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This work studies the changes of forest cover that have happened in the Lempa River 

Basin of El Salvador during the period 1979-2003. Although historically the trend has been 

towards the loss of forest cover since colonial times, over the period of study a large increase in 

forest cover was detected. The main tool of evaluation was the analysis of LANDSAT satellite 

imagery. Images for the dates 1979, 1990-91, and 2003 were classified into forest and noon-

forest land covers. Then the changes in land cover were analyzed to determine what were the 

social, geophysical and climatic drivers determining why and where these new forest appeared. 

The results indicate that there has been an overall increase in forest cover from 20% in 1979 to 

43% in 2003. Although there has been extensive deforestation, this has happened mostly around 

the main urban centers within the basin. In the more rural and remote areas, the tendency has 

been towards a resurgence in forest cover. The increase in forest was found to be significantly 

related to remittances, inaccessibility to roads and markets, density of urban populations, poverty 

and the civil war of the 1980s. Among the geospatial factors that determined where deforestation 

and reforestation happened were distance to roads and urban centers, slope, elevation, land use 

capability, and irrigation potential. The results indicate that the tendency in the future will be 

towards further reforestation but at a slower rate. Although reforestation and deforestation 
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happened simultaneously, there are clear differences in the spatial patterns that each of these 

phenomena follow. In terms of climate, it was found areas subjected to inter-annual rainfall 

extremes due to El Niño Southern Oscillation, particularly areas with low agricultural potential, 

were more likely to be abandoned and left to revert to forest than those with more stable rainfall. 

The results of this study support the hypothesis that El Salvador is undergoing a Forest 

Transition process, that is a recuperation of forest cover due to urbanization, migration and 

economic growth. 
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CHAPTER 1 
THE FALL AND RISE OF FORESTS: RECONSTRUCTING THE HISTORICAL 

INTERACTIONS BETWEEN HUMANS AND FOREST COVER IN EL SALVADOR 

Introduction 

El Salvador has often been depicted as a country with virtually no natural forest cover.  

Being the smallest and most densely populated country of the mainland Americas, many authors 

have pointed it out as a Malthusian disaster regarding natural resource management, particularly 

forests (FAO 2001; Hampshire 1989; Dull 2007). Recent studies indicate however, that, while 

there is deforestation going on near urban areas, new secondary forest growth is appearing in 

former agricultural areas (Hecht et al. 2005).  This is apparently due to abandonment of fields 

triggered by a diverse assortment of factors (Hecht et al. 2005). The truth is that forest cover 

changes are not a simple one-way trajectory. When we observe long term historical trends in 

forest cover, often cycles of deforestation and reforestation are the rule instead of any linear 

tendencies pointing towards inevitable deforestation. El Salvador presents an interesting case of 

interaction between a changing human society and an adaptable, highly anthropogenic vegetation 

cover. This study seeks to reconstruct the country’s forest cover history under the scope of a 

changing society. 

Early forest ecology was centered around the ideal of primary or virgin forests, referring 

to forests in a primeval state, undisturbed by the hand of man This concept, however is slowly 

disappearing as archaeological research has begun to discover that even the vegetation of the 

densest, most remote of forests of regions such as the Amazon basin, long considered the last 

stronghold of pristine tropical forests, have been shaped and molded by thousands of years of 

human occupation and management (Heckenberger et al. 2003).  The occidental concept of the 

duality of man and nature is slowly evolving into the realization that our species is, and has been 

since its origins, a part of the planetary ecosystem. Even since prehistorical times, there are few, 
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if any, places on earth that can be said to be free of human influence. The impact of our species 

on vegetation in the past has largely defined the composition and distribution of forest cover in 

the present. 

Similarly, the concept of a climax vegetation, an ecological state of balance to which 

forests should tend to revert to if left undisturbed, has been found to be an illusion. It is our 

perspective, based on our short life spans, which fail to capture the state of constant change in 

which forest structure constantly varies at a broader time scale than we can normally perceive. 

While climax states may appear to be stable for relatively short-term periods (geologically 

speaking) of hundreds or thousands of years, in the long term, ecosystems tend to be dynamic, 

very often evolving into completely different systems and never returning to a static point in the 

past. For example, the Mayan forest, one of the largest rainforests left in Mesoamerica, once 

thought to be an epitome of climax vegetation, has also been proven to be the result of the 

Mayan civilizations’ enormous impact on the local ecosystems (Abrams and Rue 1988). Highly 

developed agriculture and use of native trees by the ancient Mayans promoted the survival of 

certain useful or culturally important species over others during a period when this region 

consisted mostly of urban and agricultural landscapes. When the Mayan civilization collapsed 

these trees became predominant in the forest that reclaimed the abandoned fields (Curtis et al 

2004). It is highly unlikely that the structure and composition of this ecosystem will ever revert 

to the same state that existed before the time of the Mayas.  

Another misconception about human interactions with forest cover is the concept of 

unidirectional reduction of forest cover. Often the interactions of humans with forests, 

particularly in developing countries, are perceived to consist mainly of forest removal and 

agricultural expansion. While this is definitely true, the interactions between human societies and 
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forest cover are far more complex. Climatic, economic, ecological and social conditions, among 

others, also lead to the abandonment of fields which often tend to revert back into forests. This 

means that both deforestation and reforestation (whether anthropogenic or otherwise in nature) 

are always taking place simultaneously. The magnitude and rate at which events happen varies 

according to the global, regional and local factors that influence human decisions regarding land 

use.   

Although timber production is not a big industry in El Salvador, tree cover is an essential 

if often unacknowledged part of the country’s functioning. In this semi-industrialized nation, 

forests provide its poorest inhabitants with a source of fuel wood, construction materials, and 

non-timber forest products. Besides this direct usage of forest products, tree cover creates the 

ecological framework for all of Salvadorian society to function. By increasing water infiltration 

during the five-month rainy season, forests give the country a steady supply of drinking water, 

fuel hydroelectric plants and reduce sedimentation due to erosion in dams which account for 

33% of the country’s power and 66% of the country’s drinking water. Tree cover is also essential 

for the production of shade coffee which is one of the most important crops in the Salvadorian 

economy.  

In order to understand the state of contemporary Salvadorian forest cover it is important 

to understand the changing interactions human societies have had up until the present day. 

Radical changes in both the culture and economy of Salvadorian society have reflected on its 

relationship with the environment. From the prehistoric period of early human occupation to the 

industrialization period started during the twentieth century the pressures that have shaped forest 

vegetation in the country have been under constant change, exerting evolutionary pressures on 

plant species and ecosystems in general and shaping them into their current state and 
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distribution. This work explores historic, archeological and paleonthological evidence in an 

effort to understand the composition, distribution and trends that have shaped forest vegetation in 

El Salvador throughout its history. 

Geographical Location 

El Salvador is located in the Pacific watershed of Central America, bordering to the West 

with Guatemala and to the North and East with Honduras (Map 1). Average annual precipitation 

ranges from 1141 to 2886 mm per year. Elevations range from 0 to 2678 meters above sea level. 

The variation in topography and rainfall regimes makes it an ecologically diverse region. 

According to Holdridge’s life zones it contains eight distinct ecological zones with several 

distinct ecological associations due to variation in soils. Major land uses on the present vary 

widely including industrialized agriculture, traditional subsistence agriculture, cattle raising, 

urban and sub-urban areas, natural forest protected areas, highland and lowland forests, and 

extensive shade coffee plantations (SNET 2005). 

Prehistorical and Pre-Colonial Period   

 It is often a first assumption when thinking of Mesoamerica that lush tropical forests are and 

were the default vegetation before humans had an impact on it. This however is not supported by 

palynological evidence. Pollen records indicate a diverse, discontinuous land cover existed 

during the Holocene indicating the presence of not only forests, but also of vast non-forest 

formations such as wetlands and savannahs.  

 The first set of factors affecting El Salvador’s land cover has been natural events such as 

earthquakes, volcanic eruption, and, to a lesser degree, hurricanes and tropical storms. 

Earthquakes, mostly caused by the effects of the San Andres fault, started being recorded by the 

Spanish since 1524, particularly in the central highlands and coasts. The effects of major quakes 

are widespread landslides in steep slopes and occasional destruction of human settlements. A 
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recent example of deforestation due to earthquakes is the two 2001 seismic events which in total 

caused 576 major landslides, particularly in the shade coffee growing regions of the central 

highlands. (Dull 2007). 

 Volcanic eruptions also play a relevant role in land cover change. The first role of volcanoes 

is in the direct elimination of vegetation and, in some cases, human populations. Evidence of this 

can be observed in the numerous lava flows found throughout the basin or in archeological sites 

buried under volcanic ashes. The second, less obvious role volcanic activity plays in land cover 

change is the deposition of fertile minerals and ashes, dictating where the most fertile soils are 

and thus the areas where human agricultural societies settled in the past. (Sheets and Woodward 

2003).  

 Although not much is known of land cover in prehistoric El Salvador, paleozoological  

studies suggest that during the Pleistocene period a large part of the territory supported large 

numbers of savannah fauna including ground sloths, mastodons and bison. From the The 

presence of these animals one may infer the existence of savannah vegetation with an extensive 

distribution. (Janzen and Martin 1982; Stratton and Gaesley 1949).  

 Until the late Holocene period, it is believed humans had little impact over vegetation, 

existing in populations with low densities and surviving through hunting and gathering. It was 

not until about 2000 BC that sedentary agriculture spread through the region increasing the 

influence of humans on vegetation. (Blake et al. 1995; Love 1999; Neff et al. 2006). 

 Palynological studies show evidence that the main vegetation formations at this time were 

anthropogenic savannahs and thorny scrub formations (likely derived from agricultural and 

natural fires), tropical forests in the coastal lowlands and slopes, and pine-oak forest in the 

northern highlands. Dull points out that the central valley and highlands in particular show strong 
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evidence of anthropogenic vegetation (maize, useful tree orchards, and savannah vegetation such 

as Cresentia alata, Curatella americana, Byrsonyma crasifolia). This pattern of land use is likely 

to have continued until the arrival of the Spanish with varying degrees of intensity. 

Peleobotanical studies show evidence of the formation and disappearance of anthropogenic 

savannahs implying periods of deforestation and reforestation as human settlements rose and fell 

(Dull 2007). 

  It is hard to determine which lands within the Lempa basin, if any, where ever free of human 

occupation in the past 2000 years. This can be seen in the many archeological sites found within 

protected areas once thought to be the last remnants of undisturbed forests in the country. The 

region now encompassed by El Salvador’s borders was a major center of population during the 

pre-colonial period. Within its borders lie more than 671 registered archeological sites. (Amaroli 

1996). The country was occupied by Olmec, Lenca, Pocomam and Nahua (Pipil) (Fowler 1988; 

Pohl et al. 2002) peoples at different periods prior to the Spanish invasion, the Pipil being the 

dominant culture from 800 AD to the 1500s AC. While the northern pine forests with lower soil 

fertility have few archeological sites, the Zapotitan valley, and the highlands surrounding present 

day San Salvador are surrounded by numerous archeological sites such as San Andres, Joya de 

Cerén, Cihuatan, and Guija which testify to highly developed agricultural societies. By the time 

of the Spanish arrival, population in the study region, according to early records of the area, was 

then concentrated mostly along the central slopes and fertile volcanic valleys of the country, and 

away from the central Lempa basin and the northern slopes. This distribution of human 

settlements might in part be due to the edaphic conditions in the region. The volcanic soils in the 

central mountains have a much higher potential for agricultural production than the older, poorer 

soils found in the central and lower Lempa valley or those of the northern highlands. They also 
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retain humidity better during the dry season making settlement conditions more favorable 

(Browning 1971; Sheets and Woodward 2003).   

 The first Spanish records from the area describe indigenous communities organizing 

themselves in dense population centers in the foothills of the central valleys with numerous but 

sparsely distributed farming households in the hilly surrounding areas. The climate in this area is 

also milder in the sense that it does not have a pronounced drought as do the lower valleys. 

(Browning 1971).  

 Milpa cultivation, a system still practiced today in some areas, was the main method of food 

production throughout this period. This system was practiced in all kinds of terrains, from the 

steep mountains to the lower valleys. Indigenous soil management techniques still in existence 

today allowed pre-colonial farmers to sustain the permanent or semi-permanent agriculture in the 

steep slopes the Spaniards first described. Soil management activities such as irrigated “tablon” 

terraces, “camellones” or ridged fields, rock-walled terraces, raised beds, organic amendments, 

and agro-forestry among other techniques used in this period limited the loss of soils in broken 

topography and allowed for the cultivation of steep topographies. (Rojas-Rabiella 1985; 

Whitmore and Turner 1992; Wilken 1987). 

 Evidence from archeological sites such as Joya de Cerén suggest that the milpa practiced 

during that period was not an extensive shifting cultivation practice but rather a more permanent, 

intensive and highly diverse agro-ecosystem. This thesis is supported by the fact that the native 

peoples of El Salvador did not possess metal tools which would make short cycle slash and burn 

agriculture as practiced today extremely difficult. It is likely that metal tools transformed the 

intensive milpa system into the simpler, sort-fallow extensive corn production system(,) that is 
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more commonly practiced in present day El Salvador (Mathieu and Mayer 1997; Wilken 1987; 

Sheets and Woodward 2003). 

 Archeological and ethnographical data also indicate the importance of orchards and 

managed forest successions for indigenous communities. Managed fallows were an important 

source of secondary products such as medicine, wild or semi-domesticated food plants, building 

materials and fauna among others. Evidence of such systems can be found still in the practices of 

other nahua-speaking groups such as the Huastecs in Mexico (culturally related to the Pipil that 

dominated El Salvador), or in the balsam cultivation systems in western El Salvador. Diverse, 

stratified canopy home gardens still found today throughout the Americas also seem to have 

played an important role in food production and land use. (Alcorn 1981).   

 Crops grown in pre-colonial El Salvador included maize beans, squash, cotton, cacao, 

indigo manioc, chili peppers, ujuste (Brossimum alicastrum), and a high diversity of other roots, 

fibers, fruits, gourds, and tree crops. Evidence at the Joya de Cerén archeological site also 

indicates that complex agricultural practices such as ridged field cultivation, stratified home 

gardens, and irrigation were present at this time. (Lentz et al. 1996; Lentz and Ramirez-Sosa 

2003). 

 Cacao was an important crop during the pre-colonial period. There is evidence that the 

region had extensive cacao plantations which were exported as a commodity to the Mayan city-

states and later to the Aztec empire. The  cultivation of cacao, as described by the Spanish in 

Guatemala, was an agroforestry system that employed nitrogen fixing shade trees such as “madre 

cacao” (Gliricidia sepium) and Pepeto (Inga spp) as shade for the crop. These species are still 

used in the same manner today for lowland and midland coffee production. However cacao 
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requires gentle slopes with deep fertile soils and high rainfall which limited its cultivation to the 

western regions and coastal areas (Bergman 1969). 

 In general, agricultural practices in pre-colonial El Salvador were characterized by their 

intensiveness. Intensive agriculture focuses on using high labor inputs to maximize production 

per unit area; this is particularly useful if there are no metal tools or large domesticated animals 

to reduce the costs of land preparation. Intensification also involves complex intercropping 

practices, soil conservation structures, long managed fallows, agroforestry systems and cultural 

pest controls. Modern agriculture on the other hand, is extensive, that is, it seeks to minimize 

labor inputs by using large scale monocropping, chemical fertilizers, pesticides and 

mechanization of large tracts of land. Thus we can conclude from these facts that agriculture as 

practiced prior to colonization demanded less land and therefore exerted less pressure on forest 

ecosystems than agriculture as practiced in El Salvador throughout colonial period up until the 

present. 

 Although few studies have been done directly on the aspect of climate changes in El 

Salvador’s pre-colonial past, studies from Guatemala and Belize suggest that climatic changes 

were among the major forces that might have triggered changes in regional forest cover. During 

the IX century AD, major changes in climate are believed to be responsible for the collapse of 

the Maya civilization and the massive regeneration of forests in the Peten region (Curtis et al. 

1998; Hodell et al. 2001).  The way these changes affected El Salvador are not yet known, 

however likely changes may have been the collapse of larger settlements such as Tazumal in the 

west of the country as well as a possible influx of migration from the Mayan region as people 

migrated to escape harsh climatic and socio-political conditions. 



 

 22

 The information from archeological sites and the descriptions and records of the first Spanish 

explorers suggest that the central and northern Lempa basin should have been covered by 

relatively continuous deciduous tropical forests, savannahs or fire resistant low thorny scrub 

(which is currently the vegetation that tends to regenerate in these areas when left fallow), dotted 

with sparse agricultural mosaics of milpa-based communities around year round water sources. 

This pattern is found in other parts of Mesoamerica with pronounced dry seasons (Bullard 1960).  

An exception would have been the areas surrounding major population centers in water-rich soils 

where irrigation and flat terrain allowed more extensive grain cultivation. Even in the denser 

populated highlands, the use of orchards, stratified home gardens, and managed forests and 

fallows would have meant the landscape would have been composed of a mosaic of forested and 

cleared land rather than mostly open agricultural systems. The coastal lowlands were fairly well 

populated indicating forests were cleared to give way to agriculture. The coastal slopes in the 

west, on the other hand, are likely to have been mostly covered by semi-deciduous and evergreen 

forests and sparse settlements. Finally, the northern highlands are likely to have been dominated 

by less disturbed pine-oak woodlands and forests with few settlements. 

 Although forest cover likely decreased with the advent of agriculture, the concentration 

of population densities in the central highlands and the use of intensive agriculture points to a 

large portion of El Salvador possessing a significant percentage of forest cover up until colonial 

times. This includes a large portion of highly anthropogenic forests (cacao agro-forest, managed 

fallows, stratified home gardens). The expansion and collapse of settlements due to social or 

climatic changes also likely triggered periods of deforestation and reforestation in certain regions 

which maintained a balance between constant forestation and deforestation patterns. Evidence of 
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this are the large city-states such as Tazumal, San Andrés and Cihuatan, which were already 

abandoned and overgrown by the time the Spanish arrived. 

Colonial Period.  

 By the time of the Spanish arrival to El Salvador, the region’s population was estimated at 

750,000 (Fowler 1988). Judging by the distribution of archeological sites and Spanish records, 

most of this population was concentrated in the central highlands and fertile valleys with milder 

climate and favorable rainfall regimes as well as the coastal lowlands in the east (Figure 1-2).  

 The Spanish invasion brought along drastic changes in land use for El Salvador.  The 

introduction of disease, new technologies, new economic and land ownership practices, and 

exotic species played a relevant role in the transformation of Mesoamerican landscapes to what 

they are today (Whitmore and Turner 1992).  

 The large scale production of indigo, for instance, is one of the activities that affected 

Salvadorian landscape. The cultivation of this plant, previously a minor indigenous product, 

became widespread to satisfy European demand for the dye (Escobar 1965).  

 Indigo cultivation required extensive clearing of forest, burning of the undergrowth and 

subsequent abandonment after three years of cultivation. The official method for indigo 

cultivation, dictated by the Spanish crown, consisted of a mixed system of cattle-indigo-maize 

which required a constant rotation and burning of active and fallow fields and took advantage of 

the fact cattle would not eat indigo plants.  El Salvador became the second largest colonial 

producer of indigo during this period after the French colony of Saint Domingue (present day 

Haiti), and most of the west-central Lempa river valley, an area with little signs of pre-hispanic 

habitation, was converted into Indigo-cattle haciendas. Historical records describe the landscape 

in the northern San Salvador and La Libertad departments as “denuded of all trees except for the 
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riverbeds” during this period. This extensive and intensive cultivation system greatly defined the 

landscape for this area up until present day (Smith 1959; Alden 1965; Browning 1971).   

 The advent of indigo production also changed the settlement patterns present at the time of 

the Spaniards’ arrival. Population shifted from the indigenous highland settlement pattern to the 

colonial hacienda pattern which expanded into the dryer regions of the Lempa valley. Still the 

dryer, less fertile areas around the central basin remained fairly uninhabited. 

 An important difference in habitation patterns between colonial and pre-colonial periods was 

the density of human settlements. Whereas indigenous populations tended to be widespread into 

thinly populated centers, colonial habitation patterns concentrated population in fewer but 

densely populated urban centers (Figure 1-3). The reason for this was the hacienda system which 

worked in a semi-feudal structure and required a large centralized labor force. 

 In regions not suited for indigo, the more humid lowlands along the Cordillera del Balsamo 

remained dedicated to the production of cacao, which had become another profitable colonial 

commodity. The importance of this product was such that many of the cacao cultivation areas 

such as Sonsonate and Izalco were allowed to retain their indigenous autonomy in order to 

maintain the production of cacao stable. The slopes of this humid areas were used for the 

production of balsam (Myroxylon balsamum), a multi-use aromatic resin of which El Salvador 

has been the main producer even until present day (Canales 1985; Castaneda 1999). 24Both 

balsam and cacao production were responsible for the retention of a managed tree cover in the 

southern slopes of the Lempa basin and the western coastal slopes. Later on, these systems 

would give way to the current shade coffee plantations present today in that same region.  

 Sugar cane was another relevant crop introduced into the Lempa valley. The irrigated lands 

of the Zapotitan valley and parts of the central Lempa valley were dedicated to this crop. 
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Although of lesser importance than indigo, sugar cane generated a lot of deforestation. This 

forest removal came not only through direct clearing but by increasing the risks of forest fires 

during the burning season, a phenomenon still common today. This area was particularly known 

for its wetland swampy forests, an extinct ecosystem today due to the channeling of waters for 

irrigation systems.  

 Of the exotic biota introduced by the Spanish, cattle had the greatest impact on the colonial 

transformation of El Salvador. Cattle ranching became a predominant land use previously 

unknown to native cultures, particularly in the non-arable lands throughout the basin as was the 

case in other parts of Mesoamerica. This new land-use contributed to the clearing of previously 

depopulated areas. Burning of fields for opening pastures, damage to indigenous farming 

systems and infrastructure by free roaming herds, and the suppression of forest regeneration by 

trampling are just some of the impacts cattle had on the native landscape (Brand 1961; Chevelier 

1963; Cook and Borah 1979; Morisey 1951; Super 1988). 

 Another important change in land use and settlement patterns brought by the Spanish to the 

New World was the spread of disease. For example, the introduction of water-related disease 

such as malaria and yellow fever, caused the depopulation of the coastal lowlands in the east 

leaving them virtually deserted during colonization. Other diseases such as measles and small 

pox are believed to have contributed to the massive depopulation of the eastern valleys of the 

country leaving these areas to regenerate their forests while development concentrated along the 

western highlands. The same phenomenon occurred throughout the Americas as the European 

colonizers advanced. The intensive indigenous farming systems practiced throughout the region 

likely collapsed due to the lack of labor (Lovell 1992; Cook and Borah 1979). 
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 Technologies such as metal tools are another factor that significantly contributed to the 

transformation of land in Mesoamerica in general. Metal tools allowed for easier clearing of land 

and increased the efficiency of agricultural labors in general. Their introduction allowed a more 

dynamic shifting cultivation system and lowered the need for intensive long-term agriculture or 

management of secondary vegetation in fallows for secondary forest products. Together with 

cattle, metal tools also allowed for new practices such as tilling. Tilling favored the settlement of 

low slope areas with deep fertile soils in large farm plots. This contrasted with the indigenous 

system which was more adapted to shallow, steep soils and small intensive plots. Metal 

technologies also changed the size of farm plots and the types of soils that could be used. It also 

favored the proliferation of shifting cultivation in previously unexploited lands (Hurtado and Hill 

1989; Mathieu and Mayer 1997). 

 The landscape in El Salvador in the late 1700s would have varied with regards to its initial 

stage in the 1550s (Figure1-4). Although in general populations tended to decline and 

concentrate in the Central Highlands, extensive agriculture involving the massive use of fire, 

cattle, and metal tools replaced the intensive milpa system. This gave to the mass removal of 

forest cover in the central and western valleys. The land management practices of the Spanish 

and their export-driven colonial economy required more land than the intensive system of the 

native people. Cattle and indigo played a key role in shaping the denuded landscape of the 

Lempa valley that exists in many areas up to the present day. Even traditional milpa growers, 

now with access to metal tools, abandoned their labor intensive systems in favor of the short 

rotation shifting cultivation system still practiced in the present.  

