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Abstract. A methodology for estimating total hicksian income in multiple-use forests is presented.
The approach consistently incorporates commercial as well as non-commercial economic values
and enables the measurement of national accounting aggregates taking into account variation in
man-made and natural capital. Innovative solutions are developed (i) for the estimation of non-
market values, such as recreation, where an attempt to determine exchange values has been made
simulating markets, (ii) for timber, where standing timber valuation methods have been extended to
cover uneven stands, and (iii) for carbon fixation valuation, where only permanently fixed carbon
after 1990 has been taken into account. The methodology is applied to a multiple-use pinewood in
the Guadarrama mountains, near Madrid (Spain). Timber, cattle grazing, hunting, recreation, carbon
fixation and conservation values are measured and integrated in the accounting system, using primary
microeconomic data from the case study. Results indicate the importance of non-commercial income,
which accounts for 51% of the total income, and the social relevance of the analysed forest, implying
that only 31% of the total income generated is appropriated by the forest owner.
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1. Introduction

The current system of national accounts (Eurostat 1996, 1997) measures the
commercial income generated by a given forest based on the value of commercial
extraction, net of intermediate and man-made fixed capital consumption. There-
fore, it does not take into account differences experienced during the period
by non-redeemable man-made capital and by natural capital. Nevertheless, an
increasing interest in the depletion of natural resources has encouraged several
international organizations to promote methodologies that account for differences
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in capital (man-made or natural) during the accounting period (United Nations
1993; ISWGNA 1993; LGEA 2002).

The correct measurement of total income, taking into account capital variation,
presupposes the use of the definition of income proposed! by Hicks (1946, pp. 172—
173), and implies a considerable improvement over presently applied national
accounting systems (Nordhaus and Kokkelenberg 1999, pp. 183-195). Precedents
to this concept that are particularly relevant for the methodology presented here
can be found in Fisher as early as 1906, since he pointed out that “The income
from any instrument is thus the flow of services rendered by that instrument. The
income of a community is the total flow of services from all of its instruments”
(Aronsson, Johansson and Lofgren 1997, p. 95).

The methodology currently applied is the Economic Accounts for Forestry
(EAF) system (Eurostat 1997), which does not consider variations in forest
capital during the accounting period. However, the working group responsible
for integrating environmental and economic accounts has proposed the Integrated
Environmental and Economic Accounting for Forests (IEEAF) methodology (Euro-
stat 1999, 2000), which does integrate the forest capital balance, in accordance
with ESA-95 (Eurostat 1996). In the same spirit, Campos (1999a) has developed a
System of Agroforest Accounting (SAA) that enables the measurement of hicksian
income with origin in an agroforest territory, provided that the different values
to be included in the accounting system are known and homogeneous. Table I
compares the three accounting systems described. It shows that the SAA system
is more comprehensive in its inclusion of commercial and environmental benefits
compared to the other two methods.

Theoretical literature has recommended the use of the Net National Product
(NNP) (or Net Domestic Product (NDP)), a concept closely related to hicksian
income. Weitzman (1976) established the theoretical foundation for its utilization
and subsequent developments have extended the concept to cover natural resources
(see, Dasgupta and Miler (1999)). In this context, Vincent (1999) has proposed a
theoretical framework for forest accounting, studying the concepts that should be
included as well as those which should be excluded, and indicating the necessary
inter-sectoral adjustments in order to avoid double-counting. Working on these
precedents, this paper presents the formalization of the values to be included in
the SAA system to ensure theoretical consistency, concentrating on the estimation
of standing timber values, capital variations figures and non-commercial income.
The proposed methodology is then applied to a mountainous forest area in central
Spain using exclusively primary data.

A significant body of literature has focused on the measurement of different
incomes associated with forests in recent years (Bergen 1998; Peyron 1998;
Campos 1999b; Kristrom 1999; Merlo and Jobstl 1999; Gutow and Schroder
20000; Haener and Adamowicz 2000). The accounting framework presented here
improves the previous literature in two ways. First, it improves on the level of
consistency among commercial and non-commercial outputs. Secondly, it enables
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Table I. Comparison of EAF, IEEAF and SAA systems™

Economic values** SAA
IEEAF
EAF
“Commercial Additional Environmental Total
goods commercial goods 4)=
(1) goods (2) 3) (D+(2)+(3)
1. Total production (7P) CIP CGNG ETP TP
2. Intermediate consumption (/C) CIC CPPu EIC Ic
3. Gross value added (GVA) (1-2) CGVA CGNG-CPPu EGVA GVA
4. Fixed capital consumption CFCC EFCC FCC
(FCO)
5. Net value added (NVA) (34) CNVA CGNG-CPPu ENVA NVA
6. Products in progress CPPr EPPr PPr
revaluation (PPr)
7. Fixed capital revaluation (FCr) CFCr EFCr FCr
8. Capital destruction (Cd) CPPd + CFCd  EPPd + EFCd Cd
9. Social capital gain (SCG) CSCG ESCG SCG
(4+6+7-8)
10. Total social income (7S7) CNVA CGNG - CPPu+ ENVA + ESCG TSI
(5+49) CSCG

*EAF: Economic Accounts for Forestry (Eurostat 1997); IEEAF: Integrated Environmental and
Economic Accounting for Forests (Eurostat 2000); SAA: System of Agroforest Accounting
(Campos 1999a).

**In the two first columns a C has been added at the beginning of the acronyms to indicate
‘commercial’ and in the third column an E has been added standing for ‘environmental’. Acronyms
not defined above are: CGNG: commercial gross natural growth, CPPu: commercial products in
progress used, PPd: products in progress destruction, FCd: fixed capital destruction.

Source: own elaboration.

integration of micro-economic data with national accounting figures. Neverthe-
less, the main objective of this research is to present an operative accounting
methodology for measuring forest multiple-use total income.

This article is organized as follows. Section two presents the methodological
approach used and is divided into four subsections: (i) the first discusses the
implications of the results obtained by theoretical literature for applied forest
accounting, and in particular for the methodology presented in this paper, (ii) the
second presents a simplified version of the SAA system; (iii) the third analyses the
values to be included in the system, (iv) and the fourth subsection describes the
application. In section three applied results are shown, and finally in section four
the main conclusions are highlighted.
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2. Methodology

2.1. LINKING CONVENTIONAL NATIONAL ACCOUNTING AND THEORETICAL
LITERATURE

National accounts contain two sets of accounts, current accounts (production
sheet) and asset accounts (capital balances). Current accounts present information
on monetary transactions related to the supply and use of goods and services,
as well as the allocation of income from productive activities. Gross Domestic
Product (GDP) is the main aggregate measure of economic activity within these
accounts. Asset accounts (capital balances) present monetary information on stocks
of productive assets, and on the changes in the values of these assets. Current
accounts and asset accounts contain two common concepts: gross capital formation
(gross investment) and consumption of fixed capital (depreciation). Subtracting the
latter from GDP yields conventional Net Domestic Product (NDP).

