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a  b  s  t  r  a  c  t

This  paper  presents  a meta-analysis  of the  economic  valuation  literature  on  ecosystem  services  pro-
vided  by  wetlands  in agricultural  landscapes.  We  focus  on  the  value  of three  regulating  services,  namely
flood  control,  water  supply  and  nutrient  recycling.  We  construct  a database  containing  66  value  esti-
mates,  mainly  for wetlands  in  the  US  and  Europe  but also  a substantial  number  in  developing  countries.
Values  are  standardised  to USD  per  hectare  per  year.  The  mean  (median)  values  are  found  to be  6923
(427)  USD/ha/yr  for flood control;  3389  (57)  USD/ha/yr  for  water  supply;  and  5788  (243)  USD/ha/yr  for
nutrient  recycling.  The  values  of these  services  are  highly  variable  across  individual  wetland  sites  due  to,
amongst  other  factors,  differences  in  wetland  type,  size,  the  scarcity  or abundance  of  other  wetlands  in
the surrounding  landscape,  and  the socio-economic  characteristics  of the beneficiaries  of  these  services.
aluation
eta-analysis

We  include  explanatory  variables  in  the  meta-analysis  to account  for these  influences  on  estimated  wet-
land  values.  GIS  is used  to quantify  potentially  important  spatial  variables.  The  meta-regression  is used
to  produce  a  value  function  for  wetland  regulating  services,  which  can  be  used  to  transfer  values  to other
wetland sites  while  controlling  for site  and  context  specific  characteristics.  An  illustrative  value transfer
exercise  is  conducted  to estimate  global  values  for  wetland  regulating  services  in agricultural  landscapes.
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this literature are provided by Brouwer et al. (1999),  Woodward
. Introduction

Wetlands in agricultural landscapes provide many valuable
cosystem services (ES) that contribute to human wellbeing,
ncluding provisioning (e.g., food, fuelwood, water), regulating (e.g.,
ood control, water quality, water supply), habitat (e.g., biodi-
ersity), and cultural services (e.g., recreation, aesthetic, non-use)
TEEB, 2010). Many of these wetland services have the character-
stics of ‘public goods’ such that beneficiaries cannot be excluded
rom receiving the service provided and that the level of consump-
ion by one beneficiary does not reduce the level of service received
y another. This is generally the case for services such as flood
ontrol, nutrient removal and groundwater recharge. Due to these
haracteristics (non-excludability and non-rivalry in consump-
Please cite this article in press as: Brander, L., et al., Economic valuation of 

A  meta-analysis. Ecol. Eng. (2013), http://dx.doi.org/10.1016/j.ecoleng.201

ion), the potential for private incentives to sustainably manage
etland services is limited and markets for such services do not

xist. As a result, wetland ES may  be undervalued in decisions

∗ Corresponding author at: Unit 2408, Block F, 9-11 Hong Shing street, Quarry
ay,  Hong Kong. Tel.: +852 6114 3126.
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egarding the conversion of privately owned wetlands to other
roductive uses that generate marketable goods and services (e.g.,
griculture). The lack of understanding of, and information on, the
alue of wetland services has generally led to their omission in
ublic decision making regarding the conservation of wetlands.
ithout information on the economic value of wetland services

hat can be compared directly against the monetary value of
lternative public investments, the importance of wetland natural
apital has tended to be ignored.

In response to this lack of information on the market value of
etland services, there is a large and expanding literature that

mploys non-market valuation approaches to estimate the eco-
omic value of wetland services.1 Reviews and meta-analyses of
regulating services provided by wetlands in agricultural landscapes:
2.12.104

nd Wui  (2001),  Brander et al. (2006) and Ghermandi et al.
2010).  As expected, the estimated values for wetland ES have

1 Detailed information on the underlying theory and practical implementation
f non-market valuation techniques can be found in a number of texts including
raden and Kolstad (1991), Hanley and Spash (1993), Pearce et al. (1994) Bromley
1995),  and Freeman (2003).

dx.doi.org/10.1016/j.ecoleng.2012.12.104
dx.doi.org/10.1016/j.ecoleng.2012.12.104
http://www.sciencedirect.com/science/journal/09258574
http://www.elsevier.com/locate/ecoleng
mailto:lukebrander@gmail.com
dx.doi.org/10.1016/j.ecoleng.2012.12.104
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Table 1
Primary valuation studies and wetland regulating services valued.

Author Year Flood
control

Water
supply

Water
quality

Acharya 2000 X
Acharya and Barbier 2000 X
ACSA 1996 X X X
Barbier et al. 1997 X
Barbier et al. 1991 X
Benessiah 1998 X
Breaux et al. 1995 X
Byström 2000 X
Cardoch et al. 2000 X
Costanza et al. 1989 X
de Groot 1992 X X
Drew et al. 2005 X
UK Environment Agency 2000 X
UK Environment Agency 1999 X
Emerton et al. 1998 X X
Farber 1987 X
Folke 1991 X X
Gerrard 2004 X X
Gren et al. 1995 X
Gren and Söderqvest 1994 X
Gupta and Foster 1975 X X
Hovde and Leitch 1994 X
Islam and Braden 2006 X
IUCN 2005 X
Karanja et al. 2001 X X
King and Lester 1995 X
Ko et al. 2004 X
Ledoux 2003 X
Leitch and Hovde 1996 X X X
Leschine et al. 1997 X
Loth 2004 X
Meyerhoff and Dehnhardt 2004 X
Schultz and Leitch 2001 X
Schuyt 2002 X
Thibodeau and Ostro 1981 X X
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een shown to vary enormously and these earlier meta-analyses
ave attempted to identify factors that help explain this varia-
ion. A potential critique of these earlier studies is that they have
ttempted to incorporate values for too broad a range of wetland ES,
hich are difficult to compare and in some cases overlap. It is pos-

ible that the values of different ES will be influenced by different
etermining factors or even that certain factors might have oppos-

ng effects on values for different ES. There is a need, therefore,
or analyses of limited sets of wetland services in order to reduce
he considerable heterogeneity in the value data and identify ES
pecific determinants of value. For this reason, we  focus the anal-
sis presented in this paper on three regulating services, namely
ood control, water supply and water quality. The objective of this
eta-analysis is to identify and quantify the factors that influence

he value of wetland regulating services in agricultural landscapes
nd to examine the potential for using the resulting value func-
ion to “transfer” values to currently unvalued wetland sites in an
gricultural setting.

