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Abstract

In order to halt deforestation rates and manage existing forest areas efficiently, the causes behind forest
cover change must be identified and the dynamics understood. This study aims to contribute to the field
with exploring potential causes behind forest cover change in Guatemala. Guatemala experienced high
deforestation rates throughout the time of the study with an annual net loss of 1.43% of the forested

area.

This study analyzed forest cover change in Guatemala between 1993-94 and 2001 in relation to sixteen
variables potentially influencing forest dynamics. A meta-analysis approach was employed in order to
explore the potential relationships and indicate to what degree the included variables explain the
observed spatial variation in forest cover change. The variables included demographical, economical,
physical and institutional aspects at three levels, ranging from the local municipality level, to the
department and region level. Statistical procedures and qualitative investigations were used to

investigate the associations.

The findings of this study support the findings of previous studies that causes behind forest cover
change are complex, context dependent, and site specific. Explicit cause-effect relationships explaining
forest cover change across all three levels were not distinguished, but trends acting on the different
scales were observed. The findings revealed higher deforestation in areas with low initial forest cover,
contradictory to the general conclusion from the literature. Moreover, four variables were identified to
have a distinct link to low deforestation; (i) high proportion of urban population, (ii) high densities of
paved road, (iii) low extreme poverty levels, and (iv) low proportion of the economically active
population working in agriculture. These four variables can all be linked to development, and the
findings may indicate that the country is undergoing forest transition that over time will lead to a halt in
deforestation rates and eventually reforestation. Even if the current deforestation rates are high, the
observed trends may be one of the first signs of a beginning transition. This is a promising prospect for
the future of the forests in Guatemala, but the conclusion needs additional research and more complex

methods for exploration in order to verify these findings further.
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Introduction

Nearly one third of the world’s terrestrial land mass is covered by forests (FAO, 2000), and the forest
contributes with services and products of high importance for humans. Ecosystem services originating
from forest includes provision of food, fuel, feed and fiber for consumption, and benefits like habitats
for biological diversity, climate regulation, and soil and water conservation. Forests are further valued as
cultural heritage, and provide sites for education, recreation, and research (Pearce and Brown, 1994;

Chomitz, 2007; Parrotta et al., 2007; Bond et al., 2009).

Forests experience augmented pressure from a diverse array of stakeholders, directly as demand for
forest resources, and indirectly as demand for land for agricultural production, pasture, and human
settlements (Barbier et al., 2010). The Food and Agriculture Organization of the United Nations (FAQ)
(2006) estimated global deforestation rates at 0.22 % in the 1990s, a combination of 14.6 million hectare

deforestation and 5.2 million hectare reforestation, resulting in 9.4 million ha net forest loss.

To halt deforestation rates, forest conservation and reforestation has been increasingly promoted. The
negotiations around the Kyoto-protocol and the UN Collaborative Programme on Reducing Emissions
from Deforestation and Forest Degradation in Developing Countries (UN-REDD programme) are
examples of global initiatives concerning forest issues. In order to reverse the negative trends in forest
dynamics, causes behind the changes must be identified, and relevant measures to manage them must

be implemented (Honey-Rosés, 2009; Rudel et al., 2009).

Deforestation is an important issue in Guatemala, the country that once derived its name from the word
“Quauhtemalan” in Nahuatl meaning “the land of trees” or “the forest place” (Melgar, 2003).
Deforestation has been an issue throughout the colonial period and after independence, mainly caused
by agricultural expansion into forested areas as means to promote economic development (Melgar,
2003). In the last part of the 20" century deforestation rates have increased further, reducing forest

cover in Guatemala from 67% in the 1950s to 40% by 2003 (Universidad Rafael Landivar et al., 2009).

The responsibility for forest management in Guatemala is divided between two institutions: the National
Forestry Institute (Instituto Nacional de Bosques, INAB), which is responsible for the administrative and
operational management of the forest outside protected areas, and the National Council for Protected

Areas (Consejo Nacional de Areas Protegidas, CONAP) with the authority and management responsibility



for protected areas, including the forest. The National Forestry Institute replaced the weaker and more
politically controlled forest management institution, The General Directorate of Forestry (Direccion

General de Bosque, DIGEBOS) in 1996 (Jones, 1990; Ferroukhi, 2003; Melgar, 2003; INAB, 2006).

The research of the causes behind deforestation has over time changed from focusing on one or a few
general drivers to a complex mixture of context dependent causes that are specific for each site and
situation (e.g. Kaimowitz, 1997; Kaimowitz and Angelsen, 1998; Contreras-Hermosilla, 2000; Lambin et

al., 2003; Ewers, 2006).

This study aims to identify the key drivers causing different rates of forest cover change in Guatemala.
Qualitative and quantitative information is utilized in order to explore possible relevant variables
causing deforestation. A range of variables covering demographical, economical, physical and
institutional aspects are analyzed to assess to what degree they explaine the observed spatial variation
in deforestation rates. The analysis identifies the effect of these variables on different scales, ranging
from the local municipality level, to the department and region level, which enables a comprehensive

evaluation of the dynamics.

The thesis is written in the format of a scientific paper both in organization and scope. It is organized as
follows; first the study site is described followed by a literature review on the potential variables
explaining forest cover change, by doing so the stage is set for the analysis of forest dynamics in
Guatemala. In the second section the methods utilized for the analysis are described. In the third section
the results of the analysis are presented followed by a discussion of the findings in the light of current

literature on forest dynamics. In the final section a conclusion on the study is drawn.

Study site

The republic of Guatemala is situated in Central America, bordering Mexico to the north, Belize to the

east and El Salvador and Honduras to the south (Figure 1).

Guatemala was under Spanish colonization between 1524 and 1821 (Lovell, 1985) and the recent history
has been dominated by the civil war, lasting from 1960 until 1996 (Mauro and Merlet, 2003). Dynamics
that have been identified as contributing to the outbreak of the civil war are the unequal distribution of
land, exclusion of a large proportion of the population from their basic rights, and the oppression of the

political opposition (Plant, 1995; World Bank, 2002b; Mauro and Merlet, 2003; Macours, 2009). The



peace negotiations began in the early 1990s, and the Peace Accords were signed in 1996. Through the
Accords the government committed to initiate several reforms dealing with social inequalities (World

Bank, 2002b).

¥

Figure 1. Map showing the situation of Guatemala in the world (Tripatlas, 2010).

The country comprises an area of 106 445 km?* (MAGA, 2002). Two thirds of the country is mountainous
and volcanic, and the mountainous highlands run from the Mexican border across the country to the
Honduran and Salvadoran border (Southgate and Basterrechea, 1992; World Bank, 2003a). The country
is administratively divided in 22 departments and 330 municipalities (MAGA, 2002) (Figure 2).

The climate varies between the hot humid lowlands to the cooler highlands, with El Petén and the
Caribbean lowlands being warm year round while frost can occur at higher elevations. The country
experience two main seasons, the rainy season from May to October and the dry season from
November to April, but the amount and timing are subject to great local variations (Melgar, 2003).
Annual precipitation varies between 500 and 5600 mm. The wettest areas are the Pacific slopes and
along the rim of the highlands on the northern side, and a belt of dry area stretches from the borders of

Honduras to west of the capital city (MAGA, 2002).

The location between two continents with different biological life in combination with great variations in
topography, soil, altitude, and climate gives Guatemala an exceptionally high diversity in plants and

animals (Southgate and Basterrechea, 1992; Melgar, 2003). The natural vegetation type in Guatemala is



forest, and the great spatial variation in physical variables also results in a range of different forest types

(Figure 3).
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Figure 2. Map showing the 22 departments of Guatemala (Questconnect, 2010).
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Figure 3. Map of forest types in Guatemala (CONAP, 2009b).



Guatemala had a forest cover of 47% in the beginning of the 1990s, and the forested area decreased to
42% in a ten-year period. During the time period of this study 563 176 ha forest were lost, and the
annual deforestation rate was 1.43 % (UVG et al., 2006) (Figure 4).
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Figure 4. Map of Guatemala showing forested areas -, areas with net forest loss -, and areas with

reforestation - in the period of the study (UVG et al., 2006).



Potential variables causing forest cover change in Guatemala

Population density and population growth

The total population living in the world at the turn of the millennium was just above 6 billion, with an
annual growth rate of 1.3% (Population Reference Bureau, 2009). Population growth has been strongly
associated with increased pressure on forest resources and deforestation by a range of studies (e. g.
Myers, 1991; Vanclay, 1993; Koop and Tole, 2001; Ehrhardt-Martinez et al., 2002; Laurance, 2002; Siren,
2007). According to Melgar (2003), increasing population densities have resulted in increasing demand
for land for human settlement and agricultural production with exacerbating deforestation rates as a
result. The population in Guatemala increased from 2.8 million in 1950 to more than 11 million in 2001,
an increase of more than 400% (Rivadeneira, 2001; INE, 2005). Between 1994 and 2002 population
numbers continued to increase by 3.1% annually, and at the same time population density increased by

34%.

