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[bookmark: _Toc505092043]Background
In most developing countries, cities already face numerous social, economic and environmental challenges associated with rapid urbanisation.  These problems are exacerbated by the impacts of climate change.  Rising global temperatures, changes in rainfall patterns, rising sea levels, and increased incidence of storms have led to an increase in the intensity and frequency of natural disasters such as floods, droughts, and heat waves, affecting economies and human well-being on a global scale (White et al. 2017).  This is more evident in developing countries as they tend to be more reliant on land and natural resources (Tol 2012).  In low-income countries such as Laos, natural capital represents a much larger proportion of wealth than for middle- and high-income countries (Figure 1.1), highlighting the its importance for individual livelihoods and the broader economy, and also its potential importance in adaptation planning frameworks (Hills et al. 2013, Rao et al. 2013, Brown et al. 2014).  [bookmark: _Ref504467881]Figure 1.1.  	Distribution of total wealth by income group in low-, middle- and high-income countries. Source: World Resources Institute (2008) in Hills et al. (2013). 


Cities in developing countries are particularly vulnerable to climate change because of the large number of people, buildings and infrastructure that are exposed to natural disasters, and because of fragile economies, a lack of risk awareness and a lack of coping capacity (Jalayer et al. 2015, White et al. 2017).  The degradation of natural ecosystems (both within and surrounding cities) reduces a city’s resilience to climate change and also places cities under increasing pressure in terms of resource scarcity, air and water pollution, and reduced availability of green open space, all of which contribute to human well-being and a productive economy.  

Hydrological disasters, such as floods, are the most frequently-reported disasters in all Asian regions (Guha-Sapir et al. 2016) and the most regularly-occurring natural disaster in Lao PDR (hereafter referred to as “Laos”). In the central and southern regions of Laos, where two thirds of the population are situated, it has been estimated that there are on average 1.5 serious floods per year (GFDRR 2014).  Being a low income country with a predominantly agricultural economy, Laos is considered one of the most vulnerable countries to future climate change impacts.  In fact, the World Bank has listed Laos as a developing country most at risk to climate threats, in particular to flooding events (World Bank 2009). These impacts are likely to escalate with the continued movement of the rural poor into cities.  Laos has one of fastest urban population growth rates in the world, with the urban population increasing by 6% from 27% in 2005 to 33% in 2015 (Laos PHC 2015).  This rapid influx of people into cities has resulted in unplanned and unregulated urban growth, including the construction of structures and agricultural fields in high-risk areas such as along river banks and flood plains and the removal and degradation of natural ecosystems for development.  The areas of Laos that are the most vulnerable to flooding are those along the Mekong River in the central and southern provinces and the mountainous areas of the north.  Flooding in the cities along the Mekong River is a regular occurrence, frequently bringing these cities to a standstill, as well as causing damage to public infrastructure, property, crops, agricultural assets and upcoming harvests (World Bank 2011).  

	Hard measures are traditional engineering solutions using specific technologies and built structures to reduce potential climate change impacts. These include dams, levees, concrete canals, pipes, culverts and seawalls.
Soft measures are non-structural measures that focus on capacity building, knowledge, policy and institutional function to reduce risks and impacts through behavioral changes, in particular through policies and laws, public awareness raising, training and education (Kundzewicz 2002, Jones et al. 2012). These include early-warning systems for natural disasters, land use regulations such as development setbacks, flood proofing and retrofitting of buildings, and elevation of buildings to avoid inundation. Flood insurance and relocations also belong to this typology of measures.  


In many low-income countries, existing and proposed adaptation strategies to climate change tend to involve the use of conventional grey infrastructure or “hard engineering” solutions such as constructing dams, levees and canals, building seawalls and storm surge barriers and relocating infrastructure (Kithiia & Lyth 2011, Jones et al. 2012, White et al. 2017).  While such engineering solutions are necessary in certain instances, they can be very costly to build and maintain, are inflexible, and generally do not take into account the conservation of ecosystems and biodiversity (Kithiia & Lyth 2011, Baig et al. 2016, Turpie et al. 2016a, USAID 2017).  

The benefits of natural ecosystems, or “ecological infrastructure”, and more broadly, of “green infrastructure” are increasingly being recognised in this growing area of research and development as important for addressing the challenges of climate change and environmental degradation in cities (Turpie et al. 2016a, Pauleit et al. 2017, Box 1.1).  Management and planning in cities is increasingly taking a holistic approach that includes the use and conservation of semi-natural and natural areas within cities as part of a green urban development (GUD) strategy.  The conservation of natural systems and the ecosystem services they provide is believed to form an important part of this strategy.  This can also be defined as a form of Ecosystem-based Adaptation (EbA) to climate change, which is broadly defined as the sustainable use of biodiversity and ecosystem services to help people adapt and to strengthen societal resilience against the adverse effects of climate change (CBD 2009, Doswald et al. 2014, Brink et al. 2016, Huq et al. 2017). This definition places EbA at the intersection of climate change adaptation, development and conservation (Hills et al. 2013).  The EbA framework therefore also incorporates a range of “soft” adaptation measures.  Examples of EbA include drought management through plantation and soil management, sustainable water management through water purification and flow regulation, urban disaster management through sustainable urban drainage systems (SUDS), flood management through floodplain extension, and coastal protection through coastal forestry and wetland restoration (Huq et al. 2017).  



[bookmark: _Ref504137809]Box 1.1.  	Overview of terminology, and key concepts and approaches relating to ecosystems and environmental assets that have gained traction in the urban context that build by and large on the same principles.  Source: Millennium Ecosystem Assessment 2005, CBD 2009, Fletcher et al. 2015, ICLEI 2017, ICLEI 2017, Turpie et al. 2016a, Pauleit et al. 2017, White et al. 2017.
	Ecosystem services are the benefits that people gain from ecosystems. These include provisioning services such as food, water, and woody resources; regulating services that affect climate, floods, wastes and water quality; cultural services that provide recreational, aesthetic and spiritual benefits; and supporting services such as soil formation and nutrient cycling. 

