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a b s t r a c t
Forest ecosystems provide a variety of valuable goods and services. This paper presents a meta-analysis of
forest studies using the Contingent Valuation (CV) method to value the provision of forest values around the
world. In this meta-analysis, we estimate the marginal value of different management programs that provide
a variety of forest goods and services. Our results show that willingness to pay (WTP) estimates for forest
management programs are sensitive to the program's objectives, particularly when linked to the provision of
recreational services. Other variables such as the type of forest, location, survey mode, or the type of
respondent were also found to signiﬁcantly affect the WTP estimates.
© 2009 Elsevier B.V. All rights reserved.

1. Introduction
The importance that forests have with respect to the well-being of
humans is undeniable. These ecosystems provide innumerable goods
and services. According to Daily (1997), forest ecosystem services can be
deﬁned as the process and condition through which the forest and the
species that live there support and satisfy the human life. Forests provide
raw materials for food, fuel and shelter. Without these and many other
ecosystem goods and services, life as we know it would not be possible
(Krieger, 2001). Forest goods and services include recreational opportunities for hiking, biking, and scenic landscapes (direct use values);
waste protection, watershed services and carbon storage (indirect use
values); and wildlife habitat and diversity preservation (non-use values).
In spite of the fact that forest threats are becoming very relevant,1
there is at the same time an increased concern about conservation
issues. In this regard, multiple management programs aim to prevent or
ameliorate the negative effects that forests are now experiencing. The
necessity of knowing which ecosystem beneﬁts are valued more by
society is crucial in the context of design of management programs. As
such, the objective of this meta-analysis of contingent valuation (CV)
forest studies is to assess the marginal value of the different forest
⁎ Corresponding author. Departamento de Fundamentos da Análise Económica Universidade de Santiago de Compostela, Spain. Tel.: +34 981 563 100x11674; fax: +34 981 59 99 35.
E-mail addresses: melina.barrio@usc.es (M. Barrio), maria.loureiro@usc.es
(M.L. Loureiro).
1
The Global Forest Resource Assessment 2005 (FAO, 2006) indicates that, on
average, 27.7 million ha of forests have been burned yearly since the year 2000,
generating nearly 40% of the total anthropogenic carbon dioxide (CO2) emissions
(UNEP, 2004). In the same way, deforestation and conversion of forests to agricultural
lands, continues at an alarmingly high rate — about 13 million ha per year (FAO, 2006).
0921-8009/$ – see front matter © 2009 Elsevier B.V. All rights reserved.
doi:10.1016/j.ecolecon.2009.11.016