 The eastern Lempa valley, on the other hand, experienced a loss of population due to disease 

and other factors, and probably experienced regeneration of forest cover with regards to its pre-
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colonial state.  Similarly, the eastern coastal plains, previously well inhabited, are likely to have 

experienced an increment in forest cover due to the loss of population brought about by disease 

and conflict with the Spanish. The secondary forest that resulted from this abandonment 

remained, until the twentieth century, among the last strongholds of dense tropical forests in the 

country. Animal species such as tapirs, monkeys, scarlet macaws, and jaguars were still abundant 

in the coastal forest of Usulután and San Miguel, in the eastern part of the country up until the 

early twentieth century. Eventually, these eastern forests were cleared to give way to extensive 

cotton plantations that characterized the area during the post-colonial period until the late 

twentieth century. 

Post-Colonial Period. 

  By time El Salvador became independent from Spain (1821), agriculture was intensified 

particularly in the flatter areas of the Lempa valley. Indigo still remained the main cash crop of 

the area with a stable demand in foreign markets. Extensive corn and bean production, with the 

added influence of metal tools, was still an important part of the country’s main grain 

production. In the central mountain range, tree cover remained in place due to cacao agroforestry 

and balsam extraction and also because of the lack of highland export crops. 

 Due to a relatively low population density and abundance of arable land, most of the Lempa 

basin’s higher volcanic slopes were still undisturbed. It was not until the 1820s, when coffee was 

introduced to the country that agriculture started actively spreading into the volcanic highlands 

above 1000 meters  from sea level. The cultivation of coffee from that period onto present times, 

was mostly done under shade to protect the crop from the heat of the dry season. In El Salvador 

the usual practice was to clear the understory of natural forests and replace it with coffee. This 

resulted in an agroforestry system composed of a diverse overstory of trees and a coffee 
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understory. Many of the cacao lands, suffering from disease and low prices, were easily 

converted into lowland coffee by eliminating cacao and replacing it with coffee plants. In the 

case of balsam stands, the transition was easier, the loosely managed stands of balsam and other 

timber species were left in place and the understory replaced with the cash crop. This system of 

cultivation is still in use today in some regions. 

 In some cases, however, coffee was responsible for the destruction of many of the forests that 

remained in the country. Even if coffee required shade, large amounts of native forest were 

burned to the ground and later replaced by more uniform inga trees. The reason for this was the 

governmental policy of granting land ownership to those who cleared the land. Even if it was not 

necessary for coffee plantations to remove the entire canopy, ownership was granted only to 

those who fell the forest completely before planting. (Browning 1971). 

 Coffee plantations in the country in the present vary from traditional diverse canopy systems 

similar in composition to native forests to less complex systems with a lower diversity of trees. 

Although coffee plantations will never have the diversity of natural forests, the tree cover 

provided by them in El Salvador has served as a substitute for many forest ecosystem functions 

such as erosion and sedimentation control, water infiltration, biological corridors, and refuge for 

wildlife. Unlike more sophisticated shade systems such as those used in countries like Costa Rica 

and Colombia, where a very well pruned, single species with low density tree cover is used; most 

of El Salvador’s shade coffee systems are relatively diverse. Biodiversity studies in three coffee 

farms in El Salvador found a total of one hundred sixty-nine species of trees belonging to forty-

six different botanical families (Komar 2003; Cuellar and Rosa 1999; Mendez and Bacon 2005). 

 Coffee production slowly started to gain ground while indigo began to loose its demand with 

the advent of artificial dyes. Gradually, cultivation of the latter slowly disappeared and the open 
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lands in the indigo-producing regions which continued to be used for cattle raising and sugar 

cane plantations. Many of the former indigo farmers and workers spread into the northern 

highlands of Chalatenango. Due to the poor fertility of its soils, this region remained sparsely 

settled and dotted with shifting cultivation and low productivity cattle. Both soil conditions and 

high wind intensity made the area unsuitable for coffee plantations like those in the central 

mountains, thus pine-oak woodlands remained relatively untouched. 

 Meanwhile, a new industry was rising in the coastal lowlands of the country. The hot humid 

plains here were found to be suitable for cotton production. This crop was responsible for the 

clearance of most of the lowland forests that until this point remained in that region, and would 

remain a major land use until its collapse in the 1970s. Besides extensive deforestation cotton 

brought with it other environmental hazards such as the overuse of pesticides. This abuse 

resulted in massive intoxications of farm workers, outbreaks of malaria due to the proliferation 

of DDT- resistant mosquitoes and the degradation of mangrove systems and fisheries 

downstream. 

 The general trend in land use in the Lempa basin for the nineteenth century until the mid-

twentieth century was of aggressive agricultural expansion. It is during this period, an extension 

of the same trends from the colonial period, that great losses of forest cover happen with few if 

any cases of forest regeneration. 

 Among the major activities responsible for the demise of forests in the country are the 

cultivation of sugarcane in the more fertile, flat lands, rain-fed subsistence agriculture, and cattle 

in the foothills and northern mountains, and coffee in the higher slopes of the southern mountains 

and volcanoes. The coastal areas at this time were widely used for the cultivation of cotton, 

grains and cattle, and most of the coastal forests were cleared for these uses. Natural forest cover 
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became relegated to the northern pine-oak woodlands and the more inaccessible parts of the 

central mountain range. 

  Even if coffee was responsible for the elimination of a large part of the native forests cover, 

it is important to emphasize its relevance as a land use since it maintained 7.9% of the country 

under tree cover and has been serving as an ecological substitute for natural forests (PROCAFE 

2004).  Although population in the basin had always concentrated in the central highlands, during 

this period it slowly spread into the western and central Lempa valley, the Lempa floodplain and 

even to the northern highlands. 

Twentieth Century  

 Although population in the basin had always concentrated in the central highlands, during 

this period it slowly spread into the western and central Lempa valley, the Lempa floodplain and 

even to the northern highlands. 

 El Salvador’s population grew rapidly during the latter part of the twentieth century (Figure 

1-5). It is very likely that this growth is due in part to the increased production of food brought 

about by the green revolution in the late 1960s throughout the developing world. However this 

rapid transfer of technology also brought about problems such as agricultural frontier expansion 

to non-suitable lands, erosion due to over cultivation, population growth and subsequent land 

scarcity.  

  El Salvador’s population grew rapidly during the latter part of the twentieth century (Table 

1). It is very likely that this growth was due to the increased production of food brought about by 

the green revolution in the late 1960s throughout the developing world. However this rapid 

transfer of technology also brought about problems such as agricultural frontier expansion to 
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non-suitable lands. The result was widespread erosion due to overcultivation, population growth 

and subsequent land scarcity.  

  The conditions of shortage of arable lands, unequal distribution of wealth, and declining 

grain yields present during the 1970s contributed to the brewing of the twelve year armed 

conflict that was to engulf the country from 1980-1992. The civil war period was extremely 

influential on the patterns of land use and settlement and can be considered a turning point in 

land cover trends for the country. One major change it brought about was the beginning of 

massive migrations from the rural areas into the cities, and towards foreign countries (mainly the 

United States) which have continued even after the conflict ended (Kandel 2002). Over twelve 

years people abandoned agricultural lands to escape the violence and the four main urban centers 

of the country sprawled with the influx of refugees. The effects can be seen in the changes in the 

urban/rural population ratio from 1930 to 1992 according to the data from the national 

population census (Table 1-1). Urban population has increased at a higher rate than rural 

population. The census data also shows an increase in population density concentrating mostly 

along central highlands, the western Lempa basin, the western coastline, and the eastern coastal 

plains. 

  This massive city sprawl caused by the urban population explosion, and the preference 

for settling in the central mountain range has caused the conversion of coffee agroforests into 

urban areas, thus becoming the main cause of forest cover loss in the country during the 1980s 

and 1990s. On the other hand, this reduction in rural population diminished the demand for land 

in rural areas leaving thousands of hectares to regenerate into secondary forests due to 

abandonment. The construction of several hydroelectric dams also contributed to the 

displacement of agriculture and loss of arable lands (Blackman et al. 2006). 
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 Foreign migration also had its effects. By 2000, the country’s main source of foreign income 

had ceased to be agricultural exports and had switched to remittances from the United States. 

This input is believed to have caused rural households receiving it to lower the intensity of farm 

work and invest the money in commerce or real-estate. Studies have found that families receiving 

remittances are more likely to invest in education of their young people; consequently, young 

people with more education tend to move to cities in search of higher income jobs as opposed to 

staying on the family lands and working in agriculture (PRISMA 2002; Andrade-Eekhoff and 

Kandel 1998; Zilberg and Lungo 1999). 

 One indirect effect of external migration is the change in the gender composition of the 

population. In 1971 the majority of the country was dominated by male population.  By the time 

the war was over  in 1992 the majority of the country’s population was female due to the fact 

that most external emigrants are male.  

 This change in population composition has many implications. For one part, traditional 

gender roles of women in rural El Salvador are different than those of men. While many times 

women will work the fields, more often they will focus on small livestock, home gardens and 

commerce activities. In general women tend to assume the role as head of households when their 

partners migrate, yet retain their traditional gender-related occupations. The money from the 

remittances is mostly used to invest in property, education, and small businesses. In this manner 

households where the male members who have emigrated and send remittances are less likely to 

work their agricultural fields. Blackman et al.’s (2006) research supports this hypothesis by 

finding that there was a significant negative correlation between the percentage of women in the 

population per canton (smallest political unit) and the amount of deforestation during the 1990s 

in coffee regions (Mahler 2000; Lungo and Andrade-Eekhoff 1997). 
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 Another important factor in land use patterns was the land reform of 1980. In hopes of 

diminishing support for the guerrilla movement, the government decided to give land to poorer 

rural families. The process of land reform had its setbacks. Large land owners were forced to sell 

part of their property to the government to later be divided among poor families in the region. 

The result of this was that the lands given to the agrarian reform tended to be the marginal, less 

productive ones. In the end the average property size of the re-distributed land ranged from 1.7 to 

5.8 hectares. In general this measure was not enough to alleviate poverty (Diskin 1996). 

Marginal lands in the country mainly are used for cattle production, however such small plots did 

not allow enough cattle to become an alternative to the beneficiaries of land reform. This lack of 

planning led to the use of poorly managed, intensive swidden agriculture to be carried out in 

unsuitable lands often leading to erosion and declining yields. 

  Land scarcity, declining rural wages and low soil fertility further contributed to migration, 

causing the abandonment of rural areas. In other cases land reform led to the formation of 

cooperatives. In many cases cooperatives actually promoted the conservation of natural resources 

within communal lands. Another significant effect of land-reform was that it discouraged 

investment in agriculture from the wealthy upper class. Since the government set a cap on private 

farm size (245 ha), private large scale agriculture declined. Instead investments in industry 

increased, creating more jobs in the urban and suburban areas (Gomez et al. 2005; Hecht et al. 

2005). 

  Policy changes during the 1990s also had their effect on land use. The period from 1960 to 

1980 was characterized by strong subsidies to extensive and industrial agriculture such as sugar 

cane, cotton and cattle-raising. These policies promoted the massive removal of forest cover 
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where ever land was apt for such activities. The 1992 peace accords brought about changes in 

these sectors. Subsidies on cattle and grain production, the two main land uses of non-arable 

land, were removed, allowing for cheaper imports from abroad to compete with local producers 

and adding to the diminishing profitability of agricultural work (Faber1993; Paige 1999; Utting 

1994). 

 One last factor that contributed to this situation was the instability in grain and coffee prices 

due to fluctuations of the global economy, as well as climatic anomalies such as El Niño 

phenomena and hurricanes such as Mitch and Fifi. Major earthquakes such as those in 1970, 

1986 and 2001 also played a role in encouraging the abandonment of agricultural production in 

favor of migration.  

 The result of these complex changes triggered in great part by the civil conflict created a 

pivot point in the nature of forest cover change. The general trend of deforestation in favor of 

agricultural expansion that can be tracked all the way to the colonial period, drastically changed. 

The main cause for deforestation became urban expansion, mostly responsible for the removal of 

lowland and midland coffee agro-forests. On the other hand, a significant trend in forest 

regeneration due to field abandonment appeared; a trend that had not happened since the 

centralization and decline of indigenous populations during the early colonial period.  Recent 

studies indicate that during the period of 1979 – 2003, there was an increment of 23% in the 

forest cover of the Lempa basin. The distribution of these new forests coincided with social, 

climatic, and geophysical variables that reduce the demand for marginal agricultural soils.  

Conclusion.  

Forest cover dynamics in El Salvador have been anything but static or linear in nature. Since pre-

colonial times both natural and anthropogenic factors have shaped the landscape. Periods of 
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forestation and deforestation have occurred in different locations of the country according to the 

geophysical, social, and economic conditions present at the time (Figure 1-6). 

  The anthropogenic factors that have affected the distribution of forests have changed 

throughout history. Soil fertility and climate influenced the distribution of indigenous 

populations and land use patterns. Large agricultural states developed in these areas, their 

expansions created periods of high deforestation rates, while their collapse allowed forests to 

reclaim these lands. 

 The coming of the Spanish culture also brought about drastic changes for the environment. 

While demand for products such as indigo and the introduction of cattle contributed to 

deforestation, disease and cultivation of cacao, balsam and, later on coffee, contributed to 

conservation of tree cover in certain regions during the colonial and post-colonial periods. 

During recent years, war, migration, economic policies, and fluctuations in local and global 

markets are again driving changes in forest cover in El Salvador. Economic growth in the 

industrial and construction sectors, and migration due to war seem to have promoted the 

abandonment of fields and subsequent regeneration of forests triggering a process of forest 

resurgence. The same phenomena, however, are also responsible for the removal of tree cover in 

areas adjacent to cities as urban population grows. 

 Even though high population densities are often related to deforestation in developing 

countries, there have been documented cases where industrial development, education, and 

migration have triggered forest increase in populated countries. Such are the cases of mid-

twentieth century Puerto Rico, nineteenth century Europe, and Eastern United States, and more 

recently in countries such as Mexico. This process has been coined “forest transition”, it implies 

a recovery of forest cover triggered by economic growth and industrialization. El Salvador 
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presents many similar conditions to Puerto Rico during its industrialization phase (rural-urban 

migration, external migration, remittances, increasing levels of education, and economic 

integration to global markets). In an increasingly globalized world, it is possible, and often 

necessary, for land-scarce countries such as El Salvador to rely on agricultural imports and invest 

in labor intensive industries thereby diminishing the demand for agricultural land. (Angelsen and 

Kaimowitz 1999; Grau et al. 2003; Mather et al. 1999; Klooster 2003). 

 El Salvador’s new forest mass is composed of multiple fragments of secondary vegetation, 

coffee agro-forests, and to a lesser degree pine woodlands in the north and mangroves in the 

coast. It is very likely that many of the same fire and drought resistant tree species that once 

populated the prehistoric savannahs are now re-colonizing those lands. 

 The new rise of forests in the country brings with it many questions. What is the species 

composition of these forests? What is the extent of these forests? How will low-priced grain 

from the United States affect land abandonment under the new free trade agreements? Is this a 

temporary phenomenon or is it a long term trend towards a forest transition? What exactly are 

the socioeconomic, climatic and geophysical factors driving this process? What is the impact 

these new forests are having on Salvadorian ecology and society?  

  For conservationists in the region, a look at forest cover history also brings up the question, 

(of) which forest is the “right” forest to preserve or restore? Contemporary conservation schemes 

in El Salvador are still based on the ideal of a static state of climax vegetation towards which 

forests tend to revert. But given that at any given point in history vegetation has always been 

different, is there a particular state to which new forest should be brought up to or is this just a 

construct of our own perception of what they should be? Should these new forests resemble 

those present during the Holocene period, the anthropogenic pre-colonial forests, or the 
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secondary forests resulting from the fall of native civilizations, or something different all 

together? 

 Regardless of the answers to these questions, the study of forest cover history gives us a 

hopeful perspective that forests are resilient ecosystems, able to adapt and recover if given the 

opportunity. By understanding the conditions that promote the recovery of forests, we can better 

manage our resources and the impacts social change has on our environment. Countries 

undergoing forest transitions like El Salvador should focus not only on preserving what forests 

they have left but also in managing the new generation of forests that are beginning to emerge.  
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Figure 1-1.  General map of El Salvador. [Source: SNET geographic Database, Ministry of 
Environment of El Salvador.] 
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Figure 1-2. Population distribution at the year 1550 in El Salvador [Found in: Colonial Archives, 
cited by Browning 1975.] 
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Figure 1-3. Population distribution at the year 1770 in El Salvador. [Found in: Colonial 
Archives, cited by Browning 1975.] 



 

 41

 

Figure 1-4. Change in population densities El Salvador from 1550 to 1770. [Created by Author 
based on data from colonial Archives, cited by Browning 1975.] 
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Figure 1-5. Estimated historical population growth for El Salvador. [Found in Colonial Archives, 
National Population Census.] 
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Figure 1-6. Estimated historical forest cover and main events affecting its distribution for El 
Salvador. A) Pre-agricultural period, stable savannah-forest cover. B) Advent of 
Agriculture, period of deforestation around fertile areas of the territory C) Fall of 
large city-states (San Andres, Tazumal, Cihuatan, among others) marked by decline 
in agriculture and forest regeneration D) Arrival of the Spanish, a period of 
deforestation due to new agricultural practices accompanied by reforestation due to 
relocation and depopulation due to disease and conflict E) Colonial and Post Colonial 
Trend of agricultural expansion into marginal areas F) Civil war, marks a period of 
urbanization and migration, starts a process of forest transition with reforestation in 
marginal areas.[ Source: a Created by author.] 
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CHAPTER 2 
PATTERNS OF FORESTATION AND DEFORESTATION IN EL SALVADOR: ADDING 

QUALITY TO QUANTITIES IN FOREST TRANSITION STUDIES.  

Introduction 

In the past decade, many studies have focused on forest transitions, a process which 

explains widespread reforestation as a product of economic development and other social-

economic conditions (Perz, 2007; Rudel et al., 2005; Mather, 1992, 1999; Aide and Grau, 2004). 

According to forest transition theory (FTT), one path towards reforestation is when development 

shifts human activities from agriculture to industry thus allowing fields to revert back to 

forestland. Both the United States and Europe experienced them during the industrial revolution 

(Mather et al. 1999); later on countries such as Puerto Rico during the 1940s (Grau et al, 2003), 

and parts of Mexico (Klooster, 2003), India (Foster and Rosenzweig, 2003) and South America 

(Rudel et al., 2002; Batista and Rudel, 2006) have been found to be undergoing a similar 

processes in the last decades.   

 New aspects of forest transitions are constantly being explored to increase our understanding 

of the process. For example, while land-cover change may show increments in forested areas, 

deforestation is often going on simultaneously (Sloan, 2008). Examining the simultaneity and 

spatial interaction of deforestation and reforestation within forest transitions can help us better 

understand the process as a whole.  

Another aspect that can be added to enhance forest transition studies is forest composition. 

It is easy to oversimplify the term forest by just describing its quantity, and assuming a uniform 

mass of vegetation in terms of composition and ecosystems. Secondary forest vegetation that 

colonizes abandoned lands is very different from older successional vegetation (Finegan, 1996; 

Grau et al., 1997; Guariguata and Ostertag, 2001;Lucas et al., 2002; Chazdon, 2003) even if the 

regeneration is occurring in the same eco-zone as the one deforestation is happening in. The 
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difference in floristic composition is even more relevant if the regeneration process is going on 

in different ecosystems than the deforestation process. In this case, the new forests will not be 

functional substitutes for the ones that are being lost. This is particularly relevant in regions 

where a high diversity of ecosystems is concentrated in a very small area such as the case of El 

Salvador (Holdridge, 1975).  

In this study, El Salvador, specifically the Lempa River Basin (Fig. 1), was used as an 

example to illustrate the use of qualitative and spatial characterization of forests to enhance the 

study of forest transitions. The Lempa basin provides El Salvador with 33% of its electrical 

power (Lozano and Cottin, 2002) and it supplies about 66% of the country’s population with 

water. Average annual precipitation ranges from 1141 to 2886 mm (MAG, 1998; SNET, 2006). 

Elevations within the basin range from 0 to 2678 meters above sea level (NASA, 2000). The 

variation in topography and rainfall regimes make it an ecologically diverse region. According to 

Holdridge’s life zones it contains 8 distinct ecological zones with several distinct ecological 

associations due to variation in soils. 

The objectives of this study are to answer the following questions: Is there a forest 

transition taking place in the Lempa River Basin? If so, what is the magnitude and distribution of 

forestation and deforestation within the basin? And, what are the ecological and age 

characteristics of the Lempa basin’s forests? 

Forest Transition Theory and its Implications for El Salvador. 

Forest transition is a term that was introduced in the early 1990s to describe the process by 

which a region’s forest cover tends to increase as a result of socioeconomic conditions that affect 

land use. According to FTT, there are several paths that can lead a country to a forest transition. 

The first one is called the “economic development path”. The theory is that industrialization and 

urbanization take place as a result economic development (Mather et al.  1999, Rudel et al. 
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2005). The second path for forest transition has been called “the forest scarcity path”. In this 

scenario, the high demand and low supply for forest products triggers an initiative by the 

government to establish large scale plantations to meet this demand (Mather, 1992; Drake, 1993; 

Grainger 1995). Finally, Rudel (2002) also mentions a third path  to forest transitions through 

globalization. The changes in global demands and supplies for products as well as migration and 

remittances are thought to induce changes in agricultural production which may lead to increases 

in forest cover. 

According to FTT, forest cover tends to follow an inverted “U” shaped curve in time, also 

known as a Kuznet’s curve (Rudel et al., 2005) (Figure 2-2). Forest cover begins to decrease as 

agricultural frontiers begin to expand into new areas as population and economic growth begin in 

a country. FTT also states that the rate of deforestation eventually slows down and is followed by 

a gradual increase in forest cover as industrial activities such as construction, services and 

manufacturing replace agriculture as a means of livelihood. Although this is the general principle 

of FTT, there are a diversity of other factors that may lead to alternate pathways of forest cover 

increase.  

Initial works in forest transitions focused on the factors that lead to forest transitions in 

now developed countries such as the United States (Foster, 1992) and France (Andre, 1998; 

Mather et al., 1999). More recent works on forest transition have focused on cases in the 

developing world where forest transitions are believed to be going on. Unlike case studies in the 

past, developing world forest transitions seem to have a greater diversity of underlying causes 

which vary from case to case. War, free trade agreements, international migration, environmental 

policy and diminishing soil fertility are only a few examples of these (Southworth and Tucker, 

2001; Klooster, 2003; Grau et al. 2003; Hecht, 2005). 
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 Buttrick (1971) cites three main reasons for agricultural land reverting back to forest 

land: 1) loss of fertility 2) changes in economic conditions rendering cultivation unprofitable and 

3) discovery that certain lands are not suited to agriculture. In El Salvador all these conditions 

are present and a fourth possible reason may be added to this list: armed conflict which triggered 

the abandonment of agricultural lands (Hecht et al, 2005; Hecht et al,  2007; Kandel, 2002).  

  Another alternate mechanism of forest transitions is the effects of globalization (Rudel, 

2002; Klooster 2003). In his paper, Rudel describes globalization as “destroying first nature and 

creating second nature”. By this he means that in many countries affected by globalization older 

forest growth tends to be depleted while many agricultural areas tend to be abandoned giving 

way to secondary vegetation growth. This pathway is particularly relevant to El Salvador in the 

view of its open trade policies and its dependency on foreign income from remittances. 

Loss of soil fertility has been a recurrent issue in El Salvador. The intensive cultivation of 

marginal lands with steep slopes, short fallows, and little or no use of erosion control have led to 

large rates of soil loss in the past decades (MAG-DGRNR-PAES-IICA, 1997). Yields of maize 

and beans have been reported to be declining in many rural areas of the country (Hecht, et al. 

