Copyright © 2014 by the author(s). Published here under license by the Resilience Alliance.
Brooks, E. G. E., K. G. Smith, R. A. Holland, G. M. Poppy, and F. Eigenbrod. 2014. Effects of methodology and stakeholder
disaggregation on ecosystem service valuation. Ecology and Society 19(3): 18. http://dx.doi.org/10.5751/ES-06811-190318

F&S

Research

Effects of methodology and stakeholder disaggregation on ecosystem service

valuation
Emma G_E. Brooks'?, Kevin G_Smith?, Robert A. Holland’, Guy M. Poppy ! and Felix Eigenbrod'

ABSTRACT. Contingent valuation is one of the most commonly used methodologies utilized in ecosystem service valuation, thereby
includinga participatory approach to many such assessments. However, inclusion of nonmonetary stakeholder prioritiesis still uncommon
in ecosystem service valuations and disaggregation of stakeholders is all but absent from practice. We look at four site-scale wetland
ecosystem service valuations from Asia that used nonmonetary participatory stated preference techniques from a range of stakeholders,
and compare these prioritizations to those obtained from the largest monetary assessments available globally, the Ecosystem Service
Value Database (ESVD). Stakeholder assessment suggests very different priorities to those from monetary assessments, yet priorities
between different sites remained broadly consistent. Disaggregation of beneficiaries in one site showed marked differences in values
between stakeholders. Monetary values correlate positively with values held by government officers and business owners, but negatively
with fishermen and women who are relying most directly on the wetland ecosystem services. Our findings emphasize that ecosystem
service assessment, monetary or otherwise, must capture the diversity of values present across stakeholder groups to incorporate site

scale management issues, particularly in relation to poverty alleviation.
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INTRODUCTION

Since the publication of the Millennium Ecosystem Assessment
(MEA 2005) the provision of ecosystem services (ES) has been
increasingly encouraged for consideration in policy and decision
making (TEEB 2012). This has particular relevance to much of
the developing world, where human impact on the environment
is expected to accelerate with increased impetus for development.
With a focus on human well-being and social development, the
ES concept has the potential to address poverty alleviation in
conjunction with ecological concerns (Tallis et al. 2008). ES
assessment permits the environment to be placed within a
development framework, and promotes the viewpoint that
progression toward the Millennium Development Goals can be
achieved alongside a context of conservation priorities (Sachs et
al. 2009). A major focus of the ES literature is on economic
valuation and the methodologies to best appraise this (Hein et al.
2006, Bateman et al. 2011, TEEB 2012). Economic values provide
a commonly understood and comparable methodology to
quantify the value of ES (Balmford et al. 2002, Farber et al. 2002),
yet the use of monetary values in assessment also sets precedence
to base policy on the economic outcomes. Because the concept of
ES accounting acknowledges that poorer households face
disproportionate losses from the depletion of ES (TEEB 2008),
economic valuation could have negative consequences for those
living in poverty if those ES on which they rely are not considered
most financially valuable to society as a whole.

Participatory valuation techniques, which can be used to establish
monetary or nonmonetary values, are intended to overcome these
issues to reflect not only the biophysical but the cultural and
societal benefits from ES, and there is a growing literature that
emphasizes the role of stakeholder participation in the assessment
process (Cowling et al. 2008, Reed 2008). Nonmonetary
participatory techniques, however, are rarely seen to be used in
valuation literature, with the most commonly applied mechanisms

for stakeholder participation within ecosystem assessment being
participatory “stated preference” techniques such as contingent
valuation or revealed preference techniques (TEEB 2012). These
are popular tools for providing monetary values for nondirect
goods; indeed contingent valuation is the most widely used
methodology within ES valuation (Graves et al. 2009).

