exercises
should be systematized. Building on such initiatives, experience demonstrates the need to strengthen
local authorities’ response capabilities and partnerships between NGOs (such as UNICEF, Malagasy Red
Cross, MEDAIR) and local authorities.

Critical analysis

In practice, the outworking of contingency plans is rudimentary. Mainly, warning messages are
disseminated through national media, and therefore they do not reach all user groups and lack tailoring
to suit specific needs. Sectors do not work directly with local communities. At best they have decentralised
units, but nevertheless, they do not communicate directly with local communities.

There is a strong need to sensitize user groups about weather alerts and provide training. Likewise,
producers need to better understand the needs and perspectives of local users. Despite the clear need to
bridge the gap between producers of official warnings and user communities, there is a lack of
engagement and feedback from user communities to producers. This perpetuates the challenges
associated with helping to ensure warnings lead to preparedness and response.

3.2.4 SWOT analysis
Table 22 SWOT analysis of DRM in Madagascar

Stakeholder Strengths Weaknesses?’® Opportunities Threats
NMHS (DGM) | Existing  hydro- | Lack of tailored weather, | The National Action Plan
meteorological water and climate services | for the Improvement of
services with | including adequate early | Hydro-meteorological
competencies warning systems to provide | Services (Plan d’Action
and equipment | decision makers at all levels | National pour
(to be | with information essential | I’Amelioration des
reinforced). for mitigation of extreme | Services

Vital partnerships

with

international and
regional

partners.

Met stations
manned by

trained observers

events and adaptation to a
changing climate. For
Madagascar, this includes a
need to strengthen drought
monitoring and forecasting
capability.

Lack of downscaling of data
to refine adequate forecast
at local scale.

Limited information on
future climate conditions,
including lack of
downscaling to local scale.

Lack of understanding in the
DGM of the user’s needs.

Lack of effective
communication between
sector users and DGM. No
proactive engagement with
users takes place.

Hydrométéorologiques —
PANASH, 2016) included a

component (iv) on
National Hydro-
Meteorological Services

Users Group (NHMSUG)
establishment and
training to tackle user-
provider related
challenges (see Section
3.5.3). However, it is
unclear whether this plan
is still current.

Madagascar is on its way
to initiate the
establishment of the
National Framework of
Climate Services (NFCS)
with assistance of the
Global Framework of
Climate Services. The
NFCS will be used as a

276

126

Largely based on (i) UNDP TOR for concept note formulation support in Madagascar (2018) (ii) Resilience
Capacity Building Project through the production and management of climate information in Madagascar, Concept
Note, February 2017, and (iii) Technical Synthesis Report. Assessment on the State of Hydro-Meteorological
Services and Recommendations for their Improvement. Madagascar. World Bank and GFDRR (January 2017)




Gaps in monitoring capacity, | platform for the

inadequate stations | establishment of
network. NHMSUG.
DGM primarily acts as a data | National Determined

provider, rather than a | Contributions define, as a
service  provider?”?,  for | priority action before
example information can be | 2020, the development of
too technical for user | multi-risk Early Warning
communities understanding | Systems.

and application in decision

making.

DGM has limited number of
staff, and limited skilled staff
with MSCs and PhDs.

Challenges in collecting
manual data, for example,
on account of distance and
poor road conditions.

Inadequate maintenance of
observation equipment.

Weak backup and limited
digitalised data.

DRM Inadequate urban planning | Historically, Madagascar
institutions (in a rapid urbanization | has focused on ex-post
process, with unfit land-use | response and recovery
planning, proliferation of | efforts, but the country
informal settlements in risk- | has grown aware of the
prone areas, and | need to invest in disaster
magnification of | preparedness, mitigation
vulnerability to climate | and prevention.

impacts in urban settings).

Poorly maintained drainage
infrastructure in urbanized
areas (with lack of sewage
system).

Inadequate mainstreaming
of climate change and
disaster risk management
(DRM) in  development
policy and planning.

Lack of decentralized level
capacity (regions, districts,
municipalities and
decentralized sectoral
ministries) to manage
climate and disaster risks.

277 The first key recommendation of the Technical Report into the Assessment of Hydro-meteorological

Services is to align the services of the DGM with the sector users’ needs and build its capacity to make the
transition from data providers to data and information services providers. (Technical Synthesis Report into the
Assessment of Hydro-meteorological Services and Recommendations for their Improvement. World Bank Group,
January 2017)
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No dedicated budget for
autonomous management
and investment.

Insufficient flood and
landslide  hazard maps,
forecasts and warnings.

Sector CS | bGM provides | Lack of a coordination | The tourism sector has | Lack of effort to
users data free of | mechanism between users | expressed interest in | systematically apply
charge to | and providers of hydro- | paying for hydro- | climate information in
government meteorological services to | meteorological production and service
ministries. streamline their needs. information, as they | sectors despite
. N recognise the potential | recurrent and
DGM has a | Inadequate dissemination of g' £ . .
. . . benefits. increasingly  extreme
climate portal to | services to fishermen, .
. . hydro-meteorological
help sector users | particularly at distance
. events as planners,
using long-range | offshore. .
. policy makers and
climate change - . .
o Not enough specialised policies do not make it
projections  for . .
. . products available to users a priority. Efforts are ad
decision-making on the website hoc and lack
(MAPROOM et . coo’rdination
RIMES). DGM does not have a ’
rocess to collect and use Lack of appreciation
Some staff . PP
feedback from CS users, nor amongst sector users
members of DGM . .
) to  co-produce climate and end users in the
are trained to | . . . . .
. . information with all relevant possible benefits of
interact with .
sector-users. hydro-meteorological
users to produce .
services, and hence
seasonal . .
information  deemed
forecasts. .
too expensive.
Significance of
traditional knowledge
perceived by national
agencies as less
important in  early
warning than scientific
knowledge.
Last Perception of low
Mile/Gender confidence in early
aspects warning among
population.
Other Important synergies exist

with various projects.
Hydro-meteorological

services can be
strengthened by

optimising opportunities
where projects can offer

mutual support to
increase benefits (see
section 3.5.3).

Changing weather
patterns may  open
opportunity for new
appreciation of  the
services provided by
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hydro-meteorological
services.
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3.3 Mauritius
3.3.1 Assessment of NHMS
Pillar 1. Observation and Monitoring

The MMS has 30 operational Automatic Weather Stations (AWSs), however 4 require full upgrade,
(especially those at the airports). Additionally, there are 23 rainfall stations.

While noting that these stations are operating with some limitations, only 6 AWSs are registered in the
WMO OSCAR Database?”® (Figure 70). According to the WMO WIGOS Data Quality Monitoring System
(WDQMS)?®, two of these stations are reporting data on the WMO Information System / Global
Telecommunication System (WIS/GTS), thereby the confirmation that there is a need to
upgrade/renovate at least 5 mandatory and 5 conditional surface-based stations in order to comply with
the WMO Global Basic Observing Network (WMO/GBON) for surface-based stations.

Figure 70 Mauritius AWSs registered in the WMO OSCAR Database?%®
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Knowing that the flows in Indian Ocean are mainly easterly, it is important to have upper-air radio-
sounding stations in the eastern parts of the Indian Ocean region, thereby the importance of establishing
three stations in Mauritius, one in the main island (existing but requires upgrade), one in Rodrigues Island
(far east of IOC domain) and one in Agalega Island (located between Mauritius and Seychelles). The
distance between these islands is higher than 500 km (in average), so the proposed three stations are
aligned with the WMO/GBON requirements for establishing an upper-air radio-sounding station every
500 km.

The MMS operates a doppler weather radar, but noting the distance between islands and again the fact
that the flows in Indian Ocean are mainly easterly, there is a need to install at least another radar, which
not only contributes to Mauritius, but also to the overall SWIO region.

The MMS used to have a Wave Rider, which is not functioning since October 2018. Knowing that the flows
in Indian Ocean are mainly easterly, and during storm events, there are high waves and storm surges, it is
particularly important that MMS would acquire wave buoys to ensure safety of life and damage at sea.
The MMS has 4 tides gauges, of which 2 need to be replaced.

The MMS does not operate an lightnening system, while lightening is considered an important hazard in
the country.

278 https://oscar.wmo.int/surface/#/
279 https://wdgms.wmo.int
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Each manufacter provides a different data acquisition system, and therefore MMS does not dispose of an
integrated data management system to manage, monitor and manipulate the observational data, neither
a datacenter to store in a standardized manner the data. The Message Switching System is obsolete, which
compromises internal and external communications.

The Mauritius Meteorological Service (MMS) meets the criteria required for Category 1 for the
Observation and Monitoring pillar and partially meets the criteria for Category 2. The small size of the
country has partly helped in meeting the station density conditions. The MMS still needs to improve the
density of upper air stations. Strengths: MMS meets all the conditions required for Category 1 NMHS,
except for the density of upper air stations and frequency of data backup. Most of the Mauritius stations
are manned by trained observers. The Agency maintains electronic backup of data and backs up data at
least every week. It has good stations density with at least one station every 20 km and uses CDT for
quality control of station observations. A good number of stations that are Class Ill and above are
inspected every year. The MMS has performed basic station needs assessment and has strategic plans for
station expansion. The MMS has a doppler radar for the main island.

Weaknesses: The main weakness is that the MMS does not back up climate data often enough. There is
no doppler radar at Rodrigues island.

Pillar 2. Modelling and Predictions

The MMS run AROME model, but at very course resolution and in an experimental mode. It has access to
global and regional NWP data made available by WMCs and RSMCs on the WIS/GTS. However, the MMS
has limited capacity to manipulate raw data. The MMS visualizes the meteorological data on a outdated
Forecaster Workstation, which is configurated in a way that does not allow visualization of most recent
NWP and EPS products. At the same time, the MMS has access to graphical tropical cyclone products from
the RSMC for Tropical Cyclone Forecasting La Réunion, and NWP/EPS products made available within the
framework of the WMO Severe Weather Forecasting Programme?° Portal, hosted by RSMC Pretoria. The
MMS has initiated the development of impact-based forecasting with the support of WMO.

The main reason why the MMS does not meet the requirements for a Category 1 NMHS in the Research
and Predictions pillar is that the NMHS is not involved in any research projects and experiments in which
the staff participate except for the BRIO project since June 2019.

The NMHS could fully meet Category 1 and 2 requirements by developing human resources (through
academic and technical training), increasing participation in research, and improving technological
capacity. The NMHS could meet the criteria for Category 3 by investing much more in improvements along
the same lines (as above) as well as greatly expanding the range of climate products that it produces.

Strengths: The MMS provides weather forecasts for up to 10 days and seasonal rainfall outlooks. Staff
produce and disseminate a ten-day weather forecasts, as well as monthly and seasonal forecasts with an
assessment of uncertainties associated with the seasonal forecast. They have enough access to the
internet.

Weaknesses: The MMS lacks adequate staffing capacity in terms of higher academic qualifications and a
range of specializations. Staff participation in research is not enough for Category 2, and the range of
climate information products is limited.

Pillar 3: Climate Services Information System

The MMS partially fulfils the criteria for a Category 2 NMHS for the Climate Services Information System
pillar. The NMHS should improve the range of climate information products that it produces (even though
it is making progresses in developing and providing products for the water resources, agriculture and
fisheries sectors), the frequency with which it produces seasonal forecasts, and the availability of products
on its website to fully meet the criteria for Category 3. The MMS produces weather forecasts up to 10
days.

280 https://community.wmo.int/swfp-southern-africa
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Strengths: At a governance level, the MMS has clear policy guidelines on the provision of Climate
Information Services and provides data free of charge to government ministries and education
institutions. Staff produce basic climate statistics for major climate variables and seasonal forecasts for
rainfall. The MMS has a website with basic climate information. The MMS produces advanced climate
products in various formats and contributes to national early warning systems through early warning
information and advisories.

Weaknesses: The MMS should expand the range of basic products and improve access to software needed
to produce them. The MMS does not responds to all user needs and must produce and/or refine products
in response to user feedback in the next years. The MSS does not perform homogenization of climate
data.

Pillar 4: User Interface Platform

At the MMS, the production of forecasts is made by making use of the Production System, however there
is a need to extend it to alert and warning system. The MMS has a proper website
(http://metservice.intnet.mu) and operates a TV studio.

The MMS partially fulfils the criteria for a Category 3 NMHS for the User Interface Platform pillar. There
are however aspects within each category that are not fully met. For example, no staff members of the
MSS are trained in climate services/user engagement. The NMHS should expand its interaction with the
sectors, enhance its procedures for gathering feedback from users about information products and
services, and improve the website to provide access to national observations and forecast information for
any national interactive media outlet in order to meet Category 3 criteria.

Strengths: The MMS have in place a set of strategic plans and procedures, ensuring users of weather
forecasts and climate information are engaged. Users have been engaged in the past two years. The MMS
produces some tailor-made products to the agricultural sector.

Weaknesses: No staff are trained to engage with users and provide Climate Information Services.
Procedures for collecting feedback could be improved and website could be strengthened. Access to
national observations and forecast information, via website and API, for use by national interactive media
outlets is not provided.

Pillar 5: Capacity Development

The MMS has 134 staff members, of which 81 are meteorologists, 18 supporting staff and 35 categorized

as ‘other’.?8!

The MMS partially fulfils criteria for a Category 2 NMHS for the Capacity Development pillar. To be
categorized as a Category 2 NMHS, the MMS would need to strengthen governance, improve the
qualifications of the staff in specialized areas, and strengthen its training program. It should invest in
technological capacity, including software, and higher speed internet. The NMHS would need further
improvements along the same lines, also including high performance computing, in order to satisfy criteria
for a Category 3 NMHS.

Strengths: The MMS has a formalized governance structure with a status of an independent body under
a Ministry. An adequate number of senior meteorologists have MSc or PhD degrees. Staff have basic
training in most essential services. The MMS has staff who are educated in management. Most staff have
access to basic computing resources and 1 Mbps internet capacity.

Weaknesses: The MSS’s participation in national climate related policies and plans is limited. The training
program has weaknesses towards the enrolment of all stakeholders in the best use of climate services.
Access to software should be improved.

281 https://community.wmo.int/members/mus
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3.3.2 Assessment of existing climate services users and platforms

With regards to the priority sectors identified in the GFCS, the present situation for Mauritius is detailed
below.

Water resources management for potable water, domestic uses

Water resources management refers to WRU with a priority given to domestic use. The level of access to
water is rated at 100%.2%2 However, the demand in domestic water is increasing, not because of
demography which is quite stable in Mauritius (0,4%), but because of tourism, with more than 1.4 million
tourists coming every year and the country’s goal to go up to 2 million tourists per year. Yet, at the
moment, there is a lack of monitoring of surface water resources, and the relation between rainfall and
water catchment; such information is critical to anticipate water availability, and to get prepared in case
of flash floods.

Agriculture and fisheries for food security

Agriculture in Mauritius is characterised still by sugar cane mono-production. The sugar cane industry
monitors water resources for irrigation, using its own hydrological stations which data are shared with
WRU.

Regarding fisheries, there is no marine meteorological forecast provided to fishermen, and limited
capacity within the MMS to produce localised forecasts around the island. Such information is critical
given that wind speed and direction, and wave direction and height may be radically different from one
side to the other side of the island.

Health

Health is also an important climate-sensitive sector in Mauritius; however, there is no specific
communication of climate services and products from the MMS to the health sector.

Disaster risk reduction

Overall, Mauritius does not have a strong basis to produce accurate, reliable and understandable climate
services to users and end-users. A key problem is the lack of cohesive central database in which hydro-
meteorological data — which is generated in quantity in Mauritius — could be stored and made accessible
to all relevant authorities. At present, such data is scattered across ministries and institutions, making
access difficult. Moreover, quantitative data on the extent of damages caused by any hazard — necessary
to support DRM strategies — are not systematically centralised and archived.

With the setting up of a National Disaster Risk Reduction and Management Centre in 2013, a central
disaster database is expected to be created. In terms of public awareness, the science behind all natural
hazards likely to affect Mauritius is now taught at both primary and secondary education. Yet, additional
training materials and further public awareness need to be developed mainly for torrential rains. A
complementary “public alert system” based on information given by the general public on site and send
to NDRRMC through mobile phone application may be an opportunity to both (i) make people aware at
local scale and (ii) facilitate the feedback of information from the field at the early start of the event.

The Government is, nonetheless, making progress integrating climate change-related information into
sectoral policies; in particular, efforts are made to ensure that human settlements are planned correctly
and take into consideration disaster risk and the enforcement of building codes. Besides, there are general
regulations (such as environmental impact assessments), including disaster risk reduction measures in the
development of major infrastructures. However, the enforcement of these regulations is not always
stringent.

Finally, there are Emergency Operations Procedures (EOP) in place for all the major hazards likely to affect
the Republic of Mauritius. The lack of resources and capacities at local scale (local authorities) to
implement them is a major challenge, as risk management is most effective at local level. Relief funds are
in place and assistance is provided only on an ad hoc basis to those individuals in need. In this context,
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risk information document to inform citizen and private project operators to better understand the risk
and economic consequences for them, to better respect buildings constraints and to implement buildings
specification to reduce run off in urbanised areas (for inland flooding or coastal inundation and erosion)
would be a first step towards facilitating the implementation of DRM at the local level.

3.3.3 Assessment of EWS, End-users and Case Studies
Case Study — Tropical Cyclone Gelena, 9-10 February 2019%3

Tropical cyclone Gelena was the 9™ storm of the 2018-19 South-West Indian Ocean tropical cyclone
season, one of the most active seasons on record since 1967.

In the morning of 6" February 2019, Gelena developed into the Southwestern Indian Ocean and a warning
was issued by the RSMC La Reunion — Tropical Cyclone Center. After an initial erratic movement, Gelena
headed South-eastward. During the morning of 8" February, the Mauritius Meteorological Service (MMS)
released its’ first tropical cyclone warning, indicating the possibility of a heavy swell with waves of 5-6
meters and advising the public to take preliminary precautions. On 10" February, Gelena passed by the
island of Rodrigues, with gusts up to 160km/h. Gusts had been forecasted to reach up to 165km/h%4,

Figure 71 Track of Tropical Cyclone Gelena, February 2019
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The tropical cyclone destroyed 90 percent of the Rodrigues electricity grid and as a consequence the
40,000 inhabitants were left without electricity. Gelena forced the evacuation of more than 140 people
to shelters. Most of the damage that occurred was due to fallen trees that led to blocked roads; there
were also severed power cables, telephone lines and widespread flooding was reported. It is estimated
that Gelena caused around $1 million in damages®®.

283 The team were unable to conduct fieldwork in Rodrigues, where Cyclone Gelena caused most damage and

disruption. Therefore, it was not possible to receive first-hand information on the effectiveness of the early
warning system. However, the Enhancing Resilience to Climate Change (ER2C) Study on Risk Perception Among the
Population (August 2019) includes detail on the experiences of local people and actors in Rodrigues with respect to
Cyclone Gelena, and this has been drawn on in this case study.

284 See Figure 55

285 For example, referenced in https://www.freightwaves.com/news/weather/small-island-damaged-by-
second-cyclone-this-year
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Disaster Risk Knowledge®¢

According to the World Risk Report 2019, Mauritius is ranked 16" in terms of global disaster risk and 10"
with respect to exposure to natural hazards. The National Disaster Risk Reduction and Management
Centre (NDRRMC) established the main natural hazards to be:

° Tropical Cyclones

° Storm Surges

° Heavy Rains and Flash Floods

° Landslides

o Sea Level Rise and Coastal Inundation

The main hazards identified through ER2C?®” with respect to climate change in coastal areas supplements
this list with the inclusion of coastal erosion, as well as including marine (coastal) inundation (e.g. through
swell and storm surge overtopping defences) and inland flooding.

Overall it appears that tropical cyclone (with storm surge and flooding) and flash floods are commonly
referred to as the most important. However, this perspective is likely to vary among different groups. For
example, fisheries rate hazardous sea conditions as a main cause of concern.

Disaster risk knowledge in Mauritius has strengthened in recent times. After a deadly flash flood on 30"
March 2013 in Port Lois, the government of Mauritius claims to have taken more control of disaster risk
management activities, reorganizing the entire system and promoting studies of risk assessment in many
economic and social activities. Consequently, risks are considered known with respect to flooding,
landslide and coastal inundation?®. An example of this improvement in knowledge includes a project to
produce flood risk maps for 15 zones under the National Adaptation Plan and supported by the Green
Climate Fund (GCF).

However, disaster risk knowledge is far from comprehensive and some gaps remain mainly on account of
a lack of historical information. Also, the risk assessment processes referred to in this study are
predominantly technical reports that appear to lack an integration of different perspectives — such as the
varying risks, vulnerabilities and capacities of different groups such as women, the elderly, poor /
marginalized, and tourists. This was also noted in the ER2C Study on Risk Perception Among the
Population, as was the need for generating better climate projections and associated impacts in the future
under the ER2C Gap Analysis.

Since 2016, the NDRRMC has developed activities to improve the level of knowledge and awareness of
disaster risk across different sectors. For example:

° Mauritius: Disaster Risk Reduction - Workshop for the Implementation of the Sendai Framework
- Port Louis, 4-6 May 2016.

° Training of Trainers for the Implementation of the Sendai Framework - Port Louis, June 2017

° The Business Case for Disaster Risk Reduction: Make Your Business Disaster and Climate Resilient
-2017

° Post Disaster Needs Assessment (PDNA) Training, National Disaster Risk Reduction and

Management Centre (NDRRMC), 8 - 12 Oct 2018

° Workshop on Urban Risk Reduction and Making Cities Resilient: Towards the development and
implementation of a local disaster risk reduction strategy

286 Including a consideration of the following questions: Are key hazards and related threats identified? Are

exposure, vulnerabilities, capacities and risks assessed? Are roles and responsibilities of stakeholders identified? Is
risk information consolidated?

287 Enhancing Resilience to Climate Change (ER2C) Draft Gap Analysis Report (August 2019)

288 Study on Risk Perception Among the Population (August 2019)
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° UN Office for Disaster Risk Reduction, Office in Incheon for Northeast Asia and Global Education
and Training Institute for Disaster Risk Reduction (UNDRR ONEA-GETI); National Disaster Risk
Reduction and Management Centre (NDRRMC), Quatre Bornes, 2 - 4 Jul 2019

Risk information is consolidated in the National Emergency Operation Center which holds responsibility
for response and recovery activities during a hazardous event according with different levels of
significance as defined in the contingency plans.

Insights from the case study

The Mauritius tropical cyclone season is from November 1° to May 15%™. Tropical cyclones are referred to
as constituting by far the most significant disasters in Mauritius. Although, on average, a direct impact of
a tropical cyclone occurs only every 5 years, Mauritius experiences some of the effects (wind, rain, swells)
almost annually. According to the Word Bank?®, with a population of 1.3 million and 70% of the
population living in Metropolitan areas, a Severe Tropical Cyclone like Gelena can produce average direct
losses of over $91 million USD and additional emergency costs over $21 million USD.

The level of concern about the possible impacts of tropical cyclones (and other potentially devastating
events) among citizens and vulnerable sectors of the economy is considered low. ER2C found this concern
to be linked with a lack of understanding, information and unpredictability, coupled with a lack of a culture
of safety where vulnerable groups would feel confident that they know what is to be done and the will
and capacity exists to fulfil this in practice.

Critical analysis

In general, the interviewed sector users during this study considered the level of disaster risk knowledge
in Mauritius to be good. However, more must be done with respect to hazard and risk mapping
development and the inclusion of refined criteria on vulnerability, such as how vulnerability differs
according to social status and gender.

After the deadly floods of 2013, there is an effective involvement of the government to increase the
country’s capacity to cope with natural hazards and the effects of climate change. However, as tourism
has become one of the main economic drivers of the country, there is an interest to portray a good image
of safety. For this reason, institutions and some economic sectors are reluctant to provide information
that could be understood as weaknesses of the system.

Although the future scenarios of climate change point to more intense tropical cyclones, there is some
concern about people’s awareness of tropical cyclone risk. Mauritius has not been directly struck by a
severe tropical cyclone for the last several years, creating a false sense of security especially amongst the
younger generation.

Detection, Monitoring, Analysis and Forecasting of the Hazards and Possible Consequences”’

The Mauritius Meteorological Service (MMS), is a well-organized center with existing monitoring tools.
These comprise a network of about 30 weather stations, including AWS (6 in the metropolitan area of Port
Louis) and 23 more rain gauge stations (see Figure 72). Monitoring facilities include a recently operational
radar station in Trou Aux Cerfs in the highland area of the island. One of the main weaknesses is the lack
of numerical weather prediction methods. RSMC La Reunion — Tropical Cyclone Center (Météo-France)
analyses and disseminates advisories pertaining to informations for tropical storms/ cyclones in the SWIO
basin.

The MMS has a very well-organized system for forecasts and warnings. However, forecasting is
generalized across island. Warnings are classified according to; Tropical Cyclones, Torrential Rains
(Floods), Tsunami and High Waves. Tropical cyclone warnings follow the below classification:

289 World Bank: Disaster Risk Profile Mauritius. 2016

2%0 Including a consideration of the following questions: Are there monitoring systems in place? Are there
forecasting and warning services in place? Are there institutional mechanisms in place?
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Class I: Issued 36 to 48 hours before Mauritius or Rodrigues is likely to be affected by gusts reaching 120
km/h.

Class Il: Issued to allow, as far as practicable, 12 hours of daylight before the occurrence of gusts of 120
km/h.

Class lll: Issued to allow, as far as practicable, 6 hours of daylight before the occurrence of gusts of 120
km/h.

Class IV: Issued when gusts of 120 km/h have been recorded in some places and are expected to continue.
Termination: Issued when there is no longer any risk of gusts exceeding 120 km/h.

Figure 72 Surface observation network in Mauritius
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Insights from the case Study

Tropical cyclone Gelena was detected by the RSMC La Reunion — Tropical Cyclone Center prompting the
Mauritius Meteorological Service (MMS) to release a tropical cyclone warning. This indicated the
possibility of heavy swell with waves of 5-6 meters and advised the public to take preliminary precautions.
Further localized forecasts and warning are required®*. For example, swell height is likely to be different
in the north of the island to the south of the island, yet the forecast is uniform. This lack of localized hydro-
meteorological information impinges on fishermen’s decision-making abilities.

The highest gusts recorded in Rodrigues were on 10" February; 126 Km/h in Pointe Canon, and 120 Km/h
in Montagne du Sable.

Critical Analysis
The MMS would benefit to strengthen its own numerical prediction system.

The acquisition of a meteorological radar would allow the MMS with the potential for high capacity in
detection and monitoring, but this capacity needs to be improved by the development and/or
introduction of advanced analysis techniques to make it more efficient.

As a general characteristic, the regional cooperation and interchange among the IOC member countries
could be strengthened. Sometimes countries act more as competitors than as partners. This issue needs
to be overcome to maximise the benefits of regional integration.
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Although the warning system is supported by a comprehensive set of protocols involving a wide range of
institutions and is strictly controlled by the MMS and the government, there is still room for improvement;
some sector users referred to the need to make the warnings more understandable, mostly to the public,
and to improve institutional cooperation.

Mauritius is self-sufficient in vegetable production and its” economy is strongly dependent on sugar cane.
Therefore, there are pressing needs for improvements in weather forecasting, seasonal outlooks and
climate change impact assessments for agricultural decision making. However, tailored meteorological
services to agriculture, and other economic sectors, including with respect to warnings of pending
hazards, is still weak and sometimes lacking access to quality information.

The tropical cyclone warning classifications could be improved to be based only with respect to wind
speed, storm surge height and likely damage. This would do away with a requirement to raise a warning
to a Class Ill because of how much daylight there remains (currently a Class Il is raised to a Class Il when
only 6 hours of light remains). Also, a colour coding system would help ensure warning classification is
more broadly understood. This could be adopted across hazard types (e.g. floods).

Warning Dissemination and Communication®?

Mauritius benefits from comprehensive organizational and decision-making processes once a warning has
been released. The MMS has the responsibility for providing alerts concerning tropical cyclones, floods,
heavy rains, high waves and tsunamis. Warnings are automatically sent to the National Disaster Risk
Reduction and Management Centre (NDRRMC) who activate the National Emergency Operations
Command (NEOC) according to the level of the emergency.

Level I: Monitoring of situation by NDRRMC staff

Level Il: Monitoring by NRRMC staff assisted by representatives from main first responders (Police, MRFS
+ others depending upon situation)

Level lll: Full scale activation with all designated NEOC Members

NEOC is comprised of the main economic, social and governmental institutions of the country with a
representative of the MMS. They have the responsibility to take all the action required to cope with the
emergency and control the protection and recovery actions. The government is very strict in these issues
and sometimes people who do not obey NEOC measures can be punished with fines.

Communications are mainly based on SMS, phone and email. The participation of the Special Mobile
Force, a paramilitary police force in NEOC, provides additional capacities of communications in case of
needs. For the public, dissemination and communication take place via radio and TV. The institutional use
of social media, such as Twitter and Facebook, is forbidden.

292 Including a consideration of the following questions: Are organizational and decision-making processes in

place and operational? Are communication systems and equipment in place and operational? Are impact-based
early warnings communicated effectively to prompt action by target groups?
138



Figure 73 Mauritius National Emergency Operational Centre

-

Insights from the case Study

RSMC La Reunion — Tropical Cyclone Centre at 06:00 UTC 6™ February 2019 forecasted a rapid
intensification and a movement South-eastward. The advisory, issued to alert of pending danger, stated:

“THE INHABITANTS OF RODRIGUES ISLAND ARE INVITED TO CLOSELY MONITOR THE EVOLUTION OF
GELENA, A DIRECT IMPACT OF THE SYSTEM BEING POSSIBLE SATURDAY, ONLY TWO DAYS AFTER FUNANL.”

Therefore, a phase of warning dissemination and communication can be thought of as beginning on 6%
February, four days before Tropical Cyclone Gelena struck Rodrigues. Interviews indicate a clear
outworking of pre-determined protocol. Through this system, communities received timely warning and
the public were kept informed of Gelena’s progress via public radio broadcast, newspapers and TV.

It should be noted that Rodrigues was already under tropical cyclone warning of TC FUNANI from 05-07
Feb. It would have been confusing for the public to have two tropical cyclone warnings at the same time.
Once warning for FUNANI was waived a warning for GELENA was issued.

The MMS follows the situation closely whenever a storm is threatening one of its islands.

A Class Il was activated for Mauritius and Rodrigues on 8" February and a full activation of the NEOC for
Rodrigues appears to have been carried out - leading to the evacuation of people and protective measures
undertaken. Local accounts suggest that events on the ground were more serious than the official class
of emergency. For example, people were evacuating their homes before the level of warning reached a
corresponding level.

On February 8™ the MMS generated its’ own warning for Mauritius and for Rodrigues every 6 hours. Seven
advisories for Mauritius and fourteen for Rodrigues were released before the termination of the event on
February 10%" (see Figure 74).
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Figure 74 Example of Tropical Cyclone Gelena MMS Warning Bulletin
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Critical analysis

Although the information obtained about the quality of the tropical cyclone warning system can be
considered as good to very good, several challenges exist.

For example, challenges exist with respect to using radio and TV as a means of warning dissemination.
Dissemination of warnings this way relies upon power supply, which can be lacking or very intermittent
during a tropical cyclone emergency. As for other countries in the region affected by tropical cyclones,
power supply also plays a very significant role with respect to mobile phone connectivity. Additionally,
mobile phone range is not sufficient for reaching fishing crafts at relatively large distances from shore.

The information provided by the key actors involved in generating and disseminating warning presents a
picture of an almost perfect system. However, the opinion of some user communities in sectors such as
fisheries and sugarcane, is different, arguing that improvements are needed in availability and
understandability. For example, around 3,000 artisanal boats and 100 semi-industrial boats face
difficulties accessing information when they fish from 1 mile up to 4 miles offshore.

In 2017, according to the World Bank?%, about the 55% of the population had access to the internet and
this percentage was growing rapidly. We can assume that this proportion is significantly higher in 2019,
especially among young people.

There is not an institutional social media system in place. This is inconvenient not only because it wastes
an additional dissemination tool, but because it opens this field to the uncontrolled dissemination of fake
and unreliable information from non-official sources, misleading the people. Managing fake emergency
warnings and impacts can be a very important but time-consuming activity for an emergency operations
centre.

293 https://data.worldbank.org/indicator/IT.NET.USER.ZS?locations=MU
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Preparedness and Response Capabilities®”

In 2015 the NDRRMC published a 311 pages report with the National Disasters Scheme which constitutes
the general plan of action and measures for the nation. The document defines roles, responsibilities and
actions before, during and after an emergency. It is classified according to hazard categories:

° Tropical cyclone Emergency Scheme

° Heavy Rainfall/Torrential Rain/Flooding Emergency Scheme
° Landslide Emergency Scheme

° Tsunami Emergency Scheme

° High Waves Emergency Scheme

° Water Crisis Emergency Scheme

° Earthquake Emergency Scheme

° Port-Louis Flood Response Plan

Mauritius has conducted several initiatives to promote awareness. For example, since 2017 NDRRMC has
conducted public awareness campaigns for events such as tropical cyclones, tsunami and flooding®®.
Additionally, meteorology is included in the primary and secondary school programs. The MMS has its
own plans of capacity building and public education. For example, a function of the NDRRMC is to facilitate
and coordinate regular training, drills and simulation exercises to test the adequacy of disaster response
plans. These plans are likely to focus on the aspects of the Community Disaster Response Programme
which covers basic community preparedness training in areas such as first aid, fire safety and water

rescue.

Broadly speaking, public awareness of disaster risk seems to be high. TV and newspapers usually include
material regarding climate or weather issues. However, as noted earlier, there is some concern about the
risk awareness of young people who may be less aware of disaster risk.

Insights from the case Study

With a relatively low population and due to an adequate warning system from the RSMC La Reunion —
Tropical Cyclone Centre, preparedness actions were achievable and subsequently a rapid response was
initiated from the government. The evacuation of 464 people from vulnerable metal houses occurred
which appears prudent as nine such houses were destroyed?®. It was reported that there were only 4
injuries. Yet it is also clear that community centres, designated as evacuation shelters, may not be
adequate?’. Understandably, local people find community shelters less favourable than finding refuge
with friends and neighbours where such options are available and appear safe?®,

The government rapidly disbursed Rs 35 million for repair works to be carried out in Rodrigues. Teams
from the Central Electricity Board and the Special Mobile Force were deployed on the island to repair the

294 Including a consideration of the following questions: Are disaster preparedness measures, including

response plans, developed and operational? Are public awareness and education campaigns conducted? Are public
awareness and response tested?