2007).  

At the same time, economic conditions favoring the traditional agriculture of the country 

have been on the decline. Maize and bean prices have had a steady downfall during the past three 

decades (PRISMA, 2002). At the same time, the real minimum salary for agricultural labor 

tended to decrease during the 1984-1994 period (FUSADES, 1998). Coffee, an important source 

of temporary work for small farmers and landless laborers, also had a sharp decline in prices 

during the 1990 (PRISMA, 2002). These conditions have made agricultural work in post-war El 

Salvador less attractive than it was in the past. 
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While the agricultural sector has declined, the industrial and construction sectors have 

grown significantly in past years (FUSADES, 1998) creating new jobs in urban and suburban 

settings. This instability of agricultural activities and opening of more attractive income 

opportunities has resulted in increased migration to urban centers and towards the US (Kandel, 

2002).  

Migration is directly responsible for the decrease in population in the countryside (Hecht et 

al., 2005).  Another effect of migration is the appearance of a new source of income for rural 

families: remittances (Lungo et al., 1997). Over 21% of families in the countryside were reported 

to receive remittances from relatives in urban centers or the US (Briones et al., 2005; Acevedo et 

al., 2005). These remittances often allow households that receive them to live without the need to 

clear forests for cultivation and to invest the money in more profitable ventures such as small 

scale retail and services (Kandel, 2002; Andrade-Eekoff and Kandel, 1998; Rodriguez, 1999; 

Zilberg and Lungo, 1999; Allen et al. 2006).  

The effects of the 1980s civil war also had a strong influence on land use in El Salvador. 

Violence in certain areas caused mass population displacements and increased out-migration 

(CNR, 1992; Kandel, 2002; CCP 2007). 

One common path for tropical forest transitions is called the “hollow frontier” effect 

(Rudel et al., 2002; Sloan, 2008). This path to forest transition occurs when pioneers clear 

forestlands and later abandon it when fertility declines. After this they move forward abandoning 

the land and forest regeneration begins. This pattern, common in land rich countries of South 

America, does not seem to be the case for El Salvador. With a population density of about 371 

inhabitants/km2 and its shortage of agricultural lands, the agricultural frontier probably stopped 

expanding some time in the mid-twentieth century (Castaneda, in review). However, it cannot be 
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said that the case is comparable to those of France or the US where a solid improvement in 

employment and income from industry lowered the demand for agricultural land. Instead, El 

Salvador seems to follow a pattern more similar that of Puerto Rico (Grau et al., 2003) or 

Mexico (Klooster, 2003) where out-migration combines with some industrial growth to lower the 

demand for land. Other studies (Hecht et al., 2005, Hecht et al. 2007) strongly support the 

hypothesis that a forest transition is occurring in El Salvador. 

Materials and Methods 

The spatial scale of the analysis is at the watershed level, more specifically the Lempa River 

Basin which covers 9,868.45 km2 (approximately 47.6% of the country’s total area). Areas of  57 

x 57 m in areas were used as the main unit for the land cover analysis.  The temporal scale 

covers the period from 1979-2003, divided into two sub periods: 1979-1990/1 and 1990/1-2003.   

Land-Cover Classification  

In order to answer the research questions, I based the study on analysis of LANDSAT satellite 

imagery for the years 1979, 1990-91, and 2003. Two images per date were obtained to cover the 

majority of the study region which was spatially defined as the portion of the Lempa river basin 

within the political boundaries of El Salvador (areas not within the two images or with cloud 

cover were excluded from the study). In total the study area encompasses 91.6% of the total area 

of the basin. These images were radiometrically calibrated, geo-referenced to the official digital 

road map of El Salvador (SNET, 2006) and classified into the following land cover classes: 

forest, non-forest, and water. The process of classification was done combining a rule-based 

classification (Daniels, 2006; Lucas et al.; 2007; Sader et al., 1995) with  supervised 

classification (Jensen, 2005). The following definitions were used for taking the training 

samples: 
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Forest cover was defined as a surface covered by a trees with at least 25% canopy cover 

and a height of 5 meters or more. This may include man-made forests such as timber plantations, 

as well as densely planted agroforestry systems such as home gardens shade coffee plantations. 

Non-forest land cover was defined as all land covers not included in the previous category 

since it is not serve the purpose of the study to differentiate between them. Built areas, 

grasslands, pastures, crops, irrigated crops, bare fields, dry lava beds, and water will all be 

included as such. While these classes were not separated for the analysis, the field data phase 

recorded them for possible future uses. 

For the classification process, 320 training samples were taken in the field using a GPS 

unit and a combination of randomized and opportunistic sampling. These training samples 

incorporated all of the major land covers found in the basin. The training samples were randomly 

divided in half. The first half of the samples were used for the classification process while the 

second half were used for an accuracy assessment of the land cover classification. 

The first step in classification was done through a rule based method based on the 

Normalized Differential Vegetation Index (NDVI) (Jensen 2005). Examination of the NDVI 

histograms revealed that the image was composed of a bimodal distribution with a large amount 

of low NDVI surfaces and a  smaller but well defined amount of high NDVI surfaces. Through 

field observation, it was determined that the high NDVI surfaces corresponded to evergreen 

vegetation and irrigated fields, while the low NDVI surfaces corresponded to seasonally dry 

vegetation and non-forest land covers. This patterns corresponds to the dry season phenology of 

the local vegetation, where in many areas forests lose their leaves, and fields are left uncultivated 

until the rains arrive. 



 

 51

In order to separate these two types of surfaces, the image was divided into surfaces with 

high photosynthetic activity and surfaces with low photosynthetic activity. From a random 

sample of evergreen forest areas, it was determined that most of these forests had an NDVI of 

greater than 0.35. Hence this was used as a cut point to classify surfaces into high or low NDVI.  

The resulting classifications were used to mask the satellite image in order to isolate the 

two types of surfaces. The two resulting subsets were then classified separately using a 

supervised classification maximum likelihood algorithm. The high NDVI surfaces were 

classified into evergreen forests and irrigated fields (the two major land covers that composed 

this category). The low NDVI surfaces were classified into deciduous forests and bare/built 

surfaces (since the images used were taken during the dry season, non-irrigated agriculture and 

pastures are included in the category). Water was incorporated into the classification afterwards 

from a supervised classification of the original image into water/non water. 

Further rule-based classification was used to refine the irrigation and evergreen forest 

classes by incorporating slope and irrigation layers as logical classifiers (no irrigation was 

allowed to exist above a slope of 5% and all high photosynthetic surfaces within known 

irrigation districts was re-classified as irrigated fields (non-forest).  

A final category of forest was created by adding the evergreen forests and the seasonally 

dry forest land cover classes. The rest were classified as non- forest land cover. 

The classification method was conducted and tested on the most recent image (2003). Once 

the accuracy of this map was tested, the same process was applied to the other images. In order 

to confirm the NDVI values were applicable, a sample of pixels from 1979, 1990 and 2003 taken 

from a protected area that remained forested throughout the stury period was compared using a 

comparison of means. Once it was confirmed there was no significant difference between the 
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NDVI values in this area, the same thresholds of NDVI were used to classify the other images. 

For the classification of these images, only samples that were land use was confirmed through 

owner information, local interviews or observation of vegetation age (tree age) to have remained 

unchanged throughout the study period were used for the classification. 

The period of study was divided into two sub-periods one from 1979 to 1990-91, and 

another from 1990-91 to 2003. The area analyzed was dictated by the available imagery for the 

given period. Only areas with images available for all dates within the sub-periods were used. As 

a result, the portion of the watershed analyzed for the first sub period is slightly smaller than the 

one used for the second sub-period. Areas that presented cloud cover in any of the images were 

also excluded from the analysis. 

Land Cover Change Analysis  

A change trajectory of the three classifications was created to detect changes in forest. cover 

for both periods. The result was a change trajectory map of areas that had undergone forestation, 

deforestation or no change for the period.  These maps, in combination with the vegetation type 

classifications were used to estimate the age of forests in the country. 

Due to small pixel size (57 x 57 m) it is hard to visualize the spatial patterns of forest cover 

change in the region. In order to aid in analysis and visualization a forest cover density change 

map was created using ArcMAP software (ESRI, 2006). A circular moving window of 1784.150 

m radius (10 km2) was used to estimate number of pixels per km2 under forest cover for each 

date. The results were multiplied by a factor of (57.125 2/100000) to convert pixels into km2 to 

obtain a percentage of forest cover for the region.   

Determining Autocorrelation and Hotspots for Reforestation and Deforestation  

In order to determine if there was any spatial autocorrelation (Rogerson, 2001) for the patterns 

of forest cover change the land cover maps were further analyzed for spatial autocorrelation. 
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First a separate sub-set layer for deforestation and reforestation was created for each sub-period 

in order to isolate each type of change. Then a local Moran’s I using FRAGSTATS software 

(McGrail et al., 1995) was applied to each sub-set in order to determine whether the distribution 

of deforestation and reforestation was random or followed a spatial pattern. A queen’s case 20 

pixel (1020m) moving window was used for this purpose.   

Forest Type and Age  

Once the total forest cover for the three dates was calculated, forested areas were classified 

according to Holdridge’s life zone classification (Holdridge, 1978) using existing maps 

(Holdridge, 1975).  Holdridge classifies life zones according to biotemperature, precipitation and 

potential evapotranspiration, he does not refer to actual vegetation cover but to the type of 

vegetation that would exist in an area if  left undisturbed. In order to covert Holdridge’s Life 

Zone map into actual vegetation covers, the land cover classification was combined with the 

existing eco-climatic maps  by Holdridge in order to identify forest covers as specific types of 

ecosystems. 

In addition to Holdridge’s life zones, shade coffee areas were classified as highland (above 

1200 m above sea level), midland (between 800-1200m) and lowland (below 800). The 

distinction between shade coffee and forests was done using a decision based classification 

combining ancillary data from the official agricultural map for El Salvador (CIAT- PNUMA 

1998), expert knowledge of the area, and spectral data from the satellite images. This was done 

for all three dates. 

The main assumption in determining forest age is that forest vegetation (with a canopy 

greater than 5 meters and a cover greater than 25%) has to be at least 5 years of age to be 

detected as such. Based on this assumption, vegetation present since 1979 was classified as being 

29 years or older. Forests not present in 1979 but present throughout the 1990-2003 sub period 
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were classified as being between 18-24 years of age. Forests detected only until 2003 were 

assumed to be less 18-5 years old. Based on these categories, the 2003 forest cover was classified 

according to age. 

Results and Discussion 

Classifications and Accuracy Assessments 

The overall accuracy of the land cover classification in 2003 was 92.85%. The error matrix 

and accuracy assessment are presented in Tables 2-1, 2-2.  

Forest Cover Distribution and Dynamics    

Over all, the total forested area in the Lempa River basin increased during the study period 

(Figure 2-3) from 20% in 1979, to 31% in 1990-91 to 43% in 2003. The average annual rate of 

reforestation went from 1.53% during the period of 1979-1990, to 1.74% during 1990-2003. At 

the same time, the average annual rate of deforestation also increased from 0.58% during 1979-

1990, to 0.75% during 1990-2003.  

In 1979 most of the forest cover was concentrated in the coffee growing regions in the 

central mountain range as well as pine-oak forests of the northern mountains. This pattern 

follows the trend that was started during the colonial and post-colonial periods when the central 

and western valleys of the Lempa basin were cleared for indigo, milpa (beans and maize) and 

cattle production (Browning, 1971). However, during the period of 1990-2003 forest distribution 

changed, expanding into some areas previously dedicated to agriculture and retreating from areas 

previously forested. Deforestation appears to be concentrated mostly along the densely populated 

central highlands and valleys (Figures 2-4 and 2-5). Even forest cover removal and regeneration 

are happening at the same time, the spatial distribution and pattern of both forest cover loss and 

regeneration are very distinct. 
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Deforestation presents a high spatial autocorrelation (Local Moran’s I = 0 – 0.87) and 

concentrates in intense hotspots around the main urban centers (Figure 2-6). There were also 

some deforestation foci in certain regions in the northern highlands. Reforestation on the other 

hand tended to happen with less spatial autocorrelation (Local Moran’s I = 0 - 0.26) spread 

throughout the eastern parts of the basin. 

The spatial distribution of Moran’s I indicates that deforestation was a more focalized 

phenomenon than reforestation. This difference in clustering can be due to the nature of the 

factors underlying each trend.  

Deforestation is a direct result of human decisions, for example, the decision to 

systematically remove trees and urbanize or start a new farm plot happens in very well defined 

spots and results from a direct and planned decision. The concentrated hotspots of deforestation 

around urban areas and northern pine forests coincide with the thesis of urban growth. The direct 

expansion of cities and demand for construction materials is probably responsible for the 

removal of forest cover in those particular areas. 

The scattered distribution of reforestation, with significant but low values of spatial 

autocorrelation, points to a less defined, perhaps more complex set of drivers of change. Climatic 

variability, intensity of the armed conflict, low agricultural productivity, and migration are all 

existing conditions in these parts of the country which may contribute to field abandonment. 

Further studies are needed to determine which factors have a statistical significance in driving 

forest cover changes in the region. 

Types of Forest and Forest Age.    

 Overall dry, humid subtropical, and humid tropical forests tended to increase (Figure 2-7). 

Other natural forest types such as lower montane subtropical forests (mostly composed by pine-

oak associations) and very humid montane subtropical forests (Oak dominated highland forests) 
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tended to decrease in area. Coffee agroforests, which traditionally have accounted for most of the 

forest cover in the central highlands tended to decrease. Lowland coffee suffered the greater loss 

of area followed by midland coffee while highland coffee remained more stable. This stability of 

highland coffee may be due in part to its higher market price, but also to the steep elevation and 

remote areas where it is grown. 

By examining the types of forest that have tended to increase we notice that dry forests 

have a particularly high rate of increase. These areas are perhaps more likely to be abandoned for 

their lower productivity, propensity to droughts during El Niño years, and lower agricultural 

potential. On other hand, highland natural forests present the highest rates of deforestation. This 

means that although net forest cover is increasing, endangered ecosystems such as pine-oak 

associations and cloud forests are still in danger of disappearing. Lowland and midland coffee 

are also losing area, mostly due to conversion to urban areas (Figure 2-8). Although this is not 

good for the local ecology, in terms of functionality, humid tropical and sub-tropical forests 

regenerating at high rates could eventually become ecological substitutes of the type of 

vegetation found in these agroforestry systems.  

The age composition in of the forests in the Lempa region (Figures 2-9 and 2-10) gives an 

idea of the successional stage most of these forests are found in. Of the forest existing in 2003, 

50.4% of the were estimated to be less than 18 years old, indicating that the period from about 

1985 to 1997 was when most of the forest regeneration happened in the basin. It is important to 

mention that many of these younger forest successions are likely to be part of shifting cultivation 

systems under temporary fallow periods and not necessarily permanent reforestation.  
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A total of 23.2% of the forests detected in 2003 have an estimated age of 18 to 29 years. 

The greater part of these forests are located in the hilly lowlands surrounding the inner valleys of 

the basin. 

Only about 24.4% of the forests present in 2003 were forests with an estimated age of 

more than 29 years, representing in great part the coffee agroforests which have been stable 

throughout the period. The rest of the area is mostly composed of highland forests (pine and oak) 

in the northern region. Only a small portion of natural forests in this age category were found in 

the lowlands.  

The age of forests also helps us understand the role these new forest are playing in the 

regional ecology. The fact that most of the forests detected are under 18 years of age means that 

the species of plants and animals they can house are limited to those adapted to early forest 

successions. Also, many of the Lempa basin’s new forests have regenerated from isolated 

fragments of forest which as Spellerberg  (1996) found, may contribute little to increasing 

biodiversity. An exception to this can be forest in proximity to old growth forest remnants 

(Zimmerman et al 2000; Holl 1999; Wijdeven and Kuzee 2000) where there is enough 

biodiversity of plants and animals to re-colonize these new forests. In either case, forest 

transitions can help reduce fragmentation and prevent from further loss of biodiversity (Schelhas 

and Greenberg 1996; Ferraz et al. 2003) 

 Typically these forests have a high density of shrub and vine biomass and a canopy 

between 5-9 m of height. Although in terms of infiltration and erosion control these forest 

provide important ecosystems services, it may be some time before these forests can be 

considered as suitable habitats for conservation of biodiversity or sources of tropical hardwoods 

characteristic of more mature forests. High biomass and a pronounced dry season also make 
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these forests very vulnerable to fires which may also affect the floristic composition found in 

them. 

The distribution of young forests, particularly dry tropical forest and humid sub tropical 

forests, might also affect their diversity. Since forest regeneration is happening in places where 

there was little, if any forest in 1979, it is possible these new forests composed mainly of wind 

dispersed pioneer species.  Future studies should be conducted regarding the relation of forest 

location with regards to older forest fragments and their floristic diversity. 

Overview and Future Trends 

The data in this study strongly supports the hypothesis that a forest transition is 

happening in the Lempa basin. This transition in particular is very dynamic, with high rates of 

forestation and deforestation happening at once. The pattern appearing in El Salvador fits in with 

Rudel’s second path to forest transitions (2002) where the effects of globalization seem to be the 

main cause. In this case, massive deforestation is occurring with high spatial autocorrelation 

around the cities, while simultaneous secondary growth is appearing in a more dispersed, yet also 

spatially autocorelated pattern in the countryside. Although there has been some industrialization 

in the country, it seems that migration, remittances and global grain and coffee prices may have a 

higher influence on forest cover changes and population patterns in this case. 

Rudel’s hypothesis is that globalization destroys older forests and promotes secondary 

forest regeneration. In the case of El Salvador, there were few old growth forest left at the start of 

the study period. However the statement holds true in the sense that lowland coffee agroforests 

and highland pine forests were the oldest, more stable covers up at the beginning of the study 

period and are the ones that were mostly depleted. Secondary growth, on the other hand, 

occurred in previously deforested areas, often away from population centers. 
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Even though by 2003 the Lempa basin had more than double the forested area it had in 

1979, highland forests which hold a large part of the country’s biodiversity are still in danger of 

disappearing. Midland and lowland coffee agroforests in the central mountains which are 

essential for providing drinking water to the growing urban population and habitat for local fauna 

(Gallina et al., 1996; Cuellar, 1999; Fimanow, 2001; Komar, 2003; Mendez and Bacon, 2005) 

are also in danger of disappearing due to urban sprawl. On the other hand, dry and semi-humid 

lowland forests in the eastern parts of the basin have a clear tendency to increase.  

Although these new forests are mostly composed of secondary vegetation less than 18 

years old, they have a great potential for providing ecosystem services to the country. For one 

part they help control erosion and sedimentation that goes into the Lempa’s hydroelectric dams. 

They can also have a good potential as wildlife habitat in the future or as part of regional 

initiatives such as the Mesoamerican Biological Corridor. As secondary forests with high 

biomass increase rates, they also have a good potential for the growing carbon offset market. 

If El Salvador follows the forest transition pattern of similar countries such as parts of 

Mexico and Puerto Rico, these dynamic changes are likely to stabilize and both deforestation and 

reforestation rates should slow down. Future forests will likely be located in the hilly, dryer 

regions of the basin while the forests of the central mountains will probably tend to yield to 

urban growth. Good agricultural land, with fertile soils, gentle slopes, and access to irrigation is 

likely to remain under such use or, in some cases transform into urban areas. 

Further research needs to be undertaken to further understand the forest transition process 

that is going on. What social, economic, geophysical and climatic factors are driving the forest 

transition process? What is the floristic composition of these forests? What is the statistical 

relation between forest cover changes and social, climatic and geophysical factors? How 
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permanent is this forest transition? What are the values these new forests contribute to the 

country’s economy as sources of ecosystem services? What are the factors driving El Salvador’s 

forest transition at community or household levels?  
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Figure 2-1. Geographical location of the Study region. 

 

 

 

 

 

 

 

Figure 2-2. Kuznet curve. Behaviour of forest cover in time according to FTT. 
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Figure 2-3. Total forest cover registered for the study area during the period 1979-2003. 
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Figure 2-4. Forest cover change trajectory over the period 1979-2003 in the Lempa River basin. 
The three letters in the trajectory stand each of type of forest cover present years 
under study (1979, 1990, and 2003 respectively). F = forest cover, N = No forest 
cover. 
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Figure 2-5. Changes in percent forest cover over the period 1979-2003 in the Lempa River basin.  
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Figure 2-6 Distribution of Spatial Autocorrelation (Local Moran’s I) A) spatial autocorrelation 
for deforestation B) spatial autocorrlation for reforestation. 
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Figure 2-7. Change in area of forest cover according to forest type (Life zone) in the Lempa 
River basin for the dates 1979, 1990-91, and 2003. 
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Figure 2-8. Forest cover in the Lempa River Basin for the year 2003 according to forest type (life 
zone). 
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Figure 2-9. Total area of forest cover in the Lempa River basin for 2003 according to forest age. 
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Figure 2-10. Distribution of forest cover in the Lempa River Basin according to forest age in the 
year 2003. 
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Table 2-1. Error matrix for the land cover classification of forest cover in the Lempa River Basin 
of El Salvador. 

 Field data  
Classified data Forest No-Forest Grand Total 
Forest 57 4 62
Non-Forest 7 86 92
Grand Total 64 90 154

 

Table 2-2. Accuracy assessment of the land cover classification of forest cover in the Lempa 
River Basin of El Salvador. 

users accuracy  Forest         0.90 
   Non-forest         0.95 
     
Producers accuracy  Forest         0.93 
   Non-forest         0.93 
      
overall accuracy        0.93    
kappa         0.85    
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CHAPTER 3 
FOREST REGENERATION IN EL SALVADOR’S LEMPA RIVER BASIN: A 

QUANITATIVE APPROACH TO THE SOCIOECONOMIC DRIVERS OF FOREST 
TRANSITIONS 

Introduction 

 Loss of forest cover has been  a widespread phenomenon in the developing world during 

past decades (Ehrhardt-Martinez 1998; Angelsen and Kaimowitz 1999; Cropper et al. 1999). 

However, just as human activities cause deforestation, sometimes social, economic or 

environmental factors propitiate the abandonment of land and allow forests to regenerate. The 

resurgence of forest cover at a large scale is often linked with economic development through a 

process called “forest transition” (Mather 1992; Mather et al.1999; Grainger 1995). Although the 

statistical relationship between socioeconomic factors and deforestation has been well studied 

(Skole & Tucker 1993; Mather et al. 1998; Marten and Lambin, 2000; Angelsen and Kaimowitz 

1999), less is known about how socioeconomic aspects affect the probabilities of reforestation. 

The objective of this study to approach the socioeconomic drivers of forest transitions from a 

quantitative point of view. It builds on past research in forest transitions and uses logistic 

regressions as a tool for testing hypotheses regarding the socioeconomic drivers of forest 

regeneration. For this purpose we focused on the ongoing forest transition that has been 

happening in the Lempa river basin of El Salvador (Figure 2-1) during the period 1979-2003 

(Chapter 1). 

Forest Transition Theory 

Forest transition theory began with the study of reforestation in now developed countries 

such as the United States (Foster 1992), France (Andre 1998; Mather et al. 1999) and Norway 

(Staaland et al. 1998). These works describe forest transition as a process by which economic 

development triggers an increase in forest cover. According to general forest transition theory, 
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when countries or regions begin development, there is usually an expansion of the agricultural 

frontier that results in a large-scale removal of forest cover. However, as industry develops and 

the population becomes more educated, marginal agricultural activities tend to be abandoned in 

favor of better paying activities in service and industry. This causes a transition period when 

deforestation slows down and gradually begins to expand again as population abandons the 

countryside and begins to concentrate around urban centers (Foster & Rosenzweig 2003). 

