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Abstract
This paper discusses the Simulated Exchange Value method, a practical method to
estimate values for goods and services currently outside of the market in a consistent
manner to market based figures considered in national accounts. The method proposes
to simulate, in a partial equilibrium context, the price that would occur if a good or
service outside of the market, such as free access recreation in forests, were internalized.
The method takes into account the demand, estimated using non-market valuation
techniques, the supply and the market structure. The discussion covers the case of a
linear demand and the case where the demand is estimated using discrete choice
methods. The paper applies the method to free access recreation in the forests of
Andalusia, in the South of Spain, and compares the results to those obtained using
Hicksian variations.
Key words: Green accounting, recreation, non-market goods and services, Andalusia,
AAS, SEEA, SNA, forests.
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Introduction

Ecosystems contribute to provide many goods and services that are relevant to society
and there is an increasing interest in scientific and political arenas for extending the
System of National Accounts (SNA) to account for this contribution (Heal and Kriström
2005; Stiglitz et al. 2009). The United Nations Statistical Office, in cooperation with the
European Commission, the World Bank and the OECD have recently presented the new
version of the System of Environmental and Economic Accounts – Central Framework
(SEEA) (UN et al., 2014a) and the SEEA Experimental Ecosystem Accounting
framework (UN et al., 2014b). The World Bank has also launched the ambitious
WAVES program to start pilot applications of ecosystem accounting in a handful of
developing countries (Atkinson, 2010). Relevant precedents can be found in the
Millennium Ecosystems Assessment and the TEEB project (Alcamo et al., 2003; TEEB,
2010). At a national scale, relevant initiatives are the SEAA accounts in Australia (Obst
and Vardon, 2014) and the project RECAMAN in the South of Spain (Campos and
Caparrós, 2016). Within a cost-benefit framework1, recent large scale applications can
be found in the UK National Ecosystem Assessment (UK NEA) (Bateman et al., 2013).
Valuation of non-market goods and services produced by ecosystems has
traditionally focused on the demand side, using non-market valuation techniques
(Bateman et al., 2002; Bateman, et al., 2013). The standard procedure consists in
selecting a random sample of the general population to be investigated and to confront
respondents with a questionnaire where they have to state their willingness to pay to
support, or not, a program involving the provision of an environmental service. Data are
then analyzed using the basic multinomial logit model and its recent developments
(mixed logit and generalized multinomial logit) that allow estimating the probability
that a member of the sample (and indirectly the population) would be willing to pay a
given amount of money. These probabilities are interpreted as a demand function
allowing the estimation of the different Hicksian variations (which are equivalent to the
consumer surplus if the income effect is small).
Hicksian variation estimates are relevant in cost-benefit analysis but for
ecosystem accounting one needs to distinguish the part that could, in fact, be
1

Both approaches have different aims and are complementary (Edens and Hein, 2013; Remme et al.,

2015). In the accounting framework, the goal is to structure data on current final consumption and own
gross net investment. Cost-benefit analyses focus on welfare changes associated to different land uses.
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internalized in terms of prices times quantities. Therefore, Cairns (2003) proposed
focusing exclusively on the part that can be internalized, as this is the only part that is
consistent with current estimates in the conventional System of National Accounts
(SNA). Independently, and to translate this theoretical result into applications, Caparrós
et al. (2003) proposed the Simulated Exchange Value (SEV) method. In a nutshell, the
method consists in using demand functions estimated with the non-market valuation
methods described above to simulate the whole market (demand, supply and
competitive environment) in order to obtain the market value that one could get from a
given ecosystems service if it were internalized. An analysis of the relationship between
the SEV and the theoretical literature can be found in Caparrós (2010) or in Caparrós
and Ruiz-Gauna (2015).
The SNA and the SEEA also oppose the use of consumer surplus, proposing the
use of exchange values instead, as long as these are observable (UN et al., 2014a). Even
if a good is recollected free and without paying a price (e.g. mushrooms), the SEEA
proposes to use the price of that good in other markets. Applications can be found in
Hultkrantz (1992), Kriström and Skånberg (2001), Campos and Caparrós (2006) or
Ovando et al. (2016). The SEV goes a step further and proposes to simulate exchange
values for non-market ecosystem services for which no similar market exists. This
implies to simulate, in a partial equilibrium context, the price that would occur if a good
or service outside of the market, such as free access recreation, were internalized.
The plan of the rest of the article is as follows. Section 2 discusses the SEV under
different assumptions. Section 3 illustrates the use of this method with one particular
application to free access recreation and, finally, section 4 concludes.

