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1. Summary 
The Angkor World Heritage Area (AWHA) includes human heritage of outstanding universal value. Effective 
management of the site, through enhancement of traditional water management system, results in: 

• Livelihood development through increased ground and reservoir water supplies; 
• Climate adaptation, through averting flooding, maximising tourism opportunities and minimising 

downstream impacts on Siem Reap township; 
• Food security, through groundwater levels that support fruit trees and agricultural production; and 
• The wonder that is the Angkor complex, a universal heritage value.  

The Angkor Community Heritage and Economic Advancement project (ACHA) is a collaboration between the 
Apsara National Authority and the New Zealand government to deliver activities that enhance these benefits. 
This report provides a rapid assessment of the economic benefits arising from the project. 
 
We developed an ecosystem-services based framework to assess the economic benefits derived over the 
course of the project, and projected to 2023 – a 10-year benefit time horizon. We considered benefit 
attribution to the ACHA project at two levels to provide a value range. We focus primarily on direct benefits 
derived within the area, and from water management to Siem Reap township. Limited data prevented us from 
assessing a full suite of benefits (e.g. biodiversity, research). 
 
We estimate value ($USD) to include: 

• Cultural service benefits. Benefits derived from the existence of the site. 
Project timeframe: $1,850,000-$3,700,000  

2023 time horizon: $11,101,500 – $22,203,000 
• Provisioning services. Livelihood improvements from improved water management.  

Project timeframe: $1,117,258 – $2,234,517 
2023 time horizon: $6,703,551 – $13,407,103 

• Provisioning services. Tourism benefits within the AWHA area itself, with mitigated flooding. 
Project timeframe: $3,240,000 – $3,780,000 

2023 time horizon: $19,440,000 – $22,680,000 
• Regulating services. Flood protection for Siem Reap township (located downstream from the AWHA). 

Project timeframe: $3,292,800 – $3,704,000 
2023 time horizon: $19,756,800 – $22,226,400   

 
Total economic benefits derived from this project are in the range of $9,500,308 - $13,419,417. Scaled to a 
2023-time horizon, benefits are projected to be in the magnitude of $52,484,104 - $71,481,007. We consider 
these values to be a conservative estimate, but they are influenced by data limitations, model variable value 
selection, and attribution values. They represent a benefit to cost ratio in the range of 4.17-5.67. This is in the 
upper range of South-East Asian studies, and significantly higher than studies in other post-conflict nations. 
 
Additional non-economic benefits include food security (higher than comparable regions within Cambodia), 
pagoda revitalisation, heritage appreciation, and emigrant attraction. Watershed management has also 
enabled household livelihood diversification beyond traditional rice and tourism services.  
 
The ACHA project has therefore generated significant benefits that deliver against project goals of Improved 
income and food security and enhanced sustainable practice. Moreover, it has delivered immense economic 
benefits to the AWHA and surrounding areas. Long term monitoring and evaluation will enable benefits to be 
demonstrated beyond the ACHA project timeframe, and support Apsara National Authority’s continued 
effective management of this unique heritage area.    
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2. Introduction  
The Angkor World Heritage Area (AWHA) represents outstanding human heritage with universal 
value. It is a national icon and a central part of Khmer civilisation and revitalisation of current 
identity, as well as a key tourism (and therefore livelihood) asset for Cambodia. In 1992, it was listed 
by UNESCO as an international world heritage site in danger. Its listing by UNESCO 
(https://whc.unesco.org/en/list/668) was made on the following basis: 

• It represents the entire range of Khmer art from 9th-14th centuries; 
• This art had a profound influence of Southeast Asia and its political and cultural evolution; 
• The art is unique and distinctive beyond its origins; and  
• The site is largely authentic.  

 
The Apsara National Authority (ANA) is responsible for AWHA. They have invested in rehabilitating 
and adapting the ancient water system to manage water supply. The Angkor Community Heritage 
and Economic Advancement (ACHA) project is a collaboration between ANA and the New Zealand 
government with the goal of: “sustainable management of the Angkor park, protecting heritage 
while providing economic prosperity and food security for the people who live in the Park.” 
 
Changing weather events are increasing the occurrence of extreme events in both the wet and dry 
seasons (Jacobson et al. 2018). Effective water management can reduce the impacts of these events, 
helping communities to be more resilient in the face of changing conditions. ACHA and ANA achieve 
this via: 

• Direction, control and storage of water, contributing to greater water management and 
corresponding values across the Angkor World Heritage Site; 

• Promoting agricultural techniques for selected dry season crops with local communities, 
providing farmers with multiple benefits. For example, water efficient techniques and solar 
pumps have also been utilized to increase the coverage of water supply for higher dry 
season yields from irrigation; 

•  Increased water storage, riparian management and ground water recharge, benefiting local 
communities nutritionally and financially from fish and fruit yields, enhancing food security;  

• Actively controlled upstream water management, reducing flood impacts within the town of 
Siem Reap;  

• Reducing flood impacts within AWHA, reducing closures of the area to tourism and loss of 
associated benefits; and 

• Facilitating community water user groups to help manage water demand, especially for dry 
season agriculture. 
 

2.1 Aim and Scope 
The overall aim of this project is to assess water management and ecosystem services, providing a 
rapid economic valuation of the water management system (emphasising ACHA project outcomes). 
Water management and water structures provide a range of services that are valued by businesses, 
households and individuals, including:  

• Potable water supply for households;  
• Water for public amenities;  
• Reliable water supply for fish farming, irrigation and for industry;  
• Opportunities for water-based recreation and tourism; and  
• Flood protection.  

Some water use is primarily for market production, e.g. aquaculture, agriculture and horticulture. If 
we can measure the volume of these, it is possible to estimate how much value is created by having 
a reliable water supply. If water supply to households and businesses is metered and has a 

https://whc.unesco.org/en/list/668
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volumetric price, we can estimate a minimum value for the water in those uses. However, in several 
other cases, the benefits from water management and water structures may be unpriced, or 
unowned, or both. 
 
Specific project objectives included: 

• Provide a desk study on economic valuation reports and methodologies related to water 
management and ecosystem services, drawing specific attention to any reports from 
Cambodia and the region; 

• Identify an appropriate methodology for rapidly assessing the economic value of the water 
management system and specifically the ACHA water structures; 

• Assess and provide economic values for the water management 
system with emphasis on ACHA structures and links to the Results 
Measurement Table; and 

• Develop guidelines for the ongoing monitoring and evaluation of economic 
valuation of the APSARA water management system, including ACHA 
structures. 
 

In this final report, we provide: 
1. Cost benefit analysis of ecosystem service provision in the Angkor World Heritage Area 
2. A monitoring and evaluation framework for assessing ACHA project outcomes, including 

core indicator set that can be used for ongoing monitoring against priority outcomes.  
 
We include reports from earlier objectives as appendices to this report, with summary text in the body 
of the report as appropriate.  
 

2.2 Methodology and presentation 
Economic valuation methodologies provide a process to identify indicators for economic 
assessment. Individual methods are then applied to provide values for indicators. Table 1 
summarises economic assessment methodologies. A full review is provided in Appendix 1. Our aim 
was to provide a digestible analysis incorporating rapid yet robust assessment methods that could 
be repeated by ANA in the future.  For ease of presentation, we provide both macro and micro 
economic cost benefit analyses of the ACHA project, aided by the ecosystem services framework. 
Macro analyses calculate total value of cultural, provisioning and regulating services for AWHA from 
2014 to 2017 (the life of the ACHA project). We also project the value of these benefits until 2024, 
the time horizon within which current water management is expected to meet existing demands. 
Micro analyses represent the value of primary provisioning services to AWHA communities within 
zones 1 & 2.  
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Table 1: Summary of key economic assessment methodologies 
Key methodologies Key points Relevance to project aim 
SEEA-Water, United 
Nations Department 
of Economic and Social 
Affairs Statistics 
Division, 2012 

• Focussed on detailed volumetric 
information on supply and discharge 
of water and its treatment 

• Acknowledges no standardised 
method for economic valuation 

• Focus is too narrow, so 
largely irrelevant 

• Includes only some of 
economic valuation 
methods included in this 
report 

Auckland City Council 
Freshwater values 
framework, 2013  

• Total economic valuation including 
broad array of direct, indirect and 
non-use values.  

• Describes benefits and 
disadvantages of various valuation 
methods 

• Does not include an actual valuation  

• Specific valuation 
methods are discussed 
including strengths and 
weaknesses, albeit in a 
comparably data rich 
context 

USAID Valuing 
ecosystem services in 
the Lower Mekong 
Basin, 2015  

• Method or similar method has been 
applied in Cambodia and elsewhere 
(Laos, Vietnam, Africa) 

• Full range of services, approaches 
and methods is included (fuller than 
Auckland City Council) 

• Provides best practice guidelines  

• Proven relevance to 
context 

• Excellent guidelines 
included 

Japanese Ministry of 
Environment guide for 
rapid economic 
valuation of wetland 
ecosystem services, 
2016  

• Reviews a range of approaches 
• Reinforces the value of ecosystem 

services approaches 
• Identifies few low cost, low technical 

demand economic valuation 
approaches 

• Similar concept to USAID 
but too narrow in focus 
for purposes of this study 

World Bank guide for 
economic evaluation 
of climate change 
adaptation, 2010 

• Cost benefit assessment 
• Developed to guide trade-off in 

future adaptation initiatives 

• No real guidance of 
economic evaluation  

• Emphasises a-priori 
(before action) rather 
than a-posteriori (after 
action) assessment 

ISET Framework for 
urban climate 
resilience (Tyler et al.), 
2014 

• Urban context focus 
• Disaster context 

• Provides useful indicators 
but no assessment 
methodology 
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2.3 Limitations 
A project such as this faces many limitations. Those central to our project, their implications, and 
how we have attempted to overcome them include: 

1. Existing agricultural data. Limited data exists about economic benefits of the area other 
than for those directly engaged in project activities. Secondary adoption rates for improved 
agricultural dry season practices, and the degree of adoption (and therefore benefits) are 
unknown. Thus, despite access to project impact data, its scalability is unclear. Even where 
we have survey data that includes ACHA target households, the unknown nature of their 
previous economic status in relation to other households means this data cannot be scaled. 
We have included it in a separate section on un-scalable benefits.  

2. Household livelihoods sample.  Given the rapid nature of this assessment, we conducted a 
stratified random sample of household livelihoods. This included one ACHA target commune 
per target District, surveying in target and non-target villages. While we attempted to 
capture the diversity of livelihoods and productivity, some practices (e.g. irrigation) were not 
recorded within our dataset results, despite their existence as highlighted in ACHA project 
reports and remote sensing imagery. Thus, the assessments are a conservative assessment 
of economic benefit. 

3. Household scaling. We scaled benefits to population basis on the 2008 census data and the 
reported ACHA population (UNESCO 2013 https://whc.unesco.org/en/news/1095/). Scaling 
of benefits by geographic area / region was impossible because of a lack of digital maps to 
the village level that could be used to estimate the population of each commune and village 
living within the area.   

4. Flood impact costs. The inclusion of flood repair and cost estimates within general 
development packages at commune scale, and within national disaster relief packages, 
makes precise estimates of flood impacts impossible to delineate. National costings of 
impacts, that can be used to develop transfer costs, vary markedly. We choose to use 
conservative cost estimates.  

5. Tourism and other data existence and quality. A lack of tourism data on changes in 
appreciation of the area, Khmer visitors, and tourism spending by AWHA visitors makes 
direct and indirect benefits of improved water management to tourism and tourism-related 
difficult to assess. For this reason, we focus on tourism numbers and ticket sales, which 
under-represent benefits of improved AWHA management.  

