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Urban context

Akreiy Ksatr is situated on the northern bank of the Mekong River, connected to the capital city of
Phnom Penh via several direct ferry crossings and National Road 8 to the north west. It features
many characteristics typical of communities in the area, including local markets, temples (wats) and
pagodas, amenities such as schools and government offices, and expansive wetlands that feature
heavily in agricultural practices.

These wetlands also have a critical function in managing seasonal flooding from the Mekong River.
Natural lakes and low-lying land serve as storage basins and flood mitigation measures. Their
connection to the river via high flows during the rainy season allow for deposits of nutrient rich
sediments and support feeding and breeding for migratory fish. These ecosystems provide valuable
habitats for a range of biodiversity, and play an important role in food security as they support
extensive fisheries and other aquatic fauna and flora harvested for livelihoods and market.

In recent years, Akreiy Ksatr has expanded rapidly, as residents of Phnom Penh move across the
river in search of increased space and respite from the capital. This urbanisation has been largely
unstructured, with limited municipality-wide urban planning, and infrastructure being constructed on
an ad-hoc basis. To address this issue, the Ministry of Land Management, Urban Planning and
Construction (MLMUPC) has begun to develop an Akreiy Ksatr master plan. It is one of several new
municipalities being developed across Cambodia, where there is interest in incorporating nature-
based solutions (NbS). The master plan is an opportunity to develop new areas differently — avoiding
the normal approach for urban development that involves infilling lakes, wetlands and other natural
resources that provide livelihood resources, and that normally contribute to flood mitigation.

Range of options considered

This case study focuses on better integrating expanding urban infrastructure in Akreiy Ksatr with the
natural systems of the Mekong floodplain. It promotes a Wetland City concept for new developments
— hybrid urban planning that retains the crucial natural elements of the floodplain to provide natural
flood mitigation, and promotes urban living adapted to the city’s unique environment. This approach
recognises that action can be taken at different scales.



The RUCaS team visited several sites with Akreiy Ksatr officials. While the Wetland City concept is
intended to be applied at a wider scale, the case study uses Prek Loung High School as an example
of how this concept can affect the local community at a local scale (Figure 1 —. Road 380 runs on the
right of the image, and the Mekong River is out of shot on the left-hand side).

. ’ . M= N

Figure 1: Aerial view of the Prek Loung High School
Source: RUCAS project team.

Prek Loung High School provides education for 1,500 students (832 girls and 668 boys) in year levels
7-12. It is situated approximately 100 m from the Mekong River, but has remained above the high
water line in recent floods. It contains several single-storey buildings and one multi-storey building
that are used for teaching. An open-air canteen is situated in one corner of the campus. The school
also contains other unused and derelict buildings, which are planned to be demolished and rebuilt
(funds permitting) in a similar style to the rest of the school.

The case study explores the costs and benefits of designing the replacement buildings to align with
the Wetland City concept, including integrating NbS to provide a more enjoyable learning experience.
This approach is compared with the do-nothing scenario. The study also reviews the potential
challenges of implementing this NbS concept.

Valuing costs and benefits and comparing options

This case study identifies and where possible quantifies the cost and benefits of applying the Wetland
City concept to Prek Loung High School. The benefit—cost analysis (BCA) results are presented
below:

e The project benefits exceed the costs, generating a net present value of $US 3.7 million (i.e.
the present value of benefits less the present value of costs). Put another way, every $US 1
of costs was found to generate $US 2.4 in benefits (i.e. benefit—cost ratio (BCR) of 2.4).

e The project generates benefits with a present value of around $US 6.4 million, the largest
being amenity benefits and higher property values. Reducing the impact of heat on student
learning outcomes was another significant benefit. The local Akreiy Ksatr community and the
school students and staff are the main beneficiaries of the proposed project.

e The estimated present value of costs was $US 2.7 million. It was assumed that the Akreiy
Ksatr Municipal Government would bear all direct costs but this requires further investigation.
Building construction and maintenance accounted for the largest share of direct costs (73%).



e Sensitivity testing revealed the following results:

o The BCA remained positive, regardless of the discount rate used.

o All costs and benefit estimates were varied by +/-30%, and estimates applied across
1,000 different combinations. This testing suggested the most likely outcome of the
BCA was between 1.6 and 2.5, and there was at least a 74% chance that the actual
result was greater than 1.6.

o Before implementation, the following factors need further investigation:
* broader community consultation on concept designs
= asurvey of local residents, school students and staff to understand their views
= refinement of costs ideally through a project pilot.

This case study has aimed to illustrate how NbS could be applied to Akreiy Ksatr developments, using
Prek Loung High School as an example. These NbS concepts could be applied to other types of
public and private buildings, as well as to new infrastructure being developed across the municipality.
Importantly, we considered the collective value of a group of NbS (green roof, rainwater tanks, etc). It
would be useful to understand the contribution of individual elements and how they might be applied
to different types of buildings in Akreiy Ksatr.

Funding and financing

Funding for the project may be secured from a combination of government programs, international
aid, public—private sector investment and innovative financing schemes.

Public funding options may include the following:

e Green growth investment — For example, the Cambodia Climate Change Alliance (CCCA),
funded by the government and international donors, supports projects that enhance climate
resilience and promote sustainable development.

¢ Infrastructure investment — For example, the Ministry of Public Works and Transport (MPWT)
funds sustainable drainage systems and green public spaces. MPWT had the second-highest
climate expenditure (21%, 529.8 billion KHR) of Cambodian Government ministries in 2022."

e Sub-national funding — For example, the Akreiy Ksatr Municipal Government could fund this
project through its local development budget. In Cambodia, budgets for district/municipal
levels are allocated at 1% of the current national revenue.

International development agencies and bilateral donors are key sources of funding for climate
change and NbS projects.? External funding for climate change in Cambodia is rising, with most
coming from the Asian Development Bank (ADB), World Bank, France, Japan and China.?

The unique nature of the project and opportunities to demonstrate NbS at a building scale may
provide incentives for some private companies to participate in a public—private partnership with the
Akreiy Ksatr Municipal Government to fund the project.

Innovative financing mechanisms for funding NbS in urban areas include:

e green bonds that raise capital for sustainable projects

e crowdfunding from individuals and organisations

e philanthropic climate, environmental and cultural funding that can be used to leverage
matching finance from government and stimulate other investments from the private sector or
multilateral agencies

e environmental impact bonds that offer returns for achieving specific environmental outcomes.

These methods provide diverse funding sources to support environmentally friendly urban
development.

" Ministry of Economy and Finance (2022). Cambodia Climate Public Expenditure Review. Phnom Penh.

2 World Resources Institute (2021). Public International Funding of Nature-Based Solutions for Adaptation: A Landscape
Assessment. Washington DC.

3 Ministry of Economy and Finance (2022). Cambodia Climate Public Expenditure Review. Phnom Penh.



https://nbsbenefitsexplorer.net/Repository/DownloadFile?fileName=Reports%2FWRI_public-international-funding-nature-based-solutions-adaptation_2021.pdf
https://nbsbenefitsexplorer.net/Repository/DownloadFile?fileName=Reports%2FWRI_public-international-funding-nature-based-solutions-adaptation_2021.pdf

Upscaling

The BCA for this case study was developed at a small building scale. The concepts incorporate good
design principles for working with natural systems and assets, as well as addressing barriers to use
and inclusion. The case study fits with the vision for Akreiy Ksatr to become an integrated Wetland
City. The Land Use Management Plan for Akreiy Ksatr (still in development and under consultation)
identifies specific land use zones (e.g. agricultural, residential, administrative), with accompanying
regulations for building development. Incorporating NbS into plans and regulations will help guide
investments towards more sustainable, climate friendly and nature positive outcomes.

