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Introduction 
 

Background 

Metrics are measurable indicators for documenting, monitoring and reporting on the state and trend of 

social and environmental change.  For CI, metrics are instrumental for identifying priorities, tracking 

progress towards our goals, and communicating the impact of our conservation efforts. Metrics gives us 

the information needed to make smarter decisions and to demonstrate our contribution to building and 

supporting healthy, sustainable societies. CI maintains that a healthy, sustainable society, which 

enhances social capital and equity and improves human well-being, requires the integrity, resilience and 

productivity of natural ecosystems and their biodiversity. 

 

  
 

Achieving a healthy, sustainable society requires the advancement and strengthening of its three 

interdependent and mutually reinforcing dimensions: Essential natural capital, effective governance and 

sustainable production and consumption. Using data on the location and extent of ecosystems, and the 

services they provide to people, CI uses metrics to identify and map important places for conservation 

attention. These places may include catchments that provide drinking water to communities living 

downstream or mangroves that protect people living along a coastline from damaging effects of storms.     

 

Cambodia context 

Cambodia’s National Green Growth (GG) Roadmap lays a foundation for socioeconomic development 

that will result in improved human well-being as well as the protection of natural capital, the 

ecosystems and biodiversity that provide clean water, food, and climate resilience to Cambodia’s 

people. In order to measure progress towards the objectives outlined in the GG Roadmap along with 

other environment-relevant policies like the Rectangular Strategy for Growth, and the Millennium 

Development Goals, metrics are needed.  For policy to be useful, the metrics should be simple, 

meaningful, and not require significant resources invested in new data collection. The information 

provided by such metrics can be used for multiple purposes, including planning, environmental 
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protection, and human development projects, and can be applied by multiple audiences, including 

governments, the private sector, NGOs, researchers, and local communities. 

 

Workshop aim 

Conservation International has developed an integrated metrics framework which includes indicators 

related to natural capital, sustainable production, effective governance, and human well-being. CI is 

applying this framework in Cambodia, which is one of our priority geographies. To ensure best possible 

process and output of our initiative, we convened a Validation Workshop where we brought together 

experts from multiple disciplines to review the draft metrics and validate preliminary results. We also 

discussed how metrics can be used as a communication tool with policy makers and identified future 

need for training in measuring and mapping metrics related to forest carbon, fresh water, food security, 

and human well-being. The constructive feedback from the workshop participants helped us fine-tune 

our approach, methods and outputs. 

 

Indicators 

Following are more detailed descriptions of indicators for natural capital, effective governance, 

sustainable production and human-well-being. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Essential natural Capital 
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Definition: Percentage of essential natural capital sustained through protection, restoration, 

or improved management 

 

Natural capital is defined as the stock of biodiversity and ecosystems that produce and maintain the 

flow of goods, services and other benefits that support human well-being. “Important” natural capital 

implies a threshold that prioritizes natural ecosystems based on context-specific criteria, such as the 

level of human dependency, irreplaceable biodiversity, the level of threat, or other attributes.  

 

The criteria for defining “important” depend on the ecosystem service being assessed, and the specific 

ecological and socioeconomic context. For example, a watershed that provides a source of drinking 

water for a population in a drought-prone area can be considered important; whereas a watershed that 

provides water in an uninhabited place, or in a place where water is plentiful, may not be considered as 

important from a human well-being perspective. 

 

Natural capital provides a range of ecosystem services, which are the benefits people obtain from 

ecosystems. These include provisioning, regulating, and cultural services that directly affect people, and 

the supporting services needed to maintain other services. For a summary of ecosystem services 

provided by natural capital, see the Common International Classification of Ecosystem Services 

(http://cices.eu/). 

 

Within the broader suite of ecosystem services, CI’s strategy focuses on several key types or 

“dimensions” of natural capital, including: 

 Biodiversity (such as rare, threatened, or endangered species and ecosystems) 

 Ecosystems that are important for fresh water (quantity, quality, or flow regulation),  

 Ecosystems that are important for mitigating climate change (carbon storage and avoided 

emissions)  

 Ecosystems that help people adapt to climate change (coastal protection, disaster risk 

reduction, or other services), and  

 Ecosystems that are important for food security (wild sources of food or ecosystems that 

support agricultural production).  

 

The total extent of essential natural capital (INC) in a given geographic region is determined by 

measuring the spatial extent of biodiversity and ecosystems that represent key dimensions of natural 

capital. This can be done using discrete biophysical characteristics, such as endemic species, carbon 

stocks, or watersheds. It also depends on links between biophysical characteristics and social and 

economic attributes, such as watersheds that are critical for water supply, or ecosystems that provide 

significant climate mitigation or adaptation benefits. 

 

Essential natural capital is considered “sustained” if it is: 

1) Protected e.g., an area has formal protection status, such as a national park, according to IUCN 

categories I-VI or relevant national-level designations 

http://cices.eu/
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2) Effectively managed - e.g., based upon how well an area is being managed, and/or  

3) Intact – e.g., an area and its features are in a relatively natural state, such as having natural 

vegetation cover 

 

The three definitions above of “sustained” are complementary, however, approaches to measuring each 

might vary depending on the context and the type of natural capital. For example, essential natural 

capital for biodiversity (such as biodiversity priority areas) might be contained within protected areas, 

but those areas may not be truly “sustained” if the biodiversity within them is threatened by 

overhunting or other pressures. Similarly, a watershed might have all of its original vegetation cover, but 

a dam downstream may prevent the flow of services to beneficiaries. Thus consideration of multiple 

dimensions of the “sustained” is required to understand the current and future state of natural capital.  

 

Data on the spatial extent of protected areas is available in most places, e.g., the World Database of 

Protected Areas, therefore it is generally possible to measure the first dimension of “sustained” 

(essential natural capital that is protected) anywhere in the world. Data on areas with natural vegetation 

cover is available for certain geographic areas and globally for a single ecosystem type (forests), thus it is 

also possible to measure the third dimension (essential natural capital that is intact) anywhere in the 

world that has forests. The second dimension, effective management, can only be measured for those 

areas that have data, such as protected areas that have completed the Management Effectiveness 

Tracking Tool (which includes all protected areas where CI works). 

 

Indicator 1: Percentage of essential natural capital that has formal protection 

status 
 

Denominator: total extent (hectares) of areas of essential natural capital 

Numerator: the extent of the above areas that are within protected areas 

 

 
 

Methods 

Denominator - The total extent (hectares) of areas of essential natural capital in Cambodia was created 

by combining outputs from the following analyses: 

 Areas with essential natural capital for biodiversity (terrestrial biodiversity priority areas) 

 Areas with essential natural capital for climate mitigation (areas with high biomass carbon stock) 

 Areas with essential natural capital for fresh water (quantity, quality, and flow regulation) 

 Areas with essential natural capital for food security (non-timber forest products, freshwater 

fisheries, and coastal mangroves & coral reefs) 

 

Proportion of 
important natural 

capital  (INC)  that is 
protected

Protected INC

Total INC=
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These layers were all combined in a single layer of overall “essential natural capital”.  This layer was then 

overlaid with areas with protected status in order to calculate the percentage of essential natural capital 

that is protected. 

 
Figures NC1a and NC1b. Essential natural capital combined (left) overlaid with areas with protected 

status (right). 

 

Indicator 2: Percentage of essential natural capital that is intact 

 

Denominator: total extent (hectares) of areas of essential natural capital (same as above) 

Numerator: the extent of the above areas that have intact forest cover 

 

 
 

Methods 

The map of overall “essential natural capital” was analyzed using the most recent global forest cover 

dataset (Hansen et al. 2013) in order to calculate the percentage of essential natural capital that has 

intact forest. This analysis included only those areas of essential natural capital that were naturally 

forested (e.g. it is meaningless to calculate the percentage of coral reefs with intact forest cover) in 2000 

(the first year in which global forest cover data are available). 

 

Proportion of 
important natural 
capital (INC) that is 

intact

Intact INC

Total INC=
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Figures NC2a and NC2b. Essential natural capital (left) and deforestation (right). 

 

Results & implications 

Based on this analysis, for indicator 1, 42% of essential natural capital is contained within areas with 

formal protected status.  This calculation was then adjusted subsequent to feedback from experts: 

- Community Forests were added, as these areas can also be considered “protected” in Cambodia 

- A new protected area in Preah Vihear province, created in 2014, was also added 

- Economic Land Concessions (ELCs) were removed as these areas are not considered 

“protected,” even if they occur within protected areas 

These changes resulted in a total of 39% of essential natural capital that can be considered “protected,” 

based on this revised definition (which is only slightly less than the original estimate of 42%). 

 

In terms of management effectiveness, data are available from recent Management Effectiveness 

Tracking Tool (METT) scorecards (2012-2014) from three protected areas: 

- Central Cardamoms Protected Forest: METT Score: 59/98 = 60% 

- Tonle Sap Kompong Prak Conservation Area: METT Score: 41/91 = 45% 

- Veun Sai Siam Pang Conservation Area: METT Score: 32/91 = 35% 

 

In the long term, effective management would be measured based upon achievement or obtainment of 

a minimum score based upon context-specific criteria of effectiveness. In the absence of time series 

data and information for only a few sites in Cambodia, these data are not yet useful for national level 

monitoring and decision making in Cambodia. CI Cambodia is working to replicate METT scoring in CI 

sites on an annual basis and expand application to all government protected areas, as required under 

the CBD’s Program of Work on Protected Areas. It is widely reported that Cambodia’s protected areas 

are often not effectively managed, due to lack of resources, capacity, and political will. This is 

highlighted by the fact that large areas of the country’s protected area system have been granted to 

agribusiness to be converted to rubber, cassava, and palm oil plantations or other uses, and that there is 

ongoing deforestation occurring within protected areas. 

 

These overall indicators can be further dis-aggregated by type of natural capital (see below.) 
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Figure NC3. Percent of Essential natural Capital in protected areas. 

 

 

Widespread forest loss is occurring within Cambodia’s protected area system, due to illegal logging, 

legal clearing for the above-mentioned economic land concessions, and small-scale agricultural 

expansion. 

 

 
Figures NC3a and NC4b. Map of deforestation in Cambodia 2000-2012 (left) and deforestation rates of 

protected areas (right). 

 

 

 

Assumptions & limitations 
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• We defined overall “essential natural capital” as the total extent of essential natural capital for 

biodiversity, climate mitigation, food security, and fresh water. Our analysis relied on simply 

combining all the individual layers into a single layer. Arguably, this is appropriate as any area 

that is defined as “important” for a single ecosystem service should also be treated as 

“important” in the final layer. Other methods can be applied, such as assigning higher levels of 

importance to those areas that are important for multiple ecosystem services (e.g. carbon stock 

AND freshwater) and lower levels of importance to areas important for only a single ecosystem 

service. However, this approach is also problematic as it treats areas that are important for 

multiple services as more important than areas important for a single service. Therefore we 

used the simpler method. 

• The final map of “essential natural capital” is influenced by the individual component layers 

used to create it, and the assumptions, limitations, and thresholds used to define “importance” 

for each of those component layers (see other sections for more details on each component 

layer.) 

• The final map of essential natural capital in Cambodia closely resembles the map of all 

remaining natural vegetation in Cambodia. This is primarily driven by two components: priority 

biodiversity areas, which make up a large portion of the country due to the widespread 

presence of threatened species; and high biomass carbon stock areas, which also occur across a 

large portion of the country due to the presence of large, high-carbon density tropical forest 

ecosystems.  If the thresholds were adjusted to include less total area, e.g. if a higher threshold 

for biomass carbon was used, or if only IUCN Critically Endangered (CR) species were included 

(instead of CR, EN, and VU), this would reduce the overall map of essential natural capital. 

Experts at the workshop felt however that this adjustment would be inappropriate. 

