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1. Introduction

Tropical dry forests (TDF) are one of the most vulnerable and
threatened ecosystems on the planet (Bawa and Seidler, 1998).
Their fertile soils and mild climates make them highly suitable
for agriculture and livestock (Murphy and Lugo, 1995; Ewel,
1999; Piperno and Pearsall, 2000). Consequently, they have
suffered extensive deforestation as land was cleared to make way
for land colonization (Janzen, 1988; Quesada and Stoner, 2004).
This pattern of degradation is nowhere more evident than in
Central America and Panama. In this region, the rate of
deforestation of TDF is significantly higher than global rates.
According to figures taken from the Terrestrial Ecoregions Base
Global Dataset, Central American TDF covers only 1.7% of its
estimated original extent, whereas 34.9% of the estimated
original extent of TDF remains globally. Furthermore, only
0.5% of Central America’s TDF are protected by some type of
conservation units, compared to 4.9% globally (Olson et al.,
2001).

More promising, however, are recent studies that show TDF is
recovering in some areas (Abizaid and Coomes, 2004; Arroyo-Mora
et al., 2005a,b; Tucker et al., 2005). In the Costa Rican province of
Guanacaste, for example, TDF have been recuperating at a
significant rate (Arroyo-Mora et al., 2005a,b). Guanacaste’s forests
were heavily eliminated between 1950 and 1980 under the
pressure of a rapidly expanding beef industry and land coloniza-
tion policies. By 2005, however, regenerating secondary forests
(regrowth) helped expand the total forest cover to 47.9% of the
province (Sánchez-Azofeifa et al., 2006). This is a significant
reversal of the dominant pattern of TDF deforestation observed in
other countries of Central and South American (Miles et al., 2006).

The recovery of secondary forest in Guanacaste is not an
isolated incident. Empirical studies also show that humid
secondary forests are recovering in other zones of Costa Rica (Kull
et al., 2007); in El Salvador (Hecht and Saatchi, 2007), Panama
(Sloan, 2008); and more broadly across Latin America and the
Caribbean, for example Mexico (Klooster, 2003), Puerto Rico (Grau
et al., 2003), Ecuador (Farley, 2007), Brazil (Baptista and Rudel,
2006; Baptista, 2008) and Argentina (Izquierdo et al., 2008). Some
of the processes found in these studies to contribute to this forest
recovery include: past land-use patterns, economic globalization,
urbanization, population change, government economic policies
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A B S T R A C T

Traditionally Land Use Cover Change (LUCC) studies have focused on processes of negative land-cover

change, primarily deforestation, partially because examples of positive land-cover change were not

common. During the last two decades an outstanding tropical dry forest restoration process had taken

place in the province of Guanacaste, Costa Rica, which has given us a unique opportunity to study how

and why tropical dry forest regrowth occurs. The purpose of this paper is to undertake a retrospective

analysis of the social dynamics of forest deforestation and restoration in Guanacaste from 1960 to 2005.

Hence we investigate how structural drivers shape patterns of forest-cover change and examine how the

role that Costa Rica’s conservation policies had played in promoting forest restoration. Our study

combined analyses of socioeconomic data and satellite images of forest cover. We showed that forest

regrowth observed in Guanacaste after the 1980s was the result of multiple socioeconomic factors. Our

results indicate that the degree of incentive provided by conservation policies such as Payment for

Environmental Services are not enough to ensure that Guanacaste’s forest will be protected against the

potentially negative impacts of future socioeconomic changes. The findings from our analysis can assist

decision-makers and managers in other regions to understand how social, economic and political

dynamics impact the effectiveness of forest conservation efforts.
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and environmental policies, diversification of wage labor, and
agricultural transformation.

The causes of forest recovery in Guanacaste have not yet been
systematically examined; however it has been partially attributed
by policy makers and others to the implementation of national
forest conservation policies in the region (Castro and Arias, 1998;
MINAE, 2002). Costa Rica has had considerable success with
developing and implementing forest conservation policies, and its
experiences with these policies provide a valuable learning
opportunity for other countries (Rojas and Aylward, 2003). The
case of forest regrowth in Guanacaste provides an opportunity to
assess the contribution of these policies to past forest regrowth and
to the maintenance of these new forests in the future. Furthermore,
examining the socioeconomic dynamics of forest recovery in
Guanacaste can also increase our understanding of how forest
recovery occurs in TDF ecosystems where few land-use studies
have been conducted (Sánchez-Azofeifa et al., 2005a,b).

Land Use Cover Change (LUCC) research shows that we cannot
understand the complete picture of forest-cover change without
incorporating social research into natural science studies (Geo-
ghegan et al., 1998; Rindfuss et al., 2004). LUCC is a complex
phenomenon that involves interactions between social and natural
systems (Geist and Lambin, 2001; Lambin et al., 2001, 2003). LUCC
such as deforestation and forest regrowth is the result of changes in
how people use land as social, economic, and political drivers are
changing. These drivers include large-scale, structural dynamics
such as price shifts in international markets and national
development policy changes. They also include small-scale,
proximate dynamics such as changes in the local labor market
and the lifecycle of rural families. Furthermore, these dynamics
interact across scale and over time. This complexity makes
unraveling the causal relationships between social processes
and LUCC a difficult goal to realize. Lambin et al. (2003) show that
at the time scale of about a decade, the key process driving regional

LUCC is farmer’s responses to socioeconomic change. Examining
structural changes in Guanacaste’s society and economy therefore
provides insight into the large-scale factors driving deforestation
and forest restoration in that region.

