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ABSTRACT
Successive afforestation programmes undertaken in Tunisia have doubled
the forest surface area in the last 50 years. A choice experiment exercise
was used to estimate the social welfare associated with a plantation
programme in Tunisia. The application dealt with different environmental
services, and access of local users to the forest. The results show that
having access to the forests for recreational activities has an average
willingness to pay of 6.46 Tunisian dinar (TND) per person and year, for
five years. In contrast, limiting access to the afforested areas for grazing
and other uses decreases the overall welfare by 5.63 TND per person and
year. An individual marginal value of 4.29 £ 10¡5 TND per ton of CO2

sequestered was obtained. Furthermore, a 1% decrease of dam
sedimentation is worth 2.16 TND per person and year. However, results
are subject to heterogeneity, particularly regarding rural and urban
populations. This paper highlights that preferences for environmental
services depend on socio-economic attributes, the welfare of local users
could lower due to restricted access to the forest. It was found that
population heterogeneity influenced the valuation results and is to be
considered in policy designs based on this type of studies.

KEYWORDS
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choice experiment

1. Introduction

Successive afforestation programmes were undertaken in Tunisia since the mid-twentieth century.
As a result, the forest area in the country attained 1.2 million ha by 2010 (DGF 2010), which doubled
the forest surface area the country had in 1962 (Auclair 2001). The last afforestation programme
running from 2007 to 2011 aimed at increasing the forest area by 150,000 ha, with an estimated total
cost of 150 million Tunisian dinar (TND) (MARH 2007), with 1 euro = 1.80 TND in 2008. During
the period 2001–2010, forest investments constituted around 0.6% of all public investments used in
Tunisia’s development programmes (Ministry of Agriculture 2013).

It was expected that the new forests would increase the social welfare by providing additional
environmental services, while on the other hand it could also result in increased costs related to the
risk of forest fires and a land temporary access prohibition of local communities to protect young
forest plantations. From an economic perspective, an afforestation programme would be desirable if
the expected social benefits outweighed the expected social costs. Furthermore, it would be of inter-
est to explore how the costs and benefits are distributed amongst the Tunisian population. The latter
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information would help decision makers understand how an afforestation programme would impact
the redistribution of welfare.

Some studies have attempted to estimate the value of different forest services in Tunisia (Cesaro
et al. 1998; Daly-Hassen and Ben Mansoura 2005; Daly-Hassen et al. 2012; Masiero, Pettenella, and
Secco, 2016). Cesaro et al. (1998) used different methods to estimate benefits related to forestry and
soil conservation projects in two watershed areas. The methods were benefit transfer for recreation,
costs of reducing carbon emissions for carbon sequestration, and avoided loss of production for val-
uing reduced dam sedimentation and flooding risk. Also, Daly-Hassen and Ben Mansoura (2005)
applied similar methods to assess recreation, soil erosion and carbon sequestration. The authors
reported that, according to their estimates, the benefits accounted for less than half of those obtained
from grazing and other non-wood products collected by local inhabitants. A third study focused on
the generation of environmental benefits in Barbara watershed (World Bank 2010). The authors
used market prices to estimate the value of carbon sequestration, and replacement costs for the pro-
vision of fresh water. More recently, Masiero, Pettenella, and Secco (2016) used the market price
method to estimate values of wood, non-wood forest products, and carbon for Mediterranean
countries.

The diversity of valuation methods applied makes the comparison of results difficult, even within
the same study. Furthermore, in most cases the heterogeneity of preferences among different popu-
lation groups was not explored; for instance, rural and urban populations may not share the same
preferences with regard to the afforestation of the countryside. The spatial heterogeneity topic has
been examined in different valuation studies, including forestry or forest related goods, and it is
often regarded as of particular interest for policy making (see, for instance, Bateman 2002; Voces
Gonz�alez, D�ıaz Balteiro, and L�opez-Peredo Mart�ınez 2010; Termansen, McCleanb, and Søndergaard
Jensen 2013; Elberg Nielsen, Hedemark Lundhede, and Bredahl Jacobsen 2016).

Thus, the aim of this paper is twofold. First, to provide an estimation of the value and relative
importance of a fairly large number of ecosystem services and impacts generated by a Tunisian
afforestation programme – more specifically, biodiversity, carbon sequestration, erosion prevention,
recreation – and risk of forest fires and limitation of access rights, as will be detailed later, using the
same method, choice experiment (CE). The second aim is to explore whether there is a significant
heterogeneity, particularly between the rural population where the afforestation is implemented and
the urban inhabitants: non-market benefits can be perceived differently by the rural population,
who may bear a burden from changes in their rights of access to the countryside.

The rest of the paper is organised as follows. Section 2 provides some background information on
Tunisian forestry and a description of forest environmental services and other forest attributes. Sec-
tion 3 describes the methodology and presents the survey application, questionnaire, and interviews.
Section 4 summarises the main results of the study. Finally, Section 5 discusses the findings and
highlights the main conclusions.