Variations on the Wetland City concept are also possible in other parts of Akreiy Ksatr, and can be
incorporated into private and public buildings and infrastructure by private developers and
governments. For example, commercial areas could apply a corridor-within-corridor concept, using a
linear multifunctional green and blue corridor as a central spine open space, sandwiched by roads.
Terraced platforms to accommodate various commercial and recreational activities could be used
based on flood risks, and a series of walkways or paths could be built to take in distinctive viewpoints
and encourage interaction with the wetlands and floodplain.

Cambodia is significantly affected by climate change, prompting national and international
commitments to address this challenge. Since 2017, the Ministry of Economy and Finance has
provided climate change guidance for government departments, with major ministries incorporating
environmental considerations into annual activities. The National Biodiversity Strategy and Action
Plan includes commitments to use NbS to improve biodiversity, offering a framework for scaling up
such proposals. Despite the absence of specific laws mandating NbS in urban planning, government
policies, commitment from leaders and economic tools like BCA are increasing the inclusion of green
development and blue-green infrastructure.

Community engagement reveals strong interest and awareness of the benefits of urban green
investments, with significant support from various stakeholders. To date, community engagement in
Akreiy Ksatr for this case study included consultation with relevant provincial line agencies, national
government representatives and school management staff. Upscaling would require engaging with
local residents, school staff and students, and specific sub-groups such as peoples with disability and
girl students, to understand their views and experience of the school compound and how the
proposed options could be further refined to respond to their interests and priorities, maximising
benefits and minimising negative impacts.

Methodology

This case study is one of 8 being developed by the Resilient Urban Centres and Surrounds (RUCaS)
program. Each case study follows the same 5-step process summarised below (also see Appendix 1).

Define your urban context
Consider a full range of options
Identify and value benefits and costs

Compare and evaluate options

ONONONORC,

Identify funding and financing

Figure 2: Integrated Urban Climate Management framework

Source: RUCasS project team.
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1. Define your urban context

Social, economic and environmental considerations
Akreiy Ksatr City

Akreiy Ksatr is a new city located in Kandal Province, established by the Royal Government of
Cambodia through Sub-Decree No. 272 (23 December 2022). It comprises 11 sangkats (communes)
and 40 villages, and is home to around 86,500 people — around 51% of whom identify as female. It
was established from 6 communes of Khsach Kandal district, and 6 communes from Lvea Em district.
The municipality covers approximately 214 km2, including 42 villages. It is bounded by Khsach Kandal
district to the south, the Kean Svay and Lvea Em districts to the north, Prey Veng province to the
west, and the Mekong River to the west. Across the Mekong is Phnom Penh.

The majority of land in Akreiy Ksatr municipality is used for agriculture, with paddy fields and farming
accounting for 37% and 34% respectively, while residential land use accounts for 8%. Less than 1%
(0.13%) of land is used for formal recreation, although roadways are popular for cycling and day trips
from Phnom Penh. Around 21% of Akreiy Ksatr is natural habitats and aquatic ecosystems,
comprising wetlands (9%), rivers (9%) and lakes (3%).

Annual flooding in the lower Mekong floodplains is a key part of the economic wealth of the
Cambodian (and Viet Nam) delta. The process provides nutrient-rich waters regenerating soil health
on the floodplain. It also allows many fish species to move from the river into wetland and floodplains
— along with migrations, this is a key annual and seasonal event making up their feeding and breeding
cycles. Economically, the inland capture fisheries of the Lower Mekong River Basin produce an
estimated 2.3 million tonnes each year (valued around US$ 11 billion each year).* Cambodia’s
freshwater fisheries produced an estimated 528 500 tonnes in 2017.% Fishing is a key livelihood
activity, and provides important nutrition for households, especially valuable for women and children.®
Fishing practices and gathering/harvesting also have strong gendered aspects, with women, men and
children active in fishing and harvesting aquatic animals and plants in different contexts, using
different technologies in rivers, wetlands, ponds and streams.

Climate risks and vulnerability

Cambodia is vulnerable to climate change and its associated impacts, and was ranked 149t out of
181 countries in the 2020 Notre Dame Global Adaptation Initiative index.” The World Bank and the
Asian Development Bank (ADB) highlighted key risks facing Cambodia over the coming decades:?

e Temperatures across Cambodia are forecast to rise, increasing pressures on human health,
livelihoods and ecosystems. Increased incidence of extreme heat represents a major threat to
human health in Cambodia, especially for urban populations for whom heat rises are
compounded by the urban heat island.

e Impacts of climate change include intensified floods, droughts, saline intrusion and extreme
weather events. These impacts may significantly exacerbate existing issues of wealth and
income inequality and will hinder poverty alleviation efforts.

e Natural resource dependence is high, and the changes in the dynamics of the Mekong River,
expected due to large-scale damming of the river and its tributaries, may negatively affect
people with precarious livelihoods.

e More severe floods and droughts are expected to affect Cambodia’s GDP by nearly 10% by
2050.

4 Mekong River Commission (2024). Fisheries. Phnom Penh: MRC.

5 Food and Agriculture Organization of the United Nations (2019). Fishery and Aquaculture Country Profiles: Cambodia. Rome:
FAO.

6 C Vilain and E Baran (2016). Nutritional and health value of fish: the case of Cambodia. Inland Fisheries Research and
Development Institute (Fisheries Administration) and WorldFish. Phnom Penh: IFRDI; Inland Fisheries Research and
Development Institute (2013). Policy brief — Fishery. Phnom Penh: IFReDI.

7 University of Notre Dame (2024). Notre Dame Global Adaptation Initiative. Notre Dame. The more vulnerable a country, the
lower its number in the ranking. Norway, the least vulnerable country, is ranked first.

8 World Bank and Asian Development Bank (2021), Climate Risk Profile: Cambodia. Washington DC: World Bank.



https://www.mrcmekong.org/fisheries
https://www.fao.org/fishery/en/facp/khm
https://worldfishcenter.org/sites/default/files/2021-03/WF-4070.pdf
https://ifredi-cambodia.org/wp-content/uploads/2022/12/FiA-2013-Policy-Brief-Fishery.pdf
https://gain.nd.edu/our-work/country-index/
https://www.adb.org/publications/climate-risk-country-profile-cambodia
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e Cambodia has extremely high exposure to flooding (ranked joint 4t by the Inform Risk Index),
including riverine and flash flooding. The country’s drought exposure is slightly lower, but still
is of significant concern, as highlighted by the severe drought of 2015-2017.

e Many of the climate changes projected are likely to disproportionately affect the poorest
groups in society.

Akreiy Ksatr lies on the Mekong River’s alluvial plain, which varies in depth by as much as 12 m
between the wet and dry seasons.® The area was previously unaffected by development and
remained a mainly rural village on the eastern side of the river. However, since being earmarked for
residential and ecotourism development and connection to Phnom Penh via a new bridge, land
owners, speculators and private developers have begun infilling the expansive wetland areas around
Akreiy Ksatr, as has been done in other areas around Phnom Penh (Figure 3). And sand dredged and
pumped from the Mekong and Bassac rivers for construction is currently stockpiled along riverbanks
in Akreiy Ksatr.