Ecosystem-based approaches to adaptation refer to the use of biodiversity and ecosystem services to help people adapt to the adverse effects of climate change as part of an overall adaptation strategy. 

Nature-based solutions (NBS) are defined as actions to protect, sustainably manage, and restore natural or modified ecosystems that address societal challenges effectively and adaptively, simultaneously providing human well-being and biodiversity benefits.

Green infrastructure is a strategically planned network of natural and semi-natural areas with other environmental features designed and managed to deliver a wide range of ecosystem services. It can sometimes offer an alternative, or be complementary, to standard grey solutions.

Green urban development (GUD) is an approach that aims to minimize the impacts of urbanization on the environment and enhancement environment values. The approach is advocated to increase, rather than limit, the development potential of cities (White et al. 2017).

Sustainable Urban Drainage Solutions (SUDS) refers to a catchment[footnoteRef:2]-wide management and restoration approach to urban drainage as opposed to the standard end-of-catchment solution. SUD technology refers to “green” (sustainable or environmentally-friendly) engineering measures that aim to modify the hydrograph (i.e. reduce flood peak and volume) and address water quality by retarding water movement, by increasing infiltration or storage in the catchment area (Topa et al. 2014).  These “green” engineering measures tend to be grouped as either source (e.g. infiltration trench, green roofs, permeable paving), local (e.g. vegetated swales, filter strips, bio-retention areas) or regional controls (e.g. detention basins, treatment wetlands).  There are a number of terms used within the sustainable stormwater management field, such as “Water Sensitive Urban Design” (WSUD), “Low Impact Development” (LID), “Integrated Urban Water Management” (IUWM) and “Best Management Practices” (BMPs).  [2:  “Catchment” is the term used for what is called a “watershed” in the USA.] 





Experiences from around the world have demonstrated that the use of natural systems (including the use of ecosystem-based approaches, protection green open spaces, the use of green infrastructure, and SUDS) as solutions to climate change impacts are more cost effective and sustainable in the long term, and also provide a range of other social, cultural, economic and conservation benefits (Kithiia & Lyth 2011, Hills et al. 2013, Brown et al. 2014, Baig et al. 2016, Turpie et al. 2016a, 2016b, 2017a).   While the challenges associated with climate change adaptation differ depending on the local context, ecosystem-based approaches offer the potential to address them in a cost-effective and beneficial manner, either on their own or in combination with conventional engineering solutions (Buig et al. 2016). Healthy, well-functioning urban and peri-urban ecosystems enhance urban resilience and reduce the vulnerability of people living in these areas. 

[bookmark: _Ref504988439][bookmark: _Toc505092044]Disaster risk management in Laos
In recent years, disaster risk management (DRM) in Laos has advanced and important steps have been taken towards building resilience.  The Seventh National Socio-Economic Development Plan (7th NESDP 2011-2015) was developed to mainstream disaster risk reduction into developing planning and to produce frameworks and strategies for disaster risk management (GFDRR 2014). Other interventions to strengthen national and provincial level capacity in DRM and to build resilience included the development of a new decree and strategy for DRM, the development of risk profiles and the integration of DRM into socio-economic development plans, the development of a strategy for early warning, the integration of DRM into planning documents and urban development law, and institutionalizing a Laos-specific post-disaster needs assessment methodology (GFDRR 2014).  More recently, additional measures have included the development of legal framework to enhance disaster preparedness and response, and focused capacity building to improve understanding and risk-informed decision making in various sectors (GFDRR 2014). 

While substantial progress has been made in developing and implementing supporting measures, ecosystem-based approaches to climate change adaptation have yet to be fully mainstreamed into national and provincial strategies and policies in Laos.  A major challenge for the implementation of EbA measures in Laos relates largely to the absence of any detailed locational data, weak institutions, and limited local revenues, amongst others factors.  

[bookmark: _Toc505092045]Purpose and limitations of this study
The objective of this Project is to implement an integrated approach to flood management to build the climate resilience of local communities living in six cities in Laos.  As part of this, a set of ecosystem-based adaptation interventions that could be implemented to address the impacts of urban flooding have been proposed (see GCF Funding Proposal and section 3).  The purpose of this economic study is to provide an economic assessment of the proposed EbA strategies as described in the GCF Funding Proposal.  

A thorough evaluation of these projects would require detailed plans and a range of cost, hydrological, socio-economic and land use data in order to determine flood mitigation effectiveness, financial effectiveness and efficiency.  Further information would also allow a cost benefit analysis (CBA) in order to evaluate the effectiveness of EbA against the alternative adaptation approaches, which often include “hard” infrastructure/engineering projects, and to assess the co-benefits of EbA interventions.  Without such information it is not possible to conduct a quantitative economic analysis.  Therefore, this economic assessment focuses on evaluating the likelihood of the proposed EbA interventions being cost effective and beneficial based on evidence from the literature and from relevant EbA projects implemented around the world. The assessment is therefore limited to a discussion of the potential costs and benefits (including co-benefits) and uses evidence from other studies to make conclusions about the likely cost-effectiveness of the EbA interventions being proposed in the six selected study sites. 


[bookmark: _Toc505092046]EVIDENCE OF THE COST-EFFECTIVENESS OF ECOSYSTEM-BASED ADAPTATION IN DEVELPOING COUNTRIES
This chapter of the report reviews evidence of the cost-effectiveness of EbA approaches from economic analyses conducted for similar projects around the world.  The following examples were selected as they focus on the implementation of EbA strategies in developing countries.  The findings suggest that the EbA approaches can be beneficial and economically defensible when compared to alternative strategies.  

