ANNEX 2

Kenya

Maize and Beans
Version 4

2024

RE-GAIN: Scaling Solutions for Food Loss in Africa




CONTENTS

el o] 70 6
EX@CULIVE SUMMAIY .....cciiiiiiiiiee e sss e sss s sss e ssr s sr s sr e sr e sr e e sr e sar e sae e sae e s e e s e e sae e sae e sae e Sae e eae e Sae e RaE e ear e Aae e eaeeeReenanenanenanenanenannnannnas 9
R 1LY 11Tt (T o TP 13
1.1 Programme DACKEIOUNG. ...ttt bbb b bt bbb nanas 13
1.2 Brief programme deSCriPLiON ... ettt et 15
1.2 Target COUNTIES OVEIVIEW ....c.couiiieireieeereeeeess e e s e e e e se e e e se s e e e n e e e ae s e e e ere s 15
1.2.2 L@ T o JE1=Y [Tt o) o OSSPSR 16
1.2.3 Harvesting and Post Harvesting Definition. ... 17
13 Reasoning for requested fuNdiNg ..o 18
1.4 Programme goal Statement......cccucu i 18
15 Purpose and structure of the FEPOIT ... 19
2 CoUNEIY CONtEXL......coiiiiii bR 20
2.1 SItUALION @SSESSIMENT ...ttt bbb 20
2.2 Trends iN [and USE ChaNGE ..ot b e e et ne e 21
2.3 National and sectoral policy |aNASCAPE ......c.ccierieirieere e 22
2.4 Legal and regulatory [aNASCAPE ......c.ccvruerrieee et n e e b nenan 27
2.5 GCF country programme detailS ........covrruririeieeicirrerer ettt 28
2.5.1 Planned, current, and past climate change-related ProjEcts .........ccovrrrrrneccnnrrre e 28
2.5.2 Other relevant projects (0N OO IOSSES) ...ttt es 30
3 Climate Analysis - Adaptation ... 32
3.1 Country climate change DaseliNe...........c.cu e 32
3.2 Agriculture Sector Climate Change Baseline ... 34
3.3 Country Climate Change FULUIE ...t 35
3.4 The Future of Crop Agriculture Under Climate Change ..o 40
3.4.1 = T2 OSSR 40
3.4.2 5 U 1SS 41
3.5 Risk assessment for post-harvest value chain StAZES .......covuririeuiieirer et 41
3.5.1 = USSR 41
3.5.2 5= Y 45

3.6 Overall Hazard RiSK ASSESSMENT ......cucciuiiieieiiieeieteete et st e see s se st esesse e esesse e ssessasssesse s eseesenseseesesasesseseseesensaneesensnnes 48

1 RE-GAIN | Green Climate Fund Proposal



4  Climate Analysis - Mitigation. ..o —————————————— 50

4. Country and Sectoral Climate Change Emissions Baseline ..........ccccevrrrnneeeinnncnereseee e 50
411 N E T P =T 0T 11T L3S 50
4.1.2 LaNd-USE CRANGE ...ttt e e Rt e e e e bR e e e e e nerenenas 50

4.2 Crop value chains climate change emissions baseline.........c.ccooiiis s 52
4.2.1 Emissions related t0 fOOM 0SS ...uiiiiiiiiiiiieircrr ettt e e e e e s e 53
4.2.2 POSt-NArVESt [0SSES PEI CrOP ....vuiuiuiiereri sttt ettt ee bbbt e e b enanas 54
4.2.2.1 = 1SS 54
4.2.2.2 5 U 1= SRS 54
4.2.3 Emissions associated With f0Od 10SS.......cciuiiiiiicicec et et 55

4.3 Country and Sectoral Climate Change Emissions ProjeCtions ......c.ccccveerererenerenenesesesesesesesese e ses s 56

4.4 Crop Value Chains Climate Change Emissions ProjeCtions..........cocerrrrirnereiecenesesesesesesesseseseeesesesesesessesesesenas 56

5 Design of Food Loss Reduction SOIULIONS .........c.ccoiiiiiiiiniinnrs s s s s 59

5.1 Stocktake of FL-RS for post-harvest value Chains ... 59
5.1.1 = USRS 59
5.1.2 522 Y0 S 64

5.2 Short-list of FL-RS based on results of climate analysis .......coorrrurreeenenrrrerer e 68
5.2.1 Awareness raising and capacity DUIlAING .......ccooreoirere e 68
5.2.2 WOIEGIaiN PrOCESSING ....cveueererreireeseereste st se et se s e s e s e e s et s s e e e e e s et e e e b e e s e e R et e e e Re e ne e b et s e R et rees e e s nre e nennens 71
5.2.3 PRYSICAl SOIUTIONS ..ttt b e e e R e R e e e s R e s e e e e me e s e ene e e ene e e 71

5.3 Definition of feasibility and prioritisation criteria for FL-RS.........ccoe e 81
5.3.1 Solutions that respond to the identified climate risks in the value chains of beans and maize..........c.ccoeen.... 82
5.3.2 Solutions that can help with food loss reductions and have the potential to be scalable with smallholder
farmers 83
5.3.3 Solutions that are appropriate to the [0cal CONTEXE..........cciiiririeeiecee e 84

5.4 In-depth evaluation and prioritisation of short-listed FL-RS .........ccocoirirrreccerrrereese e 85

5.5 Recommendations And Programmatic Considerations For Introduction Of Food Loss Reduction Solutions (FL-

RS) 89

5.6 Proposed Design of the RE-GAIN ProgramiMe.......c.cccrerererereririeueseueeesesesesesassssese et sesesesse s sse s ssssssesesenas 91

5.7 Overview of Implementation ArrangemMENTS ...t 92
5.7.1. EXECULING ENTILY (EE) w.ueeiuieeeeeeeerteee sttt ettt b et b e e e s e b e e et beae et b e et s b ene e et e nean e 92

2 RE-GAIN | Green Climate Fund Proposal



5.7.2. RESPONSIDIE UNILS......uiuiiiieriet ettt b b s e bbbt b b enenas 93

5.7.3. Programme GOVEINEANCE ......ccceiiriiiereieeeee sttt sr e st s e e s e sa e er e e ae e ae e e e e e a e seeenesaeeae e e e e e nenrenas 93
LR T o o= = 0 I T TN 95
5.8.1 Eligibility criteria for programme area ... 96
6 Market DYyNamics STUAY .........ccccieiiiiiiisinirnsnn e s s s s s s e s s e s s e s e s a e s s e e e R e e e e R e Re e e e e Re e e e e e R e Re e e narn 97
6.1 Current demand for the prioritised FL-RS ..ot 97
6.1.1 Demand fOr SPECIfIC FL-RS ...ttt bbbt enenas 97
6.2 Market of suppliers and manufacturers of FL-RS.......cccoirriiieerrrerises et 98
6.3 ool Y138 o N T - U ol 99
6.3.1 2 U =Y 3 o I Ul ol Y- 99
6.3.1.1 Smallholder farmers barriers to FL-RS adOption.......ccovrrririeieeenenerreninese e 929
6.3.1.2 Agricultural MSMEs barriers to FL-RS adOption ..o 100
6.3.1.3 Financial Institutions' barriers to supply agricultural SOIULIONS ........cccccvrriririrnneec e 100
6.3.2 Overview of key financing products that currently serve farmers in Kenya .......ccoceverrererceenencnnneneneenenenes 100
6.3.3 Suppliers of financial Products aNd SEIVICES........c.ciuiiirrrirrreeee et 103
6.4 RE-GAIN Financing Mechanisms to Enhance Access to Food Loss Reducing solutions ............c.cccececrnenencncaes 103
6.4.1 Solutions for smallholder farmers (part of ACtiVity 2.2.1) ..ocourururireeceerrrer e 104
6.4.1.1 Eligibility Criteria for Suppliers of FL-RS for Individual FArmers ........cocovrrrnneccicnnrrerereses e 106
6.4.1.2 Eligibility Criteria for Agricultural Traders, Processors, and Agrodealers ..........ooccecennnnneneneeieeeeenenen. 106
6.4.1.3 Eligibility Criteria for Smallholder Farmers and ComMmMUNILIES .......cccoerereririririnininieeererene e 107
6.4.2 Solutions for AGrICURUIAl MSMES ..ot 107
6.4.2.1 Eligibility Criteria for Supplier FL-RS for EQUIPMENT ..o 109
6.4.2.2 Eligibility criteria for financial iINSTItULIONS. .....c.ccecuiirerr s 110
6.4.2.3 Eligibility criteria for Youth Groups, MSMEs and COOPerative ..........cccvrererreeccrceeerereseseseserseseseseeesenens 110
6.5 Market of providers for awareness raising and capacity bUilding...........covoeeeeccrnnnrcceee e 111
6.5.1 Eligibility Criteria for Extension Services RECIPIENTS .....ccirueeeririeierireererie e 112
6.5.1.1 Eligibility Criteria for Smallholder Farmers and Communities (for activity 1.1.1, activity 1.1.2, activity 1.1.6 and
activity 1.2.1)112
6.5.1.2 Eligibility Criteria for Agricultural Traders, Processors, and Agrodealers (for activity 1.1.3 and activity 1.1.7)
112
6.5.1.4 Eligibility Criteria for Manufacturers of FL-RS (fOr actiVity 1.1.5) ..ccceeoerireirereeienerecree e 113
6.5.1.5 MSMEs and Cooperatives (for activity 2.1.1 and aCtiVity 2.1.2) ....covrurerieeecirererrerre e 113

3 RE-GAIN | Green Climate Fund Proposal



6.5.2 Eligibility Criteria for Extension Services Delivery Partners.........coccererernnnnneeeeeesesese e 113

6.5.2.1 It fOr PUIPOSE ...ttt ettt e e b ettt e e e b b 114
6.5.2.2 TeChNICal COMPELENCIES ....veiereiererire ettt ettt r b sttt e e en e 114
6.5.2.3 Evaluation Criteria/SCoring WEIZES ..ot 114

6.6 Supporting An Enabling Environment For FL RS Adoption And Uptake.........ccccoerrrrneneneeeeeseresenesese e 115
6.7 Conclusions 0N the MArket STUAY ..ottt 116

28 - 1 Yot [T T 4 TS 118
T Y T3 - TS 120

LIST OF TABLES

Table 1-1 - lllustrative climate change risks and climate change risk management interventions in post-production value chain processes

(adapted from IFAD, 2015) 13
Table 2-1 - GCF Portfolio in Kenya 28
Table 3-1 Table 3 2: Principal Climatic Variables 37
Table 3-2 Extreme Weather Events and Climatic Disasters (GFDRR, n.d.) 39

Table 3-3 - Top three climate change hazards identified for Kenya's maize value chain, in post-harvest stages, by national and local

stakeholders (2024) 42
Table 3-4- Top three climate change vulnerability factors identified for Kenya's maize value chain, in post-harvest stages, by national and

local stakeholders (2024) 42

Table 3-5 - Comparative scoring of climate change risk for crop value chains in RE-GAIN countries 43

Table 3-6 - Top three climate change hazards identified for Kenya's beans value chain, in post-harvest stages, by national and local

stakeholders (2024) 46

Table 3-7 - Top three climate change vulnerability factors identified for Kenya's beans value chain, in post-harvest stages, by national and

local stakeholders (2024) 46
Table 3-8 - Comparative scoring of climate change risk for crop value chains in RE-GAIN countries 47
Table 3-9 - Summary Climate Change Hazard Risk Table for Kenya in Key Crop Value Chains (Post-Harvest) 48
Table 4-1 - Frequency (%) of land use types replacing forest where forest cover was lost between 2001 and 2020 in Kenya (Calculated
from Masolele, et al. (2024)) 51
Table 4-2 - Extent of post-harvest food loss and the main causes for maize in Kenya 54
Table 4-3 - Extent of post-harvest food loss and the main causes for beans in Kenya 54

Table 4-4 - Estimated emissions (tCO,e/t food) calculated using total maximum losses per commodity, total national annual smallholder
production (tonnes) and emissions factors for food loss emissions published (Porter, Reay, higgins, & Bomberg, 2016) .........coueeeeeemmereceee 55

Table 4-5 - Estimated emissions (tCO.e) for the year 2032 calculated using projected losses per commodity, total smallholder annual

production (tonnes) and emissions factors for food loss emissions published (Porter et al., 2016) 57
Table 5-1- Maize production, domestic supply and consumption, export and losses in Kenya, 2011-2021 (FAO, 2022) .........ouuccrrrrnsscrisens 60
Table 5-2 - Comparison on Maize food losses in the different stages of the value chain in Kenya 62

4 RE-GAIN | Green Climate Fund Proposal



Table 5-3 - Overview of Maize Chefood losses in Kenya in the different steps in the value chain, relevant parameters, and suggested

solutions 63

Table 5-4 - Overview of dry (common) beans food losses in Kenya in the different steps in the value chain, relevant parameters, and

suggested solutions 67
Table 5-5 Indicative Awareness Raising and Capacity Building elements of RE-GAIN Programme in Kenya 69
Table 5-6 - Key physical FL-RS and their potential in reducing postharvest losses 81
Table 5-7 — Evaluation of the potential solutions in addressing key climate hazards in Kenya for maize value chain 82
Table 5-8 - Evaluation of the potential solutions in addressing key climate hazards in Kenya for beans value chain 82
Table 5-9 Estimation of the costs of the top 10 FL-RS 83

Table 5-10 — Top three solutions for maize and beans production, resilience against climate risks, and impact potential for smallholder

farmers in Kenya 84
Table 5-11 - Final evaluation of the shortlisted physical FL-RS in Kenya 84
Table 5-12 - Results of the shortlisted FL-RS evaluation in Kenya 85
Table 5-13 Prioritized physical FL-RS for Kenya 87
Table 5-14 Proposed delivery mechanism for shortlisted physical FL-RS in Kenya 88

Table 5-15 Proposed Activities Set and Outputs of the RE-GAIN Programme, aligned with the identified risks, needs and barriers in access

to FL-RS 91
Table 5-16: Country PSC Representatives 95
Table 6-1 Potential financial partner institutions considered for RE-GAIN programme Kenya (Matara, 2020) 103