The purpose of this paper is to undertake a retrospective
analysis of the social dynamics of forest deforestation and
restoration in Guanacaste from 1960 to 2005. It has two central
goals: first, to investigate how structural drivers shape patterns of
forest-cover change; and second, to examine the role that Costa
Rica’s conservation policies played in promoting forest restoration.
The findings from our analysis can assist decision-makers and
managers in other TDF regions to understand how social, economic
and political dynamics impact the effectiveness of forest con-
servation efforts.

2. Methodology

2.1. The study area

Guanacaste is located in northwest Costa Rica (see Fig. 1). It is
10.140 km2 in area and for this study is divided into two main
geographical zones: the Nicoya Peninsula (3.935 km2) and the
Tempisque Northeast basin (6.206 km2). The Nicoya Peninsula is
characterized by a mix of tropical dry and moist ecological zones
according to the Holdrige Life Zone Classification System
(Holdridge, 1967; Bolaños and Watson, 1993). A great proportion
of the Nicoya Peninsula has steep terrain and thin or infertile soils
that are mostly classified as unsuitable for agriculture (Arroyo-
Mora et al., 2005a,b). Before human settlement it was heavily
forested with both dry and moist tropical forests. In contrast, the
Tempisque Northeast basin is a flat, alluvial lowland area, sloping
up to the foothills of the Guanacaste Volcanic Cordillera. It is
predominantly a tropical dry zone (Holdridge, 1967), and it has
more fertile soils than the Nicoya Peninsula (Arroyo-Mora et al.,

Fig. 1. Map of Guanacaste region, protected areas and location of Nicoya Peninsula and Northeast zones.
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2005a,b). Its original, pre-settlement land-cover was a mix of
natural savannah and tropical dry forests (Boucher et al., 1983).

2.2. Methods

Our study used two data collection methods. GIS analysis of
remote sensing images provided information about the pattern of
deforestation and forest regrowth. A literature review and
compilation of socioeconomic data revealed structural dynamics
that shaped the socioeconomic context of forest conservation. We
combined the results in a discussion of the role of conservation
policies in promoting forest regrowth. This discussion is positioned
within current LUCC research.

2.2.1. GIS analysis

We analyzed forest-cover change in the Guanacaste province
using GIS analysis of remote sensing images and cartographic
pages. We compiled forest-cover maps for this province for the
years 1960, 1979, 1986, and 2005. For the purposes of this study,
forest was defined as at least 80% forest canopy cover, and included
both natural primary and secondary forest. As remote sensing
images were not available for 1960, we prepared the map for this
year by digitizing cartographic pages based on aerial photographs.
Maps for subsequent years were prepared from LANDSAT MSS
images. Arroyo-Mora et al. (2005a) prepared the 1979 image by
reclassifying an image used previously by Sader and Joyce (1988).
Methodological problems in determining the extent of tropical dry
forest using remote sensing (Kalacska et al., 2004; Sánchez-
Azofeifa, 2000; Sánchez-Azofeifa et al., 2005a,b), were overcome
by using new, more accurate classification techniques (Arroyo-
Mora et al., 2005a). In particular, we used images taken at the end
of the wet season. At this time, deciduous tropical dry forests still
have full leaf cover but skies are also relatively clear, enabling good
image quality. The 1986 and 2005 images were prepared by
extracting information for the Guanacaste province from previous
national studies by CCT-CIEDES-CI (1998) and Sánchez-Azofeifa
et al. (2006). These studies used the same methodology as Arroyo-
Mora et al. (2005a), and therefore the maps for these years
produced comparable results. Also important to mention is that in
the 2005 forest-cover study (Sánchez-Azofeifa et al., 2006) a GIS
data base was prepared to remove any possibilities to misclassify
in the 2005 forest-cover map 100,500 ha of forest plantation,
112,000 of coffee plantations and 8500 ha of fruit plantations as
forest cover.

2.2.2. Literature review and compilation of socioeconomic data

In order to understand the socioeconomic context of land-use
change over time in Guanacaste we conducted a thorough
literature review and compiled descriptive socioeconomic data.
Documents included in the literature review were in both English
and Spanish and covered a range of relevant topics such as national
and regional history, geography, government policy in agriculture
and forest use, as well as agricultural land use. It incorporated
scholarly articles in peer reviewed journals, dissertations, govern-
ment reports and data, as well as a limited number of non-
government organization reports. Socioeconomic data that reveals
the extent of socioeconomic change in Guanacaste was obtained
from a number of sources. The data included in Table 3 was
extracted from the national census for 1950, 1963, 1973, 1984 and
2000. It was accessed via a public database (REDATAM) of the
National Institute of Statistics and Census (INEC) (available online
at http://www.inec.go.cr/). Data obtained in this way included:
total reported population in the province, percentage of population
living in an area classified as urban or semi-urban, percentage of
workers employed in agriculture (the primary sector), percentage

of households with electric lighting, and percentage of households
that used wood or coal for cooking. All variables are classified
according to the definitions in the national census for each year.
The data was tabulated by year to show change in these variables
over time. Additional data was obtained from: the Costa Rican
Institute of Tourism (national tourist visitations and spending, no.
hotels), the National Forestry Financing Fund (FONAFIFO) (PSA
contracts in Guanacaste), the Costa Rican Chamber of Cattle
Farmers (CORFOGA) and the Ministry of Agriculture (national beef
prices and exports).