Urban population and urbanization

The world’s population is becoming increasingly urbanized, caused mainly by rural-urban migration and
the expansion of the boundaries of urban areas (UN, 2002). Brea (2003) explains the migration trends by
a combination of two processes; governmental investments in industry in urban areas creating attractive
employment alternatives, and agrarian reforms reducing labor demand in the agricultural sector.
Mather and Needle (1999), Klooster (2003), and Jorgenson (2006), among others, documented the

positive effect of urbanization of developing countries on forest cover.

Guatemala has also experienced a transition from a highly rural population towards more urbanized
population pattern. However, the transition is markedly slower than the general trend in Latin America,
and the country is still dominated by a high rural population depending directly on natural resources for
their survival (Mauro and Merlet, 2003). However, in the eight-year period of this study, the
urbanization rate was at exceptionally 82%”, yet the spatial variation in urban population densities is
great. Out of the urban population in 2002, 42 % of them lived in Guatemala City, and 60% of them lived
in four of Guatemala’s 22 departments; Guatemala, Escuintla, Chimaltenango, and Quetzaltenango (INE,

1996; INE, 2005).

! Population density was 78 per km® in 1994 and 106 per km” in 2002 (INE 1996; INE 2005).
? The urban population increased from 34% of the population in 1994 to 46% of the population in 2002 (INE, 1996;
INE, 2005).



Extreme poverty

According to UN (2005) one billion people were extremely poor in the world in 2005, living on less than
USS$1 a day. Poor households are found to be highly dependent on agriculture and natural resources
(Pijanowski et al., 2010), and are associated with unsustainable utilization of forest resources (Lewis,
1996; Angelsen and Wunder, 2003; Chomitz, 2007). Researchers have linked poverty to land use and
forest by either explaining continued poverty with high forest cover (Chomitz, 2007), or explaining
deforestation with poverty (Deininger and Minten, 1999). However, the poverty-deforestation link has
lately been contested by several researchers (e.g. Angelsen and Kaimowitz, 1999; Pijanowski et al.,
2010), and some also reveal a negative impact of economic growth on deforestation (Lopez, 2005;

Zwane, 2007).

Poverty levels in Guatemala are among the highest in the Latin America and the Caribbean region and
have changed little since the late 1970s, despite positive economic growth during much of the time
period (Vakis, 2003; World Bank, 2003a; World Bank, 2004). Poverty rates in Guatemala are found to be
negatively biased towards rural populations, indigenous people, and areas with high conflict levels
during the late civil war (Baumeister, 2003; World Bank, 2004; UNDP, 2005). In 2000, 26% of the

population was below the national extreme poverty line in Guatemala (MAGA, 2000).

Use of firewood for cooking

In developing countries, a large proportion of the households depend on biomass fuels to cover for
energetic needs, like light, heating and cooking. Wood resources are a common source of biofuel; in
some areas, wood comprises more than 90% of the utilized biomass (DeMontalembert and Clement,
1983, Bhatt and Sachan, 2004; International Energy Agency (IEA), 2006). Throughout the 1990s the
demand for firewood by poor rural households was proposed as a principal contributor to deforestation
(Verolme and Moussa, 1999; Macht et al., 2007). However, policy programs relying on a clear link
between wood consumption and deforestation have largely failed, and today the association is much
more debated. In Guatemala, a family relying on firewood for their energetic needs will use 15 m® of

wood per year (INAB, 2006) and in 2002 57% of the population utilized firewood for cooking (INE, 2005).

Indigenous population

Indigenous populations worldwide have suffered from discrimination and suppression since

colonization. The distress includes structural and social discrimination, exclusion from access to social



services, information and opportunities, and lack of empowerment (Del Popolo and Oyarce, 2005;
Ellison-Loschmann and Pearche, 2006; Hall and Patrinos, 2006; Marrone, 2007). Indigenous peoples are
among the least privileged citizens in any country. Yet, they inhabit forests and make a living of the
forest resources all over the world (Kramer and Van Schaik, 1997), and are recognized for their key role
in the forest dynamics in Central America (Cayuela et al., 2006; Nepstad et al., 2006; Stocks et al., 2007;
Figueroa et al., 2009).

Guatemala was first populated 4000 years ago by the Mayas practicing subsistence shifting cultivation in
the lowlands in the northern part of the country. As the population grew, people moved into the
highlands and intensified agricultural production (Melgar, 2003). When the Spanish colonization began,
the indigenous population was stripped from their lands and pushed further into the highlands (Katz,

2000).

The indigenous population constituted 41% of the population in 2002 and consists of 23 ethno-linguistic
groups, of which 21 are Mayan (World Bank, 2003a; INE, 2005). The indigenous Maya population has
been living as subsistence farmers from pre-colonial time until today and has its own cultural values and
institutions. These traditions have not been recognized by the non-indigenous power elite (Plant, 1998);
rather, the indigenous population has been excluded and oppressed from the colonial time until today
(World Bank, 2004). Over time, land has been concentrated in the hands of few (Bilsborrow and
Delargy, 1990; Gould, 2006), and after the independence new laws contributed to secure land in the
hands of large non-indigenous land owners. The traditional land rights and forms of land administration
have not acquired formal recognition until recently, as part of the Peace Accord process to end the civil

war (Baumeister, 2003; Mauro and Merlet, 2003).

Human Development Index (HDI) and HDI growth

Economical aspects are interlinked with all other components in society, and are strongly involved in
utilization of natural resources including forest (Verolme and Moussa, 1999). Yet, increasing
deforestation rates have been explained both by positive economic development (Shandra, 2007) and

negative economic development (Burns et al., 1994; Mertens et al., 2000).



A study exploring the link between deforestation and the Human Development Index (HDI)® in
biodiversity hotspots throughout the world revealed a complex relationship. A combination of low HDI
scores and low population growth resulted in high deforestation rates (Jha and Bawa, 2006). Moreover,
when HDI scores were high, deforestation rates were low regardless of population growth. In
Guatemala, HDI scores have increased gradually since 1975, mainly caused by an increase in the
economic component, and less in the health and education component (UNDP, 2005). Recently, the
dominating role of the economic component in the HDI score has diminished. In the period between
1994 and 2002 the percentage increase in the general HDI score was higher than for the percentage
increase in the economic component of the index”, possibly indicating a shift in the road of development

(UNDP, 2005).

Economically active population working in agriculture

The International Labour Office (ILO) (2008) has estimated that three quarters of the world’s poor live in
rural areas and most of them make a living from agriculture, directly or indirectly. Expansion of
agriculture into forest has been held responsible for deforestation (Ferroukhi, 2003; Lambin et al., 2003;
Angelsen, 2007; Rudel et al., 2009; Barbier et al., 2010) and previous work has found a positive link
between populations working in agriculture and deforestation rates (Rudel and Roper, 1997;

Ramankutty and Foley, 1999; Wright and Samaniego, 2008).

The proportion of the population participating in the agricultural sector in Guatemala is the highest in
Central America (Soldrzano and Del Cid, 2003). In 2002 agriculture, hunting, forestry, and fisheries
employed 42% of the economically active population and 13% of the total population (INE, 2005). The
agricultural sector has moreover played an important role in the history of Guatemala (Vakis, 2003), and
still contributes significantly to the economy (World Bank, 2002b; World Bank, 2004). Development has
generally been concentrated in areas with high agricultural potential, especially of agricultural export

products (Alwang et al., 2005).

Densities of roads

Roads may have positive socio-economic effects by improving access to markets and employment in

urban areas (Chomitz and Gray, 1996; FAO, 2000; Munroe et al., 2002; World Bank, 2004; Carr, 2005)

* The HDI is an instrument for measuring development, including data reflecting health and education in addition
to economical aspects (UNDP, 2005).
* The increase was 10% for HDI and 7% for the economic component.



and negative effects like enhanced levels of conflict and undermining of local governance structure
following increased levels of immigration (Perz et al., 2010). Expanding road networks have a direct
negative effect on forests by fragmenting areas and disturbing ecosystem dynamics (Chomitz and Gray,
1996; Chomitz 2007; Coffin, 2007). The facilitated access to new areas generates enhanced immigration
rates resulting in increased deforestation for agriculture and logging (Sader et al., 1994; Dourojeanni,
1999; Carr, 2005; Angelsen, 2007; Freitas, et al., 2010; Perz et al., 2010) In Guatemala such trends are
especially evident in the northern parts of the country (Sader et al., 1994; Carr, 2005). Densities of roads
in Guatemala in 2003 were 0.13 km per km? for paved roads and 0.67 km per km? when combining

paved roads, unpaved roads and paths (IGN, 2003).

Slope

Numerous authors argue that remaining forests are mainly situated on steeper slopes (Deininger and
Minten, 1996; Kaimowitz, 1996; Southworth and Tucker, 2001; Kaimowitz, 2008) and identify lower
deforestation rates in steeper terrain (Ochoa-Gaona and Gonzalez-Espinosa, 2000; Gibson et al., 2002;
Freitas, 2010). Guatemala features great variations in topography, and the country is in some areas
characterized by steep terrain. Land in steep terrain is often not suitable for agricultural production, and
clearing may result in soil erosion (Bensel, 2008; Mohammad and Adam, 2010), constituting a major

problem in Guatemala (Bilsborrow and Delargy, 1990; Mauro and Merlet, 2003).