Table 6-2. Potential implementation partners for implementing the awareness campaign and the capacity building programmes in Kenya

111

Table 6-3 Systematic approach to creating enabling environment for the success of the RE-GAIN programme 116

LIST OF FIGURES

Figure 1-1 Focus Geographies for AGRA (2023-2027) 16

Figure 1-2 Strategic value chain stages included in the RE-GAIN Programme 17
Figure 3-1- Observed annual average mean surface air temperature of Kenya, 1901 - 2022 (World Bank, Climate Change Knowledge Portal)

32

Figure 3-2 - Average mean surface air temperature annual trends with significance of trend per decade, 1951 - 2020, Kenya (World Bank,

Climate Change Knowledge Portal) 33

Figure 3-3 - Change in distribution of average mean surface air temperature, 1951-2020, Kenya (World Bank, Climate Change Knowledge

Portal) 33
Figure 3-4 — Observed Annual Precipitation of Kenya (1901 - 2022) (The World Bank, Climate Change Knowledge Portal) ........ccooeceeeermenecees 33
Figure 3-5 - Precipitation annual trends with significance of trend per decade in Kenya (1951- 2020) (The World Bank, Climate Change
Knowledge Portal) 34
Figure 3-6 - Synthesis of literature on observed impacts of climate change on productivity by crop type and region (IPCC, 2021) ............. 35

Figure 3-7 - Projected average mean surface temperature under multiple future scenarios (World Bank Climate Change Knowledge Portal:

Kenya) 37

Figure 3-8 - Projected mean precipitation under multiple future scenarios (World Bank Climate Change Knowledge Portal: Kenya)........ 37
Figure 3-9 - Projected change in number of hot days with temperature over 35°C, under multiple future scenarios (World Bank Climate

Change Knowledge Portal: Kenya) 37

Figure 3-10 — Projected change in number of days with rainfall >20 mm, under multiple future scenarios (World Bank Climate Change

Knowledge Portal: Kenya) 38

5 RE-GAIN | Green Climate Fund Proposal



Figure 3-11 — Projected change in average largest single-day precipitation, under multiple future scenarios (World Bank Climate Change

Knowledge Portal: Kenya) 38

Figure 3-12 - Projected change in average largest five-day precipitation, under multiple future scenarios (World Bank Climate Change

Knowledge Portal: Kenya) 38
Figure 3-13 — Kenya’s future drought risk in 2050 under SSP2-4.5 (left) and SSP5-8.5 (right), on a scale of 10 (INFORM Climate Risk Index,

2024) 39
Figure 3-14- Kenya's future flood risk in 2050 under SSP2-4.5 and SSP5-8.5, on a scale of 10 (INFORM Climate Risk Index, 2024)............... 39
Figure 3-15 - Kenya's future cyclone risk in 2050 under SSP2-4.5 and SSP5-8.5, on a scale of 10 (INFORM Climate Risk Index, 2024)......... 40
Figure 3-16 - Kenya: Maize Production by District, 2018 (USDA, n.d.) 45
Figure 4-1 - Emissions (all GHG, MtCO,e) across all sectors (total including LUCF) for Kenya (Climate Watch, n.d.) 50

Figure 4-2 - Change in cover for land use categories forest, rangeland/pasture and cropland in AGRA target regions across Kenya between

1960 and 2019 (HILDA+) 52
Figure 4-3 - Average GHG emissions (kgCO.e/kg food) for agricultural commodities across value chains (Poore & Nemecek, 2019)......... 53
Figure 4-4 - Typical sources of emissions and food losses across agricultural value chains (Report Authors Analysis) .........cceenns 53
Figure 4-5 - Estimated emissions (tCO,e) from post-harvest losses 55
Figure 4-6 - Projected emissions across key sectors in Kenya (NEMA, 2015) 56
Figure 4-7 - Projected losses across global agricultural value chains for key commodities towards 2032 (OECD & FAO, 2023b) .....ccoceneece 57

Figure 4-8 - Estimated emissions from post-harvest losses in 2022 and 2032 for key crops in Kenya, percentage values indicate projected

increase in emissions 58
Figure 5-1 - Maize production, harvest area and annual yields in Kenya, 1992-2022 (FAO, 2022) 60
Figure 5-2 - Maize production, domestic supply, export quantities and losses in Kenya, 1000 t, 2011-2021 (FAQO, 2022) ........cccumscrrsusnnnicens 61

Figure 5-3 - Dry beans in Kenya: domestic supply, production volumes, losses and consumption per capita in 2011-2022 (FAO, 2022) ....64

Figure 5-4 - Dry beans in Kenya: harvested area and yields, 1992 - 2022 (FAO, 2022) 64
Figure 5-5 - FL-RS evaluation matrix 72
Figure 5-6 - FL-RS evaluation for harvesting machinery 73
Figure 5-7 - FL-RS evaluation for mechanical multi-crop threshers and shellers 74
Figure 5-8 - FL-RS evaluation for tarpaulins and plastic sheets 75
Figure 5-9 - FL-RS evaluation for wooden and metal cribs 76
Figure 5-10 - FL-RS evaluation for metal and plastic silos 77
Figure 5-11 - FL-RS evaluation for hermetic bags 78
Figure 5-12 - FL-RS evaluation for moisture meters 79
Figure 5-13 - FL-RS evaluation for storage structures 79
Figure 5-14 - FL-RS evaluation for storage protectants and control agents 80
Figure 5-15 - FL-RS evaluation for transport packaging 81
Figure 5-16 Implementation Arrangements for the RE-GAIN Programme 95
Figure 6-1 Model 1 for RE-GAIN Programme 105
Figure 6-2 Model 2 for RE-GAIN programme 108
Figure 7-1 Content Summary of Feasibility Study for the RE-GAIN programme 118
ACRONYMS
APHLIS African Post-Harvest Loss Information System

6 RE-GAIN | Green Climate Fund Proposal



ARAF
ARCAFIM
ASAL
ASDS
ASTGS
BAU
CAADP
CCA
CGIAR
CIAT
CMIP
CSA
EARF
EU

FAO
FL-RS
GCF
GDP
GFDRR
GHG
GVA
HILDA+
ICRF
IFAD
IPCC
ITCZ
KCSAIF
KCSAS
KIPPRA
KNBS
KSIF
LEAF
LGB
LUCF
LULUCF
MSME
MTP
NAP
NASEP
NCCAP
NCPD
NDA
NDC

Acumen Resilient Agriculture Fund

Africa Rural Climate Adaptation Finance Mechanism
Arid and Semi-Arid areas

Agricultural Sector Development Strategy

Agricultural Sector Transformation and Growth Strategy
Business as Usual

Comprehensive Africa Agriculture Development Programme
Climate Change Adaptation

Consultative Group on International Agricultural Research
Centro Internacional de Agricultura Tropical (International Centre for Tropical Agriculture)
Coupled Model Intercomparison Project

Climate Smart Agriculture

Energy Access Relief Facility

European Union

Food and Agriculture Organisation of the United Nations
Food Loss Reduction Solutions

Green Climate Fund

Gross Domestic Product

Global Facility for Disaster Reduction and Recovery
Greenhouse Gas

Gross Value Added

Historic Land Dynamics Assessment

Infrastructure Climate Resilient Fund

International Fund for Agricultural Development
Intergovernmental Panel on Climate Change

Inter Tropical Convergence Zone

Kenya’s Climate Smart Agriculture Implementation Framework
Kenya Climate Smart Agriculture Strategy

Kenya Institute for Public Policy Research and Analysis
Kenya National Bureau of Statistics

Kenya Strategic Investment Framework

Leveraging Energy Access Finance

Larger Grain Borer

Land-Use Change and Forestry

Land Use, Land-use Change and Forestry

Micro, Small, and Medium Enterprises

Medium-Term Plans

National Adaptation Plan

National Agricultural Sector Extension Policy

National Climate Change Action Plan

National Council for Population and Development
National Designated Authority

Nationally Determined Contributions

7 RE-GAIN | Green Climate Fund Proposal



NEMA
PES
SDG
SLM
SME
SNC
SnCF Global
SRMI
SSA

SSP

TA

TAAT
TWENDE
UGEAP
UNFCCC
USDA

National Environment Management Agency
Payment for Ecosystem Services

Sustainable Development Goals

Sustainable Land Management

Small and Medium Enterprises

Second National Communication

Global Subnational Climate Fund

Sustainable Renewables Risk Mitigation Initiative
Sub-Saharan Africa

Shared Socioeconomic Pathway

Technical Assistance

Technologies for African Agricultural Transformation
Towards Ending Drought Emergencies

Universal Green Energy Access Programme

United Nations Framework Convention on Climate Change

United States Department of Agriculture

8 RE-GAIN | Green Climate Fund Proposal



Executive Summary

Africa's food insecurity challenge has been exacerbated by climate change, with the FAO estimating that post-harvest losses
in agriculture contribute to between 30% and 50% of the continent's total food loss (FAO, 2011). Post-harvest food loss,
which refers to the reduction in quantity and quality of crops once harvested, occurs during various stages including handling,
storage, processing, and transportation. The impacts of these losses include reduced food availability, economic losses for
farmers, and increased food insecurity. Climate change exacerbates these issues with rising temperatures, erratic rainfall,
and extreme weather events contributing to increased spoilage, pest infestations, and mould growth, further intensifying
global food losses. In Kenya, maize and beans, two key crops, are significantly affected, with post-harvest losses reaching up
to 36% for maize (De Groote, Muteti, & Bruce, 2023) and 12% for beans (USAID, 2015). These losses impact food security
and economic stability in Kenya. The country's frequent droughts and intense floods exacerbate these food losses,
jeopardizing the livelihoods of over 40% of the population (Farm to Market Alliance, 2022) and threatening the nation's food

supply where these crops are critical.

Given the threat of climate change and the significance of agriculture to the economy, the management of post-harvest food
losses within Kenya's agricultural activities and growing seasons, specifically maize and beans crop production, is necessary
to ensure socio-economic stability. Agriculture is a cornerstone of Kenya’s economy, supporting livelihoods and contributing
approximately 25.4% to the GDP (Republic of Kenya, 2015) and employing approximately 40% of the workforce (Farm to
Market Alliance, 2022). Smallholder farmers, who manage around 80% of the agricultural land, primarily cultivate maize and
beans, among other crops. Maize is a staple crop integral to Kenya's diet, largely used for making ugali and other food
products. Beans are a critical crop for Kenya, used for various food products including githeri, and are vital for reducing import
dependency and ensuring food security. The country’s agricultural activities are concentrated in the high-potential areas of
western, central, and Rift Valley regions, with distinct growing seasons: the long rains season from March to May, the short
rains season from October to December, and the dry season from January to February. Consideration of climate change
impacts and associated mitigation and adaptation measures on crop production, processing, and subsequent food loss is

therefore necessary to ensure socio-economic stability (Duku, et al., 2023).

National policies and programmatic interventions are comprehensive and set a strong foundation to mitigate and adapt to
climate change, however, require intensified efforts manage food loss and support food security. Key policies include the
Climate Risk Management Framework (2016), the National Climate Change Action Plan (NCCAP) (2018-2022), and the
National Adaptation Plan (NAP) (2015-2030). These policies predominantly target enhancing agricultural productivity,
promoting climate-smart agricultural practices, and increasing resilience to climate impacts. For instance, the NCCAP focuses
on improving food and nutrition security by increasing agricultural productivity while minimizing carbon emissions (Republic
of Kenya, 2023). Other programs have been initiated, such as the TWENDE programme and the Acumen Resilient Agriculture
Fund (ARAF) under the Green Climate Fund (GCF). However, despite these robust frameworks, gaps remain in effectively
addressing post-harvest losses due to inadequate infrastructure, insufficient funding, and limited access to advanced
technologies. This underscored the need for Kenya to deepen efforts through climate resilience practices to manage post-

harvest food losses.

Gaining a comprehensive understanding of the climate risks impacting Kenya's agricultural sector is crucial for identifying
suitable climate adaptation measures. Kenya faces significant climate risks, including increased temperatures, erratic
rainfall, and more frequent droughts and floods. These risks predominantly affect the arid and semi-arid regions, with northern
and eastern areas being particularly vulnerable. The impacts of these climate risks include reduced crop yields, increased
pest infestations, and soil erosion, leading to heightened food insecurity. Historically, Kenya has experienced a 1.0°C rise in

mean annual temperature from 1960 to 2005, and rainfall patterns have become increasingly variable, with northern regions
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becoming wetter and southern regions drier (Republic of Kenya, 2015). Projections indicate that by 2040, temperatures will
continue to rise, with an estimated increase of up to 2.3°C. The number of hot days exceeding 35°C is expected to double,
while extreme weather events such as intense rainfall and prolonged droughts will become more frequent. These changes

highlight the pressing need for robust climate adaptation and mitigation strategies in Kenya (The World Bank, n.d.).

The prevalence of these climate risks necessitates the application of adaptation measures to ensure the minimization of
post-harvest food losses. For maize, increased temperatures and erratic rainfall lead to inconsistent yields and higher post-
harvest losses. This is evident with the rising temperatures and changing precipitation patterns, particularly from 1960 to
2020. These climatic changes have led to substantial yield reductions, with an observed total yield loss of 12.8% from 2020
to 2021 (Mutiso & Kimtai, 2023). By 2040, the suitability for maize production is expected to decrease by 17% under the
high-emission scenario and by 12% under the medium-emission scenario due to rising temperatures and changing
precipitation patterns (The World Bank, n.d.). Additionally, post-harvest losses are exacerbated by inadequate drying and pest
infestations. The losses will negatively affect national food security, lower yields will result in reduced income for farmers,
increased prices due to the imbalance of supply and demand and will require an increased dependence on imports. Managing
adaptation measures to stabilize maize yield and reduce post-harvest losses due to drought and variable rainfall is therefore

critical for the value chain.