2. Background

In 2000, forest land in Tunisia covered a surface area of 1.1 million ha, which represents 7% of the
country surface area (DGF 2010). Most forested area is under public ownership, while only a small
fraction representing about 5% is privately owned. The main forest species are Aleppo pine (53%),
cork oak (10%), acacia species (7%) and eucalypt species (6%). Forests are mainly located in the
North and West of the country: 42% in the North-West, 26% in the North-East, 27% in the Centre-
West, and 5% in the rest of the country (DGF 2010). The most important programmes of forest
plantations were implemented between 1990 and 2010. In fact, the surface area of forest and shrubs
has increased by 17,800 ha per year on average between 1990 and 2000, according to forest invento-
ries (DGF 2010 and DGF 1995). This extension of forest area is located in the North-West (38%),
Centre-West (27%), North-East (17%), South-West (8%), South-East (7%) and Centre-East (3%). In
the South, and despite affecting a limited surface area in absolute terms, forest plantations have
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contributed to multiply by six the initial surface area existing in 1990. During the last decade
(between 2000 and 2010), a surface area of nearly 185,000 ha was planted with forest and pastoral
tree species (FAO 2010).

The most important market products are cork and wood – their overall direct forest contribution
to the gross domestic product (GDP) accounted for 0.02% in 2010 (Daly-Hassen et al. 2012). How-
ever, some products, like firewood, grazing, or forest fruits, are consumed locally without being
transacted in a market. Furthermore, Tunisian forests provide other valuable services that generate
welfare, but are not accounted in the country’s GDP. Such provision is one of the purposes of the
public forest management policy.

Afforestation programmes are paid from public funds, with the exception of some public–private
partnership contracts. In the 1960s, the afforestation was mainly driven by the need of increased
wood production. However, the low productivity of Tunisian forests has made this objective less
prominent, and the official management priorities have been shifting from timber production to
environmental protection, other non-wood forest goods production (cork, fruits, mushrooms, and
alike) and recreation, especially in the 2000s (DGF/FAO 2005).

Afforestation programmes aim at improving soil protection, carbon sequestration, biodiversity,
recreation, and forage production. Nevertheless, their implementation conveys a risk of forest fires,
and implies restrictions on the access to local forest uses for the first 5 or 10 years (such as grazing,
and the collection of firewood and non-wood forest products), to increase the survival probabilities
of the young plantation. These ecosystem services and negative impacts are shortly described in the
following paragraphs.

Soil erosion is considered an important environmental problem in Tunisia. It was estimated that
erosion processes affected about 3 million ha in 2003 (MARH 2007). In this respect, dense forest
cover can significantly contribute to mitigate the problem. Soil erosion on forested land is almost
negligible, with an annual soil loss of 0.01–1.5 tons/ha (FAO 1994; Hadri and Tschinkel 1976), while
on agricultural land the annual soil loss can ascend up to 24.6 tons/ha (Hadri and Tschinkel 1976).

Concerning carbon sequestration, forests help to reduce the quantity of carbon dioxide (CO2) in
the atmosphere. It was estimated that the total net emission of CO2 in Tunisia for 2008 was 25.5 mil-
lion tons, which is approximately 2.5 tons/habitant (ANME 2010). On the other hand, the average
amount of CO2 sequestered per ha of forest area was around 2.5 tons per year (DGF 2005), which
approximately offsets the annual emissions of CO2 per inhabitant.

Forest ecosystems are considered key habitats for some fauna and flora. There is evidence that
larger forest areas tend to have more species diversity. For instance, Arrhenius proposed an equation
in exponential form of the number of species in relation to the size of forest area that can be applied
to plants and animals (Rosenzweig 2007). From this equation, it is estimated that the afforestation
programme (150,000 ha) would increase the number of species by 2%.

In addition, there is an increased demand for recreational services in Tunisian forest. For exam-
ple, the number of visitors to different parks has increased from 93,000 visitors in 1998 (Daly and
Ben Mansoura 2005) to 110,000 visitors in 2014 (DGF personal communication), despite the
administrative authorisation required.

Forest local communities living within or up to 5 km in the vicinity of forest areas, represent 7%
of the total Tunisian population (750,000 people) (FAO/DGF 2012). Local inhabitants are officially
designated as ‘forest users’, with some legal use rights, like the collection of deadwood and brush-
wood, grazing in permitted areas and non-commercial use of other forest products. Many rely on
forest resources to fulfil most of their daily basic needs. Nearly, one-third of their income comes
from the use of forest resources (grazing livestock, fuel wood and fruits collection, charcoal and
honey production) and forest employment (FAO/DGF 2012). Forage provided by forests and wood-
lands constitute the most important income benefit, followed by remunerations from forest employ-
ment. Grazing, however, is restricted for the first 5–10 years together with other uses, to protect the
young plantation, causing a temporary decrease of the benefits for the neighbouring population
(most new plantations take place in grazing land). For the purpose of this paper, the rural
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population is composed by people not living in cities, and includes the local forest communities.
While the urban population (7.5 million in 2014, according to official statistics) can be interested
directly in recreation, the rural population (3.5 million) is probably more concerned with the reduc-
tion of erosion and the direct use of forest goods.