The methodology presented below aims at incorporating non-market goods and
services in this structure. In this heading, the relations of this methodology with
existing theoretical literature on the extension of conventional NDP to incorporate
environmental goods and services will be analysed (Hartwick 1990; Miler 1991).
The bottom line is that NDP should include the value of the change in resource
stocks (valued by marginal net prices), but not the changes in stock values due to
variations in asset prices (Hultkrantz 1992).

Vincent (1999) proposes a theoretical model to study the adjustments to make
to conventional GDP and NDP. His model develops, for the forestry sector, the
one proposed by Miler (1991). The discussion will be done focusing on Vincent’s
model, since it is the best adapted to the forestry sector, but it could be done in
similar terms with any of the more general models. According to Vincent (1999),
adjustments to the NDP can be classified into two groups: (i) adjustments to the
level of GDP and NDP, and (ii) inter-sectoral adjustments.

Vincent (1999) shows that the adjustments to the national aggregate figures to
be done are:

Adjusted NDP = ()
Conventional GDP + Non—market values to be added to GDP —
Depreciation of man—made capital + Net accumulation of natural capital

The adjustments (in italics) in the second line of equation (1) have to be
done within the current accounts (production sheet) of the national accounts.
The adjustments shown in the third line (in italics) have to be done in the asset
accounts (capital balances) of the national accounts (note that: Conventional NDP
= Conventional GDP — Depreciation of man-made capital).

Vincent (1999) shows further that the non-market values to be added to GDP can
be classified in: (i) non-timber products (e.g., firewood) and (ii) forest amenities
(defined narrowly, including only amenities totally independent from markets, such
as existence values associated with biodiversity). The original setting of the optimal
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control model used by Vicnent is in terms of welfare units (‘utils’). Nevertheless,
market prices for non-timber goods are proposed as first option if at least some of
the non-timber goods are purchased in a market. However, for forest amenities the
whole discussion is made in terms of ‘utils’.

As stated above, the adjustment proposed in the second line of equation (1)
has to be done in the asset accounts (as it is the case in conventional national
accounting for the “Depreciation of man-made capital”). In Vincent’s model, the
“Net accumulation of natural capital” is calculated by multiplying the variation
in natural capital stocks (in physical terms) by the corresponding adjoint (costate)
variables” (which can be interpreted as the shadow prices of the different natural
capital stocks considered). The adjoint variables are then expressed in terms of
future returns to the corresponding capital stock.

In order to incorporate this method in the context of conventional national
accounting, this paper proposes to calculate the stock values in the capital balances
(at the beginning and at the end of the accounting period) discounting future returns
to the corresponding capital stock. In this way, the “Net accumulation of natural
(and man-made) capital” obtained using the capital balances (see below), is equal
to the figure that would be obtained adding up, for the different assets considered,
the physical variations multiplied by the shadow price (discounted future returns).

Vincent (1999) derives alternative and more simplified methods to estimate the
adjoint variables. For example, the marginal stumpage value (the marginal ‘net
price’) is proposed as a proxy for the timber stock. Nevertheless, and as Vicnent
recognizes, this method provides only a good approximation if the age-class of
the forest does not greatly affect the price of the asset. Since this is not usually
the case (and is definitively not true in the case study here presented, since Scotch
Pine price is highly dependent on the diameter-age), it is more accurate to project
timber harvest and stumpage values for different age-classes into the future. Hence,
in the methodology described below, stock values are always estimated discounting
future returns (taking into account the age-structure of the forest).

In addition to the adjustments to the level of GDP and NDP discussed above,
sectoral adjustments have be to done to incorporate the services provided between
sectors. Going by Vincent’s (1999) approach, this paper assumes that the forestry
sector does not benefit from other sectors but that it provides services to other
sectors (e.g., air pollutant deposits). Therefore, part of the value added generated
in other sectors should be ascribed to the forestry sector.

The following paragraphs are devoted to describe the theoretical background of
the treatment given to the different sources of income analysed in the empirical
section.

Timber is included in conventional value added, but net accumulation of natural
capital (unfelled timber) is not considered. The methodology presented in this
paper estimates the value of the change in the resource stock (timber). This is
consistent with the results obtained from theoretical models (see the discussion
above). Nevertheless, growth has two effects in a forest where timber prices are
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a function of diameter (ultimately age). The increase in volume during the year
implies more tons of timber (what is incorporated in the production sheet) but also
the revaluation of the stock existing at the beginning of the accounting period. The
initial stock has increased its value since the ‘quality’ of the timber has changed
due to the pass from one diameter class to the next (as a consequence of growth).
This change in the value of the resource stock is not due to a change in the prices
of the asset but on the ‘quality’ of the asset (and it is incorporated in the asset
account). An alternative method would be to suppose that all the timber in the
forest at the beginning of the accounting period is incorporated in the production
process (as products in progress used) and that all the timber available at the end
of the period is production of the period. This would avoid calling ‘capital gain’
a concept ultimately related to production, but would imply huge figures for total
production and total costs, leaving them almost without economic sense (income
would, nevertheless, not change) In theoretical literature, since timber prices are
generally assumed independent of diameter, this issue is not analysed. On the
contrary, since this paper assumes constant prices and a given set of expectations
(see, Scott (1990)), the issue of capital gains due to asset price changes does not
arise.

Hunting value added is treated as a non-timber product (service). Income asso-
ciated with the production of pasture resources is considered as a service provided
by the forest to other sectors (it should therefore be subtracted from the agricul-
tural sector). The same can be said for carbon fixation, even though the sector
from which this value should be subtracted is harder to determine. ‘Conservation’
income is treated as an amenity, using Vincent’s terminology, due to its total inde-
pendence of markets. However, value added associated with recreation receives a
different treatment to that proposed by Vincent (1999). The service offered by the
forest to other sectors (i.e., restaurants or hotels) is not measured (that is the value
analysed by Vincent). On the contrary, it is assumed that a market value for these
recreational services is obtained. Therefore, this form of income will be treated like
all other non-timber products and services. The aim is not to analyse the influence
of incorporating leisure (recreation) in the utility function of consumers (Miler
1991), since this goes beyond the scope of this paper. The approach is just to treat
the final product ‘recreational service’ as any other good or service generated by
the forest. As Eisner (1988) suggests, this paper focuses on final products in order
to estimate income.

