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Protected-Area Effectiveness near Dynamic Colonization Zones:
 

Forest Clearance in and around Amboró National Park, Bolivia

Abstract

Protected natural areas are important reserves for biodiversity, and in the tropics, often play a 

role in deterring deforestation. This paper evaluates the effectiveness of a protected-area with a 

two-tiered management regime in Bolivia, Amboró National Park and Integrated Management 

Natural Area (IMNA), in deterring clearance of forest. Four satellite images from Landsat 

Thematic Mapper (TM) and Enhanced Thematic Mapper Plus (ETM+) from 1986-2006 were 

used to measure land-cover changes within the park, the upland (>1000 meters) and lowland 

(<1000 meters) IMNA, and a five-kilometer buffer around the protected area's boundary. While 

area within the park experienced very little deforestation (-0.05%/year) from 1986-2001, the 

lowland IMNA experienced a much higher rate of deforestation (-1.05%/year) from 1986-2006, 

which was slightly lower than the rate in unprotected buffer. Other lowland non-protected 

regions surrounding the park experienced high rates of deforestation as well. Topography and the 

lack of roads within the National Park seem to be the reason for the heretofore successful 

protection of the park itself, but there is some evidence that the boundary does act to deter forest-

clearance. The results are discussed in relation to similar protected-areas throughout Latin 

America. Additional analysis and discussion focuses on areas of concern for Amboró, as well as 

other measures of protected-area effectiveness. Finally, this study poses fundamental questions 

about the impact of protected areas in areas with a significant human presence, such as Amboró.
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1. Introduction and Research Question

Deforestation in the tropics threatens important natural ecosystems. Bolivia's Amboró 

National Park, situated in fast-growing Santa Cruz department, is an important natural area 

which possesses  significant biodiversity as well as a large number of endemic species. This park 

extends from the lowland forests of Bolivia to the more arid highland Bolivia, but is primarily 

composed of montane tropical forest ecosystem on the steep slopes of the eastern Andean flank. 

The park was established in 1973, but was significantly expanded in 1991, when borders were 

demarcated. However, with increasing human pressures on the ecosystem, a new management 

plan was established in 1995, effectively creating a "multiple-use zone," known as an Integrated 

Management Natural Area (IMNA), and an official park boundary, known as the "red line" 

(Paquet et al, 2005). Though the protected-area has a significant human presence on both the 

northern (lowland) and southern (highland) borders, the pressures are very different due to 

differences in topography, culture, industry, and agriculture in the two respective areas.

The creation of a park for protecting important ecosystems is a common strategy. 

However, the effectiveness of a park in deterring deforestation is dependent on many factors, 

including accessibility of the land, natural resources found in the area, enforcement and 

demarcation of the park boundary, the local inhabitants' attitude towards the park, and population 

growth in the surrounding area, among others. Despite these localized factors, the quantitative 

measurement of land-clearance in these areas is important beginning measure for determining the 

effectiveness of protected areas as a conservation strategy (Nagendra 2008, 330). Harini 

Nagendra, in a meta-analysis of protected area land-clearance studies, noted that studies of 

protected-area effectiveness usually are carried using two distinct methods (2008). The first 

2



analyzes land-cover changes within a protected area relative to a nearby, unprotected area, while 

the second compares rates of clearance prior to and after the creation of the protected area. 

Nagendra (2008, 332) concludes that a combination of both approaches (Sanchez-Azofeifa et al. 

2002; Gaughan et al. 2009; Songer et al. 2009) is usually most effective for interpreting the 

effect of protected areas on land-clearance.

 This paper will examine the spatial and temporal land-clearance patterns in Amboró 

National Park, the IMNA, and unprotected land which surrounds these areas from 1986-2006, 

using a series of remotely-sensed images from Landsat TM and ETM+ sensors. Results and 

discussion will focus on where, when, and why deforestation has taken place. In determining 

rates and patterns of deforestation in and around Amboró, the effectiveness of the unique two-

tiered management strategy (park and IMNA) can be analyzed, and deforestation rates in 

unprotected lands will offer a comparison to the protected areas. Temporal trends will also be 

examined to reveal if the park boundary establishment (1991) had an effect on deforestation 

rates. Finally, areas of the IMNA and buffer below and above 1000 meters will be compared, to 

determine the difference in "lowland" and "upland" forest-clearance. This landscape-scale study, 

in contrast to a national study or regional studies, will allow for baseline data which can help to 

understand the complex interactions between local populations and the tropical landscape 

(Sanchez-Azofeifa 2002). In addition, this study meets one of the Amboró protected area's 

"priorities for future research" as identified by ParksWatch, an NGO headquartered at Duke 

University, which carried out field research at the park in 2004 (Paquet et al., 2005; pg 30).

Remotely-sensed imagery allows for interpretation of patterns of deforestation, yet it 

explains little of the processes which drive this land-cover change. A second objective of this 
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paper is to examine the processes which may be acting to affect the patterns that emerge in and 

around Amboró, focusing on their relevance to the protected-area's "effectiveness." Finally, a 

broadened discussion of other measures of protected-area effectiveness will examine issues not 

commonly addressed by remote-sensing, and how these issue relate to Amboró and the 

surrounding area.