The application and efficacy of these participatory valuation
techniques is still debated (e.g., Skourtos et al. 2010). Participatory
approaches are largely applied to one or few ES (e.g., Hein et al.
2006, Jenkins et al. 2010), or for a combined-service scenario (e.g.,
Zander and Garnett 2011, Kaffashi et al. 2012), and therefore do
not provide a stakeholder comparison across the full suite of ES of
relevance. This provides little opportunity for stakeholders to
contribute to often complex policy or management decisions
beyond an individual monetary bid or preference for a limited
question (Chee 2004). Moreover, ES valuation tends to focus on
assigning mean values derived for the affected society as a whole
(Farber et al. 2002). Considered as one aggregated group with no
discrimination of different beneficiaries of different ES, this
framework is likely to limit the contribution of ES consideration
to poverty alleviation (Daw et al. 2011).

Given the limited inclusion of stakeholders in most assessment
processes, there is a lack of connection between the methodologies
utilized (monetary valuation) and the drivers of the framework
(human well-being and poverty alleviation). However, to date there
have been few direct comparisons of monetary and nonmonetary
methods, nor of the impact that disaggregating by different groups
of stakeholders has on findings (Daw et al. 2011). We examine the
relationship between values of a nonmonetary stated preference
approach in four disparate sites in Asia and those derived from one
of the largest databases of monetary values of ES ever compiled,
the Ecosystem Service Value Database (ESVD; Van der Ploeg and
de Groot 2010, de Groot et al. 2012). We also examine the extent
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to which disaggregation of stakeholders at one site reflects the
aggregated monetary and nonmonetary valuations, and discuss
the implications of these findings for the use of ES valuation in
decision making.

METHODS

Site description and collection of primary data

Thisresearchis part of alarger interdisciplinary project, Highland
Aquatic Resources Conservation and Sustainable Development
- HighARCS (http://www.higharcs.org). The project used an
integrated approach to develop knowledge on the importance of
aquatic resources at five highland sites in Asia. As part of the
integrated site assessments, an ES valuation was performed at
each site. This information was used alongside further data
including biodiversity surveys and socioeconomic analyses to
inform site-specific integrated action plans designed to enhance
poor livelihoods and contribute to highland aquatic resource
conservation and sustainable use at each site (see website for more
details).

The data presented here are a comparison of the ES valuation
element of the project from four of the five sites. The project sites
fall within Shaoguan, China; Buxa, West Bengal, India; and
Quang Tri and Son La, Vietnam (see Fig. 1). An outline of each
site is given in Appendix 1.

Project sites
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Following centralized group training, a nonmonetary

participatory appraisal of ES was performed at each site by the
in-country partner (see acknowledgments): Focus groups were
held to identify the ES used by stakeholders specific to the site,
and to determine groups of stakeholders relevant to the site.
Details of the full suite of ES selected for each site can be found
in Appendix 2. Individual interviews were then conducted across
the range of stakeholders and participants were asked to give a
score for each of the selected ES based on importance.

We compared the results of these nonmonetary participatory
approaches with mean monetary values calculated from estimated
pricings from the ESVD (Van der Ploeg and de Groot 2010). The
ESVD has collated over 1350 value-estimates, and offers a useful
tool to examine value importance of different ecosystem services
in multiple biomes (de Grootetal. 2012). It represents an extensive
scope of values from the literature, collated from different studies
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conducted at a range of scales, including local scale. We used
values from the global database to obtain estimates of the
monetary values for the services considered in this analysis
because of a paucity of regionally relevant data. Given that the
sites are geographically disparate across Southeast Asia this
nonregion specific estimate is a generalized value for comparison
across all sites. Mean values were calculated from all values in the
database for the specific freshwater ES, except those not given as
price/ha/year. Those estimated from a benefits transfer
methodology were also excluded because benefits transfer studies
do not collect new data, but rather use existing studies as the basis
of valuation estimates. In line with de Groot et al. (2012), a
purchasing power parity (PPP) conversion factor was applied to
all values for the relevant year (WorldBank, http:/data.
worldbank.org/indicator/PA.NUS.PPP), and adjusted for
inflation to the 2010 rate (Bureau of Labor Statistics, http://www.
bls.gov/data/inflation_calculator.htm).