2

The Simulated Exchange Value method

As stated above, the central normative national accounts framework (European
Commission et al., 2009) proposes the use of prices from similar markets as a first
alternative when no direct market prices for environmental services are observable.
Hultkrantz (1992) and Matero and Saastamoinen (2007) apply this method to nontimber products partially traded in markets in Sweden and Finland, respectively.
However, there are other goods and services provided by ecosystems where no prices
from similar markets exist. Examples are free access recreation to forests, landscape
values or biodiversity. In those cases, the temptation is to use the consumer surplus or

3

any other Hicksian surplus measurement obtained with non-market valuation
techniques. However, these values are not consistent with market values and national
accounting, as repeatedly highlighted in official documents and in the scientific
literature. Among the first, in United Nations et al. (2003: 407) we could read  that  “[…]  
contingent  valuation  […]  gives  an  average  willingness  to  pay  figure  which  includes  an  
element   of   consumer   surplus   […].   This   poses   a   problem   […],   since   the   national  
accounts  exclude  consumer  surplus.”  More recently, in Obst et al. (2013: 420), we can
read  that   “[…]  “The  [SEEA-EEA]  approach   aims  to   record  the  “output”   generated  by  
ecosystems, given current uses of ecosystem capital; thus, monetary values represent
exchange  values  consistent  with  the  principles  of  national  accounting”.
Concerning the scientific debate, Weitzman (1976) started the literature on green
national accounting by deriving the important result that by linearizing the Hamiltonian
in a Ramsey-style model of the whole economy, one obtains the definition of the Net
National Product (NNP), the most relevant indicator estimated in the System of
National Accounts. This result was extended to cover exhaustible resources, renewable
resources and the negative effects of pollution in Solow (1986), Hartwick (1990) or
Mäler (1991), among others. The specific case of forests and terrestrial ecosystems was
covered in Vincent (1999) and Cairns (2001, 2003). As shown, for example, in Cairns
(2001) by evaluating consumption and amenities at the margin and by linearizing the
'affine Hamiltonian' we purge it from the consumers' surplus. Purging the non-linearities
permits aggregating results from small economic units at the economy's shadow prices,
as is done in traditional NNP using market prices as proxies for shadow prices (in other
words, NNP correspond to a linear, and hence additive, index of intertemporal welfare
(Cairns, 2001)). Thus, as pointed out by Cairns (2001) "the part of consumers' surplus
which is attributable to amenities, should not be part of green NNP, just as the part
which is attributable to marketed goods is not a part of traditional NNP" (arguments in
the same direction can be found in Ahmad et al. (1989), Caparrós et al. (2003), Cairns
(2003, 2008) and Caparrós and Ruiz-Gauna (2015)).
Thus, the goal is to estimate the price that would realistically be implemented if
ecosystem services were internalized. To fix ideas, we use free access recreation in
terrestrial ecosystems (such as forests) as an example but other amenities could be
treated in a similar way. We first analyze the case of a linear demand function due to its
simplicity, and then extend the analysis to cover the case where the demand is estimated
using discrete choice methods, either with closed functional forms or through
4

simulations. In both cases, we assume that the manufactured total costs (essentially
cleaning and warden costs) faced by the forest owner (which may or not be the
government) to provide the free access recreational service are given by
C(q)=c₁+c₂q+((c₃)/2)q², where q are the number of visitors.
2.1

Linear demand function

Assume that the site-specific demand for recreational access to the forest i (we drop the
subindex i for simplicity), which is currently under free access, is given by p=P(q)=α1α2q, where p is price and P the demand function
Perfect competition
The SEV method proposes to simulate what the non-market output would be if
recreation were internalized. If the market were under perfect competition the
equilibrium would be given by the intersection of P(q) and C'(q). Hence

qP

1

c2

c3

2

;

pP

1

(c2
c3

2

1

)

,

2

where P in superscript stands for perfect competition. Thus, the non-market output to be
included in the ecosystem accounts would be:

(c2

p PqP

2

c3 1 )( 1 c2 )
2
(c3
2)

From a national accounting perspective one of the problems arising if costs are variable
is that the new simulated market would imply less costs than those actually incurred by
the agents (government and private agents). This problem does not arise when costs are
assumed to be fixed, an assumption that is reasonable in many instances, either because
marginal costs are negligible or because there is not enough information to construct a
meaningful marginal cost curve. We therefore consider in all cases below the
implications of this assumption. For the case analyzed in this section we would have:
qP