N ;:’;’g“/'Boeung Tompoun,&
“~"\|fChoeung Ek wetlands

N
3 km A S

~ ObpenStreetMabp contributor

Figure 3: Infilling of lakes in Phnom Penh
Source: Flynn and Srey (2022).7°

During the wet season, Akreiy Ksatr experiences pluvial floods from intense rainfall and fluvial floods
from the Mekong river. Pluvial floods occur regularly between June and December, caused by a
combination of intensive rainfall and poor drainage. Peak pluvial flood depth often reaches 1.5 m in
Phnom Penh.'" Less common in Phnom Penh are fluvial floods that occur when the Mekong and
Tonle Sap Rivers’ water level rises significantly.

Changes in land use, deforestation, mass urbanisation and underdeveloped water management
infrastructure exacerbate the problems with flooding, 2 and climate change means severe floods are
more frequent and damaging. Figures 4 and 5 illustrate the expected increase in precipitation during

® S Doyle (2013). City of Water: Architecture, Infrastructure and the Floods of Phnom Penh. Louisiana State University.

10.G Flynn and V Srey (2022). ‘Cambodia’s elites swallow up Phnom Penh’s lakes, leaving the poor marooned’. Mongabay.
'S Doyle (2013). City of Water: Architecture, Infrastructure and the Floods of Phnom Penh. Louisiana State University.

2.8 Ly et al. (2018). ‘Flood Mapping along the Lower Mekong River in Cambodia’. Engineering Journal, 22(1): 269-278.



https://www.acsa-arch.org/proceedings/Fall%20Conference%20Proceedings/ACSA.FALL.13/ACSA.FALL.13.3.pdf
https://news.mongabay.com/2022/10/cambodias-elites-swallow-up-phnom-penhs-lakes-leaving-the-poor-marooned/
https://www.acsa-arch.org/proceedings/Fall%20Conference%20Proceedings/ACSA.FALL.13/ACSA.FALL.13.3.pdf
https://www.researchgate.net/publication/315772795_Flood_Mapping_along_the_Lower_Mekong_River_in_Cambodia
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the wet and dry seasons by 2050. Sustained infilling of natural lakes by developers has also
exacerbated flood intensity and increased significant biodiversity loss. '3

b - L e
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Figure 4: Precipitation during the wet season in Akreiy Ksatr by 2050
Source: ICEM 2024.
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Figure 5: Change in precipitation during the dry season by 2050 in Akreiy Ksatr
Source: ICEM 2024.

8 G Flynn and V Srey (2022). ‘Cambodia’s elites swallow up Phnom Penh’s lakes, leaving the poor marooned’. Mongabay, 7
October.


https://news.mongabay.com/2022/10/cambodias-elites-swallow-up-phnom-penhs-lakes-leaving-the-poor-marooned/
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Recent heat waves throughout the Mekong region also illustrate the potential impact of changing
weather patterns linked to climate change.'* Urban heat directly affects human health by creating
heat waves and heat stress and conditions that can spread vector-borne diseases. Higher
temperatures can also heighten acute and chronic exposure to air pollutants and reduce physical
health and wellbeing.®

AVERAGE MAXIMUM TEMPERATURE IN DRY SEASON IN AKREIY KSATR
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Figure 6: Average maximum temperatures during the dry season by 2050 in Akreiy Ksatr
Source: ICEM 2024.

The impacts of climate change are often most acutely felt by women, people living informally and
those with a disability. Further those who live in informal settlements or who are from low-income
households can often face disproportionate exposure to disasters, contamination sources and
pollution. Women and girls account for a higher number of deaths due to diarrheal diseases and
higher disability adjusted life years caused by inadequate hygiene.'® The greatest burden of water-
borne diseases also fall on children under 5 years of age.'” People with disabilities and older people
may have less resilient health, increasing the risk of illness or premature death caused by
contaminated water. 18

Vulnerable groups can also experience an intersectional vulnerability in terms of being susceptible to
increased heat events and other extreme weather events — often marginalised from services and
unable to access positive green urban spaces, and with less capacity and resources to adapt and
respond.

L Hunt (2023). ‘Smoke and Heat: Breaking records in south east Asia’. The Diplomat, 24 April.

' SD Arifwidodo and T Tanaka (2015). ‘The characteristics of urban heat island in Bangkok, Thailand’. Procedia — Social and
Behavioral Sciences, 19: 423-428.

16 A Priiss-Ustiin et al. (2019). ‘Burden of disease from inadequate water, sanitation and hygiene in low- and middle-income
settings: a retrospective analysis of data from 145 countries’. Tropical Medicine and International Health, 19(8): 894—905.

7 DR Boyd (2021). Human rights and the global water crisis: water pollution, water scarcity and water-related disasters. Report
of the Special Rapporteur on the issue of human rights obligations relating to the enjoyment of a safe, clean, healthy and
sustainable environment.

8 DR Boyd (2021). Human rights and the global water crisis: water pollution, water scarcity and water-related disasters. Report
of the Special Rapporteur on the issue of human rights obligations relating to the enjoyment of a safe, clean, healthy and
sustainable environment.
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https://pubmed.ncbi.nlm.nih.gov/24779548/
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2a. Consider a full range of options — Introducing
the Wetland City concept

The project aims to encourage the adoption of a Wetland City concept in Akreiy Ksatr, demonstrating
how to realise hybrid approaches that incorporate NbS within new urban areas.

the floodplain, while building a 215t century city that links and extends Phnom Penh'’s urban areas.
& Open space
ﬁ 77 r’l‘_ ‘ ‘ |
@

This approach recognises that action can be taken at different scales (Figure 7). Further, developing
Nature-based solution interventions at various scales for Areiy Ksatr
o= 4B z2== O 0
Climate resilient buildings
City as corridors

planning and investment across these scales supports the ongoing ecosystem services provided by
Building Neighborhood PRECINCT SUBURB/CATCHMENT Ty
B !‘.::-5"‘.",.‘:- i 450
for natural cooling and T - ‘ s
or natural cooling an =T
renewable energy & ® = .
Multi-functional mixed use development corridor 2
for water cycle management I
preserving floodplain and wetlands

Figure 7: Nature-based solutions at various scales for Akreiy Ksatr

Source: RUCAS project team.

Urban planning in Akreiy Ksatr

Akreiy Ksatr is a new municipality, and currently progressing through Cambodia’s master plan
process:
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Figure 8: Stakeholders in district/municipal land use master planning and land use planning

Source: Ministry of Land Management, Urban Planning and Construction.™

The Land Use Master Plan process comprises 9 steps occurring over approximately 26 months:

Preparations and launch of the district/municipal spatial planning process
Data collection and data management

Situation analysis and envisioning the future

Draft the Land Use Master Plan

Review of Draft Land Use Master Plan by district/municipal stakeholders
Public display

Review of technical report

Identification of priority projects

Approval of the Land Use Master Plan.

CoNO>OhWN =

Figure 9 depicts the master plan for Akreiy Ksatr.

% P Sophal et al. (2016). District and Municipal Land Use Master Plan and Land Use Plan Handbook. Spatial Planning Series
No.3. Phnom Penh: MLMUPC.



https://www.researchgate.net/publication/304894481_District_Municipal_Land_Use_Master_Plan_and_Land_Use_Plan_Handbook
https://www.researchgate.net/publication/304894481_District_Municipal_Land_Use_Master_Plan_and_Land_Use_Plan_Handbook
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Figure 9: Land Use Master Plan for Akreiy Ksatr

Source: Ministry of Land Management, Urban Planning and Construction.?°

At the invitation of the Ministry of Land Management, Urban Planning and Construction (MLMUPC),
RUCaS and Ministry teams have been reviewing the planning processes to incorporate economic
assessment throughout the 9-step process. The aim is to facilitate more informed decision making by
considering benefits and costs of different planning options, including incorporating NbS and hybrid
solutions.

