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Abstract:

There is a well-established body of literature on monetary valuation of water ecosystem
services to support the case for sustaining tropical forests. However, this literature is
heterogeneous in its purposes and approaches and has not been carefully compared,
providing a fragmented view of the values of forest water services. This paper addresses
this knowledge gap through an orderly review and a regression meta-analysis of existing
valuation studies at the regional level in South and Central America. This analysis allows
identifying some factors that systematically influence forest values. However, it also
reveals a lack of a systematized approach to valuatiora éak of sufficiently coherent
evidence. This represents a barrier for the incorporation of the values of water ecosystem
services into decision-making.
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extractive water supply; service users.



Under standing the economic value of water ecosystem services from tropical
forests: a systematic review for South and Central America

1. Introduction

The hydrological cycle is responsible for providing society with ecosystem services that are
critical to human well-being (Acreman, 2001; Maltby and Ormerod, 2011). Changes in forest status
can lead to significant changes in hydrological functions, altering run-off processes, flow regulation,
flood control, groundwater recharge and water quality (Lele, 2009). Forest ecosystems ahg glob
threatened by deforestation, climate and land use changes (FAO, 2012), compromising the service:
they provide (Turner et al., 2010) and threatening the livelihoods of more than half a billion people

globally (Agrawal et al., 2011; Sunderlin et al., 2005).

Although there is longstanding concern about human life being critically dependent on a finite
natural resource base (Meadows et al., 2004; Pearce and Turner, 1990), a milestone in the globs
debate about the consequences of ecosystems change for human well-being is found in the Millenniun
Ecosystem Assessment (MA, 2005) and subsequent associated international initiatives over the last te
years (e.g. TEEB 2010; UK National Ecosystem Assessment, 2011). These theoretical and practica
initiatives have contributed greatly to a growing consensus over the need to incorporate the value of
ecosystem services in conservation planning and environmental management in general (Plummer
2009; Turner et al., 2010; Martin-Ortega et al., 2015) and in decision-making related to forests in
particular (Stenger et al.,, 2009; Chiabai et al., 2011; Ojea et al., 2010) to mitigate the negative

consequences for humans.

The predominant, albeit contested (Gémez-Baggethun, 2009; Spangenbergh and Settele, 2010
Nogaard, 2010) paradigm used to interpret the effects of environmental change in human-wellbeing
has been that of neoclassical economics, based on the measurement of the welfare changes associa
with changes in ecosystem status in monetary units (Pearce and Turner, 1990; Bateman et al., 2011

Efforts to estimate the monetary value of water-related ecosystem services have been takiag place



over forty years (Loomis, 2000) and studies addressing this issue have increased progmesheely

last decade (Fisher et al., 2009; Johnston et al., 2003).

In this context, an increasing number of Payments for Ecosystem Service (PES) schemes have als
arisen (Camhi and Pagiola, 2008), accompanied by an expanding literature (Pascual et al., 2010
Pascual and Corbera, 2011; Martin-Ortega et al., 2013). PES schemes are advocated in situations i
which an environmental externality (e.g. deteriorated water quality due to deforestation) can be re-
dressed through the creation of ad-hoc markets (Engel et al., 2008; Fisher et al., 2010; Pagiola, 2008
For example, downstream users of water would pay for changes in forest practice and forest
conservation that can sustain the required supply and quality of water. It has been suggested that PE
schemes might overcome some of the limitations of traditional conservation instruments under certain

conditions (Engel et al., 2008; Wunder et al., 2008).

There is then a well-established body of literature on monetary values for water services to
support the case for sustaining tropical forest ecosystems. This might give the impression that there is
good understanding of the welfare benefits that forest conservation provides in relation to the water
services and, as a corollary, the welfare loss associated with ecosystem status decline. However, thi
literature is very heterogeneous in purpose and approaches and has not been carefully comparec

providing a very fragmented view of the value of forest water services (Lele, 2009; Ojea et al., 2012).

There is an urgent need for a much clearer and more comprehensive understanding of the
monetary values of the full suite of water-related ecosystem services associated with forests. In this
paper we explore whether it is possible to identify key determinants that, according to existing
evidence, systematically influence the monetary value of tropical forests’ water services at regional
level. We focus in Central-South America which, together with South-East Asia, is where the majority
of water valuation studies and PES schemes of tropical forests are concentrated (Lele, 2009; Ojea €

al., 2012; Brouwer et al., 2011).