The structure of the paper is as follows. Section 2 provides an
verview of the available economic valuation literature on wetland
egulating services in agricultural landscapes; Section 3 presents

 statistical meta-analysis of this data and interprets the results;
ection 4 examines the potential for using the estimated meta-
egression model for value transfer and conducts an illustrative
ransfer exercise for global wetlands; Section 5 discusses the pol-
cy applications for valuation information in general and provides
ome conclusions.

. Overview of values for wetland regulating services

Building on the databases of economic value estimates for wet-
and ES developed and described by Brander et al. (2006) and
hermandi et al. (2010),  we conduct a review of the current avail-
ble knowledge on the value of wetland regulating services in
gricultural landscapes.

Of the 400 wetland valuation studies reviewed, we  find 38 that
rovide estimates of values for regulating services that can be
irectly compared in a statistical meta-analysis. The criteria for
etermining the inclusion of a study in the meta-analysis are: (1)
he study provides one or more estimates of value for regulating
ervices that can be standardised in terms of monetary units per
rea of wetland; (2) each estimated value is for a single regulat-
ng service or combination of regulating services2; (3) the wetland
tudy site is located in an agricultural landscape3; and (4) the geo-
raphic coordinates for the location of the wetland study site are
rovided or can be determined from the location description.4

The locations of the 38 selected wetland study sites are
resented in Fig. 1, illustrating that some regions are better repre-
ented in the data than others. There are 11 studies each for North
Please cite this article in press as: Brander, L., et al., Economic valuation of 

A  meta-analysis. Ecol. Eng. (2013), http://dx.doi.org/10.1016/j.ecoleng.201

merican and European wetlands, 10 studies for African wetlands,
 studies for South Asian wetlands, and a single study included in
he data for freshwater wetlands in the Island of Kosrae in the Fed-
rated States of Micronesia. We  were unable to include any studies

2 Value estimates for bundles of ES that combine regulating services with other
S  were excluded. For this reason, a number of values estimated using the contin-
ent valuation method that also capture direct use values such as recreation were
xcluded from the meta-analysis.
3 This was  determined from the wetland study site description provided in each

tudy.
4 The location of each study site is subsequently used to quantify a number of spa-

ially defined context variables using a GIS. These variables are described in Section
.
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a

Turpie et al. 1999 X X X
Verma 2001 X X
Vidanage et al. 2004 X

or Latin America, most of Asia and Oceania.5 The spatial distribu-
ion of valuation studies is not a representative sample of the stock
f global wetlands.

From the 38 selected studies we  are able to obtain 66 sepa-
ate value estimates. Multiple value estimates are taken from single
tudies if they represent different wetlands or services. These are
istinctions that are explicitly controlled for in the meta-analysis.
able 1 lists the primary valuation studies included in the meta-
nalysis and the wetland ES that are valued.

In terms of the valuation methods used to estimate regulating
ervice values, the most commonly applied approach has been to
stimate the cost of replacing the service with man-made infra-
tructure. For example, the retention of flood water by a wetland
ight be valued as the cost of constructing flood control measures

hat provide the same level of protection; or the value of water
uality improvement by a wetland might be estimated using the
ost of equivalent water treatment methods. The estimation of
voided damage costs due to flood water retention by wetlands
as been used in a small number of cases. Market prices have also
een used as a proxy for the value of wetland regulating services.
his is particularly the case for the valuation of the role wetlands
regulating services provided by wetlands in agricultural landscapes:
2.12.104

lay in the supply of water. The production function and net factor
ncome valuation methods, which value ES as inputs in the pro-
uction of marketed goods, have been used primarily for valuing

5 This is in part due to our inability to access study results for these regions that
re  not in English.

dx.doi.org/10.1016/j.ecoleng.2012.12.104


ARTICLE IN PRESSG Model

ECOENG-2432; No. of Pages 8

L. Brander et al. / Ecological Engineering xxx (2013) xxx– xxx 3

f valua

w
v
p
m

v
i
b
a
e
a
s
r
a
i
t
t
l
e

u
c
T
t
t
u
2

T
M
2

r
I
t
t
f
o
m
c
t
a
i
i

3

t
i
r
M
b
fi
(

Fig. 1. Location o

ater supply as an input to agriculture. It is recognised that certain
aluation methods are applied predominantly to value one ES; this
otentially has implications for identifying separate effects in the
eta-analysis due to collinearity.
It is noted that the valuation methods that have been applied to

alue wetland regulating services do not all have a sound basis
n economic welfare theory. An important distinction is made
etween those valuation techniques that estimate benefits directly
nd those that estimate costs as a proxy for benefits. For instance,
stimating replacement costs or damage costs avoided as part of
n economic valuation exercise suggests that the costs are a rea-
onable approximation of the benefits that society attributes to the
esources in question. The underlying assumption, which may  not
lways be valid, is that the benefits are at least as great as the costs
nvolved in repairing, avoiding or compensating for damage. These
echniques are widely applied due to the relative ease of estima-
ion and availability of data, but it is important to be aware of the
imitations in terms of the information they convey with respect to
conomic benefits.

Regarding the wetland regulating services that have been val-
ed, we find that the number of estimations in our sample for flood
ontrol, water supply and water quality services is almost equal.
able 2 gives the number of value observations for each service
Please cite this article in press as: Brander, L., et al., Economic valuation of 
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ogether with the mean and median values. The valuation results of
he primary studies are reported in a variety of different currencies,
nits and price levels. We  standardised values to USD/ha/year in
007 prices using purchasing power parity (PPP) adjusted exchange

able 2
ean and median values by wetland regulating service and continent (US$/ha/year;

007 prices).