1
2

Q; p P

0;

p PqP

0

,
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where Q stands for the number of visitors for a price equal to zero (the current number
of visitors if the area is under free access). That is, the equilibrium price would be zero
(see Mäler et al. (2009) for a discussion of a similar result).
Monopolistic competition
In the previous sub-section we analyzed the outcome under perfect competition. This
implies to assume that there are a very large number of terrestrial ecosystems (forests)
with recreational values and that all have the same characteristics. In addition, the
assumption is that new entries of recreational sites are possible without limitations.
Assume now that there is a given number of recreational areas and that new entries are
(in principle) possible but need a considerable amount of time. Thus, in the short run,
the number of recreational areas is fixed and each area would have a site-specific
demand function. This corresponds to a market under monopolistic competition.
In the short run the equilibrium is given by the intersection between the sitespecific marginal revenue function, R'(q)=P(q)+P'(q)q, and the site-specific marginal
cost function, i.e. where R'(q)=C'(q). This yields:

qM

c2
;
2 2

1

c3

pM

c2

2

c3

1

c3 2

1 2

,
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where M in superscript stands for monopolistic competition.
Thus, in the short-run the non-market output if the market would be internalized
under monopolistic competition would be:

pM qM

(

1

c1 )(c2 2 c3 1
(c3 2 2 )2

1 2

)

In the long run, monopolistic competition assumes that new entries are possible and that
this will drive benefits to zero. The standard model assumes that every new entry
reduces the demand for all. However, in the case of terrestrial ecosystems new entries
are not easy even in the long-run. In addition, we are not working with the total demand
of the sector, but already with the site-specific demand, and the production account in
SNA is not about the long-run. Thus, it is more reasonable to use the vales estimated for
the short-run.
Before moving on, note that if there are no marginal costs we would have:
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qM

1

2

2

Q
,
2
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2

and pM would be the median. This provides a rationale for using the median times 50%
of the population as an indicator of environmental output, a strategy that simplifies the
computational requirements and that was used in Caparrós et al. (2003).
If the owner of the terrestrial ecosystem (forest) has market power, as assumed
in monopolistic competition in the short run, he/she could in theory charge each visitor
a different price and internalize all the Hicksian variation of the site-specific demand
function (or all the consumer surplus if the income effect is small). As pointed out by
Caparrós et al. (2003) this is probably too strong an assumption if the objective is to
simulate a real market. Nevertheless, although we will not analyze it here due to the
arbitrarity that it would introduce, one could consider a situation where the owner can
set a reduced number of different prices.
2.2

Discrete choice with closed functional forms

Most non-market valuation studies do not estimate linear demand functions. They
typically use discrete choice experiments to estimate various types of logit functions. If
the discrete choice has only one alternative the method is also known as contingent
valuation. In this section we assume that the analysis is done using a standard logit and
hence that a closed form solution is available (Train, 2009).
Let us assume that there is a non-market valuation study available for each
recreational area. To simplify, let us further assume that all are contingent valuation
studies and that visitors were faced only with two alternatives: visiting the area (i=1), at
a given price, or staying at home (i=0). Utility of visiting the area is then given by:
U niL

xni

ni

ˆ xˆ
ni

p

pni

ni

,

(1)

where x is a matrix that includes all the explanatory variables and β is a vector that
includes all the associated coefficients (as we are going to focus on the price, we
distinguish, within x an β, the price, p, and the coefficient associated with the price, βp,
reserving the notation x̂ and ˆ for the remaining explanatory variables, i.e, x
and

ˆ

p

). The L in superscript stands for logit.
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xˆ

p

What the non-market valuation study ultimately estimates is the probability that an
average visitor accepts to pay a given amount of money. For the standard logit model
the probability that the individual n chooses the alternative i is (Train, 2009):
xni

e

Prni

j

e

xni

Assuming that the number of visitors at a zero price (initial situation) is known for the
particular recreational area considered ( q(0) Q ), that the price is the same for all
visitors, i.e. that pni=p1=p, and normalizing the parameter values in

such that the

utility of not visiting the area is zero, the inverse demand function, q(p), for one
particular recreational area can be written as (setting xˆni

x , i.e. assuming that the

model is well specified and that the sample average represents well the population):
q( p) QPri

Q

x

e
e

x

pp
pp

P( q)

p

1,

ln( q /(Q q))

or

p

x
p

.

The perfect competition quantity and price in equilibrium are now implicitly given by
the intersection of P(q) and C'(q):
1

ln

p

q
Q q

x

c2

q PL , p PL

c3q

(2)

and the short-run monopolistic competition quantity and price are implicitly given by
R'(q)=C'(q), or:
1
p

ln

q

x

Q q

Q
Q q

c2

q ML , p ML

c3q

.