295 Enhancing Resilience to Climate Change (ER2C) Study on Risk Perception Among the Population (August
2019)
296
2019)
297 | bid.
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Enhancing Resilience to Climate Change (ER2C) Study on Risk Perception Among the Population (August

This said, according to the ER2C Gap Analysis study, a new protocol has been introduced which provides
for better facilities and amenities at these emergency centres following the recommendations of the Inter
Ministerial Committee chaired by the VPM. Furthermore, under the Climate Change Adaptation Programme in the
Coastal Zone of Mauritius (an Adaptation Fund project), a new dedicated Refuge Centre at Quatre Soeurs, first of
its kind in Mauritius and in the region with large capacity with modern facilities, will soon be operational for
evacuees living in vulnerable coastal villages in the South East.
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electricity grid and to undertake another emergency works. Indeed, electricity was restored throughout
Rodrigues within a week. Additionally, on 15" February, the Prime Minister’s Relief Fund was opened for
voluntary contributions from the public, intended to provide financial assistance to victims affected by
tropical cyclones and other calamities to repair damaged houses and improve related infrastructures.
Furthermore, in May, Saudi Arabia donated USD 10 Million to support Mauritius “due to the cyclones that
recently caused extensive damage and severe loss to the country.” The donation will fund projects in the
shelter, health and food sectors to assist with rapid interventions to address the after-effects of the
tropical cyclone.

Critical Analysis

It is undeniable the great effort that the government of Mauritius has made in recent years to enhance its
preparedness and response capability in the face of increasing exposure to natural hazards in a changing
climate. However, while the main effort is devoted to the improvement of the technical capacity of the
MMS with a stable system with clear protocols on what should be done in each emergency level, there
are still gaps in how the final users of warning information could be effectively engaged in a system that
takes into account their real needs and perspectives. There are also other concerns, such as the case of
‘whole of island impact’ from a large tropical cyclone. In this situation, there would be a risk of major
ramifications on account of break down in provision of shelter, food, fuel and telecommunications for the
affected®®.

It is still a challenge for Mauritius to link its” DRM policies to structural and non-structural measures to
enhance the economic, social, health and cultural resilience of persons, communities and their assets, as
well as the environment. Additionally, more is needed to empower women and persons with disabilities
and other vulnerable groups to publicly lead and promote socially equitable and universally accessible
response, recovery, rehabilitation and reconstruction approaches in order to fulfil Priority 3 and 4 of the
Sendai Framework.

This study recognizes how the realignment of the NDRRM policy, strategic framework and action plan in
accordance with the Sendai Framework provides a strong basis to ensure all aspects of DRM are fully
addressed. For example, by emphasizing holistic ecosystem-based approaches to manage multiple
disaster and climate risks on a sustainable basis.

3.3.4 SWOT analysis
Table 23 SWOT analysis of DRM in Mauritius

Stakeholders Strengths Weaknesses Opportunities Threats

NHMS

MMS has a strong
institutional
organisation.

MMS has monitoring,
forecast and warning
capability.

Good monitoring
capability, adequate
stations network and
radar system.

MMS has a protocol to
share information with
the National Disaster
Risk Reduction and
Management Centre
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Warning system not

totally focused on users.

MMS does not have full
working force coverage
overnight and early in
the morning.

Lack of localised data
especially for rainfalls,
which cause floods and
flash floods.

Lack of hydrological
monitoring to define
and set up alert gauging
stations location related
to rainfall concentration
time within the upper

Deficiencies in
regional

cooperation on
EWS and DRM.

No full use of social
media as a form of
information
dissemination in
institutions.

Existence of non-
official source of
meteorological
information.

Enhancing Resilience to Climate Change (ER2C) Draft Gap Analysis Report (August 2019)



(NDRRMC) by email
and fax.

Capacity building
programs for the work
force in place.

MMS has an
independent status
under a ministry.

A Disaster Risk
Management Act
regulates the main
activities in disaster
risk management.

DRM/EWS
institutions

There is a Strategic
Action Plan for the
National Disaster Risk
Management Policy in
place.

Public awareness
campaigns on tropical
cyclone, flooding and
tsunami, including
educational efforts
developed on a regular
basis in schools.

Sector CS
users

10-day weather
forecasts disseminated
by MMS, as well as
monthly and seasonal
forecasts.

Data provided free of
charge to government
ministries.

MMS has a website
and a mobile app to
share basic weather
and climate
information.
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catchment, and flood
propagation time
(downstream)

Gaps in the acquisition
of advanced analysis
techniques for radar
information.

Deficiency in producing
climate-related risk
projections for the
future with actionable
implications for
development agendas.

Limited specialised staff
of MMS.

Some gaps in the base

knowledge on hazards.
Risk studies incomplete
or lacking.

Lack of vulnerability and
risk assessment of
people and assets.

Lack of gender
considerations in risk
management.

Meteorological services
to agriculture and other
economic sectors still
weak.

Products need to be
refined/diversified to
respond to users’ needs.

No process to collect
and use feedback from
users.

A land drainage
master plan is being
developed by LDA.

Strong economic
development of the
tourism and other
sectors create new
needs in weather
services.

Interest in ensuring all
GCFS stakeholder
groups are supported,
plus tourism.

The sharing of false
information on
emergencies via
social media by the
public.

Lack of safety and
sustainability
culture results in
tendency to under-
estimate negative
impacts of short-
term development
actions.

Tourism strategy to
reach 2 million
visitors by 2030
may result in more
people and
activities on the
most vulnerable
areas (with
negative impacts
on people security
and environment
preservation).



Last
Mile/Gender
aspects

Awareness raising
campaigns
implemented by LDA to
keep drain systems
unclogged and reduce
flood risks.

Local population
(villages) are aware of
local risk, based on
past experiences and
show high solidarity in
case of event before,
during (to shelter
others most vulnerable
families) and after to
help each otheer for
recovery

Lack of local, timely,
impact-based forecasts
and warnings in
particular for floods and
flash floods.

Public awareness of
disaster risk is high for
tropical cyclones.

Current weak
perception of risk
among youth.

Limited public trust
in MMS forecasts.

Other

Risk education is
promoted on a regular
basis in schools.

Dissemination
mechanisms of warnings
highly vulnerable to
power supply shortage.

Strong perception in
government of the
needs to strengthen
country coping
capacity to hazards.

High national and
international
perception on risk
increase with climate
change scenarios.

Highly vulnerable
ecosystems.

High vulnerability
to negative impacts
of climate change.
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3.4 Seychelles
3.4.1 Assessment of NHMS

Pillar 1: Observation and Monitoring

The Seychelles Meteorological Agency (SMA) has 7 operational Automatic Weather Stations (AWSs),
however 3 require upgrade, especially the one at the airport. These stations are all registered in the WMO
OSCAR Database3® (Figure 75). However, according to the WMO WIGOS Data Quality Monitoring System
(WDQMS)*?, two of these stations are reporting data on the WMO Information System / Global
Telecommunication System (WIS/GTS), thereby complying with the WMO Global Basic Observing Network
(WMO/GBON) for surface-based stations, which requires 1 mandatory and 1 conditional surface-based
stations. It has 41 manual rainfall stations. Nevertheless, for national purposes, and noting that Seychelles
is a large spread country, there is a need to expand the surface-based network to cover the whole
territory.Figure 75 Seychelles AWSs registered in the WMO OSCAR Database?®®

The SMA operates an upper-air station in partnership with the UK Met Office (who provides consumables).
However, this station requires upgrade in terms of communications in order to fullfil the WMO/GBON
requirements for international exchange.The SMA does not operate a weather radar. It has 2 wave buoys,
but noting the fact that Seychelles is a widespread country, there is a need to expand the network. The
SMA has 2 tide gauges, of which one needs replacement.

Each manufacter provides a different data acquisition system, and therefore MMS does not dispose of an
integrated data management system to manage, monitor and manipulate the observational data, neither
a datacenter to store in a standardized manner the data. The Message Switching System is obsolete, which
compromises internal and external communications.

The SMA meets the criteria required for Category 2. The small size of the country has partly helped in
meeting the station density conditions. The SMA still needs to improve the density of upper air stations.

Strengths: The SMA meets all the conditions required for Category 2 NMHS. Most of the Seychelles
stations are manned by trained observers. The Agency maintains electronic backup of data and backs up
data at least every week. It has good stations density with at least one station every 20 km and uses CDT
for quality control of station observations. A good number of stations that are Class Il and above are
inspected every year. The SMA has performed basic station needs assessment and has strategic plans for
station expansion.

300 https://oscar.wmo.int/surface/#/
301 hitps://wdgms.wmo.int
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Weaknesses: The main weakness is that SMA does not back up climate data often enough. The SMA has
no doppler radar for the main island.

Pillar 2: Modelling and Predictions

The SMA has access to global and regional NWP data made available by WMCs and RSMCs on the
WIS/GTS. However, the SMA has limited capacity to manipulate raw data. The SMA visualizes the
meteorological data on an outdated SYNERGIE Forecaster Workstation, which is configurated in a way
that does not allow visualization of most recent NWP and EPS products. At the same time, the SMA has
access to graphical tropical cyclone products from the RSMC for Tropical Cyclone Forecasting La Réunion,
and NWP/EPS products made available within the framework of the WMO Severe Weather Forecasting
Programme3®? Portal, hosted by RSMC Pretoria. The SMA does not have impact-based forecasting
capabilities.The main reason why SMA does not meet the requirements for a Category 1 NMHS in the
Research and Predictions pillar is that the NMHS is not involved in any research projects and experiments
in which the staff participate except for the BRIO project since June 2019.

The NMHS could fully meet Category 1 and 2 requirements by developing human resources (through
academic and technical training), increasing participation in research, and improving technological
capacity. The NMHS could meet the criteria for Category 3 by investing much more in improvements along
the same lines (as above) as well as greatly expanding the range of climate products that it produces.

Strengths: The SMA provides weather forecasts for up to 10 days and seasonal rainfall outlooks. Staff
produce and disseminate a ten-day weather forecast, as well as monthly and seasonal forecast with an
assessment of uncertainties associated with the seasonal forecast. They have enough access to the
internet.

Weaknesses: Seasonal outlooks do not include temperature. The SMA lacks adequate staffing capacity in
terms of higher academic qualifications and a range of specializations. Staff participation in research is
not enough for Category 2, and the range of climate information products is limited.

Pillar 3: Climate Services Information System

The SMA partially fulfils the criteria for a Category 2 NMHS for the Climate Services Information System
pillar. The NMHS should improve the range of climate information products that it produces, the
frequency with which it produces seasonal forecasts, and the availability of products on its website
(https://www.meteo.gov.sc/) to fully meet the criteria for Category 3.

Strengths: At a governance level, the SMA has clear policy guidelines on the provision of Climate
Information Services and provides data free of charge to government ministries and education
institutions. Staff produce basic climate statistics for major climate variables and seasonal forecasts for
rainfall. The SMA has a website with basic climate information. The SMA produces advanced climate
products in various formats and contributes to national early warning systems through early warning
information and advisories.

Weaknesses: The SMA should expand the range of basic products and improve access to software needed
to produce them. The SMA does not respond to all user needs and must produce and/or refine products
in response to user feedback in the next years. The SMA does not perform homogenization of climate
data

Pillar 4: User Interface Platform

At the SMA, the production of forecasts and warnings is made manually, however there is a broadcast
system in place to broadcast them. Forecasts and warnings are dissiminated by radio, fax, SMS, email, and
on the website (https://www.meteo.gov.sc/).The SMA has a TV studio.

The SMA partially fulfils the criteria for a Category 3 NMHS for the User Interface Platform pillar. There
are however aspects within each category that are not fully met. For example, no staff members of the
SMA are trained in climate services/user engagement. The NMHS should expand its interaction with the

302 https://community.wmo.int/swfp-southern-africa
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sectors, enhance its procedures for gathering feedback from users about information products and
services, and improve the website to provide access to national observations and forecast information for
any national interactive media outlet in order to meet Category 3 criteria.

Strengths: The SMA has in place a set of strategic plans and procedures, ensuring users of weather
forecasts and climate information are engaged. Users have been engaged in the past two years. The SMA
has signed MOUs with some sectors and has procedures in place to co-produce climate information with
multiple sectors. The SMA has a website that provides updated climate information.

Weaknesses: No staff are trained to engage with users and provide Climate Information Services.
Procedures for collecting feedback could be improved and website could be strengthened. Access to
national observations and forecast information, via website and API, for use by national interactive media
outlets is not provided

Pillar 5: Capacity Development

The SMA partially fulfils criteria for a Category 2 NMHS for the Capacity Development pillar. To be
categorized as a Category 2 NMHS, the SMA would need to strengthen governance, improve the
qualifications of the staff in specialized areas, and strengthen its training program. It should invest in
technological capacity, including software, and higher speed internet. The NMHS would need further
improvements along the same lines, also including high performance computing, in order to satisfy criteria
for a Category 3 NMHS.

Strengths: The SMA has a formalized governance structure with a status of an independent body under a
ministry. An adequate number of senior meteorological technicians have MSc or PhD degrees. Staff have
basic training in most essential services. The SMA has staff who are educated in management. Most staff
have access to basic computing resources and 1 Mbps internet capacity.

Weaknesses: The SMA’s participation in national climate related policies and plans is limited. The training
program has weaknesses. Access to software should be improved.

3.4.2 Assessment of existing climate services users and platforms

Referring to the priority sectors identified by WMO, to provide climate services to end users, the present
situation for Seychelles is detailed in the following part:

Water resource management for potable water, domestic uses

Water supply in Seychelles is primarily from river sources, combined with groundwater extraction and
desalination plants in some locations. Whilst river water is abundant the steep topography and low
retention of the soil and rock, the flow in these streams is erratic and falls to very low values during
prolonged periods of drought. Groundwater extractions have not been successful in view of the narrow
coastal plateau. Desalination plants have been installed to meet shortfall in demand during the dry
season. Water distribution on the three main islands is extensive, serving more than 87% of the population
with treated water supply. Despite these efforts, the Seychelles will face serious water shortages in the
near future primarily due to a lack of adequate resources to invest in appropriate reservoirs and growing
demand mainly related to raise in tourism3%

Despite those risks, there is no tool in place to identify user needs and respond with relevant hydrological
data, products and services.

Agriculture and fisheries for food security

The National Food Security Strategy 2008-2011 was formulated in 2008 in response to the food crisis of
2007-2008 that occurred in the Seychelles. A review of this document was initiated in October 2010 and
the revised Food Security Strategy covers the period 2012-2015. The Seychelles recognizes that food
security is a pre-requisite for national socio-economic stability and growth and also highlights priority
investment areas in the agricultural sub-sectors of crop and livestock development. It is also recognized
that food imports will continue to provide a substantial portion of foods consumed locally and hence,
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should not be ignored as a major component in national food and nutrition security until the local
agricultural sector develops to reduce the need for some imported foods and that fish provides a
substantial portion of the protein component of the Seychellois diet.3%

Agriculture is less than 3% of the Seychelles GDP, but because of global food crisis, the issue of national
food security has taken the highest priority in Seychelles. Risk of disease introduction of pandemic
proportions is a serious threat, especially when it is linked to climate factors. Rainfall has caused significant
agricultural losses to crops in the last few years3® (Payet, 2005). Indeed, livelihood systems in small islands
are already vulnerable to climate change, especially in terms of crop failure and loss of livestock due to
either extended droughts or persistent floods. Furthermore, on average many small island states import
more than 30% of their cereal consumption needs, and in many cases more than 50% of total food supply
is imported. 3%

Yet, there are no specific climate services dedicated to agriculture.

There are 3 types of fisheries®%’:

° industrial fisheries activity is implemented by international seiners (Thai Union): they develop
their own information system to get weather forecast and other services (localisation of tuna fish
schools)

° semi-industrial: 44 vessels to 12m to 20m are fishing tunas with long lines: SMA is producing data

from remote system trying to disseminate information to the vessels. Because of the large
economic exclusion zone, vessels are going very far away. They have satellite on board to get
informed on sea surface temperature and weather (wind speed and direction, and wave height
and direction). Sea cucumber diving is also a very important activity that is highly regulated, and
divers have compulsory insurance because it is very deep and dangerous.

° Artisanal fisheries: about 100 native fishermen (no foreigners) are doing trap fisheries (coastal
fishes, mangroves). Concerning local artisanal fishing, rainwater affects local fishing, with massive
inflows of fresh water during heavy rains, and sediment, which can affect artisanal fisheries and
aquaculture. There is also a strong difference in temperature between fresh water which is cold
and warm sea. And since 2 years they experience also algal bloom.

Fisheries are extremely sensitive to climate variability and change. In Seychelles, the fisheries sector
constitutes the second major pillar of the economy and contributes significantly to food security. The
sector is dominated, economically, by the industrial purse-seine tuna fishery and production of canned
tuna; the artisanal fisheries sub-sector plays a vital role for food security and employment. Severe
degradation of coral reef habitat occurred in the wake of the 1998 coral bleaching event3®%,

Loss of structural complexity and slow recovery at some sites has affected reef fish biomass, suggesting
possible lag effects on reef fisheries. However, coral reef fisheries are of relatively minor importance in
value and volume compared to the demersal line fishery based on the extensive banks of Seychelles, for
which the effects of climate change are less immediate.

Regarding climate services to the fisheries, the SMA delivers marine forecasts to fishermen on harbour,
but they do not have relevant equipment to warn fishermen on sea.

304 Source: 10C Smart fish project-country review document Seychelles 2014

Ralph PAYET quoted in “Building capacities for increased public investment in integrated climate change
adaptation and disaster risk reduction: Report on Seychelles”, February 2015

306 Source : Seychelles Climate change strategy document.

Sources : Seychelles climate change strategy document. Interview with SFA july 2019

Graham et al. 2006 quoted in IOC ISLANDS Building capacities for increased public investment in
integrated climate change adaptation and disaster risk reduction: Report on Seychelles, February 2015
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Health

Major tropical diseases such as malaria, leishmaniasis, yellow fever, sleeping sickness and bilharziasis are
as yet non-existent in the Seychelles.

Disaster risk reduction

Contingency plans for each type of risk and disaster are coordinated at district level, with a high
involvement of local communities (NGOs, population). The main problem is that although flood is one of
the main and frequent risk for the population, there is no river hydrology monitoring available for settling
relevant alert system with high water thresholds referring to water catchment hydraulic behaviour
(together with rainfall, continuous monitoring on the water catchment).

3.4.3 Assessment of EWS, End-users and Case Studies
Case Study — Flash Flood 28" May 2019

On 28" May 2019, heavy rains accompanied by thunderstorms developed into the Intertropical
Convergence Zone and were experienced over the main island of Seychelles in southeast Mahé. The storm
triggered flash floods and unleashed strong winds. Whilst the event caused localized flooding, disruption
to traffic and resulted in some damage, it was not especially severe and is not presented as an example
of a major storm. Rather, the event is used to demonstrate the operation of the heavy rain warning
service.

The heavy shower with great impacts occurred especially in Anse Royale district. This was the most
affected area where 173.6mm of rainfall happened in only a few hours (Figure 76) which is above the
long-range average of 145mm for the whole month of May.

Figure 76 Weather chart 28th May 2019, 10:00LT
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Figure 77 Daily rainfall May 2019 against long-rangemean (yellow line)

Daily Rainfall May 2019 against Long Termm Mean

International models suggested flooding could occur, but uncertainty by forecasters meant that no
warning was issued until flood reports were received.

Disaster Risk Knowledge®”

Due to its geographical location and geology, the Seychelles is less exposed to major natural hazards than
most of the neighbouring countries, such as Mauritius, La Réunion, Comoros, Madagascar or even the
countries of the African continent. Nevertheless, Seychelles has experienced several major events in
recent decades in relation to the main natural hazards the country is exposed to; floods (flash floods),
landslides, tsunamis, damaging winds and tropical cyclones. For example, heavy rains on 27™" and 28"
January 2013 resulting from tropical cyclone Felleng caused severe floods and landslides, particularly in
three districts on the southeast coast of Mahé.

However, tropical cyclones reaching the Seychelles are rare, mainly due to the country’s proximity to the
Equator. Intense tropical cyclones Bondo in 2006 and Fallan in 2019 are examples of a direct impact, but
these only significantly affected the Farquhar islands in the far south of Seychelles. Tsunami impacts are
also rare. The Indian Ocean Tsunami of December 2004 resulted in two deaths in Seychelles and damage
to property and coastal infrastructure. Highest flood levels recorded were over 4.4m above mean sea
levelP°,

Flash floods affecting the coastal lowlands and plains of the granitic islands are considered the most
significant hazard due to their frequency, although a systematic lack of records and studies about impacts
undermines knowledge on relative significance. Of concern too is the risk of landslides, rockfalls and
treefalls also stemming from heavy rainfall events. According to UNDP3?, of the 89 significant events from
1862, heavy rainfall and floods are by far the more frequent hazards.

309 Including a consideration of the following questions: Are key hazards and related threats identified? Are
exposure, vulnerabilities, capacities and risks assessed? Are roles and responsibilities of stakeholders identified? Is
risk information consolidated?

310 There are also reports of a tsunami affecting Seychelles in 1883 caused by the Krakatoa eruption, but this
appears to have been a smaller impact. Less impactful still, with disturbances registered on the tide guage, was a
September 2007 event triggered by an earthquake off Sumatra, Indonesia.

31 Chang Seng D. and Guillande R. (2008) Disaster risk profile of the Republic of Seychelles. UNDP.
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Figure 78 Landslide on steep slope of Mahé island

Source: Department of Risk and Disaster Management3!2

Figure 79 Distribution of landslide events in Mahé

Source: Department of Risk and Disaster Management33

Seychelles has a very low mortality rate due to natural disasters. Partially, this is linked with the relative
lack of occurrence of significant hazard events and may also be due to low levels of exposure of the
population. Many islands are sparsely populated and some nearly unoccupied. For the same reason,
historical records about disaster impacts are scarce and incomplete.

Concerns about natural disaster and climate-related risks are mainly linked to economic activities, but
knowledge about them is incomplete and requires improvement. For example, in the tourist sector on
Praslin island, some areas are suffering coastal erosion. Consequently, some owners of beach facilities
have built sea walls as protective measures. Yet there is a lack of comprehensive study and understanding
about the changing coastal processes, usually attributed to sea level rise but likely also linked with the

312 In Chang Seng D. and Guillande R. (2008) Disaster risk profile of the Republic of Seychelles. UNDP
313 In Chang Seng D. and Guillande R. (2008) Disaster risk profile of the Republic of Seychelles. UNDP
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health of marine ecosystems, and the implications of these on beach erosion and how man-made
structures interfere with these processes and may undermine coastal resilience.

There have been efforts to strength disaster risk knowledge through studies in partnership with
international institutions. For example, in 2008 UNDP3* developed a comprehensive study on risk
assessment in the Seychelles and the World Bank and the European Union supported a government report
about the major flash flood on 27" January 2013.

Insights from the case Study

Floods in Seychelles generally occur from December to March, during the NW monsoon which delivers
60% to 70% of the total yearly rainfall. Peak occurrence is in January and February, but events can occur
throughout the year, as evidenced by the intense rainfall and flooding in May 2019.

Social awareness of flash floods as a risk exists, but this does not significantly influence behaviour,
especially with respect to land use. For example, a lack of buildable land has led to construction on steep
slopes, in the absence of flood and landslide risk analysis. Not only does a lack of risk knowledge encourage
unsafe building, but it also leads to a lack of integration of disaster risk mitigation measures within such
environments, such as protection of natural areas for water absorption, storage and soil stabilisation,
adequate storm drainage, and maintenance of culverts to avoid the accumulation of debris. It is plausible
that such deficiencies aggravated the scale of flooding in May 2019.

Critical analysis

Despite examples of loss and damage through disaster occurrences in recent years, and concerns over the
effects of climate change on extreme events, there is limited risk assessments and mapping that would
guide climate and disaster resilience decision making.

The prioritization of climate and disaster resilience is low, as efforts targeted at reducing impact from
disaster events is not perceived as a pressing threat to short-term economic gains, such as for coastal
tourism. This needs to be remedied by better linking risk awareness and remedial actions with these
economic needs and agendas. Ensuring that ecosystem-based resilience measures are elevated in
importance as crucial to integrated and sustainable coastal area management and development is
needed.

Detection, Monitoring, Analysis and Forecasting of the Hazards and Possible Consequences®

The Seychelles Meteorological Authority (SMA) is currently under the direction of the Ministry of
Environment, Energy and Climate Change. It operates one meteorological station, located at the Mahé
airport, and a network of rain gauges over the islands. The SMA does not have the capability to run its’
own forecast models, but duty forecasters have access to three international models which are available
either on the WMO Information System (WIS) / Global Telecommunication System (GTS) or via the
internet (wherein some products are password-protected). These models are: the IFS from the European
Centre for Medium-Range Weather Forecasts (ECMWF), the Action de Recherche Petite Echelle Grande
Echelle (ARPEGE) from Météo-France, and the Global Forecast System (GFS) from the National Oceanic
and Atmospheric Administration (NOAA) / National Centers for Environmental Prediction (NCEP). In
particular, from the latter, forecasters use the outputs covering the Indian Ocean, the medium-range
forecasts, the precipitation probability (which is available from the Regional Specialized Meteorological
Centre (RSMC) Pretoria), and the precipitation estimate).

Monitoring, forecasting and warning capacity are based on the use of the forecaster workstation system
and software developed by Météo-France called “SYNERGIE” that offers a wide range of possibilities:
displaying all the available meteorological information with the possibility of overlaying objective
analyses. The SMA does not have meteorological radar and does not develop its own forecast models.

314 Chang Seng D. and Guillande R. (2008) Disaster risk profile of the Republic of Seychelles. UNDP.

315 Including a consideration of the following questions: Are there monitoring systems in place? Are there
forecasting and warning services in place? Are there institutional mechanisms in place?
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The SMA issues warnings for different weather hazards (heavy rains, strong winds, swells), whereas for
tropical cyclones warning, the SMA fully relies on the information and products issued by the RSMC La
Reunion — Tropical Cyclone Centre.

Insights from the case study

Interpretation and comparison of the international models mentioned above were made on 27™" May
2019. Most of them indicated convergence in the proximity and increase in the precipitation over the next
24 to 48hrs period. But duty forecasters were not confident enough at that time to issue a warning. Mainly
this was because similar weather patterns were forecasted previously, and no major event was observed.

However, during the morning of 28™ May, active clouds started to appear on the satellite images, and this
was later superimposed on the 10:00LT MSLP chart with 24-hour rainfall analysis (Figure 80). Yet, even
with the support of satellite images, it was still difficult to decide whether a warning was necessary.

It was not until the SMA started to receive information of cases of flooding, particularly from Anse Royale
district, that it was decided to release a warning. Therefore, strictly speaking there was not an early
warning of flash flood of the 28" May 20109.

Figure 80 24-hour rainfall analysis
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Critical Analysis

The SMA suffers important technological gaps in detection, monitoring, analysis and forecasting of
hazardous events that prevent an effective warning service. Timely impact-based forecasting and warning
services for specific parts of the country and their respective communities is needed.

The observational network is insufficient. Investments are needed in the creation of a new meteorological
station, but also in the modernization of the current rain gauge stations. A radar system would benefit the
Seychelles as the country does not have an effective radar coverage.

The heavy rain warning service in the Seychelles is undermined by these gaps in capacity together with a
limitation in the sophistication of display software and warning preparation.
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Most of the personnel are not native of the islands, and so their engagement is short-term before they
return to their home countries and other meteorological services. Very crucially, there exists a strong
need for training and capacity building of staff coupled with active policies to maintain a stable work force.

Warning Dissemination and Communication®®

Early warnings are shared with the media and the Department of Risk and Disaster Management (DRDM)
by email and fax. In addition, a telephone call is always given to the Principal Secretary in charge of DRDM
to notify that a warning is being issued. The DRDM then has responsibility to activate the protocols across
the 26 districts of Seychelles (Figure 81) via text message (SMS) (Figure 82). The DRDM generates a
“Bulletin” with all the available information. This is disseminated to the district administrator (DA) within
the local level government branch offices via SMS. The DA has responsibility for governance at district
level, and acts as the focal point for managing and coordinating emergency response operations.

Figure 81 Administrative Districts in Seychelles
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316 Including a consideration of the following questions: Are organizational and decision-making processes in

place and operational? Are communication systems and equipment in place and operational? Are impact-based
early warnings communicated effectively to prompt action by target groups?
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Figure 82 Example of a warning SMS received by District Administrators

Dear Al Elo's
You are advice to remain on standby.
Strong winds of between 40km/HR to 60KM/

HR and gusting to 80KM/
HR expected over mahe, inner islands.

This can cause rough to very rough seas,
downed trees, flying debris which may lead
to transportation disruption and damage to
building and vehicles.

The General public and mariners are advised to
take extra precautions to avoid injury. maintain
strong to very strong winds for the next 24hrs.

LAOMNEOC

The action taken at district level is crucial to the success of the warning system. One of the key
responsibilities of the DA is to ensure the alert bulletin is properly disseminated and activates office staff,
the emergency brigade, businesses and the public. The different levels of warnings issued, implications
and actions to be followed are summarized in Table 24.

Table 24 Warning levels and actions for District Administration and the Population

Warning Interpretation/Scenario Actions to be taken by District Admin. Branch Actions Recommended for the
Level Office Population
W hite: Possibility of localized floods. 1. Media will advise general populafion. In  Stay alkr Llisten to the official
Advisory. addiion, DRDM to inform all distici broadcasts in radio and TV.
Consecuiive rainfall up to: administrations underits jurisdicion either through
®  30mm hourly SMS, telephone, email, fax.
e 8) mm aker 3 2  Distict adminisiators office to infom
ottt emergency brigade, other social organizations,
key business infrastructure, specialy targeted
® T8 mm ofor 24 guns such as fehemmen, mantme users and
hours members of the public in their district through
SMS, telephone and word of mouth,
Yefiow: Floods in low flood prone 1. Continue with above actions Stay alert. Listen to the official
Advisory. areas, 2. In addition, DA convenes district disaster broadcasts in radio and TV. If your
commitiee meefing to discuss strafegy of distict  housefoffice is in a dangerous coasial
Consecuiive rainfall up o areas. area or floodable area, take
®  30.-50 mm hourly precauiions if the authorniies ask youlo
) RECSE s do so. Protect your home and assets.
hours
®  75-200mm for 24
hours
Warning  Likely to have severe wide 1. Coniinue with above actions. Listen fo the official troadcasis on
Level 1. spread fiooding 2. DA triggers plan standard operating procedurss  radio and TV Protect your belongings:
Orange. based an DROM counsel. car, boals, elc. Prolect your
Consacutive rainfall upta: 3. DA stafis svacuation with coorgination from  ammals/pets. Profect your valuables
®  50-100mm hourly  police:. and important documents. Be 1eady o
o 0i0nm 3 svacuale f the awthorities tellyou to do
Hours - 2 S0 foryour safety.
s 200-245mm in 24
hours
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Insights from the case study

Although the established protocol was followed, and a warning was sent at 1435LT (1035UTC) on 28" May
2019 (Figure 65) to the DRDM and the media, the SMA failed to release an early warning; this factor made
the dissemination and communication system totally inefficient. DRDM and the districts had to manage
the event in a reactive way. Fortunately, it was a short event lasting less than an hour.

Figure 83 Warning released by the SMA at 14:35LT on 28th May
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Critical Analysis

Dissemination of warnings relies upon power supply, which can be lacking or very intermittent during a
rapid onset emergency, such as a tropical cyclone, flood or earthquake, in affected areas. The use of SMS
in mobile phones and emails could be very susceptible to disruption due to loss of power or connectivity.

It is not known the extent with which warnings are considered as comprehensive and useful amongst
different target user groups. For instance, is the tabular information useful, is the layout and content of
the SMS based warning messages relevant? Moreover, there are important gaps in the dissemination of
the information in some important sectors such as the fisheries. For example, there is no way to ensure
information reaches small boat fishermen, so they tend to rely more on their personal experience than in
the SMA warning.

Overall, there appears some lack of confidence in the capacity of the SMA to provide timely and reliable
products and services suited to warn in case of an emergency.
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Preparedness and Response Capabilities®”

The Disaster Risk Management Act (2014) regulates the main activities in disaster risk management. The
Act established the creation of a National Disaster Risk Management Fund for recovery efforts and the
adoption and promotion of preventative measures. A Strategic Action Plan was developed from the
National Disaster Risk Management Policy and published in the Official Gazette and approved by all
stakeholders during a workshop held on 13™" November 2014.

More recently, in 2018, the Seychelles District Flooding Disaster Response Plan designated a line
management structure for managing and implementing disaster preparation. It defined seven regional
platforms (North, South, East, West, Central 1, Central 2, and Inner Island Praslin/La Digue platforms). The
roles of the platforms are to manage and organize district disaster preparedness activities. The regional
platforms act as the focal points for coordination of disaster preparedness between local districts and
national government. Each platform is headed by a coordinator, usually a Councillor from each Region
responsible for the Environment and Emergency Committee members representing the following
organisations:

o Department of Community Development
o Police Department

o Ministry of Health

o Fire Service Department

o Land Transport Division

o Red Cross Society of Seychelles

o Department of Environment

The DRDM works closely with public and private schools across the country to better prepare them to
respond to disasters. Through this activity, respective disaster and risk emergency management teams of
each school are brought together so that they can discuss and share ideas. A one-day workshop was
organised in May 2017 by the Department in collaboration with the Ministry of Education to introduce
“Schools Emergency Preparedness and Management”. However, these activities seem not to be held on
aregular basis. In addition, according to the organizational structure, DRDM has a department of “Training
Development Education and Public Education” that, for example, develops web-based initiatives and links
with local radio.

Insights from the case study

Although this study was not provided with access to specific data on damage due to the May 2019 floods,
it appears that impacts were limited to the floods in the fields, disruption of traffic and some damage to
infrastructure (Figure 84).

317 Including a consideration of the following questions: Are disaster preparedness measures, including

response plans, developed and operational? Are public awareness and education campaigns conducted? Are public
awareness and response tested?
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Figure 84 Example of damaging impacts caused by the 28th May Flash Floods
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Critical Analysis

The flash flood event 28" May in Mahé was underestimated by the SMA, leading to failures in the
dissemination and communication of a warning early enough to enable the disaster risk management
system the chance to prepare accordingly. This kind of situation, where the time to warn of a potentially
hazardous flood event is extremely short, is relatively frequent in Seychelles. Aside from tropical cyclones,
the mesoscale convective systems embedded into the Intertropical Convergence Zone (ITCZ) could
develop strong convection and heavy rains in a very short time. Future contingency plans must better
consider these kind of events. Beyond the acquisition of a radar or other monitoring facilities, it is evident
that staff expertise to interpret and initiate a timely warning communication system is needed. Under
such an improved system, user communities such as the fisheries sector could be better able to monitor
the impacts of floods on pollution levels entering the sea, as well as ensuring the safety of fishermen.