• Our definition of “sustained” (e.g. protected, effectively managed, and/or containing intact 

forest) is still somewhat limited. Arguably, an area needs to have all three components to be 

truly “sustained.” With currently available data it is possible to estimate areas that are protected 

and have intact forest (see above) but there is insufficient data on management effectiveness at 

a national scale. 

• Our definition of “intact” relies on data available for only a single ecosystem type (forests) and 

therefore does not include important information on the status of other important ecosystems 

(e.g. freshwater ecosystems and coral reefs.) 

• Forest cover is defined as natural mature forest, generally over five meters in height and closed-

canopy, meaning that tree crowns overlap when fully leafed-out. 

 

Updating and Replication  

Updating the numerators can be done on an annual basis to track changes in the extent of protected 

areas, changes in management effectiveness, and forest cover loss. Updated data on protected areas 

boundaries and forest cover loss is a relatively low-cost exercise and could easily be done using global 

datasets (e.g. the World Database on Protected Areas, http://www.protectedplanet.net/, and the 

Hansen et al. 2013 forest cover change dataset), or using national datasets as they come available (e.g. 

locally sourced data on new protected areas).  

 

http://www.protectedplanet.net/
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This would require some basic expertise in GIS, in order to calculate the total extent of essential natural 

capital as well as the extent of natural capital that is protected. Interpretation of the Hansen et al. global 

forest cover change dataset also requires raster analysis (in order to download the data and process it to 

identify forested areas and deforested areas.) Processing time for this dataset depends on the size of 

the country, with small countries requiring only a few hours and large countries (such as China) requiring 

a day or more to process. With this relevant expertise, annual updates could be done in as little as 2-3 

days per country. 

 

Updating the overall map of essential natural capital requires a more significant additional investment of 

time and resources, which is appropriate if there is an opportunity such as a new planning cycle, or as 

new data on the importance of natural capital for biodiversity, fresh water, climate mitigation, or other 

ecosystem services become available. We estimate this would require weeks or months of time and 

greater expertise in GIS, raster analysis, and ecosystem service modeling. Therefore we recommend 

doing this less frequently, such as every 5 or 10 years, as appropriate. 

 

Additional, complementary information such as changes in non-forest habitat types, species status (such 

as WWF’s Living Planet Index), biomass carbon stocks, water pollution levels, or other indicators can be 

included as appropriate. 

 

References and Data Sources 

Hansen, M. C., P. V. Potapov, R. Moore, M. Hancher, S. A. Turubanova, A. Tyukavina, D. Thau, S. V. 

Stehman, S. J. Goetz, T. R. Loveland, A. Kommareddy, A. Egorov, L. Chini, C. O. Justice, and J. R. G. 

Townshend. 2013. "High-Resolution Global Maps of 21st-Century Forest Cover Change." Science 342 (15 

November): 850-53. Data available on-line from: http://earthenginepartners.appspot.com/science-

2013-global-forest  

Open Development Cambodia. Protected Areas. http://www.opendevelopmentcambodia.net/ 

World Database on Protected Areas. http://www.protectedplanet.net/ 

WWF’s Living Planet Index. 

http://wwf.panda.org/about_our_earth/all_publications/living_planet_report/ 

 

 

 

 
 
 
 
 
 

Essential natural Capital for Biodiversity 
 
 

http://www.opendevelopmentcambodia.net/
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Indicator: Percentage of areas of essential natural capital for biodiversity that 
have been sustained through protection, restoration or improved 
management practices. 
 

Definition 
Areas of essential natural capital for biodiversity include habitats harboring threatened and protected 
species, threatened and unique/rare ecosystems, exceptionally high species richness, endemic and 
restricted range species, migratory and congregatory species, including spawning grounds, and where 
key evolutionary and ecological processes occur. 
 
Biodiversity—the variability among species, ecosystems, and ecological processes—is fundamental to 
the planet’s health and humanity’s survival. It is the essential base of natural capital which supports 
Healthy Sustainable Societies. 
 

Methods 
We first synthesized existing sources of data for biodiversity priority areas in Cambodia (in particular, 
Key Biodiversity Areas (KBAs), Important Bird Areas (IBAs), Alliance for Zero Extinction (AZE) sites, 
Biodiversity and Protected Area Management Project (BPAMP) priority areas, Important Plant Areas 
(IPAs), and Ramsar wetlands). We then assessed, through analysis of criteria used to develop each 
priority-setting exercise and through stakeholder engagement, whether these existing priorities were 
adequate and appropriate for representing biodiversity priorities in Cambodia, or whether additional 
species-level analysis would be needed. Given that these were deemed relatively thorough and 
appropriate (e.g., the approaches considered many of the criteria for important biodiversity described in 
our definition above), at least for terrestrial taxa, we combined these areas into a single layer of 
polygons representing important areas for biodiversity. 
 
To calculate the percent of important biodiversity effectively sustained, we used four approaches, all 
using the same important biodiversity layer described above. First, we calculated the percentage of 
important biodiversity areas that are covered with intact forest. Second, we calculated the percentage 
of important biodiversity areas encompassed by protected areas and community forests. Third, 
recognizing that not all habitats within protected areas are necessarily protected and able to sustain 
biodiversity, we calculated the percentage of important biodiversity areas within protected areas and 
community forests, but excluded economic land concessions within these protected areas where 
biodiversity has a low probability of being sustained. Fourth, recognizing that management effectiveness 
of protected areas has a large impact on the conservation of biodiversity (e.g., regulation of illegal 
hunting, fishing, and logging), we used Management Effectiveness Tracking Tool scorecards (METT) 
which had been calculated for three protected areas to modify the percent of biodiversity sustained 
within this subset of protected areas:  
 

 
 

Results and Implications 
6.54 million ha were identified as important biodiversity areas in Cambodia. Of these areas: 

Percentage of 

natural capital 

sustained
=

Natural capital 

in PAs

Total natural 

capital

x METT %
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1. 75% is sustained within intact forest 
2. 60.7% is sustained within protected areas and community forests 
3. 53.1% is sustained with protected areas and community forests, excluding economic land 

concessions 
4. Using the METT management effectiveness modifier, 60% of important biodiversity area within 

Central Cardamoms Protected Forest is effectively sustained; 45% within Tonle Sap Kompong 
Prak Conservation Area is sustained; and 35% within Veun Sai Siam Pang Conservation Area is 
sustained 

 
At the moment METT scorecards are only available for three protected areas, so percent of important 
biodiversity areas sustained can only be calculated for each of these protected areas individually. It’s 
also important to note that it is not fully known to what degree each METT score reflects a minimum 
threshold of effectiveness. 
 

 
Figure B1. Map of Cambodia showing where important areas for biodiversity overlap with existing 
protected areas and community forests, excluding economic land concessions within protected areas 
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Figure B2. Map of Cambodia showing where important areas for biodiversity are covered with intact 
forest 
 

Assumptions and Limitations 
 The study focused on terrestrial biodiversity. Freshwater KBAs are currently being defined based 

upon freshwater biodiversity distribution data (Allen et al. 2012) and could be incorporated into 
future analyses. Similarly, marine biodiversity priority areas have not yet been defined in 
Cambodia. 

 According to feedback from experts at the 2014 workshop, some spatial and taxonomic bias 
remains in the available data, with more attention for example given to birds and mammals and 
in more accessible areas of the country, i.e. near roads or where particular 
organizations/institutions have focused their efforts over the years 

 Not all biodiversity within protected areas, community forests or intact forest can be considered 
effectively sustained, especially due to (often illegal) hunting, fishing, mining and logging. These 
can be difficult to measure, although METT scorecards may provide one way to gauge 
management effectiveness. However scorecards have still not been completed for much of the 
country and as they are currently written, do not assess abundance or condition of biodiversity 
features. Ideally, management scorecards could be designed in such a way that the condition of 
important biodiversity within the protected area can be tracked over time. IUCN Red List 
Assessments, when repeated, can also provide important information to track trends over time. 

 We used a binary area-based approach based on a select set of existing definitions of 
biodiversity priority areas – meaning an area was either considered “important” or “not 
important”. In reality, there is a continuous distribution of relative importance which depends 
on multiple criteria (e.g., more weight given to critically endangered species vs. more weight 
given to threatened ecosystems, etc.). The thresholds and criteria used to define cut-offs for 
these boundaries could differ depending on priorities and objectives, and this would alter the 
results. 
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Methods for repeating this analysis in other countries 
1. Biodiversity scoping, review, data collection 

a. Identify existing biodiversity datasets 
b. Tier 0 - Utilize existing maps of spatially explicit priority areas for biodiversity (for 

appropriate criteria to define these areas in the first place, see definition at the start of 
the document) 

c. Tier 1 – Utilize existing but disaggregated species-level or ecosystem-level data to create 
a new map defining important biodiversity areas for critical natural capital 

d. Tier 2 – Generate new primary data to be used for defining important biodiversity areas 
(e.g., expert workshops, field assessments) 

2. Create maps defining areas of critical natural capital for biodiversity 
a. Tier 0. Combine existing biodiversity priority layers into a single layer 
b. Tier 1. Adapt data as needed, e.g., convert point localities into species range maps; 

overlay range maps of species fitting criteria defined above; use prioritization tools to 
incorporate habitat representation; delineate overall important biodiversity areas 

c. Tier 2. Supplement Tiers 0 and 1 approaches with new data generation 
i. Add new data layers consisting of range maps, ecosystem types, protected 

areas, etc., to define final map of critical natural capital for biodiversity 
3. Calculate % of important biodiversity areas sustained within protected areas and intact forest, 

accounting where possible for management effectiveness as well as disturbances that are 
expected to disrupt biodiversity within these areas 

 

References and Data Sources 
Hansen, M. C., P. V. Potapov, R. Moore, M. Hancher, S. A. Turubanova, A. Tyukavina, D. Thau, S. V. 
Stehman, S. J. Goetz, T. R. Loveland, A. Kommareddy, A. Egorov, L. Chini, C. O. Justice, and J. R. G. 
Townshend. 2013. “High-Resolution Global Maps of 21st-Century Forest Cover Change.” Science 342 (15 
November): 850–53. Data available on-line from: http://earthenginepartners.appspot.com/science-
2013-global-forest. 
Japanese International Cooperation Agency –JICA, 2001. Land Use Map of Cambodia 2001. Cambodia 
Reconnaissance, Survey Digital Data. 
Open Development Cambodia. http://www.opendevelopmentcambodia.net/ 
Key Biodiversity Areas: 
Tordoff, A.W., M.C. Baltzer, J.R. Fellowes, J.D. Pilgrim  & P.F. Langhammer (2012). Key Biodiversity 
Areas in the Indo-Burma Hotspot: Process, Progress and Future Directions. Journal of Threatened Taxa 
4(8): 2779–2787 
Critical Ecosystem Partnership Fund (2011). Indo-Burma Biodiversity Hotspot. 
BirdLife International (2004). Important Birds Areas in Asia: key sites for conservation. Cambridge, UK: 
BirdLife International. (BirdLife Conservation Series No. 13) 
Alliance for Zero Extinction Sites (AZE). In: UNEP-WCMC. 2010. A-Z Guide of Areas of Biodiversity 
Importance. UNEP-WCMC. Cambridge, UK. www.biodiversityA-Z.org. 
Plantlife International. 
http://www.plantlife.org.uk/international/wild_plants/IPA/other_ipa_projects_worldwide/asia_and_th
e_pacific/cambodia/ 
Biodiversity and Protected Area Management Project (BPAMP) Areas: Compiled from various sources 
by Ministry of the Environment, Cambodia 
Allen, D.J., Smith, K.G., and Darwall, W.R.T. (Compilers). 2012. The Status and Distribution of 
Freshwater Biodiversity in Indo-Burma. Cambridge, UK and Gland, Switzerland: IUCN. x+158pp+4pp 
cover. 
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Essential natural Capital for Climate Mitigation 
 
Definition: Percentage of essential natural capital for climate mitigation sustained through protection, 
restoration, or improved management 
 
As an input to CI’s critical natural capital, the intended goals of this indicator for climate-change 
mitigation, metric are two-fold:  1) to enable CI to quantitatively consider climate-change mitigation in 
its process of prioritizing where and how to conduct conservation actions; and 2) to enable CI to 
quantitatively consider climate-change mitigation in its assessment of the impacts of these actions. 
Climate mitigation involves actions taken to limit the magnitude and/or rate of long-term anthropogenic 
climate change. As inputs to CI’s critical natural capital metrics, indicators for climate-change mitigation 
measure two trends: 

 Long-term maintenance of biotic and soil carbon stock in natural and managed areas 

 Reduction of potential greenhouse gas emissions from anthropogenic activities  in landscapes / 

seascapes, including land-use change 

Each measurement will be represented by a 30m continuous surface across the entire country. The first 
is long-term maintenance of carbon stock, defined as the amount of carbon that is present within 
forests. It is measured using existing global maps of biomass carbon stock and global or national maps of 
forest cover.  The second measure is the reduction of potential emissions from deforestation, which will 
be represented by calculating a baseline emission scenario based on biomass and observed trends of 
deforestation. It is calculated using the best available (global or national) historic deforestation maps 
This baseline will help to identify essential natural capital for climate mitigation. This will then be 
combined with information on the location and effectiveness of conservation efforts (such as protected 
areas) to assess the proportion of natural capital important for climate mitigation that is “sustained” 
through conservation efforts (protection, restoration, or improved management). 
 