management programs providing certain forests goods and services. The
programs analyzed cover actions to increase the protection of ﬂora and
fauna, the use of wooded products and/or purely recreational activities.
As is well-known, a meta-analysis approach can be deﬁned as the
study of studies. It refers to the statistical analysis of a large collection of
results from individual studies with the purpose of combining the main
ﬁndings (Glass et al., 1981). Recent meta-analyses have been conducted in
the ﬁeld of economic valuation of environmental resources, impacts, and
services (Brander et al., 2007). A wide amount of studies have been
focused on valuation of wetlands (Brouwer et al., 1997; Brouwer et al.,
1999; Woodward and Wui, 2001; Ghermandi et al., 2008); woodland
recreation (Bateman and Jones, 2003; Zandersen and Tol, 2009);
endangered species (Loomis and White, 1996) and general outdoor
recreation (Smith and Kaoru, 1990; Walsh et al., 1992; Rosenberger and
Loomis, 2000; Shrestha and Loomis, 2001).
There are also some notorious examples in the literature with
respect to forest valuation. Some studies have focused on forest
recreation in the UK (Bateman et al., 1999; Bateman and Jones, 2003),
and other European forests (Zandersen and Tol, 2009). These studies
usually compute consumer surplus estimates for activity days obtained
from the travel cost method (TCM) and the CV method. As far as we
know, only one meta-analysis, Lindhjem (2007), has studied the nontimber beneﬁts from forests, speciﬁcally from Norwegian, Swedish and
Finnish forests. He analyzes the factors behind preferences for
protection or multiple uses of forest, including biodiversity protection.
In a similar fashion, in the present study we ﬁt the results of multiple
valuation studies of forest management programs via regression analysis.
To our knowledge, this is the ﬁrst meta-analysis that assesses how society
values the application of different managements programs involving the
provision of forest goods and services at an international level. Previous
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forest meta-analyses have used studies from a single country (Bateman et
al., 1999; Bateman and Jones, 2003) or a group of countries in the same
area (Zandersen and Tol, 2009; Lindhjem, 2007). Broader meta-analyses
have been conducted for other type of ecosystems, such as wetlands
(Brander et al., 2006; Ghermandi et al., 2008), but as far as we know, no
other international meta-analysis has been conducted yet for forest
valuation. Another important characteristic of this meta-analysis is that it
includes both, mean and median willingness to pay (WTP) values when
reported. This allows us to assess the sensitivity of the obtained results.
The time span of the present analysis includes the last 30 years, limiting
our data to studies that have applied CV exclusively.
Our main hypotheses are related to the inﬂuence of the different
valued services. In particular, our null hypotheses postulate that the
different forest goods and services provided have no inﬂuence on the
value of the program. In addition, we investigate the effects of other
variables, by including different study variables such as the question
format or the type of payment, together with other good-speciﬁc
variables, such as the type, size and location of the forest, among
others, into the estimated equations. The obtained results should be
useful for implementing and elaborating management plans in forest
areas according to general societal preferences. Furthermore, this
meta-analysis may also allow for the estimation of beneﬁt-transfer
functions when a “ﬁrst best” empirical non-market valuation study is
not feasible (Shrestha and Loomis, 2003).
This paper is organized as follows: the following section contains the
data description, including a literature review on the topic. It continues
with the model speciﬁcation, research hypotheses, empirical results,
and conclusions.
2. Data Description
An intensive search of studies has been conducted in different
databases such as ECONLIT, EVRI, and AGICONSEARCH among others.2
The data comes from a review of the CV literature valuing ecosystem
forests since the 1990s. Some studies reported incomplete data and
were eliminated from our ﬁnal data set due to a large number of
missing values. As a consequence, the ﬁnal data used for this metaanalysis comes from 35 studies3 from different parts of the world. The
most signiﬁcant region of origin of the analyzed studies is Scandinavia
(31%). The rest of the studies are distributed throughout the rest of
Europe (20%), the USA (17%), and other countries (31%). From these
35 studies, we were able to include 101 observations, with a mean of
2.9 observations per study. The largest number of observations from
one single study is 19 and comes from Scarpa et al. (2000), while the
minimum is one single observation (from eleven different studies).
The collected studies reported their results in different currencies
($US, SEK, €, etc.) and from different periods (from 1991 to 2008). In order
to homogenize all information, values were transformed to a standard
measure, a per year or one-time payment, per household and per
individual, and transferred into current $US dollars. We include the mean
and median WTP estimates, when possible. The majority of the previous
meta-analyses have used the mean instead of the median estimates
(Smith and Osborne, 1996; Loomis and White, 1996; Horowitz and
McConnell, 2002). According to Gürlük (2006), if the decision-maker
wishes to make a choice based on efﬁciency criteria, then the mean is the
most appropriate measure (Brent, 1998; Bateman et al., 2002). However,
with the objective of assessing whether there are differences in the factors
affecting both welfare measures, we estimated two common models. In
2

Of the total sample, 31 studies are published in academic journals and only four
are unpublished.
3
Although more than 50 studies were considered at ﬁrst, we were only able to get
information from 35. The majority of the studies that we do not consider, as for
example James (1994) or Treiman and Gartner (2006), do not include the information
needed for some relevant variables, others do not use the contingent valuation method
as Brey et al. (2007) or Adamowicz et al. (2004), or are in a different language, such as
Bostedt and Mattson (1991), or Hoen and Veisten (1994).

Table 1, we summarize the articles from which we have taken our
observations. In this abbreviated data list, we include the author's name,
the mean and median estimates, and the year of the publication. The WTP
values are expressed in 2008 US$ updating them through purchasing
power parity (PPP) rates. We choose the PPP rate instead of the exchange
rate because the latter measure may not accurately represent differences
in terms of income and consumption between countries.
3. Model Speciﬁcation
The dependent variable in our meta-regression equation is a
vector of WTP values, labeled as y. Following Brander et al. (2006), the
explanatory variables are grouped into three different categories that
include the study's characteristics in Xs, the forest's and program's
characteristics in Xf, and the site's and socio-economic characteristics
in Xe. The estimation model corresponds with the following equation:
yi = α + Xsi βs + Xfi βf + Xei βe + εi ;