Previous studies of deforestation including Amboró National Park have been part of 

larger country or department-scale studies (Killeen et al. 2008; Steininger et al. 2001, Mertens et 

al. 2004; Kaimowitz et al. 2002). While region-scale studies have been done in Cochabamba 

department to the immediate north-west (van Gils et al. 2006; Bradley et al. 2008), a thorough 

park and surrounding-area study has not been done for Amboró, and this study will fill that need.

Deforestation in the Tropics

Anthropogenic alteration of natural landscapes occurs where humans are present, who 

modify the natural ecosystems in which they live. In naturally forested areas, deforestation is the 

primary human modification of the natural landscape. Deforestation in the tropical regions of the 

world has occurred throughout history, though rates drastically increased throughout modern 

history, along with a growing human population and the subsequent colonization of sparsely 

populated lands, such as the Amazon Basin of South America. While the vast forests in the 

world's largest river's basin had experienced some deforestation prior to European arrival, 

modern deforestation in Amazonia was spurred on by rubber plantations and agricultural 

colonies in the late 19th century (Fearnside 2007). Road building throughout the 20th century 

and agricultural expansion further contributed to subsequent deforestation in tropical locales 
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around the world. A recent study placed the worldwide annual rate of tropical deforestation at 

-0.53%, a net loss of 5.8 million hectares per year, which far outpaces the rate of regrowth, one 

million hectares (Achard et al. 2002, pg. 999). Even more recently, the United Nation's Food and 

Agricultural 

Organization (FAO) 

estimated world net 

forest loss at 5.2 million 

hectares/year, for the 

period from 2000-2010, 

with most actual forest 

loss in the tropics. This number is significantly reduced by afforestation in mid-latitude regions 

(FAO Global Forest Resources Assessment, 2010, pg. 3). A summary of deforestation rates for 

selected regions of interest are found in table one.

Road building, logging, and agricultural expansion, with the subsequent ranching, large 

and small-scale agriculture, and the fires that accompany this expansion, are commonly cited as 

the most important direct drivers of modern deforestation in Latin America (Sader 1995; 

Veldkamp et al. 1997; Lawrence et al. 1998; Curran et al. 2004; Arima et al. 2007; Ewers et al. 

2008). However, these direct drivers are often influenced by one or more "indirect drivers" 

which act to influence the rate of deforestation (Millennium Ecosystem Assessment 2005). 

Among these indirect drivers are population growth (Sader 1995; Rosero-Bixby et al. 1998), 

market prices of agricultural products (Veldkamp et al. 1997; Arima et al. 2007), government 

debt (Kahn et al. 1995), government economic strategy (Pacheco 2006), and insecure property 
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Region Range of study Source
World -0.15% 2000-2010 FAO, 2010
Humid tropics -0.43% 1990-1997

-1.10% 1981-1990 FAO, 1993
Latin America -0.33% 1990-1997
Bolivia -0.35% 1976-2004

-0.58% 1989-2000 Pacheco et al. 2004

-4.56% 1990-1998

net 
deforestation 
rate (%/year)

Archard et al. 2002
Tropical hill and 
mountain

Achard et al. 2002
Killeen et al. 2008

Santa Cruz 
department, Bolivia
Tierras Bajas 
region, Santa Cruz Steininger et al. 2001

Table 1: Annual net rates of deforestation in selected regions. See  
appendix 2 for notes regarding calculation of deforestation rates.



rights/land tenure (Deacon 1994; van Gils et al. 2006). Indirect drivers act on multiple spatial 

and temporal scales, and specific landscape-scale drivers contribute to land-clearance in 

localities throughout the tropics. Studies at the sub-national or sub-regional scale can help to 

determine the effect of these localized direct and indirect drivers (Sanchez-Azofeifa 2001, 379).

Tropical forests, despite only covering around 6% of the earth's land surface, are thought 

to contain around 50% of the earth's species (Foody et al. 2003, 1054). Rapid conversion of 

tropical forest to other land uses in the tropics has detrimental effects on these rich eco-systems 

at many spatial scales. Removal of forest contributes to soil erosion, lowering the water quality 

in deforested localities as well as downstream (Uusivuori et al. 2002). Locally, ecosystem 

structure is altered, resulting in habitat degradation and loss of biodiversity (Young 1998, 84-89). 

Forest fragmentation reduces formerly suitable habitat to patches, contributing to extinction of 

both flora and fauna, especially those intolerant of edge habitat (Young 1998, 85). In montane 

tropical forests, deforestation can hinder natural migration of species to or from lowland areas, a 

common response to changes in climate (Bush 2002). On a larger scale, high rates of 

deforestation in the tropics have made the tropical forest biome a net emitter of carbon, 

contributing around 15% of total carbon emissions to the atmosphere (Dixon et al. 1994, 187). 

Forested landscapes in the tropics are able to sequester much higher amounts of carbon than the 

agricultural landscapes which usually replace them. This factor, along with forest burning, 

contributes to this imbalance (Skole et al. 1993, 1905). 