Like maize, beans face significant challenges due to climate change, with increased temperatures and erratic rainfall
reducing yields and increasing losses during storage and processing. For example, heavy rainfall in western Kenya has driven
the spread of pests and diseases such as pod borers and blight, significantly damaging bean crops. Bean yields are projected
to decrease by up to 50% under high-emission scenarios by 2050 due to climate change impacts such as increased drought
exposure and temperature variability (King, 2023). The implication of these climate impacts on beans includes reduced
national production, increased dependence on imports, and greater food insecurity for the population. Implementing effective
climate adaptation measures for the cultivation and processing of beans is essential to counteract the adverse effects of

increased temperatures and erratic rainfall on production.

Like adaptation, mitigation efforts are needed to minimize the negative effects of climate change on Kenya’s agricultural
sector. Only 20% of the land is suitable for high and medium agricultural potential, with over 50% classified as arid and
primarily supporting extensive livestock production. The country is facing increasing pressure on its agricultural land due to
rapid urbanization and the expansion of real estate, leading to the conversion of agricultural land into urban uses such as
residential and commercial development. This trend threatens the sustainability of Kenya's agricultural sector and

exacerbates land use challenges (KIPPRA, 2023).

Kenya's GHG inventory projects a substantial increase in emissions by 2030 under business-as-usual (BAU) scenarios.
Emissions from agricultural sources, including crop and livestock production, are expected to rise to 39 MtCO,e by 2030. In
the land use change and forestry (LUCF) sector, emissions are projected to increase significantly, reaching 22 MtCO,e by

2030. Mitigation of these emissions is critical in the response to climate change (NEMA, 2015).

Of Kenya’s emissions contributions, food losses account for a significant proportion of emissions, particularly in the maize
and beans value chains. The emissions associated with food loss across the agricultural value chains considered by the RE-
GAIN Programme for Kenya could amount to 596,023 tCO,e for maize and 6,440 tCO,e for beans, based on smallholder
production values (Porter, Reay, higgins, & Bomberg, 2016). Without intervention, emissions related to post-harvest losses
on smallholder farms in Kenya are expected to increase by around 21%. For Kenya, this could amount to 722,128 tCO,e for
maize and 7,795 tCO,e for beans by 2032 (Porter, Reay, higgins, & Bomberg, 2016). Therefore, it is crucial to minimize post-

harvest food losses to reduce emissions and support climate change mitigation efforts.
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Significant post-harvest losses contributing to agricultural emissions in Kenya occur primarily during the storage and drying
processes for maize and beans, and these losses are exacerbated by climate change. On-farm post-harvest losses in the
maize value chain are estimated at 14.2% and are primarily due to inadequate drying practices, pest infestations, and poor
storage conditions (APHLIS, n.d.). For beans, on-farm post-harvest losses of approximately 12% are largely attributed to
inefficient harvesting techniques and improper storage, leading to significant pest damage (USAID, 2015). Additionally, non-
climate factors such as insufficient infrastructure, limited access to appropriate storage facilities, and poor market linkages
further contribute to food losses in Kenya. Increased temperatures and erratic rainfall due to climate change intensify these
already substantial post-harvest losses of maize and beans, where temperatures accelerate spoilage and promote pest
infestations, while erratic rainfall disrupts the drying process and causes mould growth. Therefore, addressing climate change
and enhancing post-harvest food loss management through effective mitigation and adaptation strategies is imperative to

secure Kenya's food supply and support the agricultural sector's resilience.

With this in mind, an evaluation of proposed physical Food Loss-Reduction Solutions (FL-RS) was conducted to identify those
with the highest potential to reduce post-harvest food losses and protect harvests against growing impacts from climate
hazards. The analysis started on exploring which physical solutions could support mitigate the impacts of the exacerbating
climate risks. From this initial analysis, stakeholder engagements in all seven countries provided critical nuances, including
advantages, disadvantages, and barriers to use, particularly for smallholder farmers. The assessment facilitated the
development of a shortlist of seven relevant physical FL-RS solutions tailored to meet specific country needs, guiding the final
selection of solutions to be supported and disseminated by the RE-GAIN programme. Prioritization factors included
environmental impact, farmers' awareness, frequency of use, potential to reduce food losses, availability, and scalability for
job creation. Affordable solutions such as solar-powered small-scale mechanized solutions are prioritized. Combining
hermetic storage solutions with moisture meters is crucial for preventing spoilage and aflatoxin development, particularly in
maize and beans. The final shortlist of prioritized solutions for each country considers synergies and increased potential
impact on food loss reduction. Communal use solutions include mechanical multi-crop threshers and shellers, moisture
meters, and communal storage structures, while individual use solutions include tarpaulins, metal and plastic silos, hermetic
bags, and biological storage protectants and control agents. Partnerships with agricultural service providers are

recommended for implementing high-cost solutions, and awareness of proper use is essential for effectiveness.

The proposed physical solutions will be complemented by a suite of non-physical solutions, utilising extension services such
as awareness-raising and capacity-building activities to create an understanding of the importance of reducing food losses
and the competencies to properly implement the FL-RS solutions and generate demand. Access to physical solutions in itself
is not enough to strengthen smallholder farmer’s resilience to climate - there is a need to build knowledge within the
communities as one of the key barriers to adoption of these solutions. Several extension activities are planned, including
raising awareness among smallholder farmers about critical issues such as food losses, moisture content, aflatoxin
contamination, pests, and proper storage methods, as well as environmental and safety aspects. Farmers will also learn
about accessing finance, farm business management, climate change impacts, and crosscutting themes such as gender and
youth. Training and capacity building will be organized through the network of village-based advisors (VBAs), leveraging
AGRA’s expertise and previous activities in this area, while also working in training lead farmers to become VBAs to ensure
sustainability of the programme and broad knowledge dissemination. The training will cover various aspects of the agricultural
process, including harvesting timing, use of weather forecast data, harvesting methods, operation and maintenance of
machinery, and the proper use and maintenance of FL-RS such as moisture meters, drying methods, hermetic bags, and
silos. For traders and processors, the focus will be on transport logistics, packaging, adherence to quality standards, and

value addition through whole grain processing and marketing strategies to enhance profitability and sustainability.
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Critical to this is the development of innovative financing mechanisms, as there is a challenge with in both the supply and
demand of FL-RS due to limited access to finance. The RE-GAIN Programme is strategically designed to reduce the cost and
risk associated with the adoption and implementation of food-loss reduction solutions (FL-RS) by smallholder farmers and
agricultural MSMESs across its target countries. The proposed financing mechanisms are tailored to the needs of smallholder
farmers to improve both access and affordability by relieving farmers of the need to securitize loans, mitigating the burden
of high interest rates, and facilitating access to necessary capital. The programme employs a multifaceted approach,
combining catalytic grants and financial models to make FL-RS more affordable and accessible. For smallholder farmers, the
programme introduces catalytic disbursements to lower the cost of essential technologies like hermetic bags, drying sheets,
and storage solutions. These grants are strategically deposited in escrow accounts, ensuring that funds are released only
upon successful distribution of FL-RS to farmers, thereby enhancing production and driving demand. For agricultural MSMEs,
the programme facilitates the development and pilot testing of financial products tailored specifically for the purchase of FL-
RS. These solutions include de-risking mechanisms and shared-risk models that encourage investment in more expensive
FL-RS, such as threshers, moisture meters, and communal storage structures. The catalytic grants provided to MSMEs not
only enhance their access to finance but also help build their credit track records, improve their bankability, and reduce the
cost of loans. This approach strengthens the business case for FL-RS service provision, thereby expanding the market and

making these solutions more widely available.

To ensure the positive effects created by the RE-GAIN are sustainable, the programme will support the revision of policies to
enable FL-RS investments, including tax exemptions, certification and standards for FL-RS quality, and promote successful
FL-RS business models for scaling up and replication. Active involvement and support from government organizations, both
central and local, will be crucial. The programme will align with other projects and programmes to leverage synergies, utilize
existing laws and policies on food loss reduction, MSME promotion, and smallholder support, and ensure effective and
efficient programme management, including rigorous monitoring and incorporating lessons learned. Effective stakeholder
engagement is essential and will involve raising awareness, providing programme information, and ensuring inclusivity for
women, youth, minority groups, and all value chain actors. A grievance mechanism will also be put in place. Additionally,

ensuring the availability of quality FL-RS and access to finance is vital to support long-term continuation.

This feasibility study showcases how climate change is likely to exacerbate food losses, and addressing post-harvest food
losses in Kenya's maize and beans value chains is critical to enhancing food security, economic stability, and climate
resilience in the country. The RE-GAIN Programme's comprehensive approach, combining physical and non-physical solutions
with innovative financing mechanisms and policy support, is designed to mitigate climate impacts, reduce food losses, and
provide extensive support to smallholder farmers. By prioritizing scalable, affordable technologies and strengthening
community knowledge and access to finance, the programme aims to build sustainable agricultural practices that not only
protect harvests but also contribute to the long-term socio-economic stability of Kenya. Successful implementation will require
continued stakeholder collaboration, government support, and a focus on inclusivity to ensure that the benefits reach all

segments of the agricultural sector.
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1 Introduction

1.1 PROGRAMME BACKGROUND

A great deal of attention has been paid in recent decades to the impacts of climate change on crop production, i.e., on growing
risks to agricultural productivity. Scholarly investigations and public and private research have invested heavily in identifying
and - where feasible - quantifying the ramifications of climate change on crop yields, yield stability over seasons, and in
exploring plausible management options for the emerging challenges (CGIAR, 2023). As governments and societies look at
how to minimize the risks of climate change, the impact of these changes on food production is increasing, fuelling concerns

about food security and livelihoods for current and future generations.

Food security, however, is affected not only by changes in crop production but by changes occurring throughout the crop
value chain, including during post-harvest phases (Akoth, 2020). It is therefore crucial to examine the impacts of climate
change on a crop’s value chain, including production, aggregation, storage, transportation, processing, and distribution. Each

stage comprises several sub-processes, and climate change may plausibly affect many or all of the sub-processes too.

With the lion’s share of research and resources for resilience interventions in the agricultural sector having been focused on
production, the RE-GAIN project is an effort to give dedicated focus to harvest and post-harvest stages of the value chain -
specifically, harvesting, post-harvesting handling and storage, processing, transportation, and logistics. As summarized in
Table 1-1, the International Fund for Agricultural Development (IFAD) report highlights a range of climate change concerns in
the post-production stages of value chains and potential adaptation interventions that could increase resilience against such
climate change concerns (IFAD, 2015).

Table 1-1 - lllustrative climate change risks and climate change risk management interventions in post-production value chain processes
(adapted from IFAD, 2015)

: Climate Risk Issues Risk Management Interventions
Value Chain Components

Rising losses in harvest volume; declining
safety, market quality and nutritional value
due to increasing temperatures, humidity,
pests and diseases.

Improve knowledge sharing on harvesting
techniques to reduce losses. incentivize waste
reduction measures and value addition for by-
products; provide renewable energy sources to
cover changing requirements for cooling, drying,
milling, and threshing.

Post-harvest management

Use hazard exposure and crop suitability maps
to inform the siting of processing facilities;
retrofit processing facilities with protective
features; insure processing facilities against
extreme climate events.

Extreme climate events (such as, floods,
heatwaves, and storms) may damage
processing facilities; shifting climatic
conditions may render some sites
redundant or increase transportation costs.
It could create sustainable environment to
pests and diseases, affecting both product
quality and its suitability for consumption

Siting of processing
facilities

Energy in processing

Water in processing

High dependence on local bioenergy (wood,
charcoal, dung, crop residues) has trade-
offs with better soil management; rising
temperatures require more energy for
cooling.

Declining and more irregular water
supplies; growing competition with other
domestic or industrial users.
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Provide renewable energy sources (such as solar
photovoltaic panels for
cooling/drying/milling/heating, wind, biogas);
equip processing facilities with energy-saving
appliances (e.g., solar lighting, solar charging,
efficient cook stoves); adopt pollution control
measures.

Re-site facilities closer to more suitable water
sources; increase water storage and distribution
capacity (water harvesting, communal ponds,
groundwater recharge); introduce demand-side



Climate Risk Issues Risk Management Interventions
Value Chain Components g

water efficiency measures; support conflict
resolution for different water users (e.g., water
user groups).

Rising temperatures and humidity may Design suitable packaging materials in parallel

increase or decrease post-harvest losses with waste and storage management strategies.

and waste, as well as impact food safety,

particularly if current packaging materials

are impacted by high temperatures leading

to produce damage or poor quality.

Buildings and roads are exposed to higher Introduce protective features and

peak rainfall, winds, and heat stress. reinforcements into the design of critical
infrastructure to handle run-off and higher
temperatures; improve ventilation in buildings;
harvest surplus water and energy from rooftops
and appliances; use early warning systems.

Packaging materials and
methods

Processing infrastructure

Routes may become seasonally or Re-site hubs; develop contingency plans for
Transport hubs and routes ; . . .

permanently impassable (or open up); road, rail, water, and air transport; co-design

extreme events will disrupt logistics. value addition, storage, and transport

components to avoid high-risk transport routes
and seasons; upgrade docks, jetties, roads, and

railways.
. . Temperature rises increase requirements Conduct cost-benefit analyses of dependency on
Refrigeration and cold A . . A .
chains for and costs of refrigeration; rising energy refrigerated cold chains to assess best routes;
requirements increase greenhouse gas introduce renewable energy sources for cooling
emissions. and ventilation; optimize storage and transport
management.
L . Extreme climate events (floods, storms, Develop contingency plans for climate shocks
Just-in-time logistics . ) .
heatwaves) can make it impossible to and extreme events; create contingency storage
comply with “just-in time” requirements. opportunities; link into regional markets to avoid

over-dependence on high-value export markets.

Shifts in quantity and quality requirements Assess market risks and opportunities before
and seasonality with climatic trends; value chain implementation, including likely
disruptions in demand with climate climatic impacts on high-value markets;
variability, hence higher price fluctuations. strengthen and diversify storage to buffer price
fluctuations; diversify into “off- season” crops.

Demand from retail and
consumers

Increased consumer awareness as climate Explore opportunities for sustainable

change may create new markets for procurement, green labelling, and certification.
sustainably produced and processed

commodities with a low carbon footprint.