ð1Þ

where α is the usual constant term, the β vectors contain the
coefﬁcients associated with the respective explanatory variables to be
estimated, and ε is a vector of independently and identically
distributed (i.i.d.) residuals. Subscript i stands for variable study i.
According to Bijmolt and Pieters (2001) a meta-regression model can
capture two levels of errors: at the measurement level and at the
study level. There are several approaches to estimating this regression
depending on the assumptions regarding the error variance–covariance matrix (Lindhjem, 2007). We consider that each study counts
equally in the data. Then we estimate a classical ordinary least squares
(OLS) regression model with the Huber–White adjusted standard
errors clustered by each study. This approach has been used in several
meta-analyses (Brander et al., 2006; Loomis and White, 1996;
Lindhjem, 2007), and proved very useful in terms of correction of
correlation of errors across studies. The presence of multicollinearity
was tested and judged not to be a serious problem.4
Our empirical strategy contains the estimation of three models.
Two of them are denoted as the restricted models, with the purpose of
comparing the mean and median regressions, and the third model is
an extended model, which contains a larger set of explanatory
variables with the mean WTP as the dependent variable.5
In order to choose the functional form that better suits our regressions,
we conducted a Box–Cox test. The basic idea behind testing for the
appropriate functional form of the dependent variable is to transform
the data so as to make the residual sum of squares (RSS) comparable. To
do this, we divided each observation by the geometric mean where
the geometric mean is (y1⁎y2…⁎yn)1 / n=exp1 / nLn(y1⁎ y2⁎…yn). Then we
rescaled each Y observation by this value Yi⁎ =Yi /geometricmean. Finally
we regress Y ⁎ on X and LnY ⁎ on X and saved the RSS. The model with the
lowest RSS is the one with the better ﬁt. Formally, the Box–Cox test can be
expressed as:
2

Box−Cox = N = 2⁎ logðRSSlargest = RSSsmallest Þ ∼ χðKÞ

ð2Þ

where N is the number of observations, K is the number of coefﬁcients.
In the baseline model having the mean WTP as the dependent
variable, the Box–Cox test is 151.42, and for the median WTP the Box–
Cox test carries a value of 71.83. In the expanded model the Box–Cox test
carries a value of 155.42. These estimated values exceed the critical
4
We estimate the pairwise correlations followed the criteria of Kennedy (2003) and
Gujarati (2003) who indicate that a correlation coefﬁcient of about 0.9 or 0.8,
respectively, or higher can be problematic. Following Richardson and Loomis (2008) a
test of linear restrictions is used to check if the error variance from one model,
(baseline model) removing the variables with more correlation, is signiﬁcantly larger
than the error variance when the variables are included in the model. The ﬁnal
regression has included all of these considerations.
5
Note that the number of observations for the mean WTP regression is more than
twice the observations in the median regression.
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Table 1
Author, publication year, observations and mean willingness to pay (WTPpp$08) and median median willingness to pay (MWTPppp$08) for each individual study.
Author
Adams et al.
Amirnejad et al.
Bernath and Roschewitz
Broberg
Duthy
Gregory
Hadker et al.
Haefele et al.
Hoen and Winther
Horton et al.
Hung et al.
Hutchinson and Chilton
Kleiber
Kniivilä et al.
Köhlin
Kramer and Mercer
Kwak et al.
Lehtonen et al.
Lockwood et al.
Loomis et al.
Loomis et al.
Mäntymaa et al.
Mattsson and Li
Mattsson and Li
Mill et al.
Pouta
Reaves et al.
Sattout et al.
Scarpa et al.
Shechter et al.
Svedsäter
Tÿrväinen
Tÿrvänein and Väänänen
Veisten and Narvud
Walsh et al.

Year of Publication

Mean observations

2007
2006
2008
2007
2002
2000
1997
1992
1993
2003
2007
1999
2001
2002
2001
1997
2003
2003
1993
1996
1993
2002
1993
1994
2007
2005
1999
2007
2000
1998
2000
2001
1998
2006
1990

3
1
1
1
1
3
1
4
6
2
1
2
1
1
2
2
1
1
3
2
6
3
4
2
3
2
3
5
19
4
2
3
3
2
1

1
1

6

1

1
1
1
3

3

5
19
4

2
2

value (which from the Chi-squared table at 5% signiﬁcance level with 11
and 26 degrees of freedom are 19.68 and 38.89, respectively).
Consequently, we reject the null hypothesis that the performance of
the models is the same (i.e., where there is a signiﬁcant difference in
terms of goodness of ﬁt). The best model for our data was the semi-log
model. Previous meta-analyses, such as Brander et al. (2006) or Brander
et al. (2007) have also employed this functional form.
Following Eq. (1), our empirical speciﬁcations are:
ln ðyÞ = α + β1 morethanonetime + β2 individual + β3 dc
+ β4 facetoface + β5 sample + β6 onlyrecreation

ð3Þ

+ β7 coniferous + β8 sc + β9 gdp + β10 forestsurface
+ β11 period1 + ε
for the baseline models, and:
ln ðyÞ = α + β1 annpermanent + β2 anntemporal + β3 individual
+ β4 dc + β5 oe + β6 facetoface + β7 mail + β8 sample
+ β9 biodiversity + β10 onlyflora + β11 wooduse
+ β12 recreation + β13 avoidchange + β14 nochange
+ β15 oldgrowth + β16 rainforest + β17 otherf + β18 size
+ β19 rw + β20 sc + β21 reu + β22 urban + β23 gdp
+ β24 forestsurface + β25 period1 + β26 period2 + ε