N Mean S.E. of mean Median

Flood control 26 6923 3186 427
Water supply 26 3389 2015 57
Water quality 27 5788 3131 243

North America 20 4224 1543 583
Europe 19 15,339 5692 3706
Africa 20 393 336 13
Asia 6 2937 1460 1470
Australasia 1 2049 - 2049
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tion study sites.

ates and GDP deflators from the World Bank World Development
ndicators (World Bank, 2010). 2007 was  used as the base year as
his is the most recent year for which all necessary conversion fac-
ors were available. In a small number of cases, value estimates are
or a bundle of two or more services and for this reason the sum
f estimates in Table 2 is higher than the sample size used in the
eta-analysis. For all three regulating services, the mean value is

onsiderably higher than the median, suggesting that the distribu-
ion of values is skewed to the right with a tail of high values. This
lso suggests that values for these services are highly variable, and
t is the determinants of this variability that we attempt to identify
n the meta-analysis.

. Meta-analysis of values for wetland regulating services

Meta-analysis is a method of synthesising the results of mul-
iple studies that examine the same phenomenon, through the
dentification of a common effect, which is then ‘explained’ using
egression techniques in a meta-regression model (Stanley, 2001).
eta-analysis was  first proposed as a research synthesis method

y Glass (1976) and has since been developed and applied in many
elds of research, not least in the area of environmental economics
Nelson and Kennedy, 2009). It is widely recognised that the large
nd increasing literature on the economic value of ES has become
ifficult to interpret and that there is a need for research synthesis
echniques, and in particular statistical meta-analysis, to aggregate
nformation and insights (Stanley, 2001; Smith and Pattanayak,
002; Bateman and Jones, 2003). In addition to identifying con-
ensus in results across studies, meta-analysis is also of interest
s a means of transferring values from studied sites to new policy
ites (Rosenberger and Phipps, 2007); this potential application of
eta-analysis is addressed in detail in Section 4.
In this paper we  conduct a meta-analysis to identify and

uantify the key determinants of the economic value of regu-
ating services from wetlands in agricultural landscapes. Based
n the specifications of previous meta-analyses of wetland val-
regulating services provided by wetlands in agricultural landscapes:
2.12.104

es and on theoretical expectations we  define three groups of
xplanatory variables that represent different determinants of
ariation in value, namely the characteristics of each wetland
ite, characteristics of the bio-physical context of each wetland,

dx.doi.org/10.1016/j.ecoleng.2012.12.104
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nd the socio-economic characteristics of the population of ES
eneficiaries.6

Regarding study site characteristics, we define variables indicat-
ng the type of wetland,7 the ES that is valued, and the size of the

etland in hectares. Our expectations for the effect of wetland type
n the value of regulating services is that created wetlands will tend
o have higher values than natural wetlands, largely because cre-
ted wetlands have been specifically designed and located for this
urpose in the agricultural landscape. We  have no a priori expec-
ations for the relative value of the three services that we  examine
n the analysis. There is also no clear a priori expectation for the
ign of the relationship between wetland size and its value per unit
rea. On one hand there may  be diminishing marginal returns to
ncreases in wetland area for regulating services, but on the other
and most ES require minimum thresholds of wetland area, which

mplies that values would increase with scale.
For the bio-physical context characteristics we use GIS to define

hree potentially important spatial variables for the vicinity of each
tudy site, namely the total area in hectares of other wetlands, the
uman appropriation of net primary product,8 and the density of
oads.9 These variables were defined at three spatial scales (within
0, 20 and 50 km radii of the centre of each study site) since a
riori we do not know at what scale these potential determinants
f wetland service value operate. We  then test alternative scales
f measurement in the meta-regression to empirically determine
he appropriate scale for each variable.10 The total area of other
etlands in the vicinity of a valued site represents the abundance

or conversely the scarcity) of substitute wetland sites that might
rovide the same service. We  would therefore expect that the
alue of wetland services provided by each valued site will tend
o be lower when the abundance of other wetlands is higher.
he variable measuring the human appropriation of net primary
roduct potentially reflects the degree of human disturbance in
he landscape or the intensity of agricultural production. As such,
e might expect on the one hand a positive relationship between
Please cite this article in press as: Brander, L., et al., Economic valuation of 

A  meta-analysis. Ecol. Eng. (2013), http://dx.doi.org/10.1016/j.ecoleng.201

his variable and the value of regulating services since the flood
ontrol, water supply and water quality functions of wetlands are
lso likely to be more intensively utilised. On the other hand, a

6 It is also common practice in meta-analyses of economic valuation results to
nclude a set of explanatory variables that capture the methodological character-
stics of each valuation study (e.g. valuation method, sample size, author etc.). We
id not include methodological variables in this analysis for two reasons: (1) for
he  data that we  use, valuation methods are found to be highly correlated with the
etland service valued and resulted in problems of multicollinearity in the meta-

egression analysis (low collinearity tolerance, none of the estimated coefficients on
he method variables were statistically significant, the statistical significance of the
S  variables declined, and the adjusted R2 statistic also declined); (2) such variables
re  not directly applicable in value transfer exercises, i.e. are not used to predict
alues for new policy sites.
7 Three alternative classifications were used, the first distinguishes between
ooded wetland, freshwater marsh, salt/brackish marsh, and unvegetated sed-

ment; the second distinguishes estuarine, marine, riverine, palustrine, and
acustrine; and the third makes the distinction between natural and constructed

etlands.
8 Human appropriation of net primary product (HANPP) is defined as the differ-

nce between the amount of net primary product (NPP) that would be available in
n  ecosystem in the absence of human activities and the amount of NPP which actu-
lly remains in the ecosystem, or in the ecosystem that replaced it under current
anagement practices. The definition and data for HANPP is described by Haberl

t  al. (2007).
9 Road density is defined as the length of road in kilometres within a spec-

fied radius of each study site. The data source is FAO – UN SDRN Roads of
he  World (2002) http://www.fao.org:80/geonetwork?uuid=c208a1e0-88fd-11da-
88f-000d939bc5d8
10 Arguably the scale at which these spatially defined variables influence the value
f  wetland regulating services will vary across contexts and services but an exam-
nation of this is beyond the scope of the present meta-analysis given the limited
ample size.
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egative relationship could also be possible if the wetland service
s degraded due to overexploitation and hence less productive.
he density of roads variable is intended to capture fragmentation
ffects on the provision of regulating services, and as such we
xpect a negative relationship between road density and value.11

The variables representing the socio-economic characteris-
ics of the beneficiaries of wetland regulating services are the
opulation12 (again defined within 10, 20 and 50 km radii of the
entre of each study site) and the gross cell product (GCP), which
s a spatially disaggregated measure of economic activity equiva-
ent to gross domestic product (GDP).13 The population variable is
ntended to capture the number of people that potentially bene-
t from regulating services provided by each study site. As such
e expect a positive relationship between population and wetland

alue. The GCP variable provides a crude measure of income for
eneficiaries of ES within the vicinity of each study site and we
herefore expect to find the theoretically derived, and empirically
upported, positive relationship between income and the provision
f normal goods. GCP may  also reflect the value of economic activ-
ty that is protected by wetlands from flood damage, in which case

e would also expect a positive relationship with this regulating
ervice value.