Commodity labelling and
certification

AGRA is a continental institution working in 15 African countries addressing food systems focussing on smallholder farmers’
production, marketing and nutrition. In the countries where AGRA operates, which are highly diverse in terms of climate, soils,
crop choices and institutional capacity, neither all of these climate-related concerns may be applicable, nor all of these
potential interventions possible. Even within the range of what may be applicable, this programme is likely to look at a subset
of risks that may be viable to address, and - given resource constraints - only a limited number of high-priority resilience
interventions may be feasible to design and deploy. RE-GAIN is an effort to identify the most salient risks, select the most

impactful solutions, and implement the priority interventions through a well-structured, strategic, multi-country programme.
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1.2 BRIEF PROGRAMME DESCRIPTION

There is a clear gap in knowledge, data and interventions designed to target the impacts of climate change at the harvest
and post-harvest stages of the value chain, despite the mounting evidence of the ramifications on food loss and the impact
this has on land use changes and associated climate change mitigation. The majority of the current programmes designed

to tackle climate-induced food loss focus on the pre-harvest stages of the value chain.

To address the pressing need for broader implementation of solutions aimed at reducing climate-related harvest and post-
harvest food loss, the proposed programme is designed to raise awareness and build capacity to promote the adoption of
Food Loss Reduction Solutions (FL-RS). It will do this by creating institutional capacity, facilitating the uptake of FL-RS by end
users and service providers, increasing options of solutions’ availability, and enabling practical application through policy
interventions. This will include enhanced financial access for farmers and Micro, Small, and Medium Enterprises (MSMESs),
empowering them to invest in climate-friendly FL-RS and incentivising vendors, manufacturers, and suppliers of climate-

adapted FL-RS, fostering a robust market ecosystem.

A key focus is on strengthening the capabilities of countries to develop climate-resilient post-harvest infrastructure, both
through providing physical solutions alongside capacity building along the value chains. This includes investing in strategic
frameworks and implementation plans, including a regulated quality-based pricing system and tax exemptions on imports,
for reducing food loss. By enhancing access to markets, the programme will encourage farmers to adopt FL-RS products and

services, thereby boosting their climate and economic resilience.

1.2.1 Target Countries Overview
During the 2023-2027 period, AGRA plans to target 28 million farmers across 15 Sub-Saharan African countries, 40% of

which will be women. The RE-GAIN Programme focuses on AGRA’s activities in seven target countries, as shown in Figure 1-1
below. The RE-GAIN Programme is designed to combat food loss during the post-harvest stages and to boost climate resilience
by fostering awareness and by building capacity for the adoption of Food Loss Reduction solutions (FL-RS). The programme
aims to transfer these solutions to end users and service providers for practical application while facilitating financial access
to farmers and Micro, Small, and Medium Enterprises (MSMES) to invest in climate-resilient FL-RS. The programme plans to
incentivize vendors, manufacturers, and suppliers to adopt these solutions and enhance the capacity of countries to develop

climate-resilient post-harvest food handling infrastructure.
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Burkina Faso

* Rice
/ * Cowpea

Uganda
* Beans
* Maize

Tanzania
* Rice

* Maize
\ Malawi
¢ Groundnuts

* Maize

Figure 1-1 Focus Geographies for AGRA (2023-2027)

1.2.2 Crop selection

Key crops were identified by major stakeholders in the respective countries and expert assessments, supported by AGRA and
the National Designhated Authority (NDA) of each target country. Two major crops per target country were selected, based on
area coverage, importance for food security and income, and climate vulnerability, to ensure that sufficient resources would
be available for the crafting and execution of targeted solutions. Selected crops are representative of the agricultural
dynamics of each country and aligned with the specific needs and strategic agricultural goals of the nation. In addition, these
crops hold substantial importance to the country’s food security and/or experience particularly high rates of loss within the
value chain. Finally, these crops are produced in large parts of the respective countries by a significant number of smallholder
farmers. The key crops, therefore, reflect the agronomic and economic realities of each country and provide opportunities for
targeted enhancement of food security and sustainable agricultural practices. Additionally, the improved management of
these crops is also expected to significantly reduction of GHG emissions contributing to the NDC targets of the countries

involved. Figure 1-2 highlights the key crops selected for each of the countries within the programme.
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1.2.3 Harvesting and Post Harvesting Definition

For the RE-GAIN programme, the key value chain stages considered are shown in Figure 1-2.

Harvesting Post-harvest Processing, transportation
processes handling and storage and logistics

Including harvesting processes and Including threshing, cleaning, sorting, Including packaging and distribution

skills storage and primary processing and impact on shelf life

Figure 1-2 Strategic value chain stages included in the RE-GAIN Programme

The harvesting process within this RE-GAIN Programme proposal is defined as the interval between the culmination of

agricultural production, marked by the crop reaching its maturity, and the initiation of post-harvest treatment. This process

encompasses the identification of the optimal harvesting time and is further delineated into four distinct stages:

1.

ok DN

Removal of contaminated seeds, heads or cobs of matured crops at harvest
Reaping, which involves cutting, pulling, or gathering the mature crops.
Threshing, the process of separating the grain from the rest of the plant.
Cleaning, such as winnowing, to remove chaff and other impurities.

Hauling, which entails the transportation of the harvested produce to storage or processing facilities.

The post-harvest handling and storage stage commences once the crop exits the field and is typically conducted on the farm1,

This stage encompasses several key operations, including;:

1.
2.
3.

Threshing, which can be performed manually or with mechanical threshing machines.

Drying, utilizing cribs, tarpaulins, and similar methods.

Cleaning and sorting, such as through winnowing, to remove impurities.

On-farm storage, which includes the use of granaries, hermetic bags, ordinary bags, stacks, metal silos, and plastic
silos.

In some instances, primary processing activities, such as grinding, hulling, pounding, milling, drying, and sieving,

are also conducted during this stage.

The processing, transportation, and logistics stage involves farmers selling their harvested crops either directly to traders,

who collect the produce from the farm, or to collection centres and processors. These market participants then undertake

the tasks of product accumulation, initial processing, quality control, grading, packaging, and transportation to wholesale

buyers.

1 In this instance, a field is where the crops are grown, and a farm consists of the whole small holding including the small
aggregation site.
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1.3 REASONING FOR REQUESTED FUNDING

Africa's food insecurity challenge has been exacerbated by climate change. Sub-Saharan Africa stands at a crossroads with
an unprecedented opportunity for food systems transformation, driven by the demands of a rapidly growing population of 1.5
billion and the pressures of a changing climate (World Bank, 2023) (Worldometer, n.d.). The continent faces significant
development challenges including food insecurity, resource degradation, poverty, gender inequality, and social exclusion. The
vicious cycle of poverty and environmental degradation in Africa is evident in low crop productivity, deforestation, land
degradation, conflict, migration, and vulnerability to climate shocks, which perpetuate persistent food insecurity and poverty.
The effects of climate change are expected to be severe in Africa, where the capacity to adapt and respond to a changing

climate is weak.

The impacts of climate change have increased over the past decades in Africa, manifesting in more frequent, intense, and
prolonged extreme weather events, such as floods, droughts, heatwaves, locust outbreaks, desertification, and sandstorms.
These extreme weather events have resulted in increased temperatures and humidity, shifts in precipitation patterns, water
stress, and soil erosion. Most African countries already face recurrent droughts that affect growing seasons, often leading to
short growing periods reducing the viability of farming in marginal agricultural areas. Projected reductions in crop yields in
some countries could reach as much as 50% by 2030, and crop net revenues may fall by up to 90% by 2100, with smallholder
farmers being the most affected (IPCC, 2018).

Therefore, the RE-GAIN programme aims to enhance the climate resilience and adaptive capacity of smallholders by
promoting the widespread adoption of FL-RS in seven African countries. According to the World Bank estimates, a one percent
reduction in post-harvest losses in Sub-Saharan Africa could lead to economic gains of $40 million each year, and most of
the benefits would go directly to smallholder farmers (World Bank, 2011). Moreover, food loss and waste are the result of an
extremely inefficient use of resources and account for about 3.3 gigatonnes of greenhouse gas emissions globally (FAO,
2013). Large amounts of water and fertilizer also go into the production of food that never reaches human mouths.
Recovering the food that is lost during harvest and post-harvest handling some can help close that calorie gap in Africa while
strengthening livelihoods and improving food security— without imposing any additional environmental cost. Therefore,
facilitated by the Green Climate Fund (GCF) investment, RE-GAIN will roll out a suite of physical interventions alongside
capacity building and enhanced financial and market access. Not only will this benefit the respective countries as whole, but

it also has the potential to benefit the region and the wider planet.

1.4 PROGRAMME GOAL STATEMENT

IF the capacity of the target countries and communities to respond to climate-triggered food losses is strengthened through
improved and inclusive access to financing, promotion of context-specific and gender-responsive innovations to reduce food
losses, and better enabling conditions for public and private investments, THEN smallholder farmers will have enhanced food
security and livelihood resilience, BECAUSE the widespread use of food loss-reduction technologies will reduce food loss and
reduce the carbon footprint of food systems, while increasing household income and building the resilience of smallholder

farmers, MSMEs and rural communities to climate shocks.
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1.5 PURPOSE AND STRUCTURE OF THE REPORT

The purpose of this report is to provide an assessment of the climate hazards and vulnerabilities affecting each country and
the distinct challenges they pose for the selected crops, and to propose a set of solutions designed to address these concerns.
The analysis considers the country contexts, alongside the appropriateness of the solutions from an environmental, social,

and financial perspective.

The report begins with an overview of the country context, covering key land use trends and the regulatory landscape. This is
followed by an in-depth climate analysis covering adaptation and mitigation measures, before looking at the potential
solutions and proposed prioritisation, as well as the current state of the market for these solutions. Each of these country-
specific reports concludes indicating the connection between the current climate risks and potential areas for mitigation
activities within the selected value chain and the proposed solutions indicated. These in-depth country analyses are then

summarized in Annex 2 Summary Feasibility Study which highlights the overarching narrative of the RE-GAIN Programme.
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2 Country Context

2.1 SITUATION ASSESSMENT

Kenya has a vast agricultural land base, with 28 million hectares designated for farming, which represents over 48% of the
country's total land area (Statistica, 2024). As of 2022, Kenya’s population was approximately 56.5 million, with 27.9% living
in urban centres. The agricultural sector remains a cornerstone of Kenya’s economy, contributing directly to 20% to the Gross
Domestic Product (GDP) in 2022 (Central Bank of Kenya, 2023), with other estimates indicating that the economic impact of
the sector both directly and indirectly account for about 52% of the GDP if indirect linkages are taken into account (Republic
of Kenya, 2015) . It employs over 40% of the overall population and more than 70% of the rural population (Farm to Market
Alliance, 2022), although some indicate that the percentage of agriculture-related employment can add to as much as 60%
of the total (formal and informal) employment in the country ( (Republic of Kenya, 2015). The sector is crucial for Kenya's
export economy, generating 65% of export earnings, and supports over 80% of the population through employment, income,

and food security (FAO Kenya, n.d.)

Smallholder farmers are the backbone of Kenyan agriculture, with around 7.5 million smallholders producing 80% of the
country’s total agricultural output (Farm to Market Alliance, 2022). These farmers typically manage plots between 1 to 5
acres (less than 2 hectares), and predominantly rely on rainfed agriculture, making them particularly vulnerable to drought

and erratic weather patterns exacerbated by climate change (Farm to Market Alliance, 2022).

According to the 2024 Economic Survey prepared by the Kenya National Bureau of Statistics (KNBS), the agricultural sector
rebounded robustly in 2023, reversing the downturn since 2021 (KNBS, 2024). It achieved a notable growth rate of 7.0% in
2023, with the sector’s real Gross Value Added (GVA) rising by 6.5%, compared to a 1.5% contraction in 2022 (KNBS, 2024).
This resurgence was fuelled by favourable weather, expansion in cultivated areas driven by anticipated higher crop prices,
and proactive government measures such as the fertilizer subsidy programme (KNBS, 2024). Key food crops like maize,
beans, and potatoes saw substantial increases in production in 2022, demonstrating the sector’s resilience and adaptability
to changing conditions (KNBS, 2024).

The crops sub-sector plays a pivotal role in achieving the Sustainable Development Goals (SDGs) of reducing poverty and
hunger. It aligns with Kenya's Vision 2030 and the Agriculture Sector Transformation and Growth Strategy (2019-2029),

which emphasize enhancing agricultural productivity and sustainability (Food Crops Directorate, 2024).

Kenya’s agricultural landscape is shaped by a complex interplay of climate, hydrology, and terrain, which determine the
suitability of different regions for specific agricultural practices. Climate change poses significant challenges, potentially
altering the suitability of areas for various crops, thereby shifting land-use patterns and impacting food security. Additionally,
evolving market dynamics are influencing land use, with a notable trend towards cash crops, sometimes at the expense of

traditional perennial cropland (Kenya Land Alliance) .

In conclusion, while Kenya’s agricultural sector is a critical driver of economic stability and growth, it faces ongoing challenges
from climate variability, market fluctuations, low value-add, limited financing, and land-use pressures. Strategic interventions

and adaptive practices are essential to sustain and enhance the sector’s contribution to Kenya’s economy and food security.
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2.2 TRENDS IN LAND USE CHANGE

Population growth, settlement-driven land fragmentation, and traditional land tenure practices are significantly impacting
land use, land cover changes, and climate change in Kenya, ultimately affecting food production. Kenya's total area is 580
367 square kilometres, which includes 11 227 square kilometres of inland water bodies such as Lake Victoria and Lake
Turkana (Index Mundi, 2021). However, only about 20% of this land is suitable for high and medium agricultural potential,

characterized by adequate and reliable rainfall for arable farming (KIPPRA, 2023).

Kenya’'s land cover comprises various types including forests, savannahs, grasslands, wetlands, fresh and saline water
bodies, and deserts (Kenya Land Alliance, 2021). Common land uses encompass agriculture, pastoralism, water catchments,
nature reserves, urban and rural settlements, industry, mining, transport, communications, tourism, and recreation.