Median observations

ð4Þ

for the extended model.
As noted earlier, two different vectors of WTP dependent variables
were used (mean and median values) in Eq. (3). With the purpose of
keeping as many observations as possible, only the mean values were
used for Eq. (4), the extended model. This model controls for a larger
amount of explanatory variables than the previous ones. Both regres-

WTPppp$08
0.75–1.12
34.32
57.26
35.43
16.98
17.43–61.62
11.50
28.58–157.40
20.93–67.56
56.08–75.92
8.20
45.19–58.12
70.66
46.76
21.48–50.62
32.22–47.57
2.37
252.89
70.04–288.05
49.11–146.50
64.39–288.06
278.86–473.11
383.11–1019.18
365.43–563.70
44.37–53.64
304.92–490.90
10.79–17.12
22.22–52.96
2.45–6.32
16.69–23.32
69.82–85.28
100.04–228.48
171.82–280.91
3.78–6.42
101.60

MWTPppp$08

32.54
8.99

6.81–35.04

39.67

95.43
58.74
129.17
0–33.89

60.06–170.58

2.39–20.78
1.81–4.68
5.62–14.05

136.37–136.37
1.13–2.78

sions provide similar results in terms of the study characteristics, the
characteristics of goods and the site and socio-economic characteristics.
In the reduced models (Table 2), we include the following explanatory
variables: the frequency of payment, through the variable morethanonetime if the WTP is per year with or without speciﬁc duration; the type of
respondent, through the individual variable, which denotes whether the
respondent is an individual; the question format, through dc if the
question is asked with a dichotomous format; the survey mode, through
the variable facetoface if surveys were conducted face to face and ﬁnally,
the variable sample, representing the number of respondents. With
respect to the good's characteristics, we differentiate between whether
the program implies mainly the provision of a recreational service
(onlyrecreation) and if the valued forest is coniferous (coniferous). Lastly,
in the site and socio-economic characteristics, we included variables such
as the geographical origin of the study through the variable Scandinavian
countries (sc), the gross domestic product per capita of the year of the
survey (gdp), the size of forested land in the country of study (forestsurface), and the publication year, through the variable period1 that gathers
those studies published before the year 2000.
For the extended model, we have included the same type of
explanatory variables as in the previous models, but more broken
down, in addition to a new set of variables (Table 3). The idea behind
the estimation of this extended speciﬁcation is to reveal other effects
that could not be properly analyzed in the regression with the median
WTP as the dependent variable due to the reduced number of
observations. In the ﬁrst group of explanatory variables, the study
characteristics, we include: the type of payment differentiating
between annual permanent payments through the variable annpermanent, those with a speciﬁc duration through anntemporal, and
those with one-time payments through the one-time variable was
omitted. The type of respondent was also considered, differentiating
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between households and individual respondents (individual). Other
included variables are the question format: dichotomous choice (dc),
open ended (oe), and payment card (pc) (omitted variable); and the
survey mode, including face to face (facetoface), mail (mail), and other
modes (otherm) as the omitted variable. The last included variable
into this category is the sample size (sample), indicating the number
of respondents. Other socio-economic characteristics that may have
served well as explanatory variables, such as the mean respondent's
age, education and household size of the sample, were only
sporadically reported in many of the selected publications, and
consequently they were not included in the present analysis.
In the second group of variables, the so-called characteristics of
goods or program characteristics, we have identiﬁed ﬁve variables that
gather information about the different goods and services provided by
the evaluated programs. In particular, we differentiate between the
management programs that had both a ﬂora and fauna orientation
(biodiversity), those that included only a ﬂora orientation (onlyﬂora) and
those with only a fauna orientation (onlyfauna), as the omitted variable.
Other programs associated with commercial uses related to wood
production, dung and residues use (wooduse), and those with
recreational uses or values (recreation) were also included. Furthermore, in terms of the framing of the valuation question, we have
identiﬁed programs that imply an avoidance of damage to the current
state of forests (avoidchange), programs that entail no change in the
quantity or quality of forest (nochange), and other programs that imply
an improvement in the present situation of the forest (gainchange) as
the omitted variable. In addition, the type of valued forest has also been
considered. In this sense, there is a distinction between old growth
forests6 (oldgrowth), rain forests (rainforest), other forests, (those that
have deciduous and perennial trees (otherf)), and coniferous forests
(coniferous) as the omitted variable. The valued forest size was included
measuring the size of the area in hectares (size).
Finally, in the third group referring to the site and socio-economic
variables, we include a series of indicator variables denoting whether
the study was conducted in Scandinavian countries (sc), other European
countries (reu), in the rest of the world (rw), or in the USA (usa)
(omitted variable). We also include as explanatory variables the location
of the forest in relation to urban areas (urban), and the size of the
forested land in each country in the year of study7 (forestsurface).
Another relevant variable is the gross domestic product per capita at the
time of the survey (gdps), updated to 2008 values. Finally, and following
previous meta-analyses such as Ojea and Loureiro (2009) and Loomis
and White (1996), we included the publication year through the
dummy variables period1 for publications before 1995, and period2 for
publications between 1996 and 2002.
4. Results
The regression results are displayed in Tables 4 and 5. The ﬁrst
table presents the results for the baseline models. We show the two
regression estimates corresponding with the mean and median WTP
dependent variables, respectively. The two models ﬁt the data with a
R² of 0.83, and 0.91, respectively, quite well. For the median
estimation our sample is reduced to 50 observations, given that not
all studies report both welfare estimates. In all regressions, the
estimated coefﬁcients measure the percentage change in the
dependent variable, given a one unit change in the explanatory
variables. The results reinforce several consistent ﬁndings across the
median and mean WTP regressions.
In particular, services related to the direct use or enjoyment of forests
play a statistically signiﬁcant role when valuing forest management
6
We have done this classiﬁcation as a function of the main type of forest valued in
the study. In some cases, we had to complete the dataset with information outside the
study.
7
In some cases we used the publication year.