A National Contingency Plan to coordinate preparedness and response capabilities of different sectors is
still to be completed. As well as the key economic sectors, such as tourism and fisheries, there are also
calls for strengthening agricultural climate risk management services, such as through weather-index
based insurance products. While national plans for floods benefit from a well-structured system, other
hazards remain less well defined. There is a need for better integration of the hazard concerned and
knowledge into the development plans, providing a balance between environmental, social and economic
considerations. A better strategic planning for education and awareness in risk reduction matters is a
must. This is also important in light of the likelihood of the spread of false information through social
media in the event of an emergency.

The current capacity of different sectors to ensure that information reaches all users and leads to
preparedness and response actions is still limited not only by technological weakness but also seemingly
by coordination amongst stakeholders. The need for government strengthening of preparedness and
response capabilities extends to the local district level.

3.4.4 SWOT analysis
Table 25 SWOT analysis of DRM in Seychelles

158



NMHS

DRR/EWS
institutions

Sector CS users

Last Mile/Gender
aspects

159

SMA is recognized by the
government as the only
source of meteorological
forecast and warning in
the country.

SMA has monitoring,
forecasting and warning
capacity, based on the use
of a workstation system
and software developed by
Météo-France.

SMA develops its duties
over a continual 24/7
basis.

SMA has its own system of
broadcasting forecasts and
warnings to the media.

SMA has a protocol to
share information with the
Department of Risk and
Disaster Management
(DRDM) by email and fax.

A Disaster Risk
Management Act regulates
the main activities in
disaster risk management.

Strong engagement of the
government regarding
safety for residents and
tourists.

There is a Strategic Action
Plan for the National
Disaster Risk Management
Policy in place.

There is a management
plan for district disaster
preparedness activities in
place.

Alert systems are in place
for main hazards.

SMA provides 10-day
forecasts and seasonal
rainfall outlooks.

Climate data are provided
free of charge to
government ministries.

Climate information is co-
produced with users in
various sectors.

Real engagement from
fishery sector (SFA) with
capacity to collaborate for
monitoring on sea.

Gaps in monitoring
capacity, inadequate
stations network;

especially no monitoring

of hydrological data.

Lack of radar
observation in place.

Instability in the hydro-
meteorological work
force.

Gaps in hydro-

meteorological services

work force expertise.

Climate data should be
backed up more often.

Gaps in hazards
knowledge base. Risk
studies are incomplete,
lacking or in need of
updating.

Risk management not
fully included in
regulations on urban
development policies.

Deficiencies in local
government disaster
risk management and
response capacity,
including with respect
to EWS.

Lack of gender
considerations in risk
management.

Educational efforts are
not developed on a
regular basis norin a
multi-sectoral way.

Climate products need
to be more diversified

and refined to respond
to users’ needs.

User feedback not

collected to improve CS.

Lack of information on
water catchment from
ridge to reef necessary
for all the users,
including SFA for
aquaculture and outlet
coming into the
sea/lagoon.

EW system not totally
focused on users,
difficult to understand.

The CMP enhances a ridge
to reef approach for
water catchment
monitoring and
management.

A new climate change
policy is being developed
and support could be
provided to update the
climate change
adaptation strategy once
the policy is finalised.

The implementation of
the Seychelles
development strategy
could be supported to
better integrate sectors
(e.g. agriculture) and
mainstream adaptation
and disaster risk
reduction measures.

Development of the
tourism and fisheries
industry creates new
needs in NMHSs.

Deficiencies in
regional cooperation
on early warning and
disaster risk
reduction

The sharing of false
information on
emergencies via
social media by the
general public.

Perception of low
confidence in early
warning among
population.



Lack of local, timely,

impact-based warnings.

Lack of sustained
engagement with
community-based
organisations (CBOs)
and other important
local stakeholders.

Other

Environmental policy
mainstreams ecological
functions of environment,
risk and disaster reduction,
and nature-based solutions
for adaptation.

Dissemination
mechanisms of
warnings vulnerable to
power supply
disruption.

Pressures on water
resources increase with
tourism.

Strong perception of the
needs to strengthen
country coping capacity
on hazards.

Relations between
Seychelles and EU on
environmental issues
have intensified.

High national and
international perceptions
on risk increase with
climate change scenarios.

Environmental protection
is considered a cultural
value.

High vulnerability to
negative impacts of
climate change
scenarios.

Highly vulnerable
ecosystems.
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Chapter4 Recommendations

The recommendations provided in this section are based on the various analysis conducted under chapter
3. Recommendations have been formulated to address gaps in the production and dissemination of
timely, efficient climate services that respond to ‘end-users’ needs in Comoros, Madagascar, Mauritius
and Seychelles. These gaps have been underlined in the SWOT analysis, conducted after each case study.
These recommendations will be presented as actionable interventions in the next chapter. It should be
noted that some of the recommendations, though application at national scale, are applying to all four
countries. Moreover, the study identifies several initiatives at IOC level, which could be strengthened or
scaled up to foster climate services in the region. These opportunities include, inter alia:

° establishing an RCC-Network3!® and RFCS, following WMO recommendations;

° strengthening the existing SWIOCOF;

° fostering the regional UIP;

° improving harmonization, compatibility and integration of systems at the regional level;

° enhancing data-sharing through regional policies and protocols, and full alignement with the
WMO/GBON;

° improving national institutional capacities, through (1) development and implementation of

capacity development plans and carreer paths for retaining the trained and talent staff; and (2)
the revision of the hydromet laws to define roles and responsabilities of public and private
sectors, as well as the establishment of Trust Funds (hereafter refered to Climate Information and
Early Warning System (CIEWS) Funds) to support O&M (see Annex 21 for the O&M Plan and Annex
2C for the description of the CIEWS)

° improving monitoring and nowcasting of hazardous hydro-meteorological conditions through a
regional radar composite;

° running and calibrating a regional numerical model;

° improving harmonization of warning criteria and of efforts to share warnings among the four
countries in the region;

° developing and implementing a decision support system for multi-hazard impact-based forecasts
and early warning systems at regional, national and local levels;

° improving technical skils, operations and maintenance capacity, and engagement with the private
sector; and,building on past/ongoing regional projects, for example: BRIO.

Details on these recommendations are provided below.

318 WMO RCC-Network — a group of centres performing climate-related activities that collectively fulfil all the
required functions of a Regional Climate Centre (RCC) may be designated by WMO as a ‘WMO Regional Climate
Centre Network’ (WMO RCC-Network). Each centre in a designated WMO RCC-Network will be referred to as a
‘Node’. A Node will perform, for the region or sub-region, one or several of the mandatory RCC activities (e.g. long-
range forecasting (LRF), climate monitoring, climate data services, training). Only centres or groups of centres
designated by WMO will carry the title ‘WMO RCC' or ‘WMO RCC-Network’ respectively. See
http://www.wmo.int/pages/prog/wcp/wcasp/rcc/rec.php.

161



4.1 Recommendations to improve institutional capacities
and NFCS for NMHS

4.1.1 All countries

There is no climate services framework in Comoros and Seychelles, while in Madagascar and Mauritius
these have been drafted but not yet implemented. It is therefore recommended to strengthen or develop
country-specific National CS frameworks (NCSF) in each target country, in line with the regional CS
framework. Of importance is to ensure these frameworks emphasise a comprehensive approach to the
management of climate and disaster risk covering mitigation, preparedness, response and recovery
(overcoming a dominant paradigm which focuses on preparedness and response capability).

All economic sectors are vulnerable to climate-related hazards and climate change in the four target
countries, as demonstrated in section 2.2. Some sectors are particularly vulnerable due to their significant
role in the countries’ economy and reliance of the population. It is therefore recommended to undertake
a scoping exercise to determine opportunities and entry points for building climate and disaster resilience
within 2 main sectors per country (as identified in the financial analysis, see Annexes and in accordance
with GFCS)3%, Based on the result of the scoping analysis, it is recommended that the project provides
support towards the development of integrated risk management plans for these sectors and critically
also for land use planning and building permits (especially with respect to urbanisation), Integrated
Coastal Area Management (ICAM) and Integrated Water Resource Management (IWRM) (all fully
encompassing environmental conservation with respect to climate and disaster risk), plus energy supply
continuity. This will only be a start, as efforts will be needed on a continuous basis across all sectors to
expand and improve risk management across all sectors and taking account of changing conditions.

Improve institutional arrangements of the NMHSs to maintain a stable work force in view of high
turnover (i.e. there is a shortage of native skilled human resources in fields related to environmental
management in Seychelles). This also includes the need to improve financial efficiency and identify
additional sources of funding for the NMHSs to retain staff and to maintain/update their equipment
necessary to the production of high-quality climate data. In order to support these aspects, it is
recommended that the project provides support for reviewing (and revising, as appropriate) the NMHSs’
strategic plans and the development of business plans in each target country, which provides a roadmap
for the NMHS outlining goals and how these goals will be achieved; describing how it creates, delivers and
captures value; and justifies increased financing through exploring various business models. In addition,
continuous innovation of technology result in a constantly evolving business environment; the effect of
this is an ever-increasing need for change management and alignement with accountability of knowledge.
Capacity development supports the organizational change, which is an internal process that has to happen
in the people and organizations, such as NMHSs, going through a modernization of its technologies and
infrastructures. This bring the opportunity to develop career paths and incentives to retain the trained
and talent staff. It is recommended that the project provides support towards the development of
Capacity Development plans3® (see further information in Annex 2D that describes the process for
preparing and implementing Capacity Development Plans) in each target country, aligned with the core
NMHS competencies®?. As part of this work, the following activities will be supported:

e Job descriptions either developed or revised, as appropriate.

e a career path defined and established, including the related grades and salary scales, for
meteorologists, meteorological technicians, hydrologists, and hydrological technicians, following

319 For example, see Myanmar National Framework for Community Disaster Resilience Available at:

https://www.preventionweb.net/files/submissions/52573_myanmarcommunityresilienceframework.pdf

320 ‘Road Mapping and Capacity Development Planning for NMHSs — A Guidebook’ (WB/GFDRR, 2020) -
http://documentsl.worldbank.org/curated/en/570671605083362138/pdf/Road-Mapping-and-Capacity-
Development-Planning-for-National-Meteorological-and-Hydrological-Services-A-Guidebook.pdf

321 WMO Guide to Competency (WMO 2018), https://library.wmo.int/doc_num.php?explnum id=4237
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the WMO guidelines. This also includes the process for progression in the career, as well as salary
scales upgrade/update, based on the business cases that will be prepared and presented to the
respective Ministries of Finance in each country.

e Incentives for promotion of the staff in place. This would include a “learning-by-doing” process,
which includes training, experience and exposure; as well as staff rotation (primarily at a national
level, but when feasible within the SWIO region).

e Hand over protocols in place to ensure continuity, in case of a staff member leaves the Service.
e Traing of Trainers in place to ensure continuity.

Revise hydromet laws and establish of a Trust Fund (i.e, a Climate Information and Early Waring System
(CIEWS) Fund in order to create a mechanism to manage revenues and more broadly, other funds than
those provided by the government. In particular, both Madagascar and Seychelles have recent
Meteorological Acts, with some reference to the public-private engagement; however, there are no
specific activities (i.e. joint activities such as co-production of services) nor Trust Fund created to receive
revenues from such activities (and others), and the legislation in Seychelles does not allow commercial
services by the NMHS; and therefore revision will be required, alongside with the definition of the Trust
Fund, goals, governance, etc. (see the pathway to establish the CIEWS in Annex 2C). Comoros and
Mauritius will need to start from scratch in the development of specific Hydromet Laws including all the
required provisions to allow commercial services, engagement with the private sector, and establishment
of a CIEWS Fund.

Collect feedback on dissemination and communication services amongst user groups and develop
processes and options to continuously strengthen the system to be user-friendly, so that services provided
inform decision-making and render beneficial outcomes.

In addition, it is well demonstrated worldwide that an Hydromet Law, which is a national legal instrument
establishing a National Meteorological and Hydrological Services (NMHS), is an important element for its
successful operation, as it helps defining its mission and mandate; ensuring clarity in the definition of its
responsibilities; providing legal authority for certain responsibilities; gaining recognition of its contribution
to society; and facilitating allocation of adequate resources (WMO, 2017)3??, eventually through a
potential establishment of a ring-fenced fund to support O&M and further developments. Through
proposed project, Hydromet Laws will be revised or prepared with the possibility of establishing a
national fund. Collaboration with UNDP may be pursued to explore the possibility of blended finance
approaches, such as those implemented in Indonesia, Bangladesh, China, Ecuador and Brazil*%,

4.1.2 Comoros

Establish coordination and collaboration between user sector and the meteorological and hydrological
service providers to improve understanding of users’ needs among the NMHS, enhance data quality and
strengthen services to meet sector needs (e.g. through NCOF).3%

Specifically, the following actions must be undertaken to strengthen ANACM:

° The ANACM should attempt to participate in more research projects with in-country or
international research institutions, as well as in development activities and projects through
twinning arrangements with more advanced NMHSs;

° The ANACM should build research capacity by recruiting more staff with PhDs and providing them
with resources needed, including online access to literature;

322 5ee WMO, 2017. Guidelines on the Role, Operation and Management of National Meteorological and Hydrological
Services, 2017 Edition, WMO-No. 1195.
shttps://www.undp.org/content/undp/en/home/librarypage/environment-
energy/low_emission_climateresilientdevelopment/blending_climatefinancethroughnationalclimatefunds.html

324 In alignment with the Technical Synthesis Report into the Assessment of Hydro-meteorological Services

and Recommendations for their Improvement. World Bank Group, January 2017
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° Establish a formalized, written governance structure;

° Expand participation in national policy processes;
° Recruit more staff with MSc and PhD degrees;
° Establish and implement a Capacity Development program for the ANACM, to enhance the NMHS'

skills (of all staff members) to a next level through a “learning by doing” process aligned with the
WMO competency framework, which includes “training”, “experience” and “exposure”, in order
to ensure effective operation of the modernized system for the production and delivery of

hydrometeorological and climate services;;
° Carry out data rescue activities;

° Recruit more highly qualified management staff with adequate profiles to contribute to the
production of climate services;

° Strengthened the supporting systems, including ITC infrastructure and tools, as well as set up a
centralized data management system, including a digital database with appropriate backup;

° building the capacity for and implementing a people-centered multi-hazard impact-based
forecasts and early warning systems.

4.1.3 Madagascar

The establishment of the National Hydro-Meteorological Services Users Group (NHMSUG) requires an
inclusive participatory process to ensure its’ ownership by the user sectors and hydro-meteorological
services providers. This process is going to take time and needs upstream work for capacity building of
user sectors. This was recommended for inclusion as one of the key activities of the National Action Plan
for the Improvement of Hydro-meteorological Services (NAPIHMS) with a proper timeline and budget3?>.
This platform could be the basis for establishing and running co-production of forecasting and warning
services workshops to ensure that services are developed as fit-for-purpose and lead to action.

Climate-sensitive sectors should be informed of all climate-related risks and consulted to ensure the
production of climate services and alerts that respond to their needs. At the moment, only some sectors
— e.g. health and agriculture — are consulted through the NCOF. Hence it is recommended to invite all
climate-sensitive sectors, including for example the fisheries sector (national and regional units) as well
as relevant representatives of local fishermen, to the NCOF to disseminate information, train on how to
interpret weather forecasts and alerts and to collect feedback on climate services and early warnings.

Specifically, the following actions must be undertaken to strengthen DGM:

° Establish a formalized, written governance structure;

° Expand participation in national policy processes;

° Recruit more staff with MSc and PhD degrees;

° The DGM should attempt to participate in more research projects with in-country or international

research institutions, as well as in development activities and projects through twinning
arrangements with more advanced NMHSs;

° The DGM should build research capacity by recruiting more staff with PhDs and providing them
with resources needed, including online access to literature;

° Carry out data rescue activities;

° Recruit more highly qualified management staff.

325 Technical Synthesis Report into the Assessment of Hydro-meteorological Services and Recommendations

for their Improvement. World Bank Group, January 2017
164



Strengthened the supporting systems, including ITC infrastructure and tools, as well as set up a
centralized data management system, including a digital database with appropriate backup.

Establish and implement a Capacity Development program for the DGM, to enhance the NMHS’
skills (of all staff members) to a next level through a “learning by doing” process aligned with the
WMO competency framework, which includes “training”, “experience” and “exposure”, in order
to ensure effective operation of the modernized system for the production and delivery of

hydrometeorological and climate services;

building the capacity for and implementing a people-centered multi-hazard impact-based
forecasts and early warning systems.

4.1.4 Mauritius

Specifically, the following actions must be undertaken to strengthen MMS:

Participate in at least two research programs;

Improve the capacity of staff to participate in research projects, as well as in development
activities and projects through twinning arrangements with more advanced NMHSs;

Recruit more staff with PhD degrees, develop staff through studies towards higher degrees such
as a PhD and training in a range of specializations, such as seasonal prediction, Agrometeorology,
hydro-meteorology, etc.;

Expand participation in national climate related policies and plans;

Establish and implement a Capacity Development program for the MMS, to enhance the NMHS’
skills (of all staff members) to a next level through a “learning by doing” process aligned with the
WMO competency framework, which includes “training”, “experience” and “exposure”, in order
to ensure effective operation of the modernized system for the production and delivery of
hydrometeorological and climate services; particular capacity building is required for entry-level

and mid-level meteorological technicians;

Expand the range of specializations represented among the staff, including climate, seasonal
prediction, Agromet, Hydromet, and NWP;

building the capacity for and implementing a people-centered multi-hazard impact-based
forecasts and early warning systems.

4.1.5 Seychelles

Specifically, the following actions must be undertaken to strengthen SMA:
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Expand participation in national climate related policies and plans;

Establish and implement a Capacity Development program for the SMA, to enhance the NMHS’
skills (of all staff members) to a next level through a “learning by doing” process aligned with the
WMO competency framework, which includes “training”, “experience” and “exposure”, in order
to ensure effective operation of the modernized system for the production and delivery of
hydrometeorological and climate services; particular capacity building is required for entry-level

and mid-level meteorological technicians;
Improve access to software for computation and display of basic climate statistics.

Expand the range of specializations represented among the staff, including climate, seasonal
prediction, Agromet, Hydromet, and NWP;

Strengthen formal partnership and data sharing policies with end users;

building the capacity for and implementing a people-centered multi-hazard impact-based
forecasts and early warning systems.



4.2 Recommendations to modernise NMHS equipment and
skills

Following the assessment done and described in chapter 1, the recommendations are provided below.
4.2.1 All countries

Building on the revised strategic plans, business modelling and stakeholders’ requirements, it is
recommended that Regional and National Concept of Operations (CONOPS)3?*® be developed. The
CONOPS is a document that describes the scope and characteristics of the proposed modernized system3%’
and the way the system (or system of systems) will be used/operated; identifies the current status of the
NMHS; and visualizes investments required component-by-component in each system to achieve a
particular level of improvement. User requirements is an essential ingredient for the design and
implementation of the entire system.

4.2.2 Comoros

Strengthen observational network:

° Add at least one upper air observation station;

° Set-up a doppler radar for Grande Comore;

° Set-up marine observing systems (e.g. buoy, wave radars and tide gauges)
° Strengthen station inspection and maintenance;

° Backup climate data;

° Conduct data rescue;

° Increase the number of surface stations;

° Use advanced quality control tools;

° Perform basic station needs assessments.

Strengthen information system:
° Implement a centralized data management system for integration of all observation data;

° Access and make use of remote sensing data to enhance station observation, through doppler
radar and satellite data acquisition;

° Improve access to software tools for weather forecasting and climate prediction, including
statistical and dynamical downscaling;

° Provide seasonal temperature outlooks;

° Improve access to software for computation and display of basic climate statistics;
° Perform homogenization of climate data;

° Upgrade telecommunications systems.

326 A proposed outline for a CONOPS is provided in Weathering the Change: How to Improve Hydromet Services in
Developing Countries, World Bank Group, GFDRR (2019), https://www.gfdrr.org/en/publication/weathering-
change-how-improve-hydromet-services-developing-countries

327 A typical NMHS is comprised of a system (or “system of systems”). User requirements is an essential ingredient
for the design and implementation of the entire system.
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4.2.3 Madagascar

Strengthen observational network:

Add at least one upper air observation station;
Set-up a doppler radar for the area of Antananarivo;
Strengthen station inspection and maintenance;
Backup climate data;

Conduct data rescue;

Increase the number of surface stations;

Use advanced quality control tools;

Perform basic station needs assessments.

Strengthen information system:

Implement a centralized data management system for integration of all observation data;

Access and make use of remote sensing data to enhance station observation, e.g. through doppler
radar;

Provide a weather forecast for up to 10 days;
Expand the range of seasonal and monthly forecast products and communicate uncertainties;

Improve access to software tools for weather forecasting and climate prediction, including
statistical and dynamical downscaling;

Invest in internet faster than 10 Mbps and upgrade telecommunications systems.

4.2.4 Mauritius

Strengthen observational network:

Add 3 new upper air stations;
Set-up a doppler radar for Rodrigues island;
Backup of data climate data;

Set-up marine observing systems (e.g. buoy, wave radars and tide gauges)

Strengthen information system:
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Implement a centralized data management system for integration of all observation data;
Enhance the existing satellite data reception and processing system;
Improve access to software for computation and display of basic climate statistics;

Improve access to software tools for weather forecasting and climate prediction, including
statistical and dynamical downscaling;

Strengthen ITC resources, including faster internet; and invest in high performance computers
Expand the range of basic climate statistics and variables for which they are produced;

Perform homogenization of climate data.

Expand the range of seasonal outlooks and increase the frequency with which they are produced;

There is scope to strengthen the production of advanced climate information products in different
tabular and graphical formats;



° Provide more specialized (tailored) climate analysis, prediction and monitoring products, on
seasonal to climate change time scales for major sectors on the website.

° Expand the range of seasonal and monthly forecasts, especially to include temperature;

° Communicate uncertainty of seasonal forecasts to users;

° Improve access to computers connected to a higher speed internet, with Mbps greater than 100
Mbps.

° Invest in capacity to run NWP, ocean and climate models, including the needed technological

capacity such as high-performance computers.
4.2.5 Seychelles

Strengthen observational network:

° Set-up a doppler radar for Mahé island;

° Set-up marine observing systems (e.g. buoy, wave radars and tide gauges);
° Backup of data climate data;

° Expand the number of water gauge monitoring stations

Strengthen information system

° Enhance the existing satellite data reception and processing system;

° Expand the range of seasonal outlooks to include temperature;

° Expand the range of seasonal and monthly forecasts, especially to include temperature;

° Communicate uncertainty of seasonal forecasts to users;

° Improve access to software tools for weather forecasting and climate prediction, including

statistical and dynamical downscaling;

° Improve access to computers connected to a higher speed internet, with Mbps greater than 100
Mbps.
° Invest in capacity to run NWP, ocean and climate models, including the needed technological

capacity such as high-performance computers;

° Expand the range of basic climate statistics and variables for which they are produced;

° Perform homogenization of climate data.

° Expand the range of seasonal outlooks and increase the frequency with which they are produced;
° There is scope to strengthen the production of advanced climate information products in different

tabular and graphical formats;

° Provide more specialized (tailored) climate analysis, prediction and monitoring products, on
seasonal to climate change time scales for major sectors on the website.

4.3 Recommendations to improve EWS and relevance to
Sector Users

4.3.1 All countries

For all countries, improving hazard information requires the combined improvement of both
meteorological data and analysis to provide weather forecasts, and climate change trends and
projections, together with hydrology data and analysis regarding water catchment behaviour (for floods
and droughts) in relation with rainfall as water resources recharge. Therefore, we recommend the
following:
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Set up or strengthen EWS for key climate-related threats in each target country. This requires a better
understanding of risks. For this, hydrology unit and meteorological services must work together along
with DRM institutions to produce hazard maps related to intensity of event (e.g. return period of flood).

Develop risk assessments on priority sites (related to population safety) for all hazards. The level of risk
can change depending on the actual impacts and consequences of hazards. Therefore, the risk assessment
must include an assessment of the population’s coping and adaptive capacities. These assessments
should be used to identify the location of vulnerable groups, critical infrastructure and assets, to design
evacuation strategies including evacuation routes and safe areas, and to expand warning messages to
include possible impacts.

Invest in sustained processes of participatory and multi-sectoral climate and disaster risk assessment and
mapping as an integral part of local and national development planning processes (in accordance with
priority hazards and priority sectors and regions within the respective countries). Methodologies that
incorporate ecosystem-based assessment, as well as social and economic dimensions, should be selected
(for example, see the EbA Guidebook3?). For example, in Comoros climate and disaster risk assessment
and mapping could build on the UN-HABITAT risk assessment undertaken in Moroni.

Share risk maps and vulnerability assessments with public and ministries/institutions to guide decision
making e.g. land planning and land development schemes to avoid building on vulnerable areas (avoid
increasing vulnerability for people and goods), and to preserve natural space providing ecological services.

Currently, there are a limited number of climate services provided to users and end-users (sectors and
communities). Moreover, when information is shared, and warning disseminated, these are not readily
acted upon. Hence, it is recommended to run co-production of forecasting and warning services
workshops for producers and users to ensure that services are developed as fit-for-purpose and lead to
action. For example, see the USAID supported Mercy Corps-led Climate Information Services Research
Initiative (CISRI)**® which has generated knowledge and evidence, through studies, research, and
guidelines, about the factors that determine the effectiveness of climate services in contributing to end
users’ livelihoods. The CISRI learnings find that end users can be supported to access, understand, and act
on climate information by mainstreaming participatory and user-centered planning, design, and
communication processes into climate services.

Use local people — community leaders, citizens, associations - as «hazard watchers» on flood-prone rivers
to monitor « real time» events and contribute to defining and refining alert systems on rivers.

Develop skills at the community and individual level for understanding forecasts and alerts in order to be
efficient when warnings are issued.

Ensure that traditional knowledge is valued and incorporated into processes for developing an improved
warning service in each country. For example, through participatory risk assessment processes and
through co-production of forecasting and warning services.

Inform people about safety options for risk reduction and health care by indicating where evacuation
areas are located and by raising awareness of pathways to avoid loss and damages to goods and properties
during a hazardous event.

There is currently limited communication and exchange between the producers of climate services and
the end-users. Hence, it is recommended to develop a regional protocol ensuring such interaction as well
for systematic feedback from user groups on the use of warning services, according to WMO criteria on
effectiveness. This protocol could be included in the regional CS framework and applied as relevant to
member countries with respect to their national specificities.

328 United Nations University — Institute for Environment and Human Security, 2018. Climate Risk Assessment

for Ecosystem-based Adaptation. Available at: https://ehs.unu.edu/research/climate-risk-assessment-for-
ecosystem-based-adaptation-eba-guidebook.html#outline

329 Available at: https://www.climatelinks.org/resources/climate-information-services-research-initiative
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Strengthen local level capacity (regions, districts, municipalities and decentralized sectoral ministries) to
manage climate and disaster risks, including full participation in the development and implementation of
strengthened early warning systems.

A national framework for MH-IBF-EWS for each country will be developed and harmonized at the regional
level. This framework will guide the implementation of MH-IBF-EWS at the local level. This involves
collaboration among NMHS, PIROI and the national DRM institutions, and other stakeholders, the
development risk matrices for each hazard with agreed risk levels and colour-codes, and description of
related impacts and response/actions. Selected vulnerability sites in each country will be selected to use
such risk matrices and associated information for testing and validating MH-IBF-EW S, with the assistance
of PIROI and its national counterparts and associated NGOs. These developments and testing will be done
in the first three years of the proposed project, and then expanded and rolled out nationwide (in the last two
years of the project) using scenarios, and through the dissemination of knowledge products and outreach
materials with the assistance of NGOs and through the community leaders, in order to reach all population
in the four countries.

VERY LOW  MEDIUM HIGH
LOwW

Green: No severe
hazard is expected -
:
g VERY
o Low
.,

IMPACT

Source: WMO Guidelines on impact-based forecast and warning services.3*

4.3.2 Comoros

Support training of the sector users to develop their capacity in data analysis and modelling.33!

Conduct a gap analysis of climate and disaster related legislation to provide the basis for strengthening
the ability to promote climate and disaster resilience across sectors (based on improved data).

Undertake an assessment to determine options and viability for the development of multi-purpose
evacuation shelters during tropical cyclones.

There is limited capacity to develop agrometeorological forecasts that are appropriate to the agriculture
sector, which is key to the economy of Comoros. Hence, it is recommended to investigate means to
strengthen forecasting, seasonal outlooks and warning for agricultural stakeholders including agricultural
extension services and farmers (in partnership with FAO and Ministry of Agriculture).

4.3.3 Madagascar

Both the BNGR and the DGM play a crucial role in disaster risk reduction. Given the BNGR’s role to
disseminate hydro-meteorological warnings, it is recommended to strengthen the collaboration between
the BNGRC and the DGM to aid clarity in understanding and communicating hydro-meteorological
information, including with decision makers.

Water resource management is vital in Madagascar for many sectors as well as the safety and well-being
of the population (see section 2.2). However, floods are an issue in many parts of Madagascar causing
significant damage to infrastructure, agriculture, transport, etc. Therefore, it is recommended to

330 https://library.wmo.int/doc_num.php?explnum_id=7901

331 In Technical Synthesis Report into the Assessment of Hydro-meteorological Services and

Recommendations for their Improvement. World Bank Group, January 2017
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strengthen flood forecasting and service delivery. This may require amendment of ARRETE N°
22.785/2015/MTTM?*2. Improvements in flood monitoring can be used as a basis to enhance storm
drainage capacity and upstream water resource management such as through ecosystem protection and
restoration. The strengthening of flood forecasting and service delivery should be implemented based on
collaboration between the DGM, PRIMATURE (CNGRC) as the lead institution for flood disaster risk
management, Ministére de la Défense (Corps de Protection Civile - CPC), and Ministére de l'intérieur
(Bureau National de la Gestion des Catastrophes - BNGRC), and other relevant entities such as local
government, businesses and communities.

Build on the current collaboration with APIPA to replicate this experience to expand hydromet services
for disaster risk reduction and recovery to other flood risk areas in Madagascar.?*3

Improve drought monitoring and forecasting capability with products and services that ultimately
support farmers in making climate and disaster resilient decisions (for example, on what to plant and
when) in light of weather, seasonal outlook, climatic and extreme event information.

4.3.4 Mauritius

Tourism and agriculture are key to the economy. In this context it is recommended to improve tailored
warnings to agriculture and tourism amongst other key economic sectors, in alignment with the GFCS.

Evaluate and improve the effectiveness of the tropical cyclone, and other hazards, warning classification
system (criteria) considering regional and international best practice.

Floods, in particular flash floods, create significant risks in Mauritius. It is therefore recommended to
strengthen early warning systems and forecasting capacity for heavy rainfall and likely flood impacts for
specific locations (in accordance with risk maps).

Improve response plans for first responders (Police, SMF, MFRS, Local Authorities).
Develop and test protocols for evacuation, including mass evacuation.

Develop products and services tailored to the needs of agriculture with respect to weather, seasonal
outlook, climatic and extreme event information, including drought related warnings.

4.3.5 Seychelles

The continued development of the tourism sector and fisheries industry creates new needs to NMHSs. In
this context it is recommended to improve tailored warnings to fisheries and tourism amongst other key
economic sectors, in alignment with GFCS.

For the fisheries sector, develop marine meteorological forecasts for fishermen, together with localised
forecasts around the islands, including wind speed and direction, wave direction and height, and storm
surges.

In the tourism sector, develop a marine weather forecast information providing information on wind
speed and direction, wave direction and height at local scale (East coast and West coast at least).

4.4 Recommendations toimprove communications with End
Users

4.4.1 All countries

In all four countries, weather bulletin, seasonal forecasts and warnings are often not reaching the most
vulnerable communities and people. This is particularly the case in Comoros and Madagascar with regards
to remote communities or specific socio-economic groups like fishermen and small-scale farmers, and
with respect to social status such as gender. To improve the outreach of CS, it is recommended to

332 In alignment with the Technical Synthesis Report into the Assessment of Hydro-meteorological Services

and Recommendations for their Improvement. World Bank Group, January 2017

333 In alignment with the Technical Synthesis Report into the Assessment of Hydro-meteorological Services
and Recommendations for their Improvement. World Bank Group, January 2017
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undertake an assessment to determine the best communication means to disseminate forecasts and
warnings (for example, using radio, pictures or mobile phones — text or voice messages — instead of
written manuals or reports; and which language to use) through analysing how these are used, constraints
in use (for example, power supply and gender differentiated access to information sources), along with
options for improving the use of these communication means. See table 26 for an overview of existing
EWS in place in each country.

Trust in forecasts and warnings is often low. For example, some fishing communities in Comoros and
Madagascar tend to rely on their own experience and forecasting methods rather than information from
the NMHSs. Through a series of consultations in each target country, it would be important to determine
who the key trusted stakeholders/leaders are at the local level that could be a conduit for sharing
warning messages with the local community in ways that foster action. For example, the mayor,
traditional village chief, religious leader, youth network, women association, elders’ network, fishermen
union. In addition, determine how to convince these stakeholders of the importance in collaborating on
this topic.

Table 26 Description of EWS in place in each country

hazards Comoros Madagascar Mauritius Seychelles

Tropical cyclone (with strong winds and
heavy rainfall)

Heavy rainfall causing floods

Tsunami, high waves, storm surge
causing coastal inundation

Heavy rainfall causing landslides

Coastal erosion (caused by waves)

Drought

Earthquake / volcano

Health epidemic n/a n/a
Locust plagues / agriculture n/a n/a n/a
Forest fire (increased by strong wind) n/a n/a

Note: Dark purple indicates EWS and emergency schemes are in place; light purple indicates only EWS are
in place; white indicates not-relevant threat for the country.

Build the capacity of sector users to improve their understanding of their data and information needs,
coordinate data requests from the meteorological and hydrological services providers, avoid duplication
of data analysis, and share information products relevant to the sector.33*

Develop a public awareness strategy and campaign on disaster and climate risk so user communities
understand the risks and can factor these in decision-making over different timescales.

Organise ‘risk management/crisis drill tests’ in vulnerable areas to train people on how to react before,
during and after a crisis.

A web-based knowledge and decision support system (DSS) that aggregate information from the four target
countries, with MH-IBF and color-coded risk-based warnings (regional “meteoalarm”335/"vigilance”336337-
type platform that would also contribute to the WMO Global Multi-hazard Alert System — GMAS?338) will be

334 This is in alignment with the Comoros Technical Synthesis Report into the Assessment of Hydro-
meteorological Services and Recommendations for their Improvement. World Bank Group, January 2017
335 http://www.meteoalarm.eu

336 https://vigilance.meteofrance.fr/fr

337 http://www.meteofrance.re/vigilance-reunion

338 https://www.wmo.int/gmas/
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jointly develop to support early warnings / early actions at regional, national and local levels. While this DSS
is primarily to support DRM operations, it is intended to also address impacts to the relevant socioeconomic
sectors in the country (i.e. agriculture, fisheries and tourism).