Climate change adaptation in Lami Town, Fiji (Rao et al. 2012)  
Lami Town in the Republic of the Fiji Islands has a high vulnerability to flooding and erosion (Rao et al. 2012).  Four adaptation scenarios representing the spectrum of ecosystem-based and engineering adaptation options to reduce the vulnerability of Lami Town to storms and flooding were assessed using CBA.  Specific EbA measures included replanting of mangroves, replanting stream buffers, reducing forest and coral reef degradation, and monitoring and enforcement.  The engineering adaptation options targeted the improvement of infrastructure by building seawalls, reinforcing rivers (dredging, river realignment, and protecting river banks with gabions), and increasing drainage.  

For all adaptation options being considered, the benefit of taking action outweighed the cost, with the potential damages calculated to be in the order of US$130 million, while the implementation of costed adaptation options estimated to cost about US$13 million over a 20 year period. The estimate of potential damages included losses to businesses and households, and health costs.  The value of natural ecosystem and the services they provide to Lami Town were estimated to be US$503 000 per year.  The cost-benefit analysis revealed that all four scenarios had positive benefit-to-cost ratios, with the estimated benefits ranging from US$4 to US$11 for every dollar spent on adaptation (Rao et al. 2012, Table 2.1).  Benefits were found to increase when ecosystem-based adaptation options were included in the analysis, achieving ecosystem maintenance in addition to flood protection. The highest ratio of benefit-to-cost was for ecosystem-based options with a benefit of US$11 for every dollar spent, with an assumed damage avoidance of 10-25% (Rao et al. 2012).  [bookmark: _Ref504672471]Table 2.1.   Benefit-to-cost ratio for each scenario of adaptation options, and assumed damage avoidance.             Source: Rao et al. (2012)


Disaster risk reduction in Fiji (Brown et al. 2014)
Brown et al. (2014) conducted a flood risk study in Fiji to evaluate and compare ecosystem-based adaptation and hard infrastructure options to address increases in rainfall and flooding in the Ba and Penang River catchments.  A detailed CBA was undertaken using social, physical and economic assessments, hydrological modelling, and household surveys. The EbA options included in this study were riparian buffers, upland afforestation, floodplain vegetation, and riverbank reinforcement. The hard infrastructure options included raising homes off the ground and dredging the river. A mixed intervention was also included in the analysis.   Opportunity costs (loss of agricultural land) were also included in the analysis, as were the co-benefits associated with EbA. Each EbA and engineering measure was assessed separately under current, moderate and severe climate change predictions.  

Results from the CBA revealed that of all the proposed interventions, riparian buffers would be the most efficient, i.e. they had the highest impact per one dollar spent on mitigation. This was largely because riparian buffers have low implementation costs and numerous co-benefits. Upland afforestation was found to provide the greatest benefits overall (i.e. had a higher NPV than riparian buffers in all cases), but the high costs of planting and monitoring over extensive catchment areas meant that afforestation was less efficient than the riparian buffer intervention. The benefits of revegetation in the floodplain exceeded the costs under moderate and severe climate change predictions, and the researchers concluded that this option should be considered only as part of a mixed adaptation strategy.  The benefits of river dredging exceeded the costs only under the moderate and severe climate change scenarios.  Neither reinforcing riverbanks nor raising houses was found to be economically viable under any of the climate change scenarios, with the costs of these activities greatly exceeding their benefits.  The mixed intervention that incorporated both hard approaches and EbA approaches was found to be effective under most scenarios. 

Amelioration of flooding in Dar es Salaam, Tanzania (Turpie et al. 2016a)
The potential feasibility of investing in green urban development (GUD) interventions to alleviate flooding problems in the Msimbazi catchment in Dar es Salaam was investigated by analysing a range of stormwater management scenarios.  A feasible set of GUD interventions to reduce the magnitude of floods was identified: restoration of forests in the upper catchment, rehabilitation and enhancement of riparian and floodplain areas in the middle catchment, river cleaning in the middle catchment, and floodplain rehabilitation in the lower catchment. The above interventions were considered along with storage basins (feasible in the lower catchment only), and the removal of people from flood risk areas.

Available data only supported basic hydrological modelling, but relatively good data for the risk area allowed for a reasonable estimation of the expected annual losses (EAL) from flooding. The impacts of the interventions were estimated on the basis of their potential storage capacity during a high rainfall event. Changes in the EAL under different combinations of the above interventions were estimated based on the expected effects of the interventions on the flood hydrograph as well as the change in structures at risk. All scenarios led to decreases in the damage costs of flooding, with average annual cost savings from US$10 million to US$26 million, or 21% to 54% of present expected annual losses (Table 2.2).  The GUD interventions were designed to have a significant cumulative effect on the flood hydrograph. This led to an estimated 19.6% reduction in the number of buildings at risk and a 39% decrease in EAL. When GUD strategies were combined with the floodplain setback zone, this resulted in both reduction of the flood intensity (due to reduction in the hydrograph) and reduction of the exposure (due to relocation of buildings from a setback zone within the flood prone area). 

Absolute benefits increased as more measures were combined, but so did costs. All measures would be expensive because of the fact that people have settled illegally in the forest reserve, riparian reserve and floodplain areas. Taken alone, catchment rehabilitation measures would provide higher net benefit than moving people from the flood prone areas, and would also yield the highest rates of return. The addition of a storage basin added least value, but this was largely because opportunities for the location of such an intervention were too low down in the catchment to be particularly effective. The results suggested that investment should be secured for the implementation of a combination of rehabilitation measures that are specifically designed to attenuate flows and improve drainage, including formal solid waste management and community-based river cleaning programs, reforestation, and river and floodplain rehabilitation.  