Initial forest cover

Some researchers have suggested existing forest cover as important for forest cover change dynamics
(Rudel et al., 2005; Ewers, 2006; Angelsen, 2007; Wright and Samaniego, 2008; Crk et al., 2009), yet the
proposed relationship between the two variables varies. While some researchers explain high
deforestation rates with high occurrence of forest (Rudel et al., 2005; Angelsen, 2007), Barbier et al.
(2010) explain deforestation with the perceived higher marginal benefit of alternative use of the
forested land. On the other hand, Crk et al. (2009) find a positive effect of nearby forest cover on forest
recovery, while Ewers (2006) relate positive forest cover change with a combination of low existing
forest cover and high GDP. Rudel et al. (2005) argue that low forest cover may increase prices on forest
products, and thereby motivate farmers to plant trees on less productive land. Guatemala had an initial
forest cover of 47% at the period at the beginning of this study, which is considered as high compared to
other countries, yet this is a considerable reduction from the forest cover some 40 years before that

(Universidad Rafael Landivar et al., 2009).
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Protected areas

Protected areas are emphasized to be among the most effective devices for the conservation of species
(Lewis, 1996; Eken et al., 2004) and by some regarded as the single most important instrument
(Rodrigues et al., 2004). According to Rodrigues et al. (2004) protected areas covered 11.5% of the
world’s land surface in 2004, and according to The National Council on Protected Areas (2000) protected

areas covered 32% of the land surface of Guatemala.

The protected areas in Guatemala are governed under the Law for protected areas (Ley de Areas
Protegidas), passed in 1989. The National Council on Protected Areas was established and given a
mandate as part of the implementation of the law (CONAP, 2003; Gomez, 2008). Tensions between the
promoters of protected areas and the rural population are evident (Loening and Markussen, 2003), and
insufficient resources for management leads to high susceptibility to illegal logging and expansion of the
agricultural frontier within the boundaries of the protected areas (Universidad Rafael Landivar, 1987;

Bonham et al., 2008).

Communal lands

According to a study by Richards (1997), common property land tenure is more likely to be successful in
achieving environmental and equity goals than other tenure regimes if sufficient institutional and policy
support is provided. Communal lands cover 12% of Guatemala (CONAP, 2009a). Common property is
one of four land tenure regimes in Guatemala, the others being private property, state property, and
municipal property. The communal lands belong to the communities and are administered by shared
collective user rights (Ferroukhi, 2003. Gaining recognition from the government and policymakers is
however a challenge (Richards, 1997; Tucker, 1999), also in Guatemala (Tucker et al., 2007). Still, Elias et
al. (1997; 2009) suggest that the large tracts of forest found in the highlands can be attributed mainly to

municipal and communal land tenure.
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Methods

This study used a meta-analysis approach. Meta-analysis in this study is understood as a tool to
systematically review a large body of published and unpublished literature aiming at exploring the issue
of focus. This concept has been used by other researchers in deforestation studies to draw generalized
conclusions of causes of deforestation (Geist and Lambin, 2001; Keys and McConnell, 2005; Rudel et al.,

2009).

Studies reviewed and included in the analysis met the following criteria: They included data from
Guatemala potentially explaining forest cover change; the data was available at municipality or lower
levels, and originating from approximately the same time period as the data on forest cover change.
Data from the selected studies were collected and transformed so that the analysis could be conducted.
Statistical procedures and qualitative investigations were then used to investigate the relationships
between the set of variables that could be relevant to explain deforestation in Guatemala (Bangert-
Drowns and Rudner, 1991). The results were further explored by utilizing quantitative and qualitative
information available in the literature, with a focus on literature from developing countries and Latin

America.

Forest cover change in this study was analyzed during an eight-year period from 1993/94 until 2001. The
selection of the period to be studied was constrained by data availability. The response variable was
forest cover change. Forest cover change in this study was measured as (i) net forest loss; defined as
hectares forest lost and gained throughout the time of the study, (ii) annual deforestation rate; defined
as percentage forest cover change annually, and (iii) deforestation; defined as log transformed forest

cover in 1993-94 divided by forest cover in 2001.

The data on forest cover are from a report prepared by Universidad del Valle de Guatemala (UVG), the
National Forestry Institute, and the National Council for Protected Areas (2006) estimating forest cover
change between 1991-93 and 2001 at the level of the municipality, department, and region. The report
defined forest as an area of more than 0.5 hectares with a minimum canopy cover of 40% (UVG et al.,
2006). The report was based on analysis of LANDSAT satellite images, maps, photographs, and ground
verification. The satellite images were analyzed and grouped in forest areas and non-forest areas and

then validated by aerial photographs and field data.” The use of satellite images for investigating forest

> For further explanation about the methods, see UVG et al. (2006).
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cover change is common (e.g. Green and Sussman, 1990; Skole and Tucker, 1993; Sader et al., 1994;

Chowdhury, 2006; Andam et al., 2008), often in combination with ground-based surveys (Turner et al.,

1993; Southworth and Tucker, 2001; Cayuela et al., 2006).

Forest cover change was analyzed in relation to a number of demographical, economical, biophysical,

and institutional variables. Data was gathered from several sources (Table 1) and used to perform

qualitative analysis at region and department level and quantitative analysis at department and

municipality level. Explanatory variables were included even if they did not originate in exactly the same

time period as the forest data, as long as they were recognized as relevant in relation to forest dynamics

during the actual period.

Table 1. The sixteen explanatory variables explored in this study and the sources of data.

Variable

Source of data

Response
variables

Net forest cover loss (ha) between 1993-94 and 2001
Deforestation (log (forest cover 1993-94/forest cover 2001))
Deforestation rate annually in percentage between 1993-94 and 2001

UVG et al. (2006)
UVG et al. (2006)
UVG et al. (2006)

Explanatory
variables

Population density 2002

Population growth rate (population density 1994/population density 2002)
Urban population in percentage 2002

Urbanization rate (urban population 1994/urban population 2002)
Extreme poverty levels 2000

Firewood use for cooking in percentage 2002

Indigenous population in percentage 2002

HDI score in 2002
HDI change in percentage between 1994 and 2002
Economically active population working in agriculture in percentage in 2002

Paved roads density in 2003

All types of roads density in 2003

Slope index

Initial forest cover in 1993-94 percentage

Protected area coverage in percentage in 2000
Communal lands coverage in percentage in 2009

INE (2005)

INE (1996) and INE (2005)
INE (2005)

INE (1996) and INE (2005)
MAGA (2000)

INE (2005)

INE (2005)

UNDP (2005)
UNDP (2005)
INE (2005)

IGN (2003)

IGN (2003)
MAGA (2002)
UVG et al. (2006)

MAGA (2000)
CONAP (2009)

In order to explore the drivers behind forest cover change across several geographical scales, the

country was divided in regions above department level. There are several alternative ways to divide the

country into regions. For this study, a slightly modified version of the regional division utilized by the

National Forestry Institute in the report “Boletin de Estadistica Forestal” 1999-2004 (INAB, 2006) was

employed. The regions were named according to their geographic location (Table 2).



Table 2. The regional division of Guatemala above department level utilized in this thesis.

Regions Departments

North Alta Verapaz, Baja Verapaz

North-east Izabal, Zacapa, Chiquimula, El Progreso

Central Sacatepéquez, Chimaltenango

North-western highlands Quiché, Huehuetenango

South Suchitepéquez, Escuintla, Retalhuleu

South-east Jalapa, Santa Rosa, Jutiapa

South-western highlands Quetzaltenango, San Marcos, Totonicapan, Solold
El Petén region El Petén department

Guatemala region Guatemala department

Potential variables driving forest cover change in Guatemala

Information on population number, urban population number, use of firewood for cooking, indigenous
population, and population working in agriculture was gathered from two censuses prepared by the
National Bureau of Statistics (Instituto Nacional de Estadistica, INE) from 1994 and 2002 (INE, 1996; INE,
2005). The area of the administrative regions was obtained from a database prepared by the Ministry of

Agriculture (Ministerio de Agricultura, Ganaderia y Alimentacién, MAGA, 2002).

Population density in 2002 was estimated by dividing population numbers by area, and population
growth rate was estimated by dividing population density in 1994 by population density in 2002. The
proportion urban population was estimated by dividing the number of people living in urban areas by
the number of people residing in the area. The urbanization rate was estimated by dividing the urban
population numbers in 1994 by the urban population numbers in 2002. In the data prepared by INE
urban areas were considered as cities, towns, villages, or other populated sites with more than 2000
inhabitants among which 51% or more of the households had access to piped water and electricity for

lighting (INE, 2005).