Tropical forest conservation

The combination of global ecological importance of tropical forests and the continual 
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threat of deforestation has led many tropical countries, often with the encouragement of 

conservation organizations, to designate particularly significant forests for protection. Around 

3.5% of tropical forests have protected status (Foody et al. 2003, 1054). This status, however, 

does not guarantee that an area will not experience deforestation. Managers generally have little 

or no influence on land-use decisions outside the protected-area, leading to land degradation just 

outside their boundaries (DeFries et al. 2010).  Lack of funds and poor enforcement of protected-

area laws and boundary enforcement can cause some protected areas to experience ecosystem 

degradation within their boundaries, a particular problem in the tropics (DeFries et al. 2010, 2). 

However, in relation to nearby unprotected lands, protected areas compare favorably (lower land-

clearance rates) in most cases (Bruner et al. 2001; Nagendra 2008). Not surprisingly, factors such 

as a higher density of guards, better boundary demarcation, and compensation programs for local 

residents correlated with lower levels of land-clearance in protected areas (Bruner et al. 2001, 

126).

The creation of a protected-area with multiple land-use designations, such as Amboró, is 

not a new approach. Protected-area "core" areas are commonly surrounded by managed "buffer" 

zones with more intensive land uses, which often are used to improve conservation in the 

protected area and reduce negative effects of the area on the nearby population (DeFries et al. 

2010, 2). Whether these areas are termed buffers, multiple-use zones, resource management 

areas, or Integrated Management Natural Areas, they are a prime example of human-environment 

interaction, and will play an important role in the success of a protected area. However, the 

limited success of this management strategy  (in practice) has made it clear that further research 

on the topic is sorely needed (Martino 2001, DeFries et al. 2010). 
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2. Background - Bolivia's forests and land-cover change history

Bolivia's forests

Forest covers approximately 45.5% of the total land area of Bolivia, 80% of which is 

lowland tropical forest of the Amazon Basin (Steininger et al. 2001, 127). Bolivia ranks sixth 

among all countries in total area of tropical forest (Kaimowitz et al. 1999). The rugged Andes 

mountain chain bisects the country, separating western upland Bolivia from eastern lowland 

Bolivia, known as the Oriente. It is on  eastern slopes of the Andes that the "naturally 

unfragmented" contiguous forests of the Amazon basin reach their terminus, at around 3500 

meters in elevation (Young 1998, 76). Thus, the tropical forests of Bolivia can be very broadly 

categorized into three types: eastern lowland (both dry and wet), montane unfragmented, and 

montane fragmented, 

which is found in the 

higher, drier western 

portion of the country 

(see figure 1). The 

unfragmented 

montane forests of the 

eastern slopes of 

Bolivia are found in a 

narrow strip through 

the center of the 

country, and include a 
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Figure 1: Natural Vegetation regions of Bolivia. (U.S. Central  
Intelligence Agency, 1971).



strip of cloud forests (known locally as Yungas) found in the steep valleys of the eastern flank of 

the Andes, from around 1800-3000 meters (Bush 2002, 466). Dry lowland forests are found in 

the south-eastern portion of the country, in the Gran Chaco region (Killeen et al. 2008).

It is in this narrow corridor on the eastern Andean flank where extremely bio-diverse 

forests are found (see figure one, "mountain forest" region), a result of the highly variable terrain 

and humid climate. In general, these uplands of western Amazonia have often been distinguished 

as one of the most bio-diverse regions in the world, if not the "global epicentre of biodiversity" 

(Myers 1988). For example, Manu Park in southern Peru holds around 8000 plant species, 200 

animal species, and 900 bird species (Myers 1988, 194). Many of these species are endemic, 

adapting throughout natural history to specific elevation gradients in the steep valleys and slopes 

of the eastern flank 

(Bush 2002). Amboró 

National Park is part of a 

bi-national conservation 

effort focused 

specifically on the 

montane forests of the 

eastern flank, the 

"Vilcabamba-Amboró 

Conservation Corridor," 

(figure 2) which was 

formed in 2000 (Ervin et 
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Figure 2: Vilcabamba-Amboró Conservation Corridor, showing the  
extensive coverage of protected lands in the area. Amboró is at the  
south-eastern terminus of the corridor. Map: Carlos Ledezma.



al. 2010). This area reaches from Vilcabamba mountain range of southern Peru to Amboró, the 

southern terminus, and is home to 145 globally threatened species, as well as an estimated 6,000 

plant species, while also being home to around one million people (Ervin et al. 2010, 53). 

Because of this, there is a continual threat of deforestation for these mountain forests, which 

among all forest types had the highest rate of clearance from 1981-1990, at 1.1% per year 

(Echavarria 1998, 101).

Modern Bolivia

Bolivia is a landlocked country in central South America. It is the fifth largest country by 

area in South America, though its population was measured at only 8.3 million in 2001 (up from 

6.4 million in 1992), resulting in a relatively low population density. However, similar fast rates 

of growth are projected for 2010, when the country is expected to have 10.4 million inhabitants 

(Instituto Nacional de Estadistica (INE), 2010). Bolivia's ethnic demographics are unique among 

Latin American countries, in that over half of the population is indigenous (primarily Quechua 

and Aymara), with the remaining 45% being mestizo or white (CIA World Factbook, 2010). 