Forest fires are a permanent threat for the forest stands. Nevertheless, the burnt surface areas are
in continuous reduction, which can partly be explained by efficient firefighting measures. About
300,000 ha were burnt between 1900 and 1950, and 50,000 ha during the last 50 years (DGF, Inter-
nal database). Based on this trend, the burnt area would attain 2% of the planted surface area in the
next 50 years, although the percentage could decrease if more resources are devoted to fire preven-
tion and abatement.

3. Methodology

3.1. Choice experiment

CE is a valuation technique that is increasingly used to estimate the value of ecosystem services. CE
is a survey-based valuation method that belongs to the group of stated preference methods
(Hensher, Rose, and Greene 2005). This method conforms with the economic notion that the value
placed on a good is a reflection of its characteristics or attributes (Lancaster 1966), which permits
the estimation of the value of changes in these characteristics.

In the CE approach, goods are described as a collection of attributes. By varying the attribute lev-
els, different good bundles (alternatives) are created. Survey respondents face different alternatives,
usually with one of them representing the current state (BAU or business as usual) and the rest indi-
cating possible scenarios with different levels of attributes. Typically, each alternative is appended
with a monetary attribute, which represents an amount that would have to be allocated for the
selected scenario. Alternatives, including BAU, that are presented to the respondent simultaneously,
constitute a so called choice set. In the survey, respondents are asked to choose the most preferred
alternative. Thus, when individuals make their choice, they implicitly reflect the trade-offs between
the levels of the attributes in the different alternatives presented in a choice set, including the mone-
tary cost attached to the alternative. In this study, each choice set was composed of BAU and two
afforestation alternatives.

CE is based on the random utility maximisation (RUM) model (McFadden 1974). Under RUM,
the indirect utility function for each respondent can be expressed as follows:

Uij ¼ Vij þ eij (1)

where Uij is the utility of individual i for choosing alternative j, Vij is the deterministic component of
the utility, and eij is a stochastic component that represents influences on individual choices that are
not observed by the researcher but are known to the individual.

The probability P that any particular respondent prefers alternative j to any other alternative k in
the choice set equals the probability that the utility of this alternative exceeds the level of utility asso-
ciated with other alternatives (Louviere, Hensher, and Joffre 2000), i.e.

Pj ¼ P Uj >Uk
� � ¼ P Vij þ ej >Vik þ ek

� � ¼ P Vij þ ej � Vik þ ek
� �

> 0; 8j 6¼ keC (2)

where C is a set of all possible alternatives:
Depending on the assumption of the distribution of (2), different regression models can be esti-

mated, usually by means of a maximum-likelihood approximation (Louviere, Hensher, and Joffre
2000). The multinomial logit model is one of the commonly applied specifications used in CE exer-
cises (Hensher, Rose, and Greene 2005; Kaval et al. 2016). A limitation of this model is that the
selection from the choice sets must comply with the independence of irrelevant alternatives (IIA)
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assumption (Louviere, Hensher, and Joffre 2000). This assumption states that the relative probabili-
ties of two alternatives being selected are not affected by the presence or absence of other alternatives
in the choice set. There are various statistical tests that can be applied to test the IIA assumption. Its
compliance can be tested following, for example, Hausman and McFadden (1984). If a violation of
the IIA assumption is observed, other statistical models can be applied, e.g. a nested logit model, a
latent class model, or a random parameter logit model (Train 2003).

A random parameter or mixed logit model is a multinomial logit probability derivation. It is
based on random coefficients, generalizing the conditional logit model by the introduction of unob-
served preference heterogeneity through the parameters (Train 1998). The latent class approach
probabilistically assigns individuals to classes, where preferences are heterogeneous across classes,
but homogeneous within each class. A nested logit uses a hierarchical structure with different levels
when modelling the reported choices, as explained in more detail below. All three models overcome
the IIA problem, and cope with the type of heterogeneity discussed in this study a bit differently
(Greene and Hensher 2003) – while the random parameter model does it by assuming a continuous
distribution of the parameters, and the latent class model uses discrete classes to reach this objective,
the nested logit model relies on the interactions among attributes and characteristics to capture the
observed heterogeneity, adding the unobserved one to the error term.

In this study, a multinomial logit model was initially applied to detect the relationships between
the attribute levels and the probability of choosing a particular alternative. The Hausman and
McFadden (1984) test rejected the IIA assumption at the 0.1% significance level. To overcome the
problem, the study focused on the alternative models. The one yielding the best statistical Akaike
and Bayesian information criterion values in this particular study was the nested logit model.