programs. With respect to other studies' characteristics, CVM studies
conducted with DC questions, and with periodical payment mechanisms result in higher WTP estimates. In addition, other socio-economic
variables such as the country's GDP, and the period of study are also
positive and statistically signiﬁcant in determining WTP estimates.
Furthermore, the amount of forested land has a negative impact on WTP
estimates for forest management programs.
Just a few differences emerge from this ﬁrst set of results between
both regressions, in terms of the effects of geographical differences
and types of forests valued. In the median regression, those studies
that were conducted in Scandinavian countries have a signiﬁcant and
negative inﬂuence on the median WTP, while in the mean WTP
regression this result is not statistically signiﬁcant. Furthermore, the
variable coniferous is negative and statistically signiﬁcant in the
median but not in the mean WTP regression. There is no clear reason
for these differences to occur, although the number of observations in
both regressions is quite different.
Table 5 contains the results of the extended model, with the mean
WTP as the dependent variable. The results show that the model ﬁts
the data quite well, with an adjusted R2 of 0.89. With respect to the
main variables of interest, we observe a positive effect of the different
forest values on WTP estimates. The recreation variable has a positive
effect on the mean WTP and statistically signiﬁcant at the 1%
signiﬁcance level. Variables such as biodiversity and onlyﬂora carry a
positive coefﬁcient but are not statistically signiﬁcant. The coefﬁcient
wooduse is not statistically signiﬁcant either. However, the joint null
hypothesis that biodiversity, onlyﬂora, wooduse and recreation are
Table 2
Variable description and summary statistics baseline model.
Variable

Description

Mean
Mean
(Std. dev.) (Std. dev.)

lnwtpppp

Dependent variable. Logarithm of
mean wtp extracted from the
original studies updated with
purchasing power parity ($US-2008)
Dependent variable. Logarithm of
median wtp extracted from the
original studies updated with
purchasing power parity ($US-2008)

3.550
(1.707)

lnmwtpppp

Study characteristics
morethanonetime = 1 If the wtp is per year with
or without speciﬁed duration
= 0 If the wtp is a one-time payment
individual
= 1 If the respondents are individuals
= 0 Otherwise
dc
= 1 If the question format has a
dichotomous format
= 0 Otherwise
facetoface
= 1 If surveys are conducted face to face
= 0 Otherwise
sample
Number of respondents (1/10,000)
Characteristics of goods
onlyrecreation
= 1 If the program has only a
recreational component
= 0 Otherwise
coniferous
= 1 If the forests are mainly coniferous
= 0 Otherwise
Site and socio-economic characteristics
sc
= 1 If the study is conducted
in Scandinavian countries
= 0 Otherwise
gdps
Gross domestic product per capita
of the year of the survey (1/10,000)
forests
Forested land in hectares in the
country of study (1/100,000)
period1
= 1 If the study was published
before 1999
= 0 If the study was published
before 2000
Note: + indicates the omitted variable.

2.375
(1.412)

0.723

0.480

(0.450)
0.347
(0.478)
0.485

(0.505)
0.500
(0.505)
0.540

(0.502)
0.465
(0.501)
0.033
(0.027)

(0.503)
0.680
(0.471)
0.029
(0.016)

0.327

0.480

(0.471)
0.416
(0.495)

(0.505)
0.520
(0.505)

0.277

0.240

(0.450)
3.040
(1.367)
0.837
(1.276)
0.426

(0.431)
3.019
(1.274)
0.232
(0.600)
0.340

(0.497)

(0.479)
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Table 3 (continued)

Table 3
Variable description and summary statistics expanded model.
Variable

Description

1027

Variable
Mean

Std. dev.