Indicator 1: Habitat Indicator - forest ecosystems “sustained” 
 

Proportion of forest in protected areas =   
Remaining forests in PAs

Starting forest area in PAs
  

 
The habitat indicator shows, in a scale from 0 to 1, the proportion of intact forest in protected areas 
between 2010 and 2012.Monitoring changes on this indicator will be determined by tracking changes in 
forest cover (e.g. deforestation) within protected areas over time This indicator is important because 
the rest of the indicators are highly dependent on forest habitat. 
 

Proportion of habitat intact in protected areas in 2010 1 

Proportion of habitat intact in protected areas in 2012 0.991 

 

Indicator 2: Long-term carbon storage: carbon stock 
 
2.1 Proportion of high carbon areas in protected areas = 

High carbon stock areas in PAs

Total high carbon stock areas in the country
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2.2 Proportion of high carbon areas intact at year t = 
Total high carbon stock areas in the country at year t

Total high carbon stock areas in the country 2010
 

 
Denominator 2: total extent (hectares) of areas of high carbon stock in 2010 (baseline), above a certain threshold 
(e.g. mean tC/ha). 
Numerator 2.1: the extent of the above areas that are within protected areas 
Numerator 2.2: the extent of the above areas that have intact forest cover (in the first reporting period this 
indicator will be 100%, because both the denominator and the numerator are defined based on intact forest, but 
over time we expect the numerator to decline as forest is lost) 
 

Methods 
Based on a global biomass dataset (Saatchi et al. 2011) and a 2012 forest cover dataset for Cambodia (a 
combination of a land cover map from JICA, 2001, and forest loss data from Hansen et al., 2013) an 
estimation of the average carbon stock on mature forest only, measured in tC/ha, was calculated for the 
country and within protected areas (Open Development Cambodia) at a 30m resolution. Cells with over 
90% of forest cover were identified, and then interpolated using the Inverse Distance Weighting (IDW) 
interpolation to create a 30m biomass product. This layer was multiplied by forest cover to obtain a final 
forest C stock map. 
Important areas for high-C stocks to sustain were identified using a threshold of total carbon greater 
than 42 t C. This value was calculated using Cairns, et al (1997) equation and an above -ground biomass 
threshold  of 35 t C .This threshold seems to be used and documented by international organizations to 
separate forest from degraded lands in terms of sustainable palm oil (Poynton, 2014). The proportion of 
such areas that are located with protected areas was calculated for the first indicator. 
Based on this analysis, 39% of high carbon areas (defined as areas with >42 tC per hectare) are located 
within protected areas. Results for Indicator 1 are: 
 

2.1 Proportion of high carbon areas under protection in 2010 0.39 

2.2 Proportion of high carbon areas intact in 2010 1 

2.2 Proportion of  high carbon areas intact in 2012 0.97 

 
 

Assumptions & limitations 
1. Analysis is assuming that reference period is 2005-2010, 2010 the baseline, and 2012 monitoring 

period. 

2. Calculations of carbon storage are based on a global dataset. Ideally, these data would be 

validated using ground-based sampling of biomass carbon stock. 

3. Carbon stock is biotic carbon in above and below-ground vegetation 

4. CI’s definition of forest cover was used: natural mature forest, generally over 5m in height and 

closed-canopy, meaning that tree crowns overlap when fully leafed-out.  

5. Forest cover change between 2005 and 2010 was defined as observed loss (based on the UMD 

Hansen dataset), superimposed on the forest and mangrove class from the JICA land-cover 

product. 

6. Bamboo would normally fall into a forest class. In the JICA map, bamboo and secondary forest 

are combined, and it is not possible to differentiate them.  
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7. Important areas for high-C stocks to sustain were identified using an arbitrary threshold of 42 tC 

ha-1; however, different thresholds such as the mean or +- 1 standard deviation would result in 

different areas identified as “important.”  

8. Forest cover data have a resolution of 30m. Biomass data have a resolution of 1km. Biomass 

data are estimates for the entire grid cell, not just the forested part, and thus represent the 

average biomass of forest and non-forest cover within that cell. Thus, the biomass data are 

under-estimates if interpreted as values for forest only. This is a limitation of global datasets but 

only becomes a significant concern at the site level in fragmented-forest landscapes. To 

overcome this, a 30 m biomass layer was created by identifying cells with area greater than 90% 

of forest cover, then extracting the corresponding biomass values for those cells, and then 

interpolating them using the Inverse Distance Weighting (IDW) interpolation. 

9. "Community Forests" and "protected areas" were combined when calculating the "percent 

sustained" - these areas are effectively protected/managed by local communities. 

10. Economic land concessions (ELCs) areas that overlapped with protected areas were removed. 

They are mostly agroindustry plantations and therefore not considered “sustained” 
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Figure CM1. Carbon stock map (ULC) and thresholds based on areas with high carbon stock greater than 
42 tC/ha) (URC); areas with high carbon stock greater than the mean (125.46 tC/ha) (LLC) and areas with 
high carbon stock greater than the mean +1 std. dev (LRC). 
 

Updating and Replication 
 Monitoring changes on this indicator will be determined by tracking changes in the numerator (e.g. due 
to protected area expansion or degazettement Necessary data layers (assuming reference period 2005-
2010, 2010 baseline, and 2012 monitoring period) to create the 30m biomass density map are: forest 
area 2010 and biomass data. 
While the specific source is not exclusive some recommendations are provided below: 
Remote sensing derived land-cover dataset and biomass information. Land cover data will be of 
comparable spectral and spatial resolution so that it can be used for multi-temporal analysis (10-100m 
resolution). It must have at a minimum forest/non-forest classes, although additional classes (such as 
different forest types) can be beneficial. If generation of a new Land Use Cover Change (LUCC) map is 
required, Conservation International (CI) has developed a simple and fast methodology for classification 
(Harper et al. 2007) of forest cover and change (deforestation) that can be applied to forest monitoring 
efforts throughout the world. CI and academia have and continue to produce national and global maps 
that may be appropriate for direct use or for combination with an updated analysis. If so, data should 
first be evaluated for their appropriateness and accuracy in the particular area of interest. In case of 
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having an outdated forest cover map, annual forest loss data from Global Forest Change (Hansen et al, 
2013 ) can be used to update the map. 
Forest carbon stocks include above- and below-ground biomass stocks but not soil carbon. A 1km 
biomass map created by NASA (Saatchi et al. 2011) was used to apply an Inverse Distance Weighting 
(IDW) interpolation at 30m. Other biomass data available are from Baccini et al. (2012) at 500 m. There 
are some areas which are not covered by the Baccini biomass map. 

Indicator 3: Reduction of potential greenhouse gas emissions from 
deforestation 
 
3.1 Proportion of areas with high potential emissions in protected area in 2010 

Areas with high potential emisions in protected areas

Total area of  high potential emissions in the country 2010
 

3.2 Proportion of areas with high potential emissions intact at time t 
Total areas with high potential emissions in time t

Total area of  high potential emissions in the country 2010
 

 
Denominator 3: total extent (hectares) of areas that are both vulnerable to deforestation and have high biomass 
carbon stock in 2010, and therefore have high potential avoided emissions (measured in tons of CO2 equivalents), 
above a certain threshold (e.g. mean, +- 1std deviation) 
Numerator 3.1: the extent of the above areas that are within protected areas 
Numerator 3.2: the extent of the above areas that have intact forest cover (in the first reporting period this will be 
100%, but we expect it will decline over time) 

 

Methods 
Two data sets are needed: a 30m vulnerability map and a 30 meter biomass map. 
Calculations to create the vulnerability excluded Economic Land Concessions (ELCs) to avoid errors as 
these areas are not effectively protected areas, and in-country experts report that these areas have 
already been deforested or will be deforested soon. The deforestation rate within each 30m grid cell 
from 2005-2010 was assigned, based on a historic observed deforestation of the 20km radius around 
that cell. The deforestation rate with the 20km buffer was then divided by the 2005 forest area within 
the 30m cell to get the “baseline” or expected deforestation within the cell.  This baseline deforestation 
was divided by the number of years in the observation period, which provided the baseline 
deforestation per year.   The baseline deforestation per year (vulnerability map) was multiplied by the 
average forest carbon stock (tons C) within the 30m cell to calculate the CO2 emissions equivalent 
(CO2e). Then it is multiplied by 44/12 (CO2 conversion factor.  The output layer will express the 
projected emission of tCO2e/ha per year. Important areas for high- Potential avoided emission were 
identified using an arbitrary threshold (mean). 
The CO2 emissions equivalent provides an indication of the potential CO2 emission if deforestation was 
to continue. Areas important for avoided emissions were identified using an arbitrary threshold (mean) 
of 2.59 tCO2e. 
 

Results & implications 
In 2010, protected areas in Cambodia stored 39% of total high carbon stock and 33% of the high 
potential emissions areas for the country. By 2012, the high potential emissions area has decreased 8.5 
%.  In addition, ELCs represented 15% of total carbon stock for the country with 171,023,211 t C in 2010. 
By 2012, ELC’s carbon stock was reduced almost in half with 84,880,764 tC.   
Results for Indicator 3 are: 
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3.1Proportion areas with high potential emissions under protection in 2010 0.33 

3.2 Proportion of areas with high emissions potential intact in 2010 1 

3.2 Proportion of areas with high emissions potential intact in 2012 0.91 

 

Assumptions & limitations 
1. Historic deforestation rate within each cell (a percentage based on area deforested) is being 

used as a proxy for potential future deforestation. However, this assumes that future 

deforestation will be at exactly the same rate as historic deforestation, which may or may not be 

true. 

2. Analysis is based on a global biomass carbon layer; ideally, this data would be validated with 

ground-based sampling of forest biomass carbon. 

3. These indicators should not be interpreted as an estimate of a Reduced Emissions from 

Deforestation and Degradation (REDD+) reference level or of emissions reductions; such would 

require more complex and rigorous methodologies (e.g. Voluntary Carbon Standards) to enter 

the carbon market.  In contrast, they are meant for use in ranking the appropriateness of sites 

for potential REDD+ activities. 