[bookmark: _Ref504677164]Table 2.2.   Impacts of the five scenarios on expected annual losses (EAL), and the percentage change in EAL. Source: Turpie et al. (2016a)
	
	Reduce exposure 

	
	No interventions 
in flood prone areas
	People and structures 
removed from buffer in flood prone areas

	Reduce flood risk
↓
	No interventions in catchment
	Baseline
US$47.30 million
	Scenario 1 
US$37.24 million 
(-21%)

	
	GUD interventions in catchment
	Scenario 2
US$28.87 million 
(-39%)
	Scenario 3
US$23.16 million 
(-51%)

	
	GUD with additional storage
	Scenario 4
US$27.78 million 
(-41%)
	Scenario 5
US$ 21.64 million 
(-54%)



Potential returns to investing in Green Urban Development in Durban, South Africa (Turpie et al. 2017b)
A scenario-based approach was used to explore the potential costs and benefits of undertaking a GUD approach to address flooding, water quality and biodiversity loss in Durban, and to explore the potential trade-offs between engineered interventions and the conservation of natural open space areas. Flows and water quality in the central Umhlatuzana-Umbilo catchment were modelled under a series of hypothetical back-casted scenarios in which the development of the area had involved different combinations and extents of GUD measures including better sanitation, SUDS (including infiltration trenches, subsurface soakaways, permeable paving, green roofs, detention basins, and treatment wetlands) and conservation measures (protection of natural open space areas and riparian buffers). The scenarios were evaluated in terms of their implications for aquatic ecosystem health as well as the infrastructure costs and the losses in property value, tourism and fishery values that would have been avoided under these alternative scenarios. 

The measures that were specifically designed for stormwater management – source controls (infiltration trenches, soakaways, permeable paving and green roofs) and detention basins – reduced flood peaks by about 10%, and 35%, respectively, and also contributed to improved water quality. Under improved sanitation conditions, treatment wetlands were very effective at improving water quality in the catchment. However, the large-scale application of some of the low-impact stormwater management measures was found to be extremely costly, even when accounting for economies of scale. Of all the source control measures that could be feasibly implemented, only detention basins could be justified in terms of their cost savings. The study also analysed the impacts of a planning scheme which allows greater retention of natural green open spaces in the city to meet conservation targets. This strategy had a significant impact on flooding, by virtue of the fact that the hardened area was reduced. The net benefits of this strategy far outweighed any other. Smart planning with green open space areas coupled with the other interventions creates the greenest city, in terms of meeting water quality and biodiversity conservation goals, and is an economically justifiable strategy in terms of overall costs and benefits.

Coastal flooding in the Philippines (Baig et al. 2016)
An economic analysis (CBA) of ecosystem-based adaptation options (mangrove protection and reforestation) as compared to hard engineering options (building a seawall) was undertaken in Calapan City in the Philippines to help a coastal community adapt to storm surge, coastal erosion and flooding (Baig et al. 2016) using the avoided damage and least-cost approach.  The ecosystem-based approaches had the highest NPV and annual NPV, while constructing the seawall had the lowest values and was negative for a number of discount rates and for assumed avoided damage (Baig et al. 2016). As expected, the annual NPV was highest for the option to protect mangroves, followed by mangrove reforestation indicating that the most cost-effective option was the protection of existing mangroves. The additional benefits provided by mangroves including fish provision, sites for ecotourism, and carbon sequestration, were estimated to be worth more than US$170 000 per annum (Baig et al. 2017). 

Mangrove afforestation in northern Vietnam (IFRC 2012)
The community-based “Mangrove Plantation and Disaster Risk Reduction” (MP/DRR) Project in the coastal provinces of northern Vietnam was assessed against a set of objectives to understand the contribution and economic impact of the Project to building safer, resilient communities.  Coastal afforestation is seen as an important intervention to combat loss of coastal protection by reducing flood risk, protecting local livelihoods and safeguarding sea dykes (IFRC 2012).   The project was evaluated on three aspects – impact, efficiency and sustainability. 

The analysis found that the project had a significant impact on reducing disaster risk and on enhancing local livelihoods. The overall cost of the project spanning 17 years stood at US$8.9 million in 2012. This investment had translated into 9462 hectares of forest in 166 communities and the protection of about 100 km of coastal dyke lines.  It was estimated that the project had directly reached about 350 000 beneficiaries, and indirectly protected a further two million people through the afforestation efforts (IFRC 2012).  The total savings (avoided damage costs) in the communities were found to be significant, amounting to approximately US$15 million in 2012.  In addition to the avoided damages, mangrove afforestation has also had a positive impact on local livelihoods through an increase in the per hectare yield of aquaculture products such as oysters. These direct economic benefits ranged from US$344 000 – US$6.7 million in the selected communities. Ecological benefits included carbon storage which was estimated to have a value of US$218 million in 2012.  Other ecological benefits were not quantified.  The CBA found that mangrove afforestation had been extremely efficient with positive benefit-cost ratios across all selected communities.  The benefit-cost ratio ranged from 3.06 – 68.92 when ecological benefits were not included in the analysis and from 28.86 – 104.96 when they were included.  