A number of alternative model specifications were investigated
efore defining the estimated meta-regression model given in Eq.
1). The dependent variable (y) in the meta-regression is a vector of
alues in US$ per hectare per year in 2007 prices. The explanatory
ariables are the site characteristics XS (i.e., wetland type, service,
etland size), the bio-physical context characteristics XC (i.e., area

f wetland substitute sites),14 and the socio-economic character-
stics of the service beneficiaries XE (i.e., population within 50 km,
ross Cell Product). The vectors ˇS, ˇC and ˇE contain the esti-
ated coefficients on the respective explanatory variables;  ̨ is

he constant term; and � is a vector of residuals with assumed
ell behaved underlying errors (i.e., normally and independently
istributed with a mean of zero and constant variance). The natural

ogarithms of the continuous variables (indicated in Table 3) were
sed in order to improve model fit and mitigate heteroskedasticity.

 =  ̨ + ˇSXS + ˇCXC + ˇEXE + � (1)

The results for the estimated meta-regression model are given
n Table 3. A series of diagnostic tests were performed in order to
est the robustness of the OLS estimation. The Shapiro–Wilk test
p level = 0.684) does not reject the assumption of normally dis-
ributed residuals. Similarly, the null hypothesis of homogenous
ariance of the residuals cannot be rejected by White’s test for het-
regulating services provided by wetlands in agricultural landscapes:
2.12.104

roskedasticity (White’s statistic = 11.414). The adjusted R2 statistic
ndicates that almost 60% of the variation in the dependent variable
s explained by the explanatory variables, which is relatively high

11 For other ES that require access by beneficiaries (e.g. recreation), the opposite
ffect might be expected.
12 LandScan (2005) Global Population Database http://www.ornl.gov/sci/landscan/
ndex.shtml
13 The conceptual basis of gross cell product (GCP) is the same as gross domes-
ic  product (GDP) as developed in national income accounts. The basic measure of
utput is gross value added in a specific geographical region; gross value added
s  defined as total production of market goods and services less purchases from
ther businesses. Under the principles of national economic accounting, GCP will
ggregate up across all cells within a country to GDP (Nordhaus et al., 2006).
14 We tested a series of meta-regressions that included the variables for human
ppropriation of net primary product and road density measured at three different
patial scales. These variables were not found to be statistically significant at any
cale, did not affect the magnitude or statistical significance of the other explanatory
ariables, and caused the adjusted R2 statistic to decline. We therefore opted to
xclude these variables from the meta-regression.

dx.doi.org/10.1016/j.ecoleng.2012.12.104
http://www.fao.org%3a80/geonetwork?uuid=c208a1e0-88fd-11da-a88f-000d939bc5d8
http://www.fao.org%3a80/geonetwork?uuid=c208a1e0-88fd-11da-a88f-000d939bc5d8
http://www.ornl.gov/sci/landscan/index.shtml
http://www.ornl.gov/sci/landscan/index.shtml
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Table 3
Meta-regression model.

Variable Variable definition Coefficient S.E.

Wetland value US$/ha/year; 2007 prices (ln)
Constant 3.74* 1.93
Constructed Dummy variable for constructed

wetlands
0.45 0.78

Water supply Dummy variable for water supply ES −1.30** 0.62
Water quality Dummy variable for water quality ES −0.80 0.59
Wetland area Area of wetland study site (ha; ln) −0.37*** 0.08
Wetland

abundance
Total area of wetlands within 50 km
(ha; ln)

−0.30*** 0.08

Population Population within 50 km (ln) 0.45*** 0.15
Gross cell

product
Gross cell product (ln) 0.27** 0.15

N  66
Adjusted R2 0.58

*
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Statistical significance is indicated with 10% level.
** Statistical significance is indicated with 5% level.

*** Statistical significance is indicated with 1% level.

ompared with similar meta-analyses of the wetland valuation lit-
rature (e.g. Brander et al., 2006; Ghermandi et al., 2010).

In this double log model, the coefficients on the dummy  vari-
bles measure the constant proportional change in the dependent
ariable for a given binary change in the value of the explanatory
ariable. The coefficients on the continuous variables expressed
n logarithms can be interpreted as elasticities, i.e. the percentage
hange in the dependent variable given a percentage point change
n the explanatory variable.

The dummy  variable indicating that a wetland is constructed,
s opposed to natural, is not found to be statistically significant.
his result in itself is noteworthy given that constructed wetlands
re generally designed and located in the landscape to provide reg-
lating services. We  find, however, that the values of regulating
ervices from constructed wetlands are not significantly different
o those from natural wetlands. Regarding the dummy  variables
ndicating the service that is valued, the estimated coefficients for

ater supply and water quality are both negative, although only
ater supply is statistically significantly different from flood con-

rol (the omitted category variable).
The estimated coefficient on wetland area is negative and sta-

istically significant, indicating diminishing returns to scale, i.e. the
alue per hectare is lower in larger wetlands. In other words, adding

 hectare to a large wetland is of lower value than adding a hectare
o a small wetland. Note that the total value of a wetland increases
ith its size but at a diminishing rate as the per hectare value
ecreases. The estimated coefficient shows an inelastic relation-
hip between area and value, in which a 1% change increase in area
esults in a 0.37% decrease in per hectare value.15

The variable measuring the abundance of other wetlands in the
icinity of the valued sites is also found to have a negative effect on
etland value. As the area of other wetlands increases, the value
er hectare of the valued site tends to decrease. Conversely this
an be interpreted as the effect of scarcity; as wetlands become
Please cite this article in press as: Brander, L., et al., Economic valuation of 
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ore scarce within a given area, the value of the regulating services
rom the remaining wetlands increases. The estimated elasticity
ndicates that a 1% increase in the area of other wetlands results in

15 We also included a variable defined as the square of wetland area in order to test
or a quadratic functional form for which we  would expect the value per unit area
o  initially increase with wetland area and then decline. The estimated coefficient
n  this variable was  not statistically significant, did not affect the magnitude or sta-
istical significance of other explanatory variables, and did not affect the explained
ariation in the dependent variable. We  therefore omitted this variable from the
stimated model.
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 0.3% decrease in wetland value per hectare. The selected scale of
easurement for this variable is a 50 km radius from each study site

ased on the significantly higher explanatory power of the variable
n the regression at this scale.