Additionally, land is used for cultural sites, fishing, forestry, and energy production (Kenya Land Alliance, 2021).

Approximately 2.4% of Kenya's land cover consists of indigenous and exotic forests (Kenya Land Alliance, 2021). About 12%
of the country benefits from high rainfall, supporting the cultivation of tea, coffee, pyrethrum, horticultural products,
floriculture, and food crops like maize, wheat, potatoes, and pulses, along with dairy farming (Kenya Land Alliance, 2021).
Semi-arid areas, making up about 32% of the total land, have moderate rainfall, supporting mixed crop and livestock farming.
Recently, irrigated flower farming has become prominent alongside agropastoralism (Kenya Land Alliance, 2021). Over half
of the land is arid, characterized by very low and erratic rainfall, and is mainly used for extensive livestock production under

nomadic systems (Kenya Land Alliance, 2021).

Small farm holdings, averaging 1.2 hectares and primarily located in high-potential areas, constitute 98% of farms and cover
46% of the farmed land (KIPPRA, 2023). Medium farms, ranging from 10 to 60 hectares (average 20 hectares), represent
1.9% of holdings and occupy 15% of farmed land (KIPPRA, 2023). Large farms, averaging 77.8 hectares, account for only
0.1% of farm holdings but span 39% of the farmed area (KIPPRA, 2023). Per capita arable land has decreased from 0.42
hectares in 1961 to 0.11 hectares in 2020 and continues to shrink (KIPPRA, 2023).

In addition, rapid urbanization and the connected increase of real estate projects are putting pressure on agricultural land
(KIPPRA, 2023). The percentage of the population living in urban areas grew from 23.9% to 28.5% between 2011 and 2021
(KIPPRA, 2023) and in 2023 the urban population growth was 3.7% (World Bank, 2023). Devolution has resulted in the
growth of towns even in formerly rural areas creating a demand for residential houses for commercial use (KIPPRA, 2023).
This has led to increased pressure on agricultural land, resulting in its conversion to urban uses such as residential,

commercial, and industrial.

The size of landholdings is inversely related to population density, leading to smaller farms over time. In densely populated
areas, like Kiambu County, smallholder farm sizes are decreasing, and future small-scale farming may become unfeasible
(NCPD, 2018). Increasing family sizes and population growth have led to land fragmentation as land is divided among family
members, resulting in progressively smaller farms (NCPD, 2018). In many Kenyan communities, it is customary for children
to inherit land from their parents, and this tradition has been upheld across generations. However, this has led to the
subdivision of land, resulting in smaller land holdings as families continue to adhere to this cultural practice. The traditional
practice of land inheritance has perpetuated this subdivision, reducing available land sizes over time. This trend negatively
impacts agricultural production, food security, and social welfare, limiting investments in land improvement, especially in Arid
and Semi-Arid Lands (ASALs), and contributing to land degradation and out-migration (NCPD, 2018).

Farming on steep slopes using poor agricultural practices heightens the risk of landslides and soil erosion. As the population

increases, the pressure on land may drive more people to encroach on forest reserves and cultivate on unstable slopes.
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Further, rapid population growth has degraded land and the environment, in addition to other key challenges that lead to
continuous expansion of land use change across the country. Climate change has altered the timing and duration of growing
seasons due to warmer temperatures, affecting crop yields. Decreased rainfall and high temperatures have rendered some
areas less suitable for certain crops. Additionally, climate change has reduced the availability of arable and grazing land,
impacting food production quality and quantity due to the emergence of invasive weeds, pests, and diseases (NCPD, 2018).
Increased land demand has intensified human activities, leading to land use changes that challenge local adaptation to
climate change (NCPD, 2018).

These issues were integral to the development of the National Land Policy (2009) and the National Land Use Policy (2017).
These strategic documents provide frameworks for the sustainable and optimal use of land resources at various levels.
Specifically, the National Land Policy aims to curb uncontrolled land subdivision by implementing cluster settlements, though

these have yet to be realized.

2.3 NATIONAL AND SECTORAL POLICY LANDSCAPE

A series of Kenyan policies address both the future growth trajectory for the country and its actions towards climate change,
as well as initiatives for growth and resilience in the country’s agricultural sector. This section outlines the key national and

sectoral policies that are relevant to the RE-GAIN Programme.

In Kenya, a key long-term development framework is Kenya Vision 2030, which aims to elevate Kenya to a “newly
industrializing, middle-income country offering a high quality of life to all its citizens by 2030” (Government of the Republic
of Kenya, 2007). Agriculture is highlighted as a vital sector for achieving an annual economic growth target of 10%. Vision
2030 seeks to transition the agricultural sector from its current state of smallholder farming and subsistence operations,
characterized by low productivity and minimal value addition, into “an innovative, commercially oriented, internationally
competitive, and modern agricultural sector.” The implementation of Vision 2030 is guided by successive 5-year Medium-

Term Plans (MTPs), which outline policy, program, and intervention priorities.

The Bottom-Up Economic Agenda for Inclusive Growth (BETA) Plan aims to channel Ksh. 250 billion to the agricultural sector
between 2023 and 2027 (Government Delivery Services, 2024). The BETA plans to use modern risk management tools,
including crop and livestock insurance and market instruments like forward contracts, to ensure farming profitability and
stable income. Efforts will focus on elevating two million poor farmers from food deficit to surplus producers through financial
and agricultural extension support. The BETA is targeting productivity enhancements for key food value chains, such as maize,
dairy, and beef, and decreasing dependence on basic food imports by 30%. Additionally, underperforming export crops will
be revitalised, and emerging crops like coffee and cashew nuts will be expanded, alongside improvements to the tea value

chain.

Kenya’'s Nationally Determined Contribution (NDC) for 2020-2030 aims to reduce the nation’s GHG emissions by 30%
(equivalent to 42.9 MtCO2¢e) by 2030 compared to the Business as Usual (BAU) scenario, which predicts emissions of 143
MtCO2¢e (Ministry of Environment and Forestry, Office of the Cabinet Secretary, 2020). The NDC outlines that 21% of the
mitigation costs will be borne by the national government, while the remaining 79% will be covered by international support
through financial schemes, technology transfers, and capacity-building initiatives. It highlights the existing gaps in data
collection and analysis necessary for accurate GHG emissions estimation, especially within the agricultural sector. The NDC
provides a broad list of priority mitigation measures across different sectors, including the promotion of climate-smart
agriculture (CSA) through carbon payment for ecosystem services (PES). For adaptation, Kenya aims to enhance resilience to

climate change by integrating adaptation measures into its Medium-Term Plans (MTPs) and implementing specific adaptation
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actions to achieve the goals of Vision 2030. The estimated financial requirement for these mitigation and adaptation actions
up to 2030 is over USD 40 billion.

Kenya’s third National Climate Change Action Plan (NCCAP) for the period 2023-2027 builds on the foundation laid by the
previous NCCAPs and provides a framework for Kenya to deliver on its climate change commitments (Government of Kenya,
2023). The NCCAP highlights the threat that climate change poses to Kenya’'s economy as the impacts climate change on
GDP are estimated to between 3% and 5% per year and could increase to between 6.5% and 8.5% of GDP per year between
2021 and 2025 if climate change action is not prioritised. The NCCAP prioritises adaptation to reduce the impact of extreme
weather events especially for vulnerable groups and notes that adaptation actions that can also contribute to reducing
Kenya’s greenhouse gas (GHG) emissions will be considered. Food and nutrition security are a key focus of the NCCAP and
is listed as a priority climate action area with the objective of “increas(ing) food and nutrition security by enhancing productivity
and resilience of the agricultural sector in as low-carbon manner as possible” (Government of Kenya, 2023). The NCCAP aims
to have 2 million farmers that have adopted climate-smart post-harvest technologies, such as cold storage facilities that
utilise green energy and solar crop dryers. We have also been informed that Kenya is in the process of developing a national

post-harvest strategy.

Agriculture is also a central focus of Kenya's National Adaptation Plan (NAP) for 2015-2030 (Ministry of Environment and
Natural Resources, 2015). The NAP envisions improved climate resilience to support the realization of Vision 2030, aiming
for robust economic growth, resilient ecosystems, and sustainable livelihoods for Kenyans. This plan is rooted in the
Constitution of Kenya and aligns with the Climate Change Act of May 2016. It emphasizes the promotion and implementation
of climate-smart agriculture (CSA) practices throughout the agricultural value chain to enhance efficiency and reduce food

losses by utilizing advanced technologies for greater productivity.

Additionally, the Kenya Climate Smart Agriculture Strategy (KCSAS) for 2017-2026 aims to foster a sustainable agricultural
sector that is both climate-resilient and low in carbon emissions, ensuring food security and contributing to national
development goals (Ministry of Agriculture, Livestock and Fisheries, 2017). The strategy’s mission is to promote agricultural
practices that boost productivity, improve resilience to climate impacts, and reduce GHG emissions. The Specific Objectives
are: (i) to enhance adaptive capacity and resilience of farmers to the adverse impacts of climate change; (ii) to develop
mechanisms that minimize GHG emissions from agricultural production systems; (iii) to improve coordination and
collaboration among institutions and stakeholders in CSA; and (iv) to address cross-cutting issues that adversely impact or
enhance CSA (Ministry of Agriculture, Livestock and Fisheries, 2017). In the crops sub-sector, this strategy identifies the

following strategic issues:

e Vulnerabilities due to changes in temperature regimes and precipitation patterns. Variations in temperature and
rainfall patterns have led to changes in agroecological zones, thereby altering the geographical suitability for different
crops and causing shifts in cropping seasons. These changes have resulted in lower crop yields per unit area, higher
post-harvest losses, and increased costs of production. Additionally, these climate shifts have escalated the
prevalence of pests and diseases in crops and have led to the emergence of new pest and disease threats. According
to crop simulation models, rising temperatures due to climate change are the primary factor driving decreases in
crop yields (Luedeling, 2011). Crops such as soybeans, which are highly sensitive to increasing temperatures, are
likely to experience significant yield reductions. Other crops, including cotton, maize, and dry beans, may also struggle

to adapt to future climate conditions.

e Vulnerabilities due to extreme weather events. Climate change has intensified the frequency and severity of extreme
weather events such as droughts, floods, strong winds, hailstorms, and frosts. Droughts can cause substantial losses

in crop production, reducing yields or leading to complete crop failures due to water stress, which hampers nutrient
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absorption from the soil and essential physiological processes. Flooding creates waterlogged soil conditions, which
impede the roots' ability to respire aerobically and absorb nutrients, resulting in plant stress that reduces yields or
causes total crop failure. Strong winds can cause physical damage to crops through breakage, lodging, or injury, and

can accelerate evapotranspiration, leading to further stress and reduced yields.

e Emissions from other sources in agricultural production systems. Poor agricultural practices contribute significantly
to greenhouse gas emissions. These practices include improper tillage methods, burning of crop residues,
deforestation on farmlands, and incorrect fertilizer use. Additionally, emissions are produced from agricultural

machinery, post-harvest activities, and agro-processing and residue management.
Two of the key strategies included in this document are:

e Provision of accurate, timely, and reliable climate/weather information to inform decisions of actors on crops,
livestock, and fisheries value chains. This entails “improvement, modernization, and maintenance of weather
infrastructure; integration of scientific and indigenous technical knowledge and technical skills enhancement in
weather data analysis; and packaging, dissemination, and use of early warning weather information” (Ministry of

Agriculture, Livestock and Fisheries, 2017).

e Enhance productivity and profitability of agricultural enterprises. This involves “the promotion and use of improved
technologies and post-harvest approaches, such as improved storage and distribution of agricultural products and

improved market access” (Ministry of Agriculture, Livestock and Fisheries, 2017).

Kenya’s Agricultural Sector Transformation and Growth Strategy (ASTGS) (2019-2029) is built on the principle that ensuring
food security hinges upon fostering a dynamic, commercially viable, and contemporary agricultural sector (Ministry of
Agriculture, Livestock, Fisheries and Irrigation, 2019). This approach aims to support Kenya's economic growth in a
sustainable manner, aligning with national priorities, commitments under the Malabo Declaration of the Comprehensive
Africa Agriculture Development Programme (CAADP), and the Sustainable Development Goals (SDGs). The ASTGS prioritizes
three anchors to drive the 10-year transformation, with specific targets set for the first five years: Anchor 1: increase small-
scale farmer, pastoralist and fisherfolk incomes; Anchor 2: increase agricultural output and value add; and Anchor 3: increase
household food resilience (Ministry of Agriculture, Livestock, Fisheries and Irrigation, 2019). Among key specific targets are

to:

e Develop and enable 1 000 farmer-facing Small and Medium Enterprises (SME) to provide more farmers with better
access to affordable and appropriate inputs, irrigation equipment, improved post-harvest handling and aggregation,

and access to markets.
e Ensure minimum participation of 33% women and 30% youth in SMEs benefitting from this programme.

e Integrate mandatory extension services to explain what fertilizer to use based on soil needs, with compulsory lime

vouchers for farmers with acidic soils, and proper post-harvest handling of produce where the risk of aflatoxin is high.

Kenya Climate Smart Agriculture Implementation Framework (KCSAIF) for 2018 to 2027 has been designed to guide
innovative and transformative initiatives to tackle challenges posed by climate change. Its vision is to enhance agricultural
productivity while sustainably strengthening the resilience of national agricultural systems (Ministry of Agriculture, Livestock,
Fisheries and Irrigation, 2018). The framework aims to offer diverse options for implementing the KCSAS. The overall goal of
the framework is “to achieve a long-term national low-carbon climate-resilient development pathway, whilst realizing the

development goals of Kenya Vision 2030” (Republic of Kenya, 2018).
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The framework sets 4 strategic objectives: (1) to develop a sustainable system for achieving coordinated and cooperative
governance of climate resilience and low carbon growth in the agricultural sector; (2) to mainstream CSA to support the
transformation of Kenya’s agricultural sector into an innovative, commercially oriented, competitive and modern industry that
contributes to poverty reduction and improved food security; (3) to reduce vulnerability of agriculture systems by cushioning
them against the impacts of climate change and reduce GHG emissions where possible; and (4) to strengthen communication

systems on CSA extension and agro-weather issues (Republic of Kenya, 2018).