6. Other data existence and quality. A national paucity of biodiversity data prevented us from 
doing any such analysis. We have not attempted to provide costs and benefits associated 
with the upper part of the catchment (Mt Kulen), which was largely deforested prior to the 
ACHA project.  

7. Water provision and sanitation data. The AWHA serves around 30% of the needs of Siem 
Reap town. The entire catchment provides (through private wells) benefits for fruit, 
vegetable and rice production. A full catchment economic benefit assessment is impossible 
at this time given the lack of records of water use, limited ground water monitoring, and lack 
of information on infrastructure costs for water provision and treatment. The latter were 
considered beyond the scope of the assessment, given they are not directed affected by 
ACHA project activities.   

8. Research. Research is a key cultural service provided by the area. However, there are no 
records of research spending in AWHA, and few international studies on economic benefits 
of research. We exclude research costs from our analysis, but include ACHA project costs 
and ANA co-contributions of water and community livelihoods teams. 

9. Reforestation. We excluded reforestation and future management options from benefit 
scenarios, given that this was not a predictive exercise to assess potential economic 
valuation of future actions within the area. Activities such as reforestation of Mt Kulen 
(375km2), additional ground water/reservoir (Baray) extraction for use in town or 
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surrounding agricultural areas could either limit or enhance valued benefits. Further, 
International SE Asia experience (including in another of Jacobson’s projects) indicates the 
difficulty in estimating long-term reforestation costs, given few regional cases of success and 
understanding of factors that contribute to this. For example, we can understand the costs 
of reforestation success at 3-years post planting, but not the costs of keeping these trees in 
the ground to enable groundwater recharge and reduce water run-off and flood impacts.   
 

2.4 Acknowledgements 
This work was undertaken close to the 2018 national election campaign period. We are incredibly 
grateful to ANA staff for their availability and contributions to the assessment during this time.  We 
also thank all commune and village officials, and Ven. Chum Kimleng for recognising this work was 
part of a New Zealand government project, and responding to requests for assistance in partisan and 
non-political manner. We also thank the following people for providing reference data: Tropical 
Forests and People Research Centre (University of the Sunshine Coast, Australia); Ministry of 
Tourism, Cambodia; Cambodian Agriculture Development Facility, Cambodia; United Nations Food 
and Agriculture Organization, Cambodia and others.  

 

3. Methodology  
A helpful way to systematically track the benefits deriving from water supply and water 
management is to apply an ecosystem services framework. Ecosystems sustain life, particularly 
human life, by the functions they provide and the services humans obtain from ecosystems. The 
Millennium Ecosystem Assessment explain that there are links from flows of ecosystem services to 
‘constituents of well-being’: security, basic material for the good life, health and good social 
relations, which have their culmination in ‘freedom of choice and action,’ that is, the ‘opportunity to 
be of value to achieve what an individual values doing and being’ (MEA 2005, p.29).  
Ecosystem services types can be defined as:    

• Provisioning services include all nutritional, material and energetic outputs from living 
systems. These are tangible items that often are sold or exchanged, or used directly by 
humans in a household or in a factory to produce a manufactured product. Examples include 
food, timber, hydro power, and natural medicinal products. 

• Regulating services include all the ways in which living organisms can mediate or moderate 
the ambient environment that affects human performance. It includes the degradation of 
wastes and toxic substances through natural processes, flood control or mitigation, 
maintenance of genetic diversity, and carbon sequestration.  

• Cultural ecosystem services include all the non-material and normally non-consumptive, 
outputs of ecosystems that affect physical and mental states of people. These services 
include the recreational, spiritual, scenic uses we make of natural settings whether as 
residents of an area, as active outdoor recreationists, or tourists visiting a site. People can 
derive values from natural settings, directly (use values) or vicariously (option, existence and 
bequest values).  

(Haines-Young and Potschin (2012) Common International Classification of Ecosystem Services). 
 
A detailed description of ecosystem service methodologies, provided in report 2, is included in 
Appendix 2. 
 
Figure 1 was developed using Vensim software to represent the water management system. By 
means of explanation, arrows show direction of impact. A  – or + symbol shows negative/positive 
impacts, and arrow thickness shows ease of assessment. Red lines indicate impacts that we consider 
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too difficult to assess, but will discuss in the report. For other colours: blue lines indicate direct 
water benefits, green lines indicate secondary agro-ecological benefits, purple lines indicate 
secondary tourism benefits, and aqua lines represent critical regulatory functions relating to water. 
We excluded health benefits/costs associated with water (e.g. dengue and malaria) due to their 7-
year cyclical peak/trough nature being beyond a 3-year timeframe of the ACHA project. 
 
Figure 1: Vensim diagram of ecosystem services for the AWHA.  

 
 
 
To justify the benefits of financial investment in water resource management we need an understand 
the changes in benefits that followed the investment. First, we need to:  

• Identify flows of services and benefits, including factors that positively and negatively affect 
them; 

• Estimate the amount of each service provided;  
• Identify how this has or will change over time; and 
• Estimate the extent to which the service is attributable to project activities.  

Once these were conducted, economic modelling can be completed. Monetary valuation of those 
additional benefits was compared to the payoff from the project to its initial cost and any ongoing 
costs – a benefit cost analysis. Appendix 2 provides a detailed description of economic valuation 
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methods. We conducted this assessment at two scales (macro and micro) to account for the scale at 
which these services occur.  
 

3.1 Assessing and analysing ecosystem service benefits 
The analysis area focusses on the benefits from the Angkor World Heritage Area, including Banteay 
Srey. In choosing valuation methods that address the aim of this study, we needed to be mindful of 
the following criteria: 

• Emphasis on assessing existing economic values; 
• The types of services produced that are attributable to a defendable percentage to ACHA 

structures; 
• The ability to discern those benefits/costs over the project lifetime, with available data; and 
• Rapid and non-technical (repeatable) assessment methods. 

Table 2 provides a summary of data sets and collection methods for the assessment. 
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Table 2: Data collection and analysis 
 Service Macro  Micro  Exclusion justification Data sources Reference values, notes 
 Apsara 

Authority 
Other Household 

Survey 
Informant 
groups 

Cu
ltu

ra
l 

Aesthetic & spiritual value of 
area 

Included as existence 
value, transfer pricing  
 

 Plus non-economic assessment 
 

Reference 
studies 

 
Comapa, 
Commune  

 

Pagoda revitalisation & Khmer 
identity 

 Commented on, inappropriate for 
economic assessment 

   
Comapa  

Research   No detailed data collection Yes 
  

  

Pr
ov

isi
on

in
g 

se
rv

ice
s 

Vegetable production Household income scaled 
by commune 

Farm gate price    Yes 
 

Additional CADF data cited in text 
Rice production  Farm gate price  

  
Yes 

 
Masterplan identifies double cropping, and 
ACHA reporting indicates SRI, but this did not 
apply to sampled households 

Bamboo production Farm gate price  
  

Yes 
 

Additional Apsara Authority data cited in text 
Fruit  Farm gate price  

  
Yes 

 
Additional Apsara Authority data cited in text 

Other NTFP e.g. rattan Farm gate price    Yes  Additional Apsara Authority data cited in text 
Fisheries Farm gate price    Yes  Additional Apsara Authority data cited in text 
Tourism micro enterprise Household value    Yes  Additional Apsara Authority data cited in text 
Tourism numbers 
(international) 

Ticket price   Yes M. Tourism   Ticket price changes in 2017 from $20 to $37 
per day  

Tourism (national)   Commented on, and included within 
existence value 

     

Tourism spend per day   Excluded, as only available for 
international tourists 

     

Wellbeing (food security)  Non-economic 
assessment 

   Yes Comapa, 
Commune 

Compared to 2016 & 2017 FIES data 

Charcoal   Excluded on basis of likely biased 
responses due to illegality 

    
 

New tourism (e.g. canoes)   Minimal income, commented on Yes 
   

 
Attracting migrants   Comment on flows1  

  
Yes 

 
 

Groundwater for SR town   No ability to assess economically Yes 
   

 
Biodiversity   Biodiversity data in Cambodia is generally 

very poor 

    
ACHA data 

Re
gu

la
tin

g 
se

rv
ice

s 

Flood protection  Restoration costs Impacts on 
livelihoods 

   Yes Commune, 
ANA 

ADB 2012; Imhoff 2016 

Kulen Mt (Deforestation)   Commented on revegetation cost Research     
Water quality with riparian 
planting 

  Commented on, as no data on water 
quality and it is too hard to assess 
economic benefits of planting 

    Apsara authority data 

Pollution    It is simply too difficult to estimate 
pollution from rice stubble burning, its 
effect on the integrity of ruins, and 
mitigation via existing forests 

     

1  Reasons for immigration are not necessarily related to economic prosperity, and their contribution to household activities is unclear. 
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4. Macro-economic valuation  
The macro analysis provides an analysis of: 

1. Cultural services, using existence values calculated from transfer pricing from studies in 
Thailand and Vietnam; 

2. Provisioning services, including household livelihoods and tourism; and  
3. Regulating services, using transfer values from Cambodia flood impact assessments. 

 
Specific service calculation detail and assumptions are detailed in the following sections. Results of 
these calculations are included in boxes. All figures are in US Dollars.  
 

4.1.1 Cultural services 
The ACHA project helps maintain the structural stability of Angkor Wat temples. Their structural 
stability has been threatened by past actions and neglect. World Monuments Fund (1992: 15) 
reported that:  

Angkor is famed for the vast and complex hydrologic system that was used to bring 
water to the moats and canals surrounding the temples and palaces. Over the centuries 
the system has silted up, and storm water drainage subsystems that once functioned 
within the complexes have been forgotten or ignored. Improper drainage of rainwater 
within the building complexes represents a major conservation consideration. 
The Indian team has made a study of the drainage system at Angkor Wat in order to 
locate the original drainage pattern inside the complex, and has concluded that much of 
the damage to its foundations has been caused by standing water. 

 
And that:  

The structures were built using massive stone blocks, some weighing over four tons, which were 
placed in situ for finished carving. Once stacked in position the stones were sculpted in elaborate 
sections, and were often undercut to create deep cornices, string courses and podia. This carving, 
especially of the heavily undercut plinth moldings, seems to have frequently caused considerable 
structural instability, resulting in much stonework being dependent on metal cramps for horizontal 
support. 
It seems, from the available evidence, that the foundations of these massive structures 
were very shallow, often made up of placed earth fill, as in the case of the "temple 
mountains," whose cores were usually built of a very friable laterite stone foundation. 
Because of its porous nature, the laterite tended to serve as an effective medium for moisture 
movement. Thus, countless cycles of moisture movement have weakened many of the stone-clad 
structures of Angkor, often posing major restoration challenges for conservators. The tying back of 
this sandstone facing material to the laterite substructure appears to have been done without 
consistency. There is evidence of both stone and metal wedge-shaped ties having been used to 
connect stones to each other but there appears to be no significant bonding back to the laterite core 
structures. (World Monuments Fund 1992:21) 

 
The ACHA water management project allows water levels to be maintained in the moat surrounding 
Angkor complex, e.g. Angkor Wat, Angkor Thom. The managed water level assures consistent 
ground water levels which is essential for structural stability of structures.  Other projects have 
invested in management and restoration of the temple structures ($c.3-5m pa1), and there is 
ongoing maintenance ($1m pa2). If the ACHA project had not occurred, ongoing investment would 
be needed to manage groundwater levels, substrate strength and contribute to stability of the stone 
structures.  
 