4.4.2 Comoros

Investigate methods to improve dissemination of warnings that fill gaps in service, such as for more
remote communities, amongst groups without access to radios and mobile phones, or are marginalised
from having good access to information in other ways. For example, this could include consideration of
disseminating warning messages through mosques.

Outreach towards fishermen is particularly difficult in Comoros due to their lack of communication means.
Hence it is recommended to conduct an assessment to determine methods to ensure that fishermen at
sea are able to receive adequate weather warnings.

Local Red Crescent volunteers play a significant role at the local level, notably in the dissemination of
warnings. However, they are often not trained to advise communities on how to respond to such
warnings. It is recommended to foster the partnership between Red Crescent volunteers and CMS and
train the Red Crescent to act as local intermediaries for CMS. This partnership could be part of co-
production of forecasting and warning services or simply as a means to bolster dissemination of warnings
according to pre-determined protocols. The partnership could also take advantage of the Red Crescent’s
intention to develop a stronger network of local offices around the country.

Specifically, the following actions must be undertaken:

° Provide a weather forecast for up to 10 days;
° Conduct more trainings to explain to users how to access and use climate information products;
° Improve and update regularly the ANACM website to provide tailored climate analysis, prediction

and monitoring products, from seasonal to climate change time scales for major sectors;

° Broaden the range of seasonal forecasts and advanced climate information products in different
formats;

° Document, in writing, feedback that users have about the climate information produced,;

° Archive, in written form, the feedback and comments of users on the climate information they

receive to assess the usefulness of this information, as well as to identify ways to improve this
information;

° Document user feedback in writing in order to assess the usefulness and effectiveness of the
information and services provided, and to identify pathways for improvements;

° Establish a mechanism for incorporating user feedback into the redesign of the information
provided.

4.4.3 Madagascar

Conduct an assessment to determine methods to ensure that fishermen at sea are able to receive
adequate weather warnings.

Specifically, the following actions must be undertaken:

° Provide seasonal temperature outlooks;
° Improve access to software for computation and display of basic climate statistics;
° Improve the DGM website to provide tailored climate analysis, prediction and monitoring

products, from seasonal to climate change time scale for major sectors;

° Broaden the range of seasonal forecasts and advanced climate information products in different
formats;
° Document, in writing, feedback that users have about the climate information produced,;
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° A written assessment of user information requirements;

° Document user feedback in writing in order to assess the usefulness and effectiveness of the
information and services provided;

° Establish a mechanism for incorporating user feedback into the redesign of the information
provided;
° Conduct more trainings to explain to users how to access and use climate information products.

4.4.4 Mauritius

There is limited awareness of tropical cyclone risks in Mauritius especially among the young generation.
It is therefore recommended to design programmes to raise awareness on tropical cyclone risk, including
for young people.

In search of better communication channels to disseminate alerts, it is recommended to review the
introduction of social media-based channels for warning dissemination and communication, and ensure
the Emergency Operations Centre has the capacity and procedures to manage fake information shared
on social media.

Specifically, the following actions must be undertaken:

° Train staff to engage with users and provide Climate Information Services.
° Formal training in climate services/user engagement.
° Conduct surveys of various users, including government departments and ministries, to collect

feedback about the interpretation and usefulness of hydro-meteorological forecasts and climate
predictions, and other information products;

° Expand interaction with sectors through MOUs;
° Develop website and API tools to provide easier access to national observation and forecast
information.

4.4.5 Seychelles

Undertake an assessment to determine constraints in use of mobile phones and email (in particular with
respect to power supply continuity during emergency) and options for strengthening dissemination and
communication.

The DRDM and the SMA to develop a strategy for managing the proliferation of false information that
is often shared during emergency contexts so that search and rescue operations are not unduly hampered.

The DRDM public education initiatives need to be improved and stimulated to effectively reach the public
attention. This includes further strengthening and sustaining outreach through school programs and
education.

Specifically, the following actions must be undertaken:

° Train staff to engage with users and provide Climate Information Services.
° Formal training in climate services/user engagement.
° Conduct surveys of various users, including government departments and ministries, to collect

feedback about the interpretation and usefulness of hydro-meteorological forecasts and climate
predictions, and other information products;

° Expand interaction with sectors through MOUs;
° Develop website and API tools to provide easier access to national observation and forecast
information.
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4.5 Recommendations to improve regional cooperation
and synergies with other initiatives

There is currently no consolidated approach for climate services in the I0C, although the region as a whole
would benefit from harmonization of processes and enhanced communication and knowledge sharing.
International good practice suggests that a regional approach applied to countries facing common or
similar weather and climate conditions (like Comoros, Madagascar, Mauritius and Seychelles) has
advantages: it enables enhanced networking; ensures robust interoperability, efficiencies, and
optimization of infrastructure costs; and results in greater harmonization, integration, and
complementarity within the region. The I0C has a critical role in establishing and maintaining a regional
cooperative program, through which Member States develop and share capabilities related to various
subsystems to strengthen individual and joint capacities. Hence, it is recommended to develop a regional
framework for climate services for I0OC member states. This framework could be used to align
existing/new national climate services frameworks of member states, thereby ensuring harmonization
across countries.Effective regional collaboration can contribute to improved forecast accuracy, boosting
the capabilities of lower-capacity NMHSs; over the longer term, it can increase savings and sustainability
of the investments. The development of a Concept of Operations (CONOPS) for the SWIO region would
guide the design and development of an optimum regional composite for hydro-meteorological
observation networks, modeling, forecasting, and service delivery that meet societies’ existing and future
needs. A well-defined regional CONOPS is intended as a living document that guides the implementation
and ongoing operation of the system of systems, taking into account existing and future initiatives in the
region; it should be clearly aligned with national CONOPS documents that address user needs.

In line with international good practice, the design of a ground-based observing system for a region would
serve the needs of regional and national weather forecasting (including Numerical Weather Prediction),
climate services, and early warning systems. The harmonization of the various components of the
observation networks (including automatic weather stations, radio sounding, radar, etc.) within the SWIO
region would help development partners select technical equipment (such as by following similar
specifications) and would facilitate system integration. Technical specifications could be developed with
the support of the I0C, as part of the regional CONOPS for the SWIO region. Their application would then
need to be promoted by the NMHSs in the region any time a development partner or donor expressed a
willingness to support the NMHSs’ observational infrastructure. This greater degree of harmonization will
result in cost saving and will increase systems’ efficiency and effectiveness, while also contributing to
improved monitoring and more accurate forecasts.

In particular, regarding technical improvements, this regional CONOPS could alsoaddress key activities
that are currently not done in the region; e.g. (i) the establishment of a calibration and maintenance
facilities for all the specialised hydro-meteorological equipment (current and future) of the four countries,
with capabilities and fuctions as a WMO Regional Instrument Centre3*; and (ii) development seamless
weather and climate modelling capabilities at the highest resolution as possible, and at all time scale
(nowcasting, daily forecasting, monthly forecasting, seasonal forecasting and climate prediction). To
achieve these goal, it is recommended to set up a regional maintenance and calibration laboratory to be
hosted by one of the four countries; and to share regional computing facilities with the creation of a
NWP regional team following the BRIO project.

Noting the unique characteristics of the climate in the SWIO, which is strongly influenced by sea surface
temperature patterns and ocean currents, hydro-meteorological and climate services developed at the
continental level (i.e. Africa, including the insular States) do not reflect these SWIO regional effects. This
highlights the importance of the SWIOCOF, which needs to be strengthen with the support of the
proposed project, and fed with specific products for the SWIO region taking into account the strong
oceanographic aspects. In this context, it is strongly recommended the establishment of a RCC-Network

339 https://www.wmo.int/pages/prog/www/IMOP/instrument-reg-centres.html
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in the SWIO, wherein the group of NMHSs of the 4 countries will perform climate-related activities that
collectively fulfil all the required functions of a WMO Regional Climate Centre (RCC). Each centre in a
designated WMO RCC-Network will be referred to as a ‘Node’. A Node will perform, for the region or sub-
region, one or several of the mandatory RCC activities (e.g. long-range forecasting (LRF), climate
monitoring, climate data services, training)®*. A regional UIP would be na importante tool to disseminate
climate products and services from the RCC-Network, alongside with the SWIOCOF seasonal outlooks for
the SWIO region.WMO adopted data-sharing policies with the intent of establishing a system for free and
unrestricted exchange of weather, climate, and hydrological data and products at the international
level**'. However, many NMHSs do not comply due to political, technical, and resource issues. Regional
policies are more effective. IOC could could have a role in coordinating and establishing the protocols
required for sharing of observational and forecasting data in the SWIO region.

While this is not planned in the current Project due to time constraints®*?, the establishment of a regional
radar composite, taking into account the exist and planned radars would improve monitoring and
nowcasting of hazardous hydro-meteorological conditions over the SWIO region; this is also important for
determining Quantitative Precipitation Estimates required for hydrological monitoring and forecasting.
This can be considered as a future activity leveraged from this Project.In line with the development of
regional capacity for disaster risk management in SWIO, there is a need to harmonize the warning criteria
for hydro-meteorological hazards within the region. It is important for individual countries to share and
display the warnings for at least 48 hours, in a manner understandable for professionals and the public,
using a dedicated regional web platform3* as part of the above-mentioned regional UIP. This move toward
greater harmonization of warning criteria requires strong coordination and collaboration among the NMHSs
in the SWIO region. Over the longer term, through networking and coordination with the regional and
national disaster risk management community, there could be an attempt to harmonize these warnings
toward impact-oriented warnings.

4.6 Additional recommendations

4.6.1 Comoros

Avoid implementing a strategy to (re)build damaged infrastructure, such as built sea defences, in the
absence of a thorough analysis of coastal risk and the likely benefits of developing a more cost-effective
approach to coastal resilience utilising ecosystem services as well as man-made structures.

Improve flood management. This will require a better understanding of hydrology in watersheds. To
achieve this, it will be necessary to: i) improve water monitoring in watersheds (equipment, capacity
building); ii) develop hazard maps to identify vulnerable areas; and iii) assess vulnerability data at the local
level to develop flood vulnerability maps. Based on these maps. Flood management strategies can then
only be prepared which will include land management approaches, sustainable urban development,
drainage systems, ecosystem-based solutions, etc.

4.6.2 Madagascar

Strengthen storm drainage based on improved awareness of heavy rainfall and knowledge on areas and
elements at risk.

4.6.3 Seychelles

Given the key role of the tourism sector for Seychelle’s economy and its reliance on coastal zone, provide
support to implement a Seychelles’ Coastal Management Plan.

340 hitp://www.wmo.int/pages/prog/wcp/wcasp/rcc/rcc.php.

341 WMO Resolution 40 (Ch-XIl) for weather; WMO Resolution 60 (Cg-17) for climate; and WMO Resolution 25 (Cg-
XIl) for hydrology.

342 During the lifetime of the Project, there will be only the possibility of procuring and installing radars in countries
that don’t have this capability

343 An example of such a platform is Meteoalarm, which was developed under the framework of the European
Meteorological Services Network (EUMETNET) (and which recently incorporated hydrological warnings).
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Create incentives for consumers applying for insurance / bank loans to adopt resilient building concepts.

Integrate Hydromet applications in line with the new national Seychelles integrated emergency
management plan (draft under approval in Oct 2019) and its priority activities.

Develop a new CC adaptation strategy dedicated to agriculture sector in line with the new SSDS
(Seychelles Sustainable Development Strategy).
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Chapter 5 Action Plan
5.1 Project rationale

Climate services equip decision-makers with essential information to help adaptation to climate variability
and change in climate-sensitive sectors and communities. Climate services are increasingly useful in the
context of climate change, to enable risk preparedness, and to improve mitigation and response to, for
example, extreme climate-related events such as tropical cyclones which, due to climate change, are more
frequent and severe. Studies have demonstrated that a better access to relevant climate information
contribute to reduce vulnerability; such information can be used to guide choices and decision-making in
climate-sensitive sectors. For example, in agriculture, climate services can guide choices of crop varieties,
adjust sowing calendar, and develop resilient practices which all contribute to increased agricultural
productivity, thereby reducing farmers’ vulnerability to climate change3**. This has been demonstrated in
various projects, like in Ghana, where farmers have experienced 30 to 80% increased yield per acre, or
USD 75 to USD 125 per acre in revenue after receiving climate-related information through mobile phone
and adjusting their agricultural practices accordingly®®. In Kenya, an ex-ante modelling study conducted
by Hansen et al (2009)34¢ found that seasonal forecasts based on a general circulation model led to gross
margin increases of 9-24%, averaged across years, while perfect knowledge of daily weather was worth
an estimated 24-69%. Ouédraogo et al (2018)3* report that Burkinabé cowpea farmers with climate
information showed higher yields than those without information (an average of 847 kg/ha compared to
685 kg/ha, +23%); moreover, information recipients were shown to have made decisions that resulted in
savings in seed and pesticides, resulting in gross margin gains of 66% above the control group. In East
Africa, a study looked at the relationship between agricultural outcomes and the employment of “climate
resilient” strategies in Ethiopia; the authors found that receiving training in the use of weather
information had the greatest influence on yield (17% increase) (Anuga & Gordon, 2016)3*. These studies
(both ex-ante and ex-post estimates of impact of agricultural climate services), including Vaughan et al
(2019)%*#, show evidence of incremental agricultural productivity gains following the uptake of climate
agro-advisories, however the range varies — in all cases studied, the lowest yield enhancement was 6.9%
and the highest was 24%, so the assumption of 10% used in the proposed project was based on the
percentage of enhanced agricultural productivity as a result of farmers receiving agro-climatic advisories,
regardless to the type of crop, farms or risks.

Yet, at the moment, access to climate services in the SWIO region is limited. For example, in Madagascar,
most farmers do not receive agrometeorological information, which are key to guide sowing dates or
prepare for cyclones or floods**. In this context, strengthening climate services will have a transformative
impact on preventing or mitigating climate risk impacts in the short- to long-term, as well as facilitate

344 Harvey C.A,, et al. (2014). ‘Extreme vulnerability of smallholder farmers to agricultural risks and climate
change in Madagascar’. Phil. Trans. R. Soc. B 1639:369; Sanchez PA, Swaminathan MS. 2005 Cutting world hunger
in half. Science 307, 357— 359. (doi:10. 1126/science.1109057); Vogel C, O’Brien K. 2006 Who can eat information?
Examining the effectiveness of seasonal climate forecasts and regional climate-risk management strategies. Clim.
Res. 33, 111-222. (doi:10.3354/ cr033111)

345 See project UNEP DTU in Ghana: https://unepdtu.org/partnerships-for-climate-action/

346 Hansen, J. W., Mishra, A., Rao, K. P. C., Indeje, M., Kinuthia, R., & Ngugi, R. K. (2009). Potential value of GCM-
based seasonal rainfall forecasts for maize management in semi-arid Kenya. Agricultural Systems, 101(1-2), 80-90
347 Ouedraogo, I., Diouf, N. S., Ouédraogo, M., Ndiaye, O., & Zougmoré, R. (2018). Closing the gap between climate
information producers and users: Assessment of needs and uptake in Senegal. Climate, 6(1), 13

348 Anuga, S. W., & Gordon, C. (2016). Adoption of climate-smart weather practices among smallholder food crop
farmers in the Techiman municipal: Implication for crop yield. Research Journal of Agriculture and Environmental
Management, 5(9), 279-286

349 Catherine Vaughan, James Hansen, Philippe Roudier, Paul Watkiss, Edward Carr, 2019, “Evaluating agricultural
weather and climate services in Africa: Evidence, methods, and a learning agenda”

350 Harvey C.A,, et al. (2014). ‘Extreme vulnerability of smallholder farmers to agricultural risks and climate
change in Madagascar’. Phil. Trans. R. Soc. B 1639:369.
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economic growth or reduce losses in key climate sensitive sectors, as agriculture and fisheries, water
resource management, and health. These sectors, along with disaster risk reduction and energy, have
been identified as priority areas for climate services within the GFCS.

The GFCS implementation plan®?, adopted by the the extraordinary session of the World Meteorological
Congressin 2012 for subsequent consideration of the Intergovernmental Board on Climate Services (IBCS),
provides guidelines to promote effective collaboration with global, regional and national stakeholders in
order to improve the production and delivery of climate services. The GFCS is built around 5 pillars (see
Figure 48), namely:

° User Interface Platform: a structured means for users, climate researchers and climate
information providers to interact at all levels;

° Climate Services Information System: the mechanism through which information about climate
(past, present and future) will be routinely collected, stored and processed to generate products
and services that inform often complex decision-making across a wide range of climate-sensitive
activities and enterprises;

° Observations and Monitoring: to ensure that climate observations and other data necessary to
meet the needs of end-users are collected, managed and disseminated and are supported by
relevant metadata;

° Research, Modelling and Prediction: to foster research towards continually improving the
scientific quality of climate information, providing an evidence base for the impacts of climate
change and variability and for the cost-effectiveness of using climate information;

° Capacity Development: to address the capacity development requirements identified in the other
pillars and, more broadly, the basic requirements for enabling any Framework related activities
to occur.

The proposed Hydromet project is aligned with, and fully support the implementation of, the GFCS in the
SWIO region (see Chapter 3 and Figure 48).

5.2 Project description and theory of change

Providing timely, accurate, and user-friendly weather and climate services in countries of the SWIO region
is key to initiate a paradigm shift to help Comoros, Madagascar, Mauritius and Seychelles adapt to climate
change. However, there are several barriers to initiate this shift, as underlined in the SWOT analysis (see
Chapter 3) and in Figure 85. To overcome these barriers, recommendations were identified in Chapter 4.
Implementing these recommendations will have a transformative impact on reducing disaster risk and
fostering adaptation to climate change. Hence, it is proposed to implement the Hydromet project, which
will strengthen climate change resilience and adaptive capacities in the SWIO region. This will be achieved
through the enhancement of regional cooperation and knowledge sharing in the SWIO, the strengthening
of national hydro-meteorological services (NMHSs) to produce targeted, impact-based forecasts and risk-
based warnings, and the timely dissemination of accurate and easily understandable climate services (CS)
in I0C member countries. These countries have been identified as "climate change hot spots" due to their
high exposure to natural hazards including tropical cyclones, sea level rise and erosion, increased
temperatures and changes in rainfall patterns with more frequent droughts and heavy rainfalls. This is
due to the unique characteristics of the climate in the SWIO region, which are strongly influenced by sea
surface temperature patterns and ocean currents that drive the weather patterns, and therefore SWIO
requires specialized services as compared with those developed for the continental Africa.

Three key components have been identified to address barriers to improving climate services and support
climate change adaptation in Comoros, Madagascar, Mauritius and Seychelles, namely:

351
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1. Capacity building, institutional development, regional cooperation and public-private
engagement

2. Improved monitoring, risk analyses and multi-hazard impact-based forecasting

3. Strengthened climate services delivery, and multi-hazard impact-based forecasts and early
warning systems at national and regional levels

The project theory of change (see Figure 68) demonstrates how the proposed project components will
address barriers to climate services improvements and initiate a paradigm shift towards improved
livelihoods and economic growth in Comoros, Madagascar, Mauritius and Seychelles, which will be
achieved through regional- and national-level interventions.

5.2.1 Theory of Change

Baseline problems: Comoros, Madagascar, Mauritius and Seychelles are ‘climate hotspots’ because of
their high exposure and vulnerability to climate-related hazards. These countries are particularly affected
by tropical cyclones, heavy rainfall events (leading to floods, flash floods and landslides), droughts, storm
surges and sea-level rise. Tropical cyclones (TC) are the most frequent catastrophic hazard in the SWIO
region and have been responsible for significant historical economic losses and casualties®*?, Over the past
decades, these hazards have affected approx. 14.4 million people across the four counties, and the
physical damage resulting from these events was estimated at 13.1 billion USD333,

Climate change problem: Scientific data®* confirms changes in climate already observed in the SWIO

region, including more frequent floods and droughts based on a comparison of periods 1961-1990 and
1991-2016, as well as increased temperature. Climate change will increase the frequency and/or intensity
of climate-related hazards and climate extremes in the SWIO region such as storms, heavy rainfall events
and violent winds. As a result, the climate-related hazards’ losses and damages experienced in the region
will increase, with detrimental impacts on economic growth and the livelihoods of vulnerable
communities.

Solution: Improving and modernising hydromet systems and services, and fostering collaboration for
climate risk monitoring and management at the regional scale will enable countries of the SWIO region to
better forecast hazardous events and provide users —including communities and sectors — with accurate,
timely weather, climate and hydrological information.

Barriers:

At the regional level, 10C and its member countries do not have a regional framework and facilities to
harmonise risk monitoring and forecasting processes, collaborate and synergise efforts for climate risk
prediction, downscale climate change projections and associated impacts from the regional to the
national level, and share hazard and risk-related information and risk management experience. At
national level, the NMHS of these four countries have limited institutional, financial and technical
capacities to monitor climate and weather, and to produce locally-relevant forecasts to inform decision-
making processes. This is particularly the case in Comoros and Madagascar due to the limited number of
surface and upper air stations. Institutional weaknesses have also been noted in the NMHSs of the four
countries along with limited staffing, as indicated in Annexe 2. As a result, there is limited production and
timely dissemination of user-centred climate services, alongside with impact-based forecasts (IBF) and
EWS that can help reduce risk exposure and vulnerability among communities and economic sectors; this

352 AIR Worldwide, South West Indian Ocean Risk Assessment and Financing Initiative (SWIO-RAFI), Final Report
Submitted to the WBG,

353 World Bank (2017). SWIO-RAFI.
354 World Bank, 2017. ‘South West Indian — RAFI https://www.gfdrr.org/sites/default/files/publication/116342-WP-
PUBLIC-52p-SWIO-RAFI-Summary-Report-2017-Publish-Version.pdf
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is exacerbated by a lack of updated climate change projections and associated impacts downscaled at the
level of each country. Finally, there are limited interactions between the producers and users of weather
and climate services, and no feedback mechanism implemented to ensure the production of relevant,
high-quality and accurate hydromet and climate services. The financial resources to overcome these
barriers are also not enough or not available within the IOC and the concerned countries, because of their
LDC/SIDS status and climate change-related threats on their economy, highly dependent on climate-
sensitive sectors.

Project activities to overcome barriers and catalyse a transformational change: The three complementary

components of the Hydromet project are designed to achieve the paradigm shift of improved monitoring
and managing climate, weather and hydrological risks in the short-, medium-, and long-range, that will
facilitate growth in key climate sensitive targeted sectors (agriculture, fisheries and tourism), and enable
resilience and adaptation to climate change impacts. This project provides an opportunity for countries
to leverage each other’s strengths, deploy complementary field of expertise and risk management
capacity, and capitalize on successful regional and national initiatives. The regional scope of this project,
fostered by I0C, underpins its success to improve climate risk prediction, and promote climate-resilient
socio-economic growth in the long-term. The I0C is the only regional institution created and financed by
island states of the South-West Indian Ocean Region; it already leads regional initiatives for climate risk
management. Through its regional status, the IOC will foster increased collaboration among the target
countries for hydromet and climate-related monitoring, modelling, forecasting and service delivery. The
I0C will also promote the harmonization and standardization of approaches, and will coordinate and
establish protocols for sharing of observational and forecasting data within the SWIO region. The 10C will
also support long-term resource mobilization to ensure sustainability of the investments, based on
keeping record of the metadata and assessing the life-cycle processes to ensure continuous infusion of
new capabilities, maximizing opportunities and minimizing threats.

The 3 proposed components of the Hydromet project, as detailed in the ToC and in the project framework
(see 5.2.2), directly relate to the GFCS five pillars and priority areas, as illustrated in Figure 85.
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Figure 85 Correlation between Hydromet components and the GFCS
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Figure 86 Project theory of change

Goal statement: If NMHSs in the I0C region are equipped with improved hydromet infrastructure and tools, and work closely with socio-economic sectors, DRR and communities, then countries in
the 10C region will become more resilient to climate change, because they will be able to produce and make use of accurate, timely and reliable CP-CS, including MH-IBF-EWS, target to the users
(socio-economic sectors and communities)
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1. RFCS and NFCS are implemented; communication, collaboration and information exchange established among IOC/MCs; the RCC-Network is endorsed by all MCs and formally designated by
WMO; efficient business model/cost-recovery plans in place; hydromet laws prepared with potential CIEWS funds

2. Staff capacity retained; O&M capacity is available; collaboration between NMHS, DRM institutions and CS users enhanced and or created

3. CS are effectively delivered to end-users; a feedback mechanism is established; UIP and SWIO-NRCOF are used by CS providers and users to communicate and co-produce CS; good
collaboration with last-miles players (PIROI, national DRM, and NGOs)




5.2.2 Project Framework

PROJECT OBJECTIVE: Enhance climate change resilience and adaptive capacities of communities through the strengthening of National Meteorological and Hydrological Services (NMHSs), the
enhancement of regional cooperation and knowledge sharing, and the production of efficient climate services (CS) in IOC member countries

PARADIGM SHIFT OBJECTIVE: Increased climate-resilient sustainable development

GCF FUND-LEVEL IMPACT:
A1.0 Increased resilience and enhanced livelihoods of the most vulnerable people, communities and regions
A2.0 Increased resilience of health and well-being, and food and water security

Component 1. Capacity building, institutional development, regional cooperation and public-private engagement

Output 1.1 A
Regional Climate
Centre Network and
frameworks for
Climate Services
(CS) established in
the SWIO region

Output description: RCCs and RCC-Networks®%°, established according to WMO technical regulations®®, are centres of excellence, holding regional responsibilities (not
duplicating or replacing the responsibilities of NMHSs). RCCs and RCC-Networks’ mandatory functions include the development of regional climate products, as well as
support training and capacity building interventions at the regional scale. The climate products include long-range forecasts and climate monitoring analysis, which can be
used as decision-making tools for climate change adaptation and disaster risk reduction. With these products and tools provided by the ‘climate data services’ function,
countries in the SWIO region are able to produce and deliver better climate services to national users. Additional functions, not mandatory but highly recommended by
WMO, for RCCs/RCC-Network will also be implemented for the benefit of the all IOC member countries. The RCCs and RCC-Networks constitute integral components of
WMQO's Global Data-processing and Forecasting System (GDPFES) underpinning the generation of climate information products by the NMHSs. A brochure to establish and
run an RCC/RCC-Network is available on the WMO website and will be used as basis to design the RCC-Network for the IOC member states.

Regional and National Framework for Climate Services (RFCS/NFCS), which are part of the Global Framework for Climate Services (GFCS) led by the WMO, are
coordinating mechanisms that enable the development and delivery of climate services at regional and national levels. Established RFCS/NFCS are key to improved risk
management, through development and incorporation of science-based climate information and prediction into decision- and policy-making. RFCS/NFCS facilitate
multisectoral coordination to devise measures based on specific domestic circumstances and capabilities and relevant scientific data. NFCS contributes to the
implementation of the Paris Agreement that calls for science-based research and systematic observations (Article 7.7c). In supporting the implementation of Paris
Agreement, NFCS complements National Adaptation Plans (NAPs) in medium- and long-term adaptation to climate impacts. Step-by-step guidelines for establishing a
National Framework for Climate Services will be used for the creation and implementation of the RFCS for the SWIO and the NFCS for the 4 target countries.

Activity

Description Sub-activities Deliverables

355 WMO RCC-Network is a group of centres performing climate-related activities that collectivelly fulfil all the
required mandatory fuctions of a Reginal Climate Centre (RCC). Each centre in a designated WMO RCC-Network will
be referred to as a ‘Node’. A Node will perform, for the region or sub-region, one or several of the mandatory RCC
activities (e.g. long-range forecasting (LRF), climate monitoring, climate data services, training). Only centres or
groups of centres designated by WMO will carry the title ‘WMO RCC’ or “‘WMO RCC-Network’ respectively. See
http://www.wmo.int/pages/prog/wcp/wcasp/rcc/rec.php.

356 WMO-No.

49, WMO Technical Regulations, https://public.wmo.int/en/resources/standards-technical-

regulations#tstandards
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1.1.1 Develop The RFCS will be developed based on the GFCS led by WMO and serve as an | 1.1.1.1 Organise consultations with stakeholders in IOC, NMHSs, | RFCS and 4
regional and national | umbrella under which each partner country will develop its own national framework | DRM institutions, climate sensitive sectors to develop the RFCS. NFCSs
E?nr?:[\levzg(s/s;s for climate services. Th(.e RFICS \tl:"(;nTIUde th: foIIIO\t/)vmi ((etl)eme;ts. - conal 1.1.1.2 Organise a regional workshop to validate the RFCS.
- acommon regional methodology and rule book (based on internationa . . . .
(RFCS & NFCS) WMO standards) for weather monitoring and forecasting, and climate 1'1.'1 3 Once the RFCS is validated, design the NFCS following the
monitoring for long-rangeprediction at regional and downscaled level, guidelines of the RFCS.
relevant to the nature of hazards and resilient responses. 1.1.1.4 Organise 4 national workshops to present and validate the
- regional protocols to disseminate weather-forecasts and climate- NFCS in Comoros, Madagascar, Mauritius and Seychelles.
predictions to relevant users and provide decision makers with the Responsible parties:
information they need for long-termplanning.
- Leader: IOC with the Support of PMU expertise to recruit
- a protocol for member countries to ensure a systematic collection and an expert (meteorologist/climate services expert)
integration of user feedback to co-produce and improve climate services. - Beneficiary supervision and validation: RCC and NMHSs
- Adraft profile of the RCC-Network that will be established under Activity - Stakeholders to be involved and consulted: DRM
1.1.2, which will feed with the required products the SWIOCOF. institutions, climate sensitive sectors
The RFCS will also promote the role of the UIP and SWIOCOF (to be strengthened
under Activities 3.3.3 & 3.3.4) as communication platforms to disseminate regional
climate products developed by the RCC-Network, national climate products and
hydromet warnings prepared by the NMHSs, and to facilitate communication and
knowledge exchange among the RCC-Network member countries.
Based on the RFCS, NFCS in the four target countries will be developed or improved
if already exists. These frameworks will also promote NCOFs as complementary
forums to SWIOCOF/SARCOF in terms of calendar and content/activities. National
frameworks will follow the broad guidelines from the RFCS — especially to harmonize
processes and equipment for climate data monitoring among countries — but be
country-specific. Ultimately, the RFCS and the NFCSs will contribute to develop a
common risk culture in the 10C region that reinforces weather data and information
sharing in order to better understand and monitor main hazards for the region (i.e.
tropical cyclones, storms with strong winds and heavy rainfall).
1.1.2 Establish the | The RCC-Network will be established under the aegis of IOC and will be submitted | 1.1.2.1 Establish a strategy and develop an operating plan for the | 1 WMO RCC-
legal, institutional, | to WMO for endorsement through its concerned Regional Association; guidance | RCC-Network, based on WMO criteria for designating Regional | Network
financial and | throughout its implementation and ‘pilot phase’; and ultimately formal designation as | Climate Centers, in collaboration with IOC and its member states.

organisational model
for the establishment
of the RCC-Network
within 10C; define a
strategy and develop
an operating plan for
setting it up and
operationalize it;

part of the WMO/GDPFS. Based on the RCC-Network profile prepared under Activity
1.1.1, a complete plan for establishing the RCC-Network for the SWIO region will be

The plan will include type and number of staff members needed;
roles, responsibilities and functions of the RCC-Network and of its
nodes, etc.

1.1.2.2 Organise a validation workshop with |IOC and the proposed
member states of the RCC-Network, with the participation of WMO,
to validate the proposed strategy and operating plan and
institutional organization, as well as regional products and services
to be delivered by the RCC-Network. At the end of the workshop
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reach formal
designation by WMO

developed, based on WMO guidelines to establish RCC3%7; and based on an analysis
of strategies and operating plans for establishing the other existing WMO
RCCs/RCC-Networks. This plan must identify legal, institutional, financial and
organizational model settings that would better suit the targeted region.

The RCC-Network strategy will define the purpose, goals and scope, while the
operating plan will confirm and define the details, inter alia, of the following regional
elements:

- Which country will have the administrative and logistic responsibilities for the
RCC-Network, under the aegis of IOC, and as a formal designated center by
WMO;

- 10C’s role (i) in the organisation of the SWIOCOF every year will be
strengthened, and (ii) in the additional non-operational RCC-Network
activities will be defined;

- technical expertise and responsibilities for functions of the RCC-Network will
be shared between IOC member countries. For regional products, a ‘regional
expert team’ will be set up, composed of selected hydro-meteorologists from
the concerned IOC member states.

The RCC-Network established under this activity will have the mandatory functions
of WMO RCCs/RCC-Networks, including (i) operational activities for long-range
forecasting (LRF) (see Activity 2.3.7); (ii) operational activities for climate monitoring;
(iii) operational climate data services; and (iv) training in the use of operational RCC
products and services (see Activity 2.2.1). Additional functions, not mandatory but
highly recommended by WMO, for RCCs/RCC-Network will also be implemented.
These include: (a) climate prediction and climate projection (beyond 2 years
timeframe); (b) research and development; (c) non-operational data services; and
(d) coordination functions — IOC would have a clear role in the implementation of the
last two. Attached to the RCC-Network, there will be the establishment of a WMO
Regional Instrument Centre, for the calibration and maintenance services for the
hydro-meteorological equipment, and of a regional center for specialized training and
capacity building, to complement the existing training in the region (see Activity
2.2.2); and the development of a UIP for the dissemination of the RCC-Network
products and tools within SWIO region (see Activity 3.3.3). This platform will also be
used for experience and knowledge sharing for adaptation and disaster risk
reduction (complementing the SWIOCOF — see Activity 3.3.4), and for dissemination
of the SWIO climate outlooks. Key sectors in the beneficiary countries members of
the RCC-Network will be able to use the climate products, prepared by the RCC-
Network, as decision-making tools to develop climate-resilient strategies, implement
climate-adaptation measures, and guide investments. This will be done by ensuring

formal agreement will be reached between I0C and its member
states on all aspects of the RCC-Network.

1.1.2.3 Develop a business model/cost-recovery plan that
underlines how the regional products and services (agreed upon
under sub-activity 1.1.2.2) will be financed from national
contributions and other potential sources.

1.1.2.4 Present and validate the ‘regional business model/plan’ for
the RCC-Network during a participative workshop.

1.1.25 Implement the RCC-Network ‘pilot phase’ (i.e.
operationalize it) and submit the results to WMO for assessment
and formal designation as part of the WMO/GDPFS.