Green spaces are important as biodiversity havens in cities, connecting people with nature and
providing important ecosystem services such as pollination by native insects, and providing food for
humans and other animals.2" Exposure to nature provides mental and physical health benefits and
creates an understanding of the value of the natural world. A study across 9 megacities in East and
Southeast Asia found that frequent visits to natural places in urban neighbourhoods was associated
with increased familiarity with urban wildlife (such as caterpillars and butterflies), and increased
connectedness to nature.?? For those in urban areas, the nature they interact with is usually in parks,
however, their unequal distribution based on socioeconomics, means many city dwellers are under-
served, raising questions of social justice. In this context, access to the river, wetlands and floodplains
provides important access to nature and its economic and livelihood values.

A range of measures are proven to enhance urban biodiversity. These include expanding natural
habitats, strengthening connectivity, rewilding the urban matrix, planting native species, protecting
Key Biodiversity Areas, and adopting wildlife-friendly management practices. Fostering compact
integrated development, conducive to ‘liveable density’, can help to curb urban sprawl thereby
averting the loss of hinterland habitat. Land use planning and zoning can help to steer unavoidable
urbanisation well clear of critical natural assets while biodiversity credit or offsetting schemes can help
to exact net gains from development projects.23

20 P Sophal et al. (2016). District and Municipal Land Use Master Plan and Land Use Plan Handbook. Spatial Planning Series
No.3. Phnom Penh: MLMUPC.

2 Asia-Pacific Network for Global Change Research (nd). Urban Biodiversity and Human Wellbeing in Asia’s Megacities. Kobe.
2V-C Lim et al. (2022). ‘Familiarity with, perceptions of and attitudes toward butterflies of urban park users in megacities
across East and Southeast Asia’. Royal Society Open Science, 9(11): 220161

2 JUCN Urban Alliance (2021). Cities and Nature: the Issues. Switzerland.



https://www.researchgate.net/publication/304894481_District_Municipal_Land_Use_Master_Plan_and_Land_Use_Plan_Handbook
https://www.researchgate.net/publication/304894481_District_Municipal_Land_Use_Master_Plan_and_Land_Use_Plan_Handbook
https://www.apn-gcr.org/project/urban-biodiversity-and-human-well-being-in-asias-megacities/
https://pubmed.ncbi.nlm.nih.gov/36405642/
https://pubmed.ncbi.nlm.nih.gov/36405642/
https://iucnurbanalliance.org/cities-and-biodiversity-the-issues/
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To date, ad hoc construction within Akreiy Ksatr (largely by private developers) has not incorporated
NbS, exposing new areas to urban heat, exacerbating flooding during the wet season, and reducing
the availability of water resources for domestic and agricultural use in the dry season.

The Wetland City

The Wetland City approach integrates urban activities with natural processes and seasonal changes
in the wetland and floodplain environment, to retain the flood and drought mitigation properties of the
surrounding topology and to pioneer an approach to reducing other linked issues found in cities
across the Mekong. It stresses the importance of floodplain ecology to Akreiy Ksatr, and the
connection between forested areas, the river, floodplain, agricultural production and economy, and
preservation and value of associated biodiversity.

Wetland environments are one of the most under-represented protected areas, and across the globe
we have lost more than 35% of these diverse habitats in the last 50 years.?* Intact wetlands store
carbon, regulate the water cycle, support 40% of the world’s biodiversity, and provide important
habitat for people and nature. Protecting wetlands, rather than infilling, allows governments to
respond to climate change by including them within national targets and plans such as the National
Biodiversity Strategies and Action Plans (NBSAPs) and national targets. For Cambodia — where
wetlands already play a key role in economies, food security, eco-tourism and cultural preservation —
this new city is an important opportunity to realise multiple outcomes for climate, biodiversity and
economic growth targets.

The Kunming-Montreal Global Biodiversity Framework (KM-GBF) recognises wetlands in the following
ways, relevant to the Akreiy Ksatr municipal development:

e Target 8 on climate: NBSAPs should include wetlands as premium NbS, or ecosystem-based
approaches, critical to climate resilience, adaptation and mitigation; the role of wetlands in
disaster risk reduction (DRR); and actions to minimise negative impacts of climate action on
wetland ecosystems and biodiversity.

e Target 10 on productive land: NBSAPs should recognise wetlands as productive systems and
should include sectoral policy interventions and other policy actions to shift to sustainable
agriculture, forestry and fisheries management designed to protect and restore wetlands.

e Target 11 on ecosystem services: NBSAPs should include wetlands for their provision of
ecosystem functions and services, protection from disasters, and as an effective NbS.

e Target 12 on urban green and blue space: NBSAPs should include ambitious plans for urban
wetlands including through the Wetland City Accreditation scheme.

How Wetland City concepts can be applied in Akreiy Ksatr

As noted above, Wetland City concepts can be applied at a range of scales. For example, it can be
applied at the city and suburb/catchment scales, using cities as corridors for water, and preserving
floodplains and wetlands. By incorporating a cut-and-fill approach that works with the wetlands and
water bodies, it is possible to elevate the development corridor above the natural surface so
infrastructure such as roads, houses and businesses are high enough to significantly reduce the risk
of severe flooding. The ‘cut’ lowers sections of the floodplain and wetland levels below the natural
surface in some areas, increasing potential storage capacity during the wet season — but also
retaining flows in and out of the area (Figure 10).

24 Wetlands International (nd). Wetlands.
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Figure 10: A cross section of how the Wetland City concept might look in Akriey Ksatr

Source: RUCasS project team.

It can be applied at the suburb/catchment and neighbourhood levels to create multifunctional mixed
use development corridors. In Akreiy Ksatr, a terraced step on either side of the development corridor
can be created, linking the floodplain and the infrastructure. This terraced area can be used for stilt-
supported housing and buildings at the highest point, moving down and including space for crops,
food forests, agriculture, as well as incorporating flooded forest habitats, and finally the wetland itself
(Figure 11). The frequency of flooding increases as steps get lower.

ROAD HOUSING FOOD FOREST SWAMP FOREST | WETLAND
? + +
FOOD GARDEN AGRIC-AQUACULTURE

Figure 11: The terraced step down linking the development corridor and wetland area

Source: RUCasS project team.

This approach:

recognises the annual flooding ecosystems and socio-environmental values of the area
accommodates seasonal fluctuations in water levels

allows for a range of land uses, maximising the potential for diversity of habitats and crops
reduces impervious urban areas, minimising the urban heat affect

protects the environment, lives and property throughout the year.
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It also allows for water recycling. Treated greywater from households can support productive
landscapes such as vegetable gardens. Stormwater from roads collected in vegetated swales can
drop into pits at regular intervals to transverse through residential land before diffusing into the food
forest as passive irrigation.

Figure 12 illustrates how the concept can be applied.

COMMERCIAL | SWAMP FOREST { WETLAND | OPEN | WETLAND SWAMP FOREST {  COMMERCIAL
/RESIDENTIAL ; DRAINAGE {  /RESIDENTIAL

|PERMANENT
| DRAINAGE

NEVER INFREQUENTLY | waTER INFREQUENTLY NEVER
FL:;);ED | FLOODED AREA ™~ FLOODED AREA FL::;ED
FLOODED AREA *

Figure 12: An example of how the concept could be adapted depending on intended usage

Source: RUCasS project team.