                                                           
1 This is an estimate based on limited personal communications and exploration of key Aid Agency websites. 
2 We have not been able to access the budget for this maintenance work but it is likely at least in the order of 
$US1m pa. 
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Possible actions to maintain temple stability include: 
1. Build concrete footings for each structure to offset for the fluctuating ground stability,  
2. Pump water from downstream (Siem Reap or ultimately Tonle Sap 

Lake), to maintain consistent ground water level, and soil strength. 
 
Angkor Wat is the most revered Buddhist Temple in Cambodia, and the largest religious monument 
in the world. 2.5 million international visitors each year come to enjoy Siem Reap, staying an average 
5.3 days, with an additional 3 million Khmer tourists (MoT 2017:31). We assume that a primary 
purpose is to visit the temple complex. Visitors to the site obtain use values and the magnitude of 
total use value can be gauged from revenue from entrance fees. Entrance fees were increased 
during 2017 and revenue soared to $108 million. Visitor numbers have increased 81% for 
international visitors and 40% for domestic visitors since 2013 (MoT 2017:31).  
 
As well as visitors who pay entrance fees, there will be people who would like to visit the temple, 
but never do. It is likely they value having the option to visit the stable Angkor complex.  Equally 
likely there will be many people both in Cambodia and globally who value knowing of the existence 
of the (structurally stable) temple structures. From other studies of willingness to pay for existence of 
SE Asian temple sites, we can (with caution) estimate the existence value for the Angkor complex.  
 
Two studies of willingness to pay (WTP) for cultural heritage in SE Asia were considered in our 
analysis. Seenprachawong (2006), estimated WTP for conservation of cultural heritage temples 
(Ayutthaya complex) in Thailand. The calculated a mean one-time payment of $5.30 for conservation 
of the site. With caution, that amount can be scaled to estimate aggregate WTP for conservation of 
the Thailand temples. Tuan and Navrud (2008) used similar methods to estimate WTP for protection 
of My Son temple site in Vietnam. International visitors are estimated to have WTP for one off 
preservation of $8.78, Vietnam visitors to the site $2.70 and local residents $2.17. The authors 
observe that with caution, those values can be scaled for the effected population to estimate 
aggregate WTP for protection of the temples.  We note that the unique nature of cultural sites, and 
differences in population and demographic characteristics of affected populations makes benefit 
transfer a complicated and somewhat subjective activity.  
 
We now return our focus on values for Angkor complex. There is very strong demand for visits to 
AWHA. We are not aware of any study which estimates option value or existence value for Angkor 
Wat, but it is reasonable to argue that Khmer and people in other countries will value the option to 
visit the site, and value knowing of its existence.  
 
We calculated existence values by adjusting WTP values in accordance with per capita GDP and 
inflation since previously mentioned studies were undertaken. We therefore price existence value at 
$1.50 for the entire population of Cambodia, and for 10,000,000 international visitors per year. By 
way of comparison, a recent study (Strand et al. 2016) found people in four continents were willing 
to pay amounts ranging from a few dollars in low income Asian countries to $100 in three high 
income countries to protect 30 percent of the Amazon forest by 2050.  
 
The ACHA project helps maintain the stability of AWHA structures (Hang et al. 2016), contributing to 
maintenance of the existence value people hold for it. We use two attribution values for ACHA share 
of existence value: 10% and 5%. These provide upper and lower estimates for this value, and are 
conservative estimates. We used conservative estimates on the basis that people would still value 
the existence of the temples in a decaying state because of a lack of effective ground water 
management, i.e. we are assuming that the benefits of water management to people’s existence 
value of them is 5-10% higher than in a decaying state.  
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Cultural services: 
Calculation: 

Current:  Economic value X Population X attribution 1 or attribution 2  
2023:   Current X 6 years 

Valuation: 
Current: $1,850,000 – $3,700,000  
2023:  $11,101,500 - $22,203,000     

 

 
4.1.2 Provisioning services, including livelihoods and tourism 

 
Livelihoods 
Surveys conducted in five AWHA communes (see section 5) provided detail on changes in household 
livelihoods over the ACHA timeframe.  ACHA reduces risk of flooding in the communes but is not 
able to significantly mitigate the effects of droughts on farms in the communes (see section 6.3). 
ACHA activities may also affect groundwater levels important for agriculture production, but no 
groundwater data was available to verify this. Other factors beyond the project may also affect 
production, such as numerous other agriculture, livelihood and education development projects3. All 
of these factors influence the level of potential change attribution that ACHA can claim to make.   
 
We estimate the effects of ACHA on aggregate income in the five communes by comparing 2017 and 
2014 incomes. Based on population estimates within AWHA of 120,000 in 2013 
(https://whc.unesco.org/en/news/1095/). Taking population estimates per household (5.25 persons 
per household), we assessed average livelihood value change for the AWHA. We provide two 
attribution values (10% and 20%) to ACHA impact on these changes, based on expert opinion. These 
values are conservative, and are justifiably lower given that a range of factors contribute to 
livelihoods within the AWHA, including various livelihood, education, sanitation and health 
programs. There is no current register of these programs within AWHA that enables us to more 
precisely attribute impacts. An alternative means of calculating these attributions values would have 
been to use flood impact reduction scores from household surveys, which are wholly attributable to 
ACHA given this is the only water infrastructure project in AWHA. Our data analysis of household 
surveys showed average 10% and 25% values. We chose more conservative estimates.  
 
Our scaling assumes that all households have opportunity to access, at the same rate, the diversity 
of livelihoods within our sample villages. This is justified given that we selected a range of 
communes across the AWHA that represented different livelihoods, different levels of agriculture 
productivity (i.e. some closer to water sources, some further away), and different levels of poverty 
(based on a three-day field visit where things such as housing quality, rice productivity, and 
livelihood activities was recorded during discussion with community members). However, we know 
from review of satellite imagery that some livelihoods (e.g. apparent cassava production and fruit 
tree production) were not included within our sample. These are typically higher production value 
per hectare than rice, and therefore lead us to believe that data scaling does not over assume 
livelihood income.  
 
 
 
 
                                                           
3 We saw multiple development signs, such as Global Environment Facility projects. However, there is no 
project register for the AWHA, which makes relative attribution difficult to discern.  

https://whc.unesco.org/en/news/1095/
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Provisioning services - livelihoods: 
Calculation: 
Current:  Average of sum of change in economic value per household, X total number 

of households in zone, X attribution 1 or attribution 2   
2023:   Current X 6 years 

 
Valuation: 

Current: $1,117,258 - $2,234,517  
2023:  $6,703,551- $13,407,103 

 
 
 
Tourism 
NW Cambodia has a ‘tropical monsoon’ climate, typically with a prolonged dry season and irregular 
but generally plentiful rainfall between May and mid-October. Siem Reap has an average yearly 
rainfall of 1312 mm. Analyses of satellite data show that areas close to Siem Reap Province are 
becoming drier overall, but erratic weather (either drier or wetter than ‘usual’) is becoming more 
frequent, resulting in drought and flooding that impact livelihoods (Jacobson et al. 2018), including 
tourism.  
 
The ACHA project benefits tourism by reducing the number of days per year it is closed to visitors 
because of flooding. Historical timelines (see Jacobson and Nguon 2016) developed with the council 
and Apsara Authority staff provided estimates of the numbers of days per year that AWHA was 
closed to tourists before the ACHA project, and observations on the reduction of days closed since 
ACHA flood management. In conjunction with tourism ticket revenues, these figures allow us to 
calculate benefits to tourism from flood management. We estimated pre-ACHA project closure rate 
of 4%pa (an average of 16 days per annum and post project closure rate range of 0.5%pa and 1%pa 
(an average of between 2 days and 4 days closure per annum). These closure rates are justified given 
that flooding preventing tourist entry has been completely adverted since ACHA activities 
commenced.  
 
As noted in the limitations section, tourism data relating to expenditure visitors to AWHA, both 
Khmer and International, was limited, meaning that this is a conservative estimate.   
 
Provisioning services – flood avoidance AWHA: 
Calculation: 

Current:  ticket revenue (international tourists) X reduction in closure rates (low-high) 
2023:   Current X 6 years 

 
Valuation: 

Current: $3,240,000 – $3,780-000 
2023:  $19,440,000 - $22,680,000 
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4.1.3 Regulating services – flood protection for Siem Reap 
Floods disrupt the lives and livelihoods of residents, imposing costs of clean-up, loss of earnings in all 
sectors of the economy (tourism, food and beverage services, agriculture, manufacturing), and 
damages to roads and other infrastructure. The ACHA project has reduced these impacts.  We chose 
to estimate impacts through benefit transfer. Cambodia has suffered numerous severe floods in the 
last three decades. Two studies were relevant to assessing flood impacts on Siem Reap.  
 
ADB (2012) estimate there were between 20,000-40,000 Siem Reap households affected by the 
2011 flood, out of a total of 354,000 households affected nationally. The population of Siem Reap 
Province is estimated to be 6% of total Cambodia population (2008 census).  Given the number of 
households flooded in the province, Siem Reap may have incurred 6% of the total damage and losses 
of the 2011 flood (i.e. $37,482,000). 
 
Imhoff (2016) completed extensive modelling using best available GIS information, roads and other 
data to provide estimate of the damage and losses from Cambodian floods, and to project possible 
losses from future flooding. As the population and economy grow, the damage caused by floods can 
also grow. Focusing on just the 2011 flood, Imhoff (2016) estimates damages to the Cambodian 
economy (at 2008 and at 2013) as shown in his Figure 2 below. The right-hand section of the figure 
illustrates the greatest share of the loss is to GDP—foregone output, and much smaller shares to 
households, rail and roads. The damage to the 2013 Cambodian economy is estimated by Imhoff 
(2016) at US$3.1 billion, approximately 20 percent of Cambodia’s GDP, far exceeding the estimate of 
damage and losses provided for the same flood but for the 2011 economy by ADB (2012). Using the 
same 6% by population figure, estimates of total damage and losses are $240,000,000 (based on the 
economy in 2013, which has grown considerably since). 
 
Figure 2: 2011 Flood impacts on Cambodia (Imhoff 2016:31) 

 
 
These two studies are useful when considering the possible benefits that a project such as ACHA 
may provide. If the ACHA project reduces both the likelihood of damage from future floods, and the 
amount of land inundated, it will avert very significant losses to the Siem Reap economy. The six-fold 
magnitude discrepancy between the two studies indicates the uncertainty in these estimates, and 
hence our decision to make conservative benefit assessments. We use the conservative ADB (2012) 
total impact estimate (adjusted to 2018 US dollars) together with the share of population in Siem 
Reap together with two probabilities of reduced flood risk to calculate the contribution the ACHA 
project makes. Based on the same flood analysis methods described in 4.1.2 (tourism), we assume a 
pre-ACHA probability of flood of 10%pa, and reductions in probability post-ACHA to 1%pa and 2%pa 
percent respectively. These are double the impact rates of flooding within AWHA, i.e. 4 and 8 days 
closure, given that water has greater impacts on Siem Reap town itself than on AWHA during the 
wet season due to rises in the Tonle Sap, and backflow of water from the lake upstream towards the 
town and subsequently to the Angkor complex.  
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Regulating services – flood avoidance: 
Calculation: 

Current:  Cost to Cambodia of 2011 flood (adjusted for inflation) X  
Change in annual flood probability (pre- post- ACHA, low & high estimates) X 
Siem Reap population as a share of national population   

2023:   Current X 6 years 
 
Valuation: 

Current: $3,292,800- $3,704,000 
2023:  $19,756,800 -$22,226,400 

 

 
4.1.4 Total ACHA project benefits 

Total annual benefits from ACHA management are the sum of the four macro impacts. Total benefits 
range from $9,500,308-$13,419,417. Forecast benefits at 2023 are in the range of $52,484,104-
$71,481,007. 
 