[bookmark: _Ref505078059][bookmark: _Toc505092047]EVALUATION OF PROPOSED EbA MEASURES FOR REDUCING URBAN FLOOD RISK IN LAOS
[bookmark: _Toc505092048]Flood risk and damages in Laos
In cities, rainfall is prevented from infiltrating into the soil because of buildings, roads, paved areas, roofs and other hard surfaces.  As cities grow, the rate and volume of run-off during any given rainfall event increases and the natural floodplain areas in the low-lying parts of the city also increase, placing more people at risk (De Risi et al. 2013, Sakijege et al. 2014).  Climate change further exacerbates this problem. In Laos, it has been predicted that there will be an increase in flooding in all parts of the Mekong Basin, with the greatest impact being in the low-lying areas along the mainstream of the river and the major tributaries in the central and southern regions (World Bank 2011, Figure 3.1).  Five of the six cities being considered in this study are located within high-risk areas.  The increase in the number and intensity of flooding events is expected to have significant implications for the agricultural industry, as most of the productive agricultural land is located along the length of the Mekong River and its tributaries – a serious concern given that 80% of the population practice subsistence agriculture (World Bank 2011).  [bookmark: _Ref504381136]Figure 3.1.  Laos flood mortality risk. Source: World Bank (2011)


From 1970 to 2010 a total of 33 natural hazard events (mostly floods and droughts) were registered in Laos, affecting almost 9 million people and causing economic damages of over US$400 million (World Bank 2011).  The estimated total area of rice fields destroyed by flooding during this period was some 276 000 hectares (World Bank 2011).  In 2009, 180 000 people were affected by flooding from Typhoon Ketsana resulting in US$58 million in damages and losses, equating to approximately 0.4% of GDP (MRC 2015).  In 2011 Laos experienced a number of large flooding events causing estimated damage costs and losses of US$200 million, with more than 500 000 people affected and 42 deaths reported (MRC 2015).  In 2013 a series of five major storms resulted in severe flooding in 12 of the 17 provinces in Laos, with approximately 350 000 people affected and 29 storm-related deaths (GFDRR 2014).  Loss and damages were estimated at US$219 million (GFDRR 2014). 

[bookmark: _Toc505092049]Proposed EbA measures 
A set of EbA interventions has been proposed for implementation in six target cities in Laos (Figure 1.2, Table 3.1). Information relating to the selection and location of each project site in each city is provided in the main GCF Funding Proposal document.  This assessment focuses on the main flood-related issues within each city and the proposed EbA interventions selected for each site.  There is little information on the extent or scale of each of the proposed interventions.  This information would usually be used to apply costing estimates. Without specific information relating to the receiving environment, such as soil and land-use data and construction data (i.e. types and numbers of structures in each city), values from other studies (i.e. benefit transfer) cannot be transferred with any accuracy.  Therefore this assessment is limited to a discussion of the potential costs and benefits (including co-benefits) in order to make conclusions about the likely cost-effectiveness of the EbA interventions being proposed in the six study sites. 


	1. Luang Prabang
Population: 67 000
Confluence of Mekong & Nam Khan Rivers. Steep river valleys, vulnerable to flooding and landslides. Natural ecosystems increasingly encroached upon. 
2. Vientiane (capital city)
Population: 640 000
Located on the Mekong River.
Rapid urbanisation has severely reduced forest cover and agricultural land, resulting in loss of flood attenuation potential. 
3. Paksan
Population: 26 000
Confluence of the Nam Xan & Mekong Rivers. Loss and degradation of large wetland due to urban expansion. 
4. Thakhek
Population: 38 000
Located on the Mekong River.
Surrounded by mountains. Loss of forested areas in upper catchment a problem. 
5. Savannakhet
Population: 92 000
Flood events occur on an annual basis. Exacerbated by increasing urban development and reduced green open spaces. Increased surface runoff exceeds the flow capacity of drainage systems. 
6. Pakse
Population: 68 000
Confluence of the Mekong & Xe Don Rivers. Rapid urbanisation contributing to increased environmental degradation of the inner city and surrounding landscape
	[bookmark: _Ref504387813][image: ]Figure 1.2.  Location and description of the six target cities in Laos and the main environmental issues (in addition to global climate change impacts) contributing to the urban flood risk in each city. Source: www.maps-of-the-world.net






[bookmark: _Ref504549732]Table 3.1.    Flood mitigation interventions selected for implementation in each of the six target cities. Note: colour coding of the “X” refers to the type of intervention where green = natural ecosystems, blue = green engineering measures (SUDS) and red = hard engineering measures
	Intervention  
	Luang Prabang
	Vientiane
	Paksan
	Thakhek
	Savanna- khet
	Pakse

	Protection and restoration of catchment forests 
	X
	
	
	X
	
	

	Protection and restoration of riparian and floodplain areas
	
	X
	X
	
	X
	

	Wetland restoration
	
	
	X
	
	
	

	Creation and maintenance of green open space areas for multi-use
	
	X
	
	
	X
	X

	Vegetated swales
	
	X
	
	
	
	

	Constructed wetlands
	X
	
	
	
	
	X

	Detention ponds
	X
	X
	
	
	
	X

	Retention ponds
	
	
	
	X
	
	

	Infiltration trenches
	
	X
	
	
	
	

	Vegetated levees
	
	
	X
	
	
	

	Channel enlargement/
canalisation/levees
	
	X
	
	
	X
	X




An important consideration is that in the case of Laos, not only has climate change impacts and urban expansion resulted in increased runoff coming from the catchment, but encroachment and reclamation of floodplain areas along the Mekong River and its tributaries has also occurred (Figure 3.2).  Thus the flow for any given rainfall event has increased, while the capacity of the floodplain to accommodate and convey this flow has been reduced. Both of these effects increase the exposure of people and infrastructure to flooding, so when they occur together they can create an enormous problem.  