In general, only ES identified and valued by all sites as part of
the focus group process, and included within ESVD, were used in
the comparison. In exception, Buxa did not consider hydropower
or cultural value within their study. However, we included these
services because of the high importance expressed at the other
three sites.

Scores from the stakeholder interviews and values from monetary
assessments were normalized onto the same 0-1 scale, where 0
indicates a low value and 1 a high stakeholder or monetary value.
At each site scores were normalized using min-max
normalization; the minimum response score was subtracted from
each response score, which was then divided by the range of scores
for that site. As a result, the highest response score was converted
to 1, and the lowest response score was converted to 0. A mean
value per service was then calculated from the normalized scores
to produce a nonmonetary value for each ES at each site (hereafter
referred to as participatory values). Monetary values are a
normalization of the mean monetary value for each service from
the ESVD (hereafter referred to as monetary values).

Comparisons between sites

Because of the differences in methodologies of valuation, values
between monetary and participatory values were not compared
directly but instead focused on how relative rankings varied
between sites. Spearman’s rho nonparametric correlations were
used to quantify these relative rankings, both for intersite
comparisons, and to compare ranks of services between the
monetary values and the normalized nonmonetary values for each
site. This methodology follows the practice of previous studies in
which mean scores have been compared directly (e.g., Rouquette
etal. 2009). However, this alone does not account for the variation
surrounding these means. Therefore 95% confidence intervals
were generated for Spearman’s rho by bootstrapping the data:
Each pair of site (and ESVD) data sets were randomly sampled
with replacement to create corresponding sample data sets the
same size as the originals. Spearman’s rho was then calculated
between each pair of sampled data sets. This was then repeated
10,000 times per pair of sites, from which 95% confidence intervals
could be calculated. A correction for distribution bias from within
the sample was applied using the bias-corrected and accelerated
method (BCa; Haukoos and Lewis 2005). All calculations were
carried out in R 3.0.1.
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Disaggregation of ES valuation by stakeholder type

In addition to examining differences in ES values between sites,
we also analyzed concordance in ES valuations between
stakeholder groups in one site. As stated, each in-country partner
identified their own stakeholders and did not divide stakeholders
into the same groups. We therefore focused individual stakeholder
analysis only on data from Shaoguan because they identified a
good cross-section of widely applicable stakeholders, with a
minimum sample size of 13 per stakeholder group. Participants
represented four distinct stakeholder groups; government officers,
business owners, farmers, and fishermen and fisherwomen
(hereafter referred to as fishers). Farmers and fishers from the site
are considered rural poor, with fishers being more dependent on
direct resources from the land (Yiming et al. 2010). Many of the
fishers are described as subsistence communities, with the poorest
households relying most directly on aquatic resources. ES scores
from the stakeholder groups were compared against monetary
values as above.

RESULTS

Comparisons between sites

The normalized responses of the importance of each ES to each
site, aggregated across all groups of stakeholders, and the mean
monetary values for each ES are shown in Figure 2. There are
marked differences between the range of scores from monetary
values, compared to the consistently high participatory values
from any of the sites. The value of water supply is more than
double that of the next most monetarily valued service, flood
control, which in turn is more than double of the next most
valuable service, water treatment. In contrast, the participatory
values assigned to different services are broadly similar.
Difference in scores of ES between sites are relatively small, with
a spread varying from 0.16 between sites for the value of fisheries,
and 0.38 for the value of water supply.

Correlations between participatory valuations of sites vary, but
broadly correlate with each other exhibiting medium to strong

Fig. 2. Normalized scores and standard error of ecosystem
services of mean stakeholder perception values from four sites
in Asia, and normalized mean monetary valuation. Lines have
been added to help visualize the differences in rank of the
services within each site, compared to the monetary valuation.
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correlations (Table 1). The exception to this is between Shaoguan
and Quang Tri. By contrast, there is little congruence between the
rankings of ES from participatory values at each site versus the
monetary values in all cases except Buxa, which shows a moderate
negative correlation.