A nested logit model is appropriate when the set of alternatives faced by a decision maker can be
partitioned into subsets, called nests, where, for any two alternatives that are in the same nest, the
ratio of probabilities is independent of the attributes or existence of all other alternatives, i.e. IIA
holds within each nest. On the other hand, the ratio of probabilities for any two alternatives in dif-
ferent nests can depend on the attributes of other alternatives in the two nests, i.e. IIA does not hold
in general for alternatives in different nests. For example, in this study it was assumed that respond-
ents would consider the different afforestation alternatives as similar (see Figure 1); therefore, they
could be placed into the same nest (IIA holds among them). Furthermore, the no afforestation alter-
native (BAU) was considered as different, with IIA not holding between this and the rest of the alter-
natives in the choice set. With this structure, there are only two choice alternatives at each level and
the issue of ‘irrelevant alternatives’ is no longer a problem.

Respondent

Business-As-Usual Afforesta�on 

No afforesta�on Afforesta�on 2Afforesta�on 1

Figure 1. Structure of the used nested logit model.

JOURNAL OF ENVIRONMENTAL ECONOMICS AND POLICY 5



Following the structure shown in Figure 1, it was further assumed that the selection of the pre-
ferred alternative was performed in two steps. In the first step (upper level), respondents choose
whether they would support an increase in the forest area (afforestation) or rather to continue with
BAU. In the second step (lower level), conditional on supporting the afforestation programme, the
choice is between the two afforestation alternatives presented in the choice set.

The utility function associated with the upper-level choice was assumed to be dependent on the
respondent’s socio-economic characteristics, like age, gender, place of residence, income level, which
can interact with the attributes, as detailed in Section 4. The utility function for the upper level can
be written as

UðBAUÞ ¼ bGENDER ¢GENDERþbAGE ¢AGEþbSUPP ¢SUPPORTþbINCOLOW ¢INCOME LOW

þ bNW ¢NWþbURB ¢URBAN; (3)

where U(BAU) denotes the utility obtained from BAU, and the b parameters express, in this
instance, the impact of some socio-economic variables on the utility.

At the lower level, the utility associated with each of the afforestation alternatives was assumed to
be influenced by the attributes and their corresponding levels. Thus, the utility for option j is given
by

Uj ¼ bBIOD ¢BIODIVERSITYþbCARBON ¢CARBONþbFIRE ¢FIREþbERO ¢EROSION
þbRECR ¢RECREATIONþbACCESS ¢ACCESSþ bPAY ¢PAYMENT: (4)

Louviere, Hensher, and Joffre (2000) show that if price is one of the included attributes, estimates
of consumers’ surplus associated with the changes in the levels of another attribute can be derived
from the estimated regression model. This is based on the interpretation of the parameter of price as
the marginal utility of income. For example, the implicit value (willingness to pay) for attribute a in
a linear additive specification is calculated as

pa ¼ �ba=bPAYMENT
; (5)

where bPAYMENT is the parameter estimate of the price variable (in this case PAYMENT), and ba is
the parameter estimate for the attribute a. For non-linear specifications, see, e.g., Riera et al. (2012),
and Mogas, Riera, and Bennett (2006) in a forestry application study.

3.2. Questionnaire

The questionnaire scenario was inspired on the XIth National Development Plan (2007–2011), an
afforestation programme prepared by the Tunisian forest administration (MARH 2007). The ques-
tionnaire explained that the Tunisian administration was considering the afforestation of
150,000 ha of marginal agricultural land within the following five years. Following the Plan main
purposes, the questionnaire was not focusing on the commercial wood production of the new native
forests, but on other benefits, like reducing soil erosion, increasing carbon sequestration, enhancing
biodiversity, and recreation. However, the implementation of the afforestation programme would
restrict, for a certain period, the access to the afforested area. This would mostly affect the neigh-
bouring population, limiting their use of forests for grazing and collection of fuel wood and other
products. Additionally, the afforestation would convey a risk of forest fire. The first part of the ques-
tionnaire described these attributes. In addition, it was indicated that payments would be compul-
sory from next year and will be spread over 5 years for all Tunisian residents as a green tax.

The central part contained the choice questions. Table 1 summarises the choice set attributes
included. Quantitative attributes erosion, CO2, biodiversity and fire had three levels – the BAU level
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and two more – while Payment had four in addition to the zero payment for the BAU option. Quali-
tative attribute recreation and access to forest uses had two levels, reflecting whether the activities
were allowed. The payment levels, expressed in local TND currency, were determined after a pilot
study in which different amounts of willingness to pay were tested.

Each combination of attribute levels constitutes an alternative. Excluding the BAU levels there
were 256 (26 £ 4) possible combinations. In order to make the survey easier to implement, a main-
effects fractional factorial orthogonal design allowing for two-way interactions (Hensher, Rose, and
Greene 2005) was implemented, reducing to 64 the number of alternatives to be included in the
questionnaire. JMP software (SAS Institute Inc., Cary, NC, 1989–2007) was used to obtain the
design, including the assignation of alternatives to each choice set. Figure 2 reproduces a choice set
example with the BAU option and two afforestation alternatives (options A and B). Four different
choice sets were presented to each respondent, yielding eight questionnaire versions. The final part
of the questionnaire contained some debriefing and socioeconomic questions.