 Recently, forest transition studies have focused on transitions happening in developing 

countries (Rudel et al. 2002; Perz & Skole 2003; Sloan 2008). Most authors agree that forest 

transitions in these countries do not always follow the same paths that developed countries 

followed in the past. Different conditions such as migration, war, free trade agreements, tourism, 

and environmental policies have been found to trigger forest regenerations in developing 

countries (Southworth & Tucker 2001; Grau 2003; Klooster 2003; Hecht et al. 2005; Babtitsta & 

Rudel 2006; Kull et al. 2007).  The factors that stimulate increments in forest cover seem to be 

case specific (Aide & Grau 2004; Kull et al. 2007; Perz 2007) and it is hard to generalize a 

“recipe” for forest transitions. In many cases, developing countries may present “partial” forest 

transitions, where there may be increments in forest cover, but not necessarily an improvement in 

socioeconomic conditions that can ensure these changes to be permanent (Rudel et al. 2002; 

Klooster 2003). 

Socio- Economic Factors and Forest Transition in El Salvador. 

El Salvador is the smallest and most densely populated country in the mainland Americas. 

The country has long had the reputation of being almost denuded of natural forests cover (FAO 

2001, Terborgh 1999). This is partially true in the sense that there are very few old-growth 

forests left. However the country’s shade coffee industry has allowed for extensive tree cover to 
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remain standing, and in the past decades it has experienced a significant increase in secondary 

forest cover (Hecht, 2007; Chapter 2). 

The Lempa basin is of great importance to El Salvador. Covering nearly half of the 

country’s land area, it provides about 33% of its electrical power (Lozano and Cottin, 2002) and 

supplies nearly 66% of its drinking water. Average annual precipitation ranges from 1141 to 

2886 mm (SNET, 2006). Elevations within the basin range from 0 to 2678 meters above sea 

level (NASA, 2000). Eight very distinct life zones or ecosystems can be found within the basin 

(Holdridge, 1975), making it a very diverse region in spite of its small size. Also, a large part of 

the country’s urban and industrial areas are found within the basin. 

 Just like many other forest transitions going on in the developing world, the factors 

underlying its increase in forest cover vary from the essential forest transition theory. Although 

there has been economic growth in the country, this alone may not account for the whole 

process.   

  Buttrick (1971) mentions three reasons for agricultural land reverting back to forest land: 

1) loss of fertility 2) changes in economic conditions rendering cultivation unprofitable and 3) 

discovery that certain lands are not suited to agriculture. Current forest transition theory 

mentions three important paths to reforestation. The first one is the “Economic development 

path”, which states that as a country develops, low paying farm jobs are abandoned in favor of 

higher paying jobs in industry, leaving fields to regenerate in the countryside. The second path 

has been labled the “Forest scarcity model”. This model explains foret cover recuperation by the 

establishment of forest plantations at large scale as a response to low availability of forest 

products. The third path mentioned by Rudell (2002) involves the effects of globalization and 

changing markets in the global economy that affect the way people manage the land. 
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With the exception of the second path, all these conditions are present in El Salvador to a 

certain degree, but one central event that seems to have played a key role in changing 

Salvadorian society is the civil war of the 1980s (Hecht 2005). This conflict began brewing in 

the 1970s and extended up until 1992. It transformed El Salvador from a mainly agricultural 

society to one based on industry, services and remittances.  

 During the war period, migration increased from the rural areas towards the cities as well 

as towards foreign countries (mainly the United States). The urbanization of Salvadorian society 

is believed to have resulted in the abandonment of large tracts of land (Hecht et al., 2005).  By 

1992 nearly 20% of El Salvador’s population was living abroad (CNR 1992), the remittances 

these immigrants sent home soon became the largest source of foreign income for the country 

(Lungo et al., 1997). According to some studies (Briones et al., 2005; Acevedo et al., 2005) Over 

21% of families in the countryside receive remittances from relatives in the US or urban centers. 

This steady flow of income has reduced the demand on land for subsistence agriculture, and 

allowed families to invest in more profitable ventures such as commerce (Kandel, 2002; 

Andrade-Eekoff and Kandel, 1998; Rodriguez, 1999; Zilberg and Lungo, 1999; Allen et al. 

2006). 

 In addition to the armed conflict, other conditions are indicative of a reduction of the 

demand for agricultural lands. The land distribution patterns that characterized the XX century 

forced many small producers to conduct subsistence agriculture on marginal lands (Seligson 

1995). The combination of short fallow periods, steep slopes, and little or no use of erosion 

control led to elevated rates of soil loss (MAG-DGRNR-PAES-IICA, 1997). As a result, yields 

of maize and beans, declined dramatically during the war and post-war period (Hecht, et al. 

2007). Basic grain and coffee prices, have also fallen during past years (PRISMA, 2002). In 
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terms of off farm labor, real minimum salary for agricultural labor decreased during the 1984-

1994 period (FUSADES, 1998). Coffee, an important source of temporary work for small 

farmers and landless laborers, also had a sharp decline in prices during the 1990 (PRISMA, 

2002). These conditions are likely to have disfavored farming, particularly in the more marginal 

lands.  

 The trends of land use in El Salvador follow very similar patterns to those of Puerto Rico 

(Grau 2003) and parts of Mexico (Klooster 2003) which have experienced forest transitions as 

results of migration, industrialization and income from remittances. Past studies have quantified 

the increase in forest cover in the Lempa Basin from 20% to 43% during the period of 1979-

2003 (Castaneda in press). Although many of the socioeconomic conditions in the country seem 

likely to be favoring a forest transition, no studies have yet confirmed if they have a statistically 

significant relation with the increase in forest cover.  

 This study concentrates on the socioeconomic drivers of forest increments within El 

Salvador’s Lempa river basin. This basin covers approximately 50% of the country’s territory 

and provides a significant part of its drinking water, arable lands and electricity.  

 Methods 

Land Cover Classification 

In order to obtain the data for this analysis, LANDSAT satellite imagery from the years 

1979,1990 and 2003 were used to conduct a land-cover classification (Chapter 2). Only the parts 

of the basin located within the boundaries of El Salvador were used. About 9% of the total area 

was excluded due to lack of satellite imagery or cloud cover. The temporal scope of the study 

was divided into two sub periods: 1979-1990 and 1990-2003. 

The images were classified into two main land covers Forest and Non-Forest.  Forest being 

defined as an area of at least 57 x 57 m with a canopy cover of more than 25% and a canopy 
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height greater than 5 m.  Besides natural forests, this classification also includes artificial forests 

such as timber plantations, and as densely planted agroforestry systems such as home gardens 

and shade coffee plantations. The overall accuracy of the classification used as input was 0.92 

with a kappa statistic of 0.85.  

Since the socioeconomic data for the country was available only at the level of municipalities 

(smallest political unit), the data from the land cover classifications was aggregated to match this 

scale. The percentage of forest gain and lost for each municipality within the basin was 

calculated for each of the sub-periods. In total 148 municipalities were used in the study. 

Multiple Logistic Regressions 

The main statistical tool for analyzing the data was logistic regression which have been 

used extensively in land-use change modeling (Vledkamp & Fresco 1996;  Geoghegan et al. 

2001; Agarwal et al. 2002). Through this method the probability of a binary dependent variable 

happening was related to the socioeconomic variables mentioned above. The logistic models 

were used to predict unusually large increases in forest cover (greater than 10%). This threshold 

was chosen based observation of the bimodal distribution of the data for the two study periods 

(Figure 3-2). The frequency distribution shows there is a group of municipalities in the study had 

mild or negative increments in forest cover and another, very distinct one with increases above 5-

15%. The cut point changes from 5% in 1979-1990 to 15% in 1990-2003. For analysis and 

comparison purposes a midpoint threshold of 10% was chosen to define the dependent variable. 

The basic logistic equation is the following: 

P =         e (A1X1 + A2X2 + ...+ C) 

                      1+ e (A1X1 + A2X2 + ...+ C) 

Where: 

P = Probability of event happening 
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e = exponential constant 
An = regression coefficients 
Xn = Independent variables 
C = regression constant 
 
Logistic regressions have the advantage of easily incorporation many types of data. There 

are no multicolinearty or normality assumptions for the independent variables so it is not hard to 

combine dummy variables, continuous and discrete data, percent and index data (Menard 2002). 

One limitation to this methodology is that logistic regressions cannot predict continuous 

variables, this limits the study of gradual changes over time.   

Dependent Variables 

A binary variable was created to represent forest cover changes in each municipality 

during each of the two sub-periods based on the land data. The values of these two variables 

were defined as follows: 

1: if net increase in forest cover is > 0.10 
0: if net increase in forest cover is <= 0.10 
 
Where : 

Reforestation = percentage of pixels detected as changing from non-forest to forest new forest 
cover for each  municipality for the sub-period under study. 

Deforestation = percentage of pixels detected as changing from forest to non-forest for each 
municipality for the sub-period under study. 

Independent Variables. 

Existing data from various sources were collected to create a geographic information 

system of variables representing the main drivers of forest cover dynamics in the country. The 

variables included in the study were selected from a series of factors that previous works cite as 

potential catalysts of forest transitions in developing countries in the region (Aide & Grau 2004; 

Hecht 2005; Perz 2007). The selection of each variable was based on a specific hypothesis 

regarding its relation to forest cover regeneration. The variables evaluated were the following: 
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Intensity of Armed Conflict: It is hard to estimate the intensity of the civil war in a 

spatial sense since most of the military records of that period are not available to the public. As a 

proxy for this variable I used the United Nations official data for human rights violation reports 

(U.N. 1993) during the war at a departmental level (largest political division). Although this data 

has very coarse spatial resolution, and it is subject to errors such as unreported cases or over-

reported areas, it was considered the best country-level data available. It was expected that the 

municipalities located within departments of intense armed conflict would have a higher 

probability of forest regeneration due to the abandonment of land. 

Poverty: The data from the Poverty Map of El Salvador (Briones et al. 2005) was used to 

represent this variable. The poverty index in this map classifies each municipality as follows: 

 1 = low levels of extreme poverty 
 2 = moderate levels of extreme poverty 
 3 = high levels of extreme poverty 
 4 = severe levels of extreme poverty 
 
Forest transition theory relates forest regeneration economic growth, there fore it was 

hypothesized that there would be an inversely proportional relation between the poverty index 

and the probability of forest cover increments.  

  Changes in Population Density: The underlying hypothesis is that municipalities that 

presented higher population densities in general would be less likely to present increases in forest 

cover. For this total change in population densities (inhabitants per squared kilometer) were 

calculated for each municipality. Also rural and urban population densities were tested for any 

significant influence on the dependent variables. 

Changes in Urban/ Rural  Population Ratios: The hypothesis about this variable is that 

places with higher rural populations are less likely to have net gains in reforestation rates. This is 

because rural populations in El Salvador tend to depend on agriculture which places a higher 
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demand on land, thus lowering the probability of land being abandoned and left to regenerate 

forest cover. 

Income from Remittances per Household: It was hypothesized that municipalities with 

higher proportions of households receiving remittances are more likely to stop working their 

fields and hence allowing for net increases in forest cover. 

Changes in Male/Female Ratios: According to the literature, gender labor divisions in 

the country indicate was expected that municipalities with lower male/female (likely due to 

migration to the US) ratios would be more likely to present net gains in reforestation rates. 

Access to Markets: This variable was measured using an accessibility index. This was 

calculated using the Arc GIS (ESRI 2006) function for cost-weighed distance. I used the distance 

from each point in the study region to the nearest urban center (market) weighed by the average 

slope  the terrain presents along that rout. The index was fitted to a scale of 1 to 10 Table 3-1. 

After this, the average market accessibility index (MAI) was calculated for each 

municipality. The reason for using the MAI instead of the actual slope weighed distance was to 

facilitate the interpretation of the results since the actual value of the numbers was extremely 

high and lacked units. 

My hypothesis was that municipalities with higher MAI’s (that is lower access to markets) 

would be more likely to present net gains in forest cover than those with lower MAI’s. This 

would be because the cost of producing agricultural and transporting products in inaccessible 

regions would be higher than those in more accessible regions, hence people would be more 

likely to migrate from these regions leaving their fields to regenerate into forests. 

Access to Main Road Network: As with markets, it was predicted that places with less 

access to main roads are more likely to be abandoned in favor of migrating to better lands, urban 
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areas or outside the country. As a measure of accessibility to roads the average value km of main 

roads per km2 were calculated for each municipality using ArcMAP (ESRI 2006). 

Fuel Wood Consumption: It is often been assumed that fuel wood consumption is one of 

the reasons for deforestation (Cline-Cole et al. 1990). The census data shows that approximately 

40% of Salvadorian homes within the basin rely on fuel wood for cooking (CNR 1992). My 

hypothesis in this case is that municipalities with higher fuel wood consumption will have a 

lower probability of having a net gain in forest cover than those with lower fuel wood 

consumption.  

These data were obtained from the population censuses of 1972 and 1992 (CNR 1972; 

CNR 1992) as well as from official road and city maps (SNET 2005), and NASA’s SRTM 

elevation data (2000). 

Results 

The spatial location of municipalities with net increases and decreases showed definite 

aggregation patterns for the period of 1979-1990, the majority of municipalities presented 

increments greater than 10% in forest cover (Figure 3-3). Only a few of them, mostly 

concentrated in the far north and the southwestern regions presented net decreases. For the 

period of 1990-2003 reforestation seems to have more aggregated patterns (Figure 3-4). 

Deforestation concentrates mostly in the southwestern region of the basin where there are more 

urban areas, and the new industrial areas and good farmlands in the Zapotitán valley.  

The municipalities where negative or little increase in forest cover was detected are located 

along the central mountain range. This is the area that historically has always tended to have the 

largest populations, the densest concentration of communities and, in the past century, has 

largely been dedicated to the production of lowland and midland coffee and irrigated agriculture 

(Browning, 1975). This same area has experienced a high population growth rate resulting in the 



 

 81

expansion of urban areas into lowland and midland coffee as property values increase around the 

main population centers. It was observed that net forest increase was more common during the 

first sub period (1979-1990) than the second (1990-2003).  

 Another factor that coincides with this pattern is the development of free trade industrial 

parks in the southwestern areas. These parks physically changed land use from coffee agro-

forests to industrial areas as well as attracting rural populations in search of employment to those 

regions. The result was the sprawl of formerly small rural communities into large urban centers. 

Another phenomena happening during this period was the spread of irrigation agriculture in the 

Zapotitán valley. This practice had been hampered during the war period due to violence and the 

risks that investments in infrastructure and machinery had during the war period. Once the war 

ended many irrigation districts were re-established and new ones built in areas that could support 

such farming practices.The results of the logistic regression models are presented in Tables 3-2, 

3-3 and 3-4.  

The independent variables in this model (Table 3-2) were rejected if they had a P value 

greater than 0.05, however, since the civil war was such an influential factor during this period it 

was decided to include the war intensity variable for this analysis. Its P value for this variable 

was 0.09, perhaps because of its coarser spatial resolution, but it does give insight into the 

reasons for forest regeneration during this period. For this model, the overall -2 log likelihood 

was 65.71, the Cox & Snell R squared was 0.51 and the Nagelkerke R squared value was 0.74. 

For the sub-period 1990-2003 two models were chosen out of 13. The reason for this is 

that they both provide useful information about different variables that have significant effects 

on forest regeneration. The first model is the simplest one (Table 3-3).  
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The -2 log likelihood ratio for this model was 71.13, the Cox & Snell R squared was 

0.50, the Nagelkerke R squared value was 0.72 and an overall prediction accuracy of 90.5%. 

This model indicates that the places with high poverty indices, high income from remittances and 

low road densities were the ones most likely to present forest regeneration. 

The alternate model (Table 3-4) is less simple than the model on Table 3-3 but includes 

different variables that help explain the process of forest regeneration.  

The -2 log likelihood ratio for this model was 65.12, the Cox & Snell R squared was 

0.52, the Nagelkerke R squared value was 0.75 and an overall prediction accuracy of 89.8%. 

This model indicates that the places with high consumption of fuel wood, high income 

from remittances and high decreases in rural population densities were more likely to present 

forest regeneration. On the other hand municipalities with high population densities, low road 

densities and bad access to markets had less probability of poverty indices, high income from 

remittances and low road densities were less likely to present increments in forest cover. 

The difference in the models may be due to the fact that certain variables may present 

high levels of multicolinearity and thus be proxies for the same driving factor. For example, rural 

poverty is very closely linked to fire wood consumption and market access. In this way, place 

with high indices of rural poverty are probably also the same ones with high percentage of fuel 

wood consumption and bad accessibility, resulting in parallel models with similar explanatory 

power. 

Discussion 

The hypothesis that the armed conflict that affected El Salvador during the 1980s promoted 

the massive abandonment and subsequent forest regeneration in regions of high violence is 

partially supported (P = 0.10) for the sub-period of 1979 to 1990. The municipalities belonging 

to the departments with higher number of human rights violations reported due to war had a 
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higher probability of having an increase in net forest cover than those in less violent areas. I 

believe the low significance of this variable is mostly due to the poor spatial resolution of the 

data used. In stead of having municipal data, departmental data was used. If this data could be 

refined it is very likely that both the magnitude and significance of this factor would increase and 

better explain forest regeneration in the country. War had no significant effect for the period 

1990-2003. 

These results are completely opposite to those presented by FAO (2000), where war is 

listed as one of the main causes of deforestation in the country. This study suggests that war left 

previously protected areas open to invasions and forest cover removal. Data indicates that there 

was very little forest lost in most protected areas during this period. The data tends to agree more 

with Kaimowitz and Faune (2003) in that war triggered a massive depopulation in the 

countryside triggering forest regrowth 

The behavior of poverty as a predictor variable helps us understand one important aspect of 

the dynamics of the forest transition process. One of the basic principles of forest transition 

theory is that economic development leads to increments in forest cover. This can be said to be 

true at a country level, where the GNP per capita has increased with direct relation to forest 

cover. However, if we look at the local distribution of forest regeneration, we find that there are 

significantly higher probabilities of reforestation in the areas with higher poverty indices. This 

means that the process of forest transition in the Lempa basin is a result of the concentration of 

wealth and population around urban centers while poorer regions tend to revert back to forests. 

This change in the spatial distribution of wealth can be said to be the driving mechanism that 

reduces the demand for marginal agricultural lands and allows forest regeneration. Therefore, at 

a municipal scale, the hypothesis that the level of poverty is inversely proportional to the 
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probability of forest cover increments is rejected. Increases in income in urban areas are what is 

causing migration and land abandonment, but the manifestation of forest regeneration happens in 

the poorer municipalities which are being abandoned.  

Although we can say this is partially similar to Rudell’s first path to forest transitions, it is 

not valid to say El Salvador’s forests are increasing because of general increments in wealth. It is 

more likely these results are more related to the effects of globalization, and hence forest 

regeneration is not necessarily related to increases in wealth, but in changes in land use due to 

market changes and migration. 

The third hypothesis stated that changes in population densities within municipalities for 

the period 1972-92 would have a negative effect on the probability of forest regenerating. The 

regression analyses showed that total rural population had a negative effect on the probability of 

forest regeneration happening. Municipalities where rural population decreased from 1972-1992 

had a significantly higher probability of gaining forest cover. Neither total population nor urban 

population for 1972 nor 1992  had a significant influence on the dependent variable. Since most 

of El Salvador’s rural population obtains its income from agriculture, this evidence supports the 

hypothesis that one of the main reasons behind forest regeneration is the lowering of the demand 

for agricultural lands. In places where land is fertile enough to support large rural populations, it 

is unlikely that land will be left fallow to regenerate forests.  

The hypothesis that municipalities with higher incomes from remittances would be more 

likely to show net increments in forest cover is strongly supported by the data for both sub-

periods. The income from remittances may be alleviating the need for cultivation, especially in 

less productive areas. The data in this study supports findings which suggest the money from 

remittances goes to education, small businesses or consumer goods rather than into agriculture. 
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Another possible explanation is that the people sending in the remittances are mostly the 

economically active portion of the population (males between 18 and 40). These people would 

normally be the ones working the fields if they had not migrated. Instead the people left behind 

are usually economically inactive population (the children and the elderly) and to a lesser degree 

economically active females who traditionally do not dedicate themselves to working 

agricultural fields (Allen 2006). 

 Allen et al. (2006) found in their work that female-lead households were less likely to 

clear forests than male-lead households, however the data do no support this hypothesis. 

Male/female ratios did not prove to be significant in determining the probability of net forest 

gains in this study at the municipal level It is likely that at a household or community level, 

gender composition could have a more significant effect over land use decisions. 

Accessibility is definitely an important factor in forest cover regeneration during both sub-

periods. The MAI and the density of main roads had a negative effect on the probability of net 

forest increase. This means that the municipalities with more extensive road networks and easier 

access to markets (due to flat topography and distance) were less likely to present net gains in 

forest cover. In regions with good access transportation costs are lower making agriculture a 

more attractive option. In municipalities harsher terrain and harder access to markets, migration 

and remittances might be a more attractive option than low profit or subsistence crops. In this 

case the hypotheses that road density and market accessibility have a significant influence on the 

probabilities of forest cover regeneration is also strongly supported. 

Finally, the hypothesis that fuel wood consumption lowers the probability of forest cover 

regeneration was rejected. Fuel wood consumption turned out to have a significant positive 

relationship with the probability of forest cover increase. Places where people consumed more 
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fuel wood were the ones where increases in forest cover were more likely to happen. This 

indicates that the use of fuel wood is not directly responsible for significant removal of forest 

cover. It could be that fuel wood is being used in these places due to its abundance as a result of 

secondary forest regeneration, in which case forest regeneration would be a driver of fuel wood 

consumption and not vice versa. The effects of fuel wood collection are difficult to measure at 

the scale of this study and a discrete land-cover classes. Selective harvesting of good fuel woods 

may result in a diminishing diversity of species and the loss of tree density in forests which do 

not necessarily lead to the removal of the forest (Klooster 2003). In tropical forests not all tree 

species are good for fuel wood, so extractive practices tend to be more selective, leaving non 

useful species standing. Also, the cyclical pruning of shade coffee in many areas is a source of 

abundant fuel wood. This practice is done to favor coffee during the rainy season and results in a 

steady, renewable source of fuel wood. This practice may also explain why forest cover remains 

even when fuel wood consumption is high. Perhaps the use of continuous measures of forest 

cover or fuzzy logic land cover classifications may reveal the impacts this factor has on forest 

composition. 

Other non-spatial socio economic factors are also likely to have an effect on forest cover 

gains or losses. Grain prices for example, are generalized for all the country, and they depend on 

more global phenomena that show no variation at the spatial scale that this study encompasses. 

During the study period there were several downfalls in both of these products’ prices (Hecht 

2005. Decreases in grain prices, as econometric theory would indicate (Hubaceck & Vazquez 

2002), are likely to indicate the loss of profitability of agricultural lands, particularly those where 

access increases the cost of production hence making them more likely to be left fallow as people 

invest their time in other income opportunities (Butrick, 1971).  
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It is important to note that Rudel’s second path to forest transitions is discarded. 

Information obtained from the Ministry of Agriculture (2005) indicates that there are a little over 

2000 hectares of forest plantations in the country. Hence the increases in forest cover detected 

are not due to this factor. A possible explanation for this is the small size of the country allows 

for low priced timber to come in from Guatemala and Honduras without having to rely on local 

plantations. 

Conclusions 

 The results of this study indicate that the influence socioeconomic factors have on forest 

transitions can be accurately quantified through statistical analyses. Even if the socioeconomic 

factors that drive forest cover regeneration are different for country, logistic regressions offer a 

way of quantifying the significance of factors as well as testing hypotheses regarding the drivers 

of forest transitions. 

 The fact that remittances, migration and war have played such a significant role in the 

forest transition process puts into question the perpetuity of this surge in forest cover. An armed 

conflict such as the one in the 1980s (hopefully) is not likely to happen again. If global 

economics or US migration politics reduce the current rates of migration and the income from 

remittances, what will happen to the recently regained forest cover? Will there be a second 

agricultural expansion into these depleted soils? Unless the El Salvador’s government creates the 

necessary conditions to employ its large and growing population, these forests could become an 

ephemeral phenomenon and disappear once again. 