Table 1. Spearman’s rho correlations and BCa 95% confidence
intervals between valuation scores of freshwater ecosystem
services by monetary assessment and stakeholder values at four
sites in Asia.

Valuation sources Rho BCa 95% CI
Monetary Shaoguan -0.21 -0.55-0.02
Monetary Buxa -0.66 -0.94 - -0.54
Monetary Quang Tri 0.40 -0.12-0.62
Monetary Son La 0.04 -0.38 - 0.60
Shaoguan Buxa 0.60 0.26 - 0.83
Shaoguan Quang Tri 0.07 -0.38 - 0.40
Shaoguan Son La 0.49 0.19-0.90
Buxa Quang Tri 0.37 0.06 -0.77
Buxa Son La 0.46 0.03 -0.60
Quang Tri Son La 0.71 0.48 —0.98

Disaggregation of ES valuation by stakeholder type
Disaggregation of beneficiaries in Shaoguan showed that there is
large variation in the values that different groups of stakeholders
place on ES. Male and female responses in Shaoguan were highly
correlated (Spearman’s Rho = 0.78, df = 21, P < 0.001) and
therefore not separated for the stakeholder disaggregation
analyses.

Correlation between the rankings scored by different stakeholder
groups and the monetary values from ESVD show a high degree
of variation (Table 2). Moderate to strong positive correlations
are found between monetary values from ESVD and the
participatory values of government officers and business owners.
ESVD values have no correlation with those of farmers, and there
is a moderate negative correlation between monetary values and
participatory values of fishers. The participatory values of
government officers also strongly positively correlate with
business owners and farmers, whose values also positively
correlate with each other. The values of farmers and fishers also
positively correlate. Value scores of different stakeholder groups
are presented in Figure 3, showing a marked difference again in
breadth between monetary scores and participatory scores for all
ES excluding water supply. The similarity of the normalized
scores between stakeholders differs by ES, with a spread varying
from 0.08 between stakeholders for recreation value, and 0.51 for
water supply.

DISCUSSION

Values placed on freshwater ES across four disparate rural sites
were broadly similar when measured by participatory
assessments, but differed markedly when compared to globally
derived monetary values of the same services. Disaggregation of
beneficiaries at one site shows that generalized monetary
valuation is likely to be a poor reflection of the values farmers
and fishermen place on freshwater ES, but broadly correlate with
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the values placed on these resources by business owners and
government officials.

Table 2. Spearman’s rho correlations and BCa 95% confidence
intervals between valuation scores of freshwater ecosystem
services by monetary assessment and different stakeholder groups
in Shaoguan, China.

Valuation sources Rho BCa 95% CI
Monetary Government 0.55 0.14-0.81
Monetary Business 0.72 0.45-0.93
Monetary Farmer 0.23 -0.31-0.63
Monetary Fisher -0.52 -0.74 - -0.48
Government  Business 0.74 0.43-0.98
Government  Farmer 0.71 0.35-0.98
Government  Fisher -0.07 -0.41 -0.06
Business Farmer 0.60 0.32-0.98
Business Fisher -0.07 -0.30-0.21
Farmer Fisher 0.46 0.05-0.84

Fig. 3. Normalized scores and standard error of ecosystem
services of mean stakeholder perception values from Shaoguan,
China, and normalized mean monetary valuation. Lines have
been added to help visualize the differences in rank of the
services within each site, compared to the monetary valuation.
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Stakeholders with differing local sensitivities, cultural

backgrounds, and geographical locations might be expected to
attach differing values to ES (Hein et al. 2006), yet despite the
situational differences there is remarkably little difference between
the values scored at sites in the current study. Given that the
participants at sites considered here were asked to identify priority
ES, it is unsurprising that all ES are scored reasonably highly, and
a greater range of scores would be expected had a strict set of ES
been tested. Nonetheless, the small inter- and intra-site variation
found indicates a similarity of values for the ES considered held
by stakeholders across a range of sites. This supports the strength
and robustness of the participatory approach used here as a
valuation method.