The ACHA project has required expenditure of $4.1 million over three years. We estimate ongoing 
expenditure to 2023 of $0.5 million per annum to maintain current benefit levels (livelihoods, water 
infrastructure, community liaison etc). Salaries of $288,0000 per annum occur from 2014-2023. Over 
the period 2014-2023 total expenditures are US$10.48 million.  
 
Benefit to Cost ratios provide a useful test to see if a project has made good use of the funds 
invested. Comparing ACHA Total Benefits to ACHA Total Costs for 2014-2023 using the lower and 
upper ACHA impact parameters we calculate benefit to cost ratios of 4.17 to 5.67. ACHA appears to 
be an economically effective project.  
 
In comparison, a Philippines agriculture extension project in conflict vulnerable Mindanao, funded 
by the Australian Centre for International Agriculture Research, had a cost benefit ratio of 1.54 over 
a 5-year time horizon (Menz et al. 2017). Other water-based projects in South and East Asia and the 
Pacific have had ratios of 3.5 to 6.9 (Edwards, in Cameron et al. 2011) and 0.01-60.1 (Wethli 2014). 
The conservative nature of our assessments therefore reflects excellent management practice given 
that it mixes livelihood and water management practices in a country requiring capacity and 
governance development after prolonged civil war and genocide.    
 
A significant impact of the project has been in flood protection, both within AWHA and in Siem Reap 
town. We represent these benefits graphically (Fig. 3) at current time horizons, showing both 
tourism and town site benefits at the two time horizons (low and high), based on attributed affect 
calculations previously described).  
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Figure 3: Flood costs averted for two areas on two time horizons (2018, and 2023).  
 

 

5. Micro economic valuation 
5.1.1 Household assessment methods 

We conducted a Total Economic Evaluation (see Appendix 2) of household agriculture, tourism and 
related production in a sample of 145 households within AWHA – additional surveys for comparison 
for outlying Knar Sanday village were also undertaken, but are excluded from analysis given that 
they fall well outside of the AWHA and beyond the area of flow on effects of water management; we 
know from interviews that these areas also benefit from the use of unmetered deep-water wells. 
The total population of AWHA is estimated at 120,0000 (UNESCO 2013, 
https://whc.unesco.org/en/news/1095/).  ACHA involves target families, villages, and communes 
across all districts in the AWHA. We selected a commune from each district in the AWHA, based on 
representing the visible range of ecological, tourism and agricultural productivity. We used 2008 
population data (which appear stable for other communes in the province – see Jacobson et al. 
2018), as a basis for >1.5% systematic random sample within these communes, weighting sample 
size to target village population as a proportion of the commune population. For efficiency, we set a 
minimum village sample of eight households. Table 3 summarises household totals and samples, 
based on average family size of 5.25 persons taken from sample data.  

0.00

500,000.00

1,000,000.00

1,500,000.00

2,000,000.00

2,500,000.00

3,000,000.00

3,500,000.00

4,000,000.00

4,500,000.00

5,000,000.00

No ACHA Impact Low ACHA Impact High ACHA Impact

Expected Annual Flood Damages US$

Siem Reap province

TourIsm Revenue



17 
 

Table 3: Commune and sampling (target [T] means recipient of ACHA activities) 
District Commune Target 

households  
Total 
households  

Surveyed villages  Survey in target vs 
non-target 

Siem 
Reap 

Nokor Thom 653   1500 Sra Srong Cheung 
(T), Rohal (T), Aret 
Svei (NT)  

27 (1.8% all 
households) 

Ampil (T) Tuek Vil 
(NT) 

 3437   

Puok Daun Keo 1581 2372  41 (1.7% all 
households) 

Samraong Yea, 
Khnat (T)  

 2895 
 

 Communes only 
partially within AWHA 

Prasat 
Bakong 

Balangk (T) 254 1192 Trach (T), Prom 
Kod (NT)  

29 (1.0% households) 

Rolous (T) 
Bakong, 
Kangtreang, 
Meanchey, 
Trapeang Thum 
(NT) 

 4431   

Banteay 
Srei 

Knar Sanday (T)  863  
 

Banteay Srey (T), 
Poan Onn (NT), Kor 
Koh (NT) 

17 (3.1% households 
within commune) 

Preak Dak, 
Rumcheck  

 8464  Only partially inside 
AWHA 

Angkor 
Thom 

Leang Dai (T) 481 1783 Leang Dai (T), 
Tropeang Svey 
(NT) 

31 (1.7% households 
within commune) 
Only ½ commune 
inside AWHA 

 
The household survey included questions that enabled analysis of change (2014-7) in 11 components 
of household production: rice, vegetables, bamboo, rattan, fish, tourism, fruit, salary work (within 
AWHA), pigs, chickens, other. Data were gathered for either or both of amount or US dollars. All 
agriculture components were analysed using farmgate prices (2018 US dollar value). Current 2018 
prices (elicited from discussions with local agricultural experts) were used. This is standard practice 
with a relatively short time frame ‘before and after’ analysis, and in a relatively low inflation 
environment. Note that we excluded all incomes gained outside of AWHA, given that their 
attribution to AWHA itself was deemed unclear (e.g. building construction could be for tourism, but 
the extent to which this is the case is unknown).   
 
We focus on gross output/production as opposed to economic surpluses, which would require 
calculation of revenue/cost ratios for each component, including all the input costs, which are not 
available. However, the value of production of agricultural and other outputs are measures of use 
values, and therefore are comparable in their own right and contribute directly to the ‘meta’ benefit 
cost analysis.  
 
The 2014 and 2017 actual production values at household and commune levels have been 
compared: 

• Graphically and in descriptive tables using averages, ranges, production ratios and summed 
totals; 

• By average household within the sample communes; and 
• At the commune level by upscaling the village household samples to the commune household 

number.  
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5.1.2 Methods to assess flood impacts on households 
Four survey questions enabled us to understand flood impacts on livelihoods: 

1. The number of flood events experienced by respondents over the period 2015-2017; 
2. The relative production and household impacts of each of these events (5-point Likert scale); 

and 
Reduction in (3.) the number of and (4.) the impact of floods post 2014 was reduced compared 
to before 2015, when water/flood management infrastructure work began in earnest (two 
questions) (3-point Likert scales). 
 

Multiple analyses are possible for these questions. The first question enables a baseline to be 
established regarding perceived flood frequency prior to 2015 – data from this question can then be 
compared with the third question, directly. The second question is complex and provides several 
opportunities: 

• It is possible by using the weighted measures on the 5-point Likert scale to develop an 
approximate index of production loss for 2014. This index can then be used to upscale 
production for the estimated losses, assuming flooding was managed to the extent indicated 
post 2014 (see below).  

• It can be used in relation to both the third and fourth questions to then determine the 
approximate extent to which the benefits of water/flood management post 2014 have 
reduced the pre-2015 losses. This measure can then be applied to determine the proportion 
of 2017 production-based income that has benefited from this management. 

The above opportunities have been exercised but should be regarded as indicative only. 
 
Migration, which does occur and which is significant in some communes, has not been included in 
the production analysis. Preliminary analysis of two related survey question responses indicated very 
wide variability of effect, and based on sample sizes, analyses of relative impacts were considered 
beyond the scope of this study.   
 

5.1.3 Results – household livelihoods 
Findings are reported at three levels: 

1. The ACHA region (as represented by the sum of the 5 communes surveyed) 
2. By commune 
3. By average individual household for each commune 

 
Tables 4 and 5 report commune and household level (by commune) data on value of production for 
2014 and 2017 respectively.  
 
Table 4. Commune level production 2014 and 2017 determined by household surveys 

Commune Total (2018 $US) Production ratio (2017 
divided by 2014) 2014 2017 

Balangk  1,137,463 1,467,774 1.29 
Knar Sanday 1,715,844 1,479,960 0.86 
Don Keo  4,118,602 6,071,484 1.47 
Liang Dai  3,974,614 6,179,323 1.55 
Nokor Thom  3,426,388 2,817,378 0.82 
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Table 5. Household level production income 2014 and 2018 determined by household surveys, 
presented by commune 

Commune Total (2018 $US) Production ratio (2017 
divided by 2014) 2014 2017 

Balangk  954 1,255 1.31 
Knar Sanday 1,941 1,680 0.87 
Don Keo  1,736 2,649 1.53 
Liang Dai  2,229 3,505 1.57 
Nokor Thom  2,248 1,864 0.83 

 
 
The production ration in three communes (Balangk, Don Keo and Nokor Thom) grew between 2014 
and 2017, with the latter having the biggest positive change (1.55 and 1.57 respectively). A 
production ratio less than 1 (Knar Sanday and Nokor Thom) represents a shift away from income 
sources within the AWHA, most likely supplemented by incomes from working in Siem Reap (e.g. for 
construction purposes). For readability purposes, we also summarise the data in Figure 4. 
 
Figure 4: Household income changes (2014-7) by commune 
 

 
 
Eleven components of household production were investigated in detail from the household survey. 
Only production was measured (i.e., no input costs) and loans and migration were excluded. Prices 
were measured at the Farm Gate and recorded in 2018 US dollars. Figure 5 compares the eight most 
important livelihood sources derived from within ACHA across the five communes for 2014 and 
2017. The components with the biggest changes are: 

• Vegetables, which for all communes studied were negligible in 2014 but in 2017 for Don Keo 
and Liang Dai were each valued over US$2m; 

• Rice, which has decline for all five communes; 
• Tourism, which has increased for Liang Dai and Nokor Thom but decreased or is static for the 

others;  
• Pig production, which has declined across the communes; and 
• Other, which has increased greatly for Don Keo and Liang Dai.
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Figure 5: Representation of key income types, at commune scale 
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The data presented in Figure 5 are not surprising. Changes in vegetables represent target commune 
projects such as CADF (associated with this project) and other projects reported to us by farmers. 
Rice production rates average 1T/ha, dropping from 1.2T/ha in 2014. These production figures are 
lower than similar areas of Tonle sap flood plain production reported by FAO, of 1.0-1.2T/ha in 2016, 
a record drought year, and 1.8-1.9T/ha in 2017 (unpublished data), CGIAR’s reported average 
production for Cambodia of 3T/ha in 2014 (http://ricepedia.org/cambodia), and reported 
production of 2.5T/ha in Siem Reap (MAFF 2016).  
 
Changes in rice production are also reported in other communes when economic opportunities exist 
beyond a region (such as AWHA) or beyond a district or province itself, or when rice prices are 
considered insufficient for survival by farmers4. Rice is in itself considered a riskier economic 
investment following the record 2016 drought (UNFAO/USC/UBB, 2017 unpublished household 
agroeconomic, food security and migration data from Siem Reap and Kampung Thom). Liang Dai and 
Nokor Thom tourism increases their place in a popular tourism pathway around Angkor Wat, Angkor 
Thom, Preah Khan, Ta Som and Ta Prom temple sites. Reasons for Pig production changes are 
unclear. The category ‘other’ encompassed stock (cow and buffalo), as well as tasks such as 
musician, thatch roofer, food sales, handicraft and farm labour. The drying of Don Keo reported by 
the Commune Leader and villagers suggests a shift from rice to livestock may be occurring in this 
area, while the shift in Liang Dai is likely to be both tourism and livestock related.   
 
A more direct comparison of tourism, agriculture and ‘other’ production incomes can also be made 
(Figure 6). The growth in agricultural production in Don Keo and Liang Dai has been in the order of 
75% between 2014 and 2017. In comparison, changes to the other livelihood sources have been 
relatively small between years. We attempted to find reference values for the percentage of 
households engaged in each livelihood type as a reference value, but could only find values for 
agriculture in general and fisheries (0.1% of Siem Reap engages in fisheries, compared to 30.5% of 
our sample) and 68.8% of the Siem Reap population engages in rice/agriculture (compared to 67.6% 
of our sample) (FAO 2015). Thus, our sample is engaged in higher value agricultural sector activities 
than the broader population of the province.  
 