Another factor that may reduce forest regeneration is the improvement in accessibility. A 

large road project funded by the US government is already underway in the northern highlands 

as part of a development fund. 
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On the other hand, one factor that may increase the probability of reforestation is the 

influence forest cover in coming years is the Central American Free Trade Agreement (CAFTA) 

with the US. Given the similarities in rural livelihoods between El Salvador and Mexico it is 

possible that the influx of cheap maize may diminish local production as it did in that country 

(Klooster 2003) and lower the demand for farmland and continue the trend in grain prices so far.   

The results of this study indicate that, while a general increase in wealth triggers forest 

transitions at a country level, the places where forest tends to regenerate are the poorest ones. It 

is important that sustainable uses for this new forests such as timber and non- timber forest 

production, tourism or payment for ecosystem services be developed to allow the people in the 

newly forested areas to benefit from them. 

Future quantitative studies at a community of household level could help further 

understand the influence of socioeconomic factors on forest transitions. Studies at this scale may 

also help determine the direct effects of world markets, free trade agreements, and grain prices 

have on rural livelihoods and how they affect land cover decisions. Also future studies should 

include separate models of the drivers of forestation and deforestation to add more detail to the 

causes of forest cover change. 
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Figure 3-1. Study area: Departments, municipalities and extension of the Lempa River Basin in 

El Salvador. 
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Figure 3-2. Frequency distribution of municipalities according to increases in forest cover. A) 
1979 to 1990. B) 1990 to 2003.  
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Figure 3-3. Changes in net forest cover by municipality for the period 1979 to 1990 in the Lempa 
River basin.  
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Figure 3-4. Changes in net forest cover by municipality for the period 1990 to 2003 in the Lempa 
River basin. 
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Table 3-1. Market accessibility Index values. 
Slope weighed distance to markets Market Accessibility Index (MAI) 

0  -  1,316,757 1 
1,316,757 – 2,366,514 2 
2,633,514 – 3,950,271 3 
3,950,271 – 5,267,028 4 
5,267,028 – 6,583,785 5 
6,583,785 – 7,900,542 6 
7,900,542 – 9,217,299 7 

9,217,299 – 10,534,056 8 
10,534,056 – 11,850,813 9 
11,850,813 – 13,167,571 10 

 

Table 3-2. Best logistic regression model  summary for the probability of net forest gain in the 
Lempa River Basin for the period of 1979 – 1990. 

Variable  B S.E. Wald Sig. Exp(B) 
 Road Density (km/km2) -1.278 .354 13.053 .000 .279
 Market Accessibility Index 

(MAI) -4.087 1.684 5.886 .015 .017

  Rural population density in 1972 
(inhabitants/ km2) -.015 .006 5.433 .020 .985

  War intensity .001 .001 2.848 .091 1.001
  Decrease in rural population 

density (1972-1992) 
(inhabitants/ km2) 

2.888 1.135 6.474 .011 17.954

  Percentage of households 
receiving remittances  8.483 4.167 4.144 .042 4831.312

  Constant 8.597 2.953 8.477 .004 5417.272
 

 
3-3.  Logistic model summary for the probability of net forest gain based on socioeconomic data 

for 148 municipalities in the Lempa River Basin for the period of 1990 to 2003. 
 Variable  B S.E. Wald Sig. Exp(B) 
 Poverty Index 1.238 .395 9.810 .002 3.450
 Percent of households  

receiving remittances 9.908 3.990 6.168 .013 20093.744

  Road Density (km/km2) -1.074 .292 13.493 .000 .342
  Constant -.262 1.192 .048 .826 .770

 



 

 94

Table 3-4.  Second Logistic model summary for the probability of net forest gain based on 
socioeconomic data for 148 municipalities in the Lempa River Basin for the period of 
1990 to 2003.  

Variable B S.E. Wald Sig. Exp(B) 
Percent of households using fuelwood 4.178 2.081 4.030 .045 65.244
 Road Density (km/km2) -.994 .328 9.165 .002 .370
 Market Accessibility Index (MAI) -3.182 1.506 4.468 .035 .041
 Rural population density (inhabitants/ 

km2) -.017 .006 6.945 .008 .983

 Percent of households receiving 
remittances 8.322 4.151 4.019 .045 4113.478

 Decreases in rural population density 
(inhabitants/ km2) 2.571 1.052 5.973 .015 13.081

 Constant 4.226 3.065 1.901 .168 68.471
 



 

 95

CHAPTER 4 
APPLICATIONS OF GIS-BASED LOGISTIC MODELS TO EXAMINING THE PHYSICAL 
DRIVERS OF FOREST COVER CHANGE AND SCENARIO BUILDING IN THE LEMPA 

BASIN OF EL SALVADOR. 

Introduction 

El Salvador is the smallest, most densely populated country of the mainland Americas. In 

the past, the country’s demographic conditions have put its natural resources, particularly forest 

cover under great stress (FAO 2001). The general trend up until the 1970s was an expansion of 

the agrarian frontier for the cultivation of subsistence and cash crops (sugar, indigo, cotton, 

maize, sorghum, beans) resulting in corresponding deforestation.  

There are two exceptions to this trend, one is the cultivation of shade coffee, mostly in the 

central volcanic highlands. This crop has allowed a relatively diverse canopy to remain in this 

area (PRISMA 2002, Mendez and Bacon 2005). The other exception is the remnant forest 

patches of the northern highlands. These lands, characterized by the presence of pine-oak forests, 

have very poor soils (MARN 1998) and have generally remained sparsely populated and with 

more forest cover than the rest of the country (Browning 1975). 

Forest cover is essential for the country’s ecology in several ways. El Salvador’s climate is 

characterized by a well marked dry season and a copious rainy season. Forest cover increases 

infiltration thus regulating the flow of rivers avoiding excessive flooding during the rainy season 

and drought during the dry season (Cuellar 1999). Similarly forest cover diminishes erosion, a 

problem that has lead to soil degradation in many parts of the country as well as sedimentation of 

major hydroelectric projects. Forests also provide fuel wood and non-timber forest products that 

help support the livelihoods of subsistence farmers. Forests and coffee agroforests also play an 

important part in providing habitat to local and migratory wildlife that exists in the country. 
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Forest Cover Change and Forest Transitions in El Salvador 

In the past decades, a large amount of secondary forest regeneration has been reported in 

the country (Hecht 2007, Chapter 2). This represents a reversal in the trend of forest cover 

dynamics that has existed in the country for the past two hundred years (Chapter 1). The trend 

towards forest recuperation may be happening due to a forest transition process. 

The term “forest transition” was originally introduced in the 1990s to describe the process 

by which a region’s forest cover tends to increase as economic development leads to 

industrialization and urbanization (Mather 1992; Drake 1993; Garinger 1995). According this 

theory the rate of deforestation in developing economies tends to slow down as quality of life 

improves, and is then followed by a gradual increase in forest cover as the economy shifts from 

agriculture to industry. This process is called the “economic development path” to forest 

transitions (Rudel 2005).  The second established path is the “forest scarcity path” (Foster and 

Rosenzweig 2003). In this case forest cover regeneration is triggered by a high demand and low 

supply for forest products. The increments in forest cover originate from the establishment of 

forest plantations to meet this demand is the main driver of forest cover increase. In this case the 

government of the country generally plays a central role in investigating plantations. 

According to Rudel (2002) a third path that may lad to forest transitions is the influence of 

economic globalization. Rudel explains that globalization changes the distribution of productive 

activities in developing countries leading to removal of older forests and the regeneration of 

secondary forests after due to land abandonment. Unlike the first path, this path does not 

necessarily involve an improvement of living conditions. Both the first and third paths seem to 

partially apply to El Salvador.  

As with most land use/cover changes, the reasons for these processes are often a complex 

combination of social, economic, climatic and geospatial factors that interact to influence human 



 

 97

decisions on land use at different spatial and temporal scales (Veldkamp and Lambin 2001). In 

terms of forest cover, these effects result in a combination of forestation and deforestation 

processes which happen in different magnitudes and simultaneously, yet with different spatial 

distributions (Sloan 2008, Chapter 2). 

Past research (Hecht 2005, Hecht 2007, Chapter 3) has identified several socioeconomic 

factors specific to El Salvador as having an influence on the forest transition process. Among 

them are the 1980s armed conflict, the urbanization of population due to industrialization, the 

income from remittances from outside the country, the reduction of rural population due to 

migration are among the factors that have contributed to this forest transition (Hecht 2005; 

Castaneda in press). Other economic factors that have had an effect in the region (Mexico) are 

the fall of grain and beef prices due to regional trade treaties or lower production costs in 

neighboring countries, affect the land use decisions farmers make (Geoghegan et al 2001, 

Klooster 2003). Since livelihood and socioeconomic conditions in El Salvador are similar to 

those in these areas of Mexico, it is likely they will have the same effects on its forest cover. 

Logistic Regressions in Land Cover Change Studies 

One method that has proved to be useful for explaining forest cover change, particularly 

when studying a single land cover type is spatially explicit logistic regression (Geogheghan et al. 

2001, Serneels and Lambin 2001; Veldkamp and Fresco 2001;Verburg et al. 2002 ). Through the 

use of this method it is possible to determine what is the magnitude and significance of the 

influence of external variables on land cover changes. The use of GIS technologies allows for 

implementation of these statistical models into spatially explicit data in the form of probability 

maps. These maps have been used for studies such as monitoring wildlife populations 

(Maldenoff et al. 1999), risks of landslides (Ayalew and Yamagishi 2003) and probabilities of 

karstification (Lamelas et al. 2007) among others. The visualization of the pattern of land use 
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change probabilities allows for a better representation of how land cover processes work. In this 

paper I have incorporated the results of logistic regression into mapping the probabilities of 

reforestation and deforestation happening at a regional level under different possible future 

scenarios.  

Spatial Scale of the Study 

The area of study for this project is the Lempa River basin, which covers roughly half of El 

Salvador (9868 km2) of which only 9041 km2 were used due to lack of satellite imagery for some 

areas). The temporal scale of the study is from 1979-2003, and the spatial scale is based on cells 

of 3314.3 m2 (57.57 x 57.57 m) (Figure 4-1). 

Research Questions. 

The two main research question for this study were: what are the effects of geophysical 

factors on the spatial distribution of forestation and deforestation in the Lempa Basin? And what 

are the strengths and weaknesses of applying logistic models as a tool for future scenario 

construction? 

Methodology 

General methods 

 A land cover classification for the years 1979, 1990-91 and 2003 was used as the base for 

this research was the use of land cover maps for the years for the Lempa river basin (Chapter 2).  

The original data came from Landsat images for the study dates. These images were classified 

using a combination of supervised and expert based classification (Jensen 2005, Daniels, 2006; 

Lucas et al.; 2007; Sader et al., 1995). The land cover of the Lempa landscape in the images was 

classified as forest and non-forest pixels.  Forest cover was defined as a surface covered by trees 

with at least 25% canopy cover and a height of 5 or more meters. This may include man-made 

forests such as timber plantations, as well as densely planted agroforestry systems such as home 
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gardens shade coffee plantations. Each pixel in the map was 57.57 x 57.57 m, the original images 

for 190, 1991 and 2003 were resampled to match the resolution of the 1979 image. The Overall 

accuracy of the map was tested and found to be 92.85% with a Kappa statistic of 0.85. 

A land cover trajectory was then created using the classification for the three dates (Jensen 

2005). This trajectory identified where land cove increased, decreased or remained unchanged 

within the study area. This information was then used to create the dependent variables used for 

the logistic regression. 

Dependent Variables 

 Eight dependent variables were analyzed based on the land cover trajectory. The first 

three variables were the probability of unforested land becoming forest for the periods 1979-

1990, 1990-2003 and 1979-2003. The next three variables related to deforestation, that is the 

probability of forested land loosing its forest cover for the periods 1979-1990, 1990-2003 and 

1979-2003. The last two variables were the probability of land remaining under forest cover 

throughout the entire period (1979-2003) and the probability of land remaining unforested 

throughout the entire study period. 

Independent Variables 

In order to explain the dynamics of the dependent variables, key geo-spatial factors were 

used as predictor variables. These were: 

1. Topography (slope, elevation) data were obtained from the Nasa Shuttle topography 
mission (NASA 2000). Topography plays an important role in land use decision, usually 
higher lands are less accessible to farmers and irrigation, or present different climatic 
conditions that change peoples agricultural production strategies (Ziervogel 2006). 
Similarly, areas with high slopes are harder to manage and tend to have a reduced soil 
fertility due to erosion. 

2. Mean annual precipitation. These data were obtained from the SNET (Sistema Nacional de 
Estudios territoriales) in El Salvador’s ministry of Environment. Rainfall affects the kinds 
of crops and livestock that an area can support. In seasonally dry regions like El Salvador, 
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it also defines the length of the production period for rain-fed agriculture. Chapter 5 of this 
study will go more in depth on this important aspect 

3. Soil quality and farming potential (Land Use Capability index, irrigation potential, coffee 
growing potential) Data on Land Use Capability (Klingebiel and Montgomery 1961) was 
obtained from the Ministry of Agriculture of El Salvador. This index classifies lands 
according to their agricultural potential where class I indcates the highest potential and 
class VIII the lowest potential. The Irrigation potential was determined by estimated a 
slope-weighed distance to major water bodies, this is assuming that irrigation is easier for 
lands with access to water in flatter topography. Areas with gentle slopes and a higher 
potential for irrigation can be more productive for agriculture, hence it is a factor that will 
likely affect land use decisions. 

4. Accessibility and urbanization (density of roads, density of main roads, distance to main 
roads, distance to urban areas). Data for these variables was derived from official road 
maps for El Salvador (SNET 2005) and NASA topography data (2000), using Arc MAP 
(Esri 2006) software to create distance layers. Urban expansion is one of the major trends 
in land use change in El Salvador’s central valley. The regions where the main cities are 
expanding are located in traditional lowland, and midland coffee-growing regions, hence a 
change from forest cover to built surfaces is likely to happen. Roads are very important to 
land cover changes since accessibility is often an important factor in land cover changes 
(Thailand, camerron, Indonesia). 

5. Regional ecology (Occurrence of fires and distance to existing forests) Fire data was 
obtained from AVHRR (USGS 2005) data for the years 1998-2000 and MODIS (NASA 
2005) rapid fire data for the years 2000 to 2003 and processed using Arc MAP density tool 
(Esri 2006). Forest fires are a regular occurrence within the study area. Being a widespread 
phenomenon that involves the direct burning of forest biomass, it is likely that they are 
affecting forest cover change. The distance to existing forests was calculated based on the 
classifications executed for the year 1979 and 1990 using the Arc MAP distance tool. 
Forest regeneration literature emphasizes the importance of remnant forests as sources of 
germplasm for forest regeneration (Holl et al.; Aide et al 1996), hence this variable was 
included to determine whether this was an important factor in the study region. 

6. Protected area system. The data was obtained from SNET at the Ministry of Environment 
for El Salvador. A dummy variable was used to determine if management by the National 
System of Protected Areas had a significant effect on forest cover changes throughout the 
study period  

A logistic regression was carried out for each of the dependent variables. A random sample 

of 29,466 pixels (about 1.2%) was used to construct the models. The predictor variables were 

chosen according to their theoretical importance as well as to their significance in predicting the 

dependent variable. Regressions were run using SPSS. 
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Nagelkerke’s pseudo r2 value (reference) was used to estimate the degree to which the 

variation in probabilities was predicted by the model. It is important to note this value is not 

directly comparable to the r2 values in linear regression. The Chi squared value was used to 

evaluate the overall significance of the models. The overall prediction accuracy was used to 

compare models amongst each other in order to choose the best ones. This value estimates how 

effectively the model predicted the independent variable using a value of 0.50 probability as a 

threshold for determining whether the change in question happened or not 

Construction of Probability Maps. 

Once significant models were constructed, these were converted into spatial probability 

maps by applying the model to continuous raster data representing each of the dependent 

variables in the logistic equation (Equation 4-1). This is done by creating a raster data set 

representing each of the independent variables in the model. Using these  layers as an input, the 

model is applied to every cell within the study area. The result is a spatially explicit 

representation of the probabilities of change for each cell in the map. The probability maps for 

deforestation and reforestation were calculated in this way. The purpose of these maps is to allow 

a spatial visualization of how each phenomenon happened during the study period within the 

study region. 

Equation 4-1. Logistic equation. 

P =        e(ax+bx+cx+…+C)                 
            1 + e(ax+bx+cx+…+C)   

 
Scenario Construction. 

In order to illustrate the applications for the future, two possible scenarios (Peterson et al. 

2003) were constructed for the period 2003-2020. Scenario 1 is the default scenario. It assumes 

the same trend of the past decade continues with no significant change in the driver variables. It 
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applies the same models for forestation and deforestation for the period 1979-2003 in a 

projection for the future. The Scenario 2 assumes all conditions remain the same and applies the 

deforestation and reforestation models taking into account the construction of the new northern 

transversal road that is planned to be built in the coming years (2009-2010).  

The resulting scenarios were compared as to the potential area of forest regeneration and 

deforestation that would happen. A threshold of 0.50 was used. Any cell with a probability above 

this value was considered as an indicator that a change would happen in the land cover. The 

estimated areas of forest lost and gained for each scenario were compared. 

 Logistic Models for Forest Cover Change 

The results for the regression models all turned out to be significant (Table 4-1), and they 

indicate that probability of forest cover change can accurately be modeled through the use of 

geospatial variables in the study region. 

The logistic models indicate there are highly significant relations between the probability 

of forest cover being lost and geospatial factors for the different study periods. The pseudo r2 

values (0-17- 0.21) indicate that there is a great deal of variation in the probabilities of 

deforestation happening that is not explained by the model. However the fraction of the variation 

explained is highly significant as chi squared values indicate. Similarly the prediction accuracy 

of the models is also high. The three models of reforestation also preset a similar pattern with 

pseudo r2 values between 0.09 and 0.23 (the lowest appearing for the period of 1979-2009). The 

low pseudo r2 value for the first sub-period may be due to the fact that most of the reforestation 

was registered until the second period. Unlike deforestation which was found with higher spatial 

autocorrelation and happens in a shorter period of time, forest cover regeneration happens 

gradually and in a less auto-correlated pattern, which may require longer study periods to 

accurately model. 
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This combination of statistics indicates that, although the models are highly significant, 

there are likely other important factors determining the probability of deforestation and 

reforestation that were not taken into account in these models. However the factors that were 

included definitely have a significant effect on it.  

The models regarding the probability of no change in forest cover tended to have a higher pseudo 

r2 values, 0.38 for permanent forest cover and 0.40 for permanent non-forest cover. The models 

also presented high prediction accuracy, 92.2% for permanent forest cover and 75.1% for 

permanent non-forest cover, as well as highly significant chi squared values. The combination of 

statistics indicate that the independent variables used in the models are accurately capturing a 

large part of the variation in the data and significantly predicting where forest cover conditions 

have remained stable. 

Deforestation 

The probability of deforestation increased mostly in the vicinity of major urban centers 

(Table 4-2). During the study period a large increase in urban population (CNR 1992) was 

recorded by the 2 national census, and, according to the ministry of economy, the tendency 

continues into the present. This relation follows a logarithmic trend, meaning that the effects of 

urban proximity tend to diminish logarithmically as distance increases. The ongoing transition 

from a mainly agrarian economy to an industrial one has been mostly responsible for the massive 

migration to urban centers, and hence the removal of forests (mostly coffee agroforests) that 

surround the main cities in the study area.  This trend was observed throughout the study period. 

 As was expected, the distance to main roads was a factor that promoted deforestation. 

Proximity to main roads caused a logarithmic increase on the probability of deforestation 

throughout the study period.  
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In the agricultural areas, only the most profitable lands, that is those that have better 

access to irrigation from large water bodies and can be kept permanently under production, seem 

to have had a higher probability of deforestation. Areas depending on rain-fed agriculture were 

less likely to be cleared during the study period than those with more access to water sources. In 

these regions, the main crop grown is usually sugar, which is highly profitable and requires flat 

lands with abundant and reliable humidity.  

Although topographical proximity to water sources was a major cause of deforestation for 

the whole period (1979-2003) of study, its effect was mostly detected during the second sub-

period (1990-2003). This may be due to the stagnation of agriculture during the war period. After 

the conflict ended in 1992 a revitalization of irrigation districts may have accounted for the 

removal of forests in under-exploited lands resulting from insecurity. 

 It is interesting to note that the Land Use Capability index was not significant in 

predicting deforestation. This would indicate that traditional agricultural expansion (rain-fed 

pulse crops) is not the main reason for deforestation.  As will be seen later though, lack of 

agricultural potential is a major cause for abandonment. These results support the thesis that 

urban expansion is probably the driving force of deforestation in the region. 

 Both irrigation and urbanization have limits with regards to topography. This is why even 

in areas with higher rates of deforestation, places with steeper slopes tended to be less likely to 

loose their forest cover. This can clearly be seen in the vicinity of San Salvador, where 

deforestation on the slope of the San Salvador volcano has been limited only by the steep slopes. 

 An exception to this is the relation between slope and landslides due to excessive 

precipitation such as those due to Hurricane Mitch in 1998 (Crone et al. 2001) or seismic activity 

such as those due to earthquakes in 2001 (Jibson et al. 2004). Landslides that occur in forests are 
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often the cause of ephemeral deforestation, that is, they tend to be reverted back to forests or 

coffee agroforests few years after they happen. 

 Coffee agroforests generally had lower probabilities of deforestation. The general trend 

was an inverse  relation between deforestation and elevation within coffee forests. The higher the 

elevation, the higher the price of the coffee produced, hence lowland coffee farms are more 

likely to be affected by lower market prices making them more vulnerable to change in favor of 

other land uses. However other factors such as proximity to cities actually can cancel out this 

trend and  increase the probability of deforestation, especially in lowland and midland coffee 

plantations. 

 Fire frequency had no significant relationship to deforestation. The data does not support 

the hypothesis that forest fires are cause of deforestation by transforming forests into savannahs 

that have existed since prehistoric times in the area (Dull 2007). More likely, fires are affecting 

forests in terms of composition of species and tree density as is the case of fire adapted systems 

such as chaparral forests. These forests are found in many fire prone areas and are dominated by 

the species Curatella americana. Another case may be that fires are affecting forests may be 

similar to those described by Cochrane and Shulze (1999) in the Amazon basin. This work 

indicates that fires are usually not responsible for destroying native forests in a direct manner, 

but rather by inhibiting tree regeneration, desiccating soils, and making adult trees more prone to 

disease and pests. The result is a slow change of vegetation composition into fire resistant 

woodlands and savannas. Further studies should concentrate on the vegetation and faunal 

composition of these forests and the ecological role they play in the Lempa river basin ecosystem 

(infiltration, carbon fixation, wildlife conservation, ect.). It is also possible that the data for fires 
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covered a very short period compared to the overall duration of the study period, thus not 

reflecting many of the changes they may have caused. 

Reforestation 

The results for the regression models regarding reforestation all turned out to be 

significant (Table 4-3). While it would be easy to assume that the opposite conditions that affect 

deforestation are the ones that promote reforestation, this is not necessarily true. For one part, the 

agricultural potential of the land was one of the main factors responsible for forest cover 

regeneration. The lands with poorer soils were more likely to be abandoned than the more fertile 

ones. So, while rich soils are not a cause of deforestation, poor soils certainly seem to be a cause 

for land abandonment and subsequent forest cover regeneration. This is particularly true in the 

1990-2003 period where each level of land use capability (where 1 signifies the highest 

agricultural potential and 8 the lowest), increased the probability of reforestation by 0.14 times.  

Two underlying factors may be behind this trend. First, the high rate of soil erosion found 

many of the subsistence agricultural lands of the country. Increasing loss of fertility may have 

contributed to farmers looking for alternate sources of income. Secondly, economic pressures 

such as falling trends in grain prices and income from alternate sources such as remittances and 

off-farm work (Hecht 2005; Klooster 2003) may have shaped farmer’s decisions to stop farming 

the less fertile soils in favor of other more profitable sources of income (Chapter 3). Although it 

is possible to map these factors in detail for more reduced regions, they were not within the 

`scope of this study. 