2. The economic value of water services

2.1 Review of studies

Monetary value of water ecosystem services provided by forests in Southern and Central
America have been estimated for a range of purposes. Some studies attempt to estimate the totz
economic value of a particular forest (Adger et al., 1995; Barrantes, 2006; Barrantes et al., 2006),
while others focus on the assessment of the value of specific services, such as recreation (Menkhau
and Lober, 1996), potable water (Wittington et al., 1990) or hydropower production (Reyes et al.,
2001). A number of studies are motivated by the assessment of the value associated with fores
conservation or restoration practices and projects (Postle et al., 2005; Johnson and Baltodano, 2004
Martinez et al., 2009). Some values are estimated to be incorporated into cost-benefit analysis (Mejias
et al., 2000; Veloz et al., 1985). Others try to value water services for internalizing costat@Barra
and Castro, 1998a; Solorzano et al., 1995) and revisiting water tariffs (Barrantes and Castro, 1998a
Barrantes and Castro, 1998b). A few studies are aimed at providing values for the establishment of

PES schemes (Koellner et al., 2010; Reyes et al., 2004; Munoz-Pina et al., 2008).

The review of this literature also shows how the definition and classification of water services
across valuation studies is highly inconsistent. For example, water services have sometimes beel
valued at different stages of the same process (e.g. stream flow and hydropower supply), while other
times one single value has been assigned to two services of different natures (e.g. in-stifam use
water and damage mitigation, Ojea et al. 30TRis inconsistency makes comparisons across services
and sites very difficult. Moreover, these estimates produce problems such as double counting, which
has been one of the greatest sources of concern regarding the conceptualization of ecosystem servic

for valuation (Lele, 2009; Fisher et al., 2009; Fu et al., 2011; Fisher and Turner, 2008).

Monetary values have also been estimated using a range of valuation techniques. Cost-base
methods (avoided costs, reforestation costs and opportunity costs) have been used (Adger et al., 199!

Barrantes et al., 2006; Reyes et al., 2001; Solorzano et al., 1995; Barrantes and Castro, 1998a



Barrantes and Castro, 1998b), as well as other market-based methods (Postle et al., 2005; Mejias et a
2000; Veloz et al., 1985). Non-market valuations predominantly use stated preference techniques
(Menkhaus and Lober, 1996; Wittington et al., 1990; Johnson and Baltodano, 2004; Barrantes and
Castro, 1998a; Solorzano et al., 1995; Koellner et al., 2010), although revealed preference method:
(such as travel costs) and benefit transfer methods have also been applied (Menkhaus and Lober, 199

Martinez et al., 2009).

Payments under PES schemes (Pagiola, 2008; Barrantes, 2006; Asquith et al., 2008; Chomitz e
al., 1999; Corbera et al., 2007; Asquith et al., 2008) are theoretically expected to internalize the value
of the externality through bargaining between buyers and sellers, directly or through intaéemediar
(Engel et al., 2008; Wunder et al.,, 2008). If so, payments should theoretically be set between
opportunity costs and willingness to pay (WTP) for the service tfadedwever, with a few
exceptions, current PES schemes are hardly based on a priori primary valuation studies én buyers
WTP and sellers’ opportunity costs, as payments are predominantly established through top-down

processes in which buyers or sellers rarely take direct part (Martin-Ortega et al., 2013).

Monetary values of forest water services are predominantly expressed in monetary units per
hectare per ye3rand range from a few cents of dollars (Adger et al., 1995; Postle et al., 2005) to
several hundred (Martinez et al., 2009; Wittington et al., 1990). Previous efforts to understand the
value of ecosystem services have put together a large set of values from original studies, such as in th
TEEB database (Van der Ploeg et al., 30Hbwever, studies for water services in tropical forests
amount to 22 records, from which only 6 observations come from Latin American countries. This
evidence highlights that there is scope for a closer look at these services in Latin Americdhevhere

present study provides a comprehensive contribution.

2.2 Meta-analysis

Ln this context, opportunity cost refers to the foregone benefitiichvthe service seller might incur given the change of
practices required by the PES scheme. WTP refers to the maximumtashmoney that the service buyer is willing to
trade-off in exchange of the service.