Responsible parties:

- Leader: I0C with the Support of PMU expertise to recruit
an institutional/legal expert; an economist; and a
meteorologist

- Benéeficiary supervision and validation: IOC and NMHSs
of the RCC-Network member countries

- Stakeholders to be involved and consulted: NMHSs of
the RCC-Network member countries

357 http://www.wmo.int/pages/prog/wcp/wcasp/rcc/documents/WCASP80 TD1534.pdf




that the climate products and services developed by the RCC-Network are used
toco-produce climate services with users in climate-sensitive sector and national
sectoral experts (e.g. agronomist to develop agro-meteorological bulletins) — see
Output 2.3.

The RCC-Network strategy and operating plan will also identify if new staff members
should be recruited to run the RCC-Network nodes; and, if so, how they will be paid
in the long term (see below). RCC-Network staff members will receive basic trainings
on CP-CS under Activity 1.3.2.

Once the RCC-Network strategy and operating plan is approved by all member
states, they will also agree on how each member state will financially contribute to
the running costs of the RCC-Network and attached facilities beyond the project’s
lifetime — e.g. finance for the maintenance laboratory, and the specialized training
center_(Activity 1.1.3), and sharing costs of the UIP (Activity 3.3.3) and SWIOCOF
(Activity 3.3.4). A regional business plan will also be developed to explore possible
business models and identify additional sources of funding for the RCC-Network
from public and private sectors through e.g. cost-recovery of regional CP-CS (see
potential for return on investment in Annex 3a).

1.1.3 Define
strategies and
develop operating
plans for the
establishment of (i) a
regional laboratory

for maintenance and
annual calibration of
equipment as a

WMO Regional
Instrument  Centre;
and (i) a regional

center for specialized
training

A strategy and operating plan to set up a calibration and maintenance laboratory will
be developed, especially to determine where the laboratory should be established
(cost-efficiency and other aspects will be considered), how it will be run and funded
(by consulting with all IOC member countries), and what equipment will be needed
to maintain and calibrate the hydromet equipment of the region, including those
provided under Output 2.1. The establishment of this lab will follow WMO standard
procedures for a formal designation as a WMO Regional Instrument Centre.

Moreover, a strategy and operating plan to strengthen and improve
operationalisation of a specialized training center (currently based in Mauritius) will
be developed, ensuring that training performed by this center is complementary to
the training already performed in the region. This specialized training will be design
and implemented to contribute to the WMO Global Campus,®*® by making available
training materials developed by the center to WMO for wider use by all WMO
Members..

1.1.3.1 Review existing training center capabilities in Mauritius and
other training facilities in the region; identify weaknesses, gaps and
specialized areas for implementation; and specify and provide the
equipment and tools, as required.

1.1.3.2 Work with I0C and the staff members of the NMHSs in the
four countries to define strategies and develop operating plans for
the design/strengthen the maintenance lab and the specialized
training center.

1.1.3.3 Implement the specialized training center, and the
maintenance and calibration lab (i.e. operationalize them) and
submit documentation for formal designation by WMO.

Responsible parties:

- Leader: IOC with the Support of PMU expertise to recruit
2 experts specialised in maintenance & operation of
observing networks; and hydro-meteorology training
working with IOC and NMHSs

- Benéeficiary supervision and validation: NMHSs

1 WMO
Regional
Instrument
Centre, and 1
specialized
training center

358 For WMO Global Campus, see https://public.wmo.int/en/resources/meteoworld/wmo-global-campus.




Stakeholders to be involved and consulted: NMHSs and staff
members of other training providers in the region

114 Prepare a
strategy to improve
Regional Numerical
Weather and Climate
Prediction

This strategy aims to ensure the harmonization of weather forecasts and climate
products across countries, based on international WMO technical regulations /
standards. This strategy will be done at the regional level to define a vision and ways
to achieve it for the NWP/NCP. The output of the regional NWP/NCP will be used at
national level in the countries to improve the hydromet and climate services they
produce and disseminate within their territories. This strategy must consider forecast
verification and feedback, model post-processing/downscaling and calibration using
modern techniques, and model output interpretation, and address requirements
related to the use of deterministic and probabilistic forecasts. The strategy also
needs to consider the NWP/NCP developments required and a sustainable
mechanism to engage staff from the NMHSs of the 4 countries in these
developments, to ensure joint ownership, aligned with the international good
practice.

1.1.4.1 Prepare a regional strategy and action plan to improve
Numerical Weather and Climate Prediction, in collaboration with
representatives of the NMHSs of each country and external
expertise as needed (e.g. Météo-France, Copernicus partners).

1.1.4.2 Design the downscaling and calibration approach for each
country including the computing resources, using modern
techniques (e.g. artificial intelligence) and technologies (e.g. cloud).

1.1.4.3 Organise a regional workshop with the representatives of
the NMHSs of each country and relevant external partners to
validate the strategy and action plan (implementation will be done
under Output 2.3).

Responsible parties:

- Leader: I0C with the Support of PMU expertise to recruit
a consultant (meteorologist)

- Beneficiary supervision and validation: IOC and NMHSs
in each country
Stakeholders to be involved and consulted: IOC and NMHSs, and
relevant external partners

1 Strategy and
action plan
document

Output 1.2
Institutional
arrangements for
NMHS operation
strengthened and
hydromet laws
prepared with
potential CIEWS
funds established

Output description: Based on the assessment of National Meteorological Services conducted as part of the Feasibility Study (Chapter 3), on the assessment of National
Hydrological Services conducted as part of the HYCOS project (Annex), and on the an analysis of the institutional, financial and operational settings of the NMHSs in each
target country (to be conducted under this Activity), a Capacity Development plan to strengthen NMHSs will be proposed for each country.

The purpose of this Capacity Development plan is to improve organisational arrangements of NMHSs in order to streamline roles and responsibilities within these services
aligned with the WMO competency frameworks®®, improve their working environment (to retain and attract skilled staff) and improve their financial efficiency and cash
flow. This work will result in a robust institutional strategy for each NMHS (either one or 2 institutions per country, if hydrology is separated from the meteorological
services), which includes both a Capacity Development plan to improve the capacy of NMHS’ staff and of stakeholders, and a business plan, which will explore new
business models, including cost-recovery. The national business plans will be prepared at the same time as the regional business plan (developed under Activity 1.1.2) to
clearly define the comercial services at regional level (to strengthen the RCC-Network) and the comercial services at national level (to support O&M and further
development of the individual NHMSs); the business plans will ensure sufficient public and private finance to continue the production and dissemination of high-quality
climate-related data, products and services beyond the project lifetime. An overview of the business plan for an NMHS is provided in the corresponding Annex 3a,

suggesting how CS could be commercialised.

Where possible, the updated strategy of the NMHS will follow WMO recommendations on how to become an autonomous entities.

359 WMO competency frameworks, see https://public.wmo.int/en/resources/training/competency-frameworks
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1.2.1 Strengthen the
institutional,
operating and
financial strategy of
NMHSs for each
target country

The purpose of the strategy is to improve efficiency within NMHSs with particular
attention given to retaining skilled staff (including those hired and/or trained under
this project). For this, institutional settings will be improved in order to streamline the
role and responsibilities of staff members (existing and newly hired under Activity
1.3.1).

The strategy will also strengthen the operationalisation of NMHS to meet WMQO’s
requirements for category 3 NMHS. For example, FS, Chapter 3 indicates the
following needs to be addressed:

- establish a formal written governance structure for DGM (Madagascar) and
ANACM (Comoros);
- ensure participation of the NMHSs in research projects (4 countries — to be
done under Output 2.3);
- established procedures to collect users’ feedback on CP-CS (4 countries —
to be done through the NFCS and UIP); and
- improve dissemination of forecasts and national observations on website (4
countries — to be done under Component 3).
All these elements will be included in the NMHS strategy and implemented under
Components 1, 2 and 3 of the proposed project.

Other recommendations from the FS point to the need for capacity building and
staffing - which will be addressed under Activity 1.3.1 and 1.3.2.

The institutional strategy will also strengthen the collaboration between
meteorological, hydrological, DRM services and sectoral ministries and provide
guidelines for NMHS’ contribution to the production of climate-related policies and
strategies.

As part of this strategy, an in-depth analysis of cash flow will be performed to explore
new business models with cost-recovery. A business plan will then be developed for
each NMHS. The business-model/plan is key to ensure the long-term maintenance
and operation of the NMHS, the sustainability of new equipment and software (e.g.
maintenance and operation costs, license renew), and yearly organisation of the
NCOF (which are promoted in the NFCS, developed under Activity 1.1.1). The
business model/plan will take into account economic growth/avoided costs expected
through the project in climate-sensitive sectors (see Economic Analysis Annex 3a);
it will also identify sources of funding for the NMHS through public budget and
commercial services of CP-CS.

1.2.1.1 Update the capacity assessment conducted in Annex 2 (FS,
Chapter 3)

1.2.1.2 Investigate through consultations with relevant stakeholders
the collaboration between met, hydro, and DRM services and
identify pathways to increase collaboration and improve
communication

1.2.1.3 Analyse cash-flows within NMHS and national markets to
identify potential customers of CP-CS and willingness to pay, price
elasticity (in public and private sector), as well as other sources of
finance to support the production of CP-CS in the long-term.

1.2.1.4 Develop, present and validate the recommendations for
institutional and financial strengthening, as detailed in the Business
Plans that are aligned with each country’s reality/context — e.g. from
centralised to decentralised models — during 4 national workshops.

Responsible parties:

- Leader: IOC with the Support of PMU expertise to recruit
1 institutional expert and 1 economist

- Beneficiary supervision and validation: the NMHS of each
country
Stakeholders to be involved and consulted: NMHS, stakeholders
from the public and private sectors

Robust
institutional
strategies,
including
detailed
business plans
for each
NMHS

1.2.2 Develop a
transition support
plan required for
each NMHS, DRM
institutions and
relevant sectoral

The transition support plans are developed to prepare, support, and help individuals,
teams, and organizations (NMHSs and main stakeholders) in the implementation
phase of the proposed project; these plans will enable organizational change based
on the needs required by the project. For the purpose of Hydromet project, the plans
will be developed for the NMHSs, DRM institutions and sectoral ministries in GFCS
priority areas, in all 4 target countries.

1.2.2.1 Define measurable stakeholder gains (inside and outside
the NMHSs) through consultations with these stakeholders, and
create a roadmap for their achievement

1.2.2.2 Track assumptions, risks, dependencies, costs, returns on
investment, dis-benefits and cultural issues

Capacity
Development
Plans
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ministries (Capacity
Development Plans)

This is required to support the implementation of project interventions, and the
‘organizational change’ required in these institutions to adapt to the changes
introduced by new technologies and tools. It is important that the project
implementation entities implement the activities accordingly with the NMHS on a joint
co-built plan to ensure a proper appropriation of these activities and better project
outcome sustainability. This is based on lessons learned with other projects and
international developments/guidance®®.At the same time, throughtout the process
of developing the Capacity Development Plan, activities will be carried out to
contribute to retaining the skilled, trained and talent staff, including:

Job descriptions either developed or revised, as appropriate.

a career path defined and established, including the related grades and
salary scales, for meteorologists, meteorological technicians, hydrologists,
and hydrological technicians, following the WMO guidelines. This also
includes the process for progression in the career, as well as salary scales
upgrade/update, based on the business cases that will be prepared and
presented to the respective Ministries of Finance in each country.

e Incentives for promotion of the staff in place. This would include a “learning-
by-doing” process, which includes training, experience and exposure; as
well as staff rotation (primarily at a national level, but when feasible within
the SWIO region).

e Hand over protocols in place to ensure continuity, in case of a staff member
leaves the Service.

e Traing of Trainers in place to ensure continuity.

1.2.2.3 Organise workshops to inform various stakeholders of the
reasons for the organizational change, the benefits of successful
implementation, as well as a detailed plan of what the changes will
entail and their key role in the process.

1.2.2.4 Design an effective education, training and/or skills
upgrading scheme for the organisation (Capacity Development
plans)

Responsible parties:

- Leader: IOC with the Support of PMU expertise to recruit
1 expert in production and sale of CP-CS (e.g. from MF,
UKmet, etc.)

- Beneficiary supervision and validation: NMHS in each
country
Stakeholders to be involved and consulted: NMHS and DRM
institutions in each country

1.2.3 Review and/or
strengthen legal and
regulatory materials,

including the
potential
establishment of a
CIEWS fund

The national legal instrument establishing a National Meteorological and
Hydrological Service (NMHS) is an important element for its successful operation. It
helps to define its mission and mandate; ensure clarity in the definition of its
responsibilities; provide legal authority for certain responsibilities; gain recognition
of its contribution to society; and facilitate allocation of adequate resources (WMO,
2017)%1,

The legal instrument is also a means of demonstrating how governments will meet
their obligations under various international agreements, including the WMO
Convention (WMO, 2015)%62,

1.2.3.1 Review the current institutional and legal arrangement sin
each country

1.2.3.2 Analyse relevant international best practices and customize
examples for the national contexts in each country

1.2.3.3 Draft new or revise existing Hydromet Laws to include the
possibility of establishing and operating CIEWS funds

Hydromet laws
revised or
prepared with
the possibility
of establishing
CIEWS funds

360 ‘Road Mapping and Capacity Development

Planning for NMHSs — A Guidebook’

(WB/GFDRR,

2020) -

http://documentsl.worldbank.org/curated/en/570671605083362138/pdf/Road-Mapping-and-Capacity-Development-

Planning-for-National-Meteorological-and-Hydrological-Services-A-Guidebook.pdf

361 See WMO, 2017. Guidelines on the Role, Operation and Management of National Meteorological and Hydrological Services,
2017 Edition, WMO-No. 1195.
362 See WMO, 2015. Basic Documents, 2015 Edition, WMO-No. 15.




Rogers et al (2019)%3 explains that:

(1) Policy, legal, and institutional frameworks should be established to clearly
define the roles and responsibilities of the NMHS and other organizations within the
central and local governments, and to enhance collaboration with stakeholders;

(2) To facilitate effective early warning services, it is important to establish a
legal framework that makes NMHS the single authoritative voice for warning
services, along with the efficient communication and dissemination mechanisms for
end-users; and,

3) Policy, legal, and institutional frameworks help building government
(ministries of finance, economy, and planning) understanding of the importance of
NMHSs, with the hope of leading to a legally binding commitment fixed in credit or a
grant agreement to increase budget support and allocations for O&M costs.

It is expected that the developed or revised Laws in each country would also facilitate
allocation of adequate resources, including for O&M costs, through the
establishment of a ring-fenced CIEWS fund; and would provide a legal and regulatory
framework for working with other public and private sectors. The establishment of a
CIEWS draws upon the experience and information from the UNDP work on the
establishment of National Climate Funds (NCFs) to support countries to collect,
coordinate, blend and account for climate finance3%4; as well as on the WMO and WB
activities to strengthen the Hydrometeorological Laws and policies in the countries
by defining the roles of NMHSs in the climate area, and supporting and securing
sustainable budgetary resources for their operations. The latter relies on well-
documented business cases and revised Hydromet reglementary and policy
documents to be put in place by the respective governments throughout the project
implementation. The steps toward the establishment of the CIEWS include:

(i) review and revise the Hydromet Law of each target country to allow commercial
services, revenue generation, public-private engagement, and the establishment of
a Trust Fund (the CIEWS) with clear indication of its goals; and,

(ii) the development of the regulations (and their implementation) that define the
CIEWS components and structure, including: (a) defining the programmatic and
management objectives; (b) identifying capitalization, i.e. potential sources of funds
linking with the objectives — this would require discussions with stakeholders,
national and international partners and others; (c) defining effective governance —

1.2.3.4 Conduct public consultations to get feedback for finalization
of the draft Laws

Responsible parties:

- Leader: I0C with the Support of PMU expertise to recruit
1 expert in legal and institutional aspects

- Benéeficiary supervision and validation: NMHS in each
country
Stakeholders to be involved and consulted: Government Ministries
and Institutions, National Committees, public and private sectors,
NGOs, UN Agencies and development partners involved in each
country

363 See Rogers et al, 2019. Weathering the Change : How to Improve Hydromet Services in Developing Countries?. World Bank,
Washington, DC. © World Bank. License: CC BY 3.0 IGO.
https://www.undp.org/content/undp/en/home/librarypage/environment-
energy/low_emission_climateresilientdevelopment/blending_climatefinancethroughnationalclimatefunds.html
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typically a Steering Committee is established with clear Terms of Reference, chaired
by the Minister in charge for the NMHSs, the Director-General of the NMHS (who
usually acts as the Secretariat), and with the participation of stakeholders / user
sectors and partners; (d) defining fiduciary and implementing arrangements; and (e)
describing monitoring, reporting and verification processes.

This activity relates to procuring the technical assistance for the review of the
possible mechanisms and preparation of the required documentation for the
establishment of the CIEWS.

Output 1.3 Improved
staffing capacity and
capability of the
RCC-Network,
NMHSs and other
relevant institutions

Output description: An assessment of the National Meteorological Services of the four target countries has been conducted in the FS, Chapter 3 (Annex 2); and of the
National Hydrological Services in the Annex of the HYCOS project. Based on these assessments, it is recommended to improve risk understanding among NMHSs and
sectoral institutions. Hence, relevant trainings will be implemented for staff members of the RCC-Network and of the NHMSs; training will be extended to staff members of
other institutions which are potential users of CS, such as DRM institutions, and sectoral ministries. The training programme will be aligned with the WMO competency
frameworks, especially the once for climate services personnel®®. It will cover, inter alia, basics on climate services, risk prediction models, and risk exposure of
population and sectors; with regards to risk exposure, the training will use the hazard maps and vulnerability assessments prepared under Activities 2.3.3 and 2.3.4. The
training programme will be conducted preferably by national universities (e.g. Université des Comores in Moroni), national training center (e.g. GIS training center in
Seychelles) and institutions located nearby the SWIO region (e.g. RIMES). Twinning arrangements with advanced NMHSs (within the context of the WMO Global

Campus®%®) may also be considered.

FS Chapter 3 also indicates a need to hire more qualified staff (MSc’s and PhDs) to the National Meteorological Services. If new staff are to be recruited, there will be
commitment from the government to keep new staff on board beyond project lifetime, through signing work contract.

1.3.1 Recruit new
staff members for the
RCC-Network  and
NMHSs

Staffing needs will be identified for each NMHS and has been identified for the RCC
under Activity 1.2.1. For example, the FS identified the need for meteorological
services to hire more staff with MSC’s and PhD’s to meet the requirements of WMO
NMHS Category 3. If new staff is to be recruited — which will be decided by each
NMHS at project onset — it would require commitment and investment from the
national government to sustain the positions beyond project completion.

1.3.1.1 Assess staffing needs for the RCC-Network and in each
NMHS to contribute to the production of improved and new weather
and seasonal forecasts, and climate projections.

1.3.1.2 NMHSs and |10C recruit new staff members (if needed) with
required expertise.

Responsible parties:

- Leader: 10C with the Support of PMU expertise to recruit
a consultant (hydromet expert)

- Beneficiary supervision and validation: |IOC, RCC-
Network and NMHSs to nominate for each country
Stakeholders to be involved and consulted: I0C and NMHSs to
nominate for each country for need assessment

Staff recruited

1.3.2 Train new and
retrain existing staff

The training will be aligned with the WMO competency frameworks, especially the
once for climate services personnel. It will cover, inter alia, basics on climate

1.3.2.1 Identify relevant training programmes in national/regional
institutions, as well as within the context of the WMO Global

Trained staff

365 WMO competency frameworks, see https://public.wmo.int/en/resources/training/competency-frameworks
366 WMO Global Campus, see https://public.wmo.int/en/resources/meteoworld/wmo-global-campus
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services, risk prediction models, and risk exposure of population and sectors; with
regards to risk exposure, the training will use the hazard maps and vulnerability
assessments prepared under Activities 2.3.5 and 2.3.6. The training will not only
target staff members of the National Meteorological Services and RCC-Network, but
also staff in National Hydrology Services, in DRR and climate-sensitive sectors of
the GFCS. It will be implemented by national/regional universities, research
institutions and academics with a priority given to those located within or nearby the
SWIO region (e.g. Indian Ocean-based consultants working on RIMES). Twinning
arrangements with advanced NMHSs (within the context of the WMO Global
Campus) may also be considered. This training program will be aligned with the
WMO Standards for Education and Training in Meteorology and Hydrology3%” (Basic
Instruction Packages for meteorologists and meteorological technicians; and for
hydrologists and hydrological technicians).

Campus, and aligned with the WMO Standards for Education and
Training in Meteorology and Hydrology

1.3.2.2 Train new and these

programmes.

retrain existing staff within

Responsible parties:

- Leader: IOC with the Support of PMU expertise to recruit
a consultant (hydromet expert); national or regional
universities/research center/academics etc. to conduct
basic trainings

- Beneficiary supervision and validation: RCC-Network,
NMHSs, DRM institutions and climate-sensitive sectors of
the GFCS

Stakeholders to be involved and consulted: RCC-Network, NMHSs,
DRM institutions and climate-sensitive sectors of the GFCS for
training need assessment

Output 1.4 Fine tune
the design, technical
specification, system
integration and
tendering process of
Project Activities
prepared and

Output description: Each country will have at the end of the project a full integrated information system from local observations to climatic services, using global, regional
and national observation and model data, telecom system, forecaster expertise, historical and real-time data storage, end-user’s coproduction and dissemination of
services. The existing systems will be modernised based on WMO technical regulations / standards. System integration development and institutionalization in
government agencies will ensure sustained project development outcomes. The priority activity is to ensure the integration of various project subcomponents and activities
into a unified weather, climate and hydrological monitoring, modeling, forecasting and delivery system.

implemented
14.1. Conduct | The studies will be conducted to assess access to and use of CP-CS at baseline in | 1.4.1 Conduct surveys in each country to assess the access to and | Baseline
baseline studies on | the following sectors: agriculture and fisheries (Comoros and Madagascar); | use of CP-CS and EWS for hydro-meteorological hazards, as well | assessments

how CP-CS and MH-
IBF-EWS for hydro-
meteorological
hazards are used in
each beneficiary
country, and on user
requirements for
improving such
services

agriculture and tourism (Mauritius); fisheries and tourism (Seychelles); as well as
access to early warnings for tropical cyclones and other hydro-meteorological
hazards in all countries. This will build understanding of current CP-CS outreach in
each target countries, how these are used, and any user requirements to address
the weaknesses/gaps, in order to inform the development of the detailed system
(Activity 1.4.2) as well as to identify pathway to increase CP-CS outreach through
the proposed project.

An initial assessment of the access to CS-CP and user needs was conducted per
key sector and presented in the FS. This assessment identifies needs for
improvements. This state of affairs of the ‘needs’ will be reconfirmed and fine-tuned

as any user requirements to address the weaknesses/gaps
Responsible parties:

- Leader: I0C with the Support of PMU expertise to recruit
a consultant (hydromet expert);

- Beneficiary supervision and validation: NMHSs
Stakeholders to be involved and consulted: NMHSs, DRM
institutions, climate-sensitive sectors of the GFCS and targeted
communities, public and private sector stakeholders receiving/using
CP-CS

done in each
country

367 https://www.wmo.int/pages/prog/dra/etrp/documents/1083_Manual_on_ETS_en_rev.pdf
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at the project onset to make sure we consider any new conditions (such as those
implied by the COVID-19 pandemic) and adjustments made since the FS
preparation. In order to measure progress in terms of uptake, efficiency and
effectiveness of project investments by the user sectors, these will need to replicate
such surveys during the project implementation.

1.4.2. Fine tune the
design of the
hydromet
observational
networks, modelling,
forecasting, and
service delivery
systems for each
NMHS, taking a
regional harmonized
approach

This activity will include the development of the detailed/fine-tuned system
integration specifications, including all project activities and taking into account the
existing sub-systems. It will also include the preparation of technical specifications
and tender documents for equipment and services. This will be developed taking a
regional approach to ensure harmonization of the various systems accross the SWIO
region. Technical specifications could be developed with the support of the IOC for
a regional harmonized approach. This greater degree of harmonization will result in
cost saving and will increase systems’ efficiency and effectiveness, while also
contributing to improved monitoring and more accurate forecasts. E.g. by using
common technical specifications for observing systems, it would facilitate the
maintenance and calibration of sensors at the WMO Regional Instrument Centre
being established under Activity 1.1.3.

The systems integration will help to develop new information products and services
and operationalizing their production.

Implementation support will be provided to each NMHS team for effective functioning
of the overall system.

As indicated above, the system integration will ensure functional compatibility of the
modernized meteorological and hydrological systems with the global and regional
systems as recommended by WMO and with the existing systems installed at each
NMHS.

The refinement of the design of an optimum composite surface observation network
and associated ICT systems for the SWIO region will be aligned with the Global Basic
Observing Network (GBON) concept, with a minimum set of stations in target
countries, in terms of type, number and location of the stations, as well as the
exchange of their data internationally for improved NWP and climate analysis.

This Activity will support the technical assistance required to fine-tune the
specifications of the networks and technology systems, oversight their installations
and testing, as well as to promote enhanced practices.

1.4.2.1 Detail/Fine tune the design of each sub-system of the overall
system including, inter alia, global, regional and national
observations, ICT,, modelling, forecasting, and service delivery

1.4.2.2 Prepare technical specifications for the different various
equipment, tools, services and systems to be procured, taking into
account innovative techniques and technologies

Responsible parties:

- Leader: I0C with the Support of PMU expertise to recruit
a firm (specialised in provision of hydro-meteorological
equipment) which will be responsible for Activity 1.4.1;
1.4.2;2.1.1;and 2.1.2)

- Benéeficiary supervision and validation: NMHS in each
country
Stakeholders to be involved and consulted: IOC and NMHS in each
country

Technical
specifications
and tender
documents

1.4.3 Ensure full
system integration
from observation

stations to delivery of
CP-CS to end-user

This activity includes the development of step-by-step practices and procedures for
system integration and coordination of project activities.

1.4.3.1 Conduct capacity gap analysis of ICT system in each
country

1.4.3.2 Design the proper technical integration of the different
systems (ICT design) from previous activity to make the overall
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The observation and monitoring network and remote sensing equipment will be
modernised/completed with harmonized equipment for all NMHSs to facilitate
information exchange (Activity 2.1.1).

In addition, ICT systems will be upgraded following the WMO technical regulations /
standards (Activity 2.1.2).Various networks, and even the same type of network but
from different manufacturers use different datalogger software which collect data in
different formats. Their associated data management systems only allow the display
of the data coming from the same network and same manufacturer. This activity will
therefore support the development of a data integration “architecture” where the all
data from the various networks and within the same network from different
manufacturer be transmitted to a centralized Datacenter (to be established under the
proposed project) and converted in the WMO standard formats. All these
standardized data will then be integrated and displayed in a single data management
system (rather than those individual systems provided by the different
manufacturers/suppliers) — the standardized WMO Climate Data Management
System (please see https://www.wmo.int/pages/prog/wcp/wcdmp/CDM_3.php). As
part of this activity, a detailed study of the various networks and types of equipment,
data formats and transmission will be study with the intend to develop the data
integration “architecture” and implement/develop the various scripts required to
ensure the transmission, conversion, standardization, as well as automation of the
data management.

It is expected that this activity will include the active participation of experts from
developed NMHSs (e.g. through twinning arrangements), which are directly involved
or well familiar with operational aspects of production and service delivery of
meteorological and hydrological products and actively involved in the development
of WMO programs.

As per the previous activity, the design of the ICT systems will also be designed
according to the GBON concept.

system as efficient as to disseminate services including, inter alia:
data, products and services flow and exchange, and protocols and
standard operating procedures between the NMHSs and
beneficiary institutions; taking into account innovative techniques
and technologies

1.4.3.3 implement the data integration "architecture” through the
develop the various scripts required to ensure the transmission,
conversion, standardization, as well as automation of the data
management

Responsible parties:

- Leader: IOC with the Support of PMU expertise to recruit
a firm (specialised in provision of hydro-meteorological
equipment) which will be responsible for Activity 1.4.1;
1.4.2;2.1.1;and 2.1.2)

- Beneficiary supervision and validation: NMHS in each
country
Stakeholders to be involved and consulted: NMHS in each country

Component 2. High-quality climate-related data, improved multi-hazard impact-based forecasts and EWS (MH-IBF-EWS), and climate risk assessments

Output 2.1 Enhanced
hydro-meteorological
observation and ,
monitoring, by
making use of
innovative
technologies for cost-
effectiveness

Output description: This output supports the modernization of data collection infrastructure, management and access to information systems for optimal utilization;

reinforcement of meteorological and hydrological monitoring capacities in water catchments in the most exposed areas.

Activity

Description

Sub-activities
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211
Modernise/upgrade
climate-related
observation and
monitoring network

The observation and monitoring network and remote sensing equipment in each
NMHS will be modernised/upgraded with harmonized equipment for all NMHSs to
facilitate information exchange. The reinforcement will follow WMO technical
regulations / standards; equipment linked to hydrology — in particular to monitor
rainfall in water catchments — have been identified through the HYCOS study (see
Annex 22) and, for Mauritius, also through the ER2C project.

In Madagascar, the hydrological equipment will be established to complement what
has been set up under Project PACARC and the future UNDP-GCF ‘Hydromet
Madagascar’ project.

Options will be explored for leveraging funds from the newly GBON Systematic
Observations Financing Facility (SOFF) for the completion of the implementation of
the optimum composite surface observation network (refined under Activity 1.4.2).
This Activity relates to procuring new equipment (full or parts of the equipment) to
modernize or upgrade/update the networks, as these are either inexistent or
outdated.

Modernise/upgrade the networks based on the detailed plan and
specifications produced under output 1.4

2.1.1.1 In Comoros:

Rehabilitation/extension of the building where the National
Meteorological Service is based, upgrade the national synoptic
networks (meteorological stations following this Feasibility Study
recommendations; and hydrologic stations following HYCOS
recommendation), sub-synoptic rainfall network in flood-prone
areas, agrometeorological observing network, AWOS and ASOS,
meteo-oceanographic buoys, Upper air radiosounding system,
Doppler radar, Tower for radar

2.1.1.2 In Madagascar:

Upgrade national synoptic networks (meteorological stations
following this Feasibility Study recommendations; and hydrological
stations following HYCOS recommendations), sub-synoptic rainfall
network in flood-prone areas, agrometeorological observing
network, Upper air radiosounding system, Doppler radar, Tower for
radar

2.1.1.3 In Mauiritius:

Upgrade national synoptic networks (AWS and hydrological
stations following HYCOS recommendation), sub-synoptic rain
network in flood-prone areas (Port-Louis), Wave radar for North
Mauritius, Rodrigues and Agalega, Maregraph for North Mauritius,
Rodrigues and Agalega and Brandon, Lightning detection network
station at Rodrigues, Upper air radiosounding system for Agalega,
Saint Brandon and Rodrigues, Doppler radar for Rodrigues, Tower
for radar

2.1.1.4 In Seychelles:

Upgrade national synoptic networks (AWS and hydrological
stations following HYCOS recommendations), sub-synoptic rainfall
network in flood-prone areas (Mahé, Praslin and La Digue), Wave
radar for Mahé, Praslin and La Digue, Tide gauge for Mahé, Praslin
and La Digue, Lightning detection network stations for Mahé,
Praslin and La Digue, Doppler radar for Mahé, Tower for radar

Responsible parties:

- Leader: IOC with the Support of PMU expertise to recruit
a firm (specialised in developing technical specifications
for the provision of hydro-meteorological equipment)
which will be responsible for Activity 1.4.1; 1.4.2; 2.1.1;
and 2.1.2)

New/upgraded
hydro-
meteorological
equipment in
the four target
countries




- Beneficiary supervision and validation : NMHS in each
country
Stakeholders to be involved and consulted: NMHS in each country

21.2 Based on a capacity gap analysis, modernize/upgrade the ICT systems following the | In the four countries the following systems will be upgraded and/or | New/upgraded
Modernise/upgrade WMO technical regulations / standards. This includes equipment and tools in support | set-up by the firm hired under Activity 1.4.1 working with the | information
the information and | of data acquisition, retrieve, storage, archiving, management, visualization and | NMHSs: systems

communication
technology systems

production.

This Activity relates to procuring new equipment (full or parts of the equipment) to
modernize or upgrade/update the technology systems, as these are either inexistent
or outdated.

2.1.2.1 Data collecting system

2.1.2.2 Automatic Meteorological Switching System

2.1.2.3 Datacenter

2.1.2.4 Storage and archive of national data

2.1.2.5 Forecaster workstation

2.1.2.6 Climatological Database Management System

2.1.2.7 Service delivery platform (i.e. end user production system)
Responsible parties:

- Leader: IOC with the Support of PMU expertise to recruit
a firm (specialised in provision of hydro-meteorological
equipment) which will be responsible for Activity 1.4.1;
1.4.2;2.1.1;and 2.1.2)

- Beneficiary supervision and validation: NMHS in each
country
Stakeholders to be involved and consulted: NMHS in each country

Output 2.2 Regional
facilities for
maintenance and
training established

Output description: A maintenance and calibration lab (a WMO Regional Instrument Centre) will be established attached to the RCC-Network, which will be hosted in one
of the IOC member states (TBD). Training on maintenance and calibration will be provided in the regional lab established to maintain hydromet equipment. In addition, the
existing regional training centre in Mauritius will be refurbished and its equipment improved in order to support specialized training; this centre will serve as a node on
training and capacity building, as part of the RCC-Network, and will be hosted by Mauritius (based on the defined strategy and operating plan developed under Activity

1.1.3).
2.2.1 Establish a | A regional maintenance laboratory (WMO Regional Instrument Centre) will be built | 2.2.1.1 Build the laboratory (infrastructure) based on the defined | 1 regional
maintenance and | and equipped to do support maintenance work and calibration of the existing and | strategy and operating plan developed under Activity 1.1.3 calibration
calibration laboratory | new acquired hydromet equipment, following the strategy developed under Activity | 5 5 1 2 Provide all equipment and tools that are required based on center (WMO
(WMO Regional | 1.1.3. This will serve to avoid current extra cost sending the sensors or other | i laboratory strategy and operating plan, and gap analysis Regional
Instrument Centre) equipment with a limited lifetime and in need of regular maintenance overseas for developed under Activity 1.1.3 Instrument
maintenance (typically to Kenya or South Africa at present). This will result in skills Centre)

available in the SWIO region, efficiency and effectiveness, and cost saving and
sustainability of the investments.