The distance to previously existing forests was also a factor that promoted forest 

regeneration. Lands closer to previously existing forests were more likely to regain forest cover 

than those further from them. The probability of reforestation decreased 0.002 for every meter of 

distance from the nearest existing forest patch. This could be attributed to the presence of seed 
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sources and dispersing agents (Holl 1999,  Zimmerman et al. 2000). In this manner pastures or 

abandoned fields close to forests would be more likely to receive germplasm from nearby trees 

rather than develop into savannas. 

Access to large surface water sources had an inverse effect on reforestation than it did on 

deforestation. Lands with steeper routes to surface water were more likely to be left to regenerate 

forests on both sub-periods. The possibility of irrigation of lands with easier access to water 

sources is likely to influence the decisions of farmers to cultivate more intensively with fewer 

fallow periods. Also, the data supports the idea that lands with poorer access to irrigation tend to 

be abandoned more easily than those that can remain under year-round production through 

irrigation. 

 It was expected that places with lower rainfall (which is sometimes a limiting factor to 

agriculture in the country) would be more likely to be abandoned while places with higher 

rainfall would be more likely to be turned into or kept under agricultural use. However, the data 

shows evidence of the opposite. Average rainfall maps (SNET, 2005) shows that places with 

higher average rainfall were significantly more likely to regain forest cover.  

 Among the factors that behaved as expected was the distance to roads. Areas with higher 

accessibility were less likely to regain forest cover than those with lower access. The probability 

of reforestation increased logarithmically as distance from roads increased. Similarly protected 

areas were a significant factor in increasing forest cover recovery.  

 Contrary to what was expected elevation had a negative effect on reforestation. Most of 

the forest cover regeneration that occurred happened in lowlands while the land with no forest 

cover in the higher grounds tended to remain unforested or under shifting cultivation during the 

study period. Similarly, forest regeneration over the whole study period had an unexpected 
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positive relationship with fire frequency. It would be important to study the composition of these 

forests, whether they are a composed of fire resistant vegetation such as Curatella americana 

and Byrsonyma crassifolia or if they are they are becoming slowly degraded. Studies in the 

Amazon basin (Cochrane and Shulze 1999) have shown that many times the effects of fires do 

not result in direct destruction of forest, but rather in slow degradation process by which tree 

regeneration is eliminated and adult trees become more vulnerable to pests and disease. On the 

other hand paleobotanical evidence suggests that vegetation in El Salvador has long been 

adapted to the presence of fires since prehistory (Dull 2008) which would mean that fire is a part 

of the local ecology. The case may be that, unlike the vegetation studied in the Amazon, 

Lowland vegetation in the Lempa basin is composed of fire resistant species adapted to 

conditions where fire is actually part of the ecosystem. It is important to mention that the fire 

data used spanned only the end of the second sub-period so it is not possible to obtain any 

concrete conclusions from this data. More in depth studies should be done to explain this 

phenomenon as well as the nature of the vegetation in question. 

Stable Forest Cover: Permanent Presence or Absence of Forest Cover Throughout the 
Study Period. 

Many of the variables related to both forestation or deforestation also had significant 

relationships with the probability of stable forest cover (Table 4-4). The probability of land 

remaining under forest cover with no change over the study period had a positive relation to 

elevation. The probability increased by 0.002 for every meter above sea level. The same, 

however, is true for the probability of land remaining without forest cover where the probability 

of unforested land remaining so increased 0.001 per meter above sea level. This means that 

although new forests were less likely to appear at higher elevations, at the same time, the existing 

forests were not likely to be removed.  
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This points to more stability in the dynamics of land use in the highlands of the watershed. 

Less people tend to live in the highlands which occupy a very small percentage of the land in the 

region. The cooler climate allows for permanent orchards of highland crops which cannot be 

grown elsewhere. Paired with more constant rainfall, this secure income may account for the 

stability of these regions in terms of forest cover. Another factor that may have started to affect 

the stability of forest cover in these regions is tourism, which has started to thrive based on the 

attraction of highland pine-oak forests and cooler climates. 

 Nationally protected areas, although covering less than 2% of the study area, had a 

positive impact in preserving forest cover. Lands under protection were significantly less likely 

to loose their forest cover and unforested lands within these areas had a lower chance of 

remaining without forest cover throughout the period. 

 Coffee was confirmed to be one of the main reasons that extensive forest cover has 

remained in the basin. Coffee forests, particularly midland and highland coffee located  away 

from population centers, were very likely to remain under constant forest cover throughout the 

period than other types of forest. Similarly, land not under forest cover in 1979 had less 

probability of remaining unforested if located in coffee producing areas. 

 Limited accessibility was also a strong factor in preserving forest cover. Places further 

from the roads and with lower secondary road density were more likely to remain forested than 

those with better access. Also, proximity to main cities significantly decreased the probabilities 

of forest cover remaining stable throughout the study period. Built surfaces are one of the most 

stable land covers usually it is very hard for an urban area to return to forest once it has been 

built. 
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Slope of the terrain had no significant relation to conservation. Although theory indicates 

that steeper slopes would tend to remain more forested than flatter terrains, this was not the case 

for the Lempa basin. Nevertheless, percentage slope definitely had a significant inverse relation 

to the probability of land remaining unforested. Hence we can conclude that while steep areas are 

not necessarily helping to conserve forests, farmlands and pastures in steeper slopes are they are 

more likely to be abandoned or used in a less intensive manner than areas with lower slope. 

The data also reveals that non-forested areas located near existing forests tended to have a 

lower probability of remaining unforested throughout the study period. This may indicate that 

not all the abandoned fields tend to return to forests or do so at the same, and nearby forests may 

play an important role as seed sources in accelerating the process of forest regeneration. 

Finally, Land Use Capability had an inversely proportional relation with stable forest 

cover. This means that land with poor potential for agriculture had a greater probability of 

retaining a stable land cover over the study period than land with higher potential. This trend is 

more marked in the case of forest cover than non-forest cover. This means that there was a 

higher potential for poor lands with forest to remain forested than the potential for poor-non 

forested lands to remain under non-forest use. 

Spatial Distribution of Forest Cover Change Probabilities  

When we apply the logistic models to map out the probabilities they represent we can  

examine the spatial distribution of the probabilities of deforestation and reforestation (Figures 4-

1and 4-2). We find that, although the factors driving both phenomena are similar, they reflect 

differently on their spatial probability distribution. 

 Spatial projection of probabilities gives us a representation that is hard to visualize by 

simply examining the models themselves. For example, it can be noted that the probabilities of 

forest regeneration are distributed in a more dispersed pattern than the probabilities of 
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deforestation. A possible explanation for this is that the process of forest cover removal is an 

active process in which humans systematically change forest cover. While reforestation, as it is 

happening in the Lempa basin, is a passive phenomenon. The decision to abandon a field is not 

done precisely for inducing forest cover regeneration, instead this results a side effect of other 

priorities in the landowners’ livelihoods.  

 Although the factors affecting both phenomena are similar, the difference in the strength 

of the relationship these variables have with land cover change decisions results in different 

spatial patterns between forestation and deforestation probabilities. The probabilities of 

deforestation show a more systematic pattern around roads and urban centers, while the 

probabilities of deforestation show a more scattered pattern, with less influence from 

accessibility factors. 

It is worth mentioning that probability maps do not represent the actual land covers existing in 

that particular spot, only the probability of a particular change occurring if land cover conditions 

exist to allow it. For example, even if the conditions of a certain area create high probabilities of 

deforestation, deforestation is only possible if forest cover is present in that area.  

Applications of Spatial Logistic Models to Scenario Building  

 Based on these models, and assuming conditions for the years 2003-2020 will be similar 

to those existing during the period of 1990-2003, it is possible to model the probabilities of 

deforestation and reforestation in the Lempa Basin. One important aspect to take into account is 

the new Northern Transversal Road which is starting to be built this year as part of the 

Millenium Fund Initiative of the United States Government. The models for deforestation and 

reforestation for the study period were applied using the conditions present in 2003 as a starting 

point. One scenario lacked the transversal road while the other included it. The images 
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subtraction of the probability maps that resulted show the areas where the probabilities change 

for each variable (Figures 4-3, 4-4). 

 The changes predicted by the models indicate that in the case of the road being built the 

probabilities of deforestation would increase in that region while the probabilities of forest 

regeneration would decrease. It is important to point out that an increase or decrease in the 

probabilities of forest cover change does not necessarily imply it is going to happen. In order to 

make a prediction a threshold probability of change must be set. In this case a probability of  

more than 0.50 was chosen as the default threshold for a change to happen, also, if the current 

land cover was also taken into account there cannot be deforestation unless there is forest cover 

at the beginning of the period). The estimated changes in forest cover for these two scenarios are 

presented in Figure 4-5. 

 Scenario 2, which is the most likely one since the Northern Transversal road is already 

underway. This scenario predicts the road will cause a direct decrease in forest cover of 652 ha, 

and will prevent 1,754 ha from reverting back to forests with relation to the scenario where the 

road is not built. 

However, both scenarios predict that the overall tendency of the following decade will be 

towards a net increase of forest cover of about 6 -7 %. This means there will be a slow down in 

the forest regeneration trend observed over the study period (Figure  4-6) but still an overall 

increase. This is in accordance to forest transition theory which says forest cover of countries 

will grow and then stabilize at a new level after the transition has happened (Mather 1992; Foster 

1992; Rudel 2005; Foster and Rozenweig 2003; Perz 2007)  The reasons for this in El Salvador 

may lie in the shortage of tillable land and the reduction in subsistence agriculture due to the 

integration of a larger part of the population into a market economy. 
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These two scenarios are simply an illustration of the uses of this technique. Concretely 

they are both very limited in scope. They predict possible futures based on the extrapolation of 

conditions present at 2003 (land values, crop values, migratory tendencies). Social and economic 

conditions that are likely to change are not being taken into account for this study since it is not 

within its scope to do so. It is possible to do this by studying the effects changes on such 

conditions have over the coefficients of the variables in the model. 

Applications for these types of models in the conservation field include planning new 

protected areas in places were forest is likely to be under less pressure; concentrating 

conservation efforts where they are likely to be more needed, estimating environmental impacts 

of development projects. 

Conclusions 

• High slopes increase the probability of forest regeneration and decrease the probability of 
deforestation. Elevation, unlike expected, had an inverse relation with the probability of 
forest regeneration, this phenomenon happened mostly in the lowlands. An exception to 
this are the coffee growing areas, with exception of areas close to urban centers, higher 
elevations promoted forest conservation and regeneration, and decreased chances of forest 
removal. The proximity to roads is also a factor that significantly increases the chance of 
forest being removed and reduces the chance of regeneration happening. 

•  Lands with lower agricultural potential were most likely to be abandoned, probably in 
favor of other more profitable activities. Lands with the highest potential for agriculture 
were not found to be more prone to deforestation. One possible explanation is that lands 
with high agricultural potential have already been cleared of forest cover, since there was a 
significant relation between high agricultural potential and the probability of land 
remaining without forest cover throughout the study period. Areas where topography 
allows easy access to surface water sources had a higher likelihood of deforestation and 
tended remain under agricultural use than in other areas. 

• Coffee has had a significant impact on the preservation of tree cover in the region 
probably, because of its high profitability, especially at higher elevations. As the results 
show, higher elevation in coffee growing regions has a direct relationship with forest cover 
conservation and regeneration, and an inverse relation with deforestation.  An exception to 
this tendency are coffee plantations located near urban centers. Here land values for 
urbanization exceed the land values of coffee farming and forest removal is more likely. 
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• Fire was found to have no significant relation with forest cover removal. In fact it seemed 
to have a positive relation with forest cover conservation and even regeneration. A possible 
explanation of this is that a lot of this forest cover is an association of fire resistant species 
such as Curatella ameircana which grows in fire prone regions and is an indicator of low 
soil fertility and high aluminum toxicity. These conditions are probably related to low 
fertility of these lands. 

• Proximity to existing forests is a highly significant factor in forest cover regeneration. 
Although further studies would be needed to confirm this for the Lempa River basin, 
literature indicates that at smaller scales forest regeneration is increased in the proximity to 
forests due to the dispersal of seeds from the forest. 

• Proximity to urban centers had a strong inverse logarithmic relation with the probability of 
deforestation. Large fragments of forest (mainly coffee agroforests) have been cleared in 
the surroundings of major urban centers, mostly located in the central highlands as the 
urban sprawl happens.  

• National protection of forested areas covered less than 2% of the region, however these 
initiatives seem to be very successful since deforestation is significantly reduced in these 
areas, the probabilities of reforestation and of forest cover being stable throughout the 
period also increase significantly. 

• Rainfall has a significant effect on the probabilities of reforestation and deforestation, 
however more detailed analyses need to be conducted to describe the nature of this 
influence. 

• Future topics of research that arise from this study are: the detailed effect of climate 
variation on land use decisions; localized influence of topography in LU decision making 
by farmers; relation between topography, elevation, environmental, and land values with 
urban expansion; relation between soil nutrient content on land use change decisions. 

• Logistic regressions can be used as a tool to evaluate alternative scenarios of forest cover 
change. The creation of probability maps can serve as a useful tool in evaluating the 
impacts of large-scale development projects as well as watershed management. 
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Figure. 4-1 Probability map for reforestation according to the logistic model for the period 1979-
2003 in the Lempa River Basin of El Salvador. 
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Figure 4-2 Probability map for deforestation according to the logistic model for the period 1979-
2003 in the Lempa River Basin of El Salvador. 
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Figure 4-3 Changes in the probability of forest regeneration according to two possible scenarios 
for the period 2003-2027. Only areas with no forest cover in 2003 are included in the 
map. 
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Figure 4-4 Changes in the probability of deforestation according to two possible scenarios for the 
period 2003-2027. Only areas with forest in 2003 are included in the map. 
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Figure 4-5 Estimated changes in forest cover for the period 2003-2027 according to two different 

scenarios. 
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Figure 4-6. predicted trend of forest cover in the Lempa river basin according to the proposed 
scenarios. 
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Table 4-1 Results for forest change models 
Type of change Period under 

study 
Nagelkerke r2 Chi Square Overall prediction 

accuracy 
Deforestation 1979-1990 0.21 936.21* 70.3%
Deforestation 1990-2003 0.17 1009.1* 77.9%
Deforestation 1979-2003 0.17 573.9* 84.4%
Reforestation 1979-1990 0.09 1380.3* 78%
Reforestation 1990-2003 0.23 2940.3* 71%
Reforestation 1979-2003 0.19 3315.56* 69%
Permanent forest cover 1979-2003 0.38 5941.1* 92.2%
Permanent non-forest 
cover 

1979-2003 0.40 7883.2* 75.1%

*Highly significant (P < 0.00001) 

 

 
Table 4-2 β values for the variables in the deforestation models 
Variable 1979-1990 1990-2003 1979-2003 
Protection -6.34E-01 -1.10E+00 -9.01E-01
Slope 9.56E-03 -1.44E-02 -8.32E-03
Access to surface water sources Not significant -6.78E-06 -3.81E-06
Average rainfall Not significant -8.27E-04 -4.15E-04
Elevation in coffee growing areas -2.40E-03 Not significant -2.53E-03
LN of distance to major urban 
centers -1.60E-01 -1.76E-01 -2.74E-01
LN of distance to main roads -7.26E-02 -4.52E-02 -9.22E-02
Elevation Not significant -4.50E-04 Not significant
Fire frequency for 1996-2003 Not applicable Not significant Not significant
Highland coffee Not significant -2.46E+00 Not significant
Midland coffee Not significant -2.911757 Not significant
Lowland coffee Not significant -1.41E+00 Not significant
Constant 2.19E+00

3.41E+00 3.09E+00
 



 

 122

 
Table 4-3. β values for the variables in the reforestation models 
Variable 1979-1990 1990-2003 1979-2003 
Protection 0.390 0.450 0.630
Elevation 0.001 -0.001 -0.001
Agricultural Potential 0.044 0.145 0.136
Slope Not significant 0.023 0.023
Distance to existing forests -0.003 -0.002 -0.002
Access to surface water sources 6.1 E-06 7.4745E-06 8.86E-06
Rainfall Not significant 0.001 0.0005
Elevation in coffee growing 
areas 0.001 0.001 0.0006
LN of the distance to main 
urban centers 0.286 0.347 0.34
LN of distance to main roads 0.041 0.067 0.09526577
Constant -4.153 -6.121 -5.70

 

 
Table 4-4. β values for the variables in the logistic models regarding stable forest cover. 
Variable Permanent forest cover Permanent absence of forest cover 
Protection 0.617 -0.551
Elevation 0.002 .001
Land Use Capability -0.061 -0.091
LN distance to main 
urban centers 0.260

-0.204

LN distance to main 
roads 0.066

-2.65 E-05

Distance to existing 
forests (1979) Not Applicable

0.0008

Slope Not significant -0.02
Access to surface 
water sources 7.1193E-06

-7.96 E-06

Elevation in coffee 
growing areas 0.004

-0.0004

Constant -6.679 1.217
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CHAPTER 5 
INFLUENCE OF PRECIPITATION VARIATION ON THE SPATIAL DISTRIBUTION OF 
FOREST COVER REGENERATION IN THE LEMPA RIVER BASIN OF EL SALVADOR. 

Introduction 

One of the major risks posed by various climate change scenarios is the increase in 

variability of precipitation regimes (McCarthy et al 2001, IPCC 2001). Variability is particularly 

important for farmers in developing countries who depend on rain-fed crops and have little or no 

access to meteorological forecasts. Uncertainty in the timing of rainfalls can lead to crop losses 

either by early or late planting, or by planting crops which are vulnerable to pests and diseases 

brought about by extremes in temperature or humidity (Wilken 1987). The impacts of climate 

change often affect the production base of society; the repercussions of which can be so 

important as to determine major changes in societies and land use. For example, changes in 

precipitation levels appear to have greatly contributed to the collapse of the Maya Civilization 

(Webster et al. 2007; Hodell et al. 2001; Curtis 1998) and the fall of several dynasties in China 

(Zhang et al. 2008). According to Zhang, in those times the major drivers of climate changes 

were natural cycles, however, evidence points to man-driven climate change to be the major 

driver in the present. 

Food insecurity brought about by changes in climate often leads to changes in livelihood 

strategies. For example, Ziervogel et al. (2006) mention; searching for off-farm labor, migration, 

renting or selling lands, as strategies undertaken by Mexican farmers faced with such conditions. 

Changes in livelihoods at a household scale directly change the patterns of land use that can be 

observed a larger landscape scale (Geoghegan et al. 2001). The allocation of labor into off-farm 

activities often means field abandonment which, in many cases manifest as an increment in 

forest cover in the region (Klooster 2003). 
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The resurgence of forests in developing countries sometimes is part of the process called 

forest transition (Mather 1992; Drake 1993; Grainger 1995; Perz et al. 2007). Forest transition 

theory holds that in developing countries conditions such as industrialization, globalization of 

markets, increase in per capita income, modernization, migration, and other factors tend to 

reduce the demand for farmlands, and encourage the regeneration of forests (Mather et al. 1999; 

Foster and Rosenzweig 2003; Aide and Grau 2004; ). Although an overarching theory of forest 

transitions has not been found (Perz 2007) and factors that trigger them can vary from region to 

region, literature indicates that, in general, the process occurs when alternative incomes to 

subsistence farming become a widespread option. (Klooster 2003 ; Grau et al. 2003; Foster and 

Rosenzweig 2003). 

Recent studies indicate that El Salvador is one such place (Hecht 2005, 2007; Chapter 2). 

Here conditions of industrialization, immigration, decline in grain prices, globalization, and 

armed conflict (Hecht 2005) indicate a significant increment in overall forest cover.  

Although climate has been mentioned as a factor in land cover change (Ziervogel 2006), 

there few studies that have addressed the quantitative relationship climate and forest cover 

regeneration. This study seeks to determine what effect climate has on the decision to abandon 

land and let it regenerate into forests. 

The spatial scale of the analysis is the Lempa River basin which covers 9868.45 km2, 

approximately 47.6% of the El Salvador’s total area (Figure 5-1). Average annual precipitation 

within the watershed ranges from 1141 to 2886 mm (SNET 1998). Elevations vary from 0 to 

2678 meters above sea level (NASA 2000). The Lempa basin provides El Salvador with 33% of 

its electrical power (Lozano & Cottin 2002) and supplies about 66% of the country’s population 

with drinking water.  
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The study examines forest cover changes between 1979 and 2003. Monthly rainfall records 

kept by El Salvador’s Meteorological service (now SNET) from 1971-1999 were used to 

reconstruct . 

The main objective of this study is to determine what is the relationship, if any, between 

interannual and spatial variability in precipitation and the process of forest cover regeneration.. 

Mapping Forest Cover Change in the Lempa River Basin 

Forest cover maps for the Lempa River basin for the years 1979 and 2003 provided the 

bases of this analysis. Previous work divided the study area into forest and non-forest pixels (60 

x 60 m). Since the spatial scale of the precipitation data was much larger, the land cover data was 

converted to a 1000 x 1000 m resolution  using the density tool in Arc GIS, and the number of 

forest pixels (60m x 60m) in a 1 km2 was counted during 1979 and 2003. The result was a forest 

pixel density map for each year, in which each 1 km2 cell was attributed the percentage value of 

the area classified as forest within it.  

The two resulting maps were subtracted (2003-1979) to determine the magnitude and 

direction of change forest cover in that period. A positive value indicates increased forest cover 

while a negative one indicates a decrease. For the purposes of analysis, this information was 

converted into binary form where 1 represented an increase greater than 23% in forest cover and 

0 represented increases lower than 23%, no change or negative changes in forest cover. The 

figure of 23% was chosen since this is the average forest area increase detected throughout the 

period (Chapter 2). 

Reconstructing Monthly Precipitation Distribution Through Linear Regression. 

General Precipitation Regime in El Salvador 

General Precipitation Regime of El Salvador 
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The pattern of precipitation of El Salvador is typical of the Pacific coast of Central 

America (Figure 5-2), consisting of a rainy and a dry season. The former, starts in May and ends 

around November, results mainly from humidity drawn from the Pacific Ocean. Although the 

ITCZ does not migrate as far north as El Salvador (13 – 14 degrees North), its influence can be 

detected in the humidity brought by the westerly winds (Hastenrath 1988), This phenomenon is 

also thought to be responsible for “temporales” or humid fronts that cause a uniform, constant 

precipitation over the Pacific coasts of Central America and last for several days 

(Hastenrath,1991). Tropical storms in the Atlantic generally do not affect El Salvador directly, 

instead their effect is felt as humid air from the Pacific is drawn across the isthmus towards these 

cyclones resulting in periods of constant rainfall throughout the country (Portig 1965; Waylen 

and Harrison 2002). 

Precipitation usually a drops during the months of July and August in what is called the 

“canicula” or midsummer drought (MSD) (Magaña et al 1999). This drought is brought about by 

the intensification of the trade winds over the Caribbean, particularly the Caribbean low-level jet, 

which tend to temporarily subdue the effects of the ITCZ.  (Webster 1992) 

The MSD’s effect is closely linked to a jet that passes through one of the major gaps in the 

Central American Cordillera and over the Gulf of Fonseca (Chelton et al. 1999). This pathway 

permits the trade winds to jet through from the eastern part of the country. The resultant off-

shore winds over the Gulf of Fonseca (and also the Gulfs of Tehuantepec, Papagayo and 

Panama) is to produce upwellings of cold water which create stability in the atmosphere and 

reduces convectional activity (Webster 1992). This wind gap also allows the passage of the 

northern cold fronts during the boreal winter to pass thorough causing a reduction in ocean 
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temperatures and evaporation (Chelton et al. 1999), which, coupled with the receding of the 

ITCZ, causes a pronounced dry season from December to March. 