Bolivia has abundant natural resources, significant oil and gas reserves (the largest in South 

America) and many mineral resources, making mining historically important economic sector 

(Ibisch 2005). Despite this, the country has the lowest per-capita gross domestic product (GDP) 

in South America, and one of the lowest in Latin America (CIA World Factbook, 2010). 

Early modern history

The indigenous majority of Bolivia is primarily made up of descendants of Andean 

10



highland cultures, where an extensive and rich cultural history exists, with the Inca civilization 

only being the most recent in a line of powerful pre-Columbian empires of the Andean highlands 

(Fifer 1972). Spanish Conquistadors conquered the Inca in 1553, and subsequently colonized 

most of the Andean region, focusing on the rich silver mines of the Bolivian highlands. Spanish 

colonial rule ended in 1825, after a 16-year war for independence (Fifer 1972). 

At that time, Bolivia's borders extended well beyond their current locations, despite the 

majority of the population inhabiting the Altiplano, a high, broad inter-Andean plain in the 

western third of the country. Bolivia had access to the Pacific Ocean, at an area around modern-

day Antofagasta, Chile. The modern-day state of Acre, Brazil was also Bolivian territory, along 

with parts of the Gran Chaco, a dry lowland region which is now part of Paraguay. Bolivia's 

coast was lost following the War of the Pacific with Chile in 1884. The state of Acre, after a 

series of failed secessions, was absorbed by Brazil in 1903. Finally, parts of the Chaco were lost 

to Paraguay following the particularly bloody Chaco War in the early 1930s (Fifer 1972). These 

losses, especially those of the sparsely populated regions of eastern Bolivia, made it evident that 

Bolivia lacked sovereignty in these eastern lowlands. This led to several largely unsuccessful 

government-sponsored colonization attempts starting in the 1920s, including one involving a 

group of American farmers from Oklahoma (Fifer 1972). In the 1930s and 1940s, the Bolivian 

government began to encourage migration from internal and external sources in earnest, 

including relocation of some of their highland population to the eastern lowlands. Their aims 

were greater Bolivian self-reliance through agricultural intensification in these lowlands, 

alleviating highland overpopulation, and protection from neighboring countries (Painter 1994, 3).
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Colonization of Eastern Bolivia

While lowland Bolivia in Cochabamba and Santa Cruz departments was certainly not 

devoid of inhabitants prior to the 1940s, population was low, and comprised primarily of 

indigenous peoples (primarily Guarani), Spanish colonists, Jesuit missionaries, and German 

entrepreneurs who controlled import/export houses in the city of Santa Cruz (Gill 1987). 

Following a major revolution in 1952 which focused on import-substitution of agricultural 

products, there was major impetus to expand agriculture in the lowlands, both large and small-

scale. A U.S.-sponsored road from Cochabamba to Santa Cruz (the "old" Cochabamba-Santa 

Cruz highway, see figure three, pg. 13) was completed in 1954 and paved in 1956, along with 

encouragement of the sugar and petroleum industries (Gill 1987, 37). Foreign colonists from 

Italy and Japan, as well as large groups of Mennonites, settled with the aid of the Bolivian 

government. While the revolution of 1952 included land reform which was supposed to bring 

about more equal distribution of the land and open up the Oriente for all Bolivians, most of the 

national aid in the 1950s-1960s went to large-scale agriculture, and not to colonization programs 

for highland Bolivians (Gill 1987, 42). Because of this, many of the native Bolivians who came 

to Santa Cruz department worked on the farms of large landholders, hoping to eventually 

establish their own farms on the frontier. Some of the highland settlers were able to form 

"syndicates" which consolidated their claims to the land. While foreign colonists settled 

primarily around the city of Santa Cruz and practiced large-scale agriculture in the flat lowlands, 

highland colonists settled in a more dispersed pattern along the periphery of the growing 

agricultural zone around Santa Cruz, where untitled land was available (Gill 1987, 73). Conflict 

between primarily indigenous peasants and non-native landowners became a common 
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occurrence in lowland Bolivia, due to conflicting land titles and claims (Gill 1987).

With increasing ease of travel from the highlands to the lowlands, the lowland areas of 

Santa Cruz and Cochabamba departments have had very high population growth rates since the 

1950s, along with high deforestation rates. Renewed government support from the late 1960 to 

the early 1980s for the colonization of native Bolivians from the highlands occurred along with 

the development of a "new" Cochabamba-Santa Cruz highway, opening up a new frontier along 

the base of the Andean flank (see figure three). Following another agricultural reform in 1985 

which favored the export of agricultural products (an in turn, larger farms), deforestation 

increased exponentially in the area surrounding Santa Cruz (Pacheco et al. 2004, 32). However, 

this also led to fewer government agricultural colonization schemes for small-scale farmers, and 

migration to the "new frontier" slowed (Mertens et al. 2004, 274). Continued migration to the 

city of Santa Cruz helped it surpass the capital, La Paz, as the largest city in Bolivia in the mid-

1990s, and it continues to be one of the fastest growing cities in Latin America and the world, 

with a 3.6% increase in population per year (INE 2010). This rapid growth, coupled with 

agricultural expansion has also made the area around the city of Santa Cruz one of the global 

"hotspots" of tropical deforestation (Steininger et al. 2001). Santa Cruz is situated about 30 

kilometers east of the boundary of Amboró National Park, and as an economic center of 

influence, plays an integral role in land-use decisions in the area.