Figure 6: Average Household Income by commune for combined agriculture components, tourism 
and ‘other’ incomes: 2014 vs 2017 

 
                                                           
4 Phnom Penh Post, 19 September 2016 https://www.phnompenhpost.com/national/battambang-farmers-
protest-plummeting-rice-prices. 
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Flooding  
Analysing flood data is challenging. At the most basic level, it is simple to determine the communes 
most and least impacted by floods, and perceived change in impact between 2014-17 and prior to 
2014. The proportion of households reportedly affected ranged from around 29% for Knar Sanday to 
a high of 61% for Liang Dai. We asked surveyed households: ‘In the last 3 years (2014-) how of times 
people many times was your house and work affected by flooding? Figure 7 shows the proportion of 
each commune flooded 1,2,3,4 and 5 times within the 2014-2017 timeframe.  Commune comparison 
mirrors results for total proportion of households flooded, with Liang Dai highest, followed by 
Balangk, Don Keo, Nokor Thom, and Knar Sanday.  
 
Figure 7: Flood frequency by commune, 2014-2017.  

 
 
 
Flooding impact on household production  
In addition to 2014-7 flood frequency, we can predict additional livelihood impacts that could be 
mitigated based on additional water infrastructure investment. Please note, these figures are 
provided for predictive purposes and are not part of the macro-level assessment of existing ACHA 
project benefits. In addition to flood frequency, we asked survey participants about the impact of 
floods. Respondents were given 5 options for each event reported, akin to a Likert scale response, 
namely: 1= Very low (none); 2= Low (up to 1-month income loss); 3= Moderate (loss of 1-3 month 
income); 4= High (loss of rice, half year income); 5= Very high (loss of one year or more income). The 
sum of the weighted responses divided by the number of respondents affected represents the mean 
Likert (flood impact) score (Figure 8).  
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Figure 8: Mean flood Impact on production, for households affected by floods, 2014-2017 (range: 
1= no impact to 5= very high impact) 

 
 
Based on this analysis, a relative mean Likert score loss matrix was developed (Table 6). We used this 
to assign loss values to each commune, which were then converted to income correction factors by 
dividing 1 (the household production value for the year) by the product of subtracting scores in 
Column C from 1. For example, the mean Likert score for Balangk is 1.46 (see Column A), which 
equates to an approximate loss of 0.05 per annum (Column C). When applied to the income 
correction factor equation, then 1/1-0.05 = 1.0526. This number is then applied to the total 2017 
production by Household and by commune, for those households affected by flooding. 
 
Table 6: Flood loss matrix scoring 

B. Mean Likert 
Score 

C. Description of losses around the break 
points of 1.5, 2, 2.5, 3 and 3.5 

D. Approximate loss of 
income (per annum) 

1 No loss 0 
1.5 Low to very low but some loss 0.05 
2 Low 0.1 
2.5 Low to moderate 0.15 
3 Moderate 0.2 
3.5 Moderate to high 0.25 

 
The list of correction factors based on this approach is: 

• Balangk: 1.05 
• Knar Sanday: 1 
• Liang Dai: 1.18 
• Don Keo: 1.18 
• Nokor Thom: 1.18 
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These values then need to be multiplied by the mean number of flooding events impacting on those 
affected by floods in each commune to produce the overall flood weighted correction factor (as 
shown in Table 7). 
 
Table 7. Overall weighted flood impact correction factors 

Commune Correction factor Average no. floods Flood weighted correction factor 

Balangk  1.05 1.35 1.42 
Knar Sanday 1 1.00 1.00 
Don Keo  1.18 1.71 2.01 
Liang Dai  1.18 2.42 2.86 
Nokor Thom  1.18 1.50 1.77 

 
These values were applied across the five communes to assess the potential income gain from 
ongoing improved flood control. Findings (Table 8) are all positive increases, indicating a large 
benefit for Liang Dai. This is not surprising given that this commune has a high proportion of 
households affected by flooding including the only households reporting impacts as great as an 
annual loss of production. 
 
Table 8. Potential household production gains by commune, based on ongoing flood control (for 
income earned within AWHA) 
 

 
2017 actual household 
production  

2017 adjusted flood control 
potential production  

Flood benefit 
production ratio 

Balangk  1255 1416 1.1 
Knar Sanday 1680 1680 1.0 
Don Keo  2649 3381 1.3 
Liang Dai  3505 9092 2.6 
Nokor Thom  1864 2195 1.2 

 
These results indicate that some, but not all flood impacts can be controlled. The benefit production 
ratio at Liang Dai is not surprising, given the location in the upper part of the catchment, with some 
households upstream of water infrastructure. Discussion with experts also indicate that institutional 
control of dyke gates at Don Keo occurred within the ACHA project timeframe as a result of floods in 
this area. Nokor Thom flooding is likely due to its low-lying nature next to Sra Srong, and the inability 
to remove water fast enough from this area.   

6. Other benefits (non-economic evaluation) and subsidiary figures 
6.1 Food security 

One ecosystem service provided by water is food security. We assessed food insecurity using the 
globally accepted Food Insecurity Experience Scale - FIES (Ballard et al. 2013). This scale uses eight 
questions, asked for the previous 12-month period, to assess food insecurity. We used FIES for any 
household member. The index includes the following questions: 
No or low food insecurity – responding ‘yes’ to one of the following 

• Is there a time when you were worried you would run out of food because of a lack of 
money or other resources? 

• Is there a time when you were unable to eat healthy and nutritious food because of a lack of 
money or other resources? [interpreted as rice, meat and vegetables] 
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• Is there a time when you ate only a few kinds of foods because of a lack of money because 
of a lack of money of other resources? [interpreted as only two of rice, meat and vegetables] 

• Is there a time when you had to skip a meal because there was not enough money or other 
resources to get food? 

Moderate food insecurity - responding ‘yes’ to one of the following 
• Is there a time when you ate less than you thought you should because of a lack of money or 

other resources? 
• Is there a time when your household ran out of food because of a lack of money or other 

resources? 
Severe food insecurity  - responding ‘yes’ to one of the following 

• Is there a time when you were hungry but did not eat because there was not enough money 
or other resources for food? 

• Is there a time when you went without eating for a whole day because of a lack of money or 
other resources? 
 

Following criticism of Carletto et al. (2013), we collapsed food secure and mild food insecurity 
categories. We contrast these against moderate food insecurity and severe food insecurity. We also 
compared results between communes (Fig. 9a) and against recent analyses in the region (Fig. 9b).  
These reveal significantly lower rates of severe and mild food insecurity, with some communes (e.g. 
Balangk) more insecure than others, and others with more pronounced split peaks of no/mild 
insecurity and severe insecurity. While not a specific economic measure, these do provide us with an 
indication of economic wellbeing and women’s health (Ballard et al. 2013).  
 
Average annual household fruit production, from fruits gathered from neighbourhood trees that rely 
on ground water (not always consistently recorded), was $176, which equates to an additional 9.4% 
on annual household incomes derived from within the area. Fruit trees are highly reliant on ground 
water for long-term survival. This demonstrates the benefits of a healthy functioning ecosystem to 
provisioning services not usually recorded within economic assessments, and therefore to the 
overall food security of the area.  
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Figure 9: Food insecurity comparisons, using the FIES index. (a) compares percentages of 
households in communes reporting limited, moderate and severe food insecurity, in combination 
with the most severe level (going a whole day without food) in the past year. (b) compares 
aggregated data with four other resource and geographically comparable communes. The Y axis 
represents percentage of households sampled 

 

  
 

6.2 Un-scalable ACHA Livelihood benefits 
The ACHA livelihoods team have been involved in several livelihood activities. However, the 
scalability of these is difficult to estimate, as outlined in limitations (section 2.3). They have 
therefore not been included in total economic assessment, or benefit cost analysis. However, we 
report them here as additional incomes for consideration as part of a complete assessment of ACHA 
project activities. Over the course of the project, incomes have been recorded and reported as 
summarised in Table 9. 
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Table 9: Additional un-scalable economic benefits 
Activity Income generation 
Irrigation 1090ha 
Riparian planting 111000 plants, 57ha  
Savings groups $4756 
Cambodia Agribusiness Development Facility net profits from 
demonstration farms (2017) 

$3463* 

Cambodia Agribusiness Development Facility net profits from 
demonstration farms (2017) 

$11914 (long bean, 
cucumber, morning glory) * 

Mushroom project $324 
Ox carts $1735 
Canoe rides at Banteay Srey $564.5 
Bamboo $369.5 
Total $22,946 

*These figures were provided in case studies, farmers with different crops and their profit margins. It was too 
difficult to discern actually production ratios by consumer, nor was it considered particularly important given 
the overall scale of benefits offered by ACHA. It is our recommendation that every project contractor is asked to 
provide specific cost benefit ratios for their work.   
 
 

6.3 Non-economic impacts 
Non-economic impacts include cultural services of (1a) pagoda revitalisation through the Council of 
Monks and Pagoda (Comapa), and (1b) heritage appreciation; (2) provisioning services of migrant 
attraction; and regulating services of (3a) water provision to Siem Reap, and (3b) flood protection.  
 
1a. Pagoda revitalisation 
We met with Venerable Chun Kimleng, the head monk of Siem Reap Province, to discuss pagoda 
revitalisation within the area. He highlighted the importance of pagoda to the revitalisation of 
Buddhist culture, but also noted the impact of heritage rules (Angkor Masterplan) on new pagoda 
building. The Code of Conduct initiated by the Comapa-ANA relationship has led to a reduction of 
inappropriate behaviour from 10 incidents in 2014, to 2 in 2018. This adds to the quality of cultural 
services provided by the area. Monks encourage protection of the environment (which they believe 
has improved), especially by encouraging the use of natural rather than plastic packaging. While he 
identified a high value for the ruins themselves, he still believes that Khmer and international visitors 
alike miss the importance of the area as a whole – that it is a gift across generations for Khmer 
identity.  
 
1b Heritage appreciation 
All commune leaders felt there had been an increase in community perception about living in the 
area over the course of the ACHA project (Likert score 4.4, between better and a lot better). They 
also felt the area was a better example of Khmer heritage (Liker score 4.2, between better and a lot 
better). These figures are important for the quality of cultural services provided, and also represent 
provisioning services (livelihoods). However, the former do not correspond with decreasing AWHA 
based incomes for Knar Sanday and Nokor Thom presented in section 5 of this report.  
 
2 Migrant attraction 
Discussions with some farmers during home visits revealed that some family members had returned 
to their homes, because of economic opportunities and cost savings from living with families. Survey 
results revealed an average in-migration rate of 9.7% - higher than the 3.1% reported by one 
Commune Official. However, that contrasts with an average of 35.2% out-migration of one or more 
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family member. The former has never been studied in rural areas of Cambodia, and there are 
therefore no comparative rates. The later has been studied (e.g. Jacobson et al. 2018), and was 
within typical rural community rates. However, the proximity of AWHA to Siem Reap town, we 
would reasonably expect figures to be significantly higher than in more remote communes studied 
by Jacobson et al. (2018).   
 
3a Water provision to Siem Reap 
The extent to which Siem Reap relies on ground water recharge facilitated by enhanced water 
management delivered through ACHA is unclear. This is because Siem Reap uses a combination of 
wells, and water from the Baray (lakes). However, experts estimate about 30% is derived from this 
source. Additional irrigation canal water is used to service agriculture production outside of the area 
(e.g. to the South West), where soil quality is higher and rice production rates are also higher.  
 