The regional climate is also affected by the El Niño Southern Oscillation phenomenon 

(ENSO). Generally El Niño (warm phase ENSO) manifests itself as an intensification of the 

Caribbean trade winds in the boreal summer preceding the arrival of the cooler waters in 

November and December off the coast of Peru. On the average, El Niño years bring higher levels 

of precipitation during the beginning of the rainy season. However it also increases the intensity 

of the MSD and an overall reduction in annual precipitation in the country during the later part of 

the rainy season (Figure 5-3). La Niña (cold phase ENSO) on the other hand, weakens the trade 

winds and increases the frequency of tropical cyclones in the Caribbean (Hastenrath 1988) 

thereby increasing overall yearly precipitation. La Niña also affects the temporal distribution of 

precipitation, lowering precipitation levels during the beginning of the rainy season and 

increasing it from August to November. These effects can be seen in the average monthly 

precipitation for the region for the years 1971-1999 according to SNET (2005) historical records 

(Figure 5-3). 

A major factor influencing the spatial distribution of precipitation is topography. The 

central mountain range is the first obstacle that is encountered by humid winds coming in from 

the Pacific. The effect of these mountains a typical orographic pattern in which humidity 

precipitates as the air cools down as it rises over the mountains (use the references from the 

class). There is a corresponding rain-shadow effect that reduces the precipitation on the leeward 

side of the range and the inner valley. As the air rises above the northern mountain range 

precipitation increases again as the remaining humidity precipitates at higher elevations. 

(Hastenrath 1988, Daly et al. 1993, Marqines et al. 2003).  
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Linear regressions as a tool for reconstructing historical precipitation distributions 

Although historical point data give us an idea of the average monthly precipitation in the 

region, they do not indicate how this precipitation is distributed in space. In order to reconstruct 

historical distribution of rainfall over the basin, linear regression models were used to extrapolate 

point data into continuous surface data. 

The Sistema Nacional de Estudios Territoriales (SNET 2005) database consists of 17 

rainfall stations contained within the basin and 4 outside the basin (Figure 5-1). Each one 

possesses monthly precipitation data from 1971 to 1999 with varying proportions of missing 

data. In total sample of 4874 months (after excluding missing data) is used for the study. One 

case was defined as the total precipitation recorded at one station within the basin for a particular 

month. Of the 4874 cases, 338 were randomly selected and intentionally left out of the modeling 

process for future testing of the accuracy of these models. 

The remaining 4536 cases were used for reconstruction of the precipitation for each month 

of each year (228 models in total) using multivariate linear regression (Rogerson 2001).  In order 

to estimate historical rainfall throughout the study period as an input for the land cover change 

models in the second part. Once calibrated, the models were validated using the 338 unused 

cases. And the modeled results compared to observed precipitation. The r2 values of the 

predicted data were compared to those of the models to confirm the predictions from the models 

were able to predict the variation in external data as well as the predicted it in the data used to 

build them. 

Temporal and geographic variables were used as independent variables in the model-

building process:. Geographic variables, such as elevation and distance to the coastline came 

from digital maps. The temporal variables such as ENSO phase and precipitation data from 

outside the basin served to capture interannual variability in the data. 
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Geographic variables.  

Elevation: elevation is the main topographic variables associated with local precipitation 

(Hastenrath 1988, Waylen et al. 1996, Marquinez et al. 2003, Lloyd 2004). Data from the NASA 

shuttle topography mission was used for this purpose. 

X-Y coordinates. Five variables related to location were tested as possible predictors of 

precipitation. X and Y coordinates (meters UTM Zone 16, WGS 84), X*Y, X2*Y, X*Y2  and X2 

and Y2. The theory behind using these variables is to detect large scale climatic influences such 

as variation in the ITCZ, influences of the trade winds coming in through the eastern part of the 

basin, rainfall from hurricanes and tropical storms coming from the Pacific, or dry winds coming 

from the north during winter.  

Distance to the coast. Since a large proportion of the rainfall originates over the Pacific 

Ocean and moves inland from there, the distance from that source was also tested as independent 

variables for each model.    

Geographic zones. The watershed was divided into geographical zones according to the 

influence geomorphology in the region has on precipitation (Figure 5-4). These areas were 

basically the leeward slopes of the central mountain range, the inner valley, the windward slopes 

of the northern mountain range, and the coastal lowlands. These areas were used as dummy 

variables during the regressions. 

 

Temporal variables.  

The phases of ENSO are responsible for a large part of the interannual variation in monthly 

precipitation. In order to include these in the regression process, a temporal mask was used when 

conducting the regressions for each station, marking them as El Niño or La Niña years according 
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to the Japan Meteorological Agency (JMA 2003). According to the classification, this study 

period included 7 La Niña years, 7 El  Niño years, and 15 normal years.  

Additionally, to quantify the intrannual variation of precipitation not captured by the 

dummy variable (variations in intensity of ENSO cycles, lag effects from past years, stochastic 

events, etc.), the data from the four rain gauges outside the basin (Figure 5-5) were used as a 

proxy of the actual intensity of rainfall for each month at different years. The idea of using this 

data is to capture the temporal variation that originates from interannual changes in the regional 

climate in a continuous rather than discrete manner. Since the data from all four stations had a 

high degree of correlation, a principal component analysis was run (Rogerson 2001) to extract 

the main trends in the data. Three principal components for each month (over the 29 year period) 

were tested as independent variables to predict monthly precipitation within the watershed. Each 

one of these components represents a completely independent trend in variation of interannual 

precipitation data. 

Combination variables.  

During the modeling process all the above variables were also combined in ways that 

would be able to capture more of the variation in the precipitation data. For example, 

elevation*inner valleys, El Niño*elevation, La Niña*leeward slopes, etc. 

The general methodology for creating the monthly models was to first conduct a stepwise 

linear regression using SPSS Inc. (1999).  Once completed, the most significant variables from 

the stepwise regressions were combined to create additional models besides the ones obtained 

through that process. Once a suitable model was found for each month, it was applied for that 

month in all the years within the study period.  
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All variables used were tested for normality and multicolinearity. No variables presenting a 

Variance Inflation Factor greater than 5 or a tolerance below 1-r2 (Rogerson 2001) were included 

to prevent effects of multicolinearity within the models.  

The result of this process was a set of 12 spatially explicit models used to produce 348 

monthly precipitation maps, 12 monthly maps of the distribution of coefficient of variation in 

total precipitation, 12 monthly average precipitation maps, 24 minimum and maximum monthly 

precipitation maps, 24 average monthly precipitation maps during both phases of ENSO, and 29 

yearly total rainfall maps. All these were used as inputs for predicting land cover change.  

3.5 Results of linear regressions for the reconstruction of spatial distribution of historical 

precipitation.  

The statistics of the resultant models that indicate a definite relationship between 

precipitation and the geophysical and temporal variables employed (Table 5-1).  

The r2values of the predictions of the test data set indicate that most of the models were 

efficient in predicting precipitation of these cases (Table 5-1).  An exception to this were the 

models for the months of December-February. These models failed to accurately predict the 

variation in precipitation of the test data and presented very low r2values . The reason for this 

probably lies in that the precipitation in these months is minimal, and the variation that does 

occur is probably not due to any of the variables used to construct these models. One model that 

was considerably low was that of August.  This model captured 0.30 of the variation found in the 

original dataset, but explained only 0.20 of the variation in the test data. One explanation for this 

may be that August is a month when stochastic phenomena such as hurricanes in the Caribbean 

sometimes affect El Salvador increasing precipitation. This is likely to cause a large proportion 

of unexplained variation in the data that had no relation to the variables used in this study.  
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From examining the models there are four distinct periods in the sturdy area according to 

the time of the year. The first general pattern is that of the dry season (December –April) (Figure 

5-5, Table 5-1). The models for this time period indicate that there is very little variation in 

observed monthly precipitation data. Taking into account the limitations of the models for 

December, January, and February  (the height of the dry season), we can say that the distribution 

of the scant precipitation that falls during the dry season tends to be driven by location and 

elevation.  

The models show that the distribution of rainfall during the dry season is greatly affected 

by ENSO (Figure 5-5). Normally precipitation at this time is more or less uniform, ranging from 

50-100 mm over most of the basin with slightly higher (100-150 mm) on the northwestern 

highlands. La Niña on average is the driest for this period since total rainfall over most of the 

watershed tends to be below 50 mm with he exception of the north-western highlands. El Niño 

years tend to have slightly higher precipitations (50-100 mm) with drier areas concentrating in 

the central Lempa valley.  

This distribution of rainfall during this period can mark the differences in the timing of 

field burning and preparation for pulse crops which may lead to variations in productivity from 

year to year. 

The next period with a distinct precipitation pattern is the early rainy season (May- June) 

(Figure 5-6). During these months, the pre-canicula period, the models indicate that the main 

driving factor is the humidity brought in from the Pacific Ocean. This importance can be seen in 

the relation that variables such as elevation and rain shadow effects have on precipitation as the 

humid air collides with the central and northern mountains (Table 5-1). Elevation significantly 

increases precipitation in this period (0.06 mm/m in May, 0.06 mm/m in June during normal 
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years, and 0.09 mm/ m in June during El Niño years) as humid air collides against the mountains 

when it enters from the ocean. Both the leeward slopes and inner valley also tend to get 

significantly less precipitation (-56.98 and -37.67 mm respectively) than the other regions as a 

large part of the moisture is precipitated on the windward slopes. 

The models show the distribution of precipitation changes according to the ENSO cycles. 

La Niña manifests as a “slow” start in the rainy season, with lower than average precipitation 

during these months over the greater part of the basin (Figures 5-3, 5-6). El Niño on the other 

hand brings slightly higher than average rainfall over the region. The highest precipitation for 

these months happens in the northern highlands, while the lower precipitation tends to 

concentrate around the Central Lempa valley.  

The third distinct precipitation period is the month of July when the intensification of the 

trade winds creates the MSD, this results in a decrease in precipitation (Figures 5-4, 5-6). This 

intensification manifests in the models mainly as an inverse relation between precipitation and 

the distance to the coast (-0.008 mm/ m). As the trade winds blow from the Caribbean through 

the Gulf of Fonseca wind gap, the humidity from the ITCZ seems to concentrate itself mostly 

near the coasts.  

The MDS marks a reversal in the effects of ENSO cycles so far. The higher than average 

rainfall brought by El Niño during the dry and early rainy season drops drastically (Figure 5-4), 

creating areas of very low precipitation, particularly in the central and lower Lempa valley 

(Figure 5-7) and areas with higher than normal precipitation in the central highlands. la Niña on 

the other hand, mitigates the effects of the MDS and maintains an overall higher and widespread 

distribution of precipitation throughout the basin. 
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The last precipitation trend observed was that of the second half of the rainy season, after 

the MDS. For the months of August, September, October and November, the models and 

historical records indicate that La Niña tends to intensify precipitation (Figures 5-4, 5-8; Table 5-

1). This overall intensification is concentrated mostly towards the eastern part of the country. 

The effects of El Niño manifest as a slight increase in precipitation in the eastern Lempa valley 

but a marked decrease in rainfall towards the western valley.   

Distance to the coastline as well as elevation play key roles on determining the distribution 

of rainfall in the basin during this period. Unlike in the early rainy season and the MDS, in this 

later period geographic location plays a very significant role in precipitation. The coefficients 

show precipitation tends to be higher in the north and north eastern regions of the basin. 

Predicting Land Cover Change Based on Rainfall Distribution  

Logistic Regressions for Testing the Probability of Reforestation during the Study Period.  

Based on the hypothesis that climate variability brings about food insecurity and 

consequently changes in land use patterns, a study of the reconstructed precipitation distributions 

and the increase of forest cover in certain regions of the Lempa basin was undertaken. 

Precipitation maps resulting from the models, Land Use Capability index (Klingebiel and 

Montgomery 1961) were used to examine the relation between the probability of increases in 

forest cover to climatic and edaphic factors. The Land Use Capability Index classifies land 

according to its agricultural potential. In this studies a selection of areas within the basin in 

categories V-VII (low agricultural potential) in Klingebiel and Montgomery’s Land Use 

Capability map was used to create an analysis layer to be combined with precipitation data. The 

reason for using this variable is because soil fertility interacts with climate in agricultural 

decisions. Very often places with similar precipitation will have very distinct agricultural 
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potential according to the soils, hence it was thought necessary to integrate this data along with 

the precipitation variables.  

A random sample of 10% (n = 2566) of the forest cover change and dependent variables 

maps was taken to relate the land cover data to the corresponding climatic data.  The independent 

variables were related to the binary variable of increase greater than 23% forest cover through 

logistic regressions (Menard 2002) (Equation 5-1). Due to the large amount of possible 

explanatory variables and the complex relations between them, stepwise regression was used as a 

preliminary sorting mechanism. Once non-significant variables were discarded, the remaining 

ones were tested in different combination of models different to the ones from the stepwise 

regression to find an optimal model that explained the effects of precipitation on land cover 

change.  

Equation 5-1. Logistic equation. 

P =        e(ax1+bx2+cx3+…+C)                 
            1 + e(ax1+bx2+cx3+…+C)   

 
Where:  

P = Probability of a 1 km2 area gaining more than 10% forest cover 
e = logarithmic constant 
C = Regression constant 
a,b,c.. = Regression coefficients 
xn = independent variables 

   
Results for Logistic Models of Forest cover Change Based on Climate  

The logistic regressions indicate that the probability of forest cover increasing more than 

23% can be accurately predicted using climatic data (Table 5-2). With a pseudo r2 of 0.30 and an 

overall prediction accuracy of 63.68%, the logistic model indicates land cover change decisions 

for the study period were significantly influenced by precipitation and its interaction with soil 

fertility.  
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The β coefficients in the table indicate the magnitude and direction each variable has on 

the odds of dependent variable occurring. The sign of the β coefficient indicates whether the 

relation is direct or inversely proportional to the odds ratio of forest increase happening. The 

exponent of the β coefficient indicates the proportional change in the probability of reforestation 

happening, values above 1 indicate a positive relation while values below 1 indicate a negative 

relation with the dependent variable.  

The results of this study indicate that at a 1 km2 scale, increments of more than 23% for the 

study period in forest cover be predicted with a 78.2% accuracy based solely on precipitation 

data.  The effects of edafo-climatic associations related to land cover change combine with 

socioeconomic and geophysical conditions to shape human decisions to abandon or clear forests 

for cultivation.  

Although the forest regeneration model tended to underestimate the probability of 

reforestation with regards the actual changes recorded during the period, it accurately predicted 

the distribution of regeneration in the eastern, lower and central Lempa valley. However, 

prediction accuracy was weaker in the north and northwestern regions. It may be that climate is 

not be playing an important part in forest cover changes in these areas. The northern regions tend 

to have abundant, constant rainfall, yet the  effects of the 1980s armed conflict, accessibility and 

soil fertility in these areas tends to limit the agricultural potential for those lands (Chapters 3 and  

4) and may be playing a more important role than climate in land use. Another possibility is that 

the precipitation data for the northern highlands are limited to one representative station and the 

precipitation variations there may not have been captured accurately by the linear models. 

No significant relation was found between reconstructed precipitation for the dry season 

months (December-April). Although the models for most of this season did not have a good 



 

 137

predictive power, it is likely that the small amounts of precipitation during this season do not 

affect forest cover regeneration very much. The effects of climate on land abandonment  in the 

region are mostly related to its role subsistance crop agriculture (Klooster 2003; Hecht 2005; 

Chapter 3). During these months, subsistence agriculture is at a stand still due to lack of 

sufficient rain such small variations in rainfall at this moment are not likely to affect land use 

decisions. 

Mean rainfall during the months of May and June had a significant negative effect on the 

probabilities of forest regeneration. Mean rainfall significantly decreased the probability of 

reforestation by a factor of 0.99 during May and 0.96 during June for every millimeter of rainfall 

during these months. This means the areas that get most abundant rainfall in the early rainy 

season are more likely to remain under agricultural use as opposed to those that remain dryer. 

Abundant rainfall in this month may allow farmers to plant early making these lands more 

productive than those were rains starts later. 

For the month of July during El Niño years, precipitation also had a negative effect the 

probability of reforestation. July is strongly associated with the MSD (Figure 4-4) in El Salvador, 

data indicates that El Niño tends accentuate this regional drought (Figure 5-4) which often leads 

to crop failure.  The probability of reforestation decreased by a factor of 0.96 for every mm of 

rain, meaning that regions with lower precipitations in July during El Niño years had 

significantly higher probabilities of reverting to forests than areas where the drought was not as 

strong. Interestingly, places with more variation in precipitation (higher coefficient of inter 

annual variation or CV) were less likely to regain forest cover than those with more stable 

rainfall. This could mean that it is not places where the MSD is more variable in intensity that 
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are prone to abandonment, but rather those where it causes consistently low precipitation during 

this month, particularly during El Niño years.  

The opposite is true for the month of August. Areas where the coefficient of variation was 

high during for this month tended to be 3.06 times more likely (for every percentage point of 

CV) to regain forest cover than those with lower CV’s. August is one of the months when the 

effects of El Niño and La Niña are most contrasting (Figure 5-4). During this month La Nina 

causes abnormally high precipitation while El Niño has the opposite effect. This volatile climate 

may cause uncertainty as to crop selection, and bring about drought, pests and disease makes 

agriculture harder in these areas. While the MSD is a predictable change in inteannual rainfall, 

the strong variations during August are directly linked to ENSO phases which makes them less 

predictable for traditional farming. This variability between extremely high rainfall from year to 

year may be the cause for abandonment. These effects are mostly felt in the central and eastern 

Lempa valley (Figure 5-9) 

In El Salvador’s traditional agricultural cycle, September and October are the months when 

the first maize crop has been harvested and a second crop of maize and/or beans is planted. Areas 

that can sustain these multiple crops are more productive than areas where only one harvest is 

possible or where the second harvest has to be substituted for sorghum or less profitable crops. 

Beans however are susceptible to fungal diseases Acuña (1976), and require lower precipitation 

than maize. During these months, the effects of La Niña increase precipitation in certain regions 

(Figures 5-4, 5-9). This may explain why areas with higher precipitation in October during La 

Niña years were more likely (with an increase factor of 1.31 times per mm) to be abandoned than 

those with lower precipitation. 
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The effects of La Niña phenomenon are usually felt in El Salvador during the months of 

October and November (Figure 5-5). Generally this is manifested by long “temporales” or frontal 

precipitation.  

Precipitation during the month of November had a strong direct relationship with the 

probability of forest cover increasing in an area. Places where mean precipitation during normal 

or El Niño years was unusually high had more chance for abandonment than places where 

precipitation was more moderate. This direct relation between high precipitation and field 

abandonment is probably indicative of areas where it is too humid for bean cultivation.  

Finally, the regression models indicate that places with low agricultural potential were 

more likely to be abandoned if the mean yearly precipitation was higher. The probabilities of 

forest regeneration happening increases 1.001 times for every millimeter of rainfall they 

received. The combination of low fertility and high rainfall may decrease agricultural 

productivity making these lands less attractive for cultivation 

Discussion 

The effects associated with of La Niña seem to be the most influential climatic factor over 

forest cover in the region. The first effect of this ENSO phase is felt in the beginning of the rainy 

season. La Niña year tend to be dryer than El Niño and normal years and the model indicates this 

is a condition significantly related to increases in forest cover. Dry starts to the rainy season my 

cause uncertainty in field burning and planting schedules for traditional farmers. It may also 

shorten the growing period for the whole agricultural cycle. 

The effects of La Niña are felt even more during the later rainy season (August –

November). The model indicates that high variation, particularly abnormally high precipitation, 

is a main driver of land abandonment in the region and this is usually associated with La Niña. 

The excess of rainfall during this time may cause flooding, pests and disease that amount to 
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serious crop losses. The probability of forest regeneration is even higher in places where El Niño 

creates the opposite effect to La Niña creating areas of high interannual variation. This 

variability creates uncertainty in planting seasons and crop selection in traditional farming 

systems. Agriculturalists are probably more likely to choose off farm work or migration in these 

places where risk of agricultural loss is higher. The central and eastern Lempa valley are some of 

the areas that are affected by these increases in rainfall (Figure 5-1).  

El Niño also had its effects on forest cover although not strong as La Niña. One such effect 

is the intensification of the MSD which the model indicates have higher probabilities of forest 

cover recovery. One such area is the central Lempa valley (Figure 5-1). 

Although climate is not the sole reason for land abandonment evidence points to it as a key 

factor influencing land use decisions in the region. In the light of climate change it would be 

important to look further into the mechanisms of how climatic variation can be taken into 

account in as a factor in regional planning and decision making. 

Traditional rain-fed agriculture in El Salvador is highly dependent on constant, predictable 

rainfall. This system is well adapted to intra-annual variations in precipitation as well as 

consistent interannual changes such as the MSD. The choice of crops, planting techniques and 

timing is adapted to the typical pattern of a marked dry season and a very wet season interrupted 

by a midsummer drought. However, it is inter-annual variability that seems harder to cope with. 

For one part there is more uncertainty regarding the dates for field preparation (burning) and 

planting dates. Burning or planting too soon or too late may result in lower yields due to plant 

mortality or pests (Wilken 1987). Loss of agricultural profitability can happen in areas where the 

effects of the MSD are felt stronger, and where high variation during the late rainy season can 

cause crop loss due to flooding, pests and disease. The long term effect of increased risks in 



 

 141

agriculture production may be an important factor for farmers to consider other options such as 

off-farm labor or migration which result in land abandonment. 

The role of climate in forest transitions is a complex one, yet its effects appear to be 

significant and should be taken into account by decision makers in the country. The results 

support the concept of decreasing food insecurity with climate variability/change. The 

abandonment of farmlands, particularly those with less fertile soils and vulnerability to variations 

in precipitation has many repercussions on Salvadorian society. The effective loss of subsistence 

farming as a survival strategy is bound to increase migration towards the US and to urban 

centers. This means uncontrolled growth in urban population and problems of crime, 

overpopulation, unemployment, public health issues, demand for drinking water and electricity, 

etc. The expansion of cities also causes deforestation in the fringes of these damaging valuable 

aquifers that sustain urban populations. 

On the other hand, the increase in forest cover may have positive effects on the country’s 

ecology. Increased infiltration, attenuation of flooding and reduction of sedimentation in dams 

are just some of the ecosystem services these new forests are providing. Although little is known 

about the floristic composition of new forests, they do provide habitat for El Salvador’s wildlife. 

Other opportunities they may offer are their incorporation to carbon sequestration markets, a 

system already operating successfully in neighboring countries such as Costa Rica and Mexico. 

The future professional management of these forests as sources of valuable tropical woods and 

even ecotourism are other options that the country’s decision makers should consider in order to 

adapt and benefit from the forest transition process. 

 Adapting and coping with climate change it is a challenge for developing countries like 

El Salvador. Although the effects of precipitation variability can be a cause of relevant social 
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changes such as migration, urbanization, and food insecurity, there is little small countries can do 

to bring about immediate change. Instead it is important that local governments find ways of 

adapting to and mitigating the adverse effects brought about climate change. The rise in forest 

cover presents new opportunities for conservation, production of ecosystems services and 

forestry, and it will be up to decision makes to take adequate advantage of these changes.  

Conclusion 

In El Salvador’s Lempa River basin the abandonment of traditional agriculture in favor of 

other types of livelihoods has lead to an increase in secondary forest cover. Unfavorable climatic 

conditions can accentuate the effect of social and economic pressures that lead to field 

abandonment. In this study there is evidence that low precipitation levels at the start of the rainy 

season, the intensification of the MSD by El Niño, higher than average precipitation caused by 

La Niña during the late rainy season as well as high interannual variations caused by ENSO, had 

a significant effect on the probability of forest cover increase in the study region. According to 

the results of this study, climate is strongly related to forest regeneration in the central and 

eastern Lempa valley, less so in the northern and western regions. 
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Figure 5-1. Location of study area: Lempa River basin, El Salvador. 
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Figure 5-2. Average monthly precipitation and standard deviation in El Salvador based on 

rainfall data from 32 rain gauges for the years 1979 – 2003. 
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Figure 5-3. Differences in rainfall distribution for El Niño, La Niña and normal years in the 

Lempa River basin over the period 1971-2005. 
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Figure 5-4. Location of rain gauges and geographically differentiated rainfall areas in El 

Salvador. 
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Figure 5-5. Distribution of mean total precipitation in the Lempa basin during the dry season (December – April) for the years 1971-

1999 according to precipitation models. 