 
 

 
 
 
 
 
 

Figure CM2. Vulnerability to deforestation map (ULC); potential avoided emissions map (URC); areas of 
high importance for avoiding CO2 emissions based on the mean (LRC) and +1 std. deviation (LLC). 
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Methods for repeating this analysis in other countries: 
Monitoring changes on this indicator will be determined by tracking changes in forest cover (e.g. 
deforestation) within these areas of high potential emissions over time” and then applying the formulas 
to calculate both the proportion areas with high potential emissions under protection and the 
proportion of areas with high emissions potential intact.  
ELC’s areas will likely lose their forest cover if they haven’t already, according to local experts. However; 
estimating the time for future forest loss arbitrarily will be adding error to the model. 
 

Indicator 4: Total Amount of C stock stored in forest (tC) 
 
Starting forest carbon stock = Total Amount of C stock stored in forest in 2010 
Change in forest carbon stock = Amount of C stock stored in forest in 2010 – deforestation 2010-2012 
 
This indicator provides information on the country‘s total carbon stock in tons based on forest cover. It 
monitors the change of the amount of total Tons of carbon in forest during the monitoring period. 
These are the results for Cambodia: 
 

Amount of biomass C in extant forest in 2010 (tC) 1,113,919,290 

Amount of biomass C in extant forest in 2012 (tC)  1,078,697,880 
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Freshwater INC 
sustained

Total INC for 
freshwater

Percentage of 
important natural 
capital (INC) for 

freshwater 
sustained

=

Freshwater Essential natural Capital Index  
 

Indicator: Percentage of important freshwater natural capital that is sustained 
 

This report is associated to the Metrics Project and aims to outline steps towards the implementation of 

a conceptual framework to determine important reservoirs of natural capital for freshwater. The 

framework uses the ecosystems approach in order to map essential natural capital areas for freshwater, 

in hillslope and river streams, their services and benefits. Results from the framework are condensed in 

a final Important Freshwater Natural Capital Index, which is used to derive the percentage of natural 

capital sustained though protection responses, according to the definition selected by the project.  

 

Definition of indexes for assessing important freshwater natural capital  

The index is defined as the fraction of combined realized freshwater services in quality, quantity and 

regulation, per unit of area, supplied by freshwater habitats in hillslope and river channels. Realized 

services are calculated for a discrete number of service benefits. Service benefits are the benefits people 

reap from ecosystem services and functions, such as water for hydropower, domestic, industrial use and 

irrigation, among others.  

 

According to the index, freshwater habitats are defined as those that play a role in the pattern and 

distribution of services and benefits and can be found in hillslopes (i.e. forest enabling regulation and 

water quality maintenance), flood plains, river channels and lakes (and their associated sub-basins).  

Service benefits included in this framework were dams infrastructure, agriculture - in the form of rain 

fed and irrigated rice fields, population centers and fisheries systems in the Tonle Sap lake. The Tonle 

Sap Lake was assumed here as a downstream reservoirs of natural capital. 

 

Final freshwater natural capital indicator 

For consistency with other natural capital components of the metrics framework, the final freshwater 

natural capital indicator generated here is “the percentage of important freshwater natural capital that 

is sustained”. Essential natural capital that is sustained was defined by the project in two categories:  

 

a. By protected areas: here the percentage of important freshwater natural capital that is 

sustained is defined as the extent of essential natural capital for freshwater that is in protected 

areas.   

 

b. By intact forest cover: here the percentage of important freshwater natural capital that is 

sustained is the extent of essential natural capital for freshwater that has intact forest cover. 

 

Formula FW 1 shows the rational for calculating the indicator for each of the categories.  
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Formula FW1. Rational for calculating the percentage of important freshwater natural capital that is 

sustained according to the project’s definition of sustained.  

 

The numerator in the formula is the extent of important freshwater natural capital sustained and the 

denominator is the extent of total essential natural capital for freshwater across the country.  

 

Methods for calculating the indictor in Cambodia 

To develop the indicator the following steps were carried out:  

 

 We summarized main lessons learned from the literature on freshwater issues in Cambodia. 

 Collected data from secondary sources to implement an eco-hydrological assessment of service 

supply areas. 

 Made an explicit definition of service functions related to the provision of water in quantity, 

quality and regulation terms (with implications for flood mitigation and drought as discussed in 

the validation workshop).  

 Implemented function service quantification analysis for water quantity, quality and regulation 

using eco-hydrological modeling.  

 Mapped ecosystems of high potential service supply by using sensitivity analysis applied to eco-

hydrological functions.    

 Mapped ecosystems supplying services realized by human populations through use of 

freshwater by dams, rice production, urban areas and Tonle Sap fisheries, weighting potential 

services by the amount of service assumed to be demanded by service beneficiaries.  

 Finally we created a combined map of ecosystems supplying realizable services for this discrete 

number of beneficiaries, which became our final map of total important freshwater natural 

capital for Cambodia.  
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Figure  FW 1 shows a diagram of the framework implemented. 

 
Figure FW1. Conceptual framework to determine freshwater service supply priorities 
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Results 

 

1. Combined important freshwater natural capital index: calculated at the hillslope scale 

 

The map shows our combined important freshwater natural capital index including four service benefits 

and three ecosystem services (water quantity, quality and regulation). The service benefits assessed 

were existing dams, urban areas, rice production and the Tonle Sap lake as a downstream reservoir of 

natural capital for fisheries.   

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

Figure FW2. Combined important freshwater natural capital index, calculated at the hillslope 

scale. This map has been improved by including new dams and cities benefiting from the 

Cardamom Mountains. 

 

2. Combined important freshwater natural capital index: calculated at the channels/sub-

basin scale 
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Using the Tonle Sap as a downstream user/reservoir of natural capital for fisheries we combined a water 

flow transport index, a sediment transport index and a sediment deposition index in order to illustrate 

key river channels important to sustain the flow of services in quantity, quality and regulation to the 

Tonle Sap lake.    

Figure FW3.  Combined important freshwater natural capital index: calculated at the channels/sub-

basin scale. This map includes improvements in the determination of critical river channels, and 

associated sub-basins, for the transport of water and sediments across the river systems to the Tonle 

Sap lake. 
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Combined Freshwater Important  Natural Capital Index  

Finally we combined the Freshwater hillslope priority index with the Freshwater priority river 

channels/sub-basins index for natural systems in order to produce a consolidated index of 

freshwater natural capital that encompasses both the role of habitats in hillslopes and priority river 

channels, lakes or wetlands in the supply of freshwater services to people (according to the set of 

service benefits selected). Natural systems were assumed to be those natural habitats in hillslope 

including different dimensions of natural forests, natural flood plain vegetation, according to the 

habitats vegetation supplied by the habitats and carbon team. Natural systems were assumed to be 

also those water bodies including river channels, lakes and wetlands which are important either for 

the flow and/or realization of freshwater services in quantity, quality and regulation.  

 
 

Figure FW4. Combined Important Freshwater Natural Capital Index  
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a. Essential natural Capital Sustained within Protected areas: 

Using the spatial definition of sustained (for more information, refer to Natural Capital overview) we 

calculated the percentage of freshwater essential natural capital sustained using two different 

thresholds. As shown in Figure FW6, the percentage that has been sustained using the mean value of 

the essential natural capital for Fresh water index, is of 35.2% and 37.2% when the mean plus an 

standard deviation is used. 

 
Figure FW5. Essential natural Capital Sustained within PA. (Left)  INC for FW above the Mean. (Right) INC 

for FW above the Mean + Standard Deviation 

 

b. Essential natural Capital Sustained as Intact Forest: 

We calculated the percentage of freshwater essential natural capital in Intact Forest or “sustained” 

through intact forests as defined by the project. This assessment indicates, as shown in Figure FW8, that 

64% of freshwater essential natural capital is found in the areas that were classified as intact forest for 

the year 2010. This value is obtained when the percentage that has been sustained is defined as the 

percentile above the mean value of the important freshwater natural capital index. On the other hand, if 

we use a threshold of mean plus a standard deviation somewhat close important freshwater natural 

capital is sustained within intact forest (around 63%). This indicates that our important freshwater 

natural capital in hillslopes has a high correlation with presence of intact forest.   

The intact forest cover is based on the JICA Land Use Cover map 2001, updated with the Hansen 2013 

forest loss of 2010. 
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Figure FW6. Essential natural Capital sustained for Freshwater 

 

 
Figure FW7. Essential natural Capital Sustained within Intact Forest. (Left)  INC for FW above the Mean. 

(Right) INC for FW above the Mean + Standard Deviation 
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Assumptions for mapping areas and limitations 

• Well maintained natural habitats upstream help to maintain normal supply of freshwater 

services – keeping the status quo. Degradation of habitats is assumed to affect natural regimes 

deviating from the norm.    

• We used a combination of local and globally available data for model implementation for 

priority setting and policy support purposes. More locally relevant data is needed for accurate 

validation and valuation exercises beyond this application. 

• No analysis of wetlands services are tackled here but are the focus of future work. Valuable 

inputs were obtained from the participants to the workshop, which allowed improvements for 

assessing the fisheries component. 

• An analysis of critical river reaches, and associated subbasins, in terms of their connectivity role 

for water and sediment transport to the Tonle Sap, was included. No detailed assessment of 

flood indexes or nutrient recycling processes and their interaction with fish production was 

added though due to time and data limitations. This remains a gap that has to be evaluated in 

the future in collaboration with other research teams working in the Tonle Sap.   

• We assumed that the whole Mekong river basin influences the state of freshwater services in 

Cambodia and the Tonle Sap. We assessed that influence in terms of water flow contributions. 

• The Tonle Sap is conceptualized here then as a downstream reservoir of Natural Capital that 

benefits from healthy freshwater systems upstream and across the Mekong. 

• Our analysis assumes eco-hydrological sensitivity of the complete hydrological system. 

Sensitivity is assessed through evaluating the change in the fraction of vegetation covering the 

soil from bare soil to trees and its implications on service delivery for the three services studied. 

Fractions of different types of herbaceous including natural and crops can fall within, this 

category, as well as different types of forest, bare soil and plantations. Thus, country wide 

indicator is not habitat specific though. If there is a need to test the indicator for particular 

habitats the analysis should be restricted to those habitats. This is planned in future stages of 

the project once a detailed map of habitats other than forests becomes available.  

 

Validation issues tackled 

Some of the most important recommendations from our work in the breakout sessions in the Cambodia 

validation workshops are outlined below:  

a. Find opportunities to as much as possible prevent the duplication of modeling efforts done 

already by regional institutions and research groups in the areas. For this we further explored 

synergies and data sharing opportunities with scientists at:  

 

- Mekong River Commission (MRC)      

- The Science cluster effort to understand the food webs of fisheries in the Tonle Sap lake, led 

by Boston University with McArthur funding.  

- The Belmont project led by Conservation International (CI) with funding from NSF and 

several other research councils around the world.  
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- Hot fish project, led by Conservation International in order to explore the likely impacts of 

climate change to fisheries across the world using the sensitivity of indicator species as a 

measure of vulnerable fisheries systems. 

With the information generated from these discussions we improved the following areas of the 

framework: 

- Added a critical river streams/sub-basins component to account for river streams that are 

critical for the transport of water and sediments across the Mekong river system (assumed 

to include important freshwater habitats such as the Tonle Sap Lake, deep pools and flood 

plains). 

- We updated urban beneficiaries and added urban beneficiaries located in river basins that 

drain to the Thailand golf to account for services supplied by that side of the Cardamoms 

Mountains. 

- We added dams that benefit from services supplied by the Cardamoms.  

- And finally, improved the mapping of sub-basins draining towards the Tonle Sap Lake. 

 

References for data Sources 
Waterworld version 2 (2014).  Model results from the Waterworld system (non commercial-use). 

http://www.policysupport.org/waterworld 

Japanese International Cooperation Agency –JICA,2001. Land Use Map of Cambodia 2001. Cambodia 

Reconnaissance,Survey Digital Data. 