Other features of the proposed methodology, in contrast to the more general and
simplified model of Vincent (1999), are: (i) the carbon-fixation treatment, concen-
trated exclusively on the additional permanent fixation, and (ii) the treatment of
labour, since Vincent (1999) assumes that only commercial products need labour
for production, while this paper includes all types of labour (employees and self
employed).
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2.2. THE SAA ACCOUNTING SYSTEM
2.2.1. Overview

The SAA accounting system (Campos 1999a) organizes information in three
different sheets (see Table II), enabling the estimation of hicksian income using the
identities stated in the following paragraphs. As stated above, the SAA recovers
the structure of national accounts to apply it at a micro scale (its generalized
application would therefore facilitate aggregation; see, however, the discussion
below). The production sheet (PS) incorporates all the economic flows related to
the production process that occur during the accounting period. Capital variations
are incorporated in two different balances: the production in progress balance (PP)
and the fixed capital balance (FC). The first balance incorporates variations in
products that remain for more than one period in progress, and the second includes
variations borne by fixed capital. The reason for distinguishing between the two
capital balance sheets is the particular need in forests to account for goods that
remain for longer than one period in the production process (timber).

The SAA methodology distinguishes between social and private insofar as the
first does not take into account transfers: taxes and subsidies. This article concen-
trates on social income for three reasons: (i) valuation is done on a public basis,
(ii) income from transfers is not generated in the forest, and (iii) analysis is ex ante
agri-environmental regulation, in order to enable the development of this policy.
Another relevant characteristic of the social income concept is that it sums up a
variety of different incomes generated, irrespective of final beneficiaries: forestry
owners, forest workers, stockbreeders, recreational visitors, hunters or the society
as a whole.

2.2.2. National accounting aggregates at the micro scale

Total social income. The definition of income used in this article is as follow:
the total sustainable income of a forest is the monetary flow (real or simulated)
generated in the period (one year) that, totally spent within the period, leaves the
agent with the same stock of richness (forest capital) at the end of the period as he
had at the beginning in real terms, in absence of new discoveries and net transfers
from outside of the forest.> This is a definition of hicksian income (Hicks 1946,
pp. 172-173), since it focuses on consumption and takes into account the variations
in capital. Nevertheless, the relationships to fisherian income (the yield on society’s
capital) are also relevant (Aronsson, Johansson and Lofgren 1997, p. 95).

Total social income (7'S]) of a given accounting period generated by a forest is
estimated summing up net value added at market prices (NVAmp) — not including
net operating subsidies or taxes — and capital gain (SCG): TSI = NVAmp + SCG.

Net value added at market prices. Net value added at market prices (NVAmp)
is defined in national accounting systems as the aggregation of labour costs (L)
and net operating margin (NOM): NVAmp = L + NOM. The production sheet
(Table IL.a) enables reckoning NVAmp, since it incorporates the necessary infor-
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mation to estimate: (i) net operating margin, defined as the difference between total
production (7P) and total cost (TC): NOM = TP —TC, (ii) as well as the labour cost
generated (L).

Forest total production is classified in terms of intermediate production (/P)
and final production (FP): TP = IT + FP (intermediate production is not taken
into account by national accounting in the current measurement of silviculture net
value added (Eurostat 1997)). The economic costs of the production process are
classified as: (i) intermediate consumption (/C), (ii) labour (L) and (iii) fixed capital
consumption (FCC): TC = IC + L + FCC.

Social capital gain: Trees growth, herd growth and, in some cases, growth of
agrarian crops, all require more than one accounting period to fulfil in situ produc-
tion process, so that it is common in forests — especially with long rotation timber
species — to have products in process of production (which can vary in value during
the accounting period, even assuming constant prices; see discussion above). Apart
from this, economic activity associated with forestry requires the use of fixed
capital products, given by nature (land) or produced by man (machinery, infra-
structure . ..). Machinery and infrastructure are assumed to be perfectly divisible
and constantly replaced.

Social capital gain (SCG) is estimated by summing capital revaluation (Cr) and
fixed capital consumption* (FCC), and deducting capital destruction (Cd): SCG =
Cr + FCC — (Cd. Capital revaluation and destruction can be referred to production
in progress and to fixed capital (Cr = PPr + FCr; Cd = PPd + FCd). Capital
revaluation is obtained from the products in progress balance (Table II.b; PPr =
PPf — PPi + PPs — PPe) and from the fixed capital balance (Table Il.c; FCr =
FCf- FCi + FCs — FCe). Nevertheless, with the assumptions made,’ fixed capital
revaluation equals fixed capital consumption (FCC) and implies no capital gain.

Social capital income. Social capital income (SCI) is defined as the sum of net
operating margin and social capital gain (SCI = NOM + SCG), and indicates the
income obtained by the capitalist owner. The difference with total social income is
that labour is not included.

2.3. VALUES TO INCLUDE IN THE ACCOUNTING SYSTEM
2.3.1. The production sheet

The production sheet (Table II.a) incorporates costs and production generated
during the accounting period. As shown in Table Il.a the production sheet is divided
into different sections, each one accounting for one of the activities considered.

Values obtained directly from markets. In the case study, timber represents the
only genuine market value, since all remaining values are presently external to the
market (this situation is common in forests).

The timber section of the production sheet (Table Il.a) incorporates revenues
and costs associated with timber production that have occurred during the
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accounting period. Marekt prices are used and quantities of timber are directly
observable, so that no great theoretical problems arise.

The production sheet is related with the products in progress balance (Table I1.b)
through the final products stock (FST), which remain in the forest at the end of
the accounting period, and through the used products in progress (PPu), which
indicate wood extracted from the forest and included in the production process as
intermediate consumption from felling.

Values obtained by simulating markets. Pasture resources, game, recreational
services, carbon fixation, and conservation all represent non-market goods and
services in the case study. Markets have been simulated for all of them. Neither
consumer surplus, nor any hicksian variation have been estimated, the aim has
been to calculate the income (net operating margin and labour values) that would
occur in a hypothetical market.