3. Results

3.1. Land-use history

Prior to Spanish conquest, the Guanacaste region was populated
by dispersed settlements of indigenous Chorotega and Nicaraos
peoples that used only the most fertile lands for subsistence
farming (Flores, 1982). The first Spanish colonists arrived in
Guanacaste in the early 1500s (Hall, 1984).1 They found the natural
savannahs and dry climate of the Northeast to be suitable for
raising European Creole cattle (Edelman, 1985). By the 1800s, a
small population of colonists had established an extensive system
of large haciendas (Edelman, 1985).2 In contrast, the thinner soils
and steep terrain of the Nicoya Peninsula were not suitable for
large-scale farming. Colonial settlement was restricted to small
properties administered by Franciscan missionaries for subsis-
tence farming by indigenous and mestizo communities (Hall,
1984). These early patterns of land tenure continue to underpin
land distribution in Guanacaste today (Peters, 2001).

Land use in Guanacaste steadily intensified from the mid-1800s
to the 1950s. As the national population grew, there was an
increasing demand for beef and timber products out of the region
(Hall, 1984). From the 1930s onwards, economic pressures and
population growth pushed landless peasants from the central
highland region of Costa Rica into Guanacaste in search of land for
subsistence farming (Cruz et al., 1992; Gregersen, 1994). Land
colonization policies and the expansion of the road network
facilitated this process of migration (Hall et al., 2000; Watson et al.,
1998). As the Northeast was already covered by well-established
haciendas, most of these migrants headed to the relatively
unpopulated Nicoya Peninsula (Cruz et al., 1992).

The rate of timber extraction also increased during this period.
High value timber was harvested in Guanacaste to meet both
national and export needs. Official records show that Costa Rica
exported a steady supply of mahogany to the United Stated from
1908 to 1960 (Lamb, 1966). Most of this timber came from
Guanacaste, which was the only region in the country where
mahogany was endemic (Bolaños and Navarro, 1999; Calvo-
Alvarado et al., 2000).

From the 1950s onwards, land use in Guanacaste intensified
significantly as the beef industry expanded. A dramatic rise in
international beef prices due to the opening of beef exports to the
United States drove a major expansion of beef industries right
across Central and South America (Kaimowitz, 1996). In Costa Rica,
the expansion of the beef industry was further facilitated by
government subsidies that were provided with the support of the
World Bank and United States AID (Kaimowitz, 1996; Sánchez-
Azofeifa, 2000; Quesada and Stoner, 2004).

1 The Guanacaste region was a part of the Spanish colony of Nicaragua. It did not

become a province of Costa Rica until 1824, three years after Costa Rica’s

independence from Spain.
2 Haciendas were large farms (>5000 ha) assigned by the Spanish crown to

colonists.
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The extent to which the beef industry expanded in Costa Rica is
reflected in official figures for the size of the national cattle herd. As
shown in Fig. 2, the national cattle herd more than doubled in size
between 1950 and its peak in 1972. Guanacaste contained a large
percentage of this cattle herd. Some accounts estimate that in 1972
40% of all the cattle in Costa Rica were located in Guanacaste
(Boucher et al., 1983; Ibraham et al., 2000).

The rise of the beef industry was the single most influential
driver of deforestation in Guanacaste. Prior to the 1960s,
deforestation was sustained but gradual. Indigenous populations
had little impact on forest cover, as their agricultural activates
were restricted to small, dispersed areas (Boucher et al., 1983;
Solórzano et al., 1991). The extensive haciendas of the Spanish
colonists also had minimal impact on forest cover, as their Creole
cattle were wide ranging and largely restricted to areas of natural
savannah (Edelman, 1985). The rate of deforestation began to
increase in the 1930s with the influx of landless peasants, the
introduction of land colonization polices that encouraged land
clearing, and the expansion of the road network (Hall, 1984;
Augelli, 1987; Watson et al., 1998; MINAE, 2002). However, it was
not until the rise of the beef industry in the 1950s that
deforestation rates radically escalated (Solórzano et al., 1991;
Kaimowitz, 1996; Watson et al., 1998).

The rapid clearing of forest for pasture expansion eliminated
most of Guanacaste’s forest by the 1970s. In the Nicoya Peninsula,
forests were converted to pasture as farms expanded in size
(Gregersen, 1994). Land used for subsistence agriculture was also
converted to pasture as the thin soils became degraded and unable
to sustain crop production (Gregersen, 1994). In the Northeast,
deforestation intensified on the already existing haciendas as new
farming techniques enabled farmers to increase the size of cattle
herds. New techniques included, fencing, the expansion of fire
resistant exotic grasses such as Jaragua (Hyparrhenia rufa), and the
introduction of Brahman cattle breed that had a much higher
output than the European Creole cattle (Hall, 1984; Edelman,
1985; Jiménez and González, 2001; Peters, 2001). The new fire
resistant grasses also led to the widespread use of fire as a method
for establishing and ‘cleaning’ pasture. Fire proved to be a very
efficient method for expanding and maintaining pastures in
Guanacaste’s dry climate (Parsons, 1983).