The two variables representing the socio-economic characteris-
ics of beneficiaries both follow prior expectations. The estimated
oefficient on the population variable is positive and statistically
ignificant, indicating that wetland regulating service values are
igher in areas with larger populations. A 1% increase in popula-
ion results in a 0.45% increase in wetland value per hectare. The
opulation variable is also found to be best measured at a scale of
0 km radius from each study site. Gross cell product has a posi-
ive but less than proportional relationship with wetland value –
uggesting an inelastic effect of income on the value of wetland
egulating services. A 1% increase in gross cell product results in a
.27% increase in value per hectare.

. Transferring values to unstudied wetlands

In this section we  explore the potential for using the value func-
ion estimated in the meta-regression analysis to transfer values to
etland sites for which there is no value information available.
e explain the procedure for meta-analysis based value transfer

nd provide an illustrative exercise in valuing regulating services
rovided by wetlands in agricultural landscapes.

Value transfer is the procedure of estimating the value of an
cosystem (or goods and services from an ecosystem) by borrow-
ng an existing valuation estimate for a similar ecosystem (Navrud
nd Ready, 2007). The ecosystem of current policy interest is often
alled the “policy site” and the ecosystem from which the value
stimate is transferred is called the “study site”. This procedure is
ften termed benefit transfer but since the values being transferred
ay  also be estimates of costs or damages, the term value transfer

s arguably more appropriate (Brouwer, 2000).
The use of value transfer to provide information for decision

aking has a number of advantages over conducting primary
esearch to estimate ecosystem values. From a practical point of
iew it is generally less expensive and time consuming than con-
ucting primary research. Value transfer can also be applied on a
cale that would be unfeasible for primary research in terms of valu-
ng large numbers of sites across multiple countries. Value transfer
lso has the methodological attraction of providing consistency
n the estimation of values across policy sites (Rosenberger and
tanley, 2006).

Value transfer methods can be divided into three categories:
ransfer of unit values (without or with adjustments – usually for
rice level and income differences); transfer using a value function
stimated from an individual primary study); and transfer using a
alue function estimated through a meta-analysis of the results of
ultiple primary studies. Each approach has its advantages16 but
eta-analytic function transfer appears to offer the most promis-

ng means to explicitly control for the specific characteristics of
ach policy site in the transfer process. By utilising information
rom a collection of studies, a meta-analytic value function includes
reater variation in both site characteristics (e.g. size, service provi-
ion) and context characteristics (e.g. availability of substitute sites,
ocio-economic variables) that cannot be generated from a single
regulating services provided by wetlands in agricultural landscapes:
2.12.104

rimary valuation study.
For a number of reasons the application of value transfer may

esult is significant transfer errors, i.e., that transferred values differ

16 See Rosenberger and Stanley (2006),  Eshet et al. (2007), Lindhjem and Navrud
2008),  and Johnston and Rosenberger (2009) for overviews and assessments of the
ccuracy of alternative value transfer methods.

dx.doi.org/10.1016/j.ecoleng.2012.12.104
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US$) in West Africa, a region that is highly dependent on wetlands
for ground water recharge and flood control (Zwarts et al., 2005).

17 These classes represent: 13 – closed-open herbaceous cover (which includes
extensive cultivated grasslands); 16 – cultivated and managed areas; 17 – mosaic:
cropland/tree cover/other natural vegetation; 18 – mosaic: cropland/shrub and/or
grass cover. To check consistency in our definition of agricultural areas, we make
a  comparison between the selected land cover classes and the ‘Cultivated Systems’
map  of the Millennium Ecosystem Assessment (MA, 2005).  We find an acceptable
correspondence in which the largest differences are caused by the inclusion of spe-
cific forest classes in the MA  map  that are not selected in our GLC2000 classification.

18 We use the 24 World regions defined for the IMAGE-GLOBIO model (Netherlands
Environmental Protection Agency, 2010).

19 The variable for wetland type is set to represent natural wetlands. The vari-
ARTICLECOENG-2432; No. of Pages 8
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ignificantly from the actual value of the ecosystem under con-
ideration. There are three general sources of error in the values
stimated using value transfer: (1) errors associated with esti-
ating values at the study site(s). Measurement error in primary

aluation estimates may  result from weak methodologies, unre-
iable data, analyst errors, and the whole gamut of biases and
naccuracies associated with valuation methods; (2) errors arising
rom the transfer of study site values to the policy site. So-called
eneralisation error occurs when values for study sites are trans-
erred to policy sites that are different without fully accounting
or those differences. Such differences may  be in terms of popula-
ion characteristics (income, culture, demographics, education etc.)
r environmental/physical characteristics (quantity and/or qual-
ty of the good or service, availability of substitutes, accessibility
tc.). There may  also be a temporal source of generalisation error
n that preferences and values for ES may  not remain constant
ver time; (3) Study selection bias may  result in an unrepresen-
ative stock of knowledge on ecosystem values. The processes
hrough which study sites are selected and results are dissemi-
ated may  be biased towards certain locations, services, methods
nd findings, which results in an available stock of knowledge
hat is not representative of the resource under consideration and
oes not meet the information needs of value transfer practition-
rs.

The use of unit values or a value function estimated for study site
hat is identified as being similar to the policy site in question may
roduce lower transfer errors in cases where highly similar sites are
vailable. When this is not the case, meta-analytic value transfer
ffers a means to more fully adjust transferred values to reflect the
haracteristics and context of policy sites. Given the limited infor-
ation base on primary valuations of wetland regulatory services

or large parts of the world, the use of a meta-analytic value func-
ion is likely to be more appropriate for the application presented
n this paper. In addition, the use of a meta-analytic value function
rovides a consistent and practical means of operationalising value
ransfers to a very large number of policy sites.