The aim of maintaining consistency between the estimation of income for
commercial and non-commercial products is especially relevant if the interest is to
compare the relative importance of the different incomes generated. Furthermore,
the aggregate result obtained is an income figure.

In short, exchange values, and not use values have been estimated (Vanoli 1998,
p- 363). This procedure is quite common in the central normative national accounts
framework (ISWGNA 1993), where the use of prices from similar markets is
proposed as the first criterion for cases where no market prices are observable.
Hultkrantz (1992) uses this method for the estimation of values for several non-
timber products only partially traded in markets in Sweden (see also, LGEA (2002,
p- 8.50)).

In the methodology presented here, the procedure is extended to include cases
where no similar market prices exist (i.e., recreational services). In principle,
nothing distinguishes a service like recreation (presently outside the market since
access is free, but which could be incorporated) from a non-timber product like
berries in Sweden (presently outside of the market since picking is free, see,
Hultkrantz (1992)). Nevertheless, since no market for the recreational services of
forests exists it is necessary to simulate the market to determine what the price
would be if the services were internalized. The first temptation is to use consumer
surplus measurements (or any other welfare measure) provided by contingent
valuation studies. However, this implies assuming that all the visitors pay their
maximum willingness to pay (WTP) and this is too strong as assumption if the
objective is to simulate a real market (see, LGEA (2002, p. 9.18)). Therefore, this
paper assumes that the owner can only choose one price and that his revenues
will be given according to demand. This paper further assumes that the forest-
owner will set the price in order to maximize his revenues (assuming a linear
demand function, this maximization will occur for the median, for the price half
of the population is ready to pay). This provides an upper limit for the market
revenue of the recreational services provided by the forests (costs still need to be
deducted). A lower limit will be given by the costs of the services, assuming that
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the owner sets the price in order to cover the costs® with no margin (or with a given
‘standard’ margin). The former option implies a monopolistic solution assuming
that no variable costs exist (the monopolist would maximize his benefit and with
no variable costs this implies maximization of the revenues) and the latter option
is a perfect market solution. The real market price would be in between, and in the
particular case study considered, probably close to the monopoly solution, since
the area studied is the only mountain resort close to Madrid and it is divided into
few large estates.

The issue of the number of units consumed remains. The conventional
procedure (Hultkrantz 1992) consists in multiplying the simulated market price by
all the units consumed outside the market; thus, assuming that the setting of a price
would not reduce consumption. This assumption is acceptable if the influence on
the overall results is small (see hunting below). Nevertheless, establishing a price
would obviously reduce the number of units consumed. Concretely, if the price
for the recreational service were set equal to the median of the WTP, only 50% of
current visitors would be ready to pay it.

As stated, 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 (United Nations 1993) since
modeling is unavoidable for this task (Vanoli 1998). Nevertheless, although this
criterion permits greater consistency than the use of exchange values for commer-
cial 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. Even if the contin-
gent valuation question is well understood and the respondents answer taking into
account their budget constraint (the wording used recalls the budget constraint, see
appendix 2), the accounts of the other sectors should all be modified to incorporate
the new distribution of expenses the individuals would make if they needed to pay
for recreation. However, the information needed for this task is not easy to obtain,
since the contingent valuation study should not only recall the budget constraint
and ask the individual what his expenditures in recreation would be, it should also
ask which consumption (or savings) the respondents would reduce.

Therefore, the gereralised application of the SAA methodology would enable
the estimation of the ‘true’ hicksian income for the forestry sector, but the influence
on the budget constaint should be incorporated to estimate the national NDP for
all the sectors. However, this problem also applies if goods produced for own
consumption are valued with market prices, as the central national accounting
framework does or as previous studies (Hultkrantz 1992) have done for non-
timber products. The new System of Environmental and Economic Accounts
(LGEA 2002, pp. 8-50) also proposes to value non-timber goods produced for
own consumption at market prices.
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Acknowledging the limitations described, the proposed solution is considered to
be an improvement compared to the alternative of excluding any value for recrea-
tional services (the only way to avoid the problems mentioned). On the other hand,
estimating welfare measures for both commercial and non-commercial goods and
services, in a cost-benefit analysis setting, diverges too much from the national
accounting framework and is therefore not well suited for its enlargement.

2.3.2. Capital balances

Capital reflects the discounted stream of future net benefits to its owners. As
expressed in the system of national accounts:

“The value of a fixed asset to its owner at any point of time is determined by
the present value of future rentals (i.e., the sum of the discounted values of the
stream of future rentals) that can be expected over its remaining service life.
Consumption of fixed capital is therefore measured by the decrease, between
the beginning and the end of the current accounting period, in the present value
of the remaining sequence of renalts” (ISWGNA 1993, para. 6182).

In a simplified formal way capital (C) can be written as a function of the future
capital incomes:

o0
C = f e""=I(TCI + GCI, + HCI, + RCI, + CaCl, + CoClL)dt (2)

Where, TCI: timber capital income, GCI: grazing capital income, HCI: hunting
capital income, RCI: recreational capital income, CaCl: carbon capital income,
CoCI: conservation capital income, j: the valuation year, and r: discount rate.

Estimating this value at the beginning and at the end of the period and calcu-
lating the difference is the same than multiplying the variation in capital stocks
(in physical terms) by the corresponding adjoint (costate) variable (recall that the
adjoint variable is expressed in terms of future returns to the corresponding capital
stock, see above).

As mentioned above the capital balance is divided in the SAA system into
two balances, the production in progress (PP) balance and the fixed capital (FC)
balance, due to the relevance in forests of products in progress. Hence, we defined:

C=PP+FC (3)

Products in progress balance. The only product in progress considered is standing
timber (Table IL.b). A complex silviculture is studied, which involves selective thin-
ning and cutting where trees of different ages are simultaneously present. Standing
timber is valued by the stream of future net returns associated with it. In general
tems the value of the standing timber can be expressed as:

T
PP] =f Ph:‘]hze—’([—”df @
J
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where pj, is the standing price of harvested timber and g, the quantity of timber
harvested.

Nevertheless, in the forests analysed (and in most European forests) trees are
cut selectively so that it is only possible to estimate that a tree (representing a
diameter or age class) will be cut with a given probability in each one of the
different diameters (ages) it will reach in the future. The proposed procedure is
as follows. Historical extraction data is used to determine the probability — for
each diameter class d — that existing timber will be cut in each of the i diameter
classes that remain to reach (i > d). It should be noted that this is the conditional
probability (7r;;) that a given living tree of class d will be felled atclass i (i > d; N,
is the number of classes d, arranging all classes from small to large).