3b Water management 
Commune Leaders identified some improvements (average Likert scale score 4) in water 
management within AWHA. While water management had notably reduced the duration of flood 
impacts, they had not resulted in irrigation improvements. Community-based tourism was also seen 
as a significant improvement.
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7. Monitoring and evaluation framework 
To develop an end of project monitoring and evaluation (M&E) guide, we reviewed all M&E criteria, 
indicators and measures reported in all previous ACHA project reports. These include Long term, 
Medium Term, Short term and Output criteria and indicators. In an attempt to improve program 
logic, we back casted a Theory of Change (Allen et al. 2012), reviewing alignment of indicators with 
long-, medium- and short- term outcomes as specified by New Zealand Ministry of Foreign Affairs 
and Trade, suggesting changes in alignment of existing indicators where appropriate. Wherever 
possible, and for ease of final project reporting, we have included existing indicators and measures. 
We have also added indicators that reflect intended project outcomes, including some data 
collected for this report. Household survey, Commune Council and expert informant analysis will 
provide additional required data to complete final project M&E.  Table 10 presents the overall 
outcome rationale across long-, medium- and short- term outcomes. Indicators in bold are new 
indicators. We believe outputs should be measured as per current situation, and their alignment is 
indicated below.  
 
We provide updated frameworks for each of long term (Table 11) medium term (Table 12) and short 
term (Table 13) outcomes and associated indicators, measures and indicative assessment methods. 
Indicator numbering refers to that included in ACHA year 3 / 4 report, and would need to be 
updated following agreement from Ministry of Foreign Affairs and Trade. Indicators in bold are new 
indicators. 
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Table 10: Overall program logic References 

Long term outcome 
  

Mid-term outcome 
  

Short term outcome   Outputs 

Criteria Indicator Criteria Indicator Criteria Indicator Indicator 

Improved 
income and 
food security 
(LTO1) 

1.1: Irrigation Improved agriculture 
yields (MTO1) 

1.1 and 1.2 Production Better farming systems 
(STO2) 

 2.1 solar irrigation 1.2 Solar pumps 
  

1.3 Water 2.2 Water structures 3.1 Structures 

1.3: Food security 1.4 Food security Successful economic 
activities (STO1) 

1.1 Dry season ag income 1.1 Beneficiaries trained, Ag  

1.2: Income 1.5 New crops 1.2 Villages heritage crop and 
enterprise 

1.1 Beneficiaries trained  

1.3 Number of producer/support 
groups 

1.1 Beneficiaries trained 

1.6 Wealth generation 1.4 Saving group savings 1.1 Beneficiaries trained 

Enhanced 
protection ad 
sustainable 
practices 
(LTO2) 

2.1: Engagement Inclusive management 
(MTO2) 

2.1 Engagement Enhanced appreciation and 
expression of heritage 
(STO3) 

3.1 Heritage appreciation 2.2 Engagement by CLT 
 
 
 
 

Improved communication 
and co-ordination (STO4) 

4.1 Number meetings 2.1 Case studies of information 
sharing 

4.2 Skill development 2.3 Training to ANA staff 
2.4 capability of ANA staff 
 

2.2 Climate change 
impact reduction 

2.2 Climate change 
readiness 

Better water, forest and 
NRM (STO5) 

 5.1 Riparian Does not exist 

5. 2 Extent water management 
mitigates flood 

3.1 Water structures built 

5.3 Extent water management 
mitigates flood 
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Table 11: Long-term outcome monitoring and evaluation 
Long term outcome  
Criteria Indicator Measure Previous use Suggested change Assessment methods 

Improved income and 
food security (LTO1) 
  
  

1.1: Irrigation 1.1: Total area irrigated Y3/4 No change  Existing data, expert discussion 

1.2: Income 1.2: Average income Baseline, economic  Also include economic diversity 
(no. income generating activities) 

Revise, household survey  

1.3: Food security 1.3: Food security - 
insufficient food and FIES 

Baseline, economic 
analysis  

Uses FIES rather than baseline 
questions  

Revise, household survey 

Enhanced protection 
ad sustainable 
practices (LTO2) 
  
  
  

2.1: Engagement 
  

2.1.2 Villages proactively 
engaged # 

Y3/4 Commune scale is more 
appropriate for long-term 
outcomes 

Existing data 

2.1.2 Stories of practice 
change 

Baseline, Y3/4 No change Existing data, expert discussion 

2.2 Climate impact 
reduction 
  

2.2.1 Floods # Y3/4, economic Replace with 1 score for climate 
impact  

Expert discussion 
2.2.2 Droughts # Y3.4, economic 

MODIFIED INDICATORS Were under 1.2 
Income, but are 
more appropriate as 
short and medium-
term indicators 

1.2.1: Savings group 
savings 

Y3/4 Move to short term indicator Revise 

1.2.2: Savings group 
loans 

Y3/4; Baseline Move to medium term indicator Revise 
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Table 12: Medium-term outcome monitoring and evaluation 

Mid-term outcome (revised) 
Criteria Indicator Measure Previous Suggested change Assessment methods 

Improved agriculture 
yields (MTO1) 
  
  
  

1.1 and 1.2 
Production (aligning 
to LTO 1.1) 

Irrigated/dry season rice 
ha and yield 

Baseline, y3/4 No change Key informant interviews 

1.3 Water storage 
(aligning to LTO 1.1) 

Water storage (GL) Year 3/4 No change Expert assessment 

1.4 Food security 
(aligning to LTO 1.3) 

Severe food security 
(#months) 

  Sub sample of FIES index  Household survey 

1.5 New crops 
(aligning to LTO 1.2) 

 Improved rice seed (#ha)  Baseline Consider replacing with value of 
new crops instead 

Documents, expert assessment 

1.6 Wealth 
generation 
 (aligning to LTO 1.2) 

Savings group loans ($) y3/4; Baseline Moved from LTO to MTO Expert assessment 

Inclusive management 
(MTO2) 
  
  
  
  

2.1 Engagement 
(LTO2.1) 
  

2.1.1Communes 
supported (#) 

Baseline, y3/4 Change to perception of 
engagement  

Expert discussion 

2.1.2 ANA decisions 
involving community 

y 3/4 Add perception of engagement Expert discussion 

2.2 Climate impact 
readiness (LTO 2.2) 
   

2.2.1 Number of floods y3/4 Revisit  Expert assessment 

2.2.2 Number of droughts y3/4 Revisit  

2.2.3 Economic impacts economic- Estimates of costs and cost savings 
caused by infrastructure  

Expert assessment 

MODIFIED 
INDICATORS 

2.1.2 Stories of 
involvement 

# stories Baseline Cut   

2.1.3 New 
committees 

# by theme Baseline Move to STO  
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Table 13: Short-term outcome monitoring and evaluation 
Short term outcome  
Criteria Indicator Measure Previous Suggested change Assessment methods 

Better farming 
systems (STO2) 
  

 2.1 Solar irrigation 
(MTO1.1/2) 

#Ha with solar 
#ha double cropping 

Y3/4 No change Document 

2.2 Water structures 
(MTO 1.3) 

 # structures  Y3/4 No change Document 

Successful economic 
activities (STO1) 
  
  

Dry season ag income 
(MTO1.4) 

Net profits Y3/4 No change Document 

1.2 Villages heritage crop 
and enterprise (MOT 1.5) 

# villages, 
#households 

y3/4 Document number of groups, number 
households per group, and number of 
households per village 

Expert assessment 

1.3 Number support 
groups (MTO1.4) 

# groups baseline No change  

1.3 Savings (new MTO 
1.6) 

Savings group savings y3/4 Moved from LTO Expert assessment 

Enhanced 
appreciation of 
heritage (STO3) 

 4.2 Heritage 
appreciation (MTO 2.1) 

 # participants in 
traditional ceremonies 
  

Baseline Heritage appreciation Household survey, expert 
assessment 

Improved 
communication and 
co-ordination (STO4) 

4.1 Community meetings 
(MTO2.1) 

 # meetings y3/4 Number of committees formed, from 
MTO 

Expert assessment 

4.3 Skill development Improvement in staff 
skill 

 New Expert assessment 

Better water, forest 
and NRM (STO5) 
  
  
  

 5.1 Riparian (MTO 2.2) # trees planted, #ha y3/4 No change Document 

5.2 Extent water 
management mitigates 
flood (MTO 2.2) 

 Likert scale  Economic New Expert assessment 

5.3 Extent water 
management mitigates 
drought (MTO 2.2) 

 Likert scale  Economic New Expert assessment 
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We believe the following 10 indicators should would be of use for ANA to assess both ongoing 
benefits of water and livelihood management and rural change beyond the life of the project: 

1. Food security, annual assessment using FIES 
2. Groundwater, measured seasonally, at a range of sites 
3. Water quality (e.g. pesticide residue, faecal coliforms, nitrogen run off), measured 

seasonally 
4. Numbers of households with toilets, as an indication of sanitation, periodic 

assessment 
5. Economic diversification at the household source (e.g. number of income sources and 

income from each), periodic assessment 
6. Community resilience, periodic assessment at commune scale 
7. Extent water management mitigates flood and drought, annual assessment 
8. Costs (damage) of extreme weather events (at the commune scale), by event 
9. Heritage appreciation, periodic assessment 
10. Inclusiveness of management, periodic assessment 
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9. Appendices 
9.1 Appendix 1: Valuation methodologies 

Water management and water structures provide a range of services that are valued by businesses, 
households and individuals, including:  

• potable water supply for households;  
• water for public amenities;  
• reliable water supply for fish farming, irrigation and for industry;  
• opportunities for water-based recreation and tourism; and  
• flood protection.  

Some water use is primarily for market production, e.g. aquaculture, agriculture and horticulture. If 
we can measure the volume of these, it is possible to estimate how much value is created by having a 
reliable water supply. If water supply to households and businesses is metered and has a volumetric 
price, we can estimate a minimum value for the water in those uses. However, in several other cases 
the benefits from water management and water structures may be unpriced, or unowned, or both. 
Estimating the value of water for public amenities (e.g. gardens), cultural value (e.g. temples), water-
based recreation (e.g. canoeing) and flood protection is more difficult. We structure the remainder of 
our report to cover (i) methodologies, (ii) ecosystem services methodology, (iii) methods for valuing 
ecosystem services, (iv) ACHA assessment methods, and (v) references. 
 
Methodologies 
Economic valuation methodologies (approaches) provide a process to identify indicators for economic 
assessment. Individual methods are then applied to provide values for indicators. This section 
describes key methods from the region and beyond that assess economic values of water 
management.  
 
United Nations System of Environmental-Economic Accounting (UNSEEA) for water 
This methodology was developed in 2003 and revised in 2012. In covers five types of accounts. Most 
of these focus on supply and treatment of municipal water and waste water. They require detailed 
volumetric information. One of the five types of accounts (water valuation) is relevant to the aim of 
this project. The authors of UNSEEA acknowledge there is no agreed standard for economic valuation 
of water resources. Their discussion focusses on charges for use of water and includes (i) input into 
agriculture and manufacturing; (ii) consumer good; and (iii) environmental services. The review covers 
some but not all of the economic valuation methods included within this report.  
 
 Auckland City Council 2013 
This framework focusses on total economic valuation of water to determine the appropriate allocation 
of freshwater for different purposes (water quality, biodiversity, erosion control, supply, recreation, 
fish, livestock, agriculture and wetland maintenance).  Economic analysis includes direct use (e.g. 
agriculture), indirect use (e.g. flood protection), non-use (e.g. biodiversity) values. The report also 
includes future values. A range of valuation methods are included. Its main relevance to our project is 
the detail on strengths and limitations of economic valuation methods.  
 