Cattle farming was not the only land use in Guanacaste during
the 1950s and 1960s, but other land uses had relatively little

impact on deforestation rates compared to cattle. Timber harvest-
ing was mostly a byproduct of clearing land for pasture (Quesada-
Mateo, 1990; Harrison, 1991; Solórzano et al., 1991). Large-scale
agriculture, particularly sugar cane and cotton, also expanded in
alluvial lowland areas in the 1960s but crops were largely planted
on former pasture lands rather than on cleared forest areas (Mateo
et al., 2001).

The strong relationship between an expanding beef industry
and high rates of deforestation, described by Myers (1981) as the
‘‘Hamburger Connection’’, was not restricted to Guanacaste during
this period. The rise of the international beef market led to the
deforestation of large tracts of forests right across Central and
South America. As a result of this, Central American beef exports
rose from $9 million in 1961 to $290 million in 1979 (Kaimowitz,
1996). However, international beef prices were low between 1975
and 1977, rose for a few years, and then started falling again after
1980 (Fig. 2). Beginning in the mid-1980s the Costa Rican
government also withdrew its support for the industry (Watson
et al., 1998). The decline in the international beef price had two
main explanations: (a) the European Economic Community went
from being a net beef importer to becoming a net exporter and (b)
per capita beef consumption in the US fell after 1977 as consumers
became more health conscious and real incomes stagnated
(Kaimowitz, 1996). As a consequence, by the mid-1990s, the
national cattle herd had decreased in number to its 1960s levels
(Fig. 2).

3.2. National conservation policies in Guanacaste

A large body of literature already describes the development of
conservation policies in Costa Rica (see for example Watson et al.,
1998; Evans, 1999; De Camino et al., 2000; Brockett and Gottfried,
2002). Costa Rica created a regulatory and institutional framework
for forest conservation and management through a series of policy
and legal changes over four decades. In 1969, the first Forest Law in
the country regulated forest use on public land and established a
national parks system. In the 1980s, Costa Rica adopted the
concept of sustainable development (Calvo-Alvarado, 1990). It
created an Environment Department and introduced subsidies for
reforestation and forest management on private land. In the 1990s,
it introduced a National System of Conservation Areas called SINAC
to decentralize forest management and conservation. A Forest Law
passed in 1996 introduced a permit system to restrict timber
extraction and forest-cover change on private land, and a program
of Payments for Environmental Services, known as PSA.

Hence with this law the prohibition of forest clearing and the
PSA became the primary mechanisms for promoting forest3

conservation on private land in Costa Rica. PSA as such warrants
further explanation (Chomitz et al., 1999; Barrantes, 2000; Rojas
and Aylward, 2003). It is administered by an autonomous
government body, the National Forestry Financing Fund, known
as FONAFIFO. FONAFIFO pays landholders for the environmental
services performed by forests on their lands. In this way, PSA
provides a direct incentive to landholders to engage in conserva-
tion activities (Ferraro and Kiss, 2002). The specified environ-
mental services are carbon sequestration, water protection,
biodiversity protection, and scenic beauty. Funds for payments
are sourced from a national tax on fuel consumption, private
companies such as water and electricity utilities, and international
sponsorship.

Fig. 2. Cattle population trend in Costa Rica in relation to international beef price

(Sources: Montenegro and Abarca, 1998; Ibraham et al., 2000).

3 According to this law forest is defined as any land unit of at least 2 ha that is

covered by natural regenerated trees, or alternatively a natural forest that is actively

managed. Trees of different ages and structure must cover at least 70% of the surface

with a minimum of 70 trees per hectare with at least 15 cm of DAP.
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Under PSA, landholders receive payments from FONAFIFO in
exchange for forest protection, sustainable forestry and reforesta-
tion.4 Sustainable forestry contracts cover a 15-year period, but
payments are made in the first 5 years at a progressively
decreasing rate in an effort to offset set-up costs. Forest protection
contracts cover 5 years and payments are provided at a flat rate
throughout the contract. In both cases landholders must fulfill the
requirements of a forest management plan that includes fencing
off protected areas, excluding cattle, and maintaining firebreaks
and access trails. The total payment for sustainable forestry is
substantially higher than for forest protection (sustainable forestry
payments from 1997 to 2001 averaged USD $623 per hectare
compared to USD $221 for forest protection; see Zbinden and Lee,
2005). Nevertheless, the PSA for sustainable forestry was
suspended in 2002 and the accumulated assigned funds were
insignificant in comparison to forest protection, only 5% of the total
amount of PSA assigned from 1997 to 2007.

The three key national conservation policies – protected areas,
PSA, restrictions on timber extraction and forest clearing have all
been implemented in Guanacaste. An extensive system of
protected areas was established from 1970 to 1990 and covers
roughly 9.6% of Guanacaste’s territory (Fig. 1). The largest
protected areas are the Santa Rosa National Park (495 km2), which
was the country’s second national park created by presidential
decree in 1972 (Evans, 1999); and the Guanacaste National Park
(324 km2), which was created by a series of land purchases from
private landholders after the 1980s (Allen, 2001). Both these
national parks are located in the Northeast zone. Another larger
protected area on the lower Tempisque basin is Palo Verde
National Park (454 km2), created in 1978. In addition to these
national parks, there are also a number of smaller national
conservation units such as forest reserves and wildlife refuges
scattered across the province. Land use is heavily restricted within
protected areas, although some mixed land use is permitted within
forest reserves and other conservation land units (Allen, 2001;
Stern et al., 2001).