Table 2 shows the socioeconomic variables finally included in the model estimation.

3.3. Survey

Different versions of the questionnaire were tested in focus groups (resource persons, individuals)
and a pilot survey (general population), in preparation for the final questionnaire. The main survey
was implemented in Tunisia during 2008. Interviews were conducted face to face, with a typical
duration of 25 min. Residents of 20 years of age or above were considered. The sample included a
total of 558 individuals.

The sample followed a mixture of randomness selection and representative quotas of age brack-
ets, gender, occupation, region/sub-region and territory of residence to attain representativeness.
The interviewers visited rural and urban areas in different regions of the country, and attempted to
fill the number of questionnaire by category combining random walks with quotas. Specifically, 63%
of the sample was from urban areas, and 37% from rural areas. Regionally, 21% resided in Great
Tunis, 14% in the North East, 15% in the North West, 21% in the Centre East, 14% in the Centre
West, 8% in the South East, and 7% in the South West. Urban dwellers are more concentrated in
the Great Tunis region (32%) and the East of the country (North East (13%), Centre East (26%),
and South East (10%)). Rural dwellers, on the other hand, are mainly located in the North and the
Centre of the country (North East (16% of the rural dwellers), North West (21%), Centre East
(19%), and Centre west (26%)). Table 3 shows the correspondence between sample and population
figures for different variables.

Table 1. Attributes and levels of the choice exercise.

Attribute Description
BAU (without
programme)

With afforestation programme
(intermediate situation and whole

programme)

BIODIVERSITY Increase of fauna and flora species by x% 0% 1%, 2%
CARBON Carbon sequestered as produced by xxx

residents per year
0 75,000, 150,000

FIRE Percentage of planted area affected by forest
fires in 50 years’ time

0% 1%, 2%

EROSION Reduction of negative impacts of erosion by
x%

0% 4%, 8%

RECREATION Possibility or not for allowing recreation
activities in the planted forest areas

No Yes, No

ACCESS Possibility or not to access to the planted
forest areas for grazing and other uses

No Yes, No

PAYMENT The required payment per person per year
during 5 years for the afforestation
programme

0 TND 10 TND, 20 TND, 30 TND, 40 TND
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The sample also followed the proportion of economically active population. In 2004, Tunisia had
a population of 6.2 million aged 20 or more years; the active population represented half of them.
Interviews were conducted in Arabic.

4. Results

4.1. Descriptive analysis

Out of the 558 persons contacted, 21 did not complete the questionnaire. Additionally, 14 individu-
als refused the exercise or said not to be confident enough with their answers. Finally, 76 protested
the payment scenario, because they considered it was the Government who should cover the cost
with its current budget. Thus, 447 valid and completed interviews were obtained, which corresponds
to 1788 choice sets.

The introductory part of the questionnaire inquired about the perception of afforestation pro-
grammes in general. Over 87% of respondents favoured some types of afforestation programmes,

Figure 2. Choice set example from one of the questionnaires.

Table 2. Dummy variables considered in the model.

Variable Description Levels

GENDER Respondent’s gender Male = 1; female = ¡1
AGE Respondent’s age in years
SUPPORT Degree of a respondent’s support towards the proposed afforestation

programme
Scores from 1 to 5 (where Not at all =

1; Very much = 5)
URBAN Respondent lives in urban or rural area urban area = 1; rural area = 0
INCLOW Respondent’s net monthly income is lower than 200 TND Yes = 1; No = 0
NW Respondent lives in the north-western part of Tunisia, where the

proposed afforestation would take place
Yes = 1; No = 0
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with less than 2% feeling that afforesting could be disadvantageous. Nearly, 11% of respondents were
indifferent or indecisive.

However, when dealing with the proposed specific and costly afforestation programme, the BAU
(no afforestation) option was chosen by 41% of the respondents, when taking into account the pay-
ment requested – the rest opted for one of the offered afforestation alternatives. To better under-
stand the selection of the BAU option, respondents were asked about the reason for not choosing a
payment alternative. Some argued that they preferred to spend their money on other activities, while
others claimed income-related reasons such as poverty, unemployment, or retirement (68% of them
reported to have no income), or did not give a concrete answer.