Tia = Pr(i/d) = e — (5)
> j=Nd 9hj
The price for not felled standing timber (p;) is, for each diameter class, the
mathematical expectation formed with the prices that the timber will have at the
future time of felling, consequently discounted (N is the total number of diameter
classes, arranged by age; #; is the average age of class 7; and 7, is the age of the
present diameter class).
N
Psa =E(pr) = Y primtia(L+r)~ ™ ©6)
i=Nd
Using the calculated not felled timber prices, products in progress are valued
at the beginning (PPi) and at the end (PPf) of the accounting period, with the
following expression (j indicates the moment of valuation):

n
PP; = Z Dsij9sij (7
i=1
Used products in progress (PPu), the timber extracted from the forest, is valued
at the present market price for the different age classes (in the study case analysed
PPu is the only stock outlet, so that PPs = PPu)):

n
PPs = Z PhiGhi (8)
i=l1

Natural gross commercial growth (CGNG) is valued (assuming extraction
occurs at the end of the period) according to expression (9). This term multiplies
(for each age class) growth which has occurred over the period by its price, taking
into account whether new timber growth is felled in the same year or remains
standing (CGNG equals total stock entrance since the only production in progress

considered is timber, CGNG = PPe):

n

( ci — 8¢ 1i) chi
ppe = Z [gcipsgg—’ + 8&ci Phi gl:l 9

. ci ci
i=l
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Where g. is annual commercial gross growth and g, the portion of this growth
which is extracted in the same year. In the case of long-rotation species the latter
parameter can be ignored, so that the expression simplifies to:

n
PPe = chipsi ©.b)
i=1
Using the previously calculated values the revaluation of timber during the
period is estimated as remainder: PPr = PPf— PPi + PPs — PPe (see Table ILb).
Fixed capital balance. As previously indicated capital is separated into produc-
tion in progress and fixed capital. Taking (2) and (3) together, fixed capital can be
written:

FC= [ e "=ITCl + GCI; + HCI; + RCI; + CaCl; + CoCl;)dt — PP (10)

Since it is considered relevant to withdraw not only products in progress, but
also the value of machinery (M) and infrastructure (IN) (they are supposed to be
known and ascribed totally to timber), land value for timber (LT) has been defined
as remnant:

i
LT=/ e’ DTCldt - PP—IN-M (11)
J

This enables one to highlight the value of the infrastructure and of the machinery
while capital assets are still calculated discounting future streams of returns.

Finally, fixed capital (Table II.c) can be written as follows (substituting (11) in
(10) and rearranging):

FC=LT + [[e""=I(GCl + HCI; + RCI; + CaCl; + CoCl)di + IN+ M (12)

2.4. DESCRIPTION OF THE APPLICATION

The Cabeza de Hierro Scotch Pine Forest is located in the Guadarrama moun-
tain area, approximately 100 km north of Madrid, and recreation visits to this
multiple-use forest are high. The Cabeza de Hierro pinewood has 1966 hectares.
Analysed incomes have been:” (i) timber, (ii) cattle grazing resources, (iii) hunting,
(iv) recreational services, (v) carbon fixation, and (vi) conservation.

2.4.1. Model for timber and carbon fixation

A dynamic model has been developed to simulate timber growth. This model has
also been used as the basis for estimating carbon dioxide sequestration. It can be
written in a simplied form as:

X, =AX,_,+ B (13)
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X' = {x1.x2,...,x....,x17} is a state vector representing existing trees in each
of the 17 diameter classes, A is the transition matrix shown below (11.b) and B’ =
{z1 — €1, —ea,...,—e€;. ..., —e7}. Where z: recruitment, e: felled trees, k: the
diameter class duration and m: dead trees not harvested.
kj—1
—my + —&l— 0 0
1_17 —my + l—\z[(;—l 0 s 0
1 ki—1
0 cae 0 ,(: —m; + _kl_ 0
0 L _pyp + Ha2=t
‘e m my7 _kIT

The initial number of trees of the different diameter classes is known through
periodic inventories in the wood (the last inventory was done in 1997, they are full
inventories with no statistical estimation). Historical extractions are also known
with precision (in number of trees). The number of trees is related to volume
through three functions estimated® using historical data from the studied pinewood.
Each function represents a stand of different quality (functions are subsequently
weighted according to the existing proportion of hectares of each stand quality).

For timber estimation purposes, the model is solely used to ensure that actual
future extractions, which are supposed to be constant (due to the protected area
status of the forest), do not lead the pinewood to extinction. Since with the esti-
mated parameters X = (I — A)"'B > X, holds, extraction can be considered
sustainable and generated income hicksian. Assuming constant future timber
extractions implies that part of the standing timber has no economic value due
to environmental regulation, since only the amount necessary to assure sustainable
extractions is valuable. Hence, the forest is in a steady state situation concerning
commercial timber.

Costs and revenues associated with timber production have been obtained from
the historical accountings of three estates (two public and one private land hold-
ings, covering a considerable proportion of the total area of Scotch Pine in the
Guadarrama region). Pre-eminence has been given to the data of the private forest
(Cabeza de Hierro Scotch Pine Forest), since it is assumed that its management
is more market oriented, so that data from the public-owned enterprises have been
used solely for contrasting purposes. The figures shown correspond to the mean of
the data for five years (1994-1998), at 1998 prices.

The model is also used to estimate carbon fixation. Different parameters are
used to expand trunks biomass to overall carbon fixed (overall the procedure
implies and expansion rate of 0,207 ton C/m? of timber, see, Campos and Caparrés
(1999)). The model is used to estimate, retroactively, the additional permanent fixa-
tion occurred since 1990. Permanent carbon fixation is the part of fixation that can
be considered permanent since it will never be released again, with a given sivicul-
ture (past and future) and a given decay rate for the different products (see, Campos
and Caparr6s (1999) for further details). This is the only sequestration equivalent to
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a no-emission, and therefore suitable to be valued using data for emission reduction
prices (the carbon price used is 20 €/ton C). The value estimated is a conservative
value since ‘temporal’ sequestration might also have value, but the price should be
different.

2.4.2. Contingent valuation to estimate recreational services and conservation
values

Recreational and conservation values have been valued using contingent valuation
surveys. In total, 971 pollster interviews were undertaken for the estimation of
recreational and conservation benefits (for a full description of the contingent
valuation study see, Caparrés and Campos (2002)).