Wetland City concepts can also be applied at the neighbourhood and building level, to create climate
resilient buildings for natural cooling and renewable energy. This was the scale chosen as the focus
for this case study. The remainder of the case study outlines:

selecting the site — described in the next section
identifying proposed interventions — chapter 2b
identifying and valuing benefits and costs — chapter 3
comparing and evaluating options — chapter 4.

Case study site selection

RUCaS reviewed several sites across the new municipality to better understand the context, including
climate vulnerability, public and private land use, existing efforts to work with and enhance the
floodplain environment, and development trends and pressures on the wider area. Visits with
Municipal and Ministry officers, and self-guided visits, considered features such as:

roads and transportation, including ferries

public lands and waterways

private lands

wetland areas that are permanently water

ephemeral wetlands and agricultural land that is seasonal

river, riverbanks and riparian zones

public built environment and services including schools, temples, parks
recreational and visitor use infrastructure

businesses related to the above places and contexts.
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These visits highlighted some of the issues affecting Akreiy Ksatr’s planning and development,
illustrated via the following examples:

e The Wat Svay Chrum pagoda, temple and primary school has plans to expand over Road 380
towards the river, to provide a new school and teaching complex. The land claimed by the
temple for the new school is contested by local farmers and landholders. The case is before
the courts.

e The Pagoda Wat Pich Mkot sits on 11 ha of largely forested land, surrounded by orchards
and paddy fields. The extensive grounds have been purchased to create a natural haven, and
are being replanted, to generate natural habitat as a community asset, to improve biodiversity
and to create space for meditation and Buddhist practice. The monks are also creating a
wetland pond to add aquatic habitat for birds and fish, store water from wet season flows and
provide water to maintain the forest.

¢ National Road 380 is a main road running through Akreiy Ksatr, linking the municipality with
Phnom Penh and surrounded by urban areas. Linked directly to the new bridge landing, a
significant upgrade to widen the road from 10 m to 40 m will affect surrounding businesses,
houses and public buildings.

e Private Road 7NG, originally a private road built to service a large factory complex to the
north east of the province?’,, is being upgraded to a larger public road, to connect Akreiy
Ksatr to neighbouring provinces. Cutting across the floodplain, this upgrade must consider
how to expand the built environment, while working with and preserving the functions of the
wetland and agricultural ecosystems and land use.

e Privately owned wetlands and agricultural lands are used for agriculture and horticulture,
mostly fruit trees and rice. Lower lying areas are used to grow lotus and for fishing (which is
conducted throughout the year). Large areas have been sold to developers. Business-as-
usual practice would see these areas infilled with sand and built on — reducing floodplain and
wetland areas and constricting or cutting off natural flows.

e Prek Loung is a typical Akreiy Ksatr community. The village extends along the Mekong and
Road 380, and is the likely landfall of the new bridge. The town centre includes a major
pagoda, businesses and a market, and health clinic and a high school.

Appendix 2 provides more detail about these locations and the pressures they face.

The Prek Loung High School was chosen as the site for the case study, to demonstrate how building
scale developments can incorporate NbS. Developing ideas at this scale models and showcases
technologies and approaches that have wider potential and applicability. Choosing a site in a high
profile, easy access location that links with other public buildings and services provides a logical
exemplar for learning and exposure.

%S Heng (2014). ‘In rural Kandal Province, an industrial hub rises’. The Cambodia Daily.
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Prek Loung High School

Prek Loung High School has a growing student population, currently numbering 1,500 students (832
girls and 668 boys). It contains 4 single-storey buildings and one multi-storey building, which are used
for teaching. A number of unused older buildings are earmarked for demolition and upgrade.

Figure 13: A single-storey classroom building in the Prek Loung High School compound

Source: RUCasS project team.

One side of the campus is bordered by a small access road next to a creek that floods during the wet
season, with a number of houses and shops built over it on stilts. Road 380, which runs past the front
entrance, is earmarked for significant expansion. A major temple is located on the far side of the
creek, which together with a health clinic to the south, provide important public services and public
space for the community.

Figure 14: One of the buildings to be demolished in Prek Loung High School

Source: RUCaS project team.
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The current state of the campus makes for a poor-quality learning environment for the students. Much
of the space is underused. It is widely exposed to the sun, making it unusable for recreation for most
of the day. There are few trees, and many of the buildings lack ventilation and air conditioning, and
some have metal sheeting roofs, which intensifies the heat during the day and limits any respite.
Toilet and washroom facilities are inadequate and of a poor standard.

Figure 15: An example of the toilet facilities at the school

Source: RUCaS project team.



Akreiy Ksatr Wetland City — Phnom Penh, Cambodia — Case Study Report 22

2b. Consider a full range of options — Applying the
Wetland City concept

The case study considered the benefits and costs of renovating the school building in line with the
Wetland City concept, relative to a ‘do nothing’ scenario over 20 years. The design incorporated the
following NbS typologies (Figure 16 and Figure 17):

a green roof

a sunken and terraced garden

an external green facade

geothermal ventilation

rainwater tanks

solar energy systems for pumping water

a rainwater harvesting system

an L-shaped design to provide more shade
additional accessible toilets and washrooms.

It also considers GEDSI elements including:

improving access to education and advancing environmental awareness within a public
school context

bringing principles of gendered transformative urban planning to the school site — recognising
women and girl students as a specific stakeholder group, experts on where they live and go to
school, and incorporating feminist design principles

using participatory processes to prioritise and design targeted responses to existing inequities
in resources and facilities

providing sufficiently wide access for wheelchair users with stoppers and guard rails

providing universal access ramps.

The project concept demonstrates the multiple benefits of NbS:

contributing to localised water management on site, and reducing vulnerability to flooding
solving 2 of the major problems at the school — capacity and heat — within one building
beautifying and greening the compound, adding diverse urban ecology

applying the Wetland City concept at a local scale to model what is possible in other locations
generating capacity for more open green space, by combining infrastructure into one building,
and removing redundant buildings on the riverside of the campus.



The vision of this case study is to implement

a wetland city approach to urban planning

In Akreiy Ksatr City, where urban design adapts
to the location of the municipality on the

banks of the mekong river.
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Figure 16: Design concept for the school building

Source: RUCaS project team.
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Figure 17: Expanded design concept for the school building

Source: RUCasS project team.
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3. Identify and value costs and benefits

Benefits

Table 1 summarises the present value of benefits for Option A relative to a ‘do nothing scenario’ over
20 years. The case study considered 4 key benefits of the project:

e improved amenity
e heat mitigation for students
e nature education

¢ heat mitigation for staff.

Table 1: Total present value of benefits over 20 years

Benefit Present value of benefits ($US)

Improved amenity 3,704,459
Heat mitigation — students 2,568,020
Nature education 140,782
Heat mitigation — staff 923
Total 6,414,184

Source: RUCasS project team.

Because this is a preliminary study, the project team were not able to survey people in the area. As a
result, research from other places was identified and adapted to estimate the value of improved
amenity, heat reduction and nature education benefits:

e We used a study from the United States to estimate the improvements in learning for students
from mitigating heat in classrooms.

e We used a study from China on how access to schools affects housing prices to estimate the
improved amenity associated with having a more attractive school campus close by.

e We used a Singapore study on people’s willingness to pay for nature education to estimate
the benefits of incorporating NbS principles into the curriculum.

o We used a study from Sinapore on people’s willingness to pay for a reduction in temperature
to estimate the urban heat benefits for school staff.