Responsible parties:

- Leader: I0C with the Support of PMU expertise to recruit
a firm (specialised in provision of hydro-meteorological
equipment) which will be responsible for Activity 1.4.1;




1.4.2; 2.1.1; and 2.1.2); and a firm for building the
building
- Benéeficiary supervision and validation: NMHS in each

country
Stakeholders to be involved and consulted: NMHS in each country

222 Equip the
specialized training
center for the region,
hosted by Mauritius

NMHS  (which  will
contribute to the
WMO Global
Campus)

The specialized training center will be complementary to the existing training facilities
in the region. It will be upgraded following the defined strategy and operating plan
developed under Activity 1.1.3.

2.2.2.1 Buy and install relevant equipment and tools to support
specialized training (as determined in the defined strategy and
operating plan developed under Activity 1.1.3)

Responsible parties:

- Leader: I0C with the Support of PMU expertise to recruit
a firm (specialised in provision of hydro-meteorological
equipment) which will be responsible for Activity 1.4.1;
1.4.2;2.1.1;and 2.1.2)

- Benéeficiary supervision and validation: NMHS in each
country
Stakeholders to be involved and consulted: NMHS in each country

1 equipped/
modernized
training center
(contributing to
the WMO
Global
Campus)

Output 2.3 Science-
based multi-hazard
weather and climate
risk information
generated

Output description: Staff members of relevant services will be trained to enhance their capacity to produce: i) improved localized impact-based forecasts (warnings and
short-range forecasts up to D+3); ii) improved seasonal forecasts and climate change projections (up to end of century) at regional level and downscaled at country-level
level, where possible; iii) flood-propagation models; and iv) agro-meteorological products. The trainings and development activities will be organised at the training facilities
in the region, with support of external partners (e.g. MétéoFrance). The FS (Chapter 3) underlines a need for such technical trainings in all NMHS of the region.

This Output will also support the production of hazard maps and vulnerability maps; such tools have been identified as necessary in the project FS (see Chapter 4) to
enhance understanding of climate-related risks on population and assets in the four target countries, to support the preparation of impact-based forecasts, and to guide

decision-making processes in climate-sensitive sectors.

2.3.1 Downscale and
calibrate
meteorological
forecasts by making
use of numerical
weather
prediction/ensemble
prediction  systems
(NWP/EPS) and
applying modern
techniques such as
artificial intelligence

This activity will serve to improve the production of short-range ‘day-to-day’ forecasts
and warnings in each target country (see Activity 3.1.1). Moreover, staff members of
NMHSs, with the support of DRM institutions, will be trained in probabilistic forecasts
and on its use to produce multi-hazard impact-based forecasts (MH-IBF) to translate
hydromet hazards into sector and location-specific impacts. This is key to enable
mitigation response from the government. Both daily forecasts and MH-IBF will
benefit from high-quality data which are produced and collected with the equipment
established under Activity 2.1.1 and 2.1.2. This activity is aligned with the strategy
to improve Regional Numerical Weather and Climate Prediction developed under
Activity 1.1.4.

2.3.1.1Conduct objective forecast verification and develop a
calibration/post-processing system over individual countries in the
SWIO region, using modern techniques

2.3.1.2 Conduct NWP/EPS aligned with the strategy to improve
Regional Numerical Weather and Climate Prediction developed
under Activity 1.1.4

2.3.1.3 Conduct downscaling using e.g. Atrtificial Intelligence
techniques (deep learning) to adapt the numerical weather
prediction/ensemble prediction systems combining them with
observing data with |oT data analytic capability

Trained staff

4 downscaled
and calibrated
NWP/EPS
systems




2.3.1.4 Conduct training in probabilistic forecasts and ensemble
prediction systems for use in MH-IBF to address “what the weather
will do rather than only what the weather will be”

Responsible parties:

- Leader: IOC with the Support of PMU expertise to work
with relevant experts (e.g. staff of specialized training
centre in Mauritius; and other training facilities in the
region)

- Beneficiary supervision and validation: National
Meteorological Services and DRM institutions (for IBF) in
each country

Stakeholders to be involved and consulted: National Meteorological
Services and DRM institutions (for IBF) in each country

23.2 Establish
threshold values for
issuing warnings

based on extreme
value analysis and
review of historical
hydrometeorological
events

Technical analysis (using Extreme analysis tools and climate data) and review of the
historical hydrometeorological events that caused flooding and other hazardous
events will be undertaken to determine the threshold values for each hazard for
each country. This would need to be harmonized at the national level for effective
MH-IBF-EWS at regional, national and local levels.

2.3.2.1 Carry out extreme analysis with the climate data in each
country

2.3.2.2 Workshops with NMHSs and DRM institutions and other
stakeholders (including NGOs) at national and local levels to
discuss and agree on the national thresholds for issuing warnings
in each country

2.3.2.3 Workshops with NMHSs and PIROI and its national
counterparts for regional harmonization of the warning criteria
(including analysis of current situation, climatorological analysis of
the severe events, harmonization proposal, discussions and formal
agreements among countries, definition of common dissemination
approaches, capacity building, etc.)

Responsible parties:

- Leader: IOC with the Support of PMU to recruit a hydro-
meteorologist/climate change experts (1 consultant per
country) and organize workshops

- Benéeficiary supervision and validation : NMHSs, DRM
institutions
Stakeholders to be involved and consulted: NMHSs and DRM
institutions and other stakeholders (including NGOs) in each
country, PIROI

National
thresholds for
issuing
warnings
harmonized at
regional level
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233 Develop
hazards maps

As a base to improve climate risk understanding among staff members of NMHSs,
DRM institutions (with technical support from institutions in charge of hydrology and
hazard maps) and CP-CS users, and to serve as decision-making tools for disaster
risk reduction and climate change adaptation (see Component 3), hazard maps,
which take into account climate change impacts on return period/intensity of selected
hazards, will be produced in selected areas of the four target countries. The
production of the maps will rely on enhanced climate and weather monitoring (Activity
2.1.1) and improved, downscaled climate change projections (Activity 2.3.7).

As rainfall induced floods are significant throughout the SWIO region (related to
tropical cyclones or not), flood risk maps will be prepared for the four countries,
focusing on selected vulnerable areas. In Mauritius, this process will build on ER2C
and the Land Master Plan initiatives (see Baseline projects) and complement the
flood maps developed by LDA and Audit of Rivers (Ministry of Environment) under
these 2 initiatives.

In addition to floods, the following maps will be produced:

- droughts for Comoros (relevant to agriculture in Anjouan) and Madagascar (also
relevant to agriculture); and

- coastal erosion for Mauritius and Seychelles (relevant to tourism and urban
development planning).

The hazard maps will serve to indicate the location, frequency (probability of
occurrence taking into account climate change) and intensity of hazards. These
maps will be useful to develop risk prevention plans (see Component 3). The maps
will be produced by the NMHSs with technical support from institutions in charge of
hydrology, and shared regionally on the UIP (see Activity 3.3.3).

2.3.3.1 Integrate or review existing hazard maps (if existing)

2.3.3.2 |dentify areas most affected by the selected hazard in each
country based on existing maps (if any), consultations with relevant
stakeholders, scientific sources, etc.

2.3.3.3 Conduct consultations with stakeholders and community
members in these areas to understand frequency and intensity of
selected hazards

2.3.3.4 Develop or update hazard maps using the monitoring
equipment established under Activity 2.1.1, and based on return
period of the hazards taking into account climate change projections
and impacts, and based on stakeholder consultations conducted
under 2.3.3.3

2.3.3.5 Present and validate the maps during national workshop
2.3.3.6 Share maps on the UIP established under activity 3.3.3.
Responsible parties:

- Leader: IOC with the Support of PMU expertise to recruit
a hydro-meteorologist/climate change/DRM experts (1
consultant per country)

- Beneficiary supervision and validation : NMHS and DRM
institutions in each country
Stakeholders to be involved and consulted: NMHS and DRM
institutions and sectors in each country

2 hazard maps
per country

2.3.4 Develop climate
vulnerability maps

Based on the hazard maps produced under Activity 2.3.3, a mapping exercise for
climate-risk vulnerability — of people and assets — will be conducted in a participative
way with the NMHS, local authorities of hazardous-prone areas, public and private
sectors representing agriculture/fisheries, tourism, health, water sectors and at-risk
communities. The purpose will be to identify main assets and most vulnerable people
affected by the selected hazards (selected under Activity 2.3.3) from a local point of
view and based on how people/assets were affected during past events. This all-
inclusive process will draw on local experiences and perspectives in order to capture
current risks; such process will also contribute to awareness-raising among diverse
stakeholders and encourage their involvement in DRM processes (including through
the provision of feedback on climate products). Once the vulnerability assessments
and maps are finalized and validated, training will be implemented for NMHSs,
stakeholders from climate-sensitive sectors and local authorities in the selected
vulnerable areas for which the maps were developed to raise understanding of risk
exposure at the local level, and future risks taking into account climate change
projections (downscaled under Activity 2.3.7). The hazard maps will be useful to

2.3.4.1 Conduct vulnerability assessments in areas most affected
by selected hazards (at least 2 areas per country)

2.3.4.2 Develop vulnerability maps

2.3.4.3. Organise workshops to raise awareness of climate-related
vulnerability and shifts in the context of climate change

2.3.4.4 Share maps on the UIP established under activity 3.3.3.
Responsible parties:
- Leader: IOC with the Support of PMU expertise to recruit
a DRM expert

- Benéeficiary supervision and validation: NMHS, DRM
institutions and sectors in each country

1 vulnerability
map per
country




inform the NAP development process in the four countries, or their update (see
Activity 3.2.4).

- Stakeholders to be involved and consulted: NMHS, DRM
institutions, sectors and vulnerable communities in each
country

2.3.5 Undertake risk
analysis
incorporating hazard,
exposure and
vulnerability to
identify potential
impacts from extreme
events

This activity will involve compilation of various datasets available for characterizing
hazard, vulnerability and exposure to develop a tool in quantifying risks, i.e. potential
impacts. This tool will therefore be used to analyze exposure and determine potential
physical, environment, social and economic impacts in the four countries due to their
respective hazards. This risk analysis tool or methodology will be used in generating
multi-hazard impact-based forecasts and early warnings and visualization maps
through the knowledge and decision support system that will be developed in Output
3.2.

2.3.5.1 Conduct training in the combined use of weather forecasts,
vulnerability and exposure data (using GIS) to understand hazards’
impacts on sectors and locations

2.3.5.2 Develop risk maps

2.3.5.3. Organise workshops to raise awareness of climate-related
risks

2.3.5.4 Share maps on the knowledge and decision support system
established under activity 3.2.3.

Responsible parties:
- Leader: I0C with the Support of PMU expertise to recruit
a DRM expert

- Benéeficiary supervision and validation: NMHS, DRM
institutions and sectors in each country

Stakeholders to be involved and consulted: NMHS, DRM
institutions, sectors and vulnerable communities in each country

Trained staff

2.3.6 Carry out
downscaling of
global and regional
seasonal forecasts to
national level, and
use them to produce
agrometeorological
products

Annex 2, the FS, Chapter 3 has identified gaps in producing seasonal
agrometeorological forecast at local level especially for Comoros, Madagascar and
Mauritius, where agriculture is a key economic sector.

This activity will serve to downscale the production of seasonal forecast by:

- training experts of the target countries to develop skills in downscaling of global
seasonal forecasts.

- defining and generating (by countries' experts) climate products or services
from datasets created (in line with the needs of national users).

- providing countries in the region with high-resolution regional seasonal
forecasts, downscaling them to national level, and use them to produce
agrometeorological products.

In Madagascar, the training will use the methodologies and complement the PrAdA
project (see baseline projects).

The forecasts will be packaged according to users’ needs and disseminated under
Activity 3.1.1.

2.3.6.1 Develop specific training for agrometeorologists and
implement it

2.3.6.2 Develop agrometeorological advisories

Responsible parties:

- Leader: IOC with the Support of PMU expertise to work
with relevant experts (e.g. existing staff of the specialized
training center in Mauritius; and other training facilities in
the region)

- Beneficiary supervision and validation : National
Meteorological Services and agriculture sector in the
target countries

Stakeholders to be involved and consulted: agriculture services in
each country

Trained staff

4
agrometeorolo
gical advisory
bulletins

23.7 Build the
capacity do

Regional downscaling and national calibration of the different climate models will be
performed at regional level with representatives of each country’s National

2.3.7.1 Produce downscaled climatic change projections at country
level based on the regional models developed under BRIO

Trained staff
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downscale climate
models for national
purposes

Meteorological Services. The production of downscaled climate change projections
will use BRIO outputs and be based on BRIO methodologies. Based on the
downscaled climate change projections, impact assessments to various sectors will
be prepared in each country. The climate change models and projections as well as
the sectoral models and impact assessments will be shared on the UIP.

The implementation of these downscaled and sectoral models will be done at
national level under component 3.

2.3.7.2 Share downscaled forecasts and CC projections on the
online platform

2.3.7.3 Produce sectoral models and impact assessments to
anticipate the climate impacts in each country (e.g. urban
hydrology, pollution, agrometeorology, sea state, coastal erosion)

Responsible parties:

- Leader: IOC with the Support of PMU expertise to work
with relevant experts (e.g. staff of the specialized training
center in Mauritius); and other training facilities in the
region

- Benéeficiary supervision and validation : National
Meteorological Services in each country

Stakeholders to be involved and consulted: National Meteorological
Services and relevant sector stakeholders in each country

23.8 Build the
capacity for
hydrological

modelling for flood
forecasting (i.e. flood
propagation model)

Annex 2, the FS, Chapter 3 has identified gaps in monitoring hydrology data,
hydrology expertise and forecasting floods in the four target countries. This is also
underlined in the HYCOS study (Annex 22 and 22a). Hence, the training will target
the staff members of the National Hydrological Services in the four target countries.
The purpose of the training is to: i) improve knowledge of hydrological processes in
water catchments; ii) improve knowledge of different types of floods that can occur
on different types of water catchments; iii) monitor flood risk on key water catchments
using the hydrological equipment established under Activity 2.1.1; iv) understand
how to set up a flood risk alert system for one/several specific water catchments
(which will be set up under Activity 3.1.2); v) understand urban flood risks based on
IDF curves; and vi) learn how to produce flood hazard maps and flood vulnerability
assessments (see Activity 2.3.3 and 2.3.4). The following activity will buid on the
existing data and hydrological and Hydraulic modelling software and other related
tools (Annex 22b). As such, countries like Mauritius, through the Land Drainage
Authority “LDA” is already developing a Land Drainage Master Plan. Madagascar
have also developed a national strategy to mitigate floods.

2.3.8.1 Design and implement relevant training in one of the
regional center or at national level

Responsible parties:

- Leader: IOC with the Support of PMU to recruit
hydrologist
- Beneficiary supervision and validation : National
Hydrological Services in each country
Stakeholders to be involved and consulted: National Hydrological
Services in each country

Trained staff

Component 3. Enhanced accessibility and use of climate services for climate change adaptation, and improved capabilities in implementing a people-centered
MH-IBF-EWS for disaster risk reduction

Output 3.1
Production,
dissemination and
uptake of CP-CS,
including MH-IBF-
EWS, improved at

Output description:

Under this output, CS will be improved or developed, and better disseminated. This is made possible as meteorological and hydrological data monitoring and forecasting
capabilities has been improved under Component 2, and the capacity to predict climate-related risks enhanced through trainings and development acitivities. These
services will help decision-makers and communities to prepare for and respond to climate-related hazards and to adapt to short-range climate variability.
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regional and national
level

Activity Description Sub-activities Deliverables
3.1.1 3.11 Set | The FS (Annex 2, Chapter 3) has identified needs to improve the production and | 3.1.1.1 Conduct surveys among population to assess user | Agricultural
up/update protocols | delivery of the daily weather bulletin, IBF (to understand hazards’ impacts), seasonal | satisfaction®®® and to identify best ways to package/prepare the | advisories
(standard operating | forecasts, and other weather products among the population of the four target | forecasts to be disseminated among the public in each country in

procedures) to | countries. particular farmers in Comoros, Madagascar and Mauritius, Improved
produce and deliver Thi L - . . f f . fishermen in Comoros and Seychelles, and the tourism industry in weather
improved daily is activity WI|‘| improve the’p.roductlon and dellveryg weather oreqasts, which are Seychelles and Mauritius. bolet
weather bulletin. | used by all for ‘everyday life’ in the four target countries, and IBF which support risk 31138 he National M lodical Servi ; hei ulletins
multi-hazard impact: prevention. The accuracy of these forecasts will be enhanced, thanks to a production e, updportt el :fatlona o eteorologica er}:nces tlo ormatlt e':

based forecasts. | ©f high-quality climate-related data, under Outcome 2. Under this activity, staff Iorecastsa equately for each communication channel — using loca

seasonal forecasts. | members of the National Meteorological Services — which has been trained under anguages as appropriate.

and " | activity 2.3.1 for the downscaling of meteorological forecasts and production of IBF | 3.1.1.4 Prepare agricultural advisories through a participative

agrometeorological

— will receive support from a communication expert to prepare, package and
disseminate their forecasts using relevant communication channels — including
television, radio, and the website of the meteorological services - to ensure user-
friendly format and wide outreach.

In addition, in Comoros (Anjouan), Madagascar and Mauritius (where agriculture is
a key activity — see Annex 2, FS, Chapter 1, and Annex 3a, Economic Analysis) —,
agricultural advisories will be prepared by staff members of the National
Meteorological Services — trained under Activity 2.3.6 — in coordination with the
Ministry of Agriculture, and representatives of farming communities to provide
feedback on the format of the advisories and best communication channels. Where
possible, the project will build on existing initiatives like PrAdA in Madagascar, by
diversifying the type of crops for which agricultural calendars are produced, by
upscaling success and by diversifying communication means used to disseminate
agricultural advisories.

process
3.1.1.5 Identify best communication channels and language/ format
for farmers in Comoros, Madagascar and Mauritius

3.1.1.6 Disseminate the advisories using best communication
channels

3.1.1.7 Disseminate all weather bulletins and advisories on the UIP
to collect users’ feedback

3.1.1.8 Develop standard operating procedures for all processes,
following the WMO Guidelines on Quality Management in Climate
Services®° and the WMO Guidelines on Multi-hazard Impact-based
Forecast and Warning Services®’°.

Responsible parties:

368 “yser satisfaction index”, which considers communications, perceived accuracy and usefulness for both
professional partners and vulnerable groups exposed to e.g. floods and droughts. Note that 72% is considered a
good score in middle income countries and only leading developed NMHS reach > 90% (WB/GFDRR, 2019.

Weathering

the

Change: How to Improve Hydromet Services in  Developing

Countries,

https://www.gfdrr.org/en/publication/weathering-change-how-improve-hydromet-services-developing-countries).

369 https://library.wmo.int/doc_num.php?explnum_id=5174

370 https://www.wmo.int/pages/prog/www/DPFS/Meetings/ET-OWFPS_Montreal2016/documents/WMOGuidelinesonMulti-hazardimpact-
basedForecastandWarningServices.pdf
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- Leader: IOC with the Support of PMU expertise to recruit
a communication consultant

- Beneficiary supervision and validation: National
Meteorological Services and Ministry of Agriculture in
each country

Stakeholders to be involved and consulted: National Meteorological
Services and population including farmers (for surveys on
packaging information and best dissemination channels) in each
country

3.1.2 Set up
protocols (standard
operating

procedures) to

strengthen MH-IBF-
EWS dissemination
for and uptake by key
sectors and among
the general public

Thanks to the equipment installed under Component 2, NMHSs will be able to
forecast climate-related hazards earlier and more accurately. This activity will focus
on improving warnings for climate-related risks in the four target countries. A
presentation and assessment of how warnings are currently disseminated to
vulnerable sectors (of the GFCS areas) and to the public has been conducted in
Annex 2, the FS, Chapter 2 and 3. The assessment underlines problems to issue
timely warnings, that have a wide outreach in the four target countries (see Case
Studies in Chapter 3 for concrete examples).

To address this problem, end user’s in-depth analysis will be performed at national
scale in each country to ensure the perfect adequacy between needs and solutions
while packaging EW. Consultations will be organised with vulnerable socio-economic
groups in each country to identify best communication means to disseminate
warnings — including mobile phone, radio and trusted local stakeholders/leaders.
Once channels have been identified, stakeholders e.g. at radio or national TV, or
even community leads will be trained to disseminate user-friendly warnings in local
languages.

In addition to strengthening the early warning system for tropical cyclones in the four
target countries to ensure a wider outreach, the following early warnings will be
established or strengthened, to target these specific groups:

- in Comoros: EW for farmers and fishermen (using specific communication
channels to reach these groups) focusing on heavy rainfalls
(complementing and building on ‘Ensuring climate resilient water supplies
in the Comoros islands’ UNDP-GCF project) and storms

- in Madagascar: EW for farmers and fishermen (using specific
communication channels to reach these groups and building on PrAdA in
Madagascar) focusing on heavy rainfalls and storms

- in Mauritius: EW for farmers and stakeholders in the tourism and health
(using specific communication channels to reach these groups — based on
methodologies and outputs from project SAWIDRA for health) focusing on
heavy rainfalls, heat waves and storms

3.1.2.1 Identify how to best package MH-IBF-EW information in
user-friendly format through surveys with the general public, and
with specific targeted vulnerable groups/sectors in each country.

3.1.2.2 Train stakeholders in identified best dissemination channels
for the general public and for the targeted groups (e.g. radio/TV
presentations/community leaders) will be trained to disseminate
warnings

3.1.2.3 Work with PIROI and its national counterparts and NGOSs
to strengthen SOPs for MH-IBF-EWS at regional and national levels
based on the results of the pilots in each country (carried out under
Activity 3.2.2)

Responsible parties: communication consultant hired under 3.1.1

- Leader: I0C with the Support of PMU expertise to recruit
a communication consultant

- Benéeficiary supervision and validation: NMHS, DRM and
targeted sectoral institutions in each country

- Stakeholders to be involved and consulted: IOC, NMHS,
DRM institutions and population (for surveys) in each
country

Strengthened
MH-IBF-EWS
in each country
and at regional
level

S
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- in Seychelles: public and stakeholders in tourism for heavy rainfalls and
storms (e.g. through mobile phone app); specific warnings for fisheries for
storms and algal blooms (building on IAEA ‘Monitoring of Algal Bloom’
initiative).

Output 3.2 Short-
and long-term risk
reduction based on a
well-established MH-
IBF-EWS in place,
and adaptation plans
improved or
prepared using high
quality climate-
related data, risk
/vulnerability
assessments and
climate change

Output description:

Component 2 supports the production of high quality, accurate climate-related data (for example on temperatures, rainfalls and winds), risk maps and vulnerability
assessment, multi-hazard impact-based forecasts, as well as climate change projections. These outputs will be used to inform the design of short- and long-term risk
management measures and adaptation plans that will contribute to enhance climate resilience in the beneficiary countries.

projections

developed under

Outcome 2

3.2.1 Improve data | Strengthening the collaboration between NMHSs and DRM institutions was a | Sub-activities National and
sharing and | recommendation identified in Annex 2, the FS, Chapter 4. Such collaboration will be . . T local
coordination with | fostered in the four countries under this project’s (see Activity 1.2.1). Through case 3'2'1'1 Wc.)(;km,?f with ”’:lMHS’ tDRR institutions and. erpergencg emergency
emergency services | studies, the FS has also underlined problems linked to disaster risk management in sewldc_es,t ! ?n Ty tlpa ways tc;] Improve - communication - an response

for on-the-ground | the four countries (see SWOT analysis, Annex 2, the FS, Chapter 3); it underlines coordinate interventions among these services plans

interventions at
national and local
levels

communication gaps between NMHS, DRM institutions and on-the-ground
interventions services as well as highlights difficulties of emergency services — e.g.
Red Cross/Crescent — to reach local communities especially in remote location.

On a national level, this activity will first review existing emergency response plans
and communication processes between relevant stakeholders with a view to improve
them to guide quick on-the-ground interventions to mitigate risk impacts.

Because disaster risk response happens at the local level, the national response
plans will be downscaled in 2 pilot areas per country selected based on the hazard
and vulnerability maps produced under Activities 2.3.3 and 2.3.4. At this level, it is
not always possible for emergency services to reach the populations. Hence, key
stakeholders to involve in risk prevention and response at the local level (i.e. local
volunteers or trusted local stakeholders/leaders who can facilitate emergency
responses at the local level) will be identified. Their capacity to understand risk

3.2.1.2. Conduct local assessment of on-the-ground intervention
organisations including local community leaders, red
cross/crescent, NGOs in 2 pilot sites per country

3.2.2.3 Update national and develop local emergency response
plans working in partnership with DRM institutions, emergency
response services and local stakeholders

3.2.2.4 Train local stakeholders in the selected pilot sites on risk
prevention, mitigation and recovery

3.2.2.5 Develop disaster risk reduction products — e.g. flyers in local
languages, display signs and pictures — to place in strategic public
spaces of the selected pilot sites to inform communities of DRR
measures

Responsible parties:

N
QS
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warnings and advisories, to provide advises on risk prevention and to react
during/after a hazardous event will be strengthened through trainings.

This activity, piloted at the local level in in 2 vulnerable areas, will demonstrate how
to downscale national emergency response plans at the local level to improve risk
prevention, mitigation and recovery, in order to be replicated in other vulnerable sites.

- Leader: IOC with the Support of PMU expertise to recruit
a DRR consultant

- Beneficiary supervision and validation: DRM institutions
and emergency services

- Stakeholders to be involved and consulted: DRM
institutions, emergency services and population (for
surveys) in each country

3.2.2 Develop risk
matrices for each
hazard with agreed
risk levels and colour-
coded, and
description of related
impacts and
response  /actions;
test and validate in
selected sites in the
four countries;
expand and roll out
nationwide

Aligned with the activity 3.2.1, a national framework for MH-IBF-EWS for each
country will be developed and harmonized at the regional level. This framework will
guide the implementation of MH-IBF-EWS at the local level. This involves
collaboration among NMHS, PIROI and the national DRM institutions, and other
stakeholders, the development risk matrices for each hazard with agreed risk levels
and colour-codes, and description of related impacts and response/actions. Selected
vulnerability sites in each country will be selected to use such risk matrices and
associated information for testing and validating MH-IBF-EWS, with the assistance
of PIROI and its national counterparts and associated NGOs. These developments
and testing will be done in the first three years of the proposed project, and then
expanded and rolled out nationwide (in the last two years of the project) using
scenarios, and through the dissemination of knowledge products and outreach
materials with the assistance of NGOs and through the community leaders, in order
to reach all population in the four countries.

3.2.2.1 Organize workshops with NMHS, PIROI and the national
DRM institutions, and other stakeholders, NGOs and local
communities at pilot areas to develop risk matrices for each hazard
with agreed risk levels and colour-codes, and description of related
impacts and response/actions

3.2.2.2 Carry out exercises in the pilot areas to test and validate the
risk matrices and associated information

3.2.2.3 Develop scenarios to roll out nationwide
3.2.2.4 Harmonize approaches at regional level

Responsible parties:
- Leader : I0C with the Support of PMU expertise to recruit
a DRM consultant

- Beneficiary supervision and validation : NMHSs, PIROI
and national DRM institutions and emergency services

Stakeholders to be involved and consulted: DRM institutions,
emergency services and population, NGOs in each country

8 MH-IBF-
EWS at local
areas

1 national MH-
IBF-EWS

1 regional MH-
IBF-EWS

3.2.3 Develop a
knowledge and
decision support

system to support the
implementation of
MH-IBF-EWS at

At the same time, a web-based knowledge and decision support system (DSS) that
aggregate information from the four target countries, with MH-IBF and color-coded
risk-based warnings (regional “meteoalarm™7'/"vigilance”¥72%73-type platform that
would also contribute to the WMO Global Multi-hazard Alert System — GMAS374) will
be jointly develop to support early warnings / early actions at regional, national and
local levels. While this DSS is primarily to support DRM operations, it is intended to

3.2.3.1 Develop a web-based knowledge and decision | 1

knowledge and

support system (DSS) that aggregate MH-IBF-EWS | decision support
information from the four target countries system

3.2.3.2 Implement the Common Alert Protocol (CAP) in each

country and associate in the DSS 4 CAPs

371 http://www.meteoalarm.eu

372 https://vigilance.meteofrance.fr/fr

373 http://www.meteofrance.re/vigilance-reunion
374 https://www.wmo.int/gmas/




regional, national and
local levels

also address impacts to the relevant socioeconomic sectors in the country (i.e.
agriculture, fisheries and tourism).

Responsible parties:

- Leader : 10C with the Support of PMU expertise to
recruit a DRM consultant
- Beneficiary supervision and validation : NMHSs,
PIROI and national DRM institutions and
emergency services
Stakeholders to be involved and consulted: NMHSs, PIROI,
national DRM institutions, emergency services and
population, NGOs in each country

3.2.4 Update long | Comoros, Madagascar and Mauritius are in the process of developing their NAP, | 3.2.2.1 Update NAPs in Comoros, Madagascar and Mauritius Updated NAPs
term climate change | which will be finalised in 2020. Based on the high-quality climate data and projections | 3 559 |n Seychelles, work with the Climate Change Department to and climate
adaptation plans | produced under Component 2 (in particular Output 2.3), the NAPs will be updated. implement the CMP and update the national climate change change
responding to_ the In Seychelles, where no NAP is being developed, the project will support the | Strategy strategies
needs of each | . . "
country implementation of the R&D component of the 'e.X|st|ng Coastal Management .Plan
(based on hazard maps developed under Activity 2.3.3) and update the national | Responsible parties:
climate change strategy (in support to the new climate change policy to be validated
in 2019). - Leader: IOC with the Support of PMU expertise to recruit
The ol il be shared on the UIP (Activity 3.3.3) a climate change adaptation consultant
© plans i be shared on the CIVILY 3.9.9). - Beneficiary supervision and validation: Ministry of
Environment/ climate change units; relevant sectoral
ministries (e.g. agriculture)
Stakeholders to be involved and consulted: Ministry of
Environment/ climate change units; relevant sectoral ministries (e.g.
agriculture)
Output 3.3 Training Output description: A major issue for the effective production of CS is a lack of understanding of users’ needs and limited capacity to produce user-friendly CS by the

for improved
dissemination and
preparedness
involving users and
end-users of CP-CS

NMHSs (see FS, Chapter 3 SWOT analysis and Chapter 4 Recommendations). Likewise, understanding of CS — including how to interpret them and use them to inform
decision-making processes — is limited among users and end-users communities; access to these services is also limited. Under this activity, staff members of NMHSs
and of the RCC-Network will be trained and sensitise to better understand needs among the users of CS and to better package their climate-related information products.
Users — DRM institutions, stakeholders in climate-sensitive sectors — as well as end-users — selected community members, NGOs, volunteer organisation — will also
receive trainings to be able to use CS adequately. Finally, communication platforms will be strengthened to ensure a continuous interaction between all stakeholders and

ensure a production of CS that evolve based on users’ needs.

3.3.1 Train  staff
members of NMHS
and in the RCC-
Network on how to
package climate-
related information in
a user-friendly way

Workshops with NMHSs and CP-CS users in priority areas of the GFCS will be
organised to ensure better packing of climate-related products prepared by the
NMHSs including sector-tailored forecasts and EWS. At least 15 members of each
NMHS will be trained.

3.3.1.1 Develop training programme on packaging and

communicating climate-related information

3.3.1.2. Identify stakeholders within key institutions of provider
and user of CP-CS to invite at workshop

Trained staff




3.3.1.3 Organise workshops to facilitate discussions between
producer and users of CP-CS and identify ways of packaging CP-
CS so that they are understandable and useful.

Responsible parties:

- Leader: IOC with the Support of PMU expertise and
communication consultant hired under Activity 3.1.1

- Beneficiary supervision and validation: NMHSs and CP-
CS users
Stakeholders to be involved and consulted: NMHSs,
institutions and relevant sectoral organisations

DRM

3.3.2 Train
knowledge brokers —
including NGOs, red
crescent/cross, local
leaders and
extension officers —
and representatives
of sectors in the
GFCS areas (public
and private
organisations) on
how to interpret and
use CP-CS for
decision-making

Key knowledge broker institutions for risk prevention and response at the local level
will be identified in each country. Their capacity to understand hazard warnings and
advisories, to provide accurate advices on risk prevention and to react during/after a
hazardous event will be strengthened through trainings.

3.3.2.1 Identify local ‘knowledge brokers’ in risk prevention

3.3.2.2 Develop a training programme for knowledge brokers on
how to interpret and use CP-CS for decision-making

3.3.2.3 Organise a workshop to train knowledge brokers

3.3.2.4 Prepare and disseminate knowledge material (also on the
UIP)

Responsible parties:
- Leader: I0C with the Support of PMU expertise and
communication consultant hired under Activity 3.1.1

- Benéeficiary supervision and validation: DRM institutions
Stakeholders to be involved and consulted: DRM institutions and
knowledge brokers

3.3.3 Strengthen the
User Interface
Platform (UIP)

The project will strengthen the existing Regional Climate Portal developed by 10C
and hosted by Seychelles (SMA) since August 2019%75. The platform, which is
regional and will be a key communication tool for the RCC-Network (see Activity
1.1.2), is already used by MF and I0C to disseminate climate-related information
following the SWIOCOFs. Through Hydromet project, the platform will serve to
facilitate access to CP-CS (weather bulletin, seasonal forecasts, warnings, climate
change projections and vulnerability assessments), including those produced during
the SWIOCOFs and NCOFs, within and between countries. The products developed
under Output 2.3 — the climate-related hazards maps and vulnerability maps — will
also be shared on the platform, as well as the updated, downscaled climate change
projections produced under the same Output. The platform will target stakeholders
working in the GFCP-CS priority areas (from public and private sectors, e.g.
ministries, business, researchers, etc.) to provide them with decision-making support

3.3.3.1 Identify gaps/weaknesses in the design/operationalisation
of the existing Regional Climate Portal.

3.3.3.2 Conduct interviews with users of the platform to identify
gaps/weaknesses in information provided (packaging, content,
‘usability’)

3.3.3.3 Develop and implement a communication strategy to

improve the platform which include tool to collect users’ feedback
on CP-CS.

3.3.3.4 Associate the DSS (developed under Output 3.2) to the
UIP

Responsible parties:

- Leader: I0C with the Support of PMU expertise and
communication/IT consultant hired under Activity 3.1.1

1 strengthened
regional UIP

http://regionalclimate-change.sc/en/




tools or with climate-related information that can be used to produce targeted CP-
CS. For this purpose, the information will be packaged according to their needs.

In addition, in line with the development of regional capacity for disaster risk
management in SWIO, there is a need to harmonize the warning criteria for hydro-
meteorological hazards within the region. It is important for individual countries
to share and display the warnings for at least 48 hours, in a manner understandable
for professionals and the public, using a dedicated regional web platform37® as part
of the UIP. IOC will have a critical role in this harmonization process.