3.550 1.707
Dependent variable. Logarithm of mean wtp
extracted from the original studies updated
with purchasing power parity ($US-2008)
Study characteristics
annpermanent = 1 If the wtp is per year without
0.495 0.502
speciﬁed duration
= 0 Otherwise
anntemporal
= 1 If the wtp is per year with
0.208 0.408
speciﬁed duration
= 0 Otherwise
onetime+
= 1 If the wtp is one-time payment
0.297 0.459
= 0 Otherwise
individual
= 1 If the respondents are individuals
0.347 0.478
= 0 Otherwise
dc
= 1 If the valuation question has a
0.485 0.502
dichotomous format
= 0 Otherwise
oe
= 1 If the valuation question has an
0.327 0.471
open-ended format
= 0 Otherwise
pc+
= 1 If the question format is a payment card
0.188 0.393
= 0 Otherwise
face
= 1 If surveys are conducted face to face
0.465 0.501
= 0 Otherwise
mail
= 1 If surveys are conducted via mail
0.416 0.495
= 0 Otherwise
0.099 0.300
otherm+
= 1 If surveys are conducted through
other modes (telephone, a mix of
two modes…)
= 0 Otherwise
sample
Number of respondents (1/10,000)
0.033 0.026
Characteristics of goods
0.079 0.271
wooduse
= 1 If the program has a component
for management wood, dung and
residues (commercial use)
= 0 Otherwise
biodiversity
= 1 If the program has a component
0.386 0.489
of management ﬂora and fauna
= 0 Otherwise
onlyﬂora
= 1 If the program has a component
0.208 0.408
of management ﬂora but not fauna
= 0 Otherwise
onlyfauna+
= 1 If the program has a component
0.050 0.218
of management fauna but not ﬂora
= 0 Otherwise
recreation
= 1 If the program has a component
0.495 0.502
of recreation
= 0 Otherwise
avoidchange
= 1 If the program implies avoidance
0.208 0.408
of damages
= 0 Otherwise
0.287 0.455
nochange
= 1 If the program does not imply a
change in the present forest
quantity or quality
= 0 Otherwise
gainchange+ = 1 If the program implies an
0.505 0.502
improvement in the current forest
= 0 Otherwise
oldgrowth
= 1 If the forests are of old growth type
0.238 0.428
= 0 Otherwise
rainforest
= 1 If the forests are of rainforest type
0.139 0.347
= 0 Otherwise
otherf
= 1 If the forests are a combination
0.277 0.450
of deciduous and perennial
= 0 Otherwise
coniferous+
= 1 If the forests are mainly coniferous
0.416 0.495
= 0 Otherwise
size
Size in hectares evaluated in the
15.391 79.245
study (1/100,000)
Site and socio-economic characteristics
rw
= 1 If the study is conducted in other countries
0.277 0.450
= 0 Otherwise
sc
= 1 If the study is conducted in
0.277 0.450
Scandinavian countries
= 0 otherwise
lnwtpppp

(continued on next page)

Description

Site and socioconomic characteristics
reu
= 1 If the study is conducted in European
countries (outside Scandinavian countries)
= 0 Otherwise
usa+
= 1 If the study is conducted in USA
= 0 Otherwise
urban
= 1 If the forest is located in a urban area
= 0 Otherwise
gdps
Gross domestic product per capita
of the year of the survey (1/10,000)
forests
Forested land in hectares in the country
of the study (1/100,000)
period1
= 1 If the study was published before 1995
= 0 Otherwise
period2
= 1 If the study was published between
1996–2002
= 0 Otherwise
period3+
= 1 If the study was published after 2003
= 0 Otherwise

Mean

Std. dev.

0.297

0.459

0.149

0.357

0.099

0.300

3.040

1.367

0.837

1.276

0.257

0.439

0.515

0.502

0.228

0.421

Note: + indicates the omitted variable.