LandScan 2011™ High Resolution global Population Data Set. 

Mekong River Commission - MRC 2009. Lower Mekong Hydro Power database. 

portal.mrcmekong.org/cms/information-services. 

Mekong River Commission - MRC, 2001. Lower Mekong Irrigation areas, Data Portal Mekong River 

Commission http://www.mrcmekong.org/. 

Mekong River Commission - MRC, 2010. Discharge [mcs] and Hydrological Stations.   Data Portal 

Mekong River Commission http://www.mrcmekong.org/. 
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Essential natural Capital for Food Security 
 

Definition 

Ecosystems that provide important wild sources of food (fisheries and non-timber forest products) to 

vulnerable populations dependent upon them  

-or-  

Ecosystems that provide important services to agriculture systems that produce crops and livestock for 

consumption (e.g. freshwater, soil fertility, pest and disease control, climate regulation, and/or 

pollination.) 

 

Natural capital in this context could include: 

- Intact forest areas that provide non-timber forest products, habitat for hunted species, and 

natural pollination and pest and disease controls for agriculture production 

- Freshwater systems providing fish and other food sources and water for irrigated agriculture. 

- Coastal ecosystems providing fish and other food sources. 

 

Core to any analysis of food security is understanding the way human populations utilize the products 

originating from areas of natural capital.  Although all natural capital has value for maintaining food 

security, certain areas of natural capital are likely to be more important.  For non-timber forest 

products, for example, this value was determined by analyzing three types of data:  

- levels of food insecurity 

- proximity to areas of natural capital 

- economic value of non-timber forest products provided by certain types of natural capital 

 

In order to track change in the extent of essential natural capital for food security a measure of the 

percentage sustained is required.  In this context an overlay of protected areas boundaries alone is not 

appropriate to capture the concept of “sustained” with regards to non-timber forest products, as in 

many cases protected areas restrict human use.   However, it should be mentioned that some protected 

areas do allow certain levels of human use and protected areas can also serve as important reservoirs 

which provide sustainable flows of non-timber forest products to adjacent areas through dispersal. In 

order to provide a simple measure of “sustained” we propose the indicator to be expressed as the 

percentage of essential natural capital for food security that is intact relative to the baseline defined by 

this priority setting methodology. 

 

Indicator: Percentage of essential natural capital for food security sustained 

  
Denominator: total extent (hectares) of natural capital identified as important for food security, 

above a certain threshold (e.g. upper 5% of values, or above one standard deviation above the 

mean). 
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Numerator: the extent of the above areas that have intact forest cover (in the first reporting 

period this indicator will be 100%, because both the denominator and the numerator are 

defined based on intact forest, but over time we expect the numerator to decline as forest is 

lost). 

 

Methods 

 

NTFPs and Wild Food 

We completed a weighted multi-criteria evaluation (MCE) for key habitats which impact food insecurity 

in Cambodia. Using the original 2001 JICA forest cover classification, we extracted the different forest 

types and habitats.  Based on a literature review (CDRI, 2006) we assigned weights to habitat types 

based on their total economic value (TEV) for provision of non-timber forest products (NTFPs). Those 

weights are as follows:  

 

Habitat Weight 

Deciduous 32 

Evergreen 12 

Dry Deciduous 32 

Mixed 23 

Bamboo/Secondary 6 

Coniferous 6 

Flooded Forest 32 

Flooded Shrub 23 

 

Using 2011 Landscan population data, we calculated and weighted distances based on identified 

foraging distances (Soussan and Sam 2011, Bann 1997) from any grid cell with population over 3 (cutting 

off lowest 25% of pixels). In the future an analysis may be explored which weights pixels according to 

population density. This will allow us to account for areas that are more likely to be important for a 

larger population for forest product collecting. The weights used for this analysis are as follows: 

 

Distance (km) Weight 

0-5 4 

5-10 3 

10-15 2 

15-20 1 

 

The commune poverty index map acquired from the 2013 Cambodia National Institute of Statistics 

“Small-Area Estimation of Poverty and Malnutrition in Cambodia” report, allows us to give a weight to 

certain populations which are considered more likely to be food insecure, based on poverty, stunting, 

and underweight variables. Those weights are as follows: 
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Food Security Class Weight 

Low <20 1 

Low-Medium 20-35 2 

Medium-High 35-50 3 

High 50-65 4 

Very High >65 5 

 

By normalizing (max-min,) combining (additively) these raster datasets and weighting them equally we 

identified habitats critical to food security.  Weightings were adjusted to detect changes in areas of 

importance based on our assumptions. We’ve decided to present the most simple form of this by 

equally weighting the three components (i.e. food insecurity, distance of population to habitat, and 

habitat type). We then applied arbitrary thresholds of the top 5 and 10 percent  to identify the areas 

that were most critical for non-timber forest products. Those maps are presented below.   

 

Ecosystem Services supporting Production 

The key commodities for ensuring food security in Cambodia at a national level are rice and fish.  80% of 

protein intake is derived from fish, of which 60% originates from the Tonle Sap.  Additionally, 16% of 

cultivated land is in rice paddy production.   Due to the importance of rice and fish to Cambodia’s 

national food security, the ecosystem services which underpin production of these two commodities 

were prioritized for analysis.  

 

The most important ecosystem service supporting rice production is freshwater flows for irrigation. Rice 

is wind-pollinated and therefore pollination by insects is not important for rice. Other services, such as 

pest regulation, microclimate regulation, and soil quality, are very difficult to model using existing data. 

Therefore for rice production we focused on freshwater flows. 

   

In order to assess ecosystem services important for fisheries, freshwater and coastal ecosystems of 

known importance for fisheries (based on commune level data of dependence on fisheries / expert 

knowledge) were identified, including: 

 

- the entire Tonle Sap Lake 

- flooded forests and scrublands surrounding the Lake 

- the Mekong River/Tonle Sap River and tributaries, and  

- coral reefs and mangroves 

 

Areas providing the greatest freshwater flows to important areas of paddy production were also 

identified based on modeling efforts using existing data and the WaterWorld Model (see above). 

Quantity or volume of freshwater is an important constraint to sustained rice production in Cambodia 

and the ecosystem service which is most directly linked to food security vis-à-vis paddy production.  

Areas of natural capital identified through this analysis were located in forested upland watersheds 
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hydrologically connected to the Tonle Sap Basin. Detailed methods can be found in the freshwater 

essential natural capital section, above. 

 

Results & implications 

The top 5% of important areas for natural capital for food security (provision of NTFPs) contribute an 

estimated $220,000 in total economic value annually, and approximately 41,000 people live within 5 km 

of these areas. While only a fraction (~10%) of the total value of natural capital important for NTFP 

production is encompassed by this area, it corresponds to regions of the country that are 

highly food insecure, and therefore the people there are more likely to be dependent upon NTFPs and 

the natural capital which sustains them. 

 

 
Figures FS 1a and 1b. Essential natural capital for non-timber forest products, using two different 

thresholds: the top 5% of areas (left) and the top 10% of areas (right). 
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Figure FS2. Areas of natural capital important for non-timber forest products (top 10%) and ecosystem 

services which support production of two key food items: rice and fish.  Further detail regarding the 

methods used for the freshwater analysis is provided in the above section.  

 

Assumptions & limitations 

Natural Capital is especially critical for:  

1) Food insecure populations (Neumann and Hirsch, 2000), 

2) Populations living in close proximity to natural capital (Soussan and Sam, 2010, Pearce and 

Pearce, 2001),  

3) Certain habitats provide more value in terms of non-timber forest products than others (Soussan 

and Sam, 2010, Hansen and Top, 2006) 

 

The limitations associated with these assumptions include: 

1) Actual areas of natural capital important for food security are not mapped at a national 

scale, therefore our maps are based on the above assumptions and modeling 

2)  Estimates of total economic valuation of natural habitats vary across time and space 

depending upon cultural practices and market conditions of local populations 

3) Populations dependent on natural capital may not actually be food insecure due to the 

value that is being generated through harvesting practices  

4) Populations may already be over-exploiting non-timber forest products and/or fisheries; 

the level of sustainable use is not possible to determine at a national scale and 

therefore was not included in this analysis 

Natural capital for food:  
Fisheries, rice irrigation, NTFPs 
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In order to address the limitations identified through the validation process, in future iterations several 

data sets will be added to the analysis: 

- commune level data set of prevalence of population with occupations in  fishing and non-timber 

forest product collection 

- Community Forests dataset showing areas identified and protected for their non-timber forest 

values 

 

Updating and Replication  

Updates to this metric will require the acquisition of new datasets as they become available. It is 

expected that levels of food security, population, and forest cover will change over time and will need to 

be incorporated on a periodic basis.  A review of this baseline using newly acquired data will be useful, 

but should not replace the current analysis unless fundamental changes are made to the framework.   

 

Annual collection of forest cover change data will be required in order to calculate the proposed 

indicator of percent sustained and should require a relatively low level of effort (i.e. one day of spatial 

analysis).  This data is expected to be made available on annual basis through the forest cover change 

product created by Hansen et. al., 2013. 
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Essential natural Capital for Climate Adaptation  
 

Goal 
As input to CI’s overall essential natural capital metric, this indicator is intended:  1) to enable CI to 

identify and quantify the spatial extent of ecosystems providing climate adaptation services and thereby 

inform priority-setting of conservation actions and investments; and 2) to enable CI to quantify the 

contribution of conservation efforts in sustaining adaptation services of these ecosystems. 

Indicator:  Percentage of essential natural capital for climate adaptation 
sustained. 
 

This indicator assesses and tracks changes in the spatial extent of ecosystems providing climate change 

adaptation services that are important to one or more identified groups of beneficiaries.  These services 

could include protection from climate-driven extreme events such as storm surge; buffering the impacts 

of chronic, long-term shifts in temperature or precipitation; supporting alternative livelihoods thereby 

increasing adaptive capacity, or others. Important ecosystems for providing adaptation services are 

identified based on three key criteria: 1) Who is vulnerable and to what aspect of projected climate 

change; 2) The extent to which an ecosystem(s) can significantly reduce that vulnerability through the 

sustainable provision of one or more ecosystem services (i.e. adaptation services); and 3) The location of 

the ecosystems providing the adaptation service(s) within the geography of interest. 

 

The denominator of the indicator is calculated as the total extent (in ha) of natural capital providing a 

threshold level (that can vary depending on the purpose or audience) of adaptation services within the 

geography of interest; the numerator is calculated as the portion of the total (in ha) that is being 

sustained by existing conservation efforts. The indicator can be updated annually, or more appropriately 

when a new or updated national level vulnerability assessment becomes available, or when major new 

climate data and/or climate impact information becomes available (e.g. IPCC reports every 6-7 years).  

 

Methods 

To calculate this indicator, key steps involve identifying (quantitatively where feasible, otherwise 

qualitatively): 1) the key climate-related threats (exposure) people face within a given geography; 2) 

where (spatially) people are most sensitive to those threats (sensitivity); 3) the resources those people 

have to ameliorate those threats (adaptive capacity); and 4) the role that ecosystems can play in 

reducing the identified vulnerability(ies) (the composite of exposure, sensitivity and adaptive capacity).  

 

Ideally, a “full” vulnerability assessment would have been carried out covering all potential sectors or 

vulnerable groups in Cambodia and hence providing a robust identification of potential ‘beneficiaries’ – 

these could be as diverse as private businesses in specific economic sectors prone to one or more 

climate change impacts, or particularly sensitive groups within human communities such as women, 

children, or the rural poor (note: robustness would be dependent on the methodologies used in the 

specific assessment). However, lacking sufficient time and resources, we applied a simpler approach to 

identify key vulnerabilities based on a three step process: 1) utilize expert judgment to define a set of 
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priority adaptation needs that are likely to be relevant for an ecosystems approach to adaptation; 2) 

review pre-existing internal and external assessments (e.g. National Adaptation Plans of Actions (NAPAs) 

and regional assessments) of vulnerability and key adaptation needs; 3) based on information from (1) 

and (2) select the top three identified vulnerabilities. For Cambodia these were: i) the direct and indirect 

impacts of climate change on inland fisheries; ii) increased flood risk for human populations in some 

areas or seasons; iii) a reduction in freshwater provision for rice agriculture in some areas or seasons. 