Given the potential errors in applying value transfer, it is useful
o examine the scale of these errors in order to inform decisions
elated to the use of value transfer. In making decisions based on
ransferred values or in choosing between commissioning a value
ransfer application or a primary valuation study, policy makers
eed to know the potential errors involved. To this end we  con-
uct an in-sample value transfer exercise and compute the absolute
ercentage transfer error for each value observation, i.e. we use
he meta-analytic value function to predict each observation in
he valuation database. Absolute percentage errors are calculated
s the difference between predicted and observed values, divided
y observed values. The mean and median absolute percentage
rror for the 66 observations in our sample are 175% and 92%
espectively, which is high but of a similar magnitude to previous
nalyses of transfer errors for ES values (Rosenberger and Stanley,
006).

For the purposes of illustrating the potential of value trans-
er for estimating spatially variable ES values, we conduct a
alue transfer exercise to estimate the economic values of reg-
lating services provided by wetlands in agricultural areas. The
eographic scope of the analysis is global. The first step in this
xercise is the selection of wetland “policy sites” to which val-
es are transferred. A GIS was used to select wetland sites that
re located in cultivated/agricultural areas using a spatial selection
f all centroids of the wetlands in the Global Lakes and Wetlands
Please cite this article in press as: Brander, L., et al., Economic valuation of 
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atabase (Lehner and Döll, 2004) that are within a distance of 5 km
f a cultivated/agricultural area of at least 5 km2 in size. Culti-
ated/agricultural areas are defined by the land cover classes 13,
6, 17 and 18 from the Global Land Cover 2000 database (EC-JRC,
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004).17 This results in a selection of approximately 36% of all wet-
and sites in the database. The number and area of selected wetland
ites by world region18 are given in the second and third columns of
able 4. The selection of wetlands is considered conservative and
epresents a lower bound estimation of the number and area of
etlands in agricultural landscapes. Given the coarse resolution of

he global wetlands data, small wetland patches (<1 km2) within
gricultural landscapes are not included in the analysis. GIS is sub-
equently used to quantify the spatial variables that are included
n the value function for each selected wetland “policy site”. These
ariables are wetland size, abundance of other wetlands, popula-
ion, and gross cell product per capita; the latter three variables are

easured for a 50 km radius of the centroid of each wetland site.
The second step in the value transfer exercise is to estimate site

pecific unit values (US$ per hectare/year) for each wetland “policy
ite” by substituting site specific variables into the meta-analytic
alue function given in Table 3.19 Unit values are subsequently mul-
iplied by the area of each wetland site to provide an estimate of the
otal annual value of regulating services provided by each wetland.
ummary statistics for wetland values (mean unit values and total
alues) are presented in columns 4 and 5 of Table 4. In order to rep-
esent the uncertainty associated with these estimated values, we
ompute the lower and upper 95% prediction interval values fol-
owing the method proposed by Osborne (2000) – columns 6 and

 in Table 4. The prediction intervals are large and emphasise the
eed to treat transferred values with caution.

Considering the mean unit values for each region, it is apparent
hat there is considerable spatial variation in the value of regulating
ervices from wetlands. Mean unit values are estimated to be low in
ountries that have sparsely populated agricultural areas and have
elatively abundant stocks of wetlands (e.g. Canada and Russia),
nd are high in countries that are densely populated and have rel-
tively few wetlands (e.g. Japan). These results again highlight the
otential inaccuracy of using fixed unit values to assess ecosys-
ems located in very different bio-physical and socio-economic
ontexts. The global mean unit value would be a very poor pre-
ictor of regional mean unit values, which in turn is likely to be a
oor predictor of values for individual wetlands within that region.

In terms of total values for wetland regulating services in agri-
ultural landscapes, we  estimate the global annual value of this flow
f services to be just over 26 billion US$, with a 95% prediction inter-
al of 20–45 billion US$. The distribution of this total value across
orld regions is highly varied and determined by the quantity of
etlands in each region and the magnitude of estimated unit val-
es. We find that wetland regulating services have a notably high
nnual value of approximately 4.5 billion US$ (95% PI: 4–5 billion
regulating services provided by wetlands in agricultural landscapes:
2.12.104

bles indicating the provision of each regulating service are set to represent the
verage level of provision observed in the “study site” wetlands underlying the
eta-analysis. We treat the three regulating services as non-overlapping and non-
utually exclusive so that it is reasonable to sum their values within an individual
etland ecosystem.

dx.doi.org/10.1016/j.ecoleng.2012.12.104
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Table 4
Estimated values for wetland regulating services in agricultural landscapes.

Region Number of
wetland sites

Area (ha;
millions)

Mean unit value
(USD/ha/yr)a

Total value
(USD/yr; millions)

Lower 95% CI
(USD/yr; millions)

Upper 95% CI
(USD/yr; millions)

Canada 3560 8 223 261 231 375
USA  1528 59 1490 1809 1334 6125
Mexico  259 0 2599 197 156 263
Cent.  America and Carib. 463 1 2505 381 300 486
Brazil 1402 59 810 1370 436 6629
Rest  of South America 1733 20 1283 1059 602 2100
North Africa 1524 3 1126 905 806 1012
West  Africa 8719 32 911 4533 3989 5105
East  Africa 2430 8 983 1812 1563 2063
Southern Africa 1585 13 1029 1512 1037 2081
Western Europe 696 2 2353 661 550 869
Central  Europe 40 1 1743 114 8 477
Turkey 28 0 5289 105 30 325
Ukraine  Region 84 2 2089 261 61 1003
STANs 3292 6 752 789 721 893
Russia  and Caucasus 13,197 37 297 1641 1426 1901
Middle  East 5501 8 914 2001 1839 2164
South  Asia 1529 2 5956 2252 2071 2451
Korea  Region 32 0.32 4205 231 53 822
China Region 2742 7 1502 2061 1714 2457
South  East Asia 506 8 2856 1338 662 2528
Indonesia 530 17 676 896 388 2215
Japan  48 0.10 5817 193 123 284
Oceania  1124 1 512 134 124 146
Antarctica 42 0.04 24 1 0 1
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World  52,594 294 978 