In all cases, estimates accounted for inflation, differences in purchasing power in different countries
and the smaller size of our proposed green space.

Our assumptions about the distribution of benefits suggested surrounding communities would be the
largest beneficiaries (accounting for 58% of the total), reflecting the improved amenity benefits of the
proposed interventions. School students and staff accounted for 38% of benefits (heat mitigation and
nature education), while the Akreiy Ksatr Municipal Government accounted for the remaining 4%.

The indicative nature of the benefit calculations highlight the importance of sensitivity testing
(presented below) and further surveying local communities before moving to implementation. A pilot
project involving community co-design and surveys would be a valuable next step.
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Maintenance

Maintenance costs may
include:

Amenity
maintenance and
replacement costs
Garden maintenance
Pipes and pumps
maintenance

Other direct
and indirect
costs

Example costs:
e N/A

facades ® Smart systems
e Rainwater harvesting maintenance
system

e Solar panels

e Accessible design (e.g.
ramp and rail)

e GEDSI amenities (e.g.
additional toilets)

The present value of costs of the proposed interventions was $US 2.7 million, with construction and
maintenance costs for the buildings accounting for almost three-quarters of all costs (73%). Site
preparation, landscaping and excess burden2® accounted for 6%, 4% and 17% respectively. The
analysis assumed the Akreiy Ksatr Municipal Government bore all costs related with the proposed
interventions.

We estimated this preliminary cost using local unit costs wherever available and international
benchmarks where Cambodian data could not be identified.

% The excess burden of taxation is the cost to society of collecting taxation to spend on the project. For this case study, excess
burden was estimated to be $US 448,449.
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4. Compare and evaluate options

Preliminary BCA findings

This case study aimed to illustrate how NbS could be applied to a local scale project in Akreiy Ksatr.
The costs and benefits of application to Prek Loung High School were estimated as a small-scale
illustration that could be upscaled across the city.

Our BCA used a discount rate of 4% (equal to the Cambodian 10-year government bond rate at the
time of the analysis). We estimated all economic values over 20 years and converted them to $US.

Based on the assumptions listed above, the analysis revealed the benefits of application to Prek
Loung High School would outweigh the costs over a 20 year period, generating a net present value of
$US 3.7 million (i.e. the present value of benefits less the present value of costs). Put another way,
every $US 1 of costs was found to generate $US 2.4 in benefits (i.e. benefit—cost ratio (BCR) of 2.4)
(Table 2).

Table 2: Summary of BCA analysis findings for Option A

Option A
Net present value (NPV) $3,723,489
Benefit—cost ratio (BCR) 2.38

Source: RUCasS project team.

Figure 18 shows the distribution of net benefits over time.
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Figure 18: Cumulative net benefits over time ($US)

Source: RUCaS project team.
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Given this preliminary analysis was based on several strong assumptions relating to the magnitude
and timing of costs and benefits, we relaxed these assumptions through sensitivity testing to
understand how robust the results are:

e We varied the discount rate, applying rates of 2% and 6% with the benefits remaining greater
than the costs.

¢ We raised and lowered all costs and benefit estimates by 30%, and used the Monte Carlo
function of the INFFEWS BCA Tool to simulate 1,000 combinations of the costs and benefits.
This testing suggested the most likely outcome of the BCA was between 1.6 and 2.5, and
there was at least a 74% chance that the actual result was greater than 1.6.

The sensitivity analysis suggests the following factors require further investigation:

e Broader consultation is needed to refine the concept design to reflect the priorities of school
students and staff and surrounding households, and to confirm their views on resulting
benefits.

e Cost must be further refined, ideally through a project pilot.

This case study has aimed to illustrate how NbS could be applied to Akreiy Ksatr using Prek Loung
High School as an example. These concepts could be applied to other types of buildings. Further, we
have also considered the collective value of a group of NbS (green roof, rainwater tanks, etc). It would
also be useful to understand the contribution of individual elements and how they might be applied to
different types of buildings in Akreiy Ksatr.

An important note on applying BCA

BCA is a good way of summarising the information available and identify areas for further
investigation. The next step is to use the information from various sources to make an inclusive and
informed decision about the appropriate options for applying NbS to a specific site. Such
assessments are best done by drawing in perspectives and expertise from a range of disciplines,
stakeholder groups and affected communities. BCA is only one tool. And while it can consider costs
and benefits for small stakeholder groups — such as peoples with disability — their rights and interests
may be lost, forgotten or masked over by a larger or more powerful population group.

For this reason, decision makers should make special effort to engage and involve those who are
vulnerable or directly impacted by the project — considering overlapping forms of vulnerability and
marginalisation experienced often by women, peoples with disability and those at the margins of
society such as without land or resource tenure, or people who will have to resettle as a result of the
project or its operations. Inclusive approaches to early-stage feasibility, options identification and
impact assessment can ensure the views of these groups are considered early in the project cycle, so
the options developed are more likely to respond to their needs and rights.
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5. Identify funding and financing

Funding for the project may be secured from a combination of government programs, international
development assistance, public—private sector investment and innovative financing mechanisms.

Public funding
Green growth investment

Cambodia has allocated public funding to initiatives that support green growth and NbS. The most
relevant is the Cambodia Climate Change Alliance (CCCA). Funded by the government and
international donors, the CCCA supports projects that enhance climate resilience and promote
sustainable development. It provides grants and technical assistance for initiatives such as
reforestation, sustainable agriculture and community-based adaptation. The CCCA has been active
since 2010, and is currently in its third phase (2019-2024).27

Infrastructure investment

The Law on Roads (2014) aims to manage and develop Cambodia's road infrastructure and ensure
traffic safety. The Ministry of Public Works and Transport (MPWT) oversees expressways, national
roads, provincial roads and other assigned roads. As a provincial road, Road 380, which runs along
the front of the school, is overseen by the Department of Public Works and Transport of Kandal
Province.

Authorities must budget for road development and maintenance annually, funded by the national
budget, donor cooperation, private sector contributions, donations, profits from road sector
investments, fines and other legal revenues. The project can tap into the public funding allocated to
MPWT for sustainable drainage systems and green public spaces. MPWT had the second-highest
climate expenditure (21%, 529.8 billion KHR) in 2022, a 13% drop from the expenditure in 2021
(Figure 19).

Climate expenditure per ministry
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Figure 19: Climate expenditure per ministry in 2022

Source: Ministry of Economy and Finance 2022.%8

27 The National Council for Sustainable Development (2019). Programs on Climate Change. Phnom Penh.
2 Ministry of Economy and Finance (2022). Cambodia Climate Public Expenditure Review. Phnom Penh.



https://ncsd.moe.gov.kh/dcc/program/cambodia-climate-change-alliance-ccca
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Sub-national funding

The Akreiy Ksatr Municipal Government could fund this project through its local development budget.
Budgets for capital/province and district/municipal levels are allocated at 1% of the current national
revenue, with 76% designated for administrative purposes and only 24% for development projects. By
contrast, commune/sangkat funds are allocated at 2.8% of the previous year's approved annual
national budget, with one-third of these funds earmarked for administrative use.?®

International development agencies and bilateral donors

International development agencies and bilateral donors are key sources of funding for climate
change and NbS projects.30 External funding for climate change in Cambodia is rising, with most
coming from the ADB, World Bank, France, Japan and China (Figure 20).
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Figure 20: Internal and external funding sources

Source: Ministry of Economy and Finance 2022.37

Public—private partnerships (PPPs)

The unique nature of the project and opportunities to demonstrate NbS at a building scale may
provide incentives for some private companies to assist the local government in funding the project.