(3)

The assumption of no marginal costs does not simplify the equation shown for
monopolisitic competition, although for perfect completion equation (3) simplifies to:
q PL

e xQ
1 e x ,

and pPL is found by substituting qPL in eq. (2).
If the utility function were defined using the log of the price (a strategy frequently used
in applications to account for the fact that the demand is not defined for negative values)
we would have:
U niLL

ˆ xˆ
ni

p

ln pni

ni

,

(4)
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where LL in superscript stands for log-logit. For perfect competition we would have:
1

e

ln

p

q
Q q

x

q PLL , p PLL .

c2 c3q

and for monopolistic competition in the short run:

1
p

1

Q
Q q

e

ln

p

q
Q q

x

q MLL , p MLL

c2 c3q

.

(5)

The assumption of no marginal costs allows now to simplify equation (5), so that the
equilibrium number of visits under monopolistic competition is given by:
q MLL

Q

Q

p

,

and pMLL is found by substituting qMLL in equation (5).
2.3

Discrete choice with simulation

Instead of using the standard logit we now assume that the researcher has estimated a
mixed
U niR

logit
x

n ni

model.
ni

The

ˆ xˆ
n ni

pn

pni

utility
ni

is

, where

now
n

assumed

to

be

given

are distributed with density f (

by

),

refers collectively to the parameters of this distribution (this distribution is frequently
assumed to be a normal). The probability that we are interested in is (Train, 2009):

Prni

Lni ( ) f (

)d ,
xni

e

where Lni ( )

J
j

xni

e
1

.

As this formula has no closed form solution, the standard approach is to
approximate the probabilities through simulation. This process implies to draw repeated
from f (

values of

) and averaging over the results obtained for each value of

obtain the simulated probability

Prni ( )

1
m

m
r 1

Lni (

r

),
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to

where m is the number of draws. Then, the researcher estimates the value

*

that

maximizes the simulated log likelihood function. This allows to determine Pni ( * ) .
Drawing again a large number of random draws one can numerically find a nonparametric price function. To do this, set xˆni
large number of values within p

x , and simulate q( p) QPni ( p

*

) for a

p, p , where p is a minimum value for the price

(e.g. zero) and p is the maximum value considered, drawing for the simulation for
each price considered a large number of draws from f (
define the inverse function

g (q)

f ( p h)
h

f ( p)

f (q) q 1 ( p )

*

) and averaging. Then,

and finally define the function

where h is a small number that makes g(q) almost a continuous

function (although it does not necessarily tend to zero). The equilibrium is given
implicitly by f (q) c2 c3q for perfect competition and by f (q) g (q)q c2 c3q for
monopolistic competition. Finally, note that in both cases, if marginal revenues are zero,
the RHS is zero, and that similar equations are valid for the log-logit case.

3
3.1

Application to free access public recreation in Andalusian forestlands
Materials and methods

Andalusia is a region of about nine million hectares located in the South of Spain. It is a
very diverse region, ranging from sea level up to 3,400 meters and from the rainiest
point in the Iberian Peninsula to the desert of Almeria. Mediterranean forestlands, one
of the biodiversity hotspots of the world, cover over 52% of Andalusia. These are
complex ecosystems where forests and grasslands have been traditionally managed
jointly to obtain cork, timber, firewood, nuts, hunting and grazing resources. Andalusian
forestlands receive a large number of visitors, as our survey has shown, and the
importance of public recreation in this area has been growing over the last decades. As
there are important costs involved in providing these recreational services, an economic
assessment of the income generated has empirical relevance.
Access to protected areas is generally free of charge in Andalusia, at least in
public lands, although visitors have no legal right to access all public land and there are
exceptions where access is limited for environmental reasons (in Doñana National Park
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only guided visits are allowed and visitors need to pay for this service). In private land,
owners can prohibit access and visitors have only the right to use public roads.
Therefore, a scenario where visitors would need to pay to access recreational areas is
credible.
The site-specific demand functions for public recreation in the different
terrestrial ecosystems in Andalusia are estimated using two surveys done in 2010. In the
first survey, questionnaires were made through face-to-face interviews to a sample of
4,030 free access visitors ( 18 years old) in 9 different sites of Andalusian montes2.
The questionnaires included a double-bounded CV question that asked visitors if they
would be willing to pay a specific bid for making the same recreational visit that they
were doing, on that same day and on that particular monte site. This CV scenario used
two payment vehicles: the payment of an entrance fee and the payment of additional
trip-expenditures as a consequence of an increase in fuel price (the wording can be
found in Appendix A). Around half the sample faced the entrance-fee and the other half
the increase in trip-expenditures as payment vehicles (see Campos et al. (2007) for a
discussion about the implications of both wordings).
For simplicity, we present only results for the single-bounded question, as those
obtained with the double-bounded question were similar. We estimate a logit model
based on the utility function in equation (1) and a log-logit model based on equation (4)
above. The models include as explanatory variables categories for the 9 montes sites
where questionnaires were made and a dummy variable for the payment-vehicle. In
addition, the models include the following explanatory variables: total expenses during
the   visit,   respondent’s   age,   whether   the   respondent   belongs   to   a   nature conservation
association and whether the respondent would come back to the site. The models also
include the bid in the case of the logit function and the log of the bid in the case of the
log-logit function. The selected models are presented in Table 1 and were preferred over
other models tested. The criteria to choose these models follow a combination of
goodness-of-fit measures (McFadden’s   pseudo-r2 and Akaike information criterion
(AIC)) and looking for as many significant explanatory variables as possible.
2