 
 



 

 

148 

 
Figure 5-6. Distribution of mean total precipitation in the Lempa basin during the beginning of the rainy season (May – June) for the 

years 1971-1999 according to precipitation models. 
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Figure 5-7. Distribution of mean total precipitation in the Lempa basin during the mid-summer drought (July) for the years 1971-1999 

according to precipitation models. 
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Figure 5-8. Distribution of mean total precipitation in the Lempa basin during the second part of the rainy season (August-November) 

for the years 1971-1999 according to precipitation models. 
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Figure 5-9. Actual Vs. Predicted increments in forest cover (>23%) in the Lempa basin according to the climate based forest cover 

change model.
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Table 5-1.Linear models for mean monthly precipitation for the Lempa River basin for the 
period 1971-1999. 

Month 
 adjusted 
r2  

 
standard 
error  

Validation 
r2 Varibles  Coeficient 

January 
           
0.49  

           
9.00  0.03 Constant             0.670 

    external precipitation data PC1             1.783 
    Elevation             0.002 
      

February 
           
0.38  

         
11.90  0.03 Constant             0.450 

    external precipitation data PC1             0.700 
    Elevation             0.002 
      

March 
           
0.18  

         
18.77  0.24 Constant           18.184 

    location in x axis -4.63E-05
    distance to the coast 1.05E-04

    external precipitation data PC2 
           
(0.257) 

    external precipitation data PC3             0.409 
    XYY location during El Nino Years -1.09E-05
      

April 
           
0.38  

         
36.20  0.49 Constant             0.582 

    external precipitation data PC1             0.436 
    XXY location during La Nina years -1.37E-04
    XYY location during El Nino years -1.58E-05
    Elevation             0.017 
    Distance to coast 3.29E-04
      

May 
           
0.30  

         
60.98  0.30   

    Constant           47.603 
    Presence of El Nino           26.574 
    Elevation             0.064 

    Inner valleys 
         
(37.666) 

    Lee ward mountains 
         
(56.985) 

    external precipitation data PC2             0.274 

    external precipitation data PC3 
           
(0.192) 

    XXY location during normal years 2.73E-04
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Table 5-1 continued. 

Month 
 adjusted 
r2 

 
standard 
error  

Validation 
r2 Varibles  Coeficient 

June 
           
0.40  

         
75.97  0.41 Constant           58.735  

    external precipitation data PC2             0.441  
    distance to the coast             0.001  
    Elevation during El Nino yeas             0.093  
    Elevation during normal year             0.061  
      

July 
           
0.55  

         
61.39  0.49 Constant    (10,649.382) 

    external precipitation data PC1             0.602  
    X location             0.002  
    Distance to the coast            (0.008) 
    Y location             0.007  
    external precipitation data PC2             0.167  
      

August 
           
0.30  

         
71.26  0.20 Constant         148.516  

    external precipitation data PC1             0.187  
    external precipitation data PC2             0.211  
    external precipitation data PC3             0.140  
    Elevation during La Niña years             0.079  
    Elevation             0.029  
      

September 
           
0.36  

         
79.20  0.35 Constant           53.244  

    
XXY location during El Niño 
years             0.001  

    external precipitation data PC1             0.384  
    Elevation during normal years             0.078  
    northern highlands           76.594  
    XXY location 3.63E-04
      

October 
           
0.53  

         
57.48  0.54 Constant           11.109  

    El Nino          (43.134) 
    distance to the coast 3.24E-05
    XXY location             0.001  
    external precipitation data PC1             0.439  
    external precipitation data PC2             0.217  
    Inner valleys          (24.613) 
    XXY location during normal years -3.20E-04
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Table 5-1 continued. 

Month 

 
Calibration 
r2 

 standard 
error pf 
prediction 

Validation 
r2 Varibles  Coeficient 

November 
           
0.72  

         
24.49  0.58 Constant             0.525  

    Elevation             0.015  
    Elevation during La Nina years             0.010  
    external precipitation data PC1             0.772  
    external precipitation data PC2            (0.123) 
    external precipitation data PC3             0.108  
      

December 
           
0.25  

         
11.61  0.001 Constant             0.525  

    Elevation             0.015  
    Elevation during La Nina Years             0.010  
    external precipitation data PC1             0.772  
    external precipitation data PC2            (0.123) 
    external precipitation data PC3             0.108  

 
Table 5-2. Logistic models relating the probability of a 23% increase or greater of forest cover 

happening in the Lempa River basin based on precipitation, slope and land use 
capability data. 

 B Exp(B)  Sig.  
Mean rainfall in May    (0.01)         0.99   0.042  
Mean Rainfall In June (0.04)      0.96         0.000  
Mean rainfall in July during El Nino years   (0.04)         0.96          0.000  
Coefficient of variation during July    (0.29)       0.75      0.000  
Coefficient of variation during August       1.12           3.06          0.000  
Mean rainfall in October during La Nina years    0.27          1.31          0.000  
Mean rainfall in November during normal years (0.28)      0.76  0.000   
Mean precipitation in areas of low agricultural potential    0.001            1.00          0.000  
Constant      2.47         11.81          0.249  
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CHAPTER 6 
GLOBALIZATION AND FOREST TRANSITIONS IN SMALL DEVELOPING COUNTRIES: 

LESSONS FROM THE CASE OF EL SALVADOR’S LEMPA RIVER BASIN 

Introduction 

Forest transition is a term used to describe the process by which a country or region 

undergoes changes in its socioeconomic structure that lead to an increase in forest cover from 

previously deforested lands. Scientists studying this phenomenon have found several paths 

through which forest cover recovers.  

The first is the “economic development path” (Rudel 2005). Seminal forest transition 

research found that countries undergoing modernization and industrialization tended to have 

increases in forest cover (Foster 1992; Drake 1993; Garinger 1995). The reason for this is that as 

the country’s industry develops, people tend to switch from low paying farm work to higher 

paying jobs in industry. As this happens, marginal lands are gradually abandoned and tend to 

revert back to forest land. Such is the case of United States (Foster, 1992) and France (Andre, 

1998; Mather et al., 1999) among others. 

The second path to forest transition mentioned by Rudell (2005) is the “Forest scarcity 

path”. In this scenario, the scarcity of forest products crates the need for the active establishment 

of forest plantations at a large scale, as is the case of certain regions in India. Unlike the first 

path, this one is the product of a conscious action by the government to increase forest cover to 

satisfied the population’s needs. 

A third path to forest transitions, is through globalization (Rudel 2002). This path relates 

increments in forest cover to the complex effects global markets have on a country’s economy. 

These changes affect the way land is used to meet foreign market demands and fluctuations in 

prices in local agricultural products. Migration, income from remittances, fluctuations in global 

food markets are all external factors outside a country’s control that affect the way people use the 
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land. Unlike the economic development path, globalization does not necessarily involve an 

improvement on the general population’s income.  

This chapter summarizes the lessons learned from the case study of the forest transition 

happening in El Salvador’s Lempa River basin (Figure 1-1). El Salvador is located on the pacific 

coast of Central America and is the smallest, most densely populated country of the mainland 

Americas. The Lempa River basin covers about half of the country’s area (10,000 km2). The 

study involved the examination of satellite data from 1979-2003 in order to determine the 

socioeconomic, spatial and climatic factors that may have promoted an increase of 23% in forest 

cover over the study period (1979-2003). 

Caracteristics of Forest Transitions Resulting from Globalization 

The case of El Salvador’s forest transition fits partially into both the first and third paths 

mentioned above. The Forest Scarcity path does not apply to El Salvador. According to the 

Ministry of Agriculture’s records, the amount of forest plantations that have been established in 

the past years is slightly above 2000 hectares, which is very small percentage of the country’s 

territory. It is likely that the country’s small size has allowed timber from Guatemala and 

Honduras to relatively good prices, reducing the need for the government to strongly promote 

local production.  

On the other hand El Salvador’s open trade policies have allowed for its economy to 

become dependent of global markets. Many of the country’s main incomes depend on foreign 

income. Assembly line textile factories have employed thousands of low paying urban jobs 

causing boom towns to appear around duty free zones. The massive migration to the United 

States and the subsequent income from remittances has also changed the way rural homes obtain 

their income.  
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Although to a certain degree there has been an improvement in the incomes of the general 

population, this improvement does not seem to be substantial enough to trigger a forest 

transition. We can compare El Salvador to the case nearby Costa Rica, where a quantitative  

increments in forest cover have been detected (Kleinn et al. 2000) and coincides with significant 

increases in income, abundant employment opportunities in technology, industry and tourism, as 

well as efficient conservation policies (Kull 2007). Costa Rica seems to fit more smoothly into 

the economic development path.  

Unlike Costa Rica, poverty levels in El Salvador have not changed very much since the 

1970s (Briones et al. 2005). Although the country’s economy has improved in terms of its GDP 

over the past decades (MINEC 2008), the distribution of this wealth does not seem to have 

improved the general income levels of the population, particularly in rural areas (Briones et 

al.2005). 

 Even if wages in urban centers have improved slightly, the results of this study indicate 

that distribution of poverty is significantly and positively correlated with the distribution of 

forest regeneration (Chapter 3). Globalization has put the pressure on rural population and forced 

migration and changes in livelihoods without necessarily alleviating poverty. 

The results also confirm Rudel’s (2002) description of the globalization path as destroying 

first nature and creating second nature. In the Lempa basin simultaneous deforestation and 

reforestations where taking place during the study period. Most of the deforestation took place in 

the midland coffee agrogorests surrounding urban centers and the northern pine forests. 

Although coffee agroforests are by no means primary forests, they represent one of the oldest 

tree covers left in the country. At the same time dense, secondary vegetation tended to dominate 

most of the areas where reforestation took place.  
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One important characteristic of this type of forest transition is that it is not an intentional or 

even monitored process. The regeneration of forests from globalization is a byproduct of  

socioeconomic change, and not a conscious end sought by society to satisfy forest product 

demands. Only until recently (2008) has the government el El Salvador started to knowledge the 

existence of some of these new forests. This means that the potential for managing these new 

forests for timber, ecosystem services or conservation has been overlooked from territorial 

planning by the government. 

Forest transitions in Small Tropical Countries 

The case of El Salvador is an interesting illustration of the effects of globalization on forest 

transitions, and can give insights into the characteristics similar processes happening in tropical 

developing countries. For one part, the country’s small size make it uniform enough to be studied 

as a unit. In larger countries such as Mexico (Klooster 2003), Brazil (perz and Skole 2003), or 

India (Foster and Rozensweig 2003), the drivers of forest transitions may vary from one region 

to the other. Internal differences in the productivity and land uses within these countries can 

make it harder to single out the reasons behind the forest cover dynamics. In El Salvador, 

particularly the Lempa River basin, this internal effect is minimized due to its small size. 

Small, densely populated countries used to be considered unlikely places for forest cover 

to regenerate (Allen and Barnes 1985; Angelsen and Kaimowitz 1999). The Malthusian view of 

economies would indicate that the scarcity of land would lead population to deplete its forest 

resources and favor intensive farming on all available land. Although this is true in many 

countries such as Haiti (Dolisca 2007) and Cameroon (Martens and Lambin 2000), and East 

Timor (Bouma and Korbyn 2004), other small, populous countries such as Puerto Rico (Grau et 

al. 2003) and El Salvador (Hecht 2005, chapter 2) seem to have followed a counterintuitive path 
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and actually regain forest cover. In order to understand why these countries have undergone this 

change, it is important to understand the differences in FTT regarding small and large countries.  

The way people manage the landscape in these land-scarce countries is different than land-

rich countries. For example, the forest transition described by (Rudel et al. 2002) in Ecuador or 

by (Perz and Skole 2003) in Brazil are very different than the ones happening in El Salvador. 

Land-rich countries in the tropics are often characterized by extensive farming practices. The 

general cycle is the expansion of the agricultural frontier to establish crops; the depletion of the 

nutrients from the tropical soils; the change of land use from crops to pastures; and the eventual 

abandonment as farmers move to more fertile lands. This creates a “hallow frontier” in which old 

growth forests are removed and eventually replaced by secondary forests.  

In countries like El Salvador, that type of land use was likely happening around the 1600s 

during the colonial period (Chapter 1). However, due to the small size of the country and its 

growing population during the 20th century, a hallow frontier was not a luxury that could be 

afforded. By the 1970s most of the country was already under constant farming production. It is 

estimated that only about 20% of the Lempa River basin was under any type of tree cover. Of 

this forest cover about 9% was composed of shade coffee agroforests, and the rest corresponded 

mostly to protected areas or very steep, un-tillable highlands on the north of the country. The 

intense demand for land in countries such as El Salvador means that forest transitions require a 

shift in people’s livelihood strategy, rather than only a change in location like it can happen in 

land-rich countries where people can move to clear new lands and continue with their same 

livelihood strategies.  

Still, it is not often that densely populated countries through a forest transition. Countries 

like Haiti, for instance, have been severely deforested for many decades and show now sign of 
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forest transitions occurring (Dolisca et al 2007).  By examining the cases of El Salvador we can 

see that for a country with its dense population to shift from a marginal agricultural society to 

forest transitions two factors are key: first, a triggering factor that forced people to change their 

livelihoods drastically, and second the opportunity for alternate sources of income. 

War and Other Triggering Factors of Forest Transitions 

El Salvador’s civil war during the 1980s seems to have been a key turning point for the 

country’s forest cover for the period 1979-2003. It is the event that marked the inflection point in 

the theoretical Kuznet Curve that FTT takes as a model for forest cover change (Figure 2-2). 

From the early 1900s up until the 1970s the country’s land use trend was the removal of native 

forests and its replacement for permanent agriculture. The land use varied according to the 

aptitude of the soils. Sugar cane and cotton dominated the fertile lowlands, coffee was the 

preferred crop for the highlands and cattle and pulse crops dominated the less fertile lowlands 

(Chapter 1).  

It is likely the stress of the growing population, the lack of fertile soils for production, and 

the unequal distribution of wealth played an important part in starting the civil conflict. From a 

systems ecological perspective, the balance in the system that perpetuated the social and 

economic pattern that defined the country for the 20th century reached the point of 

unsustainability in the late 1970s and created the violent disruption that was the civil war. The 

problem was further enhanced by the global influence of the Cold War, which provided the funds 

and weapons for the armed conflict leading it to become more violent. 

The violent social change brought by a war will often force people to change their 

livelihoods as they are displaced (Korf 2004). In the case of El Salvador there was a dramatic 

increase in out-migration from rural areas as people fled the conflict areas. Migrants were mostly 

subsistence farmers who were forced to adapt to urban life or migrate abroad. The influx of 
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people into the cities resulted in the growth of large urban slums and a rise in unemployment and 

crime (IPCC 2001), this may be the case in similar places undergoing forest transitions due to 

war. 

Although war is definitely not necessary in order for forest transitions to take place, it is an 

example of the kind of disruption that can trigger it in small populous countries. Less violent 

events can also be the triggers of forest transitions. For example, in the case of Puerto Rico 

(Thomlinson et al. 1996; Grau et al. 2004) no civil conflict was necessary to start a forest 

transition. Instead the change came from a drastic change in US policy during the 1940s after 

World War II, when Puerto Rico became the recipient of intense amounts of investments 

directed towards industrializing its economy.  

The out migration and urbanization of the population created the conditions that eventually 

lead to regeneration of forest in the country (Hecht 2005). War in this case can be said to be 

related partly to globalization given the influences the US and the USSR played in fueling it. The 

abandonment of lands caused by war did not rise from the creation of economic opportunities but 

rather from forced migration to escape violence. However, for these changes to be lasting once 

the conflict is over it is important that there exist satisfactory livelihood options to keep the 

migrants from returning to farming the marginal lands.  

Importance of Employment Opportunities in the Forest Transition Process 

Even if disruptions in the social order such as civil war was to El Salvador, can start a 

process of forest transition in a small densely populated country, they are not enough to 

perpetuate it. Certain conditions must be present for the transition to be perpetuated. Haiti for 

example, has been through many periods of civil unrest, however no lasting forest transition 

happened. In the case of El Salvador, the conflict ended officially in 1992, since then 12 percent 

increase in forest cover was detected from 1990 to 2003 in the Lempa River basin. This means 
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that a great part of the population that left the countryside  did not return to reclaim their lands. 

The results of this study indicate that the lands abandoned tended to be those with very low 

agricultural potential, steep slopes, little access to irrigation and roads. The country’s open policy 

to foreign investment in low-paying industry jobs, the growth of the construction sector, the 

income from remittances, and the fall of grain prices and rural wedges seem to have made the 

livelihood changes from the war period endure.  

In small densely populated countries like El Salvador there is very little “untouched”  

fertile land that can motivate pioneers to move to a frontier. This is different in places like 

Guatemala where, after its civil conflict was over, many communities that had been displaced by 

the war had the option to return to agriculture and chose to move into the large tracts of protected 

land in the Peten Region removing the forestland there (Shwartz 1995).  

In El Salvador, migration to the US provided a more attractive option than returning to 

subsistence agriculture. This can be seen in the increase in the number of emigrants 1990s even 

after the conflict ended. The rise in urban employment in industry and construction during the 

post-war years may have also helped to refrain a portion of the population from returning to their 

farm plots. 

The results of this study also indicate that the income from remittances has also played an 

important role in the Salvadorian forest transition process (Chapter 3). The municipalities 

receiving more remittances were more likely to regain forest cover than those with less. This 

supports the hypothesis that income options are important in perpetuating forest transition by 

lesseing the need for subsistence agriculture in marginal lands. 

Another factor of globalization that could have affected the loss of interest in agriculture is 

the influx of cheaper agricultural products from abroad. A cut on agricultural subsidies by the 
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government after the civil war (Faber1993; Paige 1999; Utting 1994) may have made the 

cultivation of beans and maize less attractive for farmers. An influx of cheaper grains, meat and 

dairy products from abroad may have also played a part in discouraging production. Klooster 

(2003) found the northern parts of Mexico to have undergone similar processes due to the 

competition with low prized US maize. 

Climate Change and Forest Transitions 

One relevant factor that this study found had significant effects on forest cover changes 

was climate. Ziervogel et al (2006) relate climate change to food insecurity which can lead to 

changes in land use. The results of this study (Chapter 5) indicate that indeed forest cover 

regeneration in El Salvador may have to do with interannual variability in precipitation. The 

irregularity in rainfall from one year to another increased the probability of land being 

abandoned and left to regenerate. While the impacts on forest cover and the benefits that are 

brought about by this can have a positive impact on the country as an ecosystem, the 

abandonment of land can also be seen as signe of increasing in poverty and risk for farmers.  

Areas with high variability in precipitation, particularly those brought about by the cold 

phase of El Niño Southern Oscillation seem to be more vulnerable to abandonment. The results 

indicate that climate may have had an impact as significant as the civil war in certain areas of the 

central valley in starting, and probably perpetuating the forest transition process. 

The data from El Salvador supports the thesis that climatic variability causes food 

insecurity and may be the cause for land abandonment and migration. Many of the climatic 

change scenarios (IPCC 2001) indicate that climate will likely become increasingly variable. It is 

possible that places dependant on rain-fed agriculture will be likely to experience forest 

transitions as a result of climate change. Knowing where these vulnerable areas may be a tool for 
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governments and international organizations to better plan for the most efficient management of 

the impacts of climate change. 

Evidence has been found that food insecurity due to climate change may increase the 

probability of violent conflict (Barnett and Adger 2007). Although the results of this study 

cannot directly relate the civil conflict and poverty to climatic variability, the fact that all of these 

variables coincide spatially and are all related to land abandonment may indicate that all of these 

factors are connected. The occurrence of forest regeneration may have beneficial aspects in the 

ecological and hydrological systems of a country, but could also be viewed as sign of risk and 

increasing poverty resulting from globalization and climate change. Countries undergoing these 

changes should take into consideration these possibilities and take preventive measures to reduce 

food insecurity or create alternative employment opportunities for the inhabitants of these areas.  

Impact of Spatial Factors on the Distribution of Forest Regeneration 

The results indicate that roads and accessibility play a key role in forest regeneration as 

they do on deforestation. Past research regarding the spatial probabilities of forest cover removal 

(Martens and Lambin 2000; Geogheghan et al. 2001, Serneels and Lambin 2001; Verburg et al. 

2002; Veldkamp and Fresco, 2001) indicate proximity to roads are a key factor in deforestation. 

Access to roads had an inversely proportional effect on the probabilities of reforestation (Chapter 

4). However a comparison of the magnitude of the coefficients of logistic regressions relating 

these variables indicates that the proximity to roads is more relevant to deforestation than it is to 

reforestation. Other factors besides accessibility are more important on determining the 

probabilities of reforestation.  

One such factor is the  proximity to existing forest. The probability of forest cover 

regenerating was significantly higher in places in close proximity to existing forest patches 

(Chapter 4). This implies that even if the social and economic conditions are appropriate for 
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forest transitions to happen, the presence of forest fragments as sources of seeds and dispersers 

plays a key role in accelerating forest regeneration. If no seed sources are available, abandoned 

lands were found to be more likely to remain as scrubs or savannahs instead of reverting to 

forests. It is very likely that the diversity of new forests will be related to the proximity to forest 

remnants and the diversity within these. 

Another factor that increases the probability of forest regeneration is low soil fertility, high 

slopes and poor access to irrigation. Just as in forest transitions due to economic development, 

transitions due to globalization manifest themselves first in the more marginal lands. In 

developing countries farmers practicing rain-fed, subsistence agriculture are likely to be the ones 

with more risk of food insecurity and likely to abandon their lands in favor of other sources of 

employment. 

Implications of Forest Transitions Resulting from Globalization in Small Developing 
Countries 

It is of high importance for governments of countries undergoing forest transitions to 

monitor this process. For one part to quantify the benefits and opportunities these new forest may 

bring to its population, but also to understand the underlying social causes of these transitions 

and the risks these may present. 

The increment in forest area brings many benefits to a country’s ecological support system. 

It is important for governments to acknowledge and keep track of the distribution of these forests 

and the economic value they have in increasing water infiltration, flood mitigation, reduction 

erosion and sedimentation of dams, carbon dioxide sinks, and wildlife habitat. All these values 

often go unacknowledged and their inclusion in the economy could serve as an income for 

people owning lands in the marginal areas where forest transitions tend to happen. 
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Direct economic benefits can also be obtained by efficiently managing new forests. 

Control over the diversity and composition of these forest, management to promote the 

regeneration of commercially valuable species, as well as promoting aforestation with 

commercially valuable species can help make the forest transition a source of income for land 

owners in marginal areas. Another opportunity forest transitions pose is the integration of these 

into a carbon offset market, whereby land owners may receive an additional income from foreign 

companies for the carbon that is being fixed by these secondary forests. Finally, conservation 

efforts in countries with forest transitions can greatly benefit from knowing which lands are more 

likely to remain unused as the forest transition continues. The concentration of protection efforts 

in places where there is little demand for farmlands may help the success of conservation 

programs.  

Besides the opportunities new forest present. Countries such as El Salvador, where 

globalization is the main cause of forest transitions, should beware certain social problems that 

may lie behind this increase in forests. Under these conditions, increments in forest cover may be 

indicators of poverty, food insecurity, or lack of employment opportunities. Knowing the 

location and reasons underlying land abandonment may help manage and focalize development 

efforts to improve living standards in the area. 

The monitoring and understanding of forest transitions associated with globalization could 

ideally lead to a shift towards the path of economic development. Using forest transitions as a 

means to create economic growth through timber production, payment of environmental 

services, conservation and tourism, may lead to improve livelihoods and perpetuate the existence 

of these new forests. 
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