Data on extreme poverty was gathered by the Ministry of Agriculture in 2000 and presented in “Atlas
Tematico de la Republica de Guatemala” (MAGA, 2002). Extreme poverty in Guatemala is defined as
people living in households with insufficient income to cover for their daily food requirements. This is

estimated to 1500 Quetzales a family per month or about US$1.50 per day. The use of firewood for
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cooking was estimated from data on household’s use of energy sources for cooking. INE (2005) listed
five categories of energy sources; electricity, propane gas, kerosene, firewood, and coal. The percentage

of households using firewood was used for this study.

The proportion of the indigenous population was defined as the percentage of the indigenous
population in 2002. This report made use of data on human development index (HDI) scores from
Guatemala obtained from a report by the United Nations Development Programme (UNDP, 2005). HDI
includes measurements reflecting health and education in addition to the economical aspect; each of
the components has the same weighing in the calculation of the index. The economic index is measured
as the GDP (Gross Domestic Product) per capita in purchasing power parity (PPP) USS, and includes a
rate of exchange accounting for price differences across countries. The health aspect is measured
through life expectancy at birth, and the education aspect is measured through educational attainment
and adult literacy rate (UN, 2005). The change in HDI was estimated by dividing the scores in 1994 by

the scores in 2002.

Estimates of the percentage of the population working in agriculture were made from data on the
economic activities of the economically active population above 7 years from the 2002 census (INE,
2005). The census grouped the number of economically active people working in agriculture, hunting,
forestry, and fisheries in one category, and this was used as a measure of the population working in
agriculture. The data was utilized to estimate the percentage of the economically active population
working in agricultural related activities, henceforth termed economically active population working in
agriculture. Wright and Samaniego (2008) justified the use of this confined term based on the notion

that most of the people included in this category will practice subsistence agriculture to some degree.

Data on roads was obtained from a database prepared by the National Geographic Bureau of Guatemala
(Instituto Geografico Nacional, IGN) in 2003. The data base presented extension of paved roads,
unpaved roads, and paths in kilometers. For this study two road density indexes were estimated by
dividing the distance of paved roads by area and distance of all roads (including paved roads, unpaved
roads and paths) by area. Data on slope was obtained from “Atlas Tematico de la Republica de
Guatemala” (MAGA, 2002). The data categorized land into seven groups according to the slope in
degrees. The groups were 0-3%, 3-7%, 7-12%, 12-25%, 25-50%, 50-75%, and more than 75%. An index

was prepared from these categories by estimating the median in each group, multiplying the median
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with the area in each group, summarizing the numbers for each municipality, and dividing the number

by total area in each municipality.

Initial forest cover in 1991-93 was included as a variable in the analysis, with data from the report by
UVG et al. (2006). The information about protected areas used in this study was gathered from data
prepared by the Ministry of Agriculture (MAGA, 2000), and utilized to estimate percentage of the area
covered by protected area. Data from a report by the National Council on Protected Areas (2009) was
used to estimate the percentage covered by communal lands. Even if the report on communal lands was

recent, the situation has apparently not changed significantly from the 1990s until today.

Qualitative analysis

In the qualitative analysis at region and department level, all three response variables and sixteen
explanatory variables were used (Table 1). At region level, estimations of HDI score, HDI change, density
of paved roads, density all types of roads, and slope index were found by adding together the
estimations at department level. This extrapolation may have resulted in loss of some predictive quality.
The other variables were calculated from the actual numbers or by adding together from municipality
level. Data for the 22 departments was estimated by adding together the data from municipality level.
Data on both levels was analyzed by intra-level comparisons of the variables in order to explore existing

associations. Moreover, the data was compared across levels to explore cross-scale trends.

Statistical analysis

The data was statistically analyzed at department level and municipality level. Because of the low
number of replicates at region level, statistical analysis was not carried out. Three of the explanatory
variables were excluded from the statistical analysis because they measured the same factor as another
variable, and thereby had high inter-correlation. The excluded variables were population density in 2002
(variation of population growth rate), percentage urban population in 2002 (variation of urbanization),
and HDI score in 2002 (variation of HDI change). All other explanatory variables at department and
municipality level were tested for correlation by estimating the Pearson’s product-moment correlation

coefficient (Appendix 1) (Appendix 2).

At department, level nine of the initially sixteen explanatory variables were excluded from the statistical

analysis because of high inter-correlation among variables (r> 0.5); the variables excluded in this process

16



were: population density, percentage urban population, percentage of the population using firewood
for cooking, percentage indigenous population, HDI score, percentage economically active population
working in agriculture, density of all types of roads, and percentage of protected areas. At municipality
level six of the initial sixteen explanatory variables were removed for the same reason. The excluded
variables were population density, percentage urban population, percentage using firewood for cooking,

indigenous population, HDI score, and percentage communal lands.

The statistical analysis at municipality level was performed in two out of the nine regions; the South-east
region comprising the departments of Jalapa, Jutiapa and Santa Rosa, and the South-western highlands
comprising the departments of Quetzaltenango, San Marcos, Totonicapan, and Solola (Table 2). The
South-east region includes 38 municipalities and covers an area of 8512 km?. The South-western
highlands includes 79 municipalities and covers an area of 7800 km? (MAGA, 2002). The focus on two of
the regions enabled the inclusion of municipality level analysis within the scope of this thesis, and
according to literature (e.g. Plant, 1995; Rivadeneira, 2001; Alwang et al., 2005), the two regions present

initial obvious similarities and differences making them interesting to compare.

Multiple regression analysis was employed in this study, starting with the full model including the all
potential explanatory variables that were not excluded because of correlation (Table 1). The program
used for performing the multiple regression analysis was the software R, version 2.11.1 (R-project,
2010). The estimation of deforestation as log (forest cover 1993-94/ forest cover 2001) is based on a
recommendation by Crawley (2007) for data where the response variable estimates rate of change.
Region was entered as a dummy variable (coded 0, 1), and initial forest cover was entered as an
explanatory variable in the model in order to account for in the effect of the standing forest. Model
reduction was done by subsequently removing the least significant variable until only significant

variables (p <0.05) remained in the most parsimonious model.
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Results

Region

The regions with the greatest net forest loss and the highest deforestation rates throughout the time of
the study were El Petén region, North-east, and North-western highlands (Table 3). The regions with the
lowest net forest loss and lower deforestation rates were Central, Guatemala region and South. The
highest population density in 2002 was found in Guatemala region and Central, the same regions
experiencing low population growth during the period of the study. The lowest population density was
found in El Petén region, also experiencing the lowest population growth. The highest population

growth was found in South-east and South-western highlands (Table 3).

The highest proportion urban population in 2002 was found in Guatemala region and Central, both also
experiencing high urbanization rates. The lowest proportion urban population was found in North-
western highlands and North region. The highest urbanization rates were found in El Petén region, and
the lowest urbanization rates were found in South-western highlands and North-western highlands
region. The results show large interregional differences in extreme poverty levels. The highest levels
were found in both regions in the Western highlands. The lowest levels were found in Guatemala region

and Central (Table 3).

Use of firewood for cooking was highest in the regions in the Western highlands and North, and lowest
in Guatemala region. The highest percentage of indigenous people was found in the North and North-
western highlands, the lowest was found in the regions of South-east and North-east. The regions with
the highest score on HDI throughout the study were Guatemala region and Central; the lowest scores
were found in North-western highlands and North region. The highest increase in HDI score in the
period between 1994 and 2002 were in South-western highlands and South region, while Guatemala
region and El Petén region experienced little improvement in HDI levels. The highest proportion of
economically active population working in agriculture was found in the North, North-western highlands
and El Petén region, the regions with the lowest proportion were Guatemala region and Central.
Guatemala region and South had high densities of both paved roads and all types of roads. Central had
high densities of paved roads while South-western highlands had high densities of all types of roads.

Low densities of both types of roads were found in El Petén region, North, and South-east (Table 3).
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The highest slope index was found in South-east region, while the lowest index scores were found in El
Petén region and South region. The regions with the highest forest cover in the period at the start of the

study were El Petén region and Central, the lowest forest cover was found in the South and South-east.

There were large interregional differences in the proportion of the protected areas. El Petén region had
the highest area under protection, amounting to 25237 km? constituting 26 % of the protected land area
in the country. Other regions with high proportion of protected areas were North-east and South-
western highlands. Lower cover was found in South, South-east and North-western highlands. The
highest proportion of communal lands was found in the regions of North-east and North, and the lowest

in Guatemala region and South.

Department

The qualitative analysis at department level showed that the highest deforestation rates were
experienced by El Petén department and Chiquimula (initial forest cover 73% and 24% respectively), and
the lowest deforestation rates were found in Sacatepéquez, actually gaining forest cover, and Solola
with no observable forest loss, both having initial high forest cover (Solola 43% and Sacatepéquez 45%)

(Table 4).

The departments with the highest population density in 2002 were Guatemala department and
Sacatepéquez. The departments with the lowest population density were El Petén department and
Izabal. The highest population growth rate was found in Santa Rosa, Quetzaltenango, San Marcos,
Jalapa, and lzabal, and the lowest was found in El Petén department and Quiche. The highest proportion
urban population was found in Guatemala department and Sacatepéquez, the highest proportion rural
population was found in Alta Verapaz and San Marcos. Urbanization rates were highest in El Petén

department and Jalapa and lowest in Totonicapan and San Marcos.