The   term   “montes”   includes   forests   and   rough   grasslands The 9 montes directly analyzed were

Alcornocales, Cazorla, Aracena, Cabo de Gata-Níjar, Sierra Nevada, Sierra de Grazalema-Las Nieves,
Pinares de Doñana, Sierra María-Los Vélez and Andujar-Hornachuelos-Despeñaperros. The latter
include three montes sites that were relatively close and with similar vegetations, and then were grouped
together in the valuation exercise.
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Random parameter logit estimations for these CV models were also tested but
they  did  not  improve  the  models’  fit  or  the  significance  of  explanatory  variables.  Much  
of the heterogeneity in the answers is probably captured by the explanatory variables
associated  to  respondents’  characteristics3.
In the second survey, face-to-face interviews were done to a sample of 3,214
adults ( 18 years old) from Andalusian households and 836 adults from households
from the rest of Spain. These questionnaires included a set of questions that asked
respondents the number of day-visits that they had done to different Andalusia montes
Table 1.

Logit and log-logit models for the analysis of the single bounded CV
question for the valuation of public recreation in 9 montes in Andalusia.

Explanatory variables

Logit model
Coefficient

Intercept
Bid
Log of bid
Alcornocales site
Andújar-Despeñaperros-Hornachuelos site
Aracena site
Cabo de Gata-Níjar site
Cazorla site
Sierra de Grazalema-Las Nieves site
Sierra María-Los Vélez site
Sierra Nevada site
Payment vehicle (dummy = 1 if increase in tripexpenditures)
Respondet’s  age  (years)
Total expenses in the visit
Dummy = 1 if the respondent belongs to a nature
conservation association
Dummy = 1 if the respondent would come back to
the site
McFadden’s  pseudo-R2
Akaike Information Criterion
n*

1.1351***
-0.2124***

p-value

0.0000
0.0000

Log-logit model
Coefficient

p-value

2.3325***

0.0000
0.0000
0.0000
0.0531
0.0118
0.0755
0.0056
0.1702
0.1408
0.2760

-1.0707
-0.2805*
0.3952**
0.2639*
0.3881***
0.1876
0.2581
-0.1417

0.0000
0.0582
0.0107
0.0786
0.0042
0.1768
0.1506
0.2423

-1.4662***
-1.0695***
-0.2872*
0.3912**
0.2670*
0.3758***
0.1907
0.2643
-0.1323

1.5471***

0.0000

1.5517***

0.0000

0.0090**
0.0055***

0.0354
0.0000

0.0090**
0.0055***

0.0358
0.0000

0.5262**

0.0401

0.5234**

0.0410

-1.7953**

0.0173

-1.8059**

0.0177

***

0.18
2,327.50
2,370

0.18
2,317.60
2,370

* For these models, out of the total sample of 4,030 respondents, we have identified 298 no answers to the CV question, 1.057
protest responses and 305 cases with missing values for the explanatory variables. When these cases are removed, the final sample
for the models has 2,370 observations.
Asterisks (e.g.,***,**,*) denote significance at the 1%, 5% and 10% level, respectively.