The implied similarities between sites are more strongly supported
when comparing the priorities based on the rank order of
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participatory value means. Given that this work has been
conducted as part of a large consortium project, the congruence
between sites is encouraging. All project partners were given the
same methodological training and instruction, but it has been
carried out by different teams in different countries, on wetland
sites that vary in their issues. Each site identified its own priorities
and stakeholders, yet the ES wvaluations are remarkably
concordant, showing that even across different countries, values
for ES are similar at the community level.

A comparison of normalized values from a monetary perspective
suggests a disparity between values garnered by a nonmonetary
participatory approach and those projected from a monetary
approach. If multiple wetland ES were valued to a similar degree
to each other in monetary terms it would be entirely plausible that
they would well match the participatory scores once normalized.
Instead we find quite a steep decline in monetary values, indicating
that a few wetland services have high monetary value while the
rest have little monetary value, which is in contrast to the
participatory values. Coupled with this the differences in rank
orders suggest an incongruence of prioritizations of ES between
the two methodologies. These results emphasize the need to
understand and incorporate nonmonetary values to fully inform
environmental management and decision making (Martin-Lopez
et al. 2007).

Critically, the findings of the study show a disaggregation of
stakeholder views and suggest that the values held by those relying
most directly on wetland ES (here the fishers, followed by the
farmers) differ most widely from those predicted by monetary
valuation. These results are perhaps unsurprising, yet are
nonetheless extremely important given the implications on equity,
in particular within a poverty alleviation framework, or when
assessing ES whose beneficiaries include a range of stakeholders
including vulnerable groups.

Coupled with the correlations of prioritizations expressed by both
government officers and business owners with monetary values,
it is clear that it is vital to consider that the opinions of decision
makers (here represented by government officers and business
owners) may not concur with those stakeholders that are most
directly dependent upon the ES. Commonly in assessments where
stakeholders are considered only a subset of stakeholders are
included, or the perceptions of all stakeholders are amalgamated
together, despite the expectation that different stakeholder groups
would hold different values for the same ES (Vermeulen and
Koziell 2002, Daw et al. 2011). The correlation in our study
between the monetary valuations and the stakeholders that are
most likely to be influential in decision making (here, government
officers and business owners) highlights the disparity of
representation by standard monetary valuations for all
stakeholders, and especially the poor. In particular the
government officers would be expected to represent a general
public value which may downplay interests of specific groups.
Although government officers in this study do correlate well with
business owners and farmers, there is no correlation with the
fishers, the most vulnerable group.

As stated, locally explicit participatory values have been
compared with generalized monetary rankings from multiple
scales, and localized valuation are unlikely to reflect global values
because of generalization error (Plummer 2009). However, given
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the lack of congruence between stakeholder groups, it is unlikely
that local monetary valuation would suitably reflect all groups,
and it is interesting to see that even nonregion specific generalized
monetary rankings have such strong correlation with business
owners, the stakeholder group expected to be most influenced by
monetary concerns. In turn this suggests that monetary valuation
supports and represents the interests of businesses over that of
local communities, and although a potentially useful tool, in some
contexts may not be representative in a poverty alleviation
framework, which should be carefully considered in any valuation
process.