USAID Ecosystem service values in lower Mekong (Cambodia country report 2015) 
This report uses an ecosystem services methodology (see section 3) to identify services for valuation. 
It then identifies four approaches and a range of methods that can be used in valuation. Best practice 
guidelines are proposed including steps of (i) set objectives, (ii) define analysis area, (iii) identify 
services for measurement, (iv) explore data (existing and empirical needs), (v) quantify benefits, and 
(vi) conduct sensitivity analysis. It emphases the need to assess current benefits as a baseline 
assessment, but also notes the importance (but complexity) of assessing benefits to future 
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generations. Prior application within country, and proven best practice guidelines mean this report 
provides an excellent reference methodology for our project.  
 
Japanese rapid economic valuation of ecosystem services 
This report provides a rapid assessment methodology for ecosystem services, including the steps of 
preliminary appraisal, scoping to identify ecosystem services and beneficiaries, data acquisition and 
analysis.  It compares 10 tools against low time demand, low technical demand and the inclusion of 
economic valuation. Only one tool, the Toolkit for Ecosystem Service at Site-based Assessment meets 
all criteria. This toolkit includes a range of services but all are specific to wetland function, rather than 
whole catchment or water structure management. Thus, the range is too narrow to be applied to the 
aim of our project.   
 
 Other approaches in Cambodia and Mekong region 
Beyond the work of USAID, economic valuation approaches have been applied in Cambodia to assess 
specific resource values. ADB used economic assessment to determine the financial benefit of water 
treatment in Phnom Penh, emphasising work-related costs of households not connected to public 
water supplies through estimates of the disease burden. Similarly, World Sanitation Program (2008) 
assessed the economic impacts of a lack of sanitation.  These reports are largely unrelated to our study, 
given the focus on water treatment for drinking and waste supplies in the context of WASH, rather 
than catchment management. WorldFish (Nvay et al. 22016), Israel et al. (2008) and Ngyuen (2008) 
assessed the economic value of fisheries and aquatic resources, focusing on net economic valuation 
of catches. The relevance to our project includes the recognised need to assess fish catch and aquatic 
resources by season.  
 
Climate assessment methods 
Multiple approaches to the assessing the impacts of climate adaptation exit. The most comprehensive 
review of approaches is Bours et al. (2014). However, these approaches simply refer to the need to 
assess economic benefits. Suggested economic indicators include incentives for risk reduction and for 
recovery. The World Bank’s guide for economic evaluation of climate change adaptation (2010) 
emphasises the need for cost-benefit assessment, and methods that forecast anticipated 
costs/benefits to justify adaptation, rather than monitoring of said adaptation efforts. These methods 
are therefore not particularly relevant to the aim of this project. ISET’s framework for urban climate 
resilience (Tyler et al. 2014) focuses on business continuity planning and disaster risk reduction, with 
a range of indicators to assess water supply, flood prevention and damage, public health tourism, solid 
waste management, ecosystem management, and climate resilient agriculture. The list of indicators 
is exhaustive and has a different purpose to this project, but some may be useful in assessment.   
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Table 1: Summary of key economic assessment methodologies 
Key methodologies Key points Relevance to project aim 
SEEA-Water, United 
Nations Department 
of Economic and Social 
Affairs Statistics 
Division, 2012 

• Focussed on detailed volumetric 
information on supply and discharge 
of water and its treatment 

• Acknowledges no standardised 
method for economic valuation 

• Focus is too narrow, so 
largely irrelevant 

• Includes only some of 
economic valuation 
methods included in this 
report 

Auckland City Council 
Freshwater values 
framework, 2013  

• Total economic valuation including 
broad array of direct, indirect and 
non-use values.  

• Describes benefits and 
disadvantages of various valuation 
methods 

• Does not include an actual valuation  

• Specific valuation 
methods are discussed 
including strengths and 
weaknesses, albeit in a 
comparably data rich 
context 

USAID Valuing 
ecosystem services in 
the Lower Mekong 
Basin, 2015  

• Method or similar method has been 
applied in Cambodia and elsewhere 
(Laos, Vietnam, Africa) 

• Full range of services, approaches 
and methods is included (fuller than 
Auckland City Council) 

• Provides best practice guidelines  

• Proven relevance to 
context 

• Excellent guidelines 
included 

Japanese Ministry of 
Environment guide for 
rapid economic 
valuation of wetland 
ecosystem services, 
2016  

• Reviews a range of approaches 
• Reinforces the value of ecosystem 

services approaches 
• Identifies few low cost, low technical 

demand economic valuation 
approaches 

• Similar concept to USAID 
but too narrow in focus 
for purposes of this study 

World Bank guide for 
economic evaluation 
of climate change 
adaptation, 2010 

• Cost benefit assessment 
• Developed to guide trade-off in 

future adaptation initiatives 

• No real guidance of 
economic evaluation  

• Emphasises a-priori 
(before action) rather 
than a-posteriori (after 
action) assessment 

ISET Framework for 
urban climate 
resilience (Tyler et al.), 
2014 

• Urban context focus 
• Disaster context 

• Provides useful indicators 
but no assessment 
methodology 
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Ecosystem services methodology 
Keeping track of the services that water provides is a complicated task. Its management also may have 
diverse impacts across a wide region. A helpful way to systematically track the benefits deriving from 
water supply and water management is to apply an ecosystem services framework. Ecosystems 
sustain life, particularly human life, by the functions they provide and the services humans obtain from 
ecosystems. De Groot et al. (2002, p394) defined ecosystem functions as “the capacity of natural 
processes and components to provide goods and services that satisfy human needs, directly or 
indirectly.” Representations of ecosystem services have at their core the numerous relationships 
between natural capital, ecosystem functions and human well-being (RSNZ 2011). The MEA (2005) 
explain that there are links from flows of ecosystem services to ‘constituents of well-being’: security, 
basic material for the good life, health and good social relations, which have their culmination in 
‘freedom of choice and action,’ that is, the ‘opportunity to be of value to achieve what an individual 
values doing and being’ (MEA 2005, p.29).  
 
Ecosystem services types can be defined as:    

• Provisioning services include all nutritional, material and energetic outputs from living 
systems. These are tangible items that often are sold or exchanged, or used directly by 
humans in a household or in a factory to produce a manufactured product. Examples include 
food, timber, hydro power, and natural medicinal products. 

• Regulating services include all the ways in which living organisms can mediate or moderate 
the ambient environment that affects human performance. It includes the degradation of 
wastes and toxic substances through natural processes, flood control or mitigation, 
maintenance of genetic diversity, and carbon sequestration.  

• Cultural ecosystem services include all the non-material and normally non-consumptive, 
outputs of ecosystems that affect physical and mental states of people. These services include 
the recreational, spiritual, scenic uses we make of natural settings whether as residents of an 
area, as active outdoor recreationists, or tourists visiting a site. People can derive values from 
natural settings, directly (use values) or vicariously (option, existence and bequest values).  

(Haines-Young and Potschin (2012) Common International Classification of Ecosystem Services). 
 
Talberth (2015) provides a useful illustration of the range of ecosystem services we might observe if 
we study a specific example such as a watershed (Figure 1). 
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Figure 1. Types and classification of ecosystem services (From Talberth 2015, Figure 1). 
 
The classification of ecosystem goods and services is useful for resource management and decision 
making for three reasons. First, it helps us rationalize and synthesize essential ecological and economic 
concepts to ensure policy relevance. Second, it incorporates the latest available ecosystem science. 
Third, planners and policy makers can use the classification system when evaluating economic and 
political trade-offs between, e.g. between exploitive and conservation use (Hearnshaw, Tompkins and 
Cullen 2014).  
 
The importance of a service to human well-being can be described by many different indicators, 
including environmental safety (provision of clean water, risk mitigation and so on), economic security 
(income and employment), health (both physical and psychological), and social components (cultural 
identity, social networks, and other items). 
 
Measuring ecosystem service flows 
To justify the benefits of financial investment in water resource management we need an understand 
the changes in benefits that followed the investment. To do this, we first need to establish the 
previous level of benefits, and then estimate the additional benefits that have flowed to the region, 
its inhabitants and visitors after the flood control project was completed. If it is possible, monetary 
valuation of those additional benefits is desirable so that we can compare the payoff from the project 
to its initial cost and any ongoing costs – a benefit cost analysis.  
 
The ecosystem services framework with its three major categories and numerous sub-categories is 
helpful in understanding benefit changes. First, we need to:  
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• Identify flows of services and benefits, including factors that positively and negatively affect 
them; 

• Estimate the amount of each service provided; and 
• Identify how this has or will change over time.  

Once these have been conducted, economic modelling can be completed. Examples of additional 
ecosystem service flows are reduced disruption of tourism because of reduced flooding at tourism 
sites, or reduced damage to farmland, roads, and buildings because of flooding of low-lying areas. In 
some regions there will be many different ecosystem services affected by a flood control project. The 
most important task is to identify the services (indicators) and quantify their magnitudes and changes 
in magnitude. Once this is conducted, we can select appropriate economic valuation methods.   
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9.2  Appendix 2: Valuation methods 
The notion of Total Economic Value (TEV) is helpful when we want to identify all of the values that 
ecosystem services provide, and to support work valuing flows of ecosystem services. TEV separates 
values derived from ES into a range of value types as shown in Figure 1. Within TEV there are five value 
categories: Direct use value, Indirect use value, Option value, Bequest value and Existence value.  A 
simple equation summarises the components of TEV.  
 
TEV = DUV + IUV + OV + BV + EV 
 
Direct use value – This value captures the benefits we derive from extractive or consumptive uses of 
goods and services provided by nature. These items such as fish, timber, which are used or consumed. 
Direct use value includes benefits we derive from visiting or recreating at a site such as a historic 
temple or a national park. Direct use values can be quantified, are generally easy to value. Where 
there is an absence of markets, as often occurs for non-consumptive uses, specific action may be 
needed to estimate both quantity and values. 
 
Indirect use value – This includes benefits we derive from non-extractive use or functional values 
provided by nature in a region. Examples include forests providing water catchment services, 
containing and releasing water to downstream users. Forests and their associated underground 
systems filter and purify water reducing the need for humans to provide costly water treatment 
systems to ensure water id safe for use. These ecosystems do not need to be harvested or extracted, 
although they often need oversight and management. Indirect use values may be difficult to quantify, 
and are often unpriced, hence we need specific techniques to estimate their value. 
 
Option value – This is the value we derive from maintaining the option of consuming or making use of 
a good or service at some later date. An example is the value we attach to being able at some future 
time to be able to visit an historic temple or a national park, even if we never get to make that visit. 
Option value is akin to the value we obtain from having an insurance cover covering a house; we hope 
we never have to call upon the insurance cover, but we are prepared to pay an annual amount to 
ensure the house is insured.  Quasi-option value is a related concept and it points to the value we 
derive from the possibility that future information in after some research is completed may mean we 
derive more value from an item than we do now. 
 
Existence and bequest value – This non-use value arises because we derive benefit from knowing that 
a resource such as an ecosystem or a site that we value exists, and will exist in future for our 
descendants and others to benefit from. Elephants are a useful example to consider; there are very 
limited numbers of tigers in Cambodia, most people will never see or ‘consume’ them, but most 
people would feel a loss if they were to become extinct; we value knowing they exist and we value 
knowing that future people will also value them. Estimating existence and bequest values is difficult 
as there are no obvious prices for them and we need specific techniques for this task. 
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Figure 1. Five types of benefits comprising Total Economic Value 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
Valuation of ecosystem services 
As we saw in the previous section TEV includes both use values and non-use values, and it comprises 
five components - direct use value, indirect use value, option value, bequest value and existence value.  
Regions or sites can provide a wide array of goods and services that we derive benefit from and the 
Ecosystem Services framework is helpful to identify the breadth of benefits that businesses, 
government, households or visitors can derive. If we need to estimate values for each of the different 
ES we will need to use multiple valuation techniques.  
 