3

Although random parameter models can be used in the analysis of CV questions, they are more often

used for choice experiments where a bundle of attributes define the good and more alternatives are
presented with differing attribute levels for the good. In this setting, preference heterogeneity is likely to
have  more  impact  in  the  models’  fit  and  significance  of  explanatory  variables.
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in the 12 months previous to the interview. This provides the information needed to
estimate the number of visits to different montes sites in Andalusia in 2010; that is, the
numbers of visits under free access. This survey identified 18 montes sites with
presence of public recreation in addition to the 9 montes where the CV survey to visitors
was carried out.
The design of these two surveys implied a series of focus group meetings and a
pre-test of 96 questionnaires. The bid vector offered in the double bounded CV question
was designed based on the results from an open-ended CV question included in the pretest questionnaire. We followed the proposal of Alberini (1995) of maintaining the log
of the distance between bids constant, as it is a good compromise between efficiency
and information about the shape of the WTP distribution needed. The bid values were
€3,  €6,  €9  and  €12  in  the  single  bounded  question.
We assume that all 27 areas where public recreation was observed would operate
under monopolistic competition in the short run, each one facing its own site-specific
demand function. For the 9 montes investigated directly the demands were derived by
using the site-specific dummy variable, and the average in the population of the visitors
to that site for the remaining variables. For the remaining 18 sites we used the dummy
variable and the averages of the closest site investigated (or the most similar site).
Concerning costs, only costs paid by the government have been taken into
account. The government assumes direct (using own production factors) or indirect
(through subcontractors) expenditures on activities that affect the supply of private and
public products in Andalusian forests. This study focuses on those activities supported
by the Regional and Spanish governments that are primarily concerned with the
provision of public recreational services to free-access visitors.
The estimation and allocation of outputs and costs associated to government
expenditures required a functional classification of these expenses, and additional
surveys to public servants and subcontractors to estimate direct and indirect total costs
for those non-market public products affected by government expenditures in Andalusia
(see Ovando and Campos (2016) for details).
Government expenditures yield ordinary environmental protection and
management services, as well as, manufactured (tangible or intangible) assets that are
used to provide public non-market services (e.g.: constructions, equipments,
cartography, research projects, etc). Government investment in manufactured assets is
an own-account production, and following the SNA recommendations the value of
13

outputs produced for own final use is deemed to equal its production cost (European
Commission et al., 2009: 110). On the other hand, government expenditures on ordinary
activities are distributed into labor, and intermediate and fixed capital consumptions.
3.2

Results

Table 1 shows the results for the two models estimated using the data obtained from the
4,030 open access visitors to the 9 montes investigated directly. The two functional
forms shown (logit and log-logit) yield similar fits in the regression models and the
significance of the explanatory variables are also similar in both functions. For
calculating the aggregated results, we use the logit model estimations as they offer a
more direct and easier interpretation.
Based on the results of the first model shown in Table 1, the logit model, we
estimated site-specific demand functions for each one of the recreational areas
considered. As an example, Figure 1 shows the demand function used to estimate the
price for free access recreation in Cazorla (one of the areas considered). The equivalent
figures for the remaining 8 recreational areas where surveys took place are qualitatively
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Figure 1. Demand and revenues for recreation in Cazorla
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similar.

Table 2 present the values for free access recreation using the Hicksian variation and
using the SEV estimates, in the latter case using the price that maximizes the revenue
under short-term monopolistic competition. The table also shows that the area receives a
large number of visitors from Spain according to our estimations (visitors from foreign
countries are not included, as our estimations are based on a household survey in
Spain). As explained above, we assumed that the cost function has only a fixed
component and no marginal costs. Strictly speaking recreational activities have
marginal costs, as cleaning costs, for example, depend on the number of visitors.
Nevertheless, in the short run these costs are relatively fixed in a situation where
cleaning and warding activities are done by the public sector.
As Table 2 shows, the Hicksian (compensating) variation implies larger absolute
values and, especially a larger number of visitors, as the SEV only considers the number
of visitors that would in fact accept a payment. For the SEV we propose two measures:
one based on the shortcut discussed above of using directly the median and one where
revenues are maximized. For a linear demand function these two values would coincide
by definition, but our results show that for a logistic function both estimations are also
similar. For the logit model this is true both for the price per visit and for the aggregated
(or per hectare) values. For the log-logit the median and the price that maximizes
revenues are not similar, but the relevant values from an accounting perspective are the
aggregated ones and they are again relatively similar.
Table 2.