Itislikely that the large disparity in values, monetary or otherwise,
that different groups of stakeholders in Shaoguan placed on ES
represent differences in the spatial scales at which stakeholders
value ES (Hein et al. 2006, TEEB 2012). The purpose of the
majority of valuation assessments is to inform management plans
but these are likely to be at a larger scale of consideration than
site-specific issues such as those explored in this project. For
instance for freshwater the basin or catchment level scale is
increasingly considered the most useful management unit for
inland waters (e.g., [UCN 2000, Collares-Pereira and Cowx 2004,
Vigerstol and Aukema 2011), which would not relate well to
considerations at the community-level. In addition, a lack of data
on most ES in most regions means that datasets such as the ESVD
are likely to be used in valuation assessments, which, as we have
shown, is unlikely to reflect the priorities of the poorest rural
stakeholders.

Our results add to the literature showing that ES valuation
assessments must disaggregate stakeholders not only to represent
the entire range or dependencies and benefits from the system,
but also to consider the benefits at multiple scales (Hein et al.
2006, Martin-Lopez et al. 2007). For example, fisheries
production is monetarily the least valuable of the ES considered,
yet was consistently scored highly at the sites, with stakeholders
at Shaoguan and Buxa scoring it as the most valuable ES provided.
Although in monetary terms fisheries have relatively little
importance for society as a whole, for some that live close to these
wetlands fish are paramount to their subsistence and livelihoods
and often act as an emergency resource when other livelihoods
options fail (Béné et al. 2009). If decision making is based on
monetary assessment to wider society alone, the importance of
this ES at the local scale to the over 60 million people in developing
countries dependent on freshwater fisheries (Dugan et al. 2010)
is potentially ignored. Government managed sites have been
shown to be managed for higher monetary value than community-
managed sites (Hick et al. 2009), which is unlikely to suit the
interests of local livelihood dependence. The comprehension of
ES and natural capital currently struggles to incorporate the
considerable worth of nonfinancial benefits, particularly where
this benefit is felt by only a subset of stakeholders.

Participatory assessment can be cheaply and easily undertaken
(Springate-Baginski et al. 2009). Some limitations of other
participatory approaches (e.g., Skourtos et al. 2010) can be
mitigated using a nonmonetary methodology as used here,
because it does not require a financial value input, and any and
all ES can be considered. This approach can broaden the valuation
process beyond easily mapped ES, such as water provision and
carbon sequestration data, and allows for the consideration of
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the full range of ES relevant to the study, and at the same scale,
without the bias of capital prioritization. The methodology
incorporates participation into the valuation process, which
increases uptake and success of resulting recommendations
within communities, particularly those in least developed
countries (Christie et al. 2012). Unsurprisingly, the slight
differences not only in valuation but also in ranking between the
sites (Fig. 2, Table 1) indicate that benefits transfer is unlikely to
be an appropriate application of this methodology, although it is
of note that the two sites with the strongest correlation were
between the two closest sites, Quang Triand Son La, both located
in Vietnam.

In summary, our results provide important additional evidence
that conclusions on ES assessments for poverty alleviation cannot
be drawn unless the considerations of target poor groups are
incorporated (Daw et al. 2011). It is unlikely that either stated
preference or monetary valuations in isolation are enough to fully
inform an ES assessment that includes poorer households among
its dependents, but an appropriate integration of both approaches
would lead to better informed decision making. To properly
consider the importance of services and to inform policy decisions
it is important to adopt a more comprehensive approach that
disaggregates stakeholders and considers importance for societal
groups whose interaction with systems operates at differing scales.
Applying an assessment methodology that includes multiple
stakeholder priorities will maximize the beneficiaries of an
ecosystem service approach.

Responses to this article can be read online at:
http://www.ecologyandsociety.org/issues/responses.

php/6811
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Appendix 1. Site descriptions of the HighARCS projects.

Shaoguan, China

The site incorporates three fishing communities along the Beijiang (Pearl River
catchment) river, upstream and downstream of the city of Shaoguan in Guangdong
Province, southern China. The livelihoods of fishing communities are declining due to
the decrease of fishing resources, and the marginalization by policies neglecting the
fishing community. Aquatic resources and other ecosystem services are declining mainly
due to the impacts of dams, industrial scale sand dredging of the river bed, and water
pollution from industrial sources.