One of the sub-components of KCSAIF, Sub-component 2.5: Food and feed storage and distribution, aims to tackle multiple
challenges, including significant post-harvest losses throughout value chains, insufficient capacity for preservation and
storage, food safety concerns stemming from inadequate post-harvest handling and storage technologies, deficient storage
expertise, and marketing infrastructure gaps. This sub-component aims to achieve four objectives namely: (i) reduction of
post-harvest losses along agricultural value chains; (ii) enhancing private sector annual storage capacity for agricultural
products; (iii) enhancing communities and household capacity to store agricultural produce; and (iv) expanding the strategic
food reserve to include all appropriate agricultural products and establish strategic feed/grazing reserves (Republic of Kenya,
2018). This sub-component encompasses diverse initiatives aimed at enhancing post-harvest management and food safety.
These include investing in suitable storage facilities and technologies, educating stakeholders, and disseminating up-to-date
market information. It also involves establishing rural marketing centres, exploring and integrating traditional food
preservation techniques, and implementing policies to diversify food production. Additional measures include conducting
surveys to assess storage capabilities and deficiencies, fortifying warehouse systems, renovating storage infrastructure,
fostering connections with service providers, strengthening farmers' pest management skills, supporting surplus storage

solutions, and promoting safe chemical usage during storage.

Kenya’s Climate Risk Management Framework (2016) outlines the government's strategy to align climate change and
disaster risk policies (Ministry of Environment, Climate Change and Forestry, 2016). The framework identifies ten priority
areas where climate change and disaster risks intersect, presenting opportunities for governmental intervention. The
objective is to synchronize programs and initiatives, establish effective coordination mechanisms, and develop a supportive
policy and legal framework for integrated climate risk management. Key actions include capacity building at national and
county levels, assessing local exposure and vulnerability to disasters, engaging vulnerable communities with a focus on
gender and marginalized groups, and mobilizing financial resources. Additionally, the framework includes integrating climate
risk management into sectoral programs, implementing pilot projects, enhancing research and knowledge dissemination,

and fostering platforms for sharing lessons and best practices.

Kenya’s National Policy on Climate Finance (2016) conducts an analysis of climate finance, identifies opportunities for
climate finance within Kenya, outlines strategic interventions to achieve policy goals, and details governance structures and
financial requirements (Republic of Kenya, 2016). It assesses the current legal and policy landscape for climate financing,
encompassing both domestic and international sources, and explores the potential impact of climate finance across key
economic sectors. The policy articulates government interventions, including the establishment of a national Climate Change
Fund, identification and tracking of climate finance sources, enhancement of Kenya’s carbon trading system, and exploration

of green bonds as potential avenues for financing climate initiatives.

The primary objective of Kenya’'s Agricultural Sector Development Strategy (ASDS) (2010-2020) is to attain an annual growth
rate of 7% for the agricultural sector (Republic of Kenya, 2010). In addition to securing food and nutrition for the entire
population of Kenya, there is a significant focus on transitioning from subsistence farming to production that is oriented
towards the market. To achieve the vision of “an innovative, commercially oriented and modern agricultural sector”, a strong
focus is required across five strategic thrusts: (i) increasing productivity and promoting commercialisation and

competitiveness of agricultural commodities; (ii) promoting private sector participation in all aspects of agricultural
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development; (iii) developing and managing the water and land resources, forestry, and wildlife in a sustainable manner; (iv)
reforming agricultural service, credit, regulatory, processing, and manufacturing institutions for efficiency and effectiveness;

and (v) increasing market access and trade through development of cooperatives and agribusiness.

Regarding post-harvest losses and their mitigation, the ASDS highlights the absence of adequate post-harvest services as a
limiting factor in enhancing agricultural sector productivity. It also recognizes that various crop pests and diseases continue
to diminish potential yields both before and after harvest. Insufficient storage facilities and improper handling contribute to
losses amounting to as much as 40%. Pathogens and aflatoxins, key post-harvest challenges, have had severe
consequences, including fatalities, in some regions of the country. According to the ASDS, controlling pests and diseases
remains a significant challenge for many farmers, particularly those operating on a small or medium scale, largely due to the

high costs of pesticides and control equipment.

As two major challenges for the agricultural sector and successful management of post-harvest losses, the ASDS identifies:
a) Limited capital and access to affordable credit. The formal banking sector perceives farming as a high-risk activity, resulting
in minimal attention and support. While several microfinance institutions operate in this space, they often raise the cost of
credit, serve only a limited number of smallholder farmers, and offer short-term financing solutions. There is emerging
development in the formal banking system to establish credit facilities tailored specifically for small-scale farming needs. b)
Pre- and post-harvest crop losses occasioned by pests and diseases, and lack of proper handling and storage facilities.

Smallholder farmers struggle to manage pests and diseases primarily because of insufficient access to information.

Kenya’s National Agriculture Investment Plan (NAIP) (2019-2024) is the five-year strategic investment blueprint linked to the
country’s 10-year ASTGS (Ministry of Agriculture, Livestock, Fisheries and Irrigation, 2019). Both frameworks are built on the
premise that achieving comprehensive food and nutrition security hinges on fostering a dynamic, commercial, modern, and
inclusive agricultural sector that promotes sustainable economic growth within the framework of devolution. The NAIP aims
to expedite Kenya’s agricultural modernization, aligning with the Big Four Presidential Agenda, CAADP, the SDGs, and Kenya’s

Medium-Term Plan lll.

Kenya Strategic Investment Framework (KSIF) for sustainable land management (SLM) (2017-2027) aims to establish a
national strategic planning framework to guide intersectoral coordination, prioritize integrated approaches, and foster cost-
effective investments and budgetary support for SLM (Ministry of Environment and Natural resources, 2016). Its primary
objective is to enhance, sustain, and safeguard Kenya’s natural capital productivity through improved investments, sectoral
coordination, and scaling up of SLM interventions. Environmentally, it aims to restore Kenya's natural capital assets by
addressing the causes of land degradation, mitigating its adverse impacts, promoting long-term ecosystem sustainability,

enhancing climate resilience, and improving environmental health.

The Kenya National Spatial Plan (2015-2045) envisions land use that optimizes productivity, sustainability, efficiency, and
equity (Ministry of Lands and Physical Planning, Department of Physical Planning, 2015). It underscores the importance of

regulating the subdivision of agricultural land, particularly in the context of urbanization.

In 2022, under the African Landscape Restoration Initiative, the Government of Kenya initiated the planting of 15 billion
trees by 2032. This initiative aims at reducing greenhouse emissions, stopping and reversing deforestation, and restoring

5.1 million hectares of deforested and degraded landscapes.
Other relevant policy documents and strategies related to the agriculture sector and climate change mitigation include:

e Capacity building Strategy for Agriculture Sector (2016-2021): This strategy is aimed at enhancing the skills,
knowledge, and competencies of staff and stakeholders in the agriculture sector (Ministry of Agriculture, Livestock

and Fisheries, 2017). It outlines the institutional prerequisites necessary for delivering services efficiently and
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effectively. The strategy envisions support from the government and other stakeholders for capacity development at
both individual and organizational levels, alongside creating a conducive environment (systems) for all actors

throughout the agricultural value chain.

e Kenya Agricultural Sector Extension Policy (2023): The policy is designed to boost agricultural productivity, enhance
food security, and improve farmer livelihoods through sustainable and efficient extension services (Ministry of
Agriculture and Livestock Development, 2023). It aims to develop both human resources and infrastructure, improve
knowledge management, and strengthen connections between research, extension services, and farmers. The policy
highlights the importance of social inclusivity, targeting support for women, youth, and persons with disabilities, and
promotes the adoption of climate-smart agricultural practices. Implementation will involve collaboration between
national and county governments, supported by a framework for coordination, capacity building, and financial and

technical assistance from development partners and the private sector.

e Strategic Plan for Ministry of Agriculture, Livestock, Fisheries, and Cooperatives (2018-2022): This plan outlines the
key strategic goals, priorities, and approaches to be followed for achieving measurable outcomes (Ministry of
Agrilture, Livestock, Fisheries and Cooperatives, State Department for Livestock, 2018). It includes eight strategic
goals for the period covered: 1) create an enabling environment for agricultural development; 2) increase productivity
and outputs in agriculture sector; 3) enhance food and nutrition security; 4) enhance investment in the blue economy;
5) improve market access and trade; 6) strengthen institutional capacity; 7) increase youth, women, and vulnerable
groups participation in agricultural value chains; and 8) enhance leadership and integrity in the Ministry. These
objectives seek to evolve the predominantly smallholder agriculture sector into modern, market-driven

agribusinesses while ensuring complete food and nutrition security in Kenya.

e National Agribusiness Strategy (2012): It aims to steer the agricultural sector's development and transformation
toward a competitive alignment with market demands and commercialization (Government of Kenya, Agricultural
Sector Coordination Unit, 2012). The strategy has the following four objectives: (i) to remove barriers and create
incentives for the private sector to invest in agribusiness and related business opportunities; (ii) to invest public
resources more strategically to trigger growth in agribusiness; (iii) to make agribusiness systems more competitive,
easily adaptable, and fleet-footed in order to deal with dynamic markets and the opportunities they bring; and (iv) to

encourage institutional frameworks that enable all actors to utilize market opportunities.

e Kenya’s Agricultural Marketing Strategy (2023 - 2032) aims to transform the agricultural sector into a dynamic,
productive, and efficient industry that competes effectively both domestically and internationally (Ministry of
Agriculture and Livestock Development, 2023). It seeks to achieve tangible and measurable outcomes, including
enhanced market access and improved returns for farmers, affordable prices for consumers, lucrative returns for all
market participants, increased exports of Kenyan agricultural products, and a favourable trade balance. The strategy
aims to streamline trade processes, facilitating the transition of small-scale farmers from subsistence to commercial
farming, while enhancing the competitiveness of Kenya's agricultural produce across all segments of the market

chain.

2.4 LEGAL AND REGULATORY LANDSCAPE

Beyond policy, legal and regulatory resources also indicate Kenya’s commitment to climate action, as outlined below.
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Kenya’s Climate Change Act (2016) establishes a robust legal framework to address climate change challenges in Kenya

(Republic of Kenya, 2016). This pivotal document guides the country's climate change policy, serving as the foundation for

initiatives like the National Climate Change Action Plan. The main objectives are to:

“Mainstream climate change responses into development planning, decision making and implementation;
Build resilience and enhance adaptive capacity to the impacts of climate change;

Formulate programmes and plans to enhance the resilience and adaptive capacity of human and ecological systems

to the impacts of climate change;

Mainstream and reinforce climate change disaster risk reduction into strategies and actions of public and private

entities;
Mainstream intergenerational and gender equity in all aspects of climate change responses;

Provide incentives and obligations for private sector contribution in achieving low carbon climate resilient

development;

Promote low carbon technologies, improve efficiency and reduce emissions intensity by facilitating approaches and

uptake of technologies that support low carbon, and climate resilient development;

Facilitate capacity development for public participation in climate change responses through awareness creation,

consultation, representation and access to information;
Mobilize and transparently manage public and other financial resources for climate change response;
Provide mechanisms for, and facilitate climate change research and development, training and capacity building;

Mainstream the principle of sustainable development into the planning for and decision making on climate change

response; and

Integrate climate change into the exercise of power and functions of all levels of governance, and to enhance
cooperative climate change governance between the national government and county governments” (Republic of
Kenya, 2023).

2.5 GCF COUNTRY PROGRAMME DETAILS

251

Planned, current, and past climate change-related projects

In Kenya the GCF is implementing 19 projects (

Table 2-1), with a total GCF financing of USD 292.7 million. To date, five country level readiness activities have been approved

with a total approved readiness support budget of USD 4.5 million and USD 3.7 million disbursed.

Table 2-1 - GCF Portfolio in Kenya

Project code Focus Geographical scope Project title
FP223 Cross-cutting Latin America and the Caribbean, Africa, Asia- Project GAIA ("GAIA")
Pacific (19 countries)
FP220 Adaptation Africa (Kenya, Tanzania, Rwanda, Uganda) Africa Rural Climate Adaptation Finance
Mechanism (ARCAFIM) for East Africa region
FP210 Cross-cutting Africa (Cote d’lvoire, Kenya, Rwanda, Zambia, KawiSafi Il
Democratic Republic of the Congo, Nigeria,
Uganda)
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FP205

Adaptation

Africa (19 countries)

Infrastructure Climate Resilient Fund (ICRF)

FP190 Cross-cutting Latin America and the Caribbean, Africa, Asia- Climate Investor Two
Pacific (19 countries)
FP177 Cross-cutting Latin America and the Caribbean, Africa, Asia- = Cooling Facility
Pacific, Eastern Europe (9 countries)
FP175 Adaptation Kenya Enhancing community resilience and water
security in the Upper Athi River Catchment
Area, Kenya
FP168 Mitigation Africa (Ethiopia, Guinea, Nigeria, Ghana, Leveraging Energy Access Finance (LEAF)
Kenya, Tunisia) Framework
FP163 Mitigation Africa, Asia-Pacific (7 countries) Sustainable Renewables Risk Mitigation
Initiative (SRMI) Facility
FP152 Mitigation Latin America and the Caribbean, Africa, Asia- = Global Subnational Climate Fund (SnCF Global)
Pacific, Eastern Europe (42 countries) - Equity
FP151 Mitigation Eastern Europe, Latin America and the Global Subnational Climate Fund (SnCF Global)
Caribbean, Africa, Asia-Pacific (42 countries) - Technical Assistance (TA) Facility
FP148 Mitigation Africa (9 countries) Participation in Energy Access Relief Facility
("EARF")
FP113 Adaptation Kenya TWENDE: Towards Ending Drought
Emergencies: Ecosystem Based Adaptation in
Kenya’s Arid and Semi-Arid Rangelands
FP103 Mitigation Africa (Kenya, Senegal) Promotion of Climate-Friendly Cooking: Kenya
and Senegal
FPO99 Mitigation Africa, Latin America and the Caribbean, Asia- Climate Investor One
Pacific (19 countries)
FPO95 Cross-cutting Africa, Latin America and the Caribbean, Asia- = Transforming Financial Systems for Climate
Pacific (17 countries)

FPO78 Adaptation Africa (Ghana, Nigeria, Kenya, Uganda) Acumen Resilient Agriculture Fund (ARAF)
FPO27 Mitigation Africa (Benin, Kenya, Nigeria, Uganda, Ethiopia, = Universal Green Energy Access Programme
Namibia, Tanzania) (UGEAP)

FPOO5 Cross-cutting Kenya, Rwanda KawiSafi Ventures Fund

Of specific importance for the agricultural sector in Kenya are the following projects: FP220 “Africa Rural Climate Adaptation
Finance Mechanism (ARCAFIM) for East Africa region”, FP113 “TWENDE: Towards Ending Drought Emergencies: Ecosystem
Based Adaptation in Kenya’s Arid and Semi-Arid Rangelands”, FPO95 “Transforming Financial Systems for Climate”, and

FPO78 “Acumen Resilient Agriculture Fund (ARAF)”. These projects are discussed in more detail below.
FP220: ARCAFIM (GCF, 2023)

In East Africa, climate models forecast ongoing rises in average temperatures and more frequent and intense heavy rainfall
events, creating substantial challenges for farmers as they face worsening conditions for crop and livestock production.
Despite the growing need for more sustainable agricultural practices, progress has been slow in Kenya, Uganda, Tanzania,
and Rwanda due to a lack of access to funding for Climate Change Adaptation (CCA) investments. There is a pressing need

for private sector financing in CCA to drive long-term, market-oriented change.