Aggregated values using the simulated exchange value (SEV) for free access
recreation in Andalucía
Model and estimated
Per visit
Number of
Aggregated values
€/ha
values
(€)
visits
(€)
Logit (bid)
Compensating variation
12.91
26,782,831
345,723,904
78.82
Simulated exchange value
12.91
13,391,416
172,861,952
39.41
(median)
Simulated exchange value
11.38
15,624,900
177,865,907
40.55
(maximum)
Log-logit (log bid)
Compensating variation
38.52
26,782,831
1,031,783,830
235.22
Simulated exchange value
15.14
13,391,416
202,712,988
46.21
(median)
Simulated exchange value
25.31
8,570,506
216,934,005
49.46
(maximum)
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Table 2 also shows that, using the SEV, aggregated (or per hectare) values are also
relatively robust to a change in the model used, as all the values estimated are roughly
between 40 and 50 euros per hectare. On the contrary, the estimations based on the
compensating variation are very sensitive, being almost three times higher with the loglogit model than with the logit model.
Table 3 integrates the estimated output for recreation in the production account
of the Agroforestry Account System (AAS). A brief description of this accounting
system can be found in Appendix B, and details can be found in Caparrós et al. (2003)
and Campos and Caparrós (2006). The accounting system allows estimating the Net
Operating Margin (NOM), or operating capital income, and the Net Value Added
(NVA) of the recreational activity, which were respectively 138,690 and 159,560
thousand euros in 2010 according to our estimations. The value estimated using the
SEV   described   above   is   recorded   in   this   account   as   “Public environmental goods and
services”  and  has  a  total  value  of  172,866  thousand  euros.  The  difference  between  this  
value and the NOM and the NVA is explained by the relatively high costs involved in
producing the recreational service.

Table 3.

Production account for free access recreation in Andalusia for the year
2010  (in  thousands  of  €)
1. Total output
182,849
1.1 Intermediate output
0
1.2 Final production
182,849
1.2.1 Fixed capital formation
4,983
1.2.2 Public environmental goods and services
177,866
2. Total cost
44,159
2.1. Intermediate consumption
16,021
2.1.1 Raw materials
281
2.1.2 Services
15,740
2.2 Labour
20,870
2.3 Fixed capital consumption
7,268
3. Net Operating Margin
138,690
3.1 Environmental
132,650
6,040
3.2 Manufactured
4. Net Value Added
159,560
For comparison purposes, the NVA recorded in the SNA is about 20,870 thousand
euros, i.e. the labor (as all the costs considered are done by the government). However,
this NVA value is not recorded in the current SNA in the forestry sector, but in the
government sector.
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Assuming a standard market return for the manufactured capital involved in the
production of free access recreation, one can separate the manufactured NOM and the
environmental NOM. The latter corresponds to the resource rent associated to free
access recreation. Assuming that this figure remains constant over time, and a 3% social
discount rate, the public recreation environmental asset is 4,421,669 thousand euros.
The geographical representations of the net value added for free access
recreation under the SEV method can be found in Figure 2. The areas in orange are
those where government costs were identified but there were no visits according to our
survey to households. The remaining colors show the 27 recreational areas considered.
Different values are explained by the significance of the different site-specific dummy
variables in the model shown in Table 1, but also by the different amount of visitors that
the different areas receive.

Figure 2. Map of recreational Net Value Added in Andalusia using the SEV

4

Discussion and conclusion

This paper discusses, and applies, the Simulated Exchange Value method, a practical
method to estimate values for goods and services currently outside of the market in a
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consistent manner to market based figures considered in national accounts. As stated
above, the use of simulated market values is present in the central national accounts
framework, but it is particularly relevant for the different proposals to develop them
integrating environmental values, as modeling is unavoidable for this task (Vanoli,
1998). Although the SEV permits greater consistency4 than the use of exchange values
for commercial goods and services and welfare measures for non-commercial goods and
services, it nevertheless suffers from the problems associated with all the extension of
national accounts based on simulations. Transactions that actually do not exist are
simulated, but the budget constraint is not actually affected and relative prices are not
modified. Even if the contingent valuation question is well understood and the
respondents answer truthfully and taking into account their budget constraint, the
accounts of the other sectors should all be modified to incorporate the new distribution
of expenses that individuals would make if they needed to pay for recreation. The
information required for this task is not easy to obtain, and national accountants are
probably unwilling to modify results obtained observing transactions in other sectors
based on the results of simulation analyses. However, this problem also applies if goods
produced for own consumption are valued using market prices, as the central national
accounting framework does. In the same line, and with the same limitations, previous
studies (Hultkrantz, 1992) and the new SEEA also propose to value non-timber goods
recollected freely, such as mushrooms, at market prices (UN et al., 2014b).
Acknowledging the limitations described, the use of the SEV is considered to be
an improvement compared to the alternative of excluding any value for free access
recreational services, apart from the labor cost. At least in the context of national
accounting, the SEV is also preferable to the option of estimating welfare measures for
both commercial and non-commercial goods and services, in a cost-benefit analysis
setting, as this diverges from the national accounting framework.
One additional advantage of the SEV (not shared by the Hicksian variations) is
that they are robust to changes in assumptions and models. Table 2 has shown that this
is true in our application, but the result will hold more generally as the tails of the
probability distribution, where different models differ more, have a relatively small