Recreational benefits. Two different valuation questions were used, one based
on an entrance fee (type I) and another (type II) suggesting an increase in petrol
prices. Pilot studies of 91 open ended questionnaires of type I and 139 of type
II were made to determine the bid values to offer respondents in the main
dichotomous choice survey. In all, 221 double-bounded dichotomous choice ques-
tionnaires of type I and 520 of type II were completed. A high number of protest
responses to type I, as well as opposition to the possibility of an entrance fee was
detected (through a control question), so that the results of survey type II were
preferred in favour of type I for purposes of aggregation. The concrete wording
used can be found in appendix 2.

Having eliminated protest bids, logit and log-logit censored regressions
(Cameron 1988) were estimated for dichotomous choice data using the informa-
tion of the first answer solely (single-bounded), as well as censored regressions
(Cameron and Quiggin 1994) using the information of both answers (double-
bounded) and permitting that the first and the second answer correspond to different
underlying valuation functions (bivariate normal).

Single-bounded logit and log-logit estimations gave very similar fits, so logit
estimations were preferred due to easier direct interpretation. Double-bounded
estimations were, for the median, almost equal to single-bounded estimations.
Single-bounded results were preferred for simplicity. The mean-median® is 14.12
euros per visit (the distribution is symmetrical) for the single bounded censored
logit model finally used, and the confidence interval is (11.72, 16.53).

The value included in the accounting system was the result of multiplying the
median by 50% of the visitors (since only 50% of the present visitors would accept
to pay the median). Hence, the results of the contingent valuation study are used to
estimate the demand function (not hicksian welfare measures), or, more precisely, a
particular point of the demand function. As stated above this implies to maximize'°
the revenues of the recreational services (or the final production). Present cleaning
and management costs have been considered constant, and internalization with no
additional variable costs has been assumed. This assumption is ‘generous’ in regard
to capital income but not in regard to total income, since most of the neglected
costs would be attributed to labour. In addition, although the internalization would
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suppose additional costs they would be partially compensated by the decrease in
cleaning cost associated with a reduction in visitors. Finally, the vigilance costs
included are high enough to suppose that the wardens would be able to assure
payment if put in charge of this task.

Given the wording used (see appendix 2), the estimated median has been
reduced to incorporate the influence of visits to other areas during the trip. The
methodology followed has been to apply the method that supposes a bigger reduc-
tion from the following: (i) estimate the function only with respondents that did not
visit other areas, (ii) reduce value estimates for the overall sample by the percentage
resulting from the subjective valuation done by the visitors of the importance of
the study area in their decision to undertake the trip (valuation from 1 to 5). The
valuation of the journey itself has been taken into account assuming that the visitors
that confirmed that they valued the trip, or part of it, valued the time spent on the
journey as equivalent to the time spent in the study area. The value finally used for
the median is 12.24 euros per visit.

Conservation. The estimated conservation value consists of an aggregate of
option and existence values. The wording used in the open-ended question can be
found in appendix 2. Altogether 568 questionnaires were undertaken to determine
willingness to pay (WTP) for conservation. This number was reduced to 453 since
the rest of the questionnaires did not include the reminder of other places poten-
tially valued by the visitor, in order to test the influence of this reminder on WTP.
The estimated mean'! was 24.51 euros per year (20.01, 29.01) and the median
12.02 euros per year.

The value used for aggregation is the median multipled by all the distinct!?
visitors which indicated they were prepared to pay for the conservation of the area.
This criterion differs from the method proposed in the last section, but the payment
vehicle used (a voluntary fund) permits each individual to pay his maximum WTP.
In fact, it even enables the use of the mean for aggregation, but the prudence prin-
ciple (since mean is usually bigger than median), as well as greater dependence of
mean to assumed distribution in parametric estimations, advised using the median.
This conservative measure might reduce the effect of potential double accounting
if respondents do include their future recreation in the ‘conservation’ value (the
question used tries to minimize this effect, but the difficulty of this separation is
acknowledged)."?

2.4.3. Other simulated markets: game and cattle-grazing resources

Two markets, which at present do not exist in the study area, have not yet been
presented: game and cattle grazing resources. In both cases values have been esti-
mated using actual use data and prices from similar markets outside of the study
area.

Present game activity is concentrated on roe deer and wild boar. Quantities
captured could be determined and prices were taken from commercial hunting in
relatively similar area (Horcajada 1999).
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For cattle-grazing resources, the aim is to value the quantity freely grazed by the
livestock. The method used was as follows. First, maximum compatible livestock
was estimated (currently an over-exploitation situation exist, but this has not been
considered since it is expected to change in the near future and since it was not
possible to estimate the associated timber value decrease). Secondly, the quantity
grazed was estimated deducting the quantity fattened from total theoretical require-
ments of the livestock (Martin et al. 1987). Finally, the number of alimentation
units was multiplied by market prices of similar areas (0.084 euros/alimentation
unit)!* to estimate the value of consumed grazing resources.

3. Results

In this section empirical findings will be shown, focusing on the results for the
whole system. Table II presents: a) the production sheet, b) the product in progress
balance and c) the final capital balance.

Capital income is formed adding the net operating margin (NOM; see Table I1.a)
and the capital gain. Nevertheless, the only capital gain considered is product in
progress revaluation, so that, except for timber, capital income (CI) is equal to
the NOM. For timber, capital gain is given by the revaluation of the products in
progress (PPr; see Table II.b) and is due to the change in the ‘quality’ of timber
described in the theoretical section (TCI = NOM(timber) + PPr). The negative
revaluation of 8 euros in Table II.c is the fixed capital consumption of Table ILa (it
appears only to avoid double accounting and does not imply capital gain).

The values for capital (Table II, (b) and (c)), are calculated discounting future
returns at a 2% discount rate. For grazing, hunting, recreation and conservation, the
values for FCi (and FCf) can be obtained dividing the NOM by the discount rate
(since the future stream of rental is assumed to be constant). For timber, extractions
are also assumed to be constant in the future (due to the protected status of the
area). Therefore, timber capital income (TCI = NOM(timber) + PPr) divided by
the discount rate equals the sum of PPi + LTi + INi + Mi (recall that LT is the
value of the land for timber and that the infrastructure (IN) and the machinery (M)
are totally ascribed to timber). In addition, and since expectations are assumed
constant: PPi = PPf, or PPi + LTi + INi + Mi = PPf + LTf + LNf + Mf.