a Mean wetland values per hectare are computed for each region across wetland

. Discussion and conclusion

Wetlands have long been regarded by society as having very
ittle or even negative value, often being described as wastelands
r sources of disease. As a result, they have been drained and con-
erted into other uses, especially in agricultural landscapes, while
he essentially open nature of wetland systems has made them
usceptible to indirect damage from other human activities. This
as led to the stock of wetlands being substantially diminished.
etlands continue to be under particular pressure worldwide

ecause of the extensive drainage of lowland areas for agricul-
ure, forestry, peat exploitation and urban development, together
ith the impacts of river system regulation for power generation,
ater storage and flood control, and the maintenance of navigation

hannels.
Over the past decades, it has become apparent that wetlands,

ar from being valueless, provide a wide array of goods and ser-
ices that can be of considerable value to society. The physical
ssessment of the functions performed by a wetland is an essential
rerequisite to any evaluation of a wetland’s worth to society, but
imply identifying these functions is insufficient. Where a wetland
s under pressure from human activity that provides measurable
conomic benefits to society, it will be necessary to illustrate the
conomic value of the functions performed by the wetland through
he goods and services provided. The provision of such economic
nformation is essential if an efficient level of wetland resource
onservation, restoration or re-creation is to be determined.

Wetlands play an important role in the implementation of Euro-
ean legislation such as the Water Framework Directive (WFD)
2000/60/EC), adopted in 2000, where wetlands are considered
s part of a cost-effective programme of measures in integrated
iver basin management plans to improve water quality. The role
Please cite this article in press as: Brander, L., et al., Economic valuation of 
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f wetlands in nitrogen reduction, for example, has been relatively
ell studied (Gren et al., 1997), and is also of great interest in

he more recent implementation of the European Marine Strat-
gy Directive (2008/56/EC), adopted in 2008. This Directive aims to

i
h
p
i

26,514 20,223 44,773

ithout weighting by wetland area.

educe pollution loads in coastal waters and the marine environ-
ent and achieve good environmental status of European marine
aters by 2020. Another recent piece of European legislation is the

loods Directive (2007/60/EC) on the assessment and management
f flood risks, which entered into force end of 2007. This Directive
equires Member States to assess if water courses and coastlines
re at risk from flooding and take adequate and coordinated meas-
res to reduce this flood risk. Here too wetlands and floodplains are

ncreasingly considered as more sustainable cost-effective options
longside technical engineering and infrastructure approaches to
ontrol future flood risks.

Maintaining or restoring a wetland, however, will almost always
nvolve costs. There will be costs associated with foregoing other
ses of the land or with limiting activities that might impinge upon
he ability of the wetland to continue functioning. Hence the impor-
ance of making explicit the value of the multiple functions that
etlands provide to society and of assessing this value within a

ramework which allows comparison with the gains to be made
rom activities that might threaten wetlands. This should serve
ot only to better protect these threatened ecosystems, but also
o improve decision-making for the benefit of society.

In 1997, a first attempt was made to put a monetary value on
he various goods and services provided by the world’s ecosys-
ems, including wetlands (Costanza et al., 1997). This study has
ad a substantial impact on the recognition of the value of ES but

s limited by its use of constant unit values. An important step for-
ard in our analysis is the estimation of a meta-value function,
hich allows us to transfer existing economic values across wet-

and sites, accounting for site and context specific characteristics.
uch a function was  not available at the time Costanza et al. con-
ucted their global transfer exercise. We  show that transferring
alues using the estimated meta-analytic value function still results
regulating services provided by wetlands in agricultural landscapes:
2.12.104

n considerable estimation error despite the function’s relatively
igh explanatory power. Our results therefore have to be inter-
reted with the necessary care, and more research is needed to

mprove the accuracy and reliability of predicting economic values

dx.doi.org/10.1016/j.ecoleng.2012.12.104
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or wetland ES. The information base from which we estimate the
eta-analytic value function comprises only 66 estimates derived

rom 38 studies. There is a need for more primary valuation stud-
es that assess the value of wetland ES, and particularly studies
hat fill the existing gaps in the geographic distribution of value
nformation.

Regarding future research directions, there is also a need for col-
aborative research that combines wetland ecology and economics
o jointly model the provision and value of ES from wetlands.
or the value transfer analysis presented in this paper, we  have
odelled the variation in the economic value of ES but make the

ssumption that the provision of wetland regulating services is
 constant across all wetland sites (the value of this constant is
nformed by the level of service provision observed at the study
ites reviewed in the meta-analysis). There is a need to include
cological understanding of the co-provision or conflicting provi-
ion of different ES in future analyses. The value transfer analysis
hould therefore be revisited when (modelled) data on the provi-
ion of regulating services from wetlands in agricultural landscapes
ecomes available.

The analysis presented in this paper focuses only on the value of
etland regulating services and as such does not provide estimates

f all components of total economic value of wetlands. There is
herefore a need to reproduce the analysis to address other wetland
ervices (e.g. cultural services), which may  potentially have higher
alues.

eferences

ateman, I.J., Jones, A.P., 2003. Contrasting conventional with multi-level model-
ing  approaches to meta-analysis: expectation consistency in U.K. Woodland
recreation values. Land Econ. 79, 235–258.

raden, J.B., Kolstad, C.D. (Eds.), 1991. Measuring the Demand for Environmental
Quality. Amsterdam, North-Holland.

rander, L.M., Florax, J.G.M., Vermaat, J.E., 2006. The empirics of wetland valuation:
a  comprehensive summary and meta-analysis of the literature. Environ. Resour.
Econ. 33, 223–250.

romley, D.W. (Ed.), 1995. The Handbook of Environmental Economics. Blackwell,
Oxford, UK and Cambridge, MA.

rouwer, R., Langford, I.H., Bateman, I.J., Turner, R.K., 1999. A meta-analysis of wet-
land contingent valuation studies. Regional Environ. Change 1, 47–57.

rouwer, R., 2000. Environmental value transfer: state of the art and future
prospects. Ecol. Econ. 32, 137–152.

ostanza, R., d’Arge, R., de Groot, R., Farber, S., Grasso, M.,  Hannon, B., Limburg, K.,
Naeem, S., O’Neill, R.V., Paruelo, J., Raskin, R.G., Sutton, P., van den Belt, M.,  1997.
The  value of the world’s ecosystem services and natural capital. Nature 387,
253–260.