Land colonization and "two-front" deforestation around Amboró

With most of the large-scale agriculture in Santa Cruz department situated to the east of 

Amboró, the protected area has primarily been impacted by frontier expansion of small-scale 
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agro-colonists from the highlands, following the two highways connecting Santa Cruz and 

Cochabamba, along with the smaller roads originating from these highways (see figure three). 

This "two-front" deforestation is common for montane forests of the eastern Andean flank, and is 

associated with the "old and new frontiers" of highland and lowland (respectively) human 

settlement patterns in the region (Young 1998, 79). A tell-tale sign of the transition of migration 

routes from upland to lowland around Amboró is the current state of the "old" highway, which 

has returned to gravel and is no longer a major transportation route (Paquet et al. 2005, 10).

The common result of this two-frontier deforestation in the Andes is a narrow strip of 

unfragmented montane forest at intermediate elevations, with highly fragmented forests in 

highland and lowland areas of human settlement (Young 1998). This fragmentation, especially in 

the lowland region, prohibits species exchange between montane and lowland tropical forests, 

heightening the potential impact of climate change on ecosystem biodiversity by limiting species 

migration (Bush 2002). Likewise, the anthropogenic effect of deforestation frontiers on flora and 

fauna similarly work to reduce biodiversity in the remaining forest through processes such as 

hunting, mining, and harvest of forest resources. Legal protection of the large remaining tracts of 

unfragmented forests, such as Amboró, continues to be the best strategy for protecting these 

important landscapes from continuing human expansion and influence (Young 1998, 89; Bruner 

et al. 2001).
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Figure 3: Detailed Map of the Study Area.



3. Study area - Amboró National Park and IMNA

Amboró National Park was founded in 1973, originally named the Colonel German 

Busch Natural reserve. Situated at the "elbow of the Andes," where the cordillera takes a 

southward turn, the area is at the crux of three major eco-regions- lowland tropical forest, humid 

montane cloud forest, and the Chiquitano dry forests, which extend into southeastern Bolivia. 

The protected area's limits were determined in 1984, with an area of 180,000 ha (Paquet et al. 

2005, 17). In 1991, the area's borders were expanded significantly to an area of 637,000 ha, with 

little warning to established local populations, including private landowners. This expansion was 

very controversial, and led to a redefinition of the protected area's use zones in 1995, when the 

Integrated Management Natural Area (IMNA) was created. The national park at this time 

covered an area of 442,500 ha, with the IMNA covering the remaining 195,100 ha, and these 

boundaries have remained relatively constant to the present (Paquet et al. 2005, 18). The national 

protected area, like all in Bolivia, is managed by the government agency SERNAP (Servicio 

Nacional de Areas Protegidas), but receives most of its funding from international sources 

(Paquet et al. 2005, 5). 
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Figure 4: Forested landscape in northern Amboró National Park, near the boundary. (Photo:  
David Bucklin)



The park itself (excluding the IMNA) is strictly protected by law, for "permanent 

protection of representative samples of ecosystems or biogeographic provinces and the plant and 

animal species, as well as the geomorphological, scenic or landscape values that they harbor" 

(CARE-WCS 2003, 20). It is listed by International Union for the Conservation of Nature 

(IUCN) as a category II "National Park - managed mainly for ecosystem protection and 

recreation" (IUCN 1994). Like the larger east Andean eco-region, Amboró has abundant 

biodiversity. For example, the park contains more reptiles than any other protected area in the 

world, and is in the top three for documented amphibian and bird species (Paquet et al. 2005, 

16). Due to the remoteness of the park's core, relatively little research and documentation of 

species has taken place, and even higher species counts are expected. Among the more well-

known vertebrate species documented in the park are the Andean spectacled bear, jaguar, puma, 

ocelot, tapir, and peccary (Paquet et al. 2005, 16). Notable flora include bigleaf mahogany, 

mountain pine, and several species of giant ferns in the cloud-forest region (CEBEM 2003).

The IMNA, as a buffer for the national park, is an area created to "harmonize the 

conservation of biological diversity with the sustainable development of the local population" 

(CARE-WCS 2003, Article 25) - similar to an IUCN category VI "Managed Resource Protected 

Area" (IUCN 1994). The IMNA also holds great ecological and environmental value, and 

harbors some ecosystems which are distinct from the park. In a species survey, 1200 vertebrate 

species and 109 fish species were found in the lowland IMNA alone (Paquet et al. 2005, 16), and 

fish diversity is significantly higher in the lowland areas below 1000 meters (CEBEM, 2003), 

where the IMNA is found. Because Amboró National Park and IMNA are part of the watershed 

for the city of Santa Cruz, the largest city in Bolivia, the maintenance of water quality is 
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important, and watershed protection is singled out as one of the management objectives for the 

protected area (Paquet et al. 2005, 7). The headwaters of Rio Pirai, which flows just west of the 

city, is found in the south-eastern portion of the park and IMNA.