 

Given limited time and resources, we were only able to investigate one of these vulnerabilities – namely 

increased flood risk for human populations. In brief, “sensitivity” was estimated based on topographic 

indices that identify areas across Cambodia with characteristics that predispose them to flooding, should 

exposure increase under climate change. “Exposure” was then evaluated based on the ensemble mean 

outputs of three General Circulation Models (GCMs), chosen to bracket the range of uncertainty in 

precipitation projections for 2050. The ecohydrological model WaterWorld was used to accumulate the 

outputs downstream, focusing on projected changes in seasonal run-off. “Adaptive capacity” in this 

instance was not relevant since we lacked data at a sufficiently fine resolution to distinguish changes in 

flood risk of different socio-economic or cultural groups within human communities. Hence, 

‘beneficiaries’ were delimited based simply on a population density > 1 within individual analysis cells in 

exposed areas. 

 

Results and Implications 

Overall, climate change is projected to decrease annual run-off across Cambodia. However, during the 

wet season (July through September), a seasonally-restricted increase in run-off, driven by more intense 

precipitation events, is likely to drive increased flood risk in certain sensitive sub-basins, with elevated 

risk of flooding in areas with human populations (pink-to-red areas in Figure 1). The forest extent in 

Figure 1 represents essential natural capital, the loss of which would likely result in greater flooding in 

those areas under climate change, either through the loss of upstream regulatory capacity and/or 

through loss of regulation of local run-off.   

 

The total extent of essential natural capital for flood protection under climate change is 5.25 million ha, 

of which 1.8 million ha are classified for this exercise as “protected” (i.e.  having formally recognized 

protected status and/or included within the Community Forest legislation of Cambodia, minus any area 

of land under either previous designation that has been designated as an Economic Land Concession) or 

35% of the total. Note that this percentage remains the same when evaluating the total extent of 

essential natural capital for flood protection under climate change that is protected and has intact forest 

cover (defined here as forest cover lost between 2010 and 2012). 
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Figure CA1. Essential natural capital for reducing flood risk under climate change in Cambodia. Areas of 

increased flood risk under climate change by 2050 in the wet season (pink through red); forest (top 50%) 

providing flood mitigation services to those and other areas (purple); areas with protected status are 

indicated with black hashed polygons. 

 

Assumptions and Limitations 

Key assumptions and limitations inherent to this analysis include: 

 We identify essential natural capital for adaptation in terms of a single adaptation service 

(reducing flood risk  under climate change for human populations). Hence, we identify only a 

fraction of the natural capital within Cambodia that may provide adaptation services that may 

support a reduction (or at least a reduced increase) in the vulnerability of people to climate 

change, effectively ignoring other socio-ecological contexts in which natural capital may similarly 

mitigate near- or longer-term future climate risks. 

 We use only three GCMs and one ecohydrological modeling methodology, instead of a complete 

ensemble of GCMs and multiple hydrological models, increasing the risk of a biased result. 

 We ignore climate change impacts on drivers of flood risk outside Cambodia – e.g. climate 

change-driven glacial mass loss in the Himalayas and its impact on cumulative flow in the 

Mekong. 

 We ignore the potential impacts of proposed hydropower dams throughout the Mekong Basin 

and within Cambodia, which are cumulatively likely to have significant impacts on future flood 

risk, potentially overwhelming the climate change signal. 

 Areas defined as “protected” in this exercise are, in some cases, likely to be undergoing 

continued exploitation (e.g. so-called ‘paper parks’) despite their legal protected status. 

 See the Freshwater section, above, for specific modeling-relevant assumptions and limitations. 

 

Replication in other Geographies 

Identifying essential natural capital for adaptation in other geographies will be challenging – principally 

because of the sheer scope of potential climate change impacts across all sectors of society and the 
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economy, meaning only some fraction of relevant natural capital will be identified, as well as the high 

degree of technical capacity required to model the provision of multiple ecosystem services under 

climate change (e.g. proficiency in one or multiple modeling platforms such as InVEST, WaterWorld or 

ARIES). Simpler methods do exist, involving the use of existing, often regional or global level analyses 

(“Tier 0”) or simplifying assumptions regarding the spatial provision of services to beneficiaries. 

However, for freshwater-related climate-driven vulnerabilities (e.g. drought or flood) the model used 

here (WaterWorld) could equally be applied in any geography of interest, assuming the relevant 

technical capacity. 

 

This specific analysis should be updated on a semi-regular basis, either when a comprehensive regional 

or national scale vulnerability assessment of flood risk is carried out, resulting in more precise 

identification of beneficiaries for example, and/or in line with the IPCC reporting cycle (i.e. every 6-7 

years) when future climate projections are updated.  
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Effective National Governance for Environmental Sustainability 

Indicator: Score of national policy effectiveness 
 

Definition and Methods 

This indicator is intended to measure effectiveness of cross-sectoral and transnational policies necessary 

to enable conservation of essential natural capital and to ensure environmental sustainability is central 

to the development agenda. 

 

It assesses and tracks changes in the effectiveness of a country’s national and subnational policies 

created to govern and regulate natural capital, production systems and ensure that there is equitable 

access to and sharing nature’s benefits. Policy effectiveness is defined by two criteria: 1) the level of 

policy soundness, and 2) the extent of policy adoption, implementation, enforcement and evaluation.  

 

A highly sound policy is defined as having clear, realistic and measurable objectives and offers well-

designed solutions to the problem based upon widely-accepted scientific evidence and/or best 

practice.  It sufficiently incorporates relevant, widely-recognized social safeguards (e.g., Rights-Based 

Approach; Free, Prior and Informed Consent; Access and Benefit-Sharing; Climate, Community and 

Biodiversity Alliance (CCBA) Standards). It sufficiently incorporates relevant environmental safeguards in 

accordance with international standards (e.g., CCBA).  It was designed with sufficient participation of 

stakeholders affected by the issue and those responsible for its implementation.  It aligns with relevant 

global conventions/agreements supported by CI (UN Convention on Biological Diversity, UN Convention 

on Human Rights, UN Watercourses Convention, Ramsar Convention on Wetlands, UN Framework 

Convention on Climate Change, etc.). 

 

The effectiveness of policies is assessed using a scoring questionnaire, or “scorecard” completed by CI 

program staff. This approach involves a qualitative assessment on the effectiveness of policies based on 

criteria related to the extent of implementation and soundness of specific policies. 

 

 

 

 

 

 

 

https://sites.google.com/a/conservation.org/metrics/measure-effective-governance/policy-effectiveness
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Scoring Criteria: Level of implementation 

 
Information not available 0 

"Agenda setting “+”Policy formulation": Decision makers are beginning to acknowledge and define the problem 

requiring better governance. Or, a policy/course of action, which follows Strategic Social-Environmental 

Assessments best practices, is being developed to address the problem. 

1 

"Policy legitimation": A policy/course of action has been adopted or ratified, giving it legal force. 2 

"Policy implementation-Low": Implementation is extremely limited (e.g., due to very low funding or capacity). 3 

"Policy implementation-Medium": Implementation somewhat limited (e.g. funding/capacity for 2 years only). 4 

"Policy implementation-High “+”Evaluation": Policy/action undergoing full implementation, enforcement and 

evaluation. 
5 

 

In Cambodia, CI Country Director Bunra Seng, with support from other CI staff, completed an initial 

assessment of the relevant policies for Cambodia. Mr. Seng then invited representatives from several 

relevant NGO partners and government departments to fill in scorecards or score specific policies. Seven 

people were consulted in total. Mr. Seng collated scorecards, compared and combined scores, adding 

his own expert knowledge where gaps or large differences occurred. For the most part, “expert 

averages” were used. Additionally, experts at the June 2014 validation workshop were asked to identify 

and prioritize the five most important current policies for Cambodia. 

 

Results and implications 

The assessment team identified 45 out of total of 49 possible policies are relevant to existing Cambodia 

governance landscape. An overview of scores according to 6 different categories is provided. In many 

cases, policies are sound, scoring > 3 (scores of 4 or 5 indicate a policy with sufficient funding, 

enforcement and evaluation of policy outcomes), but are not being implemented (scores < 3 indicate a 

policy may have been adopted/ratified but not put into action). Cambodia has made significant 

advances in its national commitments to international conventions and conservation of natural capital. 

More innovative policies, involving cross-sectoral collaboration or integrated policies, are less advanced, 

with policies where they exist in the planning stages or not yet formally approved. 
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Category Soundness Implementation Total % 

FY14 OVERALL SCORE 114 95 209/450 46 

International conventions 30 26 56/110 51 

 2 policies with scores > 7     

 National implementation of World Cultural Heritage (UNESCO) and UN Millennium 

Development Goals 
 

Conservation of natural capital 34 26 60/120 50 

 5 policies with scores > 7     

 Policies related to 1) conservation of coastal marine zones ;2) wild species; 3) 

government PAs; 4) community areas; and 5) IUCN categories 
 

Sustainable production systems 14 10 24/60 40 

 1 policy with score > 7  

 Policies related to fisheries and aquaculture  

Investment & fiscal policies 5 5 10/40 25 

 No policies scoring > 4     

Policy integration & safeguards 22 19 41/80 51 

 No policies scoring > 6     

Capacity 9 9 18/40 45 

 No policies scoring > 6     

 

The Royal Government of Cambodia has many joint conventions on cultural, natural resources and 

biodiversity management. Some Conventions have been implemented well and effectively. For example, 

the Convention on World Cultural Heritage, in which Angkor Wat, Preah Vihea and Bantey Chmar 

Temples have been registered as Cultural World Heritages Sites.  

 

Several policies have adverse impacts on environmental and social outcomes such as Economic Land 

Concessions (ELC) for agriculture (rubber plantation, sugar cane, cassava and other agricultural 

plantations). This policy has led to land disputes, displaced people, land grabbing, illegal logging and 

corruption.  Policies regulating hydro-power development and construction have also led to illegal 

logging and corruption. Furthermore, policies related to mining concessions and poor governance (lack 

of implementation and enforcement) of other policies have led improper land use management and 

planning have all had adverse impact on environmental and social well-being. 

 

The governance scorecard is useful beyond monitoring, as it can be used to understand the broader 

policy landscape, and can be applied at the national/subnational/municipal scales. Alternative 

scorecards can be developed and adapted for intergovernmental, private sector and regional agents of 

change. 
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Assumptions and Limitations 

 Only applicable policies are included in country scorecard 

 Policies are not currently weighted – i.e. all policies are given equal importance 

 Exercise caution in comparing scores between countries as scorecard is used to track progress 

within a country year to year.  Scores also vary between countries due to contextual differences. 

 Assessment is subjective and will vary depending on the knowledge and capacity of 

assessors.  Areas of uncertainty should be documented and validated, where possible. 

 Scorecard does not currently capture existing policies that might be detrimental to environment 

or social outcomes 

 
Updating and Replication  

Policy change often occurs over lengthy time horizons and therefore significant changes in policy 

conditions might not be observed on an annual basis. We recommend therefore updating these results 

through review and re-assessment of policies on a biannual basis. 

 

Future assessments would benefit from collection of data on the level of certainty of each assessor and 

validation of scoring (through review of policy documents, data from surveys and synthesis of multiple 

experts’ opinion), in particular for those policies identified as most important for the national context. 