Buxa, West Bengal, India

The project site is in the forested hills of the Jalpaiguri District in West Bengal, India and
incorporates three villages, all of which are within the Buxa Tiger Reserve (BTR) the
core of which is a National Park. Most of the people living within the BTR are poor and
rely upon agriculture which is supplemented by animal husbandry, manual labor and the
use and selling of non-timber forest products. The site is rich in biodiversity including
many globally threatened species and has more than ten rivers, which together supply
important ecosystem services to the local communities. As Buxa is within a Forest
Reserve (BTR) governance regarding resource use and management is strongly
influenced by the Department of Forestry, which often leads to conflicts with local
communities’ use of natural resources.

Dakrong Highland Commune, Quang Tri, Vietnam

The site incorporates three communities along the Dakrong River, in the hills of central
Vietnam in Quang Tri Province. Within the three communities it is the poorest
households that are more dependent upon aquatic resources as they have more limited
access to good agricultural land, and the river provides water and power through micro-
generators to all in the villages. However aquatic resources at the site are declining due to
the impacts of hydropower dams, deforestation, gold mining and overfishing which is
impacting the livelihoods of the communities. The legal framework governing aquatic
resources and biodiversity is also complex with a range of overlaps between legislation,
policies and institutions, and suffers from a lack of guidance and poor capacity for
implementation on the ground.

Phu Yen District, Son La, Vietham

The site includes a number of communes along the Song Da Reservoir (dammed in 1979)
in the mountains of eastern Son La province, northern Viet Nam. Many of these
communities are poor whose livelihoods are highly dependent upon fishing and
harvesting aquatic resources. However, the aquatic resources and other ecosystem
services in this area are declining due to policies driving economic development
(including historic and future dam development), intensification of agriculture in the
upper catchment, illegal and destructive fishing practices, aquaculture and fisheries
development in the reservoir, the introduction of non-native invasive species, and the
operation of the Hoa Binh dam being principally for power generation (i.e. with little
regard to its knock on affects).



Appendix 2. Site specific ecosystem service selection.

Table A2.1. Aquatic ecosystem services used at each site, and included in site-specific stated

preference valuation.

Shaoguan Buxa Quang Tri Son La

Agricultural water Daily water use Commercial Commercial

supply’ (humans) fishing/shrimping® fishing/shrimping®

Domestic water Daily water use Subsistence Subsistence

supply’ (animals) fishing/shrimping® fishing/shrimping®

Industrial water Rainfall Daily water use Daily water use (humans)

supply’ (humans) '

Aquatic products Cleaning pollution  Daily water use Daily water use (livestock) '

(livestock)

Sand Flood control Water for gold mining Agricultural water supply *

Transportation Subsistence fishing  Gold mining Transportation

Hydropower Commercial fishing Transportation Hydropower

Fishing Sand and stone Hydropower Wetland water storage
during dry season

Air moisture Medicinal plants Wetland water storage Flood control

regulation during dry season

Air temperature Habitat provision Flood control Water purification

regulation for animals

Flood control

Disease reduction
Clean environment
Cleaning pollution
Biodiversity
Sailing’

Tourists
Swimming?*

Living environment
for boat people
Aesthetic value
Spiritual value

Education
Research

Tourism

Transportation

Basic health
services
Education

Skill based training
for livelihoods
Research on aquatic
resources

Research of
renewable energy
Biodiversity

Stable environment

Water purification

Habitat provision for
animals

Biodiversity
Tourism

Recreation

Aesthetic value

Spiritual value

Research
Education

Habitat provision for
economic species
(fish/shrimp)

Climate regulation
Biodiversity protection
Maintain genetic resources
of valuable fish

Tourism

Recreation

Aesthetic value

Spiritual value
Research

Education

"Averaged to produce water supply score
*Averaged to produce recreation score
¥ Averaged to produce fisheries score
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