The platform will be designed to include a page where users of CP-CS can provide

feedback on the services they receive (Annex 2, the FS, Chapter 3 has identified a
lack of feedback mechanism between NMHS and users of climate services).

- Beneficiary supervision and validation: RCC-Network,
NMHSs, CP-CS users, the public

- Stakeholders to be involved and consulted: IOC, National
Meteorological Services and platform users

3.34 Support
SWIOCOFs to
ensure the active
participation of
climate services
users

SWIOCOF is a yearly event convened by IOC (in September). Its efficiency will be
assessed by a meteorologist expert and recommendations will be made to improve
its impact, in particular to enhance its complementarity with NCOF/SARCOF. This
assessment will seek to assess SWIOCOF, so it can provide CP-CS users with
relevant and action-oriented seasonal information; and offer a platform for users to
provide feedback on CP-CS including early warning systems (improvement to be
made based on assessment of existing process in SWIOCOF). The lessons learned
collected from users will be shared on the online platform (strengthen under Activity
3.3.3). To note that a funding strategy to maintain SWIOCOF beyond the proposed
project’s lifetime will be developed under Activity 1.2.1.

3.3.4.1 Conduct capacity gap analysis on SWIOCOF to identify
pathways for improvements

3.3.4.2. Identify how to best complement SARCOFs and NCOFs

3.3.4.3 Design a strategy for IOC to improve SWIOCOF with a view
to enhance users’ implication in the forum.

Responsible parties:
- Leader: I0C with the Support of PMU expertise to recruit
a meteorologist expert

- Benéeficiary supervision and validation: IOC, RCC-
Network, CP-CS users
Stakeholders to be involved and consulted: SWIOCOF participants

Strengthened
SWIOCOF

376 An example of such a platform is Meteoalarm, which was developed under the framework of the European

Meteorological Services Network (EUMETNET) (and which recently incorporated hydrological warnings).
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5.2.3 Summary of equipment and technical training at regional level and per country

To achieve the proposed Theory of Change, several interventions were identified in Chapter 4,
Recommendations. Based on the recommendations formulated under Chapter 4, the tables below
provide an overview of the interventions needed to achieve the paradigm shift for each country, including
the recommended number of items, and costs. The Budge (Annex 4) has been developed based on these
estimated quantities and costs.

Note that the tables below are non-exhaustive : they do not include technical assistance costs (e.g.
institutional strengthening and regional strategy) nor PMU costs, which are described in Annex 4. This
table serve to detail in the FS document the budgeting rationale for technical equipment, construction
works, technical training and systems, based on the needs assessment carried out during the feasibility
study. The budget has been differentiated per country and at regional level. The regional ‘needs’ (Table
27) include costs of interventions which have a regional scope and will directly benefit the 4 target
countries; whereas the country-specific tables indicate costs of equipment, systems and products that will
be specifically tailored to each country.

More specifically, “"Regional Needs” presented in Table 27 relate to:

(1) Common needs in all countries that require activities to be carried out at the regional level such as
the capacity building/training workshops on topics that are relevant to the four countries.

(2) Equip regional facilities that will benefit the 4 target countries, such as (i) the regional training center
that will be hosted by the NMHS of Mauritius; and (ii) the regional calibration lab that will be hosted
by the NMHS of Seychelles. While these have been identified as “regional needs”, they will be
implemented, maintained and operated at the national level. There is no duplication of budget
(regional/national) related to the required equipment for these two facilities.

(3) The development of the regional User Interface Platform, alongside with the “meteoalarm-type
system” (including regional, national and local information), which will be administrated by the I0C
in coordination with the NMHS of Seychelles. Again, there is no duplication of budget
(regional/national) related to the required equipment for these two facilities.

Tables 28 to 31 present, for each of the four countries the national activities, categorized in the following
thematic areas:

e Capacity building with dedicated courses to update existing staff and train new staff during the
project.

e Equipment, which includes observation and ICT systems like new meteorological and
hydrological measurement stations with telecommunications, archiving systems to acquire and
store the data at national level, and allow national and international data exchange (as one of
the pre-requisites of WMO/GBON), and equipment to improve access and use of global and
regional numerical weather prediction.

e Information systems to process data and issue forecasts, climatological products and target
users’ CP-CS;

e Development activities at national level to allow NMHSs verification, calibration and downscaling
of global models for national, sub-national and local levels aligned with their user sectors’
requirements; as well as the implementation of MH-IBF-EWS.

The national activities have been tailored to each country’s needs, based on the ‘needs’ assessment
conducted, and gap analysis in access to climate products in key sectors.



Table 27 Regional needs (breakdown costs are provided in Annex 4)

1,00 $ 700 000 $ 700 000
1,00 $811283 $811283

1,00 $ 400 000 $ 400 000
1,00 S 400 000 $ 400 000
1,00 S 400 000 $ 400 000
1,00 S 400 000 $ 400 000
1,0 $ 1592 500 $1592 500
1,00 $ 700 000 $ 700 000
1,00 $ 800 000 $ 800 000

Table 28 Needs for Comoros (breakdown costs are provided in Annex 4)

15,00 $2500/year $ 187 500
5,00 $27125 $135 626
[Constnstion ] ___
$800 000 S 800 000
___
45,00 $15 000 $675 000
75,00 $500 $ 37500
15,00 $9000 $135 000
1,00 $50 000 $50 000
1,00 $6 000 $6 000
1,00 $ 20000 $20 000
2,00 $ 20000 S 40 000
1,00 $ 10 000 S 10 000
3,00 $100 000 S 300 000
1,00 $ 150 000 S 150 000
2,00 $ 480 000 S 960 000

37 Training without the issuance of a diploma or degree (e.g. general training courses)

378 Acoustic dopler current profiler

H
~



1,00 $ 240000 S 240000
1,00 $300 000 S 300 000
1,00 $200 000 S 200 000
1,00 $300 000 S 300 000
1,00 S 1000 000 S 1000 000

| Detmcerte ]
| Centralinformation and processing system
_ [ Quantiey ]
1 300 000 300 000
1 500 000 500 000
1 400 000 400 000
[ [ e [ e
2 pilot areas S 291 862 S 2334894
2 pilot areas S 219 750 S 1758 000
Quantity Cost per unit Total cost
2 pilot areas $679 360 S 639 360
Table 29 Needs in Madagascar (breakdown costs are provided in Annex 4)
[meaining | [ ey [T esstpeunie [T otwlcost ]
[y [T Cestpeniini [T roveleose ]
75,00 $ 15000 $ 1125000
-~ ADCP 1,00 $ 50000 $ 50 000
2,00 $ 20000 $ 40 000
1,00 $ 10000 $ 10 000
1,00 $ 10000 $ 10 000
1,00 $ 240000 $ 240 000
CAMSS 1,00 $ 300000 $ 300 000

w

7 Automatic Message switching system

K]
N



50,00 S 20000 S 1000 000

1,00 S 1000000 S 1000 000
[ Quenthy [ Costperunie” [ Toraloot ]
1,00 S 300000 S 300 000
2,00 S 200 000 S 400 000
1,00 S 300 000 S 300 000
1,00 S 500 000 S 500 000
[ [ e [ e ]
2 hazards 75 000 S 600 000
2 pilot areas S 291 862 S 2334894
2 pilot areas S 219 750 S 1758 000
Quantity Cost per unit Total cost
2 pilot areas $679 360 S 639 360

Table 30 Needs in Mauritius (breakdown costs are provided in Annex 4)

15,00 $2500/year $ 187 500
5,00 $27125 $135 626
4,00 S 60000 240 000
20,00 S 15000 S 300 000
75,00 $ 500 S 37500
15,00 S 9000 S 135 000
1,00 $ 50000 S 50 000
1,00 $ 6000 S 6 000
1,00 $ 20000 S 20 000
2,00 $20 000 S 40 000
1,00 $ 10000 S 10000
3,00 S 36000 S 108 000
2,00 $ 36000 S 72000
1,00 $ 150 000 S 150 000
3,00 $ 240000 S 720 000
1,00 $ 300 000,00 S 300 000
1,00 $ 200 000,00 S 200 000
1,00 $ 300 000,00 S 300 000




[ Guentiy ][ Costperunt [ Totalcost |

- R DEECIE) | 5 S
o Sl I
o R SEWCED || 6 S
0,60 S 500 000,00 S 300 000

2 hazards S 75 000 S 600 000
2 pilot areas S 291 862 S 2334894
2 pilot areas S 219 750 S 1758 000

Quantity Cost per unit Total cost
2 pilot areas $679 360 S 639 360

Table 31 Needs in Seychelles (breakdown costs are provided in Annex 4)

e
[ Qmntty ][ Costperumt T[T Totaleost ]
_ 1,00 $ 1000 000 $ 1000000
[ Qmntty ][ Costperumt T[T Totaleost ]
25,00 $ 15000 $ 375000
75,00 $ 500 $ 37500
15,00 $ 5000 $ 75 000
1,00 $ 50000 $ 50 000
1,00 $ 6000 $ 6 000
1,00 $ 20000 $ 20000
2,00 $ 20000 $ 40 000
1,00 $ 10000 $ 10000
3,00 $ 36000 $ 108 000
1,00 $ 480000 $ 480 000



EE ] ) pce=tesrenr] I =
1,00 S 500 000 S 500 000
2 hazards H*
2 pilot areas S 291 862 S 2334894
2 pilot areas S 219 750 S 1758 000
Quantity Cost per unit Total cost
ﬁ 2 pilot areas $679 360 $ 639360

In order to operationalise the equipment and systems identified for each country, to perform
development activities and produce CP-CS, additional interventions — including institutional
strengthening, strategy design and project management capacity, will be required.

The project framework includes all the interventions needed to support the project’s paradigm shift
towards improved livelihoods and economic growth in Comoros, Madagascar, Mauritius and Seychelles.

In the project framework, the interventions from the 5 categories identified above are presented under
the 3 key complementary project components proposed in the Theory of Change, along with other
relevant interventions that will support climate change adaptation in the four beneficiary countries.

.3 Project Budget per activity

For the establishment of this budget, the ‘pari passu’ approach was used to ensure shared cost of project
interventions among the 3 funding entities: GCF, AFD and the E.U. The exception is the new building in
Seychelles and the O&M running costs, which are covered by the government funds except for Comoros
and Madagascar, where we ask for a GCF budget to some O&M costs, at least for the project lifetime.

5.3.1 Overall budget by component and source of funding (in USD)
See detailed Budget (Annex 4) for a breakdown of the budget.
5.3.2 O&M costs

The figures contained in the Budget table (see Annex 4) under Activity 2.1 Enhanced hydro-meteorological
observing, monitoring, and impact forecasting systems indicate the resources that will need to be made
available for O&M activities for the duration of the project (5 years), as well as and what will be required
by the government to support the full life cycle of the equipment, which in average for this project is
considered 15 years (Annex 4 presents the costing of O&M per year for the full period). In order to support
the later, an O&M Plan has been developed, which will be implemented prior and during project
implementation, to ensure sustainability of the investments (see Annex 21 for the O&M Plan).

Values have been estimated based upon best operational practice in the region and globally as well as
benchmarks with the projects of strengthening NMHS like in Indonesia and India. The O&M budget will
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be about 7% of the equipment investment that is budgeted under activity 2.13%. This leads to an annual
amount of around 3MS for the four countries. This budget is partly composed by new wages to handle
the new systems installed and by spare parts and firm maintenance contract on the new systems.

This estimation operation and maintenance budget will be updated during project implementation, based
on a more detailed examination of current human and financial resources, as well as an accurate estimate
of the required increases needed for effective operation and maintenance. With support from the NPCs,
the four government would furthermore establish an expenditure monitoring system for the hydro- met
services to allow an effective tracking of the resources allocated and spent for operation and
maintenance.

During the five years of the implementation of the project, the O&M budget following the equipment
installation is about 8MS and should partly be taken in charge by GCF(2.21MS) for Comoros and
Madagascar (related to the infrastructure; as staff costs will be covered by the respective governments),
while the governments of Mauritius and Seychelles will take care of full O&M budget.

As for Mauritius and Seychelles, in order to complement government funding, the strengthening and
enabling of the institutional framework and policy will be essential to achieve the availability and
sustainability of the O&M budget by mainstreaming Climate services commercialization and establishing
cost recovery of meteorological services, as described in the O&M Plan — revenue generation (Annex 21,
pages 2 to 6). Such an improvement should also be achieved by the project for Comoros and Madagascar
(see in particular page 4 of the O&M plan, Annex 21). A Commitment Letter from IOC, confirming country
commitment post-project implementation period to operate and maintain the equipment, is attached in
the project package as Annex 0_IOC_committements Letters.

In addition, and particularly for Comoros and Madagascar, in order to ensure the sustainability of the
system, the project is considering a more secure alternative based on the mobilization of funds from the
SOFF/GBON in order to support the O&M costs (see O&M Plan, Annex 21, page 9). Noting that
SOFF/GBON will primarily support SIDS and LDCs, Comoros and Madagascar are eligible to get such
support. Thus, a request has already been submitted to the WMO, as a project technical partner, to
consider these countries for the SOFF implementation, and a letter is expected to be received by concered
countries from WMO to be attached to the project package. For Comoros and Madagascar, additional
agreements with ASECNA (see O&M Plan, Annex 21, page 4) are being negotiated to ensure that the
newly installed equipment can be considered as a new asset that can be operated and maintained under
the ASECNA umbrella. It is recalled that AFD is a long-standing partner of ASECNA and has recently
supported ASECNA with a non-souvereign loan of 60 M£.

Additionally, the PIROI (Red Cross network in the 10 region), which is already involved in the 10C project
generally and EW actions during extreme events, will play a crucial role as in the implementation of the
MH-IBF-EWS and last mile connectivity by ensuring that critical early warning information is delivered in
a timely and efficient manner. PIROI will also assist in bridging with and bringing the support of IFRC who
is very active in the region in pursuing the implementation of Forecast-based Financing (FbF), which is
being currently piloted in the region in Mozambique, but expected to be expanded to other countries
(not included in this project proposal as this is being supported through other mechanisms). PIROI has
already expressed its support to the project, and an official letter from IFRC is expected to be received

380 According to a benchmark for similar projects in Africa, the World Bank proposes the O&M cost
between 6 and 9% of the equipment cost in its economic study for the GCF. In South-East Asia, the observed
O&M costs after such a project is about 7%.



and attached to the project package in addition to PIROI committement email (see Annex
0_IOC_Committement Letters) .

At the end of the project, it is considered that the environment is enabled for the NMHSs and DRM
institutions to be strong enough to allow the Mauritius and Seychelles to leverage sufficient O&M costs
and to allow Madagascar and Comoros to take over GCF commitment on O&M to be mobilized during
the project onset. Description of all activities that will be in place during the project to support and create
an enabling environment for the sustainability of investments are described in the O&M Plan provided
as part of the project proposal package (Annex 21).

5.4 Project indicators

The project has formulated result indicators and project performance indicators to measure the overall
project progress in achieving its objective to strengthen the climate resilience of vulnerable communities
and economic sectors of Comoros, Madagascar, Mauritius and Seychelles.

The anticipated benefits of the proposed project to end beneficiaries will include:

i) receiving direct agricultural advisories on cropping calendar, droughts, heavy rainfalls and
other hydro-meteorological hazards;

ii) receiving ‘safety at sea’ advisories and warnings;

iii) receiving early warnings for tropical cyclones;

iv) receiving multi-hazard impact-based forecast and early warning services;

V) accessing more accurate, timely and localized weather forecasts; and

vi) receiving adequate preparedness advises and emergency support before, during and after

climate-related hazardous events.

All together, these benefits will enable climate change adaptation, risk prevention and protection of assets
and livelihoods in the four target countries. The expected total number of beneficiaries benefitting from
reduced vulnerability to climate change is estimated to be 29,241,477 (total population across the four
islands); of which at least 50% will be women beneficiaries. Direct project beneficiaries were estimated at
67% of the total population (19,453,286 people); and additional indirect beneficiaries at 33% (9,788,191
people).

Beneficiary calculation

Direct beneficiaries will benefit from enhanced access to improved weather forecasts and early warnings
messages. According to WMO, best communication channels to reach users and end-users of CP-CS are
web portals and mobile apps, SMS and radio programmes®!. Hence, to estimate access to improved
forecasts and warnings, we will use the proportion of the population, in each country, with access to
mobile phones, radio or Internet.

In Comoros, 60% of the population has a mobile phone subscription®®?; the Internet penetration rate is
estimated at 8.5%3; and in 2014, 56% of the population had a radio®“. Acknowledging that some people
may have more than one mobile phone subscription, but given the percentage of people with a radio, it

381 WMO, 2019. 2019 State of Climate Services: agriculture and food security.
file:///Users/admin/Downloads/WMO state climate services 2019%20(1).pdf

382 |nternational Telecommunication Union https://www.itu.int/en/ITU-D/Statistics/Pages/stat/default.aspx
38 http://wdi.worldbank.org/table/5.12

384 hitp://documents.worldbank.org/curated/en/342321528113131924/pdf/125069-WP-P156542-0U0-9-
Comoros-Poverty-Assessment-revised.pdf




is reasonable to estimate that 60% of the population of Comoros has access to a communication channel
to receive forecasts and warnings; this ratio corresponds to a total number of 507,286 people.

In Madagascar, 40% of the population has a mobile phone subscription®®®; the Internet penetration rate
is estimated at 10%°; and, in 2018, 65% of the population had a radio®*’. Based on this, it is reasonable
to estimate that 65% of the population of Madagascar has access to a communication channel to receive
forecasts and warnings; this ratio corresponds to a total number of 17,550,000 people.

In Mauritius, mobile phone and Internet subscription cover more than 100% of the population3®,

Acknowledging that some people may have more than one subscription but given the high rate of mobile
phone subscriptions at 151% of the population in 2018, it is relevant to assume 100% of the population
of Mauritius has access to at least one communication channel to receive forecasts and warnings; this
corresponds to a total number of 1,300,000 people.

Likewise, in Seychelles, Internet access services*®® and mobile phone subscriptions are well above 100%

of the population; therefore, it is relevant to assume 100% of the population of Seychelles has access to
a communication channel to receive forecasts and warnings; this corresponds to a total of 96,000 people.

The proportion of the population working in the tourism sector in Mauritius and Seychelles are also
considered as indirect beneficiaries of the proposed project, being less affected by economic losses if
climate-related risks are better anticipated in the tourism sector. However, these people have likely access
to a mobile phone or the Internet; therefore, we assumed they are included in the previous calculation.

It is also relevant to assume that 50% of direct beneficiaries will be women, given the proportion of
women in the total population of the four target countries.

Climate-related hazard warnings, and preparedness and prevention advisories can be spread (i) by word
of mouth, signs displayed in communities, sirens e.g. from the mosque, and trained knowledge brokers
regardless of radio/mobile phone ownership; and ii) with the support of PIROI, the national DRM institutions,
and NGOs, humanitarian agencies and UN partners, which are on the ground supported by other initiatives
and projects. Therefore, the indirect beneficiaries are the rest of the population, including the proportion
that does not have access to radio, mobile phone and/or Internet access: 40% in Comoros or 338,191
people; 35% in Madagascar or 9,450,000; 0% in Mauritius and Seychelles. By focus on preparedness, the
proposed investments will contribute to forecast-based early action; and therefore, working with partners
that are supported by other initiatives and projects, 100% of the population will benefit from the project.
After deducting the number of direct beneficiaries (see rationale above) from the indirect beneficiaries’
calculation, the estimated indirect beneficiaries of the proposed project comes to 9,788,191 people,

which is 33% of the total population over the 4 islands; of which at least 50% women.

The estimated direct beneficiaries are 19,453,286 people, which is 67% of the total population over the
4 islands; of which 50% women.

The estimated number of beneficiaries per country is:

Total. Total DIRECT beneficiaries Total INDIRECT beneficiaries
Population
Country L] with access to
i Total Total
Population communication (it acl’:aan d % total Of which (macl’(:aan d % total Of which
channels — population female (e population female

385 International Telecommunication Union https://www.itu.int/en/ITU-D/Statistics/Pages/stat/default.aspx
38 hitp://wdi.worldbank.org/table/5.12

387 https://www.itu.int/ITU-D/ict/publications/wtdr 10/material/WTDR2010 Target8 e.pdf

38 hitp://statsmauritius.govmu.org/English/Publications/Pages/ICT Stats Yr18.aspx
38http://www.ict.gov.sc/documents/ICT%20 SECTOR PERFORMANCE AS AT THE END OF SEPTEMBER 20
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Comoros 845,477 507,286 507,286 60% 253,643 338,191 40% 169,096
Madagascar | 27,000,000 17,550,000 17,550,000 65% 8,775,000 | 9,450,000 35% 4,725,000
Mauritius 1,300,000 1,300,000 1,300,000 100% 650,000 0 0% 0
Seychelles 96,000 96,000 96,000 100% 48,000 0 0% 0
TOTAL (for
the 4 29,241,477 19,453,286 19,453,286 67% 3,027,455 | 13,398,377 33% 4,894,096
countries)
Total direct
and indirect 29, 241,477
Grand Total beneficiaries
(for the 4 % total .
countries) population L
?::;::h 14,620,739
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Table 33 Project performance indicators

Expected Results Indicator Means of Baseline Target Assumptions
Verification
(MoV) Mid-term Final
1.1 Established RCC-Network Report of the pilot | No RCC or 1 RCC-Network 1 RCC-Network (designated by Partner countries agree on a strategy and
for generating reliable regional | phase of the RCC- | RCC-Network in | (pilot phase) WMO) operating plan to set up the structure and
CP-CS Network the SWIO region functions of the RCC-Network, and to
1. Generation, dissemination RCC-Network maintain the RCC-Network functions
and uptake of climate-related endorsed by WMO beyond project’s lifetime
information supported by 1.2 Adopted national hydromet | Reports of Adopted national Hydromet Stronger institutions provide an adequate
effective organizational and | laws with mechanisms for workshops of No National Drafted national Laws revised or prepared with environment to generate profit and retain
institutional capacities, supporting O&M of NMHSs public Hydromet Laws | Hydromet Laws mechanisms for supporting O&M | staff
regional cooperation, and consultations revised or revised or prepared | of NMHSs
enabling environment Hydromet Laws prepared with with mechanisms for Hydromet Laws support the functioning of
drafted and mechanisms for | Supporting O&M of NMHSs & CIEWS fund supports O&M and
adopted supporting O&M | NMHSs further investments required
of NMHSs
2.1 Percentage of networks set | Audit reports of Hydromet At least 20% of the At least 80% of Hydromet The upgrade and expansion of the
up (i.e. procured, installed and | the on-site observation Hydromet observation network upgraded hydromet observation network will be
operating) to improve the inspections networks observation network | and expanded (total for the 4 upgraded and expanded using innovative
monitoring capabilities Reports of the outdated and expanded (total for countries) technologies for cost-effectiveness
Factory inadequate the 4 countries)
Acceptance Tests Government commitment to secure
(FAT), Site Number of adequate O&M for the monitoring
Inspections Tests networks to be equipment are fulfilled on a continuous
(SAT), and determined/fine- basis both during the project

2. Upgraded obs. &
monitoring, and information

Operational Tests
(07

tuned based on
the assessments

implementation and afterwards

systems capacities secure done under
reliable capacity to monitor Activity 1.4.1
climate-related hazards & 2.2 A centralized platform in Audit reports of No Systems N/A Full Systems integration through | The existing systems will be upgraded or
assess trends place to secure reliable the on-site integration a centralized platform in place to | new will be set-up using innovative
capacity to monitor and inspections secure reliable capacity to technologies for cost-effectiveness, to
forecast climate-related Reports of the monitor and forecast climate- facilitate their integration
hazards systems integrationin | Factory related hazards a
place to improve the process of | Acceptance Tests Government commitment to secure
generating forecasts (FAT), Site adequate O&M for the data management
Inspections Tests and other information systems are fulfilled
(SAT), and on a continuous basis both during the
%77‘?)’ ational Tests project implementation and afterwards
3. Generation of science- 3.1 Number of farmers with Reports of Absence of Weather and climate | 1°000°000 farmers (of which 50% | Trained staff members are retained in the
based multi-hazard weather, | access to CP-CS target for Training sessions target CP-CS for | advisories are women) with access to CP- NMHSs
climate and water risk info agriculture (gender-sensitive) and lists of agriculture integrating the CS target for agriculture
improve the quality of participants; needs of farmers
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forecasts and warning, and training (both men and Staff members of NMHSs collaborate with
impact-based decision- materials/content women), and stakeholders and CP-CS users to develop
making tailored delivery and target CP-CS products for agriculture
communication
methods designed Capatcities built through the project are
maintained and periodically updated
3.2 Number of site-specific Reports of Lack of site- Site-specific Site-specific forecasts/warnings | Trained staff members are retained in the
forecasts/warnings generated Training sessions specific forecasts/warnings generated and issued daily by NMHSs
and issued daily by NMHSs and lists of forecasts generated and NMHSs to the municipality level
fr ::Z:‘;:Z ants; Eﬁsgg‘?gfyﬂ% in each country Capacities built through the project are
materials/content capital city of each maintained and periodically updated
country
4.1 Implemented nation-wide Regulatory Level 2 — nation- | National framework Operationalized national Governments have political will to

4. Improved community
resilience through the
implementation of people-
centered MH-IBF-EWS at
regional, national and local
levels and
improved/prepared
preparedness & adaptation
plans

MH-IBF-EWS covering tropical
cyclones, heavy
rainfalls/floods, storm surges
and droughts in the four target
countries

framework for MH-
IBF-EWS, SOPs,
communication
protocols;
preparedness &
adaptation plans

wide EWS for
Tropical

Cyclones, not
impact based

No institutional

for MH-IBF-EWS for
the individual
countries, which will
guide the
implementation at
the local level

framework for MH-IBF-EWS for
the individual countries

MH-IBF-EWS rolled-out natio-
wide (Level of Implementation 8)

implement relevant legal-regulatory
reforms for effective and efficient MH-IBF-
EWS

Levels of implementation of the MH-IBF-
EWS are defined as:

responsibilities Level 0 — No MH-IBF-EWS
and icati De\//elop ed{ updated Level 1 — EWS for Tropical Cyclones in
communication early warning project sites, not impact based
protocols protocols from . ) .
hazard to impact- Level 2 - nathn-Wlde EWS for Tropical
based for issuance, Cyclones, not impact based
communication and Level 3 — EWS for multi-hazards (e.g.
dissemination for Tropical Cyclones and floods) in project
each hazard in the sites, not impact based
project sites Level 4 — nation-wide EWS for multi-
hazards (e.g. Tropical Cyclones and
MH-IBF-EWS piloted floods), not impact based
in the project sites Level 5 — IBF-EWS for Tropical Cyclones
(Levelof in project sites
Implementation 7) Level 6 — nation-wide IBF-EWS for
Tropical Cyclones
Level 7 — MH-IBF-EWS in project sites
Level 8 — nation-wide MH-IBF-EWS
4.2 A centralized/dedicated Progress reports No dedicated Dedicated UIP UIP upgraded to include the
User Interface Platform (UIP), for the UIP UIP; only very established for DSS for the MH-IBF-EWS
including a “meteoalarm’-type development limited climate dissemination CP-
for dissemination of warning information at CS
established and operating Reports of training the I0C website

[yes/no]

sessions; lists of




participants; and
training
materials/content

4.3 Improved NMHSs weather Surveys among User satisfaction | User satisfaction User satisfaction index with the The “user satisfaction index” is defined in
and climate services users and index to be with the UIP and UIP >72% the World Bank/ GFDRR (2019):
communities in determined at SWIOCOF > 40% Weathering the Change: how to improve
project sites the first hydromet services in developing countries
SWIOCOF (https://www.qgfdrr.org/en/publication/weath
session ering-change-how-improve-hydromet-
supported by the services-developing-countries), and

project; and
baseline survey
in the project
sites

considers communications, perceived
accuracy and usefulness of NMHSs’
products and services for both
professional partners and vulnerable
groups exposed to natural disasters
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5.5 Overall project benefits
5.5.1 Overview of benefits

The benefits associated with the climate services of the Hydromet project are numerous. The data and
information collected by the project will be transformed into services tailored to the socioeconomic sectors
and end users (e.g. trends, projections, economic analyses, agro-climatic advisories, community services,
early warning of hazardous events, etc.). Climate services will be addressed to the priority areas
recommended by the Global Framework for Climate Services (GFCS), namely in the following sectors:

e Disaster risk reduction: the contribution of EWS to damage avoidance is well described in the
academic literature, highlighting a correlation between preparedness for natural disasters - which
can be supported by timely, accurate and efficient EWS - and the effectiveness of mitigation
measures.

e Agriculture and food security: provision of climate services that support development strategies
in agriculture and food security such as the provision of agrometeorological advisory messages
which have been demonstrated to correlate with yield and harvesting increases

o Health: directly by avoided spread of infectious, or waterborne diseases (diarrhoea, malaria, etc.)
and indirectly by avoided impacts on ecosystems essential to the health of populations (water
resources, agricultural production)

e Water resources: improved short- to long-term decision-making, improved efficiency in terms of
sustainable resource use, disaster risk management (flood/drought), optimization of agricultural
water use, drinking water supply and sanitation, etc.

The benefits associated with the Hydromet project go beyond this, since they also allow public decision-
makers to better integrate adaptation to climate change into their land use planning policies; public
decision-makers, with better climate information, can make informed decisions. Moreover, some services,
intended for the private sector, may be commercialised (e.g. agro-climatic services).

5.5.2 Summary of the CBA

Under the economic assessment assumptions, the expected benefits of the project have been compared
with the project costs over a 15-year time horizon. Cost Benefit Analysis is the most relevant economic tool
for assessing the economic profitability of the Hydromet project but has the limitation of retaining only
quantifiable and monetary benefits. Two main benefits were therefore quantified: a) the avoided costs
associated with losses caused by extreme weather events through the establishment of an Early Warning
System (EWS) in each country and b) development of agro-climatic services aimed at end-users contributing
to optimising production yields in economic sectors such as agriculture. The reduced scope of quantified
benefits associated with the Hydromet project, and the conservative economic assumptions that have been
used for the economic analysis, lead to results that can be considered conservative, since they are based
on a minimal estimate of the project benefits.

Based on SWIO-RAFI risk disaster analysis, in which the population affected by all hazards has been
estimated at 14.4 million people and the physical damages related resulting from climate related events
has been estimated at USD 13.4 billion during the 1964-2014 period, the Annual Average Benefits
attached to the EWS in terms of costs avoided has been assessed to be around USD14 million for the entire
IOC region.

On the other hand, using data from the FAO and assumptions from academic experience, the Annual value
of agricultural profits attributable to Hydromet has been estimated at: USD 0.4 million per year from 2026
to 2030 to USD 0.9 million per year from 2031 to 2035 in Comoros; USD 21.8 million per year from 2026 to
2030 to USD 43.6 million per year from 2031 to 2035 in Madagascar; USD 7.7 million per year from 2026 to
2030 to USD 15.3 million per year from 2031 to 2035 in Mauritius; and USD 0.03 million per year from 2026
to 2030 to USD 0.06 million per year from 2031 to 2035 in Seychelles.



The NPV of the project is estimated at USD 230 Million using a 5% discounting rate; the cost-benefit ratio
is 3.6. Sensitivity analysis shows that NPV is still positive (USD 161 Million) even if benefits assessed are
30% lower than expected and the cost-benefit ratio is 1.8. At the same time, the investments alongside
with the collaboration with PIROI and its national counterparts will contribute to the implementation of
forecast-based action/forecast-based financing (FbA/FbF) planned for the SWIO region under the
leadership of PIROI, and supported though other initiatives, based on the lessons learnt from the first
experiment in the region, in Mozambique.

From an economic point of view, the Hydromet project is a worthwhile investment. Please refer to Annex
3a for futher details on the economic and financial benefits to be generated by the Hydromet project.

5.6 Implementation arrangements

The project will be implemented through different entities whose roles and responsibilities are detailed
below.

Entity Status Project responsibilities
AFD GCF Accredited Entity AFD will be the Accredited Entity (AE) for the Project and will be responsible
(AE) for overseeing the implementation, financial management, evaluation,

reporting and closure of the activities under the project. AFD will monitor
and supervise the execution of the project and ensure the proper
management and application of GCF Grant Proceeds by the Executing Entity.
AFD will have the overall responsibility of the Project implementation and
will ensure that the Grant Proceeds are utilised in accordance with the terms
of the Funded Activity (FAA) Agreement and the Accreditation Master
Agreement (AMA).

10C Executing Entity (EE) The 10C will be the Executing Entity (EE) as defined in the GCF-AFD signed
AMA. Thus, the 10C (EE) will assume overall responsibility for the effective
delivery of project inputs and interventions in order to achieve the expected
project outputs. To fulfil its role, the EE will set up a Project Management
Unit (PMU). The 10C will be the only entity mandated to engage, supervise
procurements processes and to manage the funds. 10C as EE, and the
regional organization mandated by the member countries to develop the
Project and submitted to the GCF, will enter into a Project Agreement (PA)
with the Ministries of Foreign Affair (MoFA) of each concerned country
member, which are the official representatives. The PA of each country shall
(i) designate the NMHSs as the lead national lead implementing entity which
shall be nominated as National Implementing Partners (NIP), (ii) designate all
the beneficiaries entities; called in the project as the National Services
Providers, (NSP). The PA shall details all the activities, sub-activities and
objectives to achieve according to the Project at both national and regional
level. The PA will be subject to AFD (AE) approval and shall considered as a
precedent conditions.

NHMSs National The National Meteorological and Hydrological Services (NMHSs) of each
Implementing beneficiary country are expected to be designated by their respective
Partner’s (NIP) & Government as the lead implementing national entity (NIP). NMHSs, will be
National Services respectively accountable to I0C (EE) for the project execution at the national
providers level. NMHSs, as the NIP and others NSPs, will not be mandated for the use

and managements of GCF funds and all related procurement process.

The NMHSs, as national lead implementing entity, will host the national
project coordinator. The NMHSs, with the support of the EE through the PMU
team and the NPCs, will be strongly involved in the project objectives



achievements at the national level and will actively participate to
procurement process co-design and approval for of equipment’s technical
specifications, national strategies, capacity building programs and training
session, and equipment’s installation and operation. NMHs and all
beneficiaries entities of the Project will continue to involved in the project
implementation in active way, as they were involved during the feasibility
study of the project. The effectiveness of the project ownership by each of
the four countries will be set at the project onset by adopting this approach
of consultation, co-design and co-implementation and co-monitoring at
national level.

Others National Services National Disaster Management Agencies (NDRM), Environmental and
National  Providers ( NSPs) Climate change and sectoral ministries such us: tourism, agricultures and
Stakehol fishery ministries, civil society organizations, Red Cross Red Crescent
ders and National Societies and other national NGOs involved in early warning and
beneficia last mile connectivity, will be the National Service providers within each
ry it beneficiary country. Each of the already identified NSPs will be actively
entities

participating on the fledged national activities and sub activities under the
aegis of the NMHs (NIPs).