equal to zero, or not signiﬁcant to the model can be rejected. Testing
this restriction in the extended model, the result is an F statistic of
8.90 with degrees of freedom of (4, 74) and a p-value of 0.0000. This
joint null hypothesis that these four variables are not signiﬁcant can
be rejected at the 1% level, providing justiﬁcation to include them into
the regression. In addition, attempting to remove one of these
variables from the model seems to result in speciﬁcation bias.
A prevention program that implies an avoidance of damages to
forests (avoidchange) carries a negative effect on WTP at the 10% level
of signiﬁcance. This suggests that programs that avoid damages in the
current state of forests generate a WTP estimate lower than those
which made improvements in the state of forests (gainchange).
According to Kahneman and Tversky (2000) people tend to value
losses differently than equal-sized gains, and this could explain the
sign of avoidchange variable with respect to the gainchange variable.
The programs that maintain the same status or level of protection
(nochange) are not signiﬁcant in the WTP equation.
In regards to the group of forest variables, we ﬁnd that the type of
forest is statistically signiﬁcant, particularly in the case of rain forests
(rainforest) or deciduous and perennial forests (otherf). These
variables are statistically signiﬁcant at the 1% level. Although there
is no clear reason that may justify these ﬁndings, the fact that
rainforests are highly valued may be due to the extensive media
attention related to their current state.
The coefﬁcient of the size of the valued forest (size) is also positive,
although not statistically signiﬁcant. This conﬁrms the result previously
obtained by Lindhjem (2007) with respect to the insensitivity to scope
of the value estimates. However, other studies by Smith and Osborne
(1996), Brouwer et al. (1999), Brander et al. (2007) and Ojea and
Loureiro (2009) found the opposite. Lindhjem (2007) points out that
this conclusion could be a result of a combination of the weaknesses in
stated preference survey design (especially an unclear scenario and
good descriptions) and respondents' difﬁculties in assessing a complex
and multidimensional forest good.
In relation with the studies' characteristics, we ﬁnd that if the WTP
question is asked via a dichotomous choice (DC) format, the inﬂuence
on the welfare measure is positive and statistically signiﬁcant at 1%
level of signiﬁcance. The same occurs in the case of open-ended (OE)
questions. These results are as expected and conﬁrm the ﬁndings of the
previous literature suggesting that WTP estimates from binary discrete
choice formats tend to be higher than those from other formats (Boyle
et al., 1994; Carson et al., 2001). Speciﬁcally DC estimates tend to be
larger than PC estimates (Champ and Bishop, 2006; Haefele et al.,
1992). In our results, as denoted, the coefﬁcient of the OE format is
statistically signiﬁcant at 5% and positive. Furthermore, if the
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Table 4
Meta-regression results baseline model (OLS Huber–White adjusted standard errors).

Study characteristics
morethanonetime
individual
dc
face
sample

Lnwtpppp

Lnmwtpppp

Coefﬁcients P N |t|

Coefﬁcients P N |t|

Std. err.

Std. err.

2.480
(0.475)
− 0.690
(0.377)
0.530
(0.196)
− 1.751
(0.226)
1.985
(4.503)

0.000
0.076
0.011
0.000
0.662

Good characteristics
onlyrecreation

0.081
0.040
(0.377)
coniferous
− 0.067
0.786
(0.247)
Site and socio-economic characteristics
sc
− 0.426
0.245
(0.360)
gdp
0.183
0.058
(0.093)
forestsurface
− 0.673
0.000
(0.106)
period1
0.593
0.043
(0.282)
_cons
2.127
0.000
(0.496)
N = 101
F = 92.64
Root MSE

3.4589
(0.275)
− 0.766
(0.503)
1.165
(0.276)
− 1.483
(0.249)
− 1.015
(8.298)
1.037
(0.227)
− 0.391
(0.157)
− 1.951
(0.368)
0.428
(0.118)
− 1.123
(0.232)
0.704
(0.246)
0.409
(0.342)

0.000
0.151
0.001
0.000

Table 5
Meta-regression results expanded model (OLS Huber–White-adjusted standard errors).
Coefﬁcients
(Std. err.)

P N |t|

1.082
(0.451)
0.414
(0.629)
− 1.515
(0.366)
1.265
(0.357)
0.725
(0.349)
0.968
(0.757)
3.306
(0.835)
− 0.664
(4.509)

0.022

0.003
(0.297)
onlyﬂora
0.839
(0.596)
wooduse
− 0.161
(0.471)
recreation
1.589
(0.350)
avoidchange
− 0.532
(0.302)
nochange
− 0.445
(0.405)
otherforest
0.634
(0.175)
rainforest
2.388
(0.537)
oldgrowth
0.225
(0.230)
size
0.001
(0.001)
Site and socio-economic characteristics
rw
− 0.462
(0.655)
sc
− 0.957
(0.701)
reu
− 1.964
(0.771)
urban
− 0.887
(0.586)
gdp
0.660
(0.231)
forestsurface
− 1.059
(0.137)
period1
0.330
(0.464)
period2
0.796
(0.467)
_cons
− 1.038
(1.464)

0.993

Lnwtpppp
Study characteristics
annpermanent

0.905
anntemporal
0.001

individual

0.027

dc
oe

0.000
face
0.003
mail
0.000
simple
0.013
0.254

N = 50
P-value = 0.000 F = 299.99
= 0.7434
Root MSE

WTP estimates appear to be falling over time. Ojea and Loureiro (2009)
points out that one possible explanation for decreasing WTP over time is
due to the inﬂuences of methodological reﬁnements introduced over
time; caused in part due to the recommendations by the NOAA panel in
the early nineties (Arrow et al., 1993).