Land ownership in and around Amboró

Area within the park red-line is almost exclusively public land, though some communal 

pastureland claims in the southern part overlap with park boundaries (Paquet et al. 2005, 19). A 

census in 2001 counted 19,000 inhabitants in the IMNA. Population in the lowland portion of the 

IMNA is primarily the result of the expansion of the lowland agricultural frontier beginning in 

the 1960's, with farmers initially receiving plots of 20-30 ha (Theile 1995, 275). Highland 

portions of the IMNA have both long-established communities as well as newer agro-colonists 

from the Altiplano who arrived following labor shortages there (Paquet et al. 2005, 23). In the 

IMNA, most of the land is privately owned, though only 50% of families have a legal title to 

their land (Paquet et al. 2005, 19). While many colonists may have obtained a legal right to their 

land as part of the government colonization program, poor soils encouraged clearance beyond the 

initial 20-30 ha, and the process for obtaining land title is very complex (Theile 1995, 277). Only 

2.6% of the larger colonization zone around the northern portion of Amboró was allocated as 

forestry concessions prior to 1989 (Mertens et al. 2004, 281); however, this was reduced to zero 

by 2000 (Pacheco et al. 2004, 37).

Local attitudes toward the park and IMNA have been varied throughout its 37-year 

history. In 1984, settlers along the government-sponsored colonization front protested the 

boundary establishment, as well as the expansion of the park in 1991, which made existing 
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settlers and their practices illegal due to the level of park protection (Paquet et al. 2005, 39). 

This, along with continuing colonization and land clearance, is what led to the creation of the 

IMNA in 1995, where rangers had jurisdiction and could facilitate "sustainable development 

practices" (Paquet et al. 2005, 40). Though negative local attitudes were prevalent following the 

expansion of the park, some local residents and organizations protested oil exploration in the area 

in 2001, effectively blocking the industry from exploiting known oil reserves within the park 

boundaries (Paquet et al. 2005, 41).

Threats to the Amboró ecosystem 

Small-scale farming is the primary threat to the ecosystems in and around Amboró 

National Park. The influx of new colonists to the area since the late 1960s, described earlier, has 

resulted in clearance of native forest for subsistence agriculture (Killeen et al. 2008, 600). The 

soils are generally poor, resulting in a shifting cultivation pattern to allow for fallow periods for 

exhausted lands (Mertens et al. 2004, 282). In the upland IMNA, a variety of crops are 

cultivated, while livestock-raising and beekeeping are also important economic activities (Paquet 

et al. 2005, 25). Crops grown in the lowland IMNA areas include rice, pineapple, citrus, bananas, 

and coca, with livestock-raising also an important activity (van Gils 2006, 82). Coca deserves 

special mention, as it is a native crop to the Andes, and is commonly consumed in leaf form by 

natives, primarily those who live in the higher elevation areas of Bolivia. However, it is also the 

main ingredient in cocaine paste, and because of this, coca's cultivation in new colonization 

zones (non-traditional growing areas) is limited by Bolivian law. Coca was brought to the lower 

elevation regions of Bolivia by new colonists from the highlands, and is one of the main sources 
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of income for many peasant farmers (Painter 1994; Bradley et al. 2008). Due to both legal and 

illicit growing and trafficking of the crop around the region, as well as the eradication efforts of 

the Bolivian government, coca plays an intricate and complex role in land-clearance in the region 

(Bradley et al., 2008). Killeen et al. (2007, 603) noted that Bolivian protected area deforestation 

rates were highest near coca cultivation zones, including Amboró National Park, and it has also 

been suggested that these remote areas may offer sanctuary for illegal coca growing or cocaine 

processing. However, most coca cultivation in Bolivia occurs in the Chapare region of 

Cochabamba, to the north-west of Amboró (Painter 1994), and this problem is more notable near 

Carrasco National Park (Paquet et al. 2005).

Other specific land-uses affecting the park's ecosystems include small-scale logging, 

commercial hunting, uncontrolled tourism, and coal production. Oil exploration has been 

proposed, though it has yet to materialize, as discussed earlier (Paquet et al. 2005, 8). A small 

amount of sanctioned eco-tourism has been established in both the south and north zones of the 

park, and the tourism industry (both sanctioned and un-sanctioned) is expected to continue to 

grow (Paquet et al. 2005, 29).

4. Remote sensing of vegetation with Landsat

Remote sensing allows for data collection on remote areas, and is a key tool for 

quantification and mapping of changes on the earth's surface, both natural and anthropogenic 

(Echavarria 1998, 100). Satellite imagery is a common medium used in remote sensing and 

allows for accurate and repeatable representations of the earth's surface. The Landsat satellite 

program, managed by NASA, consists of seven satellites which have been collecting imagery 
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from space since 1972. On-

board each of these 

satellites is a multi-spectral 

scanner, which collects 

surface reflectance data 

across several different 

bands of electromagnetic 

wavelengths. Landsat four, launched in 1982, was the first satellite to carry the Thematic Mapper 

(TM), which has a ground-projected instantaneous field-of-view (IFOV) of 30 meters for bands 

1-5 and 7 (see table two). Since that date, a continuous library of imagery at the 30-meter 

resolution has been accumulated, with a temporal resolution (return time) of 16 days at the 

equator. Landsat satellites five and seven remain operational, though a problem with Landsat 

seven's scan line corrector in 2003 has restrained its functionality (NASA Website 2010).