2 Less often values are expressed per cubic meter of water supplied per year.



The systematic search identified 42 primary valuation studies that potentially match the
objectives of the present reviewhese included both peer reviewed publications (76.7%) and grey
literature (23.3%)Grey literature is particularly important in this context since a very significant share
of the ecosystem services values used in policy making are produced outside the peer reviewed systen
Ignoring this literature would undermine the potential for understanding the estimated monetary values

in a policy context.

The selection of the original studies was conducted through a systematic search that is
explained in great detail in Ojea et al. (2012). Minimum requirements from the studies to be included
in the database werg) specific information on the water ecosystem service; 2) specific geographical
area covered by the study; and 3) accurate information on the valuation methodology. The relevant
studies date from 1985 onwards and are distributed across ten countries. They collect different
ecosystem services related to water and result in an original database of 108 observations wher
information was coded into 60 different variables. From this sample, a subsample of 25 studies of
water services provided by tropical forests in South-Central America have sufficient information to be
tabulated and coded for a meta-analysis, which we use in this paper to search for significant systemati
determinants of value. This drop is justified by the service classification, where cultural values and
mitigation services where removed from the sample due to the limited number of observations. The
remaining 25 studies lead to 84 observations of services economic values. Basic information and
references of the studies are available in the Annex. Intensive data codification and classification was

needed to perform the meta-analysis.

We follow standard theoretical rules for meta-analyses in environmental economics, as stated
in Florax et al. (2002) and Nelson and Kennedy (2009). Following previous studies in the field, the
model specification includes three sets of characteristics affecting the dependent variable (see
Lindjhem, 2007, Barrio and Loureiro, 2010, or Zandersen and Tol, 2009 for examples in forests). This
is: the independent variables are grouped into three categories that include: characteristics of the stud

(X, ); site characteristics’ (X ) and the type of good, in this case, water ecosystem servicep (
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Within each category, a number of variables are included (in italics in the following text): ‘Study
characteristicsinclude study year and type of value. Type of value corresponds to the origin of the
value, from estimated values to monetary transactioR&€fBschemes. Estimated values include those
elicited through valuation techniques, such as non-market methods like stated or revealed preference
techniques, and market-and-cost-based methods, which include market prices and cost-baset
methodologies, such as restoration costs or replacement costs. Figure 1 shows the distribution o

values, in logarithm terms, for the different origin of the data.
-Insert Figure 1 about here-

‘Site characteristi¢snclude the area of the forest (forestarea) and the per-capita income at the
country of study (WEO, 2014)Ecosystem servieé characteristics includes the type of service
beneficiaries, which includes the categories of industrial beneficiary (e.g. bottling company or
hydropower producer) versus farmer/landowner and domestic consumer and the type of Besvice
types of services were categorized using an output-based classification: extractive wabgr su
(municipal, agricultural, commercial and other extractive use values)jnastdeam water supply
(flow regulation for hydropower and transportatiosge Ojea et al. (2012) for a detailed justification
on ecosystem services classification. It should be noted that this output-based classification also
considers two other types of services: damage mitigation (from flood and sedimentation) and
cultural/recreational services. Table 1 includes a description of each of these variables and how they

were coded for the regression meta-analysis.
Table 1. About here

Equation 1 presents the meta-analytical model in which the dependent variable is a vector of the

monetary values of the forest services (in US$ per hectare per year), expressed in logarithmic terms:

lnji = a+Xyliﬂft +Xﬁiﬁﬂ' +Xed es +8i (1)



where a is the usual constant terr, vectors contain the coefficients associated with the explanatory
variables to be estimated for the three sets of characteristics X, X ), and¢ is a vector of

independently and identically distributed residuals. Subscript i stands for value observation.

3. Results and Discussion

Table 2 shows the results for a fixed Generalized Squares model following equation 1, controlling
also for authorship of the study. By clustering per authorship, we control for the effect of having
several observations from a common case study, as recommended by Nelson and Kennedy (2009) i
their review of good practices for meta-analyses. The meta-regression allows us to observe certair
systematic determinants of monetary values of water ecosystem services in tropical forests, and reveal
some interesting relationships across factors. For example, we find that extractive water supply
services show higher values than in-stream water services. Additionally and although an industrial
beneficiary by itself does not show a significant effect in relation to the farmer or domestic user
(omitted variable), the interaction variable between extractive water supply and industrial bgneficia
shows a significant negative effect. This reveals a complex relationship between the type of value and
the type of service, suggesting that the higher value associated with provisioning type of services
might be due to non-industrial uses, such as agriculture and household consumption. In gBntrast,
stream services (omitted variable of service) show lower values than extractive, also ceteris paribus. Ir
stream water refers basically to hydropower generation enabled by the flow regulating se

provided by forest, of which industrial agents are the generally the service buyer.