Two departments in the western highlands showed especially high levels of extreme poverty, namely
Totonicapan and San Marcos. Out of the five departments with the highest levels of extreme poverty,
four of them were situated in the western highlands. The departments showing the lowest levels of
extreme poverty were Sacatepéquez, Guatemala, and Escuintla. Quiche and Totonicapan had the
highest percentage use of firewood for cooking, the lowest was found in Guatemala department and

Sacatepéquez (Table 4).
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The departments with the highest proportion of indigenous people were Totonicapan and Solola. The
ones with the lowest proportion of indigenous people were El Progreso and Izabal. The general trend
was a higher percentage of indigenous population in the western part of the country and Las Verapaces,

and lower in the eastern and southern parts of the country.

The departments with the highest score in HDI in 2002 were Guatemala department and Sacatepéquez.
The departments with the lowest score were Quiche and Alta Verapaz. All departments had positive
change in HDI during the period. The departments with the highest percentage change in HDI score were
Solold and Escuintla, and the lowest change was experienced in Guatemala department and San Marcos.
The three departments with the highest proportion of the economically active population working in
agriculture were Huehuetenango, Jalapa and Alta Verapaz; the departments with the lowest proportion

were Guatemala department and Totonicapan (Table 4).

Densities of paved roads were highest in Solola and Guatemala department, and for all types of roads
the densities were highest in Totonicapan and Quetzaltenango. El Petén department had the lowest
densities of paved roads and all types of roads. The departments with the highest score on the slope

index were Jalapa and Totonicapan, while Retalhuleu and El Petén department had the lowest score.

El Petén department and Izabal had the highest percentage forest cover at the beginning of the study
period, while Retalhuleu department, Escuintla, and Suchitepéquez had the lowest forest cover.
Departments with large proportions of its area under protection were Solold and El Petén department.
The departments with the lowest percentage cover of protected areas were Retalhuleu and Chiquimula.
The departments with the highest percentage of communal lands were Izabal, Totonicapan, and Baja
Verapaz. The departments with the lowest coverage of communal lands were Suchitepéquez, Guatemala

department, and Escuintla (Table 4).

Statistical analysis revealed that deforestation rates were significantly higher in departments with low

densities of paved roads (p-value: 0.01) (Table 5) (Figure 5).
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Table 5. Deforestation rates at department level were significantly higher in departments with low density of paved roads.

Variable Estimate S.E. t-value p-value

Densities of paved roads -0.45224 0.16806 -2.691 0.0141

Non significant variables removed through stepwise regression from the maximum model were: population growth rate;

extreme poverty levels; initial forest cover in 1993-94; HDI change; slope index; percentage cover communal lands; region. R%:

0.27.

1.3

1.2

Deforestation

0.05 0.10 0.15 0.20 0.25 0.30

Densities of paved roads

Figure 5. Deforestation rates at department level were significantly higher in departments with low density of paved roads.

Municipality

The statistical analysis revealed region as the strongest predictor of deforestation at municipality level
(p-value <0.001) (Table 6) with higher deforestation in the municipalities in the South-east region
compared to the municipalities in the South-western highlands region. Moreover, the analysis showed
that municipalities with high extreme poverty rates experienced higher deforestation (p-value: 0.0245)
(Figure 6) and municipalities with low initial forest cover experienced significantly higher deforestation

than municipalities with high forest cover (p-value <0.0227) (Table 6) (Figure 7).
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Table 6. Deforestation rates at municipality level were significantly higher in municipalities in the South-east region and in

municipalities with high extreme poverty levels and low initial forest cover.

Variable Estimate S.E. t-value p-value
Region variable -2.322e-01 3.324e-02 -6.984 <0.001
Extreme poverty levels 1.479e-03 6.487e-04 2.28 0.0245
Initial forest cover -9.008e-06 3.899e-06 -2.310 0.0227

Non significant variables removed through stepwise regression from the maximum model were: population growth rate;

urbanization; HDI change; economically active population working in agriculture; densities of paved roads; densities of all types

of roads; slope index; communal lands. R’ 0.30.
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Figure 6. Deforestation rates at municipality level were significantly higher in municipalities with high extreme poverty levels.
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Deforestation

Figure 7. Deforestation rates at municipality level were significantly higher in municipalities with low initial forest cover.
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Discussion

In order to halt deforestation rates and manage existing forest areas efficiently, the causes behind forest
cover change must be identified and the dynamics understood (Honey-Rosés, 2009; Rudel et al., 2009).
This study aimed to contribute to the field with an exploration of potential causes behind forest cover
change in Guatemala. Several authors have emphasized the complex and context dependent dynamics
causing deforestation both in Guatemala (Loening and Markussen, 2003; Carr et al., 2005; Tucker et al.,
2005; Universidad Rafael Landivar, 2009) and in other developing countries (Deacon, 1994; Kaimowitz,
1997; Kaimowitz and Angelsen, 1998; Contreras-Hermosilla, 2000; Ewers, 2006). The results of this study
support the previous findings; the observed forest cover change in Guatemala is likely to be a result of
complex and context dependent dynamics including a combination of environmental, socio-economic
and political factors. Nevertheless, the analysis of the data revealed significant associations, and specific

trends acting on the different scales were observed.

Several authors emphasize the importance of geographical scale when studying forest cover change, and
criticize studies only including data on national level (Klooster, 2003; Lesschen et al., 2005; Redo et al.,
2009; Barbier et al., 2010). Nevertheless, cross-national studies only studying dynamics at country level
are common in the forest cover change literature (e.g. Deacon, 1994; Rudel and Roper, 1997; Ehrhardt-
Martinez, et al., 2002; Jorgenson, 2006). Honey-Rosés (2009) argues that by including several
geographical scales in the analysis a more comprehensive exploration of the dynamics is possible. In this
study three different scales were analyzed and compared, and the low degree of cross-level
resemblance confirms the observations by several researchers that explanations may change when scale
changes (Keys and McConnell, 2005; Redo et al., 2009; Barbier et al., 2010) which gives further support

to the argument of Honey-Rosés (2009).

Guatemala experienced a 1.43% annual deforestation rate during the time of the study. This is 3.8 times
higher than Brazil and 1.9 times higher than Mexico in the same period, countries well known for high
deforestation rates. The difference can be explained by the smaller size of Guatemala, giving higher
percentage change for same area deforested (UVG et al., 2006). FAO (2000) estimated that the world
experienced 0.2% annual deforestation in forest cover in the 1990s, the figure was 1.2% for Central
America, and 1.7% for Guatemala. Although the estimations differ, Guatemala is comparatively

experiencing high forest cover change. In a similar time period as Guatemala experienced a reduction of
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forest cover by 11%, population density increased by 34%, urban population increased by 82%, and HDI

score increased by 10%.

Region

Region came out as the strongest variable explaining forest cover change at municipality level. When all
of the nine regions of the country were compared, it became evident that Guatemala is a country
characterized by great variation, making comparisons challenging. Some parts exhibit such extreme
values that they are able to dominate the associations for the whole country. In many instances, El Petén
region is regarded as extraordinary, with dynamics diverging from the dynamics found in the rest of the
country. Both the large areas covered by forest, the low population densities, the isolated location, and
the high recent immigration rates make El Petén region special (Plant, 1995; Shriar, 2002; Mauro and
Merlet, 2003). This region scored the highest on all three variables measuring forest cover change; net
hectare loss throughout the study period, deforestation, and annual deforestation rates, and in addition
initial forest cover in 1993-94. Almost 60% of the deforestation occurring in the time of the study took
place in El Petén region. However, also the two regions with the second and third highest net forest
cover loss, North-east and North-western highlands, have little in common when compared across the

other variables.

Guatemala City and its surroundings, included in Guatemala region, is another example of a region with
extraordinary scores. The region holds 23% of Guatemala’s population, and also differs from the national
average in many of the other variables. Because more than a fifth of the population lives in this region, it
has a noticeable impact on the national results including population numbers. For example, by excluding
Guatemala region from the national data on use of firewood, the percentage increases from 57% to
73%, for economically active population working in agriculture the percentage increase from 42% to
56%, for percentage indigenous population from 42% to 49%, and for urban population the percentage

decreases from 46% to 35%.

This study found that the regions with the lowest net forest loss and deforestation rates; Central, South-
western highlands, South and Guatemala region, scored similarly on several of the included variables. Of
the sixteen variables included, all of these regions provided high scores on proportion urban population,
high densities of paved roads and all roads, low scores on economically active population working in
agriculture, and low coverage of communal lands. This may suggest that these variables have

importance for forest cover change. Interestingly, three out of four of these variables can be related to
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development. The urbanization of the population (UN, 2004), the extension of road networks (Munroe
et al., 2002), and the transition from agricultural work to the non-agricultural sector (World Bank, 2004)

are all dynamics characterizing developing nations.