4.2. Regression analysis

Table 4 reports the results of the nested logit model estimations. The attribute signs are in accor-
dance with expectations and statistically significant at the 5% level. The results for the lower level
utility function indicate that the selection of a given afforestation programme depended on the levels
of biodiversity, carbon sequestration, erosion, forest fires, accessibility and recreation opportunities,
and the payment amount. In particular, the positive coefficients for biodiversity, carbon sequestra-
tion and erosion protection indicate that respondents were more likely to select the afforestation
alternatives when more plant and animal species, more carbon sequestration, and more erosion pro-
tection were provided. Also, the positive sign of the access and recreation coefficients indicate that
those alternatives were more likely to be selected where access for wood collection and grazing, and
recreation, was granted. On the other hand, respondents considered as less desirable the alternatives
where forest fires affected larger areas, and the requested payment was higher. Finally, the negative
sign of the interaction between biodiversity and lower level education (BIODIVERSITY x EDUCA-
TION_LOW) indicates that illiterate respondents and those with no more than a primary school
degree would obtain less utility from an increased number of animal and plant species than the rest
of the respondents.

Furthermore, when choosing between BAU and the afforestation alternatives (upper level of the
nested model), the following variables had a significant influence: respondent’s gender, age, income
level, and place of residence, as well as those who expressed support for an afforestation programme.
It implies that men, younger respondents, respondents who expressed support for an afforestation
programme, respondents with higher income levels (above 200 TND/month), and those living in
urban areas or in the north-western part of Tunisia, were less likely to select the BAU option.

Table 3. Socio-economic characteristics of the survey respondents.

Variable Sample Tunisia average

Age
20–39 48% 54%
40–59 39% 31%
>60 years 13% 15%
Gender (in % of female resp.) 50.5% 51%

Location of residence
Urban 63% 65%
Rural 37% 35%

Education
No finished formal education (illiterate) 21% 23%
Elementary school 26% 37%
Secondary school 31% 32%
Higher education 22% 8%

Source: Institut National de la Statistique (2004).

JOURNAL OF ENVIRONMENTAL ECONOMICS AND POLICY 9



Overall, the significance of the instrumental variable parameters suggests that the specified model
structure was appropriate.

The results reported in Table 4 suggest the presence of significant heterogeneity of preferences
among the Tunisian population with regard to the proposed afforestation programme. The signifi-
cant negative coefficient of NW indicates that residents in the north-western part of the country,
where most of the afforestation takes place, were more likely to favour afforestation than the rest of
Tunisians, probably because they are the ones benefiting the most from the programme. Heteroge-
neity of preferences can also be observed between the urban and rural population, with the former
being less likely to select the BAU option when compared to rural residents.

To further analyse it, two separate models for the urban and rural population were estimated.
They followed the same structure and contained the same variables than the general one reported in
Table 4, with the logical exception of the URBAN variable. The comparison of the urban and rural
model estimates (Table 5) reveals significant differences in the preferences between the two popula-
tion groups with regard to carbon sequestration, erosion prevention and fire occurrence. In the
urban model, the three variables are significant, which indicates that these attributes influenced the
selection of the afforestation alternatives.

4.3. Marginal values and trade-offs

Table 6 reports the welfare estimates for the afforestation programme attributes. The marginal value
for biodiversity indicates that, on average, individuals are willing to pay 9.09 TND per year, during
five years, to increase in 1% the amount of fauna and flora species. An individual marginal value of
0.11 TND was obtained for the sequestration of the annual quantity of carbon emitted by one thou-
sand persons (2469 tons of CO2) or 4.29 10¡5 TND per ton of CO2 sequestered. Furthermore, to
prevent erosion that would result in a 1% decrease of water dam capacities due to sedimentation is
worth 2.16 TND per person and year, during five years. Having access to the afforested areas for
recreation has an average annual value of 6.46 TND per person, while the value is 5.63 TND per

Table 4. Results of the nested logit model.

Attribute Coefficient Standard error p-value

Attributes in the lower level utility functions
BIODIVERSITY 0.413 0.144 0.004
CARBON 0.479 £ 10¡5 0.119 £ 10¡5 0.000
EROSION 0.098 0.025 0.000
FIRE ¡0.326 0.112 0.003
RECREATION 0.293 0.043 0.000
ACCESS 0.256 0.079 0.001
PAYMENT ¡0.045 0.006 0.000
BIODIVERSITY x EDUCATION_LOW ¡0.606 0.153 0.000

Attributes of upper-level utility function
GENDER ¡0.516 0.107 0.000
AGE 0.035 0.003 0.000
SUPPORT ¡0.434 0.053 0.000
INCOME_LOW 0.889 0.151 0.000
NW ¡0.671 0.151 0.000
URBAN ¡0.335 0.108 0.002

Instrumental variable parameters
BAU 1.000 (fixed parameter)
AFFORESTATION 0.458 0.100 0.000
Log L ¡1730.825
Adjusted pseudo R2 0.117
Number of observations 1788

Note: ��� denotes significance at 0.1% level. �� denotes significance at 1% level. � denotes significance at 5% level.
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year and person for granting access for grazing and other uses. Finally, the wellbeing per person
would decrease by 7.18 TND on average if the area of Tunisian planted forests affected by fires
would be of 1% for the next 50 years. Considering that the plantation programme of 150,000, the
expression of these marginal values in TND per ha and year, during 5 years, would be: 827 TND/ha
for biodiversity conservation, 786 TND for erosion prevention, 750 TND/ha for carbon sequestra-
tion, 294 TND/ha for recreation, ¡258 TND/ha for prohibiting access and ¡653 TND/ha for the
reduction of forest fires.