[bookmark: _GoBack][image: ]
[bookmark: _Ref504553896]Figure 3.2.  The Mekong River flowing through the cities of (a) Luang Prabang and (b) Vientiane showing encroachment and reclamation of floodplain areas. Source: Google Earth

In most developed country contexts the emphasis has been on amelioration of the effects of urbanisation in the catchment, for example by using measures to try and neutralise the effects of hardening on runoff volumes.  But in the majority of these cities, the lack of control over settlement patterns has led to much higher levels of encroachment of the original or natural floodplain areas.  This means that there might still need to be heavy reliance on conveyance measures in conjunction with EbA and green infrastructure measures, which has the potential to raise costs considerably.  In addition, it should be noted that other characteristics of urbanisation in developing countries also affect the relative suitability of different measures compared to developed country cities. For example, in Laos there would be little opportunity to implement green roofs in the catchment areas because a number of the buildings are not structurally sound and because of social acceptance concerns relating to the these roofs being suitable habitat for snakes.  Other characteristics to consider include soil suitability and the location of building structures in the catchment.

Among the most feasible options considered for Laos are non-structural measures such as the protection, restoration and/or enhancement of natural systems, as well as SUD control measures such as detention basins, retention ponds and treatment wetlands (Table 3.1).  There are substantial areas of forest in the catchments that surround Luang Prabang and Thakhek which could be restored, and floodplains that have been artificially disconnected from the river is most of the target cities, greatly reducing their potential benefits.  Furthermore, there are a number of floodplain areas that could be enhanced to improve their water holding capacity at the same time as providing other benefits such as erosion control and provision of areas for agriculture.  Restoring existing wetlands, such as the large wetland system in Paksan would have the added benefit of improving water quality and providing amenity and biodiversity benefits. Protecting and modifying green open space areas in the form of multi-use detention basins would provide flood attenuation and recreational benefits.  Maintaining green open spaces and providing multi-use green space has been identified as a promising intervention in Vientiane, Savannakhet, and Pakse. Rainwater harvesting is something that could benefit households in the target catchment areas.  However, apart from being fairly expensive to implement, it would have limited flood benefits in Laos. The rainwater tanks would fill up quickly during a large storm event thereafter making them ineffective in trying to dampen the effects of increased runoff from the hardened surfaces.  A better option, as is proposed here, is to have large-capacity storage systems that release water slowly, so that they are ready for the next high rainfall event.  Such interventions have been proposed for implementation in Luang Prabang, Vientiane, Savannakhet and Pakse (Table 3.1).  

[bookmark: _Toc505092050]Effectiveness of different measures 
Generally a combination of different adaptation measures is applied as part of an adaptation strategy.  There will always be trade-offs among the interventions and finding the optimal balance can be a complex task.  The sustainable urban drainage measures and nature-based adaptation measures, such as floodplain storage interventions and catchment reforestation will reduce the need for extensive hard measures in Laos such as levees or the widening of concrete channels.  However, nature-based adaptation measures alone often will not be able to eliminate flooding problems completely and thus generally will need to be implemented in conjunction with some hard engineering solutions.  This has been proposed for Vientiane, Paksan, Savannakhet, and Pakse where channel enlargement, vegetated levees and upgrading of existing drainage form part of the flood mitigation strategy. Generally, the ‘softer’ the intervention the less efficient it tends to be in terms of volume (m3) reduction per unit of space.  However, the softer interventions tend to have greater benefits in terms of amenity and social value.  

When developing a proposed plan for managing flooding in cities it is important to link together the various interventions and the benefits that they provide with the greatest possible efficiency.  That is, identify the combination of interventions for a specific project site that will achieve the outlined objective in the most cost-effective way, i.e. results are achieved at a lower cost compared to alternatives.  This involves determining the cost effectiveness of different interventions, i.e. a cost per unit reduction of runoff volume (m3).  Outside of cost-effectiveness, interventions need to be assessed in terms of any additional benefits that they may provide, such as water quality amelioration, conservation value, amenity value or social benefits such as increased water supply.  The interventions need to be realistic in terms of what is feasible and practical within the designated project area.  Estimates for cost-effectiveness in terms of cost per unit runoff reduction ($/m3) were collated from a wide range of literature (e.g. Joksimovic & Alam 2014, Liu et al. 2015, Jiang et al. 2015, Committee for Climate Change 2012, Xiao & McPherson 2002, McPherson et al. 1999).  These estimates tend to be site specific based on local costs but nonetheless provide a clear indication of which interventions are generally more cost-effective in terms of their ability to reduce runoff and ameliorate flooding. 

Cost-effectiveness in terms of runoff reduction ($/m3) is shown in Figure 3.3.  From the examples it is clear that green roofs and permeable pavements are the least cost-effective, even though they are efficient at reducing runoff, due to their higher capital and maintenance costs compared to other options.  
[image: ]
[bookmark: _Ref449003669]Figure 3.3.  Comparison of cost per unit volume of runoff reduction for various flood management options, based on literature averages (this study)

Soakaways and infiltration trenches are the most cost-effective of the structural engineering methods as they are cheaper to construct and maintain.  Infiltration trenches are being considered in this study for implementation in Vientiane.  Constructed wetlands, sand filters, bio-retention areas, detention basins, filter strips and vegetated swales are all relatively cost-effective, which is encouraging given the proposed implementation of treatment wetlands, vegetated swales and detention basins in Vientiane, Pakse and Luang Prabang. Some of these measures are however less efficient at trapping or attenuating peak flows after a large storm.  Riparian buffers and catchment reforestation represent the most cost-effective option in that they do contribute significantly to rainwater infiltration.  However, they are less effective at attenuating peak flows (which is not captured in the above $/m3 assessment).  The structural green engineering options are more efficient in this regard. This suggests that effective flood protection in Laos will require these measures to be implemented in combination and/or at scale in order to have the largest impact on infiltration and attenuation of peak flows. 