 

The methods have been designed to be flexible for different countries. The scorecard has currently been 

applied to all CI countries. Refinement of policy types, possible reduction in number of policies, and 

wording of criteria would need to be revised for application at subnational scales.  

 

References and Data Sources 

https://sites.google.com/a/conservation.org/metrics/measure-effective-governance/policy-

effectiveness 

 

 

 

 

 

 

 

 

 

 

 

 

https://sites.google.com/a/conservation.org/metrics/measure-effective-governance/policy-effectiveness
https://sites.google.com/a/conservation.org/metrics/measure-effective-governance/policy-effectiveness
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Sustainable production 
 

Indicator: Output of key production sectors & impact of key production 

sectors on natural capital 
 

Definition and Methods 

Sustainable production is defined as the volume or quantity of commodities produced that can be 

sustained over time while supporting economic development for society and ensuring the long-term 

persistence of natural capital to meet the needs of future generations.  

 

Sustainable production metrics must therefore enable us to monitor the amount of a commodity 

produced while also tracking impacts on natural capital over time.  For the agriculture sector our 

production metrics monitor the change in productivity per hectare over time to understand whether 

increased production is due to intensification or extensification of agriculture systems.  These analyses 

also enable us to pinpoint communes with the potential for yield improvements without expanding the 

footprint for key agriculture crops. For the energy and mining sector, we look at the overlap of 

concessions with protected areas to represent the extent of potential impacts the sector could have on 

natural capital.  

 

Due to lack of data on sustainability of the target sectors (agriculture, energy, mining, and fisheries) we 

focused the indicators on understanding and monitoring the status of current production levels, and 

where possible, linking these trends to priority areas for conservation. The objectives for the analysis 

were to identify key economic sectors having the greatest impact on natural capital in Cambodia; to 

understand the level of production from these sectors; and to identify potential sustainability issues 

associated with these sectors. 

 

We prioritized the agriculture, energy, and mining sectors for this analysis as these sectors have largest 

impacts on natural capital in Cambodia. For each of the sectors we identified a small number of 

indicators to monitor changes in production in relation to natural capital over time.  The final set of 

indicators and their definitions are included in the table below. Fisheries was also identified as having 

large impact on natural capital, however, due to lack of data we were not able to analyze the 

sustainability of the fisheries sector at this time. 
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Sector Indicator 

Agriculture Change in area harvested over past 10 years  

Change in productivity per hectare over past 10 years 

Yield gap (distance from national mean) to area under 

production ratio for priority commodities at sub-national / 

commune level 

Mining Percentage of protected areas with mining concessions 

overlapping them 

Percentage of key biodiversity areas with mining concessions 

overlapping them 

Percentage of mining concessions falling within a KBA or PA 

Fisheries Inland fish catch (tonnes / year) 

 

 

We followed a 6 step process to complete the analyses.  

1. Define objectives for the analysis, key research questions and indicators based on consultations 

with the project team. 

2. Identify key sectors and agricultural commodities to include in the analysis through consultation 

with CI-Cambodia staff and analysis of change in area under production over the past 10 years.  

3. Collect and organize national and subnational data sources on production, land under 

production (including concessions) and changes over the past 10 years based on available 

tabular and spatial data for the country.  

4. Conduct statistical analysis of production data to calculate average yields for agricultural 

commodities and land under production. We segmented communes according to a four 

quadrant matrix of high yields / high area; high yields / low area; low yields/high area; low yields 

/ low area.  We set a threshold for low yields as at least 50% below the national mean. For area 

we applied two approaches. The first was for those crops produced in at least 2/3 of the 

communes in the country. For these ubiquitous crops we used the percentage of land under 

production in relation to the national mean as the threshold for determining those communes 

with high vs. low area under production.  For the less ubiquitous crops such as cassava and 

rubber, we  set the threshold using the absolute value as there were some large communes with 

large areas under production that represented only a small percentage of land in that 

commune.   

5. Conduct GIS analysis of sectors in relation to important areas for natural capital to determine 

and quantify the potential threat posed by the sector to natural capital based on degree of 
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overlap with Key Biodiversity Areas and Protected Areas.  For the mining sector we were able to 

calculate the percentage of concessions overlapping with these priority areas.  

6. Calculate potential productivity and economic benefits of closing yield gaps for the target 

agriculture commodities.  

 

Results & Implications 

Agriculture: We focused our analysis on dry and wet season rice, cassava and rubber given the extent of 

rice production and the growth of the cassava and rubber footprint over the past 10 years. Wet and dry 

rice production occurred in 85.7% and 46.8% of communes, respectively. For wet season rice there are 

few communes with high area and high yield, but a number in the northwest portion of the country with 

potential opportunities for intensification.  For dry season rice, yields are relatively high throughout the 

country, suggesting there is less opportunity for increasing yields.   

 

  
Figure AG1. Wet and dry season rice production throughout Cambodia, by yield and area. Opportunities 

for current intensification efforts should be focused on areas shown in pink, which have a high area 

devoted to the crop with relatively low yields. Potential knowledge sharing or mentoring could come 

from areas shown in orange and green, which have relatively higher yields. Areas in brown also present 

opportunities for intensification, and should be monitored for potential expansion. Green areas also have 

the potential to expand, and present less opportunity for intensification. 

 

Cassava is only grown in 35.3% of communes, but many of these are the largest communes.  Of these 

35.4% show relatively low yields compared to the national average and may present opportunities for 

increased productivity per hectare.  Rubber is much less ubiquitous within Cambodia as it appeared in 

only 7% of communes.  Of these 73.7% show some opportunity for yield improvements.   
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Figure AG2. Cassava and rubber production throughout Cambodia, by yield and area. Opportunities for 

current intensification efforts should be focused on areas shown in pink, which have a high area devoted 

to the crop with relatively low yields. Potential knowledge sharing or mentoring could come from areas 

shown in orange and green, which have relatively higher yields. Areas in brown also present 

opportunities for intensification, and should be monitored for potential expansion. Green areas also have 

the potential to expand, and present less opportunity for intensification. 

 

Cassava: 35.3% of communes 

High Area, Low Yield: 
3.1% 

High Area, High Yield: 
20.4% 

Low Area, Low Yield: 
32.3% 

Low Area, High Yield: 
44.2% 

Rubber: 7% of communes 

High Area, Low Yield: 
21.1% 

High Area, High Yield: 
3.5% 

Low Area, Low Yield: 
52.6% 

Low Area, High Yield: 
22.8% 

Dry Season Rice: 46.8% of communes 

High Area, Low Yield: 
0.3% 

High Area, High Yield: 
29.0% 

Low Area, Low Yield: 
2.4% 

Low Area, High Yield: 
68.3% 

Wet Season Rice: 85.7% of communes 

High Area, Low Yield: 
5.3% 

High Area, High Yield: 
26.4% 

Low Area, Low Yield: 
3.6% 

Low Area, High Yield: 
64.7% 
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Mining  

Nearly 13% of Key Biodiversity Areas and protected areas have a mining concession that overlaps with 

their boundaries. This could pose some threat to these areas depending on the status of the concession 

– for example, if the concession is for initial exploration (likely to have low impact) or if it has active 

mining operations (potentially high impact).  Upon consultation with local experts it became apparent 

that the majority of the mining concessions in Cambodia are still in the exploration phase of 

development. Thus many may never be exploited and those that are proven to be commercially viable 

have the opportunity to plan for avoiding, mitigating and offsetting any negative impacts on biodiversity 

and ecosystem services.  

 

 
 

 

Indicator  %  

% of PA area covered by a mining concession  11.9 

% of KBA area covered by a mining concession  13.7 

% of total KBA and PA area covered by a mining concession  12.8 
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Assumptions  

Agriculture: The analysis assumes that yields for the major crops analyzed could be increased to national 

averages across all communes, but there may be other significant barriers to achieving these goals such 

as availability of extension services and inputs, access to markets, availability of labor, or others.  It also 

assumes that the average national yield is sustainable and optimal and does not account for factors 

aside from land area that may present barriers to achieving improved yields. These additional barriers 

could include the availability of water, climate variables, soil suitability, and other factors. Further 

research and analysis is needed to understand the specific barriers that farmers in low yield communes 

are facing. 

 

Mining: The analysis assumes that concessions that have been planned or allocated will be developed 

and that the entire area allocated to the concession will be impacted, and thus overestimates the 

impact of the sector on natural capital.   

 

Limitations 

Agriculture:  No data is available to indicate where within each communes each crop is produced, nor 

the percentage of land area in each commune dedicated to a particular crop. We limited the analysis to 

three crops, with the greatest impact on natural capital in general, but other crops might be more 

important in certain communes.  

Mining: Data is not available on the degree of impact within the concessions, or whether the concession 

is planned or in active operation.   

Inland Fisheries: Data is not available on productivity of inland fisheries nor changes in fisheries 

management policy. 

  

Replication and Updating 

This analysis should be updated regularly, depending on resources available for this. Every 2-5 years may 

be realistic. This process would require statistical and GIS expertise to run the data analysis and mapping 

necessary.  Findings should be validated with stakeholders from each of the priority sectors.  Since the 

methodologies have been defined and the process outlined, it should only take a week of staff time with 

GIS and statistical expertise to complete the analysis.  

The analysis in Cambodia should be easily replicable in other countries. National level data can help 

identify the priority sectors and commodities for analysis.  In the case of Cambodia, commune level data 

provided deeper and richer insights into specific geographies where agricultural productivity is below 

average. However, this data did not enable us to understand the actual footprint of the commodity.  In 

other contexts this fine-scale, commune data may not be available. In such cases we may need to run 

the analyses at the state or provincial level.  Cambodia also had Open Development Cambodia’s website 

as a critical resource for spatial data and analyses which expedited data gathering efforts.  Where such a 

clearinghouse of data does not exist, additional time and effort will be required to track down datasets 

from multiple sources. 
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Data Sources 

FAOSTAT. 2014. http://faostat3.fao.org/faostat-gateway/go/to/download/Q/QC/E 

Cambodia Commune Database 

Open Development Cambodia. http://www.opendevelopmentcambodia.net/ 

World Database on Protected Areas. http://www.protectedplanet.net/ 
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Human Well-Being Index System 
 

Definition 

Physical and mental satisfaction of human needs to be healthy, happy, and prosperous (Yang et al., 

2013). Accordingly, poverty, broadly defined, is the low status of Human Well-Being (HWB). 

For Cambodia, we focused on objective indicators of HWB (or physical / socioeconomic indicators) since 

there is no data on subjective HWB (or mental / emotional indicators). Also, objective HWB is enough to 

satisfy our final goal of assessing the number of households/population benefiting from sustained 

essential natural capital via CI’s conservation efforts. Later, we will combine the indicators of natural 

capital, the HWB indices developed here, and other contextual factors (e.g., elevation, slope, distance 

from each commune to a road) to construct integrated models to infer “how” and “by how much” CI’s 

conservation efforts affect natural capital and then change HWB. 

 

Methods 

Using the widely accepted Millennium Ecosystem Assessment framework (MA, 2005), the human well-

being  index system consists of an overall index and five sub-indices (i.e., basic materials for good life, 

security, health, good social relations, and freedom of choice and action). 

 

Based on data availability, data quality, and relevance based upon theoretical links between well-being 

(because not all indicators are relevant to HWB), we selected 34 indicators (Table HWB1) to construct 

the HWB index system. We developed a new method which build on existing theory about human well-

being but also to maximize available data.  In brief, we first proposed an initial design using confirmatory 

factor analysis (CFA), and exploratory factor analysis (EFA) - special forms of the more advanced 

structural equation modeling (SEM). SEM  is a statistical technique which allows the examination of 

multiple causal relationships simultaneously through a combination of qualitative causal assumptions 

and statistical quantification (Bollen and Noble, 2011; Pearl, 2009). We implemented the SEM in the 

software Mplus (version 6.1). We validated the HWB index system through both statistical analyses and 

expert evaluation. The final index values were normalized to a range from 0 to 100, and mapped in 

ArcGIS using 10 quantiles. There were a few missing values of certain communes in different years and 

were shown in blank on the maps (figure HWB1). 