According to FONAFIFO’s official database (FONAFIFO, 2007),
between 1997 and 2002, 555 PSA contracts for forest protection

Fig. 3. Forest-cover maps for the Chorotega region, Costa Rica, from 1960 to 2005. Dark areas correspond to forest cover (Source: Arroyo-Mora et al., 2005a,b; Sánchez-

Azofeifa et al., 2006).

4 Currently, PSA in Costa Rica also includes payments for agroforestry and forest

regeneration but these payments are not common and are not included in this

study.
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were established in Guanacaste. These contracts accounted for
51,168 ha which represent only a small fraction (10%) of the total
forest cover of the province. During the same period, 276 PSA
contracts for sustainable forestry were established (covering only
8742 ha), the majority of which covered land located in the Nicoya
Peninsula. At the same time, there were only 78 other types of PSA
contract established, including agroforestry. In total, the area
covered by PSA contracts in Guanacaste is only 12% of the total
natural forest cover of the province today.

3.3. GIS analysis of forest-cover change

The results of the GIS analysis of forest-cover change in the
Guanacaste province indicate that major forest regrowth has
occurred since the 1980s. This pattern is revealed in Fig. 3, which
shows the forest-cover maps prepared for 1960, 1979, 1986, 2000
and 2005.

Tables 1 and 2 show the results of GIS analysis of forest cover.
Between 1960 and 1979, forest cover fell from 37.8% to 23.6%. This
represented an annual deforestation rate of �0.74% of the
Guanacaste territory (�0.68% nationwide). There was a very low
deforestation rate (�0.1%) between 1979 and 1986. This contrasts
with national figure of 0.89% indicating that deforestation in the
rest of the country continued during this period. Between 1986 and
2005 forest cover increased in Guanacaste from 23.6% to 47.0%,
much greater than the %forest cover reported for 1960 (37.8%). The
annual rate of regrowth was therefore +1.26%. This far exceeded
the national forest regrowth rate for this period, which was only
+0.39% (Table 2).

The pattern of deforestation and regrowth was slightly different
in the Nicoya Peninsula and the Northeast Tempisque basin
(Table 1). The rates of deforestation between 1979 and 1986 in the
Nicoya Peninsula were considerably higher (a change of 40.3% to

22.5%) while the Northeast experienced slightly smaller defor-
estation rates (from 34.1% to 25.6%). From 1986 to 2005, the
Northeast Tempisque basin had a higher rate of forest regrowth
than the Nicoya region. Additional analysis showed that by 2005
only 20% of the total forest cover was protected in conservation
units. Furthermore, of the total forest regrowth that took place
from 1986 to 2005, only 10% occurred in conservation units,
meaning that 90% of the regrowth has been taking place on private
lands.

3.4. Structural dynamics

The two structural dynamics that are central to our study have
already been described above: they are (i) the collapse of the beef
industry and (ii) the introduction of conservation policies.
Socioeconomic data from 1950 to 2000, shown in Table 3, reveal
that other important structural dynamics were also occurring
before and during the period of forest regrowth. A major transition
occurred in the socioeconomic conditions in Guanacaste between
1950 and 2000. It was marked by a sustained growth in
population, increasing urbanization, a sharp drop in agricultural
employment, rising health and education standards, and the
expansion of the electricity grid. During this transition, the
economy shifted from an almost exclusive focus on agriculture
and cattle raising to a much stronger focus on the services sector,
in particular tourism.

The structure of society in Guanacaste changed markedly
between 1950 and 2000. In 1950, Guanacaste had a population of
77,000, 86% of which was classified as rural. In addition, the
agricultural sector employed 80% of the province’s workers. Only
10% of houses had electricity, and 76% of households used charcoal
or wood for cooking. By 2000, the population in Guanacaste had
more than tripled to 264,000. Only 58% of this population was
classified as rural (although in absolute figures the rural population
had risen since the 1950s). The drop in the percentage of workers
employed in the agricultural sector was tremendous, falling to 9%.
By this time, 93% of households had electricity, and only 28% used
charcoal or wood for cooking.

Table 3
Indicators of socioeconomic transition in Guanacaste province, 1950–2000.

1950 1963 1973 1984 2000

Population (1000s) 77 88 143 195 264

%Urban population 13.6 15.0 23.9 26.6 41.9

%Rural population 86.4 85.0 76.1 73.4 58.1

%Houses with electricity 10 16 31 64 93

%Kitchens with wood/coal combustion 76 95 81 69 28

%Agricultural employment 80 – 58 50 9

Table 2
Change in forest cover (ha) and deforestation rate (percentage) by province.