There are three approaches we can use for valuing ecosystem services: Revealed preference 
approaches, Stated preference approaches, Cost based approaches. All require research to estimate 
‘quantities’ and ‘prices’. Research is time consuming and costly and a complementary or alternative 
approach to completing original research for each project is to use/adapt values from existing research. 
This is called Value Transfer or Benefit Transfer.  
Most economists aim to do Total Economic Valuation but it is rarely fully achievable because of the 
time and data requirements. They usually argue try to do as much reasonably possible in available 
resources.  
 
Revealed Preference Approaches 
Revealed preference approaches obtain data from markets. They assume that market prices reveal 
the values of the items being traded. There are four approaches that we can use to value ecosystem 
services.  
 
Market prices Where ecosystem services are traded in competitive markets (e.g. fish) we can use their 
prices as measures of their value. Market prices may be distorted by taxes and subsidies, trade policies 
and lack of competition; the impact of these needs to be considered. Market prices often make a 
partial assumption that there is only a minor variation in quantity traded and hence price remains 
unchanged.  

Value of good 
or services  
in 
consumption 
production  
 

Value of 
goods or 
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having 
indirect 
utility 
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future use 
(direct and 
indirect) or 
future non-
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from use and 
non-use 
values 
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attached to 
knowing that 
a good or 
service exists  
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Travel Cost In some cases where an ecosystem service is not traded in a market we can look to 
purchases in related-markets to estimate value. For example, if the cost entry into Angkor World 
Heritage Park did not exist but it did at Koh Ker. If we can obtain data on numbers of visitors and their 
travel costs, a demand function for visits to the site can be estimated and used to value use of the site. 
 
Hedonic Pricing Some ecosystem services are unowned, and there are no direct markets for them (e.g. 
Sunshine).  To value these, we can look at a related market to see if households’ preferences for them 
are revealed in prices they pay. Using Sunshine as an example, in a city where there are sunny and 
shady suburbs, we can obtain data on house prices together with information about each house such 
as its age, construction material, number of rooms, and the amount of sunshine the house receives 
each year. Using statistical techniques, we can estimate demand for housing, and determine the 
influence sunshine hours has on the price paid for houses. Houses in suburbs that receive more 
sunshine will command a sales price premium over comparable houses located in shadier suburbs 
(Fleming et al. 2017).  
 
Factor Income Some ecosystem service can be valued by studying their impact on production levels, 
and isolating the yield effect attributable to the ecosystem service. For example, water is used in many 
countries for irrigating crops and boosting yields above the levels in dryland systems. If data can be 
obtained on the inputs used to grow a crop, statistical techniques can be used to determine the 
contribution of irrigation water to crop yield, and a value can be estimated for water.  
 
Stated Preference Approaches 
Stated preference approaches obtain data from surveys of individuals or households. The surveys ask 
respondents to state their willingness to pay for an item, or to rank one item against other items listed. 
These techniques have considerable advantages over revealed preference techniques as they can be 
used for both existing and prospective ecosystem services.  They can also be used to estimate values 
that may occur after a project is completed, and can be targeted at specific items such as additional 
recreation benefits from a water management project. However, these approaches are costly to use 
and require considerable expertise in survey or experiment design, data handling, and econometrics. 
 
Contingent Valuation Contingent valuation asks individuals or households about their willingness to 
pay for a good or service or their willingness to accept compensation for the loss of the good or service. 
Respondents are typically asked to make a choice between a world without a service and one with the 
service, described in monetary units. Many variants of this method have been developed, including 
willingness to pay (WTP) or accept (WTA). Many governments accept use of contingent valuation 
results, for example the New Zealand Government’s value of a statistical life was obtained using a 
contingent valuation study (The Treasury 2015). 
 
Choice experiments Choice experiments build on contingent valuation and help analysts to understand 
the way values change as factors that affect them change. For example, a choice experiment might 
provide scenarios that state number of low flow days in a river, the macro-invertebrate health of the 
river, and the levels of communicable disease in the water. Respondents are repeatedly exposed to 
scenarios that vary the levels of these factors and the financial cost associated with each scenario. 
Their choices can be analysed to obtain estimates of the values. Choice experiments have some 
advantages over contingent valuation studies; they do not force respondents to choose between only 
two outcomes, and they deemphasise the monetary trade-off required, reducing the likelihood of 
strategic bias.  
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Cost-Based Approaches 
Cost-based approaches look at the supply of ecosystem services and provide cost data as a proxy for 
value. Historic or projected costs can be estimated for ecosystem services using this approach. There 
are three approaches in this group. 
 
Avoided Cost This assesses costs incurred if the service provided was no longer available. An example 
is when the forest on hillsides slows the rate of inflow into rivers and reduces costs associated with 
flooding impacts. After carefully estimating the differences in flooding impacts if the forest was 
removed, and their monetary values, a total value of avoided costs can be calculated and used as a 
proxy for the value of the flood mitigation. 
 
Replacement Cost This asks about the cost to replace ecosystem services with human-made 
technology. Forests to the north of New York City filter groundwater and ensure city water supplies 
require only minimal treatment to be potable. Without the forest, New York City would have to invest 
several billion dollars in water treatment facilities to ensure water was safe for human use.  
 
Restoration Cost This is a third way to seek data that can be used as a proxy for ecosystem service 
values. For example, a ship grounding that releases oil that damages nearby coastline coats birds in 
oil. Analysts can calculate the costs of cleaning beaches and managing damaged birds to restore their 
health. 
 
Benefit Transfer 
Conducting original research is costly and takes time to plan, execute, analyse and communicate to 
decision-makers. When budgets are limited and time is short, analysts can consider using values in 
earlier studies. The process of adapting existing values for another study is known as benefit transfer 
or value transfer. For example, the measure of the value of a fishing day on another river can be 
applied/adapted to a specific river of interest.  
 
Benefit transfers are widely used because of budget constraints. Care must be taken. Study sites must 
be sufficiently similar to justify benefit transfer – one may have several rivers, and the other only one 
or a few rivers.  Are use patterns similar at both sites? If population levels, and household income 
levels differ, that will influence demand for fishing in each area. Are the ecosystem services being 
valued close to identical or do they differ? One river may provide salmon fishing opportunities, but 
the other may only support trout. Has allowance been made for inflation, or for exchange rates if 
benefit transfer is to be across national borders? 
Several sites  contains information from many countries on thousands of non-market valuation studies. 
Analysts can consult these NMV repositories to find valuation studies of similar services and consider 
if the values in those studies for benefit transfer to their project. 

http://selfservice.lincoln.ac.nz/nonmarketvaluation/ 
http://www.oceaneconomics.org/nonmarket/NMsearch2.asp 
https://www.environment.nsw.gov.au/publications/evri.htm 

Benefit transfers within a country are likely to be more feasible than international transfers as the 
latter may require exchange rate and purchasing power parity calculations as well as potentially 
differing cultural, income and demographic differences.  
 
 
 
 
 
 
 

http://selfservice.lincoln.ac.nz/nonmarketvaluation/
https://www.evri.ca/Global/Splash.aspx
https://www.environment.nsw.gov.au/publications/evri.htm
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Experiences with tourism and cultural services valuation 
Research has recently been completed in several countries on tourism and ecosystem services. In 
Nepal an expert-driven research project studied 27 International Bird Areas (IBA) to determine the 
services each area delivers.  The research report notes (BCN and DNPWC 2012; p35) ”… these experts 
completed a ‘rapid appraisal’ of the site, including an overview of the habitats, the ecosystem services 
delivered by the site, drivers of change at the site and the potential impacts that this may have on 
stakeholders at a range of scales.” This example demonstrates that in a low-income country, expert-
based methods can provide snapshots of ecosystem service values (including nature-based 
recreation).  
Parks Victoria (PV) (2009) estimated values of ecosystem services provided by 3.9 million hectares of 
parkland in Victoria, Australia. The research estimated the economic contribution of park-attributable 
tourism to the Victorian economy at around $1 billion Gross Value Added (GVA) and 14,000 jobs. This 
example is somewhat similar to BCN and DNPWC (2012). It uses existing data expert knowledge to 
provide snapshot estimates of ecosystem service values. 
Conservation and tourism services have been studied in Carmargue, France (Beltrame et al. 2013). 
Three types of stakeholders were interviewed to see if land management supports tourism and/or 
maintains ecosystems services.  They conclude that some but not all services were managed at a local 
scale. Local managers were generally unaware of the ecosystem services concept. 
 
 
We present a colour-coded summary of appropriateness of valuation methods and chosen method 
for each service in Table 1. Colour indicates the best options for economic valuation methods (green 
is best, red is inappropriate, yellow indicates difficult/non-ideal).  Our suggested method focusses on 
changes in the economic value before and after water structure developments, with comparison to 
broader regional data where possible. It excludes areas between upper catchment and AWHA, due 
to attribution issues. However, production values (where available) will be provided as context.  
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Table 1: Valuation Methods for ACHA assessment (pre-assessment review) 
 Service 

  
Valuation method 
  

Economic valuation methods 
 Total 

Economic 
valuation 

Revealed preferences Stated preferences Cost based Benefit 
transfer Markets 

prices 
Travel 
cost 

Hedonic  
Pricing 

Factor 
income 

Contingent 
valuation 

Choice 
experiments 

Avoided costs Replacement 
costs 

Restoration 
cost 

Cu
ltu

ra
l 

se
rv

ice
s 

Aesthetic value of area Non-economic value              

Spiritual value of areas Non-economic value              

Pagoda revitalisation n/a              
Khmer identity n/a              
Research Market prices            

Pr
ov

isi
on

in
g 

se
rv

ice
s 

Vegetable production Market prices            
Rice production  Market prices            
Bamboo production Market prices            
Wellbeing (food security) Replacement cost            
Fruit trees Replacement cost            
Charcoal n/a              
Other NTFP e.g. rattan Replacement cost              
Fisheries Replacement cost              
New tourism (e.g. canoes) Market prices            
Tourism numbers Travel cost              
Tourism spend per day Market prices              
Attracting migrants                
Groundwater for SR town Market cost              
Tourism services Market prices              

Biodiversity n/a              

Re
gu

la
tin

g 
se

rv
ice

s 

Flood protection (S. Reap) Restoration & market            

Kulen Mt (Deforestation) Restoration cost              
Water quality with riparian planting Restoration cost              

Water provision (S. Reap) Market prices            

Pollution  n/a  
       

     
 a It is too difficult to assess the value of religion; qualitative non-economic assessment based on expert judgement will be made, to serve as a baseline for future assessment. 
b It is too difficult to assess the value of religion; qualitative non-economic assessment based on expert judgement will be made, to serve as a baseline for future assessment. 
c It is unlikely we will get honest responses about the source of wood for charcoal production 
d We can comment on migration rates to urban centres, and comparative agricultural productivity of the AWHA, but it is too difficult to assess whether urban migrants are living in the area, and the extent that they 
benefit from it 
e ANA has data on benefits from the area, and we will complement this with Ministry of Environment data, but the quality of biodiversity data in Cambodia is generally very poor  
f Deforestation rates can be calculated, as can the costs of planting and seedling management. However, international research indicates that the costs of keeping trees in the ground vary significantly, depending on 
political, socio-economic, and tenure considerations. The Philippines has had the most substantial reforestation program globally, but formal review of long-term success of their National Greening Program and its 
predecessors is only just beginning. These estimates will therefore be significantly lower than real costs.  