The trade-offs among non-monetary attributes can also be obtained from the ratio of the coeffi-
cients of the variables involved. For instance, limiting the access to the new forests offsets a decrease
of erosion by an additional 2.61%. This result shows the relative importance of the access for local
users compared, for example, to erosion, which is one of the main explicit concerns of Tunisian for-
est development programmes.

Table 5. Results of the nested logit models for the urban and rural population.

Attribute Urban population Rural population

Attributes in the lower level utility functions
BIODIVERSITY 0.293 [0.145] � 1.182 [0.390] ��

CARBON 0.605 £ 10¡5 [0.148 £ 10¡5] ��� 0.202 £ 10¡5 [0.208 £ 10¡5]
EROSION 0.115 [0.030] ��� 0.055 [0.044]
FIRE ¡0.271 [0.132] � ¡0.364 [0.214]
RECREATION 0.329 [0.052] ��� 0.210 [0.077] ��

ACCESS 0.231 [0.095] � 0.307 [0.143] �

PAYMENT ¡0.044 [0.007] ��� ¡0.046 [0.012] ���

BIODIVERSITY x EDUCATION_LOW ¡0.478 [0.161] �� ¡1.426 [0.397] ���

Attributes in the upper-level utility function
GENDER ¡0.355 [0.136] � ¡0.803 [0.178] ���

AGE 0.032 [0.004] ��� 0.036 [0.006] ���

SUPPORT ¡0.444 [0.068] ��� ¡0.493 [0.086] ���

INCOME_LOW 0.807 [0.177] ��� 0.985 [0.325] ��

NW ¡0.643 [0.200] �� ¡0.679 [0.236] ��

Instrumental variable parameters
BAU 1.000 (fixed parameter) 1.000 (fixed parameter)
AFFORESTATION 0.527 [0.130] ��� 0.418 [0.161] ��

Log L ¡1118.453 ¡604.174
Adjusted pseudo R2 0.122 0.120
Number of observations 1124 664

Note: Standard errors in square brackets. ��� denotes significance at 0.1% level. �� denotes significance at 1% level. � denotes
significance at 5% level.

Table 6. Willingness to pay (based on the delta procedure).

Willingness to pay�

95% confidence interval

Attribute Mean Lower interval
level

Upper interval
level

Units

BIODIVERSITY 9.09 2.80 15.38 Increasing the number of species by 1%
CARBON 0.11 0.05 0.16 Carbon sequestered as produced by 1000 residents per year
EROSION 2.16 1.20 3.12 Reduction of negative impacts of erosion by 1%
FOREST FIRES ¡7.18 ¡11.67 ¡2.69 Planted area affected by forest fires by 1% in 50 years’ time
RECREATION 6.46 4.37 8.55 Allowing recreation activities in the planted forest
ACCESS 5.63 2.12 9.14 Access to the planted forest for grazing and other forest

uses
�Annual values per individual during 5 years, in 2008 TND.
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5. Discussion and conclusions

The comparison between the values obtained here and those from previous studies is not straight-
forward, and has to be taken with caution given the differences in objectives and methods applied.
Furthermore, in this study, the values are expressed in TND per person and year during 5 years,
while in the available ones they are usually expressed in TND per ha, either as one-time payment or
as a perpetuity. In general, however, the estimated values seem to be higher than the ones obtained
by previous studies. The CE method accounts for use and non-use values, while other methods
based on market prices and travel cost only capture user values. This could partly explain why the
values obtained in this study are relatively higher than those obtained by other authors, except to
some extent for recreation – a typical user value.

For example, translated into euros, the Tunisian population value a reduction of 1 ton of carbon
at 162 euros per year in 2008 values during five years, according to the results, while it was estimated
at 25 euros by Daly-Hassen and Ben Mansoura (2005) using a shadow price approach based on the
benefits from reduced carbon emissions. On the other hand, the value here obtained for allowing
recreation activities, 3.61 euros per person and year, during five years, is similar to the one obtained
by a previous study by Aouididi (1996) using the Travel Cost Method: 3.41 euros, when expressed
in 2008 values. Considering the entire Tunisian population, the value for the increase in biodiversity
is 13.86 M euro per year, for five years, while it was estimated at 0.18 M per year, indefinitely, by
Daly-Hassen and Ben Mansoura (2005) after using a cost-based method (cost of forest conservation
and guarding). Similarly, the value of watershed protection is valued at 13.12 M euro per year while
it was estimated to be 0.71 M per year using the damage cost avoided method (avoided losses to
watershed capacity and agricultural yield). The large difference in value, even when accounting for
the different annual reference (five years vs. perpetuity), highlights the discrepancy between using
cost approaches or a welfare assessment, like with the CE methodology.