Province Temporal period

1960–1979 1979–1986 1986–2005

Change Rate of change (%) Change Rate of change (%) Change Rate of change (%)

Guanacaste �144,113.47 �0.74 �5,819.51 �0.10 244,137.42 1.26

Alajuela �168,333.64 �0.91 �174,828.80 �2.98 �1,077.64 �0.01

Limon �68,939.51 �0.40 �9,361.90 �0.17 �27,361.38 �0.16

Heredia �25,083.54 �0.50 �19,552.34 �1.22 �24,468.15 �0.48

Puntarenas �192,449.90 �0.90 �63,748.62 �0.95 130,834.01 0.61

San Jose �51,674.79 �0.55 �19,423.14 �0.65 58,721.31 0.62

Cartago �10,597.98 �0.18 13,646.07 0.74 �5,572.61 �0.09

National �661,192.83 �0.68 �272831.9 �0.89 375,212.96 0.39

Table 1
Forest cover as a percentage of land area by province.

Province Year

1960 1979 1986 2000 2005

Guanacaste 37,8 23,6 23.,1 40,4 47,0

Nicoya Peninsular 40,3 22,5 20,7 37,8 43,6

Tempisque Northeast Basin 34,1 25,6 26,9 44,8 52,6

Alajuela 62,0 44,7 26,8 26,9 26,7

Limon 79,8 72,3 71,3 67,4 68,3

Heredia 79,1 69,7 62,3 53,1 53,1

Puntarenas 57,9 40,8 35,1 43,2 46,8

San Jose 45,0 34,6 30,7 39,7 42,5

Cartago 65,8 62,4 66,8 64,3 65,0

Costa Rica 58,9 46,0 40,5 45,3 47,9
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The collapse of the beef industry was partly responsible for this
socioeconomic shift in Guanacaste. It decreased the economic
opportunities in rural areas, compelling people to seek out
alternative employment in urban areas. The conversion of some
of the largest haciendas to national park may have also been a
factor in the reduction of rural labor. However, the socioeconomic
shift cannot be explained without also considering the significant
impact of tourism. The rapid growth of the tourism industry in
Guanacaste provided the majority of the alternative employment
opportunities in the region, as well as driving up the price of land.
The growth of tourism altered the shape of the Costa Rican
economy as a whole (Weaver, 1999). According to the records of
the Institute of Tourism (ICT, 2004), international visitors to Costa
Rica increased by an average of 16,000 people a year between 1966
and 1983. After 1986, this figure jumped to an annual increase of
60,000 visitors per year. By 2005, the number of tourist to visit
Costa Rica had reached 1.7 million (Cordero and Paus, 2008). This
was an extraordinary number of international visitors in a country
with a national population under 4 million at the time. In 2005,
tourists spent US$1,600 millions in Costa Rica, making tourism the
most important source of national income and employment.

The beaches of Guanacaste received a large portion of these
international visitors. In 2000, 24% of Costa Rica’s hotels were
located in Guanacaste (ICT, 2004). It was the most visited area in
the country outside of the capital of San José. Tourism received an
added boost in the region when the Daniel Oduber International
Airport was built outside the provincial capital of Liberia in 1993.
Since that time, international visitors entering Guanacaste directly
through this airport have steadily increased (CATURGUA, 2007).

4. Discussion

We consider that the forest regrowth observed on remote
sensing images between 1986 and 2005 for Guanacaste is not due
entirely to the implementation of conservation policies. The
restrictions on timber extraction and the PSA program were not
introduced in Guanacaste until after 1997. Most forest regrowth
resulting directly from these policies would be too young to be
detected as forest on the remote sensing images up to 2005.
Furthermore, the 555 PSA contracts for forest protection estab-
lished in Guanacaste between 1997 and 2002 accounted for only
51,168 ha which represents only a small fraction (20%) of the total
forest recovered from 1979 to 2005.

LUCC research shows that the underlying driver of deforestation
is landholder’s responses to economic change (Lambin et al., 2001).
LUCC research also shows that a wider range of structural dynamics
other than just economic change define the land-use alternatives
that are available to landholders (Geist and Lambin, 2001; Lambin
et al., 2001). These dynamics include new government policies in
related arenas, demographic shifts, and cultural transformation.
They combine with economic change to create the opportunities and
restrictions that landholders must negotiate when making land-use
choices. In Guanacaste, conservation policies were only one of the
structural dynamics that contributed to forest regrowth. Other
structural changes that were not driven by the goal of forest
conservation also reinforced forest regrowth and conservation. For
example, the new employment opportunities in the tourism
industry drew workers away from agriculture.

The experience of forest regrowth in Guanacaste is an example
of what Lambin, Geist and Leper call a land-use transition (Lambin
et al., 2003, p. 228). A land-use transition is a period of intensified
land-use change caused by dramatic and interrelated changes in
the structure of a society. The structural transformation of society
fundamentally alters the economic opportunities and restrictions
that exist for landholders. It creates a new set of conditions that

landholders must negotiate when considering the relative costs
and benefits of alternative land uses. These changes encourage
landholders to alter to how they use land on a large scale.

In Guanacaste, the structure of society changed between the
1950s and 2000s with the collapse of the beef industry and the shift
towards a more urbanized and service-oriented economy. This
transition involved interrelated changes in a number of different
sectors of society. Guanacaste became more populated but also
more urbanized. Standards of living increased and tourism
overtook other land uses to become the most profitable economic
activity. The new social structure created new opportunities and
restrictions for cattle farmers. Within this specific context,
abandoning pasture to natural forest regrowth and establishing
timber plantations emerged as two of the best land-use choices
available to cattle farmers. Also within this specific context,
conservation policies acted as extra encouragement and reinforce-
ment for choosing these land uses. A study of the drivers of forest
regrowth on the central Pacific coast of Costa Rica found that a
similar set of factors lead to forest regrowth (Kull et al., 2007).