Because of the relatively high spatial resolution, global coverage, extensive temporal 

range, multi-spectral capability, and free availability of Landsat satellite data, it has become a 

useful tool for regional and sub-national scale land-cover change studies such as this one (Sader 

1995; Sanchez-Azofeifa et al. 2002; Kojima et al. 2006; Lu et al. 2007; Gaughan et al. 2009). 

The seven spectral bands of the Landsat TM and ETM+ (Enhanced Thematic Mapper) range 

from the visible spectrum (bands 1-3) to the near, middle, and thermal infrared (bands 4-7). 

These bands were specifically developed for their usefulness in identifying and differentiating 

between a wide variety of land-covers (Jensen 2007, 204). Reflectance measurements for each of 

these bands are used to help classify land-cover. For vegetation studies, Landsat's near and 
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Wavelength range
1 Blue
2 Green
3 Red
4 Near IR
5 Middle IR
6 Thermal IR
7 Middle IR

Landsat TM and ETM+ 
band number

Electromagnetic 
spectrum region

.45-.52 µm

.52-.60 µm

.63-.69 µm

.76-.90 µm
1.55 –1.75 µm
10.4-12.5 µm
2.08-2.35 µm

Table 2: Selected spectral bands of Landsat Thematic Mapper (TM) 
and Enhanced Thematic Mapper (ETM+)



middle infrared bands have proven to be the most useful (Salovaara et al. 2005, 40); however, 

each spectral band has a particular response to vegetation which can be useful in land-cover 

studies. For example, healthy vegetation has a strong reflectance in band four, where 

approximately half the the incident radiant flux is reflected, while the visible blue and red bands 

(one and three) are absorption bands for vegetation, and reflectance is much lower (Jensen 2007, 

205). In areas of tropical forest and agriculture, delineating cropped areas from tropical forest is 

dependent on the type and phenological cycle of the cultivated crop, and whether bare ground is 

visible to the satellite. This study will make use of all bands in the visible, near infrared, and 

middle infrared bands of Landsat (bands 1-5 and 7) to determine areas of primary, or "closed" 

forest, bare soil, and areas of agricultural land-uses (including degraded, or "open" forest).

5. Methodology

Data sources and image pre-processing

Boundary polygons for Amboró National Park and IMNA were downloaded from the 

World Database of Protected Area (IUCN and UNEP, 2009). This file was opened in a 

Geographic Information System (GIS). A five-kilometer buffer was created starting from the 

outermost boundary of either the park or IMNA, which represents "unprotected land" and allows 

for comparison with the "protected" lands (the park and IMNA). A 90-meter spatial resolution 

digital elevation model (DEM) was downloaded from the the CGIAR Consortium for Spatial 

Information (Jarvis et al. 2008). This allowed for delineation of lowland (< 1000 meters above 

sea level) and upland portions (>1000 meters) of the IMNA. The data was projected to a UTM 

coordinate system (Zone 20 South), and area was calculated for each jurisdictional area (see 
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figure five).

The study area 

has distinct wet/dry 

climate, with a dry 

season generally 

ranging to June thru 

September, depending 

on when the first rains 

of the wet season arrive 

(Millington et al. 2003, 

291). However, there is 

year-round persistence 

of clouds in the wet Yungas. These two factors severely limited the availability of cloud-free 

preferential images- those taken in the dry season, when phenological cycles of crops allow for 

increased distinction from forested areas. Landsat images (path 231, row 72 in Landsat's World 

Reference System) from four separate dates (1986, 1992, 2001, and 2006) were ultimately 

selected for the study area, with inter-annual variation ranging from May (2006) to September 

(1986). Three of these images were obtained from USGS's Earth Resources Observation and 

Science Center (EROS), and one (1992) was obtained from the Global Land Cover Facility at the 

University of Maryland. While the images from USGS had been ortho-rectified and geo-

referenced in a UTM coordinate system, the 1992 image was not as extensively processed and 

needed to be geo-rectified to the other images to ensure that it represented the same geographic 
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Figure 5: Study area and calculated area for each region of interest.

Amboro National Park           438,438
IMNA                                          159,806
5 km buffer, unprotected       228,125
Outside study extent                1,425



area (Echavarria  1998, 105). The 1992 image was referenced to provided UTM coordinates, 

then referenced to the 1986 USGS image by selecting ground control points of recognizable 

features, such as road intersections. The geo-rectified images from 1992 were re-sampled using a 

nearest-neighbor algorithm, preserving original image digital numbers (DN's). After all images 

were correctly geo-referenced, they were clipped to match the study area extent. The furthest 

western extent of the park and five-kilometer buffer (0.17% of the study area) was outside of 

image extent, and needed to be excluded from the study area (figure five). 