In order to ensure strong Project ownership, and at the country request, it has been agreed with 10C (EE),
the country members and AFD (AE) that National Project Coordinators (NPCs) will be co-recruited by the
EE and the each of beneficiary countries, supported by the PMU and with the involvement of NMHSs (
NIP). The NPCs will be part of the PMU and be deployed at national level and hosted by the NMHSs (NIP).
Country involvement will be also ensured by the designation of a project National Focal Point (NFP),
which is expected to be permanent staff member of the NMHS to coordinate and liaise with the NPC, as
well as with the national DRM institutions and NGOs, which are national partners in the project.
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5.6.1

Roles and responsibilities

The various project delivery stakeholders’ roles, mandates, and governance structure is described and

illustrated below:

N
O

AFD: as the AE for the proposed project, has a strong and established experience working in 10C
countries. Its regional headquarters are based in La Réunion, while regional and national AFD
offices are present in Mauritius; covering Mauritius and Seychelles, in Comoros and Madagascar.
Moreover, AFD has already four projects/programmes approved by GCF Board (FP021, 42, 95 and
119). As the AE, AFD will manage the funds for the implementation of the project. AFD will have a
quality assurance role involving AFD staff in Paris headquarters and at the regional level, within
AFD agency in Mauritius (where the I0C has its headquarters), Port Louis and when deemed
relevant Madagascar and Comoros offices.This quality assurance role will also be ensured through
the Regional Project Steering Committee (RPSC) (see below for details on the function of the RPSC)
which will contribute to AFD objectives and provide independent project oversight and monitoring
functions. Together, AFD and the RPSC will ensure that appropriate project milestones are
managed and completed, for example by reviewing progress against set up targets and providing
recommendations to set the project back on track if needed. Project quality assurance must be
independent of the Project Management function; therefore, the RPSC cannot delegate any of its
quality assurance responsibilities to PMU and to the Regional Project Coordinator (RPC). As an
Accredited Entity to the GCF, AFD is required to deliver GCF-specific oversight and quality assurance
services including oversight of project completion and oversight on project reporting.

10C will be the EE as the regional organization of which Comoros, Madagascar, Mauritius and
Seychelles are members. I0C will supervise the execution of project activities with the support of
the Project Management Unit (PMU) and the national counterparts, amongst them NMHSs as NIP
and NSPS. The PMU will be hosted by 10C headquarters, within its sustainable environment and
climate change department.. An I0C Project Manager (PM) will be assigned by the Secretary
General of the 10C at the project start. The IOC already managed several projects with a portfolio
of above USD 200 million relating to climate and environment amongst others. The I0C has proven
experience in project management with different development partners (including the regional EU-
funded ISLANDS and AFD-funded ACCLIMATE multi-year projects); and in coordinating project
implementation in its member countries. I0C has also undertaken a process to become a GCF
Regional Accredited Entity. As part of this endeavor, IOC has received financial support from the
GCF, as well as technical punctual support from AFD’s climate change division, to align its
procedures with GCF accredited entity requirements e.g. for auditing and procurement.
Additionally, 10C is receiving EU support under the INCA (institutional capacity building)
programme, which is aimed at strengthening the institutional capacity of 10C to plan, identify,
implement and evaluate projects and programmes to align with the EU 9 pillars. AFD will support
I0C in the implementation of the organizational actions already identified within the INCA program
NMHSs (NIP) will be the lead implementing entity within each of the beneficiary countries will be
the co-executing entities and will be involved in all the project activities co — design and co-
implementation at both regional and national level to insure the country ownership. NMHSs will
be responsible of national activities implementation and results achievements. NSP conducted by
NMHSs such as DRM institutions will be strongly involved to co-design and co-implement the
activities related to EWS and last mile connectivity.



Currently, another initiative involving 10C and dealing with Hydromet and Climate Services is Intra ACP
Climate Services Project: a large project supported by the EU and the S-ACP involving regional cooperation
for the improvement of climate services and related applications. The IOC component of this initiative will
be directly integrated into the regional Hydromet Project (funds delegated to AFD).International partners
like WMO, JRC and, EUMESAT mobilized through the Intra- ACP CS Project, will be key in the
implementation and monitoring of the Hydromet project to bring support to mainstream climate services
into regional and national policies and programmes, as well to ensure ownership at the regional and
national levels.

In addition others implementation partners WMO, GFDRR and UNDRR will facilitate coordination and
synergies with other ongoing initiatives such as the approved 10C Project supported by CREWS3*®°. The SWIO
— EWS program structured around seven major outputs: (1) Institutional and human capacities in regional
and intergovernmental organizations to provide regional climate and weather services to LDCs and SIDS
increased (Regional); (2) NMHSs’ service delivery improved, including the development of long-term service
delivery strategies and development plans (National); (3) Risk Information to guide early warning systems
and climate and weather service developed and accessible (National); (4) Information and Communication
Technology, including common alerting protocol, strengthened(National); (5) Preparedness and response
plans with operational procedures that outline early warning dissemination processes developed and
accessible(National); (6) Knowledge products and awareness programmes on early warnings
developed(National); and (7) Gender-sensitive training, capacity building programmes provided (National).
These components were designed in close collaboration with the AE (AFD) in order to ensure
complementarity with the proposed Hydromet project. More information about the CREWS initiative is
provided in a stand-alone document, as part of this project proposal.

- Project Management Unit (PMU): a regional PMU will be established by 10C in its headquarters
and will work under the responsibility of the I0C Project Manager (PM). The PMU, which will be
constituted of (i) IOC permanent member staff which will be dedicated to the Hydromet Project
and by (ii) a technical assistance (TA) constituted by a skilled international company or a consortium
of skilled companies. The Technical Assistance will be recruited by IOC based on an international
competitive process. The PMU will be headed by a Regional Project Coordinator (RPC). The PMU
will support the EE in coordinating the project Accredited Entity, beneficiary countries, and the
various partners, as well as in overseeing project activity implementation. The following staff
members will form the PMU:

= Regional Project Coordinator (RPC): will lead in a full-time employee of of international
company hired as the Technical Assistance to be part the PMU. The RPC should have strong
technical expertise and capacity in the management of large scale, multi-country projects. The
RPC will be responsible for the overall project implementation and coordination at regional
level. Amongst its mandate the RPC will: i) lead and manage the PMU; ii) liaise with and report
to 10C PM iii) liaise and coordinate with the NPCs specific interventions to each beneficiary
country and/or at the regional level, iv) provide administrative and technical expertise; v) be
responsible for the day-to-day implementation and management of the project, and vi) serve
as the focal point for interactions between the project stakeholders and partner organisations
(e.g. government departments, NGOs, civil society groups) and vii) co-chair the RPSC. Full-time
and part-time Officers will provide the administrative, logistical and financial support/expertise
to the project and will work under the direct supervision of the RPC.

3% https://www.crews-initiative.org/en




= National Project Coordinators (NPCs): will be hired by the EE and NMHSs with the support of
the PMU/RPC. The NPCs will be based in each of the four beneficiary countries and are
mandated to support NMHS Focal Points to reach the project goals and objectives. The NPCs
will act under the overall guidance and supervision of the RPC. NPCs will be based within the
National Meteorological Services, namely Comoros Meteorological Services, General
Directorate of Meteorology in Madagascar, Mauritius Meteorological Services and Seychelles
Meteorological Authority. The NPC should be able to deliver technical expertise. NPCs should
act to facilitate daily project execution and follow-up, in close collaboration with NMHS team
through a designated Focal Point (FP) or a Project Team to be nominated by each NMHS at the
start of the project. NPCs’ mandate will include inter alia; i) to liaise with relevant national
implementation partners, for example within sectoral ministries and disaster risk reduction
institutions, ii) to organise workshops or meetings with regards to project activity, as relevant,
and iii) to convene the National Project Steering Committees, organised by the NMHS.

The additional identified profiles to be members of the PMU based at the 10C office are as follow:

N
~

o Hydro-meteorologist experts: A part-time staff member with technical expertise in hydro-
meteorology will also be recruited to develop ToRs and call for tenders for technical
activities, review applications, and to supervise and advise the RPC on the implementation
of technical project activities,

o Environmental and Social Officer: to ensure the inclusion of environmental and social
safeguards into the project,

o Financial Officer: to ensure proper accountability and transparency of project
expenditures,

o Procurement Officer: to supervise the procurement process, manage the consultants, and
tools and equipment acquisition contracts,

o Monitoring and Evaluation Officer to supervise technical and financial project
implementation and to prepare evaluation and monitoring reports

o Communication Officer to develop, disseminate and archive communication material
related to the projects

o Administrative Officer to support project implementation and conduct daily administrative
tasks

o In addition to the PMU, a pool of experts with diverse skills will be pre-identified and
solicited on an ad hoc basis by the EE to review and assess application and candidate
profiles proposed in the offers submitted in response to calls for tenders. The purpose of
mobilisation of these experts will be to advise I0C on best candidate/service provider to
hire for the project execution.

Regional project steering committee (RPSC) will be established, coordinated and chaired by I0C.
The RPSC will convene at least once a year. The Committee will include as permanent members:
the Regional Project Coordinator; the National Focal Points (FP), and ii) the “Permanent Liaison
Officers” (PLOs) from Comoros, Madagascar, Mauritius, Seychelles and Reunion Island (fifth
member of I0C). The RPSC can invite additional participants as observing and advisory members
among whom: i) the four National Project Coordinators; ii) the four National Designated
Authorities; iii) a representative from AFD; as well as a representative of the EU Commission in
Mauritius, and iv) a representative from WMO and/or representatives of advanced NMHSs that
could guide the implementation of the project. A gender balance should be ensured whenever
possible. The mandate of the RPSC will involve providing broad strategic oversight, direction and
technical advice amongst: i) overseeing project implementation; ii) redefining or readjusting
project activities, when necessary; and ii) reviewing/validating annual work-plans and project



reports. The RPSC will meet at least once a year —with ad hoc meetings held as and when necessary
—to discuss the project main performance indicators and provide strategic guidance. There will also
be a platform for sharing lessons learnt and good practices among IOC member states.

- National project steering committee (NPSC) will be convened by the NPC and chaired by the
National Focal Point in the NMHS. The NPSC will be responsible for coordination and oversight of
activities being delivered by national involved stakeholders. The NPSC will be held twice a year, in
order to take stock of progress accomplished during project implementation, identify any issues,
and, if need be, to raise and address them with the PMU. All stakeholders involved in project
implementation during the 6-month reporting period will be invited to attend the meeting and
report progress on specific activities they are involved in. The NDA will also attend the NPSC. If
deemed necessary, the RPC and the PM could be invited to participate in the NPSC at least to once
year. The NPSC meeting minutes will be produced by the NPC and shared with the RPC to report
lessons learnt, problems and successes at the regional level and to enable adjustments in national
implementation as needed. Based on NPSC decisions, the RPC may be asked to carry out additional
in-country missions to address specific requirements.

While 10C, with support from the PMU, will be responsible for the day-to-day execution of the project,
overall coordination with other GCF-funded projects and climate change related initiatives will be
undertaken by the countries’ National Designated Authorities (NDAs) for the GCF in particular through their
implication in the NPSC. For this purpose, it is proposed that the NDAs also sit on the Regional Project
Steering Committee (see below) in an advisory capacity, to foster country ownership.
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5.6.2 Contracts and flow of funds

A financing convention will be signed between AFD and IOC to establish the terms and conditions of the
cooperation and define clear roles and responsibilities for both parties. The details of contracts and flow of
funds will be agreed upon through this convention. As the AE, AFD will disburse funding received from the
GCF and the EU according to the disbursement schedule of the convention, to the EE for the purposes of
undertaking the project. As I0C is in the process of acquiring GCF accreditation, it will benefit from capacity
development in the project from acting as EE.

Figure 89 The flow of funds in the proposed project.
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5.6.3 Profiles of PMU staff

Brief description of expected experience and expertise of specialised staff members of the PMU

Regional project coordinator (RPC)

The project will be seeking a full-time RPC, based at I0C in Mauritius. The role of the RPC will be to manage
the PMU and to manage and supervise project implementation. More specifically, the RPC will be in charge

of:

Managing staff members located in the regional PMU as well as the national project coordinators,
based in Comoros, Madagascar and Seychelles.

Overseeing the day-to-day activities of the PMU related to the management and implementation
of the Project, including procurement, project monitoring and evaluation, financial management,
progress and financial reporting, leading staff of the PMU;

Overall supervision of project activities (from Mauritius and with at least one trip per year in the 3
other countries for project site visits);

Participate and represent the PMU as non decision-making member in the Project Steering
Committee (PSC) and serve as secretary of the committee;

Undertake external high-level communication (with support from the Communication Officer);

Prepare, or as appropriate supervise the preparation of, progress reports, annual reports, project
completion report and other reports that may be required by AFD;

Prepare, or as appropriate supervise the preparation of, annual work plans and budgets and
present to AFD and the PSC for approval;

Supervise PMU staff in the performance of their respective duties;



Ensure the efficient functioning of the PMU, including good collaboration with national
stakeholders in the beneficiary countries;

Represent the PMU and the project in general to national and international audiences;

Lead the development of work plans, workshops and periodical work sessions and meetings for the
unit and hold orientation seminar for his team members from the project to clarify the project
objective and methodology;

Working with the Financial Officer, ensure proper management of funds, including accounting,
financial control and audit procedures acceptable to AFD;

Working with the Procurement Officer, ensure clarity and efficiency in the procurement of goods,
works and services in accordance with AFD guidelines including submission of annual financial audit
to AFD.

The RPC will have the following experience and qualification:

A Master degree, preferably in environmental science, meteorology, hydrology or similar;

At least 10 years’ experience in project management, ideally related to climate change adaptation,
disaster risk reduction, or climate services;

Proven experience and technical ability to manage a large project;
Experience in the management of multi-country projects will be an asset;
A good knowledge of the SWIO region, in particular the four beneficiary countries;

Effective interpersonal, management and negotiation skills proven through successful interaction
with stakeholders, including senior government officials, regional/local authorities, experts and
NGOs/communities;

Demonstrated ability in team management and collaboration; and

Fluency in English and French.

National project coordinators

The project will be seeking 3 full-time NPC, based respectively in Comoros, Madagascar and Seychelles.
Under the supervision of the RPC, the NPC will manage and supervise daily project implementation in their
respective country and liaise on a regular basis with national stakeholders involved in the project, including
the NFP, the meteorological services, DRR institutions and other relevant sectoral ministries or
organisations. More specifically, the NPC will be in charge of:

- Overseeing the day-to-day project activities including monitoring and evaluation, and
project progress;

- Supervise the work of national and international consultants and firms, hired to implement
project activities in his country;

- Report any issues/problems related to project implementation to the RPC;

- Prepare progress reports, annual reports, project completion report and other reports that
may be required by the RPC;

- Implement annual work plans with support from the PMU;

- Ensure good collaboration and communication about the project with national
stakeholders; and

- Represent the PMU and the project at the country level;

The NPC will be a technical person, and will have the following experience and qualification:



- A master’s degree in environmental science, meteorology, hydrology or similar;

- At least 5 years’ experience in project management, ideally related to climate change
adaptation, disaster risk reduction, or climate services;

- A good knowledge of the country of duty (Comoros, Madagascar or Seychelles);

- Effective interpersonal, management and negotiation skills proven through successful
interaction with stakeholders, including senior government officials, regional/local
authorities, experts and NGOs/communities; and

- Fluency in English and French.
E&S Officers

The project will hire a regional E&S Officer, based at the PMU in Mauritius, and 4 national E&S Officers
based in the beneficiary countries. They will be in charge of ensuring the inclusion of environmental and
social safeguards during the first 3 years of the project of the project (while the equipment is being
installed). In particular the E&S Officers will ensure the implementation of the Environmental and Social
Management Framework, detailed in the Environmental and Social Impact Assessment (Annex 6). As part
of his tasks, the E&S Officer will oversee project implementation to ensure they are social and
environmentally sustainable and comply with the AFD and GCF social and environmental safeguards
policies and internationally recognized best practices. The Officers will work closely and coordinate with
the RPC and their NPC (for the national officers) and national institutions responsible for environmental
safeguards in the four target countries, as needed, to accomplish these functions. They will report to the
RPC and closely coordinate with NPC to ensure project compliance with national environmental and social
regulations. More specifically, the E&S Officer will be in charge of:

- Reviewing the Environmental and Social Management Framework to organise a work plan
incorporating the action priorities and analysis identified in the ESIA Annex (6), divided into
country-level agendas for Comoros, Madagascar, Mauritius and Seychelles;

- Ensure the implementation of the project Environmental and Social Management
Framework;

- Provide technical expertise on key issues related to environmental and social impact
assessment and on sustainability risks in the preparation, implementation and supervision
of project interventions as identified in the Environmental and Social Management
Framework taking into consideration best industry practices and standard;

- ldentify all key potential social and environmental impacts and risks of a project and ensure
that their magnitude and significance are well understood,;

- Incorporate into the project intervention effective and feasible measures to avoid,
minimize, and mitigate the adverse environmental and social impacts;

- Coordinate with NPC and RPC to ensure implementation of mitigation measures;

- Local travel, when required, particularly to supervise the installation of large infrastructure
(e.g. radar tower); and

- Report on and disseminate good practices and generated knowledge.
The E&S Officers will have the following qualification and experience:

- A master’s degree in environmental science, engineering, environmental management or
equivalent;

- 3-5 years’ experience working on project management to identify environmental/social risk and
issues and develop mitigation measures to ensure compliance with good international industry
practice;

N
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Fluency in English; knowledge of French is preferable (required in the 2 French-speaking countries).

Hydromet expert

This part-time expert will be based at I0C and support the RPC in his daily project management tasks. In
particular, the expert will:

Develop ToR and procurement plans related to technical project interventions;

Review applications submitted to implement technical project interventions (e.g. establishment
of weather stations), with help from the external pool of consultants;

Supervise project activities that relate to hydro-meteorological equipment and technical
trainings; and

Produce progress reports with regards to the implementation of technical interventions.

The Hydromet expert will have the following experience and qualification:

A master’s degree in environmental science, meteorology, hydrology or similar;

Experience in the management of projects focusing on meteorological, hydrological and climate
services;

A good knowledge of the SWIO region, in particular the four beneficiary countries; and

Fluency in English and French.

Gender specialist

The project will seek an external consultant, specialised in socioeconomic and gender-focused analysis;
gender mainstreaming activity design; and, implementation and gender-responsive policy delivery, for the
Project Management Unit (PMU) of IOC Hydromet Project. Tasks will include the following:

Reviewing Gender Action Plan to organise a work plan incorporating the action priorities and
analysis identified in the Gender Annex (8), divided into country-level agendas for Comoros,
Madagascar, Mauritius and Seychelles;

Finalising, in collaboration with PMU and with budgetary demarcation, the gender-responsive steps
of the Plan to be mobilised such as: gender clauses in the functioning of the Regional Climate Centre
- Network (RCC-Network) and Regional Climate Services Strategy (RCSS), developing gender case
studies (1 in each of the 4 countries), organising Gender and Climate Services workshop(s) with
relevant stakeholders, etc.;

Preparing progress reports, annual reports, completion reports (and other relevant reporting)
related to the design, organisation and implementation of every gender activity undertaken;

Liaising with the PMU on the day-to-day activities related to the management and implementation
of the Project as well as regular communication of progress to PMU leader;

Working to ensure gender mainstreaming and representation in beneficiaries identified of climate
service products as well as better dissemination;

Engaging with relevant government departments/ministries for the mobilisation of the Gender
Action Plan in all four countries;

Undertaking external communication of gender-related outcomes (with support from the
Communication/Outreach consultant/officer);

In-country missions, when required, particularly for the organization of the Gender and Climate
Services workshop.

The gender consultant will have the following qualification:



Advanced university degree in international development/area studies/gender studies/social
sciences;

3 — 5 years’ experience in gender and socioeconomic analysis, as well as designing and delivering
gender-responsive activities for climate change adaptation/services projects;

Previous experience with Green Climate Fund and Agence Francaise de Développement
requirements on gender-responsive implementation, social development and inclusion policies,
and socioeconomic analysis is an asset;

Previous experience in least developed countries and small island developing states, preferably in
the Indian Ocean region;

Previous experience of engaging government institutions as well as a range of stakeholders;

Effective interpersonal, management and negotiation skills proven through successful interaction
with stakeholders, including senior government officials, regional/local authorities, experts and
NGOs/communities;

Ability to work in time-pressured contexts and deliver quality products, as well as effective
teamwork and collaborative capacities;

Excellent drafting and reporting skills in English, with working knowledge of French.



Chapter 6 Conclusions and Recommendations

Comoros, Madagascar, Mauritius and Seychelles are among the most exposed countries to natural hazards,
especially tropical cyclones, droughts, heavy rainfalls, storm surges and sea-level rise. These conditions are
further enhanced by climate change, which results in increasing threats on livelihoods and economic
growth in the small island states of the SWIO region.

Adapted, understandable and timely available climate services can contribute to reduce economic losses
linked to climate-related hazards, reduce impacts on livelihoods and increase the resilience to climate
change. However, at the moment, there is a lack of accurate and user-friendly climate services to inform
decision-making processes in the SWIO region. To produce such services, the governments of Comoros,
Madagascar, Mauritius and Seychelles currently lack the financial resources to establish relevant
observation infrastructure, proper communication systems and data storage and management facilities, to
develop adequate, downscaled hydro-meteorological and climate models, and to invest in trainings and
capacity building to support improvements in the production and dissemination of CS.

Nonetheless, these countries, with the support of the international community, have already made efforts
to improve CS (see baseline projects sections under Chapter 2). However, GCF funding is necessary to
support the incremental cost of climate change adaptation and effect a paradigm shift towards climate-
resilient development in the four countries. This will be achieved through investing GCF resources in (i) the
reinforcement of institutional and technical capacity of National Meteorological and Hydrological Services
at regional and national levels; and (ii) the production of CS that adequately address urgent needs of
economic sectors and communities in terms of food security, health, water management and disaster risk
reduction. The proposed project, as demonstrated in this study, is technically feasible, cost-efficient and
sustainable through a strengthening of the regional and national hydro-meteorological institutions. The
governments of the four target countries have also committed to sustain and maintain the services
developed through this project in the long-term, while economy of scale is supported through setting up
an RCC-Network together with other regional hydro-meteorological facilities. The proposed interventions
are also non-regret climate change adaptation measures with strong environmental and social benefits.

In sum, GCF funding is required to help Comoros, Madagascar, Mauritius and Seychelles achieving real
progress in the delivery of high quality and timely available information, giving them better opportunities
to improve their economic situation and be in a better position to deal with expected climate change
impacts.



Appendix 1 Technical specification of project
interventions

This section describes, in general, the technical aspects of the interventions to be supported by this regional
project. It encompasses the main recommendations of the HYCOS assessed by WMO experts for the
hydrological part of the project. In this feasibility study, we are not dealing with final specifications of the
different systems but with the global specifications to answer the needs of the four different countries.

Equipment and infrastructure

The design of the system duly considers the value chain of hydromet services and aims at strengthening
end-to-end hydromet systems from observation networks, data management and information systems,
modelling and forecasting systems to service delivery. The Indian Ocean Hydro-Met Program therefore
targets in its project design: (i) institutional strengthening and capacity building; (ii) infrastructure and
network improvements at scale and; (iii) supporting sustainable weather and climate service
improvements.

While addressing institutional strengthening and capacity building for the four countries at the national
scale, the project will focus on five main “weather, water and climate information value chains” which are
particularly relevant for adapting the four countries economy and livelihoods to increased climate risks,
which were identified in workshops with the national key beneficiaries in August and September 2019 in
the four countries:

° Early warning for surface runoff related-floods in urban and peri-urban zones highly populated and
subjected to recurrent phenomena such as: Antananarivo, Moroni, Port-Louis and Mahé. It will
allow a synergy with ongoing projects for rainfall measurement supported by UNDP for Comoros
and Madagascar, allowing this regional project to concentrate more specifically on runoff
conditions;

° Monitoring the food security and nutrition situation in the rural zones of Madagascar and Comoros
including agrometeorology modelizations of yield and crop disease;

° Delivery of tailored agro-meteorological services for highly productive agricultural zones where the
relative variability of rainfall is high and where agro-meteorological stations already exist, and
producers organized to take advantage of the dissemination of agro-climatological services such
as: sugar cane in Mauritius, staple crops like millet, maize and sorghum and rice cultivation for
Madagascar and Comoros, etc;

° Monitoring sea state and coastal erosion of the four countries with new observing systems to be
implemented and adapted modelizations for coastal erosion on chosen location in each country.

° For specific catchment where the people and goods are the most vulnerable in each country,
development of knowledge for better adaptation to climate change for structures sizing and risk
management since there is an underlying trend for increased runoff coefficient in Indian Ocean
region due to soil crusting in relation with notably anthropogenic activities and modifications of
rainfall conditions impacting vegetation cover. This leads to reconsider: return periods for extreme
events, intensity/duration/frequency (IDF) curves, runoff coefficient in the watersheds, and
updating of rating curves for priority hydrological stations.

The design of the observation networks necessary to reinforce the existing national ones in the four
countries will need to consider automation and telemetry systems and be significantly enhanced by
installing:

° Automatic Weather Stations (AWSs), agro-met stations, rain gauges, lightning detectors, standard
equipment, power supply, telecoms for field stations, etc., buoys, tide gauges

° Data Collection Platforms (DCP)
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° Specialized hydrological equipment (see HYCOS proposal attached).
Both AWS and DCP’s telemetry facilities will allow:

° Real time or near real time transmission of field data to NMHSs, speeding up the preparation and
delivery processess of information to users;

° Facilitate and secure data storage (both in-situ and in the national databases); and
° Remote control for maintenance activities.

The initial requirements in terms of works and equipment have been identified during project preparation
as a first approach responding to anticipated requirements of the users and keeping the technology as
simple as possible to ensure resistance to extreme climate conditions and reducing as much as possible
operation and maintenance cost with minimal technical complexity. These requirements will be refined
and specified during the project.

The data obtained from the enhanced observation networks will be quality assured by establishing
calibration facility at regional level and will feed into the data management and forecasting systems, where
modernizing Information and Communications Technology (ICT) infrastructure is at its core. In this matter,
the project will consider the best affordable ways to improve and adapt existing communication
infrastructure, protocols and standard operating procedures.

The project aims at improving lead-time and accuracy of weather, climate and hydrological forecasts, and
developing and improving basic and specialized information products in an efficient and effective manner.

By leveraging regional and global resources, for example, by participating in WMO Severe Weather
Forecasting Programme (SWFP), introducing Numerical Weather and Climate Prediction (NWP/NCP) and
developing forecast accuracy verification system, the four NMHSs will jointly develop (i) flood and drought
forecasting, (ii) sea state and coastal erosion monitoring and forecasting, and (iii) yield and crop disease
monitoring and forecast. Development, dissemination and utilization of climate information products will
be particularly emphasized under the National and Regional Frameworks for Climate Services, which
empowers demand driven climate services for sectorial users as well as end-users down to the community.

The seamless operation and cooperation among the four countries involved will be ensured and
streamlined by developing and operationalizing regional NWP/NCP downscaling strategy, strengthening
information exchange platform already in use and hosted by SMA.

The design of the observation networks will consider automation and telemetry systems and be
significantly enhanced by installing:

Automatic Weather Stations (AWSs)

Such a station records transmits data measured in-situ by a large variety of sensors, including:

° temperature

° wind speed and direction
° Relative humidity

° atmospheric pressure

° solar radiation

° sunshine duration

° Rainfall intensity

° visibility

° cloud height



The number of additional AWS to be installed should be carefully looked at considering the synergy with
UNDP projects at Comoros and Madagascar and HYCOS diagnosis.

Agrometeorological Stations

Such a station measures the main agrometeorological parameters such as:

° wind speed and direction

° rainfall amount and intensity

° pressure

° relative humidity

° temperature

° solar radiation

° sunshine duration

° soil temperature — standard depths for measurements are: 0, 5, 10, 20, 50, and 100 cm below the

ground surface

° soil moisture — standard depths for measurements are 0-2, 5, 10, 20, 50, and 100 cm below the
ground surface

These stations are powered by solar panels and data-loggers to store and process the data. Moreover, a
telemetry system could be connected so that data can be remotely accessed through mobile SMS or other
form of messages in real time.

Standard rain gauges

The ordinary rain gauge used for daily readings usually takes the form of a collector above a funnel leading
into a receiver. In Indian Ocean region, the size of the receiving area is generally 400 cm2. The standard
high above the ground for the receiving surface is 1m.

Buoys, tide gauges

These buoys will implement sensors to measure the following parameters:

° Waves height and direction
° Sea Surface temperature

° Wind speed and direction
° Air temperature

° Pressure

° Relative Humidity

Doppler radar for precipitation

As the one already in operation at Mauritius island, these doppler radars will ensure an extensive spatial
coverage of the measurement of rainfall rate.

Lightening detector

A lightning detector is a device that detects lightning produced by thunderstorms. Ground- based detectors
calculate the direction and severity of lightning from the current location using radio direction-finding
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techniques together with an analysis of the characteristic frequencies emitted by lightning. The low
frequency sensors detect the electromagnetic phenomenon in the 0 to 350 kHz band and each sensor
detects lightning in a maximum radius of 1 000 km. Through GPS synchronized clock the detection has a
millisecond precision. Moreover, the sensors provide information about intensity and direction of impacts.
Information from field sensors can be concentrated at the main meteorological office and this allows
calculation of impact location with accuracy within one km.

Flash Flood Guidance Systems

Lightning detection and doppler radar data will be used as a proxy for rainfall and for detecting severe
weather. This will help forecasters at NMHSs to identify areas of high intensity rainfall, improving their
ability to use the flash flood guidance system and provide more accurate rainfall predictions. The Flash
Flood Guidance System (FFGS) is a regional system developed and sustained by WMO, to issue real-time
flood hazard maps using all available local data. The FFGS provides a tool-box, capacity building materials
and technical products: real-time data including satellite, radar and gauged-based precipitation estimates,
soil moisture, flash flood threats (both current and forecast), model-based rainfall forecasts (to 24 hours),
and snow areal coverage/water equivalent/melt, and landslide hazard threat. This system is fed by
participating countries and numerical weather prediction from lead global centers (such as ECMWF, Météo-
France, NOAA/NCEP).

Currently FFGS is implemented for the South African Region and it should be extended to cover the SWIO
region.

Hydrological stations

As stated in the HYCOS assessment (see Annex 22), the four countries need the following type of
equipment:

° Gauging scale

° Automatic water level recording
° ADCP

° Suspended-sediment samplers
° Inflatable motor boat

° Piezometer

o GPS

More details about the equipment and technical specifications could be found in the Guide to Hydrological
Practices, WMO-No 168 (2008) and the Guide to Climatological Practices, WMO-No 100 (2011).

Infrastructure works

There are no works foreseen for the GCF-financed portion of the project. The refurbishment of the four
NMHSs premises, the implementation of a new building for SMA would be supported by the Government
co-financing.

The installation of the hydro-met equipment across existing and new stations in the country will be
conducted by the suppliers of the equipment to be procured as “equipment, installation and training”,
including the required civil works. Similar for the radar tower.
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Information system

All the following systems should follow the WMO Technical Regulations, Volume I: General Meteorological
Standards and Recommended Practices (WMO-No. 49).

Data Collection Platform (DCP)

A universal web-based data collection system that will allow real-time data collection of any type of
automatic weather and hydrological stations, including equipment procurement, transportation,
installation, commissioning, site, trainings and warranty services.

Automated Message Switching System (AMSS)

Web-based Automatic Message Switching System, including equipment supply, transportation, installation,
commissioning, site, training and warranty services.

Forecaster workstation

Web-based weather forecasting systems, including equipment procurement, transportation, installation,
commissioning, on-site training and warranty services.

Climatological Database Management System

Web-based integrated system that facilitates the effective archival, management, analysis, delivery and
utilization of a wide range of integrated climate data, including equipment procurement, transportation,
installation, commissioning, on-site training and warranty services.

Production and dissemination system

Systems for publishing and disseminating meteorological information to the public and to various web-
based economic sectors, including production and dissemination facilities for early warning information,
including equipment supply, transportation, installation, commissioning, on-site training and warranty
services. Such a system should include a dedicated early warning module and related services.

This system must include a TV report production system except for Seychelles where there is an up to date
system in operation.

Development activities

Development activities are needed to perform regional downscaling and national calibration of the
different models at regional and national levels, as well as for the development and implementation of
multi-hazard impact-based forecasts. The production of downscaled climate models will use BRIO’s outputs
and be based on BRIO methodologies. Based on the downscaled climate models, sectoral models and
impact assessments need to be prepared to anticipate climate change impacts in each country:

- In Comoros: Agrometeorology, Sea state, Coastal erosion;
- In Madagascar: Agrometeorology, Sea state, Coastal erosion;
- In Mauritius: Urban hydrology, Sea state, Coastal erosion;

- In Seychelles: Urban hydrology, Sea state, Coastal erosion.

Technical capacity building

Technical capacity is one of the most important issues of the project. It will notably ensure that the project
investment is giving the best return as possible in terms of:

° New field equipment:
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o Installation
o Operation
o Maintenance
o Control
° ICT infrastructure
o Web technology
o Database operation and maintenance
o Quality control
° Hydromet services preparation and delivery
o regular bulletins
o seasonal forecasts
o long-range forecast
o warnings, etc.

Field and office (on-the-job) training sessions, workshops and specialized lectures will be organized taking
advantage of all available national and regional expertise. The planning of activities will ensure regular
support to trainees all along the duration of the project.

To understand “service delivery”, one must first understand what is commonly meant by “service”, which
the WMO Strategy for Service Delivery and its Implementation Plan 3! defines as a product or activity that
meets the needs of a user or can be applied by a user. To be effective, services should be a continuous,
cyclic process for developing and delivering user-focused services. The framework for service delivery is
defined in four stages: (1) user engagement and developing partnerships; (2) service design and
development; (3) delivery; and (4) evaluation and improvement. In addition, it identifies six elements that
detail the activities required for high-quality service delivery, as follows: (1) evaluate user needs and
decisions; (2) link servisse development and delivery to user needs; (3) evaluate and monitor servisse
performance and outcomes; (4) sustain improved servisse delivery; (5) develo skills needed to sustain
servisse delivery; and (6) share best practices and knowledge.

391 WMO Strategy for Service Delivery and ist Implementation Plan, see
https://library.wmo.int/?lvl=notice display&id=16002#.XoOWnC900 U
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