The link between development and low deforestation rates may imply that forest transition is occurring
in Guatemala. According the forest transition theory, a country experiencing economic growth will
endure forest cover decline down to a certain level. When development continues beyond this point,
deforestation will halt, and the standing forest cover will begin to increase. The forest transition will
thereby follow a u-shaped curve (Mather and Needle, 1997; Mather et al., 1998; Perz, 2007). Many
developed countries have throughout the 20th century demonstrated this relationship, and research has
revealed the same trends in developing countries (Mather and Needle, 2000; Klooster, 2003; Barbier et

al.,, 2010).

Department

The qualitative analysis revealed some tendencies of variables explaining forest cover change across
departments, like the proportion urban population and densities of paved roads. The quantitative
analysis revealed densities of paved roads as significantly explaining deforestation at department level.
In addition, two of the most distinctive regions, El Petén region and Guatemala region are entirely made
up of the respective departments carrying the same name, and generally the large differences occurring

at region level also occurre at department level.

Municipality

The strongest predictor of deforestation at municipality level was region, demonstrating higher
deforestation in South-east region compared to South-west highlands region. The finding supports the
argument of site specific dynamics demonstrated in the literature (e.g. Mather, 1992; Bonham et al.,
2008; Tucker et al., 2008). The importance of site may also explain some of the deficiency in intra-level

and inter-level similarities in associations.

The fact that there are clear regional differences reflects Guatemala as a country of contrasts. Most of
the included variables exhibit large spatial variation, and together they produce complex local
combinations challenging observations of general trends. The spatial variation also have implications for
the management of forest and efforts to reduce forest cover change; site specific dynamics also requires

site specific management regimes (Bonham et al., 2008).
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The second strongest predictor of deforestation was initial forest cover. Lower forest cover was
associated with high deforestation. The last variable found to be relevant was extreme poverty levels,

with higher levels of extreme poverty found in municipalities with high deforestation rates.

By excluding one of each pair of the most correlated explanatory variables in the study, the strongest
associative relationships not accounted for were avoided. However, the situation is complex; several
sources from the literature demonstrate links between the explanatory variables used in this study.®
Thus, the correlative associations between the explanatory variables are a fact and the effect of these

relationships could or should not be avoided completely.

An example of correlation between explanatory variables in Guatemala with a potential effect on
deforestation is the link between poverty and geographic isolation caused by complex topography and
lack of transport networks (Vakis, 2003; World Bank, 2004). Municipalities with low densities of paved
roads and high slope index coincided with high levels of extreme poverty (Appendix 2), yet this was not
evident at department and region level. The association implies that poor households live in steep areas
with limited transport networks. Thus, even if only extreme poverty is found to be significantly impacting
deforestation, slope and road densities may actually impact the association indirectly. Because of the
complexity in the relationships between variables, they will be discussed in more detail in the following

section.

Potential explanatory variables causing forest cover change

Population density and population growth

Neither population density nor population growth was found to correlate with forest cover change at
any level. This contradicts conclusions drawn by other studies (Vanclay, 1993; Mather et al., 1998;
Loening and Markussen, 2003) that suggest population growth to be an underlying factor behind
deforestation, acting through the proximate factors of increased demand for arable land and forest
products. The association between population growth and deforestation was also found by Myers

(1991), yet he identified increased occurrence of shifting cultivation as the proximate factor.

® see for example Mauro and Merlet (2003) for a link between ethnicity and poverty, Arriagada (2000) on a link
between poverty and urbanization, and Tucker et al. (2005) on dynamics between slope, roads and distance to
markets.
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The link between population growth and deforestation has also been proposed for Guatemala. Loening
and Markussen (2003) and a report by URL (2006) found population growth to be one of several causes
behind the observed deforestation. The absence of any association between population growth and
forest cover change in the data may be explained by the short time period for this study, thereby
supporting the findings of Deacon (1994) of a time lag in response between population growth and

deforestation.

Urban population and urbanization

At region level a link between the proportion urban population and forest cover change could be
observed. The regions of Central, Guatemala region, South-western highlands, and South all have high
urban populations and low score on net forest loss and deforestation rates. This trend is also evident
when analyzing the data at department level quantitatively. This may suggest a positive effect of high
urban population levels on forest cover conservation. The relationship with initial forest cover, which
may have implied long term effects, is however not distinct. The quantitative analysis at municipality and
department level revealed no correlation between urbanization and population working in agriculture
(Appendix 1) (Appendix 2); however, the qualitative analysis at department level shows a tendency

towards a negative association.

The urbanization of developing countries is generally found to have a positive effect on forest cover
(Mather and Needle, 1999). Some authors suggest that urbanization may involve changes to a different
set of perceptions of nature and forest, with more weight on the aesthetic and recreational values
(Mather, 1992; Mather and Needle, 2000). This can lead to pressure for more protected forest areas and
areas for recreational activities (Barbier et al., 2008). The results from this study do not support the link
between protected areas and urban populations; however this association is probably acting on the

national scale, and may have been detected in cross-national comparisons.

Jorgenson (2006) found that urban population growth reduced deforestation rates, while increase in the
rural population had the opposite effect. Moreover, Ehrhardt-Martinez et al. (2002) found the highly
particular association that urbanization led to increased deforestation rates until a threshold of 36% of
the population lived in rural areas, whereby increases above this resulted in decreased deforestation
rates. Klooster (2003) on the other hand, argues that urban areas offer more off-farm job opportunities,
making agricultural work less attractive and thereby contributing to abandonment of agricultural land

and leading to reforestation.
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According to the data, the urban population in Guatemala has increased by 82% in an eight-year period,
an exceptionally high increase for a country like Guatemala. This may indicate low quality of the data

sources, namely the two population censuses prepared by the National Bureau of Statistics.

Extreme poverty

Extreme poverty levels were the third strongest variable at municipality level, higher levels of extreme
poverty leading to higher deforestation. At department and region level, no clear link could be found.
The association between high poverty rates and high deforestation rates found at municipality level has
been identified by several researchers, often in combination with other factors (e.g. Vanclay 1993; Geist
and Lambin, 2002; Wright and Samaniego, 2008), also in Guatemala (Segeplan, 2006; URL, 2006). Several
researchers emphasize that poorer households are heavily dependent on natural resources for their day
to day survival, and thereby constitute great stress on their environment (Pijanowski et al., 2010) and
utilize unsustainable levels of forest resources (Lewis, 1996). Some researchers also link poverty to land
use and forest by either explaining continued poverty with high forest cover, low population levels, and

isolation (Chomitz, 2006), or explaining deforestation with poverty (Deininger and Minten, 1999).

To explain the link between poverty and deforestation Angelsen and Wunder (2003) and Chomitz (2006)
emphasize the attractiveness of poorly paid forest activities to impoverished households with few other
alternatives. Despite the low income possibilities, low input demand makes forestry an attractive option

for households with low investment capacity.

One or several of the associations mentioned above may be relevant for Guatemala. Extreme poverty at
municipality level was found to be strongly positively correlated with the use of firewood and slope, and
strongly negatively correlated with density of paved roads, all of them often associated with the

geographical isolation of rural areas (Appendix 2).

However, also regarding the association between poverty and forest cover change there are
controversies. Angelsen and Kaimowitz (1999) are skeptical about the emphasized association between
poverty and deforestation. They argue that there may be other factors in play not included when
examining causes behind deforestation. Lower deforestation rates when income rises may instead be
caused by improved access to off-farm work, and the alternative income activity is what actually

discourages deforestation. Zwane (2007) finds a negative impact of economic growth on forest cover,
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and Lopez (2005) provides evidence of the same and explains the link with expanding agricultural

production following from the economic growth.

Use of firewood for cooking

The general trend revealed by the data was that a large proportion of the households in the western
highlands and the northern parts of the country used firewood for cooking, while the Central and South
region had lower percentages, and Guatemala region had levels way below any of the other regions. The
regions with high use of firewood seem to be related to low percentage urban population. This supports
the findings by Heltberg (2003), who proposes that the utilization of alternative energy sources for
cooking is more common in the wealthier parts of the population, and that electrification and education
is associated with switching away from firewood as a source of fuel. When considering that the
definition of urban areas utilized by the National Bureau of Statistics includes a requirement for access
to electricity for at least 51% of the population, the negative correlation between use of firewood for

cooking and urban areas is as expected.

Use of firewood for cooking was not found to be important for forest cover change at any level; in that
way the results from this study are inconsistent with the allegation made in a report by the World Bank
(2002a) that firewood collection in Guatemala leads to deforestation. The findings are more in line with
several researchers contesting the statement (Wunder, 1996; Rosero-Bixby and Palloni, 1998), finding

little evidence of firewood leading to deforestation.

Indigenous population

Indigenous population levels were not found to be associated with forest cover change at any level. The
general trend was a higher percentage of indigenous people in the western and northern part of the

country, and lower in the eastern and southern parts of the country.

The data on indigenous population may, however, have suffered from underestimation, since the
National Bureau of Statistics relied on self identification when gathering the information, and some
indigenous people may choose to identify themselves as non-indigenous to avoid discrimination, an

extensive problem in Guatemala (Plant, 1998; World Bank, 2003a). Data from the 2001 census estimated
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that the indigenous population constituted 41% of the population, markedly lower than what has been

reported by others’.