C-JRC, 2004. The Global Land Cover Map  for the Year 2000, 2003. http://bioval.
Please cite this article in press as: Brander, L., et al., Economic valuation of 

A  meta-analysis. Ecol. Eng. (2013), http://dx.doi.org/10.1016/j.ecoleng.201

jrc.ec.europa.eu/products/glc2000/glc2000.php
shet, T., Baron, M.G., Shechter, M.,  2007. Exploring benefit transfer: disamenities

of  waste transfer stations. Environ. Resour. Econ. 37, 521–547.
AO - UN SDRN, 2002. Roads of the World. http://www.fao.org:80/geonetwork?

uuid=c208a1e0-88fd-11da-a88f-000d939bc5d8

Z

 PRESS
eering xxx (2013) xxx– xxx

reeman, A.M.I., 2003. The Measurement of Environmental and Resource Values,
Resources for the Future, Washington, DC.

hermandi, A., van den Bergh, J.C.J.M., Brander, L.M., de Groot, H.L.F., Nunes, P.A.L.D.,
2010. Values of natural and human-made wetlands: a meta-analysis. Water
Resour. Res. 46, 1–12.

lass, G.V., 1976. Primary, secondary, and meta-analysis of research. Educ. Res. 5,
3–8.

ren, I.-M., Elofsson, K., Jannke, P., 1997. Cost-effective nutrient reductions to the
Baltic Sea. Environ. Resour. Econ. 10, 341–362.

anley, N., Spash, C.L., 1993. Cost–Benefit Analysis and the Environment. Edward
Elgar, Vermont.

aberl, H., Erb, K.-H., Krausmann, F., Gaube, V., Bondeau, A., Plutzar, C., Gingrich,
S., Lucht, W.,  Fischer-Kowalski, M.,  2007. Quantifying and mapping the global
human appropriation of net primary production in Earth’s terrestrial ecosystem.
Proc. Natl. Acad. Sci. U.S.A. 104, 12942–12947.

ohnston, R.J., Rosenberger, R.S., 2009. Methods, trends and controversies in con-
temporary benefit transfer. J. Econ. Surveys 24, 479–510.

andScan, 2005. Global Population Database http://www.ornl.gov/sci/landscan/
index.shtml

ehner, B., Döll, P., 2004. Development and validation of a global database of lakes,
reservoirs and wetlands. J. Hydrol. 296, 1–22.

indhjem, H., Navrud, S., 2008. How reliable are meta-analyses for international
benefit transfers? Ecol. Econ. 66, 425–435.

illennium Ecosystem Assessment, 2005. Ecosystems and Human Well-being: Syn-
thesis. Island Press, Washington, DC.

avrud, S., Ready, R., 2007. Environmental Value Transfer: Issues and Methods.
Springer, Dordrecht.

elson, J.P., Kennedy, P.E., 2009. The use (and abuse) of meta-analysis in envi-
ronmental and resource economics: an assessment. Environ. Resour. Econ. 42,
345–377.

etherlands Environmental Protection Agency, 2010. Rethinking global biodiver-
sity strategies: exploring structural changes in production and consumption to
reduce biodiversity loss. The Hague/Bilthoven.

ordhaus, W.,  Azam, Q., Corderi, D., Hood, K., Victor, N.M., Mohammed,
M.,  Miltner, A., Weiss, J., 2006. The G-Econ Database on Gridded Out-
put: Methods and Data. Yale University. http://gecon.sites.yale.edu/data-and-
documentation-g-econ-project

sborne, J.W., 2000. Prediction in multiple regression. Pract. Assess. Res. Eval. 7,
ISSN 1531-7714.

earce, D., Whittington, D., Georgiou, S., James, D., 1994. Project and Policy Appraisal:
Integrating Economics and Environment. OECD, Paris.

osenberger, R.S., Stanley, T.D., 2006. Measurement, generalization, and publica-
tion: Sources of error in benefit transfers and their management. Ecol. Econ. 60
(2),  372–378.

osenberger, R.S., Phipps, T.T., 2007. Correspondence and convergence in bene-
fit  transfer accuracy: a meta-analytic review of the literature. In: Navrud, S.,
Ready, R. (Eds.), Environmental Values Transfer: Issues and Methods. Springer,
Dordrecht.

mith, V.K., Pattanayak, S.K., 2002. Is meta-analysis a noah’s ark for non-market
valuation? Environ. Resour. Econ. 22, 271–296.

tanley, T.D., 2001. Wheat from Chaff: meta-analysis as quantitative literature
review. J. Econ. Perspect. 15, 131–150.

EEB, 2010. In: Kumar, P. (Ed.), The Economics of Ecosystems and Biodiversity:
Ecological and Economic Foundations. Earthscan, London and Washington.

oodward, R.T., Wui, Y.S., 2001. The economic value of wetland services: a meta-
analysis. Ecol. Econ. 37, 257–270.

orld Bank, 2010. World Development Indicators, http://data.worldbank.org/
regulating services provided by wetlands in agricultural landscapes:
2.12.104

warts, L., van Beukering, P., Kone, B., Wymenga, E. (Eds.), 2005. The Niger,
a  Lifeline: Effective Water Management in the Upper Niger Basin. RIZA,
Lelystad/Wetlands International, Sévaré/Institute for Environmental stud-
ies  (IVM), Amsterdam/A&W ecological consultants, Veenwouden, Mali/the
Netherlands.

dx.doi.org/10.1016/j.ecoleng.2012.12.104
http://bioval.jrc.ec.europa.eu/products/glc2000/glc2000.php
http://bioval.jrc.ec.europa.eu/products/glc2000/glc2000.php
http://gecon.sites.yale.edu/data-and-documentation-g-econ-project
http://gecon.sites.yale.edu/data-and-documentation-g-econ-project
http://data.worldbank.org/

	Economic valuation of regulating services provided by wetlands in agricultural landscapes: A meta-analysis
	1 Introduction
	2 Overview of values for wetland regulating services
	3 Meta-analysis of values for wetland regulating services
	4 Transferring values to unstudied wetlands
	5 Discussion and conclusion
	References