An important pre-processing step for satellite imagery is atmospheric correction. Light is 

scattered in the earth's atmosphere, and this scattering is both wavelength-dependent (selective) 

and wavelength-independent (non-selective). Atmospheric scattering leads to inaccuracies in the 

sensor's measured digital numbers. To account for selective atmospheric effects, all images DN's 

were converted to at-sensor radiance. They were then corrected with  the 6S atmospheric 

correction formula (Vermote et al., 1997), using a tropical, continental model for atmospheric 

composition. This process converted at-sensor radiance to the target's surface reflectance values.

Image Classification

Image classification assigns a land cover class to the pixels in an image, depending on 

how similar to one another they are in the spectral bands used in the classification. Because of 

the lack of higher-resolution images or ground-truth data to systematically "train" land-cover 

classes, an unsupervised, Iterative Self-Organizing Data Analysis Technique (ISODATA) 

classification was performed on the images, utilizing Landsat bands 1-5 and 7. This procedure 

relies on the theory that pixels of a similar land-cover type will have similar spectral 

24



"signatures," and will clump together in n-dimensional spectral space (n = number of bands 

utilized). Due to atmospheric scattering in the visible bands from haze, the affected visible bands 

were not used for 1992 and 2001. The ISODATA algorithm aligns pixels into clumps, or 

"clusters" according to a number of classes desired by the user, and merges clusters which are 

within a convergence threshold, also defined by the user (Jensen 2005). This process was limited 

to 10 iterations, and the convergence threshold was set to 96% (a maximum of four percent 

change allowed for each class). Each image was divided into 30-40 classes by the unsupervised 

classification. These classes were then assigned to one of seven pre-defined classes which were 

identified by by visual comparison with the corresponding Landsat RGB image (bands 4, 3, and 

2), at which point the "real world" knowledge of the study area is needed (Jensen 1996); 

however, this user interpretation also adds a level of subjectivity to the classification.

The classification used similar land-cover classes to Echavarria (1999), whose study 

focused on a forested, mountainous area in Ecuador similar to Amboró. Rugged topography in 

these areas creates vast differences in sun illumination, resulting in a different reflectance values 

for pixels of a similar land cover, depending on their aspect. Because of this, forest land-cover 

types were initially divided into two classes: forest in topographic shadow and other intact forest. 

Classes indicative of non-forested land included degraded forest/agricultural land-cover, and 

"urban" areas (primarily roads). Degraded forest on agricultural frontiers generally had a 

homogenous spectral signature, while agricultural areas occupied a much broader spectral space, 

depending on the phenological cycle of the crop, as well as the type of crop in cultivation. Bare 

ground, such as sediment bars alongside rivers, had a very similar spectral signature to urban 

land cover and cultivated soil, and these areas were classified together. Near the 2000 meter 
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elevation limit, the forest begins to fragment, at which point it transitions into a scattered shrub-

land, classified broadly as "other non-forested land." Several other classes needed to be created 

to classify other parts of the image, though they were not included as land-covers of interest. 

These included : clouds, cloud shadow/topographic shadow, and water.

The classification process contains a level of subjectivity that can alter the accuracy of the 

results (Echavarria 1999, 110). Several problems were encountered in the classification process 

which altered the classification of some land-covers. The first and primary issue was that areas of 

degraded forest and agriculture were spectrally inseparable from illuminated (generally north-

facing) forested mountainsides. This was a particularly a problem for images taken earlier in the 

dry season (1992 and 2006). These illuminated areas were primarily within the park, often in 

remote areas where land-clearance is not feasible or desirable, and were easily discernible as 

forest in the 1986 and 2001 images.  It was decided that two separate classifications would be 

performed- one for the lowland areas, and one for the park and upland areas.  This allowed for 

better land classification in both areas. However, the 1992 and 2006 classifications were 

discarded from the upland analysis due to this problem, as poor accuracy was noted in the 2006 

accuracy assessment, even with the separate classifications. A second issue arose with cloud 

cover and shadow in the several of the images. While images were selected which did not have 

cloud cover in areas where land-clearance was expected, the presence of clouds, cloud shadow, 

and topographic shadow added an additional level of uncertainty.

 For analysis purposes, the seven classes were further combined into four final 

classifications (table 3). To estimate the amount of forest regrowth and other temporal variation 

between classes, change detections were performed for all image date ranges in the study- four 
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(1986-1992, 1992-2001, 2001-2006, 

and 1986-2006) for the lowland areas, 

and one (1986-2001) for the upland 

regions.

Post-classification processing

The two separate classifications (lowland and upland) were processed slightly differently. 

Following creation of the lowland classification images, a majority analysis was applied, which 

reassigns values of spurious pixels to the classification which the majority of its neighbors have. 

This was applied due to the noticeable "salt and pepper" effect in some areas of primary forest, 

where degraded forest pixels were found to be scattered in these areas erroneously. The upland 

images were not processed in this way, as forested area was the predominant land cover and 

variations from this class needed to be retained.

The raster image classifications were converted to vector format, to avoid problems with 

sensor resolution and to allow for further analysis in ESRI's ArcMap program (Sanchez-Azofeifa 

et al. 2002, 354). Area was calculated for the amount of each simplified land-cover class (from 

table 3) in the three areas of interest (national park, IMNA, and five-kilometer unprotected 

buffer) for each year