As Lambin et al. (2003) note, however, there is no reason why
further land-use transitions will not occur. This is the source of
doubt over the ability of current conservation policies to protect
Guanacaste’s secondary forests in the future. If further structural
changes occur that create a new set of opportunities and
restrictions for cattle farmers, their evaluations of which land
uses are the best for their circumstances will also change. There is
no guarantee that in a different socioeconomic context the current
conservation policies will promote forest protection and refor-
estation. In Guanacaste, an increase in timber prices, the
introduction of new agro-industries that makes marginal land
more profitable again, a demand for land for real estate
development, or a global economic crisis depressing tourism
could provide enough incentive to landholders to convert forests
once again.

Emerging evidence suggests that legal restrictions on forest-
cover change and the payments made under PSA may not prevent
deforestation when a strong economic incentive to clear forests is
present (see also Ibarra, 2007). Along these lines, an independent
study using aerial photographs from year 1997 and 2003 (Cordero,
2008) revealed very interesting results that support the suggestion
that a structural change is already taking place in Guanacaste, one
that is already affecting the sustainability of forest conservation.
This study evaluated the forest-cover change of the Tempisque
Conservation Area, which includes the entire Nicoya Peninsula (the
Nicoya Peninsula represents 78% of the total area in the Tempisque
Conservation Area). It found that during the study period a total of
12,664 ha (5% of the 1997 forest area) were deforested. The main
cause of this forest-cover loss was pasture expansion as about 72%
of the change was classified as pasture. Nevertheless Cordero
(2008) also detected an increase of 5000 ha of forest regrowth (2%
of the 1997 forest area), mostly on abandoned pasture lands, hence
resulting in a net lost of 7600 ha of forest cover. These findings also
support our hypothesis that most of the forest regrowth in
Guanacaste Province took place prior 1997.

There are a number of forest-cover change pathways that have
the potential to explain the deforestation detected by Cordero
(2008) and that also might help anticipate future pressures on
Guanacaste’s secondary forest. According to information available
from the Costa Rican Chamber of Cattle Farmers, there is a push to
reactivate and modernize the cattle industry in Costa Rica (http://
www.corfoga.org):

� The international beef price had increased to an average of $2.37
between 2002 and 2004, equivalent to an increase of 72% over
the average price between 1986 and 2000 (Fig. 3).
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� During the last 3 years (2005–2007) the international beef price
averaged $2.8, which has moved the market back to a scenario
similar to the 1970s (see Fig. 3).
� Costa Rican beef exports grew from 10,440 ton in 2000 to

17,400 ton in 2005.
� A national cattle farming reactivation program was also

launched in 2007 by the government and the cattle industry,
led by Guanacaste ranchers, that provides lower interest on bank
loans and increased technical assistance for cattle farmers
(COFORSA, 2007). Together, these movements may drive the
expansion and intensification of cattle ranching in Guanacaste in
the near future.

In addition to these changes to the cattle industry, a second
pathway of forest-cover change could be through tourism
infrastructure and real estate development. According to Cordero
and Paus (2008), by 2006 foreign investment in Costa Rica
amounted to US$1,410 millions, almost 3.5 times the amount
reported in 1997. Of the total investment in 2006, 17% and 40%
occurred in the tourism and real estate areas, respectively,
collectively surpassing investment in industry, which was only
50%. In the absence of strong regional zoning and legislation to
control this development, roads, houses and hotels are being
constructed on marginal lands that were previously abandoned.
Ironically, the locations that are most attractive to these investors
are the hilly terrain with coastal views that is most marginal for
cattle production and therefore were the first areas to be
abandoned by farmers to forest regrowth (Kull et al., 2007).

A third pathway of land-use change that threatens Guanacaste’s
secondary forests in the near future is the expansion of
agribusinesses and the introduction of new crops that are adapted
to hilly terrain and dry conditions (Hecht and Saatchi, 2007). For
example, Ricinus comunis L. (Castorbean) and Jatropha Curcas

(Physic Nut) are two biofuel crops adapted to hilly conditions in
Guanacaste (CATIE/IFO, 2004). There are also plans to expand
irrigation schemes in the lowlands of Guanacaste (MIDEPLAN,
2008) that could also further encourage the expansion of large-
scale agribusinesses. A number of biofuel crops such as sugar cane
(restricted to the irrigated areas of Guanacaste) and palm oil
(restricted nowadays to the humid areas of southern Costa Rica). If
additional irrigated land becomes available, these crops may
expand further into both the Nicoya Peninsula and the more fertile
Tempisque Northeast basin.

All of these land-use change pathways have the potential to
promote future forest conversion in Guanacaste. In addition, the
Central American-Dominican Republic Free Trade Agreement
(CAFTA) that was recently approved in Costa Rica, may also give
new impetus to any of these potentially threatening develop-
ments. Equally important to consider is the impact of global
economic crisis that could depress Guanacaste tourism industry,
forcing a redefinition of the local economy.