However, for carbon sequestration the future stream of rentals is not constant
(hence, FCi for carbon sequestration cannot be calculated directly dividing NOM
for carbon by the discount rate). The dynamic model developed to simulate the
biomass evolution shows that the present extraction, constantly maintained in the
future, implies an increase in the biomass in the forest. Since the continuation of
the current extractions will lead to a steady state with more biomass, the increase
in carbon sequestration is permanent, and can be evaluated using prices for avoided
emissions. Therefore, a gross internal investment (GII) appears in the production
sheet (Table IL.a) in the column for carbon sequestration (7 euros) and the same
concept can be found in the fixed capital balance (Table IL.c).



ALEJANDRO CAPARROS ET AL.

19¢ 8C 9 Lyl € 11 L9 (DL = d.L = WON) uidrew Sunesado 1N
8 ] (DD:4) ondwnsuod fendes poxig €
19 I 0 L 0 0 (4 (7) moqe1 7'
€61 €61 Axln\v pasn ssaooad ur syonpoid €7 C
68 € I Y4 0 I 8¢ (S§) SMIADS T'1°T
14 14 (wy) sjeuoew mey '
98¢ € I ST 0 1 Sy (D1) uonduwmsuod AeipauLu] |7
1293 S | 43 +0 C 1483 (D) 1800 o101, T
i 4 €€ 8LI (dA0) suononpoxd feuy 1m0 $7°1
Lyl Lyl (LS:4) M201s [eul €T
0S¢ € 4| (S 4 (S47) soqes [eury 77|
L L C\Qv JUDUISDAUL [RUI)UT SSOIN) 777
S19 €€ L 8LI € 4| 8¢ (d ) uononpoid feury 7°|
(47) uononpoid dgeipouou] ||
Si9 €€ L 8LI € (4} 8¢ (d.1) uonanpoid ejog, °|
[BI0], UONBAIOSUOD)  UOQJe)) UONE2IddY  Jununy  Suizesd-ome)  Joquij, Sse|D)

190

109Ys uononpoiy vy 21quy.

(21e100y 19d S0IND 8661 ) 15910, DUl YDI0OS Ol ap D2agpy) Y 10J (VV'S) SIUN0DIY 18910J013Y JO WdISAS Y], 77 2191l



191

AN OPERATIVE FRAMEWORK FOR TOTAL HICKSIAN INCOME MEASUREMENT

*94 7 191e JUNOISI(]
(D) uononnsap eyded paxy sopnouy,,.,
“(1D) yuounsoAul $$0I3 sapnjouy

"G°0 ueyy Joqews sannuenb 1oy seis (),
uonvIoOgN]2 UMo 20In0§

8- Q- L- 0 (D) uoneneady
6L011 60€ 89 1T OLLOI (ir4 YL 9058 9zl €19 1€ (D) rended poxy [eur| f
(8D:1) s4501%0 [EIIARD POXI "¢
14l 8 L 0 L L (2D:4) wPouenua [eyIded poxig 7
TLOT1 60¢ 89 1vT  €9L01 (ir44| L9 9058 9zI €19 1€ (10.1) rended paxy feniy ‘|
) (ND D
[E10L, [e10IgnG AIDUIYORIA QIMONNSEIU] [BI0IgNS  UONBAIISUOD) UOGIE)) UONEaIndy Jununy Fuizeir) loquui],
Jendes opew-uepy pue] sse|)
douejeq [ended paxiy 27 )9
4 vE9 €61 €61 Lyl Lyl vEr9 Joquuig,
Udd)  (sdd)  (Sdd)  (pdd)uwononnsop  (ndd)  (2dd)  (1odd)  (0dd) Gdd) (dd)
(4dd) No018 [e10],  sYIO Areurpioenxyg pasn e,  sPYIO umQ  ysnog N0018
uoneneAdy [eury 1S1X9 YoMS AQUBNUD 001§ [eniug Sse|D)

panunuo)) 77 219ny,

douepeq ssa13oad ur sponpoid g7 29vL



192 ALEJANDRO CAPARROS ET AL.

Table 111. Capital and total income in Cabeza de Hierro Scotch Pine Forest

Capital income Total income

€/ha % % acum. €/ha % % acum.
Timber 113 37 37 165 45 45
Cattle grazing 11 3 40 11 3 48
Hunting 3 1 41 3 1 49
Recreation 147 48 89 153 42 90
Carbon 6 2 91 6 2 92
Conservation 28 9 100 30 8 100
Total 307 100 367 100

Source: own elaboration.

Capital and total income for the different activities considered in the analysed
forest can be found in Table III. Results show that timber and recreation are, by far,
the most relevant activities in the forest. Nevertheless, recreational capital income
(or margin) would be reduced to approximately 6 euros per hectare if the value
would be estimated based on the supply side (assuming a 20% margin on total
costs). The recreational total income would be 13 euros per hectare.

Since the present system of national accounts (SNA) only attributes timber
income to forests,'> 55% of generated total income is not ascribed by the SNA to
forest ecosystems. Of this 55%, approximately 6% is measured in other sectors (as
indicated before, the 4% of game and cattle grazing resources is incorporated in the
agricultural sector, and the 2% of carbon fixation is theoretically also incorporated
in other sectors) while the remaining 50% is not measured at all.

Figure 1 shows the present distribution of the generated income among different
agents. Income associated with carbon fixation and conservation has been attri-
buted to society. This implies a considerable under-valuation of the benefits
received by society as a whole, since the conservation value has only been
measured for visitors, being therefore only the value appropriated by visitors as
part of society (i.e., the conservation value for non-visitors has not been estimated).

Results show that visitors receive the biggest share of the total income (40%),
even though their ‘conservation value’ has been attributed to society. Somewhat
surprisingly, the forest owner receives a lower income share, approximately 10%
less (31%).

4. Conclusion

A methodology capable of measuring different incomes for a natural area in a
theoretically consistent manner has been presented. This methodology is useful
for the estimation of forest national accounting aggregates and it is therefore
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Source: own elaboration.

Figure 1. Present beneficiaries of total income in Cabeza de Hierro Scotch Pine Forest.

appropriate to link it to the existing system of national accounts. Nevertheless,
the estimated aggregate magnitudes are based on simulations and transactions
which actually do not exist are included in the accounts. Hence, and especially if
the simulated expenditures are relevant, the income figures obtained could only
be added to the income figures of other sectors if the changes in consumption
of the individuals due to the simulated expenditures (and the budget constraint)
are taken into account. As discussed above, this would require a large amount of
information.