4

Note that there should be no double-counting with expenses in other sectors, such as the tourism

industry, as we are simulating additional payments.
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influence on the values obtained applying the SEV (unlike Hicksian variations, which
may tend to infinity if the integral does not converge).
A consistent application of the SEV for recreation in different countries would
also have the advantage of permitting international comparisons. While some countries,
like Spain, do generally not charge visitors to national parks and other publicly owned
recreational areas, other countries charge visitors for the access to their national parks.
Furthermore, out of those charging prices some apply prices that are designed to extract
the largest possible rent from the visitors, as the SEV simulates, while others charge
symbolic prices that are essentially determined politically. These three different
approaches render data collected on the incomes generated by recreational activities
hard to compare. Applying the SEV in all three cases would yield comparable results
and, if the estimation is correct, changing from a system where visitors do not pay to
one where they do should have no impact on the national accounts.
One of the most obvious extensions of the work presented here is to investigate
the role that setting up a price in one recreational area would have on the price of other
recreational areas, and vice-versa. Microeconomics provides a number of tools to
perform this analysis, but we have decided to leave this issue for future research.
Another relevant extension is to apply the SEV to other environmental services. In
theory, the method could be applied to any environmental service where a Payment for
Ecosystems Services scheme could be implemented, and hence simulated. In fact, in a
companion paper we apply the SEV to landscape and threatened biodiversity in
Andalusia. Nevertheless, as this alternative application has its own peculiarities and
complications we have decided to leave it out of this paper.
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Appendix A: Wording used in the contingent valuation study
After a series of questions where the interviewee had to calculate the costs incurred
during the current visit to the recreational area, taking into account all the people for
which he had catered, the following wording was used for the entrance-fee question and
the trip-expenditure question, respectively:
Entrance-fee question
Some natural areas (exceptionally in Spain and frequently in other countries) require an
entrance fee for the purpose of contributing to the management expenses of these areas.
Suppose that in this forest they were to establish an entrance fee for adults (children
under age 16 free).
We are now asking you to assume that the total expenses of your visit would
have been increased by the payment of an entrance fee to visit this area, doing exactly
the same activity and with the same people.
If the expenses of your visit would have increased by the payment of an entrance
fee  of  X€  per  adult,  or  a  total  increase  of  XX  €  for  all  the  people  for  which  you  have  
paid, would you still have come today? Please take into account that we are asking you
to imagine a real payment and that you could not spend the money in alternative uses.
Trip-expenditure question
As you know trip costs have changed in the last years (e.g, gas prices have gone up and
down independently from the generalized increase of prices). Now we are going to ask
you to imagine that total expenditures of your visit increase for this reason, doing
exactly the same activity (same transport, same food . . .) and with the same people.
We are now asking you to assume that the total expenses of your visit would
have been increased by an increase in the price of gasoline, doing exactly the same
activity and with the same people.
If the expenses of your visit would have gone up by an increase in the price of
gasoline  of  X€  per  day,  would  you  still  have  come  today?  Please  take  into  account  that  
we are asking you to imagine a real payment and that you could not spend the money in
alternative uses.
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Appendix B: The Agroforestry Accounting System (AAS)
We present our results using the Agroforestry AAS (see Caparrós et al. (2003) and
Campos and Caparrós (2006) for details), which does not follow the classification of
institutional units applied in the official SNA for estimating the total social income. In
contrast to the SNA, the AAS reorganises the conventional institutional units of the
government and farmers into a single independent economic unit: the forest ecosystem.
This procedure allows the estimation of the Net Value Added (NVA) by single activity,
to which both private and public outputs and costs are assigned.
The AAS accounting framework has a production account and a capital sheet
account. The production account incorporates all the economic flows related to natural
occurring and cultivated production processes that occur during the accounting period.
Stock values and their variations are recorded in the capital account, allowing the
estimation of capital gains.
Using the appropriate identities (Caparrós et al., 2003) the production and the
capital accounts allow the estimation of the Hicksian income, although we focus here on
Net Value Added as capital gains are not especially relevant for the activity considered.
NVA is defined as NVA=NOM+L, where NOM stands for Net Operating Margin
and L for Labor. By the same token, NOM is given by: NOM=TO-TC, where TO stands
for Total Output and TC for Total Costs (both concepts are further disaggregated in the
production account, see Table 3). Assuming a given discount rate, environmental assets
are estimated discounting future streams of environmental NOM.
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