The ARCAFIM programme aims to establish a practical and widely adaptable financing model to attract private sector
investments for rural CCA initiatives among East African MSMEs and smallholders involved in food systems. These MSMEs
and smallholders have the potential to drive sustainable, market-responsive changes over the long term. The programme
facilitates climate adaptation by bringing in both international and local financing, including contributions from regional
commercial banks and local financial institutions. This model can serve as a proof-of-concept for replication in other regions,

offering significant potential to enhance private sector financing for rural CCA projects on a larger scale.
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FP113: TWENDE (GCF, 2019)

Climate change is expected to cause greater fluctuations in rainfall and temperature, raising the likelihood of more frequent
and severe droughts and other extreme weather events in Kenya's arid and semi-arid regions. This project, running from
2019 to 2025, focuses on eleven counties within two major climate zones, which have devolved powers under Kenya's new
constitution. Strengthening capacity and institutions to better implement devolution is crucial for boosting climate resilience
in these areas. The project aims to enhance the adaptive abilities of communities and local institutions through evidence-
based landscape planning by improving access to climate data and information, and by helping community-based cottage

industries gain better access to markets and financial services.
FPO95: Transforming Financial Systems for Climate (GCF, 2018a)

In these Africa and Latin America, the private sector still views sustainable energy and climate resilience as costly and
complicated, largely because the environmental benefits of more resilient investments and practices are not widely
recognized. To achieve critical mass and enhance the commercial feasibility of climate-related projects, it is necessary to
illustrate the advantages of investing in these areas. This programme primarily aims to expand climate finance in the targeted
countries, redirect financial flows, and strengthen the capacity of local partners in climate-related fields. It plans to accomplish
this by offering loans through local partner financial institutions to borrowers involved in sustainable energy, energy efficiency,
housing, agriculture, forestry, and water and waste management. Additionally, the programme will feature a technical support

component. The anticipated programme duration is 20 years.
FPO78: ARAF (GCF, 2018b)

Agriculture is a key industry in the target nations, where up to 80% of farmland is operated by smallholder farmers who are
particularly susceptible to climate change effects. Enhancing climate resilience is essential for ensuring sustainable growth
in agricultural productivity and income for these farmers over the long term. ARAF aims to bolster climate resilience to secure
enduring, sustainable gains in agricultural productivity and farmer incomes. It plans to transform the investment model for
climate change adaptation in Africa from reliance on grants to a focus on long-term capital investments, thus enabling
smallholder farmers to tackle climate change more efficiently and effectively. The initiative will support innovative private
social entrepreneurs in MSMEs by offering aggregation services, digital platforms, and novel financial solutions for

smallholder farmers. This project is projected to last for 12 years.

2.5.2 Other relevant projects (on food losses)
Beyond current GCF funding related to agriculture, several initiatives have been implemented in Kenya to address post-
harvest food losses in the past decade, focusing on improving food security and reducing waste. Some relevant programmes

are listed below:

1. FAO and Rockefeller Foundation Partnership (2016-2019) (FAO, 2019): This initiative aimed to strengthen food
value chains and improve markets and infrastructure. The project supported the implementation of post-harvest loss
reduction mechanisms in Kenya, focusing on staple crops. Activities included forming a national post-harvest
technical working group, conducting loss assessment studies, and training stakeholders. The project contributed to
the development of a national post-harvest strategy and policy briefs for Kenya by focusing on proper drying, storage,
and handling techniques, formed a national post-harvest technical working group, conducted loss assessment

studies, and trained over 100 stakeholders and technical staff in post-harvest management.

2. YieldWise Programme (The Rockefller Foundation, n.d.): Launched by The Rockefeller Foundation, this programme
targeted smallholder farmers in Kenya, Tanzania, and Nigeria. The initiative focused on reducing post-harvest losses

through modern technologies such as cooling chambers and improved storage solutions like airtight bags. These
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measures helped farmers extend the shelf-life of their produce, and enhance market value, resulting in significant

financial gains for the farmers.

3. Kenya On-Farm Storage Challenge Project (AgResults, n.d.): The project was conducted between 2014 and 2018
and was a $12 million initiative that utilized a Pay-for-Results prize competition to incentivize private sector
participants to create, market, and sell on-farm storage (OFS) solutions to smallholder farmers. This project
distributed 1 390 777 improved storage devices, creating 413 265 metric tonnes of improved storage capacity. As
a result, there was a 250% increase in sales of on-farm storage products, significantly reducing post-harvest losses

of grains and enhancing food security and farmer incomes.

4. Kenyan Government Initiatives: The Kenyan government has committed to reducing post-harvest losses from 30%
to 5% (African Union Commission, 2018). Efforts have included creating awareness among farmers about proper
handling and storage techniques, improving drying methods, and enhancing transportation infrastructure to reduce
losses during transit. The government has also funded initiatives such as the procurement of solar mobile grain
dryers (Ministry of Agriculture and Livestock Development, 2024) and the development of Aflasafe, a product that is
key for preventing aflatoxin contamination (Aflasafe, 2018). These measures are part of a broader strategy to ensure

food security and align with the Malabo Declaration's goals of halving post-harvest losses by 2025.

These projects and initiatives highlight a concerted effort by various stakeholders, including government bodies, international
organizations, and local farmers, to address the challenges of post-harvest food losses in Kenya. The RE-GAIN programme
should work in addition to these initiatives on reducing the impact of climate on food losses to maximize the impact of the

requested funding.
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3 Climate Analysis - Adaptation

3.1 COUNTRY CLIMATE CHANGE BASELINE

The vast majority (approximately 85%) of Kenya is characterised by fragile arid and semi-arid ecosystems (The World Bank,
2021), or - under the Kdppen Geiger climate classification system - largely a hot semi-arid climate (The World Bank, n.d.).
The remaining land area, predominantly in the west and south-west of the country, is classified as having a tropical savanna
climate (The World Bank, n.d.). Across its length and breadth, Kenya displays tremendous topographic diversity, including
plains, hills, mountains, highlands, cliffs, and escarpments (The World Bank, n.d.). This also affects its climatic profile across
regions, with it tending to be hot and humid at the coast, temperate inland, and very hot and dry towards the north and
northeast (Republic of Kenya, 2015).

Kenya’s climate is heavily influenced by the Inter Tropical Convergence Zone (ITCZ), a zone of trade winds convergence from
the north and south, creating unique and shifting air circulation patterns. The ITCZ shapes four main seasons in Kenya, with
two rainfall periods: January to March, which is typically the ‘warm dry season’, April to June which is the ‘long wet season’,

July to September - the ‘cool dry season’, and October to December - the ‘short wet season’ (The World Bank, 2021).

Historical trends suggest that climate change has already influenced an increase in average temperatures since the 1960s,
especially in inland areas (The World Bank, 2021). Records suggest that between 1960 and 2005/6 the annual mean
temperature rose increase approximately 1.0°C, at an estimated average rate of 0.21°C per decade. (Republic of Kenya,
2015). Another estimate that examined temperature trends from 1985-2015 indicates that average temperature increased
by approximately 0.34°C per decade from 1985-2015 (with the highest increase being in the already arid and semi-arid
regions) (USAID, 2018).

In recent decades (since the 1970s, in particular) the trend of increased average temperatures has been even more

pronounced, as depicted (World Bank, 2023).
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Figure 3-1 - Observed annual average mean surface air temperature of Kenya, 1901 - 2022 (World Bank, Climate Change Knowledge
Portal)
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Figure 3-2 - Average mean surface air temperature annual trends Figure 3-3 - Change in distribution of average mean surface air
with significance of trend per decade, 1951 - 2020, Kenya temperature, 1951-2020, Kenya (World Bank, Climate Change
(World Bank, Climate Change Knowledge Portal) Knowledge Portal)

Rainfall trends in Kenya are extremely variable, both in terms of inter-annual rainfall and geographic variability across
different regions. Records suggest that northern areas have become wetter, and southern areas have become drier since the

1960s. Extreme rainfall events have been occurring with greater frequency and intensity (The World Bank, 2021).

At the same time, Kenya has also experienced an increase in aridity and droughts, with moderate drought events recorded
on average every three to four years and major droughts every ten years. Since 2000, observations indicate that prolonged
droughts have become more common (The World Bank, 2021). Since the 1970s, the long rains in Kenya have decreased
(USAID, 2018).

Figure 3-4 and Figure 3-5 below demonstrate the historic variability, and the slightly increasing signal in the most recent

decades.
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Figure 3-4 - Observed Annual Precipitation of Kenya (1901 - 2022) (The World Bank, Climate Change Knowledge Portal)
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Figure 3-5 - Precipitation annual trends with significance of trend per decade in Kenya (1951-
2020) (The World Bank, Climate Change Knowledge Portal)

Kenya has historically been highly prone to climate-related extreme weather events and disasters. The most recent
Germanwatch climate risk index for cumulative disaster-related losses between 2000-2019 ranks Kenya 34t out of 180
countries (Eckstein, Kinzel, & Schafer, 2022). According to the European Union’s (EU) INFORM climate risk index, Kenya’s
baseline risk level comprises an above-average vulnerability to climate-related hazards (6 out of 10), and a high lack of coping
capacity (5.9 out of 10) (European Commission, n.d.). Estimates indicate that over 70% of natural disasters in Kenya are
attributable to extreme climatic events, and the most common of these are floods and droughts (Republic of Kenya, 2015).
Historic trends suggest that major droughts tend to occur approximately every ten years, and moderate droughts or floods

every three to four years.

3.2 AGRICULTURE SECTOR CLIMATE CHANGE BASELINE

Kenya’s economy is heavily reliant on agriculture. Even though the services sector is the dominant contributor to GDP (at
42.7%; 2018 figures), the agriculture sector follows close behind in its share of GDP (34.4%; 2018 figures) (GlZ, 2020).
According to official government estimates, the agricultural sector directly contributes about 25.4% of Kenya's GDP but
another 27% is linked to agriculture indirectly, through agro-based industries and agriculture-oriented service sector activities,
leading to an overall contribution as high as 52% of the GDP if indirect linkages are taken into account (Republic of Kenya,
2015). The sector accounts for 65% of Kenya’s exports (Republic of Kenya, 2015). For the majority of Kenyans, agriculture
is the primary source of livelihood, accounting for 18% of formal employment but as much as 60% of total (formal and

informal) employment (Republic of Kenya, 2015).

The sector is highly vulnerable to climate change, given the predominance of small-scale subsistence cultivation
(approximately 80% of farming) (Farm to Market Alliance, 2022) and the extremely high reliance on rainfed irrigation, which
represents 98% of agriculture (Republic of Kenya, 2015). Agriculture is very sensitive to shifts in temperature and rainfall;
changes in the timing or volume of precipitation have a substantial impact on production (Republic of Kenya, 2015).
Production of the main staple food crops - maize, wheat and rice - has typically been below Kenya’s consumption

requirements, thus contributing to food insecurity (Republic of Kenya, 2015).

Maize is sensitive to changes in temperatures and rainfall. The IPCC’s synthesis of global literature on observed climate
change impacts on major crops indicates that maize, as well as rice yields in sub-Saharan Africa, have displayed negative

trends under a steadily warming climate, as captured in Figure 3-6.
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Figure 3-6 - Synthesis of literature on observed impacts of climate change on productivity by crop type and region (IPCC, 2021)

Researchers have voiced concern that the maize yield in Kenya has been on the decline over the past few years. One study
notes it declined from 42.1 million bags in 2020 to 36.7 million bags in 2021, translating to a 12.8% decrease in total
production, and that this decrease was largely linked to climate-related factors such as unreliable rainfall and an increase in

temperatures, drought and related events (Mutiso & Kimtai, 2023).

Post-harvest losses in maize further exacerbate food security concerns. One source estimated post-harvest losses in the
maize value chain at between 20-36%, due to mishandling, quality losses from weevil infestation, discoloration, and broken
grains (USAID, 2015). Storage is limited due to liquidity constraints, uncertain returns from storage, technical knowledge

gaps, and price unpredictability (USAID, 2015).

Beans production is also affected by climatic factors. For instance, in some parts of Kenya that have been experiencing
intense and heavy rainfall (such as western Kenya), the higher moisture levels drive the spread of pests and diseases (like

pod bores and blight) that damage beans (King, 2023).