In summary, the relative effectiveness of different interventions in terms of flood amelioration, their cost-effectiveness, and other potential benefits are summarised in qualitative terms in Table 3.2.  This suggests that while conveyance measures are highly effective for reducing flood exposure/risk, they vary in terms of cost-effectiveness and have relatively little in the way of co-benefits.  The green engineering measures are generally less efficient in flood protection when implemented alone. Effective flood protection requires that these measures be implemented in combination and/or at scale.  Green engineering measures also present much greater opportunities for delivering co-benefits, such as water quality amelioration, amenity value and the provision of recreational areas.  The latter is particularly the case for the vegetated options which have greater aesthetic appeal, such as constructed wetlands and detention basins. The protection or restoration of natural systems in catchment areas contributes to the reduction and retardation of flows. Within the flood prone areas, riparian buffers and functional floodplain areas reduce the exposure to flooding, and further contribute to water quality amelioration.  In all cases, these areas have the potential to contribute significantly in terms of other co-benefits. 

[bookmark: _Ref449004619]Table 3.2. 	Relative merits (indicated by number of “X”) of different measures for flood risk management, based on the literature. Measures considered in this study are marked with an asterisk.
	Option/ technology
	Conveyance/
Reduction of exposure
	Flood attenuation/
Reduction of flood risk

	Water quality amelior-ation
	Cost-effective-ness
	Water supply
	Amenity potential
	Conser-vation value

	Conveyance measures 

	Swales/drains
	XX
	
	
	XX
	
	
	

	Channel enlargement/
canalisation/levees*
	XXX
	
	
	X
	
	
	

	Hydraulic bypass
	XXX
	
	
	X
	
	
	

	Green engineering measures

	Infiltration trenches*
	
	XXX
	XXX
	XXX
	X
	
	

	Soakaways
	
	XXX
	XX
	XX
	X
	
	

	Permeable pavements
	
	XXX
	XXX
	XX
	X
	
	

	Rainwater harvesting
	
	X
	X
	X
	XX
	
	

	Bio-retention areas
	
	XX
	XXX
	XX
	
	XX
	

	Sand filters
	
	XX
	XXX
	XX
	
	
	

	Green roofs
	
	XX
	XXX
	X
	
	XX
	

	Filter strips
	
	XX
	XXX
	XXX
	
	X
	

	Vegetated swales*
	
	XX
	XXX
	XXX
	
	X
	

	Constructed wetlands*
	
	XX
	XXX
	XX
	
	XXX
	XX

	Detention basins*
	
	XXX
	XX
	XXX
	
	XX
	

	Retention ponds*
	
	XXX
	XX
	XXX
	X
	XXX
	X

	Non-structural measures

	Development setbacks
	X
	
	
	XXX
	
	XX
	X

	Conventional solid waste management
	XX
	
	X
	XX
	
	XX
	X

	River cleaning programmes
	X
	
	X
	XXX
	
	XX
	XX

	Protection/restoration of catchment forests and wetlands*
	
	XX
	XXX
	XXX
	XX
	XXX
	XXX

	Protection/restoration of riparian areas, floodplains*
	X
	XX
	XXX
	XXX
	
	XXX
	XXX



[bookmark: _Toc505092051]Potential costs and benefits of the proposed EbA measures 
Measuring costs and benefits of EbA options can be difficult as there are uncertainties associated with future climate impacts, as well as the fact that many ecosystem goods and services do not have market value (even though they may provide countless unmeasured economic benefits, Baig et al. 2016).  Table 3.3 provides a summary of the main costs and benefits associated with the proposed adaptation options for Laos. 

[bookmark: _Ref504637120]Table 3.3.    Summary of the costs and benefits of flood mitigation in Laos. Note: hard engineering solutions refers to the widening of canals and channels, the construction of vegetated levees and modifying existing drainage.  
	Category 
	Catchment reforestation
	Restoration of riparian, floodplain areas
	Wetland restoration
	Green open space
	SUDS
	Hard engineering solutions

	Costs

	Capital (incl. labour and materials)
	X
	X
	X
	
	X
	X

	Maintenance and monitoring
	X
	X
	X
	X
	X
	X

	Loss of agricultural land 
	
	X
	
	X
	
	

	Benefits

	Avoided damages
	X
	X
	X
	X
	X
	X

	Provision of  natural resources
	X
	X
	X
	
	
	

	Carbon storage
	X
	X
	X
	
	
	

	Biodiversity
	X
	X
	X
	X
	
	

	Erosion control 
	X
	X
	
	
	
	

	Water quality amelioration, regulation and supply
	X
	X
	X
	X
	X
	

	Amenity, health and recreation
	X
	X
	X
	X
	X
	




The costs associated with implementation of the adaptation measures include capital, labour, and monitoring and maintenance costs, and the cost of materials.  These tend to be site specific based on local costs, and are usually highly variable amongst the different interventions. Once the extent of the intervention is known, the unit costs of adaptation (cost per unit area or per unit length) for each intervention provide a clearer indication of relative cost-effectiveness. For some interventions there are associated opportunity costs. This relates to the losses from other activities that could take place in areas that have been identified for restoration.  For example there are opportunity costs to restoring floodplain and riparian areas that would usually be used for agriculture.  The primary benefit of each of the adaptation measures would be the avoided flood damages. The avoided damages are calculated as the damages that could be incurred when no action is taken (Rao et al. 2012).   Avoided flood damages include the lost income from business closure, lost income from agriculture, losses to households (lost possessions, lost wages, structural damage, clean-up, evacuation costs, and medical costs), cost of repair to government structures, flood relief and supplies, and indirect costs such as health costs and education costs (Rao et al. 2012, Brown et al. 2014).  