 

Results & Implications 

Overall, results show that our derived HWB index system has very high reliability in terms of internal 

validity (i.e., selected indicators show consistent results), and represents the temporal and spatial 

patterns in our demonstration area well. Overall, the absolute values of the overall index and sub-

indices of HWB gradually increased from 2006 to 2012. Trend analyses show that basic material for good 

life, security, health, good social relations, and freedom of choice and action increased at an annual rate 

of 0.47%, 2.38%, 9.94%, 0.66%, and 4.06% from 2006 to 2012, respectively, altogether leading to an 

annual increase of 2.51% in the overall index. Overall, communes close to the Tonle Sap Lake or Mekong 

River had higher values of HWB indices from 2006 to 2012 than those that are far away (Figure HWB1). 

Communes near the Tonle Sap Lake or Mekong River also had a more rapid increase in HWB indices 
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from 2006 to 2012 (Figure HWB1). These spatial patterns were highly significant (p < 0.001) in terms of 

statistical association. These results provide a benchmark for policy planning, monitoring and evaluation 

such as priority setting for poverty alleviation and sustainable development, and for monitoring the 

effects of ecosystem service conservation and management on aspects of well-being.  

 

Assumptions & Limitations 

The HWB index system is primarily based on the Cambodia Commune Database. There are two 

limitations of this data source. First, all the indicators are do not include all types of well-being 

measurements, such as mental health, perception of security and social relations. Second, the quality of 

trends inferred by the HWB index system is limited by the quality of the commune database and the 

subjective nature of the survey. We implemented a series of quality control approaches, such as 

removal of null values, identifying typos and other data entry errors, to maximize the data quality of 

selected indicators as much as possible.  

 

Besides the data limitations, our new methods are scientifically innovative and provide more reliable 

results, but they also require relatively high technical skills and take longer time than other, simpler 

approaches (e.g., direct aggregation of indicators, or principal component analysis).  

 

List of Figures 

Figure HWB1. Spatial patterns of HWB indices from 2006 to 2012, including 12 composite figures.  

 Composite Figure A1. Overall index in 2006. 

 Composite Figure A2. Overall index in 2012. 

Composite Figure B1. Sub-index of basic material for good life (Q1) in 2006. 

Composite Figure B2. Sub-index of basic material for good life (Q1) in 2012. 

Composite Figure C1. Sub-index of security (Q2) in 2006. 

Composite Figure C2. Sub-index of security (Q2) in 2012. 

Composite Figure D1. Sub-index of health (Q3) in 2006. 

Composite Figure D2. Sub-index of health (Q3) in 2012. 

Composite Figure E1. Sub-index of good social relations (Q4) in 2006. 

Composite Figure E2. Sub-index of good social relations (Q4) in 2012. 

Composite Figure F1. Sub-index of freedom of choice and action (Q5) in 2006. 

Composite Figure F2. Sub-index of freedom of choice and action (Q5) in 2012. 

 

List of Tables 

Table HWB1. Conceptual framework of the index system of HWB.  

 

Replication 

We developed the human well-being (HWB) index system based on the widely accepted Millennium 

Ecosystem Assessment framework (MA, 2005). Our methods can be easily applied to other frameworks 

and data sets if needed. 
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Our new methods support relatively easy replication using secondary data (including census data) at 

almost all different units or scales of analysis (e.g., from household, village, township, to province, and 

country) as long as there are sufficient indicators (preferably at least three indicators for each sub-index) 

and sample size (preferably at least 100 samples to allow consistent computation of SEM). If there are 

not enough indicators or there is a small sample size, the alternative is to use simple aggregation 

approach (e.g., average value of several indicators, assuming equal weighting) or traditional factor 

analysis methods (e.g., principal component analysis). If there is no need for a comprehensive measure 

of HWB, but just information on one or two dimensions of HWB, it is not necessary to construct a 

composite index and one can just use individual indicators for the measurement of specific dimensions 

(e.g., life expectancy as a measurement of health dimension).  

 

Databases are programmed and managed using animated procedures so that the developed methods 

are easy to replicate, revise, and update. Ideally, if one prepares the data sets of future years in the 

same format as previous ones, one only needs to run the programming codes and SEM models again 

with a minor revision if necessary (e.g., add a new indicator).  This means that the HWB index system in 

Cambodia can be updated with relatively low time demand and costs (should be less than one month if 

data sets are ready). Ideally, if the budget allows, we may update it annually since the Cambodia 

Commune Database is updated every year. But if the budget does not allow, updating it less frequently 

(e.g., every 3-5 years) should also be fine, unless the political and socioeconomic context of Cambodia 

changes dramatically from one year to another.  

 

References & Data Sources 

Cambodia Commune Database is similar to census data and is an information system developed by the 

Ministry of Planning of Cambodia and several partners to support policy planning, fund allocation, and 

development (Ministry of Planning, 2010). Based on data records, the data are reported by village chiefs 

and commune (khum)/quarter (sangkat) clerks to capital and provincial department of planning every 

year in December, covering a wide range of information from demographic and social to economic 

conditions. A commune/quarter is an administrative unit that is larger than a village and smaller than a 

county. There are approximately 1600 communes in Cambodia. The pilot data collection was 

implemented from 1998 to 2001 in several provinces. The full implementation started in 2002 (including 

105 indicators), and expanded from 2006 (578 indicators) to gradually add the number of indicators, 

with 1083 indicators in 2012. Given there are many fewer shared indicators that are suitable for HWB 

indicators from 2002 to 2005 in comparison to those from 2006 to 2012, in this study we decided to 

work with data from 2006 to 2012.  
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Figure HWB 1. Spatial patterns of HWB indices from 2006 to 2012. HWBI: Overall human well-being 

index; Q1: Basic material for good life; Q2: Security; Q3: Health; Q4: Good social relations; Q5: Freedom 

of choice and action. Each index was normalized separately to the range from 0 to 1 using the maximum-

minimum normalization method based on data in all years. A higher value indicates a better status. 

Blank parcels are null values. Values are displayed based on 10 quantiles in 2006 for comparison with 

those of 2012.  
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Table HWB1. Conceptual framework of the index system of human well-being (HWB).  

Category 
layer 

Indicator layer 
Indicator 
Code 

Indicator description Sign 

Basic 
material for 
good life 

Housing condition V18 
Percentage of  houses with thatched, zinc or 
fibro roof 

- 

 Access to electricity V9013  
Percentage of house (thatched, zinc, fibro, 
tiled roof, or villa) with access to electricity or 
battery light 

+ 

 
Access to basic 
education 

V250 
Distance to the nearest junior secondary 
school (km) 

- 

 Illiterate rate V9014  
Percentage of illiterate people among 
population aging 18-45 years 

- 

 Basic transportation V33 Number of  bicycles per capita + 

 
Access to other 
basic goods and 
services 

V364 
Average distance from all village centers in 
each commune to District/Khan office (km) 

- 

  V365 
Average distance from all village centers in 
each commune to Provincial/Municipal office 
(km) 

- 

Security Public security V401 
Occurrence rate of murders, robberies and 
kidnapping cases (calculated by the number 
of cases divided by total population) 

- 

  V402 
Occurrence rate of theft cases (calculated by 
the number of cases divided by total 
population) 

- 

 
Security for resource 
access 

V280 
Percentage of families who have rice land 
less than one hectare 

+ 

  V28 Percentage of  families with pigs + 
  V302 Percentage of families with duck + 

  V42 
Percentage of  family using chemical fertilizer 
in the past year 

+ 

  V43 
Percentage of  family using pesticide in the 
past year 

+ 
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Table HWB1 (cont’d)  

Category 
layer 

Indicator layer 
Indicator 
Code 

Indicator description Sign 

Health Sanitary V23 Number of  latrines per capita + 

  V391 
Percentage of families usually uses water from 
purified system equipment 

+ 

  V400 
Percentage of  families regularly boil water for 
drinking 

+ 

 
Access to 
electricity 

V9013  
Percentage of house (thatched, zinc, fibro, tiled 
roof, or villa) with access to electricity or battery 
light 

+ 

 
Access to health 
facilities 

V366 
Average distance from all village centers in each 
commune to the nearest health center (km) 

- 

 
Access to basic 
medical care 

V38 
Percentage of  families who used a trained 
midwife in the past year 

+ 

 
HIV/AIDS 
occurrence rate 

V417 
Percentage of  families whose family member is 
living with HIV/AIDS 

- 

 
Survival rate of 
infants by 
midwife  

V370 
Percentage of new survival born infants by 
midwife, calculated using the number of new 
survival born infants divided by total population 

+ 

Good social 
relations 

Common 
interests 

V45 
Number of  land conflict cases per family in the 
past year 

- 

 Home violence V47 
Percentage of  families having problems with 
violence at home 

- 

 Cohesion & Trust V401 
Occurrence rate of murders, robberies and 
kidnapping cases (calculated by the number of 
cases divided by total population) 

- 

  V402 
Occurrence rate of theft cases (calculated by the 
number of cases divided by total population) 

- 

  V403 

Occurrence rate of  other criminal cases except 
murders, robberies, kidnapping and theft 
(calculated by the number of cases divided by 
total population) 

- 

  V404 
Occurrence rate of  other civil cases except 
criminal cases (calculated by the number of cases 
divided by total population) 

- 
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Table HWB1 (cont’d) 

Notes: This table shows the initially designed framework, indicators of which are further refined in the structure 

equation model (SEM) model. 

Some indicators are available at the village level and are aggregated to the commune level using the mean or sum 

values.  

For the column of “Sign”, a positive sign means that the higher value of the indicator represents the better status of 

well-being; reversely, a negative sign means that the higher the value of the indicator represents the worse status 

of well-being. For indicators with positive and negative signs, they are normalized using the Min-Max normalization 

method based on equations “var = (var-min(var))/(max(var)-min(var))” and “var = - (var-max(var))/(max(var)-

min(var))”, respectively. In doing so, indicators with negative signs are transformed into positive signs for easy 

interpretation. Though, such transformation does not alter the results of internal consistency, reliability test, or 

SEM, which are based on standardized indicators.  

It also needs to be noted that the sign of indicators may be context dependent. For example, bicycles can be 

superior good in very poor places but may be inferior good in less poorer regions. When the criminal rate is low, 

wealthy people may have higher level of security; in reverse, when the criminal rate is high, wealthy people may 

have lower level of security. In addition, one indicator can also be a positive indicator for one dimension but a 

negative indicator for another dimension. Thus, in the final results of SEM model, there still could be some 

indicators with negative signs, which suggest that the transformed indicators are negatively associated with the 

corresponding HWB sub-index.   

 

Category layer Indicator layer 
Indicator 
Code 

Indicator description Sign 

Freedom of 
choice and action 

Freedom from 
discrimination 

V73 
Percentage of  female household 
headed 

+ 

  V9008 
Percentage of  female in illiterate 
population between 18-45 years old 

- 

 
Affordability to quality 
housing 

V9017 
Percentage of tiled roof or villa 
houses 

+ 

 
Access to relatively 
higher education 

V251 
Distance to the nearest senior 
secondary school (km) 

- 

 
Improved 
transportation 

V30 Number of  motorcycles per capita + 

 
Affordability to 
superior good 

V9011 
Percentage of house (thatched, zinc, 
fibro, tiled roof, or villa) with TV 

+ 

  V345 
Per capita of  power-tillage use for 
plough 

+ 

  V347 
Per capita of small trucks (net 
weight less than 1.5 tons) 

+ 

  V351 Per capita of family cars + 