P-value = 0.000
= 0.4904

R-squared = 0.83

R-squared = 0.91

Number of studies
clusters = 35

Number of
clusters = 14

The standard errors were corrected for heteroskedasticity and serial correlation using
the robust Huber–White variance estimator using Stata version 9.0.

participant is an individual the mean WTP is higher than if the
participant is a household. Quiggin (1998) ﬁnds that under certain
conditions, household WTP will be higher than individual WTP. The
coefﬁcient of the variable sample is negative, although not statistically
signiﬁcant. The negative sign of this coefﬁcient has been found in
previous meta-analysis, such as Noonan (2003).
Finally, the site and socio-economic characteristics indicate that
studies conducted in other European countries (different from Scandinavia) provide a lower WTP than those conducted in the USA. This
variable is signiﬁcant at the 5% level. The variable denoting the proximity
to urban areas is not statistically signiﬁcant. Another result conﬁrming
the basic principles of economic theory is the positive and statistically
signiﬁcant inﬂuence of the GDP on the WTP estimate, suggesting a
slightly elastic income effect. This result has also been obtained in other
meta-analyses as well, such as Brander et al. (2006) and Ghermandi et al.
(2008) for wetlands. This implies that high-income countries have a
higher WTP for the protection of environmental goods than low-income
ones. Furthermore, the forested size in the country (forests) of study has
a negative effect on WTP estimates. This result could be related to the
decreasing marginal utility provided by protecting an additional forest
area, when the amount protected is already considerable. Lastly, the
publication period of articles is positive and statistically signiﬁcant for
the period between 1996 and 2002. This is an unexpected result,
because as societies increase in terms of environmental consciousness
and income over time, WTP estimates should be higher. However
previous meta-analyses have found the same conclusion, as Ojea and
Loureiro (2009) and Noonan (2003) that included a time trend, where

Characteristics of goods
biodiversity

0.515
0.000
0.001
0.045
0.210
0.000
0.884

0.168
0.735
0.000
0.087
0.279
0.001
0.000
0.458
0.407

0.486
0.181
0.016
0.140
0.007
0.000
0.281
0.098
0.483

N = 101
F = 61.91
Root MSE
R-squared = 0.8965

P-value = 0.000
Root MSE = 0.6384

Note: number of study clusters= 35. The standard errors corrected for heteroskedasticity
and serial correlation using the robust Huber–White variance estimator using Stata
version 9.0.
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5. Conclusions
The present study has provided a comprehensive review of CV
forest studies and through a meta-regression we contributed to the
identiﬁcation of the main determinants of forest valuation of
ecosystem services. In order to reach this objective, we gathered
information from more than thirty studies on forest valuation around
the world. These results outline some important conclusions. Overall,
and in terms of forest management, it seems that programs providing
recreational beneﬁts are preferred most by society. These results can
be useful from the perspective of forest management. Forest
managers should be aware of citizens' preferences when designing
forest programs in order to increase their acceptability.
Despite the similarities of services evaluated in this meta-analysis,
the summarized beneﬁt estimates were assessed in different
geographical locations and across a long time period. We conclude
that with respect to the socio-economic variables evaluated, the GDP
per capita and the forest area in the country of the study, among
others, have a positive inﬂuence on WTP estimates. In addition, other
study design variables, such as the question format and the frequency
of payment also inﬂuence WTP estimates. The question format shows
that OE and DC questions produce a higher WTP than the PC format. In
terms of the ecological and physical characteristics of forests, we
found that rain forests and a combination of deciduous and perennial
forests are more valued than coniferous.
In recent years, the use of meta-regression models, based on existing
studies, that estimate the value of resources at a new policy site has
become a popular alternative instead of collecting original data
(Moeltner et al., 2007). However, the difﬁculties related to the data
gathering process from the original studies are an obstacle for the
proliferation of such analyses. In fact, there have been numerous calls in
the past for additional explanatory data to be made readily available
from original studies for use in value transfers and meta-analyses
(Zandersen and Tol, 2009). There is, however, a substantial academic
and political interest in the potential for and validity of value transfer as
it offers a means of estimating monetary values for environmental
resources without performing relatively time consuming and expensive
primary valuation studies (Brander et al., 2006). For these reasons, the
main implication derived from this meta-analysis is that it may facilitate
the estimation of beneﬁt values in other sites when an empirical nonmarket valuation study is not feasible.
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