Innovative financing mechanisms
Innovative financing mechanisms can also fund NbS in urban areas:

e green bonds — to raise capital specifically for environmentally sustainable urban projects

e philanthropic climate, environmental and cultural funding — leverage matching funding
from government and stimulate other investments from the private sector or multilateral
agencies

e crowdfunding — using online platforms to raise funds from individuals and organisations
interested in supporting urban green initiatives

e environmental impact bonds — performance-based bonds that link returns to achieving
specific environmental outcomes.

2 GGGI (2021). Strategic Green Growth Development 2020-2030 for Secondary Cities. Seoul.

30 World Resources Institute (2021). Public International Funding of Nature-Based Solutions for Adaptation: A Landscape
Assessment. Washington DC.

3! Ministry of Economy and Finance (2022). Cambodia Climate Public Expenditure Review. Phnom Penh.



https://gggi.org/wp-content/uploads/2022/06/EXE_GGGI_7_SECONDARY_CITIES_ENG_7_Digital.pdf
https://nbsbenefitsexplorer.net/Repository/DownloadFile?fileName=Reports%2FWRI_public-international-funding-nature-based-solutions-adaptation_2021.pdf
https://nbsbenefitsexplorer.net/Repository/DownloadFile?fileName=Reports%2FWRI_public-international-funding-nature-based-solutions-adaptation_2021.pdf
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6. Upscaling and potential next steps /
recommendations

Variations on the Wetland City design are possible depending on the intended use of the area. For
example, commercial areas could apply a corridor-within-corridor concept, using a linear
multifunctional green and blue corridor as a central spine open space sandwiched by roads. Terraced
platforms to accommodate various commercial and recreational activities could be used based on
flood risks, and a series of walkways or paths could be built to take in distinctive viewpoints.

Relevant vision, strategies and policies to support urban NbS

Given its vulnerability to the impacts of climate change, Cambodia has committed to address this
challenge on both a national and international scale. Since 2017, the Cambodian Ministry of Economy
and Finance has provided climate change guidance to other government departments, and major
government ministries now prioritise and fund climate change and environmental projects via annual
budgets.32

Further, the National Biodiversity Strategy and Action Plan commits to using NbS to improve and
maintain biodiversity.33 This policy framework could be leveraged to upscale proposals and NbS
methodologies such as the ones outlined in this case study to other locations, and encourage a wider
adoption of NbS measures. Combined with climate financing in government department budgets,
government policy presents opportunities to replicate and adopt NbS at a local (provincial) level.

The National Council for Sustainable Development coordinates climate change response and
investment, working through 36 national ministries and provincial governments. It develops policy,
legislation and plans for investment in sustainable and environmentally friendly development working
through 6 pillars. These pillars include advancing a green economy that sustains environmental
integrity and biodiversity and addresses climate change through developing Cambodia as a low
carbon economic society and promoting climate resilience. The 2023-2028 Circular Strategy for the
environment includes a focus on urban development and modernisation of Cambodia’s cities while
ensuring safety, environmental sustainability and wellbeing for living.34

There was no official spatial development plan for Akreiy Ksatr before 2022 when the master planning
process began with the designation of the new city, which was endorsed by the national government.
This plan remains in development and under consultation. The plan displays the spatial plan for
Akreiy Ksatr's medium-term future, identifying specific land use zones (e.g. agricultural, residential,
administrative). Each zone type will have accompanying regulations for building development,
promoting various relevant urban development strategies. This remains the most up-to-date strategy
available.

Relevant enabling laws to support NbS

Currently, legislation and regulation in Cambodia does not provide legal or financial incentives to
encourage developers to include NbS. Legislation recognises the importance of natural resources and
green space, and protects areas of natural importance, although enforcement is often difficult.35
Several policy documents mention NbS concepts in relation to urban planning, but their use is not
mandated.

Increasingly, the public sector recognises the benefits of NbS in urban planning, evidenced through
economic tools such as BCA (e.g. RUCaS training on BCA for national authorities in Phnom Penh in
March 2024). Consequently, efforts to include features such as trees and green walls in projects
funded by local government are increasing. Anecdotal evidence indicates Battambang officials are
encouraging all Battambang residents to plant a tree. By contrast, a focus on costs has precluded
private sector firms from considering NbS options, as evidenced by the infilling of wetland areas
around Phnom Penh in recent years.

32 Ministry of Economy and Finance (2022). Cambodia Climate Public Expenditure Review. Phnom Penh.

33 ASEAN (2022). Study on Nature-based Solutions (NbS) in ASEAN. Jakarta.

34 National Council for Sustainable Development (2023). Circular Strateqy on Environment 2023—2028. Phnom Penh: MoE.
% H Demyk (2021).Nature based Solutions for Flood Risk Reduction. Barriers and Opportunities for Implementation.
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Choosing between options

Guidelines relating to infrastructure and drainage do not include NbS, a significant legal and policy
gap. The Road Law? and its associated secondary regulations, the Road Design Standard (CAM
PW.03.101.99)% and the non-mandatory guidelines on drainage, do not require a BCA to compare
options and inform decision making.

However, the Road Law does provide scope to include NbS under Article 10:

the competent authorities of road management [must] develop a road masterplan
development, project design and prioritize projects for road construction, rehabilitation,
improvement, upgrading, expansion, and maintenance as well as for other roads
infrastructure development activities to propose the approval from the Royal Government.

With a road management master plan (similar to the master plan prepared for Akreiy Ksatr city), NbS
concepts and green infrastructure could be included to reduce the negative impacts of the road
network, at both a national and provincial scale.

Updates to the secondary legislation and guidance to include BCA would provide tangible measures
of the benefits on including NbS in road infrastructure, and provide a legislative framework to
encourage uptake of NbS by the private sector.

Moving towards implementation and operation (technical and financial)

Akreiy Ksatr and Phnom Penh have the capacity to build the proposed infrastructure. The relatively
simple and low-tech design of the new building for Prek Loung High School integrates NbS into
traditional urban design, which means project design and construction can be delivered by
Cambodian companies and individuals (e.g. architecture, engineering, project management).

However, difficulties may arise when engaging with local stakeholders who oppose the plans, despite
a wider understanding of project aims. Studies in Cambodia confirm strong community interest and
awareness of urban green investment, particularly the benefits of NbS incorporating trees and
flowers.3 Communities are also aware of green infrastructure like green roofs and walls, and
rainwater harvesting, and recognise the benefits, such as reduced urban heat, lower levels of
pollution and better living environments both indoors and outdoors. Encouragingly, stakeholders from
different groups (private business owners, resident, government officials) all presented similar positive
views and understanding of the benefits of NbS. In addition, research on the use of parks as
communal green spaces reported that over 80% of residents in a housing project with a park visit it, in
addition to external residents, and all report higher levels of satisfaction.3°

To date, community engagement in Akreiy Ksatr for this case study included consultation with
relevant provincial line agencies, national government representatives and school management staff.
Upscaling would require engaging with local residents, school staff and students, to understand their
views and experience of the school compound and how the proposed options would impact them.

3% Kingdom of Cambodia (2014). Law on Road. Phnom Penh.

37 Ministry of Public Works and Transport (1999). Road Design Standard: Part1 Geometry. Phnom Penh.

3% Cambodia Climate Change Alliance (2022). Cambodia Resilient Urban Green Infrastructure Economic and Policy Analysis
Study. Phnom Penh.