These findings show that conservation policies are only one of
many structural factors that influence landholder’s land-use
decisions. Conservation policies only change land-use decisions
when they alter the relative costs and benefits of alternative land-
use options in a way that favors forest conservation. As such, their
success relies on the way they interact with other factors in society.
Industries rise and fall, labor markets shift, and government
policies in related arenas change. These changes impact the
capacity of conservation policies to influence land-use decisions.
This suggests that the success of conservation policies, particularly
those that aim to influence land-use decisions, could be highly
tenuous.

This is not to say that direct incentives like PSA are necessarily
ineffective as a conservation mechanism at all. PSA has provided a

certain degree of incentive for forest protection and reforestation
in Guanacaste. PSA also has other benefits. Empirical studies in
other regions of Costa Rica show that the PSA program can raise
environmental awareness amongst landholders and can also
contribute to the development of social organizations that
promote sustainability (Camacho et al., 2003; Miranda et al.,
2006). Additionally, the requirement under PSA forest manage-
ment plans to maintain fire breaks can help to control the large
threat that fire poses to Guanacaste’s dry forests.

Our point is that the degree of incentive provided by PSA is not
enough on its own to ensure that Guanacaste’s forests will be
protected against the potentially negative impacts of future
socioeconomic changes. This is particularly worrying given that
the threat of further socioeconomic change leading to deforesta-
tion in Guanacaste in the near future is very real. In order to better
protect Guanacaste’s forests, conservation managers need to
implement a wider range of conservation programs on private
lands rather than relying only on PSA. By doing this, they can
increase the degree of influence that conservation programs as a
whole have on land-use decisions, and therefore be better placed to
counter strong economic incentives for deforestation.

5. Conclusions

A number of outstanding questions remain regarding the future
of Guanacaste’s forests; however there is sufficient evidence to
raise concern over the ability of current conservation policies to
protect forest from future land-use change. Relative to regional
socioeconomic change, conservation policies made a small
contribution to the observed forest regrowth in Guanacaste. A
far greater impetus for forest recovery came from the decline of the
cattle industry and the increase in economic opportunities
associated with the booming tourism industry. However, the
emerging developments in the regional cattle industry, land
development, and agribusinesses have the potential to signifi-
cantly increase the economic incentive to deforest. Evidence shows
that these emerging land uses already pose potentially significant
threats to secondary forests in other regions of Latin America
(Hecht and Saatchi, 2007; Parés-Ramos et al., 2008; Perz and Skole,
2003).

Current conservation policies can only go so far to prevent this
deforestation occurring. PSA payments were not a major factor in
promoting forest recovery in Guanacaste, and current PSA
payments for forest protection (an average of $320 USD, http://
www.fonafifo.com) are unlikely to compete favorably with the
potentially high economic return from the newly emerging land
uses. The impact of timber extraction and forest-cover change
restrictions is less clear and requires further investigation, but
there are indications that these are also insufficient to deter further
deforestation in their current form.

What are the alternatives? Harvey et al. (2008) make some
recommendations for reconciling rural land use and conservation.
They highlight the central need for integrated land-use planning
that includes forest management and protection as well as
incentives for sustainable agriculture. This includes a mix of
regulation, incentives for forest protection and sustainable
agriculture, education, and increased attention on the conservation
of forests within agricultural landscapes. The need for more
integrated landscape planning that includes both sustainable
forest use and sustainable agriculture is supported by other studies
of forest recovery and sustainable land use in Latin American
regions (Bray and Klepeis, 2005; Carr et al., 2006; Izquierdo et al.,
2008; Klooster, 2003; Mercer, 2004; Parés-Ramos et al., 2008). In
addition, this range of policies needs to be targeted to the areas
where they have the most potential to achieve outcomes, and to
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involve stakeholders in land-use planning (Harvey et al., 2008). We
would also highlight the importance of establishing legislation and
zoning plans for non-agricultural land uses in rural areas, such as
tourism and real estate investment.

A more integrated approach to planning multiple land uses
within mixed landscapes in Guanacaste is needed. Relying too
heavily on the relatively weak incentives for forest conservation
provided by PSA and the potentially incomplete protection
provided by the current forest-cover change restrictions, is
unlikely to protect Guanacaste’s valuable dry forests from the
future threat of deforestation.
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37 pp.

Sánchez-Azofeifa, A.G., Kalacska, M., Quesada, M., Calvo-Alvarado, J.C., Nassar, J.M.,
Rodriguez, J.P., 2005a. Need for integrated research for a sustainable future in
tropical dry forests. Conservation Biology 19, 285–286.

Sánchez-Azofeifa, G.A., Quesada, M., Rodriguez, J.P., Nassar, J.M., Stoner, K.E.,
Castillo, A., Garvin, T., Zent, E.L., Calvo-Alvarado, J.C., Kalacska, M.E.R., Fajardo,
L., Gamon, J.A., Cuevas-Reyes, P., 2005b. Research priorities for neotropical dry
forests. Biotropica 37, 477–485.

Sánchez-Azofeifa, A.G., 2000. Land use and cover change in Costa Rica: a geo-
graphical perspective. In: Hall, C.A.S., Hall, C.A.S., Perez, C.L., Leclerc, G.
(Eds.), Quantifying Sustainable Development the Future of Tropical Econo-
mies. Academic Press, San Diego, pp. 473–501.

Sloan, S., 2008. Reforestation amidst deforestation: simultaneity and succession.
Global Environmental Change 18 (3), 425–441.
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