In Guatemala the link between ethnicity and poverty has been thoroughly documented, the indigenous
population being marginalized and excluded from society and holding higher poverty rates (Plant, 1998;
Brea, 2003; Mauro and Merlet, 2003; World Bank, 2003a; UNDP, 2005; Hall and Patrinos, 2006). The
correlation test at department level showed that there is a correlation between high levels of extreme
poverty and high percentage indigenous population in the subset (Appendix 1), and the same is

indicated at the region level.

According to Cayuela et al. (2006), indigenous people play an important role in the forest dynamics in
Central America. The National Council for Protected Areas (2003) found a concentration of forested
areas in regions with high concentration of Maya population, mainly on communal lands. However,
other studies find the association between forest cover and indigenous people to be complex, working
on different temporal (Perz, 2007; Figueroa et al., 2009) and geographical (Nepstad et al., 2006) scales,
and depending on the context (Redford and Stearman, 1993; Kramer and Van Schaik, 1997). The

complexity of the issue may have obscured the observation of any existing relationship in the data.

Human development index (HDI) and HDI growth

This research revealed that HDI was not linked with forest cover change at any level. At country level,
HDI levels have increased gradually since 1975, mainly caused by an increase in the economic factor, and
less in the two others (UNDP, 2005). However, even when an increase in the economic component of
the index is observed, the distribution of wealth among the population remains highly skewed; as

illustrated by the low investments in social services and education, (UNDP, 2005).

In some areas the increase in HDI score is probably strongly influenced by the flow of remittances
entering the country from migrant family members. Remittances constitute at substantial proportion of
the country’s GDP; 20% of the population received remittances in 2000 and in some households the

money contributed up to 40% of the total income (Vakis, 2003).

In the literature, positive economic development has been linked to reduced deforestation rates

(Shandra, 2007) and negative economic development has been coupled with increased deforestation

7 E.g. Meentzen (2001) reports the indigenous population to be as high as 66%.
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rates (Burns et al., 1994; Mertens et al., 2000). Further, a study of the link between biodiversity hotspots
and HDI scores throughout the world revealed high deforestation rates when HDI score was low and low

deforestation rates when HDI score was high (Jha and Bawa, 2006).

Economically active population working in agriculture

The proportion of the economically active population working in agriculture was not found to be
associated at any level with forest cover change. The data identify almost half of the economically active
population as working in agriculture; however, several studies highlight the diversified livelihood
strategies common in rural households, including a combination of agricultural production and other
income generating activities (Plant, 1995; Baumeister, 2003; Vakis, 2003; World Bank 2004; Plant, 2005;
International Labour Office, 2008). According to Plant (1998) the inclination to box people may give a
wrong impression by it including people with any participation in agricultural activities as working in
agriculture. Thereby, a notable proportion of the people included in this category may have several
income alternatives making them less dependent on agricultural production and similar to people
working in other economic sectors. This may have weakened any existing effect of the variable on forest

cover change.

Loening and Markussen (2003) found a link between alternative employment opportunities in the non-
farm sector in rural areas and deforestation in Guatemala, access to such alternative livelihood options
leading to lower deforestation rates. The demand for alternative employment in rural areas is high, and
if the association mentioned by Loening and Markussen is correct, an increase in non-agricultural work
may have a reducing effect on deforestation rates. However, the data do not provide support for this

association.

Densities of roads

The quantitative analysis at department level identified densities of paved roads as the single significant
explanatory variable explaining 27% of the variation in deforestation at department level. The
unexpected association found was higher deforestation in areas with low densities of paved roads. The
qualitative analysis at department and region level confirmed this tendency; however, this association

was not confirmed at municipality level.

The extension of road networks in Guatemala is based on a historical prioritization of areas of

economical importance, like the coffee producing regions in the western highlands and areas with
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export agriculture on the Pacific coast. Areas of low importance for agricultural export production have
suffered from underinvestment in infrastructure, resulting in a high degree of isolation, especially during
the rainy season (World Bank, 2003a; World Bank, 2004). Road development has been closely linked to
general economic development in Guatemala (Alwang et al., 2005), yet no association was observed

between density of paved roads, all types of roads, and HDI.

The literature provides support for the positive link between roads and development, and also a
negative link with deforestation (Sader et al., 1994; Dourojeanni, 1999; Carr, 2005; Freitas, 2010; Perz et
al., 2010) especially in areas with poor soils and low population densities (Chomitz and Gray, 1996).
Freitas (2010) recognized long term effects of road development on deforestation rates and Southworth
and Tucker (2001) identified lower deforestation in areas characterized by low road densities, steep
terrain and at higher elevations. Thereby the results of this study are contradictory to what is found in
the literature. The positive association between low densities of paved roads and deforestation at
department and region level is caused by the areas with high forest cover, low road densities and high
deforestation rates in the northern part of the country®. The absence of observed effect at municipality
level may be a result of fewer areas with similar extreme associations in the South-east region and

South-western highlands region.

Slope

Slope was not found to be associated with forest cover change at any level, contradictory to the negative
association between deforestation and slope found previously (Ochoa-Gaona and Gonzalez-Espinosa,

2000; Gibson et al., 2002; Freitas, 2010).

Interestingly there is little variation in the slope index between the different areas. It may be that the
index was unable to capture the existing variation. At municipality level, high proportion indigenous
population and low HDI levels characterized areas with steep terrain (Appendix 2). This may imply that

the effect of the historical pressuring of indigenous populations into steeper areas is still evident today.

8 Regions with low densities of paved roads and deforestation were El Petén region, North, and North east;
departments low densities of paved roads were: El Petén department, Izabal, Zacapa, Chiquimula, Huehuetenango,
and Quiche.
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Initial forest cover

The second strongest predictor of deforestation at municipality level was initial forest cover in 1993-94.
Municipalities with lower initial forest cover experienced higher deforestation. This trend is not obvious
at department or region level. The association between existing forest cover and forest cover change has
been observed by some researchers in the literature (Rudel et al., 2005; Ewers, 2006; Angelsen, 2007;
Wright and Samaniego, 2008; Crk et al., 2009), however, most commonly it is not included as a variable
at all. The significant effect of initial forest cover at municipality level implies that the factor may be
more important than considered by the scientific community working with forest cover change.
However, the negative association found in this study is opposite of what has been promoted in the
existing literature. The results imply that in areas with low forest cover the forest further diminished,
while areas with high forest cover experienced smaller changes. According to other empirical studies and
the theory of forest transition, higher deforestation should occur in areas with high forest cover

(Mather, 1992; Angelsen, 2007; Barbier et al., 2010).

At higher scale, some of the departments and regions with the highest initial forest cover experienced
the highest deforestation rates. A remarkable detail regarding initial forest cover was the above average
coverage in the two departments with highest percentage urban population and highest population
density, Guatemala and Sacatepéquez. This finding gives further support to the positive relationship

between forest cover and urban population mentioned earlier.

Protected areas

Protected areas were not found to contribute to lower deforestation rates in this study at any level. The
absence of effect of protected area coverage on forest cover change may be a result of low efficiency in
the management of the protected areas once they have been designated (Universidad Rafael Landivar,

1987; Bonham et al., 2008).

The idea that establishing a protected area is enough to conserve the values therein is obsolete,
replaced by the acknowledgement of the importance of effective management with sufficient funding
and efficient institutions (Carey, 2000; Dharmaratne et al., 2000; Ervin, 2003b). In Guatemala, the
National Council for Protected Areas (2003) argues that protected areas are not prioritized by the
government when governmental programs and budgets are developed, and resources to manage the
areas are in deficit. Mauro and Merlet (2003) find that low compliance with rules and regulations is a

challenge in more isolated areas, like El Petén and the western highlands. Evidence from El Petén
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illustrates high deforestation rates inside protected areas (Carr, 2008), though the deforestation
occurring outside the protected areas have been even higher (Loening and Markussen, 2003). Thus, as
Bonham et al. (2008) argue, conservation in Guatemala has low prospects of succeeding without the
support and participation of local populations. This is in line with international conservation models for
protected areas that have moved away from a management strategy based on a complete separation of
humans and nature towards a conservation regime including local stakeholders and resource users

(Lewis, 1996; Nepstad et al., 2006; Garcia-Frapolli et al., 2009; Nagendra et al., 2009; Heinen, 2010).

Communal lands

Several authors highlight the importance of communal lands in conserving forest in Guatemala (Elias, et
al., 1997; CONAP, 2003; Elias et al., 2009). The percentage covered by communal lands was not found to
follow any clear trend, except a belt of low coverage stretching from the interior of the country towards
the south. In the coastal areas the communal lands are large in number, however small in area. In the
northern part of the country, the number of areas was smaller, but larger in area. Communal lands

coverage was not found to be associated with changing forest cover at any level.