No significant difference in value estimations is found when the value is obtained via non-market
valuation techniques and market-and-cost-based methods (omitted variable). Although non-market
values are found to have higher ranges and average value in Figure 1, this does notaesult int
statistically significant effect in the model. On the other hand, values reflecting PES payments are
found to range between market-and-cost-based and non-market values (Figuremig¢tarhealytical

model confirms that PES payments are significantly higher than market-and-cost-based estimates, bu



not significantly different from non-market estimateBhis leaves the question open as whether PES
payments are internalizing the value of externalities. On the one hand, it couldubd Hrgt since

they are not significantly different from non-market estimated values, which are based on
beneficiaries” WTP, and since they are higher than market-and-cost-based estimated values (which
should, in principle, incorporate suppliers’ opportunity costs), PES payments might be internalizing the

value of the externality. However, we know from in-depth study of water PES in the region (Martin-
Ortega et al., 2013) that payments levels are mostly set in top-down decisions (76.9%) rather than
through direct buyer-seller negotiations (14.2%), without hardly any of these decisions bé&ed) bac

up with an a priori economic study of WTP or opportunity costs. Hence, further research will be
needed to understand these differences and whether PES schemes are currently internaiatuey the

of the externality.

Looking now a country’s forest area (taken as a proxy of potential service supply) shows a negative
relationship with value, but this relationship is not significant for this dataset. Finally, a variable
controlling for the effect of income on the value was introduced, showing the theoretically expected

positive relationship between higher per capita income and higher value of services.

Table 2. About here

4. Conclusions

The analysis conducted here has allowed us to identify some factors that systematically
influence ecosystem services values at the regional level in South and Central America. However, the
analysis has also revealed a lack of a systematized approach to the valuation of ecesystesnand

a certain lack of evidence that represents a barrier for their incorporation into decision-making.

3 One reviewer of this paper suggested that there could be risk ofesmmitygregarding the PES scheme payments as it
might be endogenously determined by the value of a water seAftbeugh this calls for precaution in drawing strong
conclusions, and more research on PES values is needed, the fact thatyRIEStP are often determined by top-down
process and not by party negotiation provide grounds to thinktldaigeneitys not occurring.

9



From the available dataset, we are able to identify how the variables type of service, beneficiary
and method, as well as some context variables, influence the value of the service. The analysis showe
that the relationship between value and type of service is complex and is mediated by the type of
beneficiary. Extractive water supply services (involving mostly agricultural and human water
consumption) have, in general, relatively high values; although the value of flow-regulating services
(in-stream water supply) when the beneficiary is an industrial user (i.e. mostly used for hydropower
production) is significantly higher than when used for agricultural and human consumption (but not as
high as extractive water supply generally). No comparison has been possible in relation to damage
mitigation and water cultural related services due to lack of sufficient estimates. This is consistent with
the idea that more tangible services are easier to attach a value to. This is important, since the tendenc
to avoid services that are difficult to measure may bias resultant policy choices.

Our analysis also provides feed to the debate on the existing miss-match between PES theory
and practice. The current speedy expansion and policy enthusiasm for PES schemes need to b
accompanied by a reflection on whether the existing values of ecosystem services exchanged respo
to supply and demand, and how they compare to the values of the same services estimated throug
different methodologies. More research is needed to understand these questions. Overcoming doubl
counting problems with ecosystem services, tipping points and non-linearities also remain a challenge.
The results obtained here however can help in understanding how values respond to different service
and user characteristics, and evidences the need for including both users and providers in the design

economic instruments for sustainable management.

Finally, there is a need for recognition of the multiple and complex elements of value.
Alongside valuation exercises such as the ones discussed here, the challenges of producing accura
value estimations for all services and all users should be acknowledged. Mome@ egntinent of
important income inequalities and great cultural diversity, adequate attention to distributional concerns
and the needs of poor people and indigenous communities (face to for instance, industrial agents)

should be considered. There is also a need to think beyond the water values and recognize that ther
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may be scope for stacking a range of ecosystem services. A forested watershed that pretects soil
maintains regular river flows and houses a diversity of social groups, can deliver such services in a

holistic manner.
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