In the beans value chain, post-harvest losses are attributable to damage in transit, mechanical damage during loading and
packing, and improper packing of beans in gunny bags. USAID’s estimate of total national losses of beans, at the farm and

export levels, is approximately 12% of the total crop (USAID, 2015).

3.3 COUNTRY CLIMATE CHANGE FUTURE

For the analysis of future climate risk to the two crops of interest, maize (corn) and beans (French beans or common beans)
our assessment looks at the 2040-time horizon (a timescale relevant to RE-GAIN’s programmatic interventions). To identify
future climate conditions that would (i) signhal the major climate-driven threats that could impact post-harvest losses to the

crops being considered, and (ii) inform the range and typologies of post-harvest reduction loss interventions to be selected,
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our analysis examines mean climate projections (using a multi-model ensemble, generated by the sixth Coupled Model

Intercomparison Project, CMIP-6).

Specifically, we have taken into account two modelled futures based on future shared socioeconomic pathway (SSP)

scenarios:

(1) SSP2-4.5 (the intermediate, middle-of-the-road future likely if the current emissions trajectory is followed, with

moderate radiative forcing); and

(2) SSP5-8.5 (an extreme future with the highest range of warming this century, likely if no action whatsoever is taken

to lower emissions and the world follows a fossil fuel-dominated pathway) (Hausfather, 2019).

We undertook a quantitative component of the climate risk assessment (see Annex Excel workbook Kenya), and have
integrated the findings from that assessment with qualitative excerpts from relevant sources and literature, coupled with
country-based crop experts, as presented below. Together, this mixed-methods approach offers a holistic view of climate

change risk to the two chosen crops in Kenya, focused (to the extent possible) on post-harvest stages of the crop value chain.
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Table 3-1 Table 3 2: Principal Climatic Variables

Average Mean
Surface
Temperature

Mean
Precipitation

Number of
Hot Days over
B5RE

Across all future climate scenarios (except
SSP1-2.6), the average mean surface
temperature in Kenya is projected to
increase, relative to the historic baseline
(reference period 1950-2014).

In our assessment of the projected change
of average mean surface temperature in
2040, between the two future scenarios
(SSP2-4.5 and SSP5-8.5), we found that the
estimated rise in temperature from the
historic baseline is moderate.

Across all future climate scenarios, mean
precipitation displays substantial variability
in climate projections, relative to the historic
baseline (reference period 1950-2014).
There appears to be a slight upward trend for
the future, however, the increasing signal
carries a high degree of uncertainty.

In our assessment of projected change in
mean precipitation in 2040, between the
two future scenarios (SSP2-4.5 and SSP5-
8.5), we found that the estimated change in
rainfall from the historic baseline was
moderate (with a slightly increasing signal).

Across all future climate scenarios, the
average number of hot days with
temperatures rising over 35°C displays a
rising trend (except SSP1-2.6). The rise is
more pronounced towards the end of the
century, but even in 2040, the number of
such days increases markedly from the
historic baseline (reference period 1950-
2014).

Given that in the past there were on average
33 such days in the year, projections of
potentially ~64 (SSP 2-4.5) or even ~76
(SSP 5-8.5) such days in 2040 is a notable
percentage change. Thus, in our
assessment, we found that the estimated
change in the number of hot days over 35°C
is very high.
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Figure 3-7 - Projected average mean surface
temperature under multiple future scenarios (World Bank
Climate Change Knowledge Portal: Kenya)
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future scenarios (World Bank Climate Change Knowledge
Portal: Kenya)
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Number of
days with
precipitation
>20 mm

Average
Largest 1-day
Precipitation

Average
Largest 5-day
Precipitation

Across all future climate scenarios, the
average number of days with rainfall greater
than 20mm displays a rising trend (except
SSP1-2.6). The rise is more pronounced
towards the end of the century, but even in
2040, the number of such days increases
markedly from the historic baseline
(reference period 1950-2014).

Given that in the past there were on average
2.9 such days in the year, projections of
potentially ~3.19 (SSP 2-4.5) or even ~3.46
(SSP 5-8.5) such days in 2040 is a notable
percentage change. Thus, in  our
assessment, we found that the estimated
change in the number of days with
precipitation >20 mm is very high.

Across all future climate scenarios, the
average largest single-day (1-day)
precipitation (a measure of heavy rainfall
events) displays a high degree of variability
in climate projections, relative to the historic
baseline (reference period 1950-2014).
Towards the end of the century, there is a
slight apparent increasing signal (except in
SSP1-2.6), however, for the 2040 period,
the increase is more modest.

Nevertheless, in comparison to the baseline,
in our assessment of projected change in
single-day rainfall, between the two future
scenarios (SSP2-4.5 and SSP5-8.5), we
found that the estimated change in rainfall
was very high (with an increasing signal).

Across all future climate scenarios, the
average largest five-day (5-day) precipitation
(a measure of heavy rainfall events, which
could trigger flooding) displays a high degree
of variability in climate projections, relative
to the historic baseline (reference period
1950-2014). The rainfall levels may
increase towards the end of the century,
however, for the 2040 period, the increase
is less stark.

Nevertheless, compared to the baseline, in
our assessment of projected change in five-
day rainfall, between the two future
scenarios (SSP2-4.5 and SSP5-8.5), we
found that the estimated change in rainfall
was high (with an increasing signal).
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Figure 3-10 - Projected change in number of days with
rainfall >20 mm, under multiple future scenarios (World
Bank Climate Change Knowledge Portal: Kenya)
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Table 3-2 Extreme Weather Events and Climatic Disasters (GFDRR, n.d.)
Extreme Weather Events and Climatic Disasters (GFDRR, n.d.)
Variable Name In-Country Context Description Additional Information

Water Scarcity Kenya’s future water scarcity risk in the face

(Linked 10 of climate change is regarded as moderate
Drought Risk) (medium). This implies that “there is up to
20% chance droughts will occur in the DrZ'uzht DrZL:Zm

coming 10 years.” (GFDRR, n.d.).

P 18

Under the INFORM climate risk index tool,
future drought risk rises from a baseline of Figure 3-13 - Kenya's future drought risk in 2050 under
6.7 (out of 10), under both SSP2-4.5 (to 7.1 SSP2-4.5 (left) and SSP5-8.5 (right), on a scale of 10

out of 10) and SSP5-8.5 (7.3 out of 10) (INFORM Climate Risk Index, 2024)
(European Commission, n.d.).
Extreme Kenya’'s future extreme heat risk due to N/A

Heat/Heatwaves climate change is regarded as moderate
(medium). This implies that “there is more
than a 25% chance that at least one period
of prolonged exposure to extreme heat,
resulting in heat stress, will occur in the next
five years” (GFDRR, n.d.).

[Note: the INFORM climate risk index does
not provide data for extreme
heat/heatwaves.]

Floods (Coastal, Kenya's future flood risk due to climate
River, and Urban change (and other factors) is regarded as

Floods) high, including for river flooding (fluvial
flooding, where river flows breach the banks) 55 54
and urban flooding (pluvial flooding, or Flood Flood

surface water flooding in built areas where
rainfall exceeds infiltration capacity of the
ground), as well as coastal flooding in low-  Figure 3-14- Kenya's future flood risk in 2050 under SSP2-
lying coastal regions. “Potentially damaging ~ 4-5 and SSP5-8.5, on a scale of 10 (INFORM Climate Risk
Index, 2024)

a 10 2} 10

and life-threatening river floods are
expected to occur at least once in the next
10 years” (GFDRR, n.d.).

According to the INFORM Climate Change
Risk Index, Kenya's baseline risk of flooding
(ona0-10scale) is 4.8 as of 2022. However,
under the SSP2-4.5 scenario for mid-century
(2050), this rises to 5.5, and under the
SSP5-8.5 scenario this rises to 5.4 for the
same period (European Commission, n.d.).

Wildfire Kenya’s future wildfire risk due to climate
change (and other factors) is regarded as
high. This suggests that “there is greater
than a 50% chance of encountering weather
that could support a significant wildfire that
is likely to result in both life and property loss
in any given year.” (GFDRR, n.d.).

[Note: the INFORM climate risk index does
not provide data for wildfires.]

Landslides Kenya’s future landslide (or landslip) risk
due to climate change (and other factors) is
regarded as high. This indicates that the
country “has rainfall patterns, terrain slope,
geology, soil, land cover and (potentially)
earthquakes that make localized landslides
a frequent hazard phenomenon. (GFDRR,
n.d.).

[Note: the INFORM climate risk index does
not provide data for landslides.]
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Extreme Weather Events and Climatic Disasters (GFDRR, n.d.)

Variable Name In-Country Context Description Additional Information

Cyclones Kenya’'s future tropical cyclone (or
hurricane) risk due to climate change (and
other factors) is regarded as very low. This

denotes that “there is less than a 1% chance Tmpiw@cymne 0
of potentially damaging cyclone-strength Tropieal Cyclone
winds...in the next 10 years.” (GFDRR, n.d.) o 6 . o

According to the INFORM Climate Change Figure 3-15 - Kenya's future cyclone risk in 2050 under
Risk Index, Kenya’s baseline risk of cyclones SSP2-4.5 and SSP5-8.5, on a scale of 10 (INFORM
(on a 0-10 scale) is nil (0) as of 2022. Under Climate Risk Index, 2024)

both the SSP2-4.5 and SSP5-8.5 scenarios

for mid-century (2050), this remains nil (0)

(European Commission, n.d.)

3.4 THE FUTURE OF CROP AGRICULTURE UNDER CLIMATE CHANGE

Climate change poses a serious threat to agriculture-based livelihoods in Kenya. The majority of Kenyan agriculture relies on
seasonal rains for production and, according to some analyses, projected changes in precipitation patterns are expected to
increase the occurrence of short-term crop failures and long-term production declines (The World Bank, 2021). Beyond the
likely increase in floods and droughts, further negative indirect impacts are also expected, such as increased rates of runoff
and soil erosion, and rising rates of infestation by insects, diseases and weeds, which in turn also contribute to increased
crop losses (The World Bank, 2021).

It should be noted that scholarly research and crop modelling suggest that some regions of Kenya may see a benefit from a
changing climate, specifically the temperate and tropical highlands, the Rift Valley and high plateaus, as projected increases
in rainfall and slightly warmer temperatures are likely to raise crop yields (The World Bank, 2021). However, Kenya’s semi-
arid and arid land areas, the vast majority of the country, where agriculture is already marginal, are projected to see a
significant decline in agricultural productivity and livestock numbers, as climate change puts increasing pressure on water
resources (The World Bank, 2021).

These trends appear to apply to both maize and beans, the two crops of interest for this study. Some literature indicates that,
with climate change, rising temperatures are likely to expand the production of maize and beans into higher elevations, but
farming in lower elevations is expected to see yield losses of up to 20% due to heat stress and highly variable rainfall patterns,

with some areas (like central Kenya) becoming unsuitable for production (USAID, 2018).

3.4.1 Maize

There is a fair amount of variance in projections for what climate change implies for maize production in Kenya. Maize yields
are expected to increase in some of the highland areas including the central and western highlands of Kenya, and the Great
Lakes Region by the 2050s, equating to between 200-700 kg/ha (Republic of Kenya, 2015). Further, maize yields in the
mixed rainfed temperate and tropical highland areas are projected to increase by 33.3% by the 2030s and 46.5% by the
2050s (Republic of Kenya, 2015). However, studies suggest that for large parts of the arid and semi-arid lands and lowlands,
maize yields may decline by 20% by the 2050s, with losses in the range of 200-700 kg/ha (Republic of Kenya, 2015).

The regional variability in maize projections under higher temperatures, with some regions expected to see yield increases
and others yield decreases, means that in multi-model projections the median national level yields of maize are largely

unchanged, or - in some models - indicate considerable increases (GlZ, 2020). Broadly, the Kenyan government finds the
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projected trends encouraging, given the country’s reliance on maize for caloric intake and its dominant role in agriculture
(Republic of Kenya, 2015).

Some crop losses in the maize value chain are due to pest and insect infestations. According to one study, the loss from
weevils in the long rains was estimated at 23%, in the short rains 18%, and annually at 21% (De Groote, Muteti, & Bruce,
2023). In this study, fewer farmers were affected by the larger grain borer (LGB) than by maize weevils. The losses from
weevils were 42% in the long rainy season and 32% in the short rainy season, and the losses from the LGB were 19% in the
long season, 17% in the short season, and 18% over the year (De Groote, Muteti, & Bruce, 2023). Total storage loss, from
both species combined, was estimated at 36%, or 671 000 tonnes per year (De Groote, Muteti, & Bruce, 2023). The study
also found a regional disparity in losses, with the greatest losses prevalent in more humid areas, especially the moist mid-
altitudes (56%), with smaller losses in the drylands (20-23%) (De Groote, Muteti, & Bruce, 2023).

Note to readers: Published literature is scarce on the climate impacts on post-harvest stages of the maize value chain (in

Kenya and globally).

3.4.2 Beans

Climate change threatens bean production in Kenya through the impacts of more frequent extreme weather events. In
particular, drought is considered a serious challenge (King, 2023). Furthermore, if temperature increases reach as high as
2.5°C by 2050, in high emissions scenarios, projections suggest this could reduce bean-growing regions by 50% in Kenya
(King, 2023). Other studies indicate mixed impacts, especially in terms of the variance between growing seasons, due to
different levels of future water availability. For instance, researchers project that for beans during the March-April-May growing
season, less water (rainfall and soil moisture) will be available to meet bean crop water requirements, across all future
scenarios (sometimes by as much as a 10% decrease), and therefore water stress on the bean crop is likely to increase and
bean yields are likely to decrease correspondingly (CGIAR, 2018). In contrast, for the October-November-December growing
season, water availability for bean production is likely to increase in all growing areas, across all future scenarios (sometimes
by as much as a 20% increase), with the implication that crop water stress for the bean crop is likely to reduce, and bean

yields are likely to increase accordingly in this season (CGIAR, 2018).

Note to readers: Published literature is scarce on the climate impacts on post-harvest stages of the beans value chain (in

Kenya and globally).

3.5 RISK ASSESSMENT FOR POST-HARVEST V