A similar CE application was performed in Spain in 2007 (Mavsar and Riera 2007; Mavsar and
Farreras 2009). The Tunisian and Spanish studies used almost identical attributes (except for biodi-
versity), way to express the attribute units, and annual payment format, making them suitable for
comparison. Table 7 reflects the values from both applications in euro of the base year, corrected by
purchasing power parity. All values are higher for Spain, which may reflect the differences in priori-
ties with respect to the environment, as well as socioeconomic differences between the two popula-
tions. However, the estimates for erosion, forest fires, and recreation, are relatively similar, which
might be taken as a sign of consistency of the CE applications. Values for the access to the new for-
ests differ more significantly. Nevertheless, they reflect different uses, with the Tunisian variable
being of more specific interest to the neighbouring communities, and the Spanish one more related
to recreation. The largest difference is with the value of sequestering a tone of CO2, which differs in
one order or magnitude.

Results also revealed some significant spatial differences. On average, the Tunisian urban popula-
tion was found to consider carbon sequestration as a good, whereas the rural society tended to be

Table 7. Comparison of willingness-to-pay results.

Willingness to pay�

Attribute Tunisia�� Spain��� Units

BIODIVERSITY 7.07 – Increasing the number of species by 1%
CARBON 3.34£ 10¡5 41.6 £ 10¡5 Sequestration of 1 t of CO2

EROSION 1.68 3.81 Reduction of negative impacts of erosion by 1%
FOREST FIRES ¡5.58 ¡8.85 Increase of burned forest area by 1%
RECREATION 5.02 7.31 Allowing recreation activities in the planted forest
ACCESS 4.38 13.34 Access for forest uses (mostly grazing in Tunisia, and mostly mushroom picking

in Spain)
�Annual values per individual during 5 years, in 2008 euro.
��Values in euro, adjusted from TND to Spanish euro according to the purchasing power parity for GDP of the two countries.
���Values from Mavsar and Riera (2007) and Mavsar and Farreras (2009), adjusted for inflation to 2008.
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indifferent. Likewise, urban respondents were more likely to select an alternative with higher levels
of erosion prevention, and a lower fire risk, keeping the rest of the attributes equal. In contrast, rural
respondents seemed to be indifferent to the levels of carbon sequestration, erosion prevention and
forest fires. This may denote a current change in environmental perceptions that is not as vigorous
in non-urban regions.

By their nature, different attributes have different time horizons. Payments were due in the first
five years, coinciding with the main cost of planting. Grazing was to be temporarily banned to allow
sprouts to grow into trees– which typically takes no more than 10 years – as explained in the ques-
tionnaire. Biodiversity, carbon sequestration, risk of fire, erosion prevention, and recreational enjoy-
ment vary as the forest matures, and last for the duration of the forest life. The long lasting effects
make these attributes both of use and non-use value to the respondents. As far as the new forests
survive the surveyed individuals, they would be paying for their own enjoyment and for the one of
future generations, and consequently, this altruism would be included in their preferences when
stated the choices between alternatives.

When moving from the valuation application to an evaluation exercise, a proper cost–benefit
analysis, or alike, should be considered, which is beyond the scope of this paper. However, a rough
estimate suggests that a forestry programme of that type could yield a positive net social benefit.
Evaluated at the highest levels of the attributes considered in the CE application, the total benefits of
the programme would be around 29 million euros per year, during five years, while if only erosion
control and carbon sequestration are considered, the figure would reduce to around 21.3 million
euro. This and other benefits are to be compared against a plantation cost of 16.6 million euros per
year, during the five years of the programme, and any other relevant costs. Again, to draw firm con-
clusions, this ought to be the subjected to a proper evaluation exercise, which is suggested as further
research.

Since the exercise took place, the forest plan implementation set by the administration has not
been as successful as intended. The annual rhythm of afforestation has slowed from 18,000 ha in
2001–2010 to 7500 ha in 2011–2015 (Daly-Hassen 2016). To a great extent, the slowness is due to
problems with the administration and the economic policies, especially after the 2011 revolution. A
weaker forest administration authority has led to a less effective territorial planning and manage-
ment. Furthermore, there has been a lack of incentive policies for afforestation on private land. If
this is to be overcome by the development and implementation of a national plan of afforestation
and territorial development plans, together with attractive financing mechanism for private owners,
the results of this study could be of practical interest to the authorities. They could be used to detail
the location, type of species to be planted, and the forestry management scheme to be implemented,
paying particular attention to access from the locals, and the compensatory amounts for the incen-
tives, e.g. due to grazing prohibition in afforested areas – if the maximisation of the overall social
welfare is to be considered.
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DGF (Direction G�en�erale des Forêts). 2010. R�esultats du deuxi�eme inventaire forestier et pastoral national [Results of
the second national forest and pastoral inventory]. Tunis: DGF.
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