39S Phou and N Shima (2022). ‘The Challenges of Improving the Residents’ Use of Parks in the Private Sector-Led Suburban
Neighbourhood in the Rapidly Developing Countries: The Case of Phnom Penh Metropolitan Area, Cambodia’. Urban and
Regional Planning Review, 9: 185-199.



https://www.sustinatgreen.com/uploads/document/Road-Law-in-english.pdf
https://kotaroseng.wordpress.com/wp-content/uploads/2009/09/3-road_design.pdf
https://ncsd.moe.gov.kh/dcc/resources/document/MEF/Final/Report/Cambodia/Resilient/Urban-Green-Infrastructure-Economic-and-Policy-Analysis-Study
https://ncsd.moe.gov.kh/dcc/resources/document/MEF/Final/Report/Cambodia/Resilient/Urban-Green-Infrastructure-Economic-and-Policy-Analysis-Study
https://www.jstage.jst.go.jp/article/urpr/9/0/9_185/_pdf
https://www.jstage.jst.go.jp/article/urpr/9/0/9_185/_pdf
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Box 1 Participatory design

Participatory design approaches involve working with experts, local communities and representatives
from target groups — women and children, elderly people, peoples with disability and residents of
informal settlements. Applying participatory design from early stages of site and options assessment
increases opportunities to create spaces that deliver outcomes that do no harm, and have amenities and
services that advance equity and inclusion. Involving these groups early in risk assessments and ESIA
(environmental and social impact assessment) processes can help identify the needs, rights and
interests of local communities, better informing options development that respond to their context, needs
and priorities.
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Appendix 1: Case study methodology

Each case study follows the 5-step process for identifying, valuing and choosing an appropriate mix of
interventions for a particular context.4?

o Define your urban system context

= What are the objectives and functions of the urban area of focus
from a hydrologic, social, environmental and economic
perspective?

» Define GEDSI characteristics, interests and rights for the area of
focus

Considerations:

» How do these objectives and functions interact with wider
catchment and regional factors?

» Assess climate vulnerability and degree to which the objectives
of the urban system is are impacted by different types of climate
hazards.

L —— « Identify a selection of context-appropriate management
Considerations: interventions/options, based on the three-tiered strategy:
prepare, respond, recover

* Consider full spectrum of green, grey and blue interventions
as well as non-structural solutions

+ Identify GEDSI interests/needs in each option.

R EOE------SS * The direct and indirect benefits, costs and risks of

Considerations: different options need to be identified and quantified

= Consider the distribution of benefits, costs and risks across
time, stakeholders and location — including a particular
focus on vulnerable population groups identified through
your earlier GEDSI analysis.

° Evaluate and compare options

* Benefit cost analysis provides a rigorous method to compare
different options

Considerations:
* Sensitivity testing and transparent assumptions build

understanding and support better decisions

* Distributional impacts for both benefits and costs are important
considerations.

= Independent or peer review and participatory processes
enhance confidence in options assessments

— = Once you have selected the optimal mix of interventions,

Considerations: principles for fair and efficient financing options need to be
identified and options assessed.

40 The Integrated Urban Climate Management (IUCM) framework extends the Integrated Urban Flood Management framework
developed with the World Bank and applied in China: M Wishart, T Wong, B Furmage, X Liao, D Pannell and J Wang (2021).
The Gray, Green, Blue Continuum: Valuing the benefits of nature-based solutions. Washington DC: World Bank.
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https://openknowledge.worldbank.org/handle/10986/35687
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Appendix 2: Case study sites considered

The team considered several locations for the case study.

Pagodas

Wat Svay Chrum fronts Road 380 and includes a pagoda, temple complex and primary school. A
significant play area (football field) at the back is bordered by large trees, before merging into
surrounding paddy fields. The pagoda plans to expand across the road towards the river, building a
new school and teaching complex separated from the temple and living quarters. Architectural plans
for the school are prominently displayed on the road corner. However, the land claimed by the temple
for the new school is contested by local farmers and landholders. We were informed that the case is
before the courts.

Pagoda Wat Pich Mkot (Wat Ta Kot) is on 11 hectares of largely forested land, surrounded by
orchards and paddy fields. Borey Villa Toul Sangke Akreiy Ksatr has been constructed to the back of
the property. The temple building footprint is small, with only around 10 monks living on site. The
modest temple structures are located towards the front and centre of the site. Over the past 20 years,
the head monk has been gradually purchasing surrounding blocks of land to extend the forested
pagoda grounds. The extensive grounds are being replanted, in a rewilding process to generate
natural habitat as a wildlife haven and community asset, to improve biodiversity, and to create space
for meditation and Buddhist practice.

Raised pathways above the wet season water levels generally allow monks and other visitors to
engage with the grounds, the meditation buildings and structures, and the forest natural environment.
The monks are also creating a large lake to function as a wetland pond to add aquatic habitat for birds
and fish. The lake will store water from wet season flows, and provide water to maintain the forest and
temple. It is located to the back of the property bordering fringe plantings and agricultural lands.

Roadways and transportation

National Road 380 is one of the main roads running through Akreiy Ksatr linking the ferries and the
wider province. The main urban areas are located around this road. It is used as the main transport
corridor to and from Phnom Penh. It is planned for significant expansion and upgrade. Currently it is
approximately 10 m wide, and slated to be upgraded to a 40 m wide thoroughfare. This will impact
surrounding business, houses and public buildings.

This road would also be the main road to connect through to the planned new bridge across the
Mekong from Phnom Penh.

Private Road 7NG is an example of a private road that is being upgraded to a larger public road, to
connect Akreiy Ksatr to neighbouring provinces to the west and north. The planned upgrade must
consider how to expand the built environment, while working with and preserving the functions of the
wetland and agricultural ecosystems and land use.

Initially constructed by the development company 7NG to service a factory complex to the north east
of the province, Road 7NG, intersects the floodplain and provides access into the floodplain and
wetland area for agriculture. It is a major thoroughfare for recreational use, with many small and larger
businesses operating drinks stations, restaurants and viewing platforms over the wetland and
floodplains. These are used by cyclists, day trippers and tourists and Phnom Penh residents who
come in buses and cars. It also brings produce to the ferries and into Phnom Penh.

It is bitumen and most sections are raised on a dyke around 5 m above the floodplain. In sections,
culverts allow waters (and fish) to move between north and south. Several low section floodways
submerge during big floods.
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Privately owned wetlands and agricultural lands

Throughout the new municipal area, large tracts of land are used for agriculture and horticulture,
mostly fruit trees and rice. Lower lying areas are used to grow lotus and for fishing (which is
conducted throughout the year). Many of the people farming and fishing do not own the land and work
as labourers, with the landowners living elsewhere, such as in Phnom Penh. Municipal authorities
reported large areas of public and private lands have been sold , or promised, to developers. Early
plans identified the old creek line connected to the Mekong to the north of Akreiy Ksatr to be dredged
and expanded as a permanent water storage for the new municipality. The dredged soils and
sediments would then be used to infill low lying areas and wetlands to the south. Business-as-usual
practice would see these infilled areas of sand built on — reducing wetland area and constricting or
cutting off natural flows.

Some permanent lakes and wetlands in the south east of the area will be retained as a public asset
with some protected area status.

Public institutions

Prek Loung is a typical Akreiy Ksatr community. The village extends along the Mekong and Road 380.
It sits across the river from Silk Island, and is the likely landfall of the new bridge. The town centre
includes a major pagoda, high school, health clinic and market. Businesses are mixed, including
agricultural suppliers, hardware and machinery workshops.
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