Whilst it appears likely that the proposed measures would be cost-effective in their ability to reduce flood risk in urban Laos, in order to fully appreciate their cost-effectiveness, it is necessary to have an understanding of the economic implications of the co-benefits associated with these interventions and how these contribute to overall net benefits (Rao et al. 2012 & 2013, Brown et al. 2014, Baig et al. 2016).  The additional ecological and socio-economic benefits associated with EbA measures usually outweigh the benefits associated with traditional engineered approaches and thus, in most cases, result in a positive benefit-cost ratio.  The proposed EbA options provide co-benefits in the form of biodiversity and ecosystem resilience (e.g. habitat provision and erosion control), landscape amenity (e.g. wellbeing and health benefits), recreational benefits, water purification, regulation and supply, carbon storage, and other socio-economic benefits (e.g. tourism, livelihood diversification).   The major co-benefits associated with the proposed interventions and examples of their potential economic impact are outlined in Table 3.4.  

[bookmark: _Ref505007253]Table 3.4.  Co-benefits of the proposed EbA interventions 
	Co-benefit 
	Examples of economic impact

	Provision of natural resources
	· The direct use value of non-timber forest products from natural forests in Sekong Province, southern Laos, was estimated to be US$658/hh/y, which was significantly higher than the average annual provincial income of US$150/hh/y (Rosales et al. 2005).
· In Fiji, the value of collecting, using and/or selling non-timber forest products in one hectare of forests and floodplain vegetation was estimated to be US$10/ha/y in the Ba River catchment and US$43/ha/y in the Penang River catchment (Brown et al. 2014).
· In Durban, South Africa the harvesting of natural resources from the remaining natural ecosystems (forests, grasslands, rivers and estuaries) in the city was estimated to be in the order of US$8.2 million per year (Turpie et al. 2017a). 

	Water purification, regulation and supply
	· The flood control service provided by forests in Sekong Province, in southern Laos, provided an annual benefit of US$33 million per year, or US$115/ha/y (Rosales et al. 2005)
· In Kampala, Uganda it was estimated that the potential water treatment cost savings associated with the restoration of the Nakivubo wetland would amount to US$1.14 million per annum (Turpie et al. 2016b).
· In Durban, water treatment cost savings as a result of the water quality amelioration services provided by natural ecosystems were estimated to be worth between US$0.3 and US$1 million per annum (Turpie et al. 2017a).
· In the Ulhatuzane-Umbilo catchment in Durban South Africa, it was estimated that the implementation of catchment reforestation, riparian buffers and SUDS would have significant positive impacts on flooding and water quality amelioration (Turpie et al. 2017b).   Water quality improvements resulted in cost savings associated with avoided dredging costs due to lower sediment loads and a gain in estuarine and marine fishery values due to a reduction in sediments and nutrients.

	Erosion control
	· Rosales et al. (2005) estimated that the erosion control service provided by the natural forests in Sekong Province, had a value of US$1 million per annum, translating into US$300/ha/y.  

	Carbon storage
	· The total carbon storage benefits of the Sekong forests were estimated to amount to US$813 million, or on average US$1609/ha/y (Rosales et al. 2005).  
· In Durban, South Africa it was estimated that while the global damage costs could amount to over US$823 million, the damage costs to South Africa resulting from a loss of the carbon stocks within the city would be approximately US$2.9 million per annum. 

	Amenity, recreational and health benefits
	· In Durban the importance of the environment for urban tourism is significant.  The combined tourism value of all natural and man-made open space in the city was estimated to be approximately US$180 million (Turpie et al. 2017a).  
· Studies have shown that public parks reduce stress (Ulrich & Addoms 1981), provide a sense of peacefulness (Kaplan 1983), and provide a remarkable range of physical and mental health benefits (White et al. 2013, Beyer et al. 2014, Shanahan et al. 2015, Triguero-Mas et al. 2015), all of which contribute to significant health cost savings. 
· Turpie et al. 2017a found that prices paid for properties in Durban are strongly linked to environmental factors. The total premium associated with natural open space in a good condition was 2% of overall property value, which amounts to US$339 million with an average value of US$8377 per hectare of natural space. The total premium associated with public parks was approximately 6.4% of overall property value, amounting to a total of US$1.06 billion. 
· In Cape Town, the establishment of healthy rivers, multi-use parks and green belts would make a substantial contribution to household welfare, with respondents indicating that they would be willing to pay US$12 and US$22 per year for a large multi-use park within 6km or 2km of their homes, respectively, US$13 per year for the restoration of rivers in their neighbourhood, and US$5-US$30 per year for a greenbelt. When the results were extrapolated, they suggest an aggregate WTP of US$25 million per year for large multi-use parks, US$15 million for river restoration, and US$5 - 35 million per year for new greenbelts, depending on the level of security (Turpie et al. in prep.). 
· In Kampala, a sequential set of interventions were identified to restore the Nakivubo wetland to a level where economic benefits could be realised (Turpie et al. 2016b). The possible welfare gains from the creation of a Nakivubo Wetland Park were estimated to amount to some US$22 million per annum.  These results highlighted the demand for outdoor recreational opportunities in Kampala and the associated welfare gains with improving current outdoor open green spaces.




[bookmark: _Toc505092052]Conclusions
Based on the information provided above, it is likely that the proposed EbA interventions for implementation in Laos would be cost-effective and economically defensible when compared to alternative hard engineering solutions.  The evidence presented from studies conducted in other developing countries has shown that EbA interventions are beneficial from an economic point of view if one takes into consideration the long-term social and ecological benefits. An investment in environmental assets in the six target cities in Laos would yield positive economic, social and fiscal returns. Such an investment would contribute to future resilience and vibrance of these cities and would make a positive and vitally-needed contribution to national development.  Investing in the protection of natural systems and green open spaces in cities is almost always more cost effective than restoration and/or rehabilitation of degraded natural areas.    

Due to the limited availability of data, this study by necessity utilized information and findings from the literature and other EbA projects conducted in developing countries around the world.  It is recommended that investment is made into the development of hydrological data, as well as development of detailed spatial datasets on soils, land cover, the built environment and the cities drainage systems. Moving forward these datasets can then be used to construct a more definitive analysis. 
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