Therefore, the utility of the methodology presented is mainly sectoral. However,
its generalized application would provide the ‘true’ income generated by forest,
aggregating commercial and non-commercial goods and services in a national
accounting framework with consistent market-oriented values for both types of
goods and services. Its application would also provide a useful tool for land
management, since the income generated by the different land uses could be
identified.

Through an application to a multiple-use forest the viability of this method-
ology, at least at a micro scale, has been shown. Empirical results indicate the
relevance of non-commercial income in the case studied. It is fair to state that
the studied forest is an extreme case, since it is almost a peri-urban forest with
a substantial number of visitors (100 km from Madrid). Nevertheless, the order
of magnitude of the income neglected by current systems of national accounts is
high, approximately 50%. This shows the need to reform applied accounting meth-
odologies, at least in countries (like most Europeans) where non-commercial use
of forests (notably recreation) is relevant. Moreover, since most of this neglected
income corresponds to non-market goods and services it would be important to
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include these values in the new version of the national accounts for forests currently
under preparation by Eurostat (1999, 2000); and in the System of Environmental
and Economic Accounts of the London Group on Environmental Accounting
(2002). The methodology proposed in this paper to simulate exchange values could
be used to value these goods and services in a consistent manner with the market
data accounted in the System of National Accounts.

Another interesting conclusion is the social nature of the analysed forest,
implying that only 31% of the estimated total income is appropriated by the forest
owner. This distribution is caused by actual property rights, more than by legal
property rules. Important questions of distribution remain as to whether the existing
situation should be maintained, whether the situation should be reversed in favour
of private landowners, or whether forest owners should be compensated. Although
these issues are not studied here directly, the study findings may aid in discussions
over such questions.
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Notes

. Previously, Lindahl (1933) proposed a similar concept.

. The same method is used for man-made capital.

. The last refinement introduced brings the concept closer to theoretical Net Domestic Product
(NDP) instead of Net National Product (NNP), although the original concept (Hicks 1946) is
closer to NNP.

4. This procedure avoids double-counting, since FCC has been discounted once in terms of costs
and once, implicitly, through fixed capital revaluation.

5. Given set of expectations, constant prices, constant future timber extractions, and machinery and
infrastructure perfectly divisible and constantly replaced.

6. Since costs are assumed to be constant, marginal and average costs are equal.

7. Other potential values like mushroom gathering, erosion control, etc. have not been estimated
due to lack of data and not included due to the fact that only primary data have been used.

8. R2 for the three functions are respectively: 0.993, 0.977 and 0.996.

9. The original result was in pesetas, with a standard error of 204.4584 and a t- ratio of 11.4952.

10. With the preferred estimated demand curve (single-bounded, logit censored regression) maximi-

zation occurs with the price accepted by 55% of the population. For simplicity, the median (50%)
is used.

11. The original result was in pesetas, with a standard error of 6735.

12. Distinct visitors were determined dividing total visits by mean number of visits per individual

and year.

13. However, if the valuation question was well understood, the WTP should be referred only to

an additional premium for maintaining in the future the present quality (including recreational

W N =
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quality), and, if the natural resources provision does not change in the future, this premium
should be maintained indefinitely, apart from the future stream of actual recreational use.

14. Defined in INRA (1978).

15. In the case study, where a steady state for commercial timber exists, since even though timber
volume increases future extraction is supposed to be constant, income estimated considering
present extractions equals income estimated through commercial growth.
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A

B
CaClI
Cd
CGNG
CoClI
Cr

FcC
FCd
FCe
FCf
FCi
FCr
FCs

8ch
GCI
GVA
HCI
i

I

IC

J
k
L
m

Transition matrix
Felling-recruitment vector
Carbon capital income
Capital destruction
Commercial gross natural growth
Conservation capital income
Capital revaluation
Diameter class

Felled trees

Fixed capital consumption
Fixed capital destruction
Fixed capital entrance

Fixed capital final stock
Fixed capital initial stock
Fixed capital revaluation
Fixed capital exit
Commercial growth
Commercial growth harvested
Grazing capital income
Gross value added

Hunting capital income
Diameter class counter
Identity matrix

Intermediate consumption
Valuation moment

Diameter class duration
Labour

Dead trees not harvested

NOM
NVAmp
PP
PPd
PPe
PPf
PPi
PEr
PPs
Ph

Ps

9h

ds

RCI
SCG
SCI

ICc
TCI
1d

li
TP
i

~n

Net operating margin

Net value added (at market prices)
Products in progress

Products in progress destruction
Products in progress entrance
Products in progress final stock
Products in progress initial stock
Products in progress revaluation
Products in progress exit

Standing price of harvested timber
Standing price of not harvested timber
Quantity of timber harvested
Quantity of standing timber
Discount rate

Recreational capital income
Social capital gain

Social capital income

Time

Total cost

Timber capital income

Age of diameter class d

Age of timber harvested at class i
Total production

Total social income

Existing trees vector

Recruitment

Conditional probability of felling

Source: own elaboration.
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Appendix 2: Contingent valuation questions wording

e Dichotomous questions for recreation:

[As you know trip costs have changed in the last decades (i.e., gas prices have gone up and
down). Now we are going to ask you to imagine that total expenditures of your visit increase
for this reason, even though you realize exactly the same activity you have done (same transport,
same food . ..)]

10. If the PER PERSON total expenditures of your visit would have been ...... pta more than
the quantity you have just calculated, 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.

O ves (ques. 11) O no (ques. 12) O don’t know (ques. 15)

11. if yes: And if the increase in total personal expenditures would have been ... ... pta, would you
still have come today? (ques. 13)
12. if no: And if the increase in total personal expenditures would have been ... ... pta, would you

still have come today?

e Questions for conservation:
50. Do you think that conservation of nature is a priority in Spain?

O yes O no
51. Would you agree to contribute economically to improve environmental politics in Spain?
O yes O no

[Apart from the recreational use you have made, the Pefialara Natural Park and the Area of Special
Protection for Birds that surrounds it, covers other environmental functions, as protecting wild
animals and plants]
52. Would you agree to contribute economically to a fund dedicated exclusively to the conservation

of this natural area?

O yes O no (ask reason and go to 54)

53. What would be the highest annual amount you would agree to spend? (please remember that this

is only one of the natural areas you could be interested in protecting)

...... pta /year