The lack of observed effect of communal lands is in line with the findings by Gibson et al. (2002) that the
management system is more important than property rights regimes in conservation of forest in
Guatemala. The literature also emphasizes the importance of the socio-economic, political and
ecological context for the common property regime to function properly (Redford and Stearman, 1993;
Ostrom et al., 1999; Tucker, 1999). Like Latin America in general (Richards, 1997), common property
management in Guatemala is suffering from the absence of support by governments and policy makers
(Tucker et al., 2007). Often the communities do not have titles to their land and the land tenure regime
is complex with many regimes co-existing in some regions. Establishment of rights to traditional and
communal lands was part of the Peace accords, yet so far the rights to the forest on communal lands
have only been established for a limited group of communities (World Bank, 1995; Katz, 2000; Elias et

al., 2009). All these obstacles may limit the effect of communal lands in preserving forest.

Other variables with potential effect

The selection of variables included in this study depended on available data on potential variables
explaining forest cover change in Guatemala, a limiting factor being the availability of data at

municipality level. Respectively, one shortcoming following from this may be the absence of variables
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critical for forest cover dynamics. This may influence the outcome of the analysis, either by indirectly
controlling some of the other variables included, thereby giving a wrong impression of the cause-effect
relationship, or by dominating the dynamics and thereby obscuring any associations with other variables

(Deacon, 1994).

Distribution of land and land titles is one factor that may have an impact on forest cover change, yet no
data was found to explore this for the relevant period. The distribution of land in Guatemala is skewed, a
small proportion of the non-indigenous population own large areas, while most of the indigenous
farmers own less than necessary for the survival of a family. Attempts on land reform after 1954 have
had little success (Plant, 1995; Plant, 1998; Mauro and Merlet, 2003), and currently the issue of land
distribution is left to the market (World Bank, 2004). Small land holders and communal land holders
rarely possess titles to their land, and since secure land titles often is a prerequisite for accessing credit,
this leaves them with few options to invest in their land and achieve economic development (Vakis,
2003; Macours, 2009). Lack of land titles have been linked to deforestation (Jaramillo and Kelly, 1997;
Fearnside, 2008). Farmers with insecure land titles or shortage of land may see agricultural expansion
into forested areas as a viable livelihood option (MAGA, 1999; Angelsen and Wunder, 2003) especially
since colonization programs launched in the 1960s and 1970s in Guatemala encouraged forest clearing

as an indicator of de facto ownership of the land.

There are also several institutional factors not easily quantified that may have an impact on forest cover
dynamics in Guatemala. Several authors argue that the institutions with responsibility to manage
Guatemala’s forests are weak, with low budgets, and with low degree of cooperation and coordination
among them (Castafieda and Sandoval, 2008; Ortega et al., 2008; Universidad Rafael Landivar et al,
2009). They further state that insufficient resources and inadequate management tools for controlling
illegal deforestation results in limited effect of the legal framework. The alleged inadequate
management may have an impact at the national level, and at lower levels, through local initiatives and
management regimes. The expansion of drug-trafficking related activities in remote areas may further
complicate the effective governance of forest resources. Large areas of El Petén for example are
currently controlled by Mexican and Guatemalan drug cartels (Bull and Berge, 2009; Pacheco et al.,

forthcoming).
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Additional observations

By removing explanatory variables that were strongly correlated in the study, the confounding effect of
these associations was eliminated. Yet the causes behind forest cover change are probably influenced by
some explanatory variables causing changes in other explanatory variables, thereby indirectly affecting
the response variable (Wright, 1921; Wright, 1923). A path analysis may be a possible approach to
estimate the effect of each of the linked paths of variables resulting in forest cover change (Wright,

1921); however the complexity of the method prevented this from being carried out in this study.

The limited knowledge of the quality of the data included is a challenge when using a meta-analysis
approach. Particularly relevant for this study is the database on forest cover, which is under current
revision. The revised data will be available in December 2010, also including data from 1986 until 2006.
The longer time period included in the revised database will enable analysis with improved ability to
measure variables acting on long temporal scales, experiencing short term flexibility, and to a larger

extent include the effect of possible delays in response (Deacon, 1994; Perz, 2007).

With the revision of the forest report, data on forest cover for a 20-year period from 1986 to 2006 will
be available. The extended temporal scale of the data series can be followed by including data on the
exploratory variables from within the same period of time, thereby providing more accurate and

conclusive results with lower sensitivity to short time variation.
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Conclusion

This study aimed to indicate some of the main drivers behind forest cover change in Guatemala. The
findings revealed distinct links between five of the included variables and forest cover change. Higher
deforestation was found in areas with low forest cover, contradictory to the general conclusion from the
literature. Since this also implies that areas with high forest cover experience low deforestation rates,
the relationship may indicate that larger continuous areas with forest are more likely to be conserved,
which for example is positive for the conservation of species requiring large areas for existence.
However, for people living in areas where already is already low; access to forest related resources may

become even more limited in the future.

Of the variables that appeared to have the most distinct link to low deforestation rates were four
variables that can all be related to development: (i) high proportion urban population, (ii) high densities
of paved road, (iii) low extreme poverty levels, and (iv) low proportion of the economically active
population working in agriculture. The link with development is interesting in the light of Guatemala
being a developing country with challenges like poverty and social inequality receiving ample attention
by the national government and the international society. If reducing deforestation rates and improving
development is corresponding, the country has the opportunity to continue development without
compromising their natural environment. Guatemala may actually be undergoing a forest transition that
over time will lead to a halt in deforestation rates and eventually reforestation. Even if the current
deforestation rates are high, the observed trends may be one of the first signs of a transition in forest
cover change in Guatemala, and this gives promising prospects for the future of the forests. However,
most of the country is experiencing deforestation rather than reforestation, and at the national level the
country still exhibits high deforestation rates. Reducing this trend of forest loss and improve forest

conservation requires initiatives and management actions.

Explicit cause-effect relationships across all levels were not distinguished in this study, adding weight to
the theory that causes behind forest cover change are complex, context dependent, and site specific. In
order to deal with site specific dynamics, the forest management initiatives need to consider the
particular environmental, - socio-economic, - and political context of the area. The findings in this study
both confirm and contradict findings in the literature, yet the literature in itself is often contradictory in
regards to the effect of the various variables. This gives further support to the theory that the causes

behind forest cover change are site specific.
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The analysis employed in this study has not been able to fully explore the complex associations leading
to forest cover change; the probable intricate relationships between the exploratory variables causing an
effect on the response variable can only be speculated upon. Future studies are recommended to resort
to more complex methods for exploration of the associations in order to establish potential paths of

causation leading to an effect on forest cover change.
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Appendices

Appendix 1. Correlated explanatory variables at department level

Correlated explanatory variables at department level (p-value <0.05)

Population growth
Population growth
Population growth
Urbanization
Urbanization

Extreme poverty levels
Extreme poverty levels
Extreme poverty levels
Extreme poverty levels
HDI change
Indigenous population
Use of firewood

Use of firewood
Working in agriculture
Working in agriculture
Protected areas
Protected areas
Communal land
Communal land

Paved roads

All types of roads
Initial forest cover
Paved roads

Extreme poverty
Indigenous population
Indigenous population
Use of firewood
Communal lands
Paved roads
Indigenous population
Use of firewood
Working in agriculture
Paved roads

Paved roads

All types of roads

All types of roads
Initial forest cover
Slope

Paved roads

All types of roads

0.43
-0.66
-0.21
-0.52
-0.68
0.48
0.7
0.45
-0.44
-0.47
0.57
0.72
-0.47
-0.65
-0.47
-0.43
0.51
0.44
-0.48
0.50
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Appendix 2. Correlated explanatory variables at municipality level

Correlated explanatory variables at municipality level (p-value <0.05)

Population growth
Population growth
Population growth
Population growth
Population growth
Urbanization

Extreme poverty levels
Extreme poverty levels
Extreme poverty levels
Extreme poverty levels
Extreme poverty levels
Extreme poverty levels
HDI change

HDI change

HDI change

HDI change
Indigenous population
Indigenous population
Indigenous population
Indigenous population
Indigenous population
Use of firewood

Use of firewood

Use of firewood

Use of firewood
Working in agriculture
Working in agriculture
Working in agriculture
Working in agriculture
Working in agriculture
Protected areas
Protected areas

Slope

Paved roads

Paved roads

All types of roads

Indigenous population
Urbanization

Paved roads
Protected area
Working in agriculture
Initial forest cover
Use of firewood
Working in agriculture
Paved roads
Protected areas

Slope

Initial forest cover
Indigenous population
Use of firewood
Protected areas

Slope

Use of firewood
Working in agriculture
Slope

Protected areas
Communal lands
Working in agriculture
Slope

Paved roads

All types of roads
Protected areas
Communal lands
Slope

Paved roads

All types of roads
Slope

Paved roads

Initial forest cover

All types of roads
Initial forest cover

Initial forest cover

-0.31
0.26
-0.21
-0.41
0.3
-0.3
0.52
0.27
-0.33
-0.26
0.30
0.20
-0.45
-0.2
-0.36
-0.25
0.23
-0.32
0.38
0.51
0.21
0.55
0.44
-0.38
-0.22
-0.22
-0.3
0.18
-0.47
-0.43
0.3
0.42
0.23
0.33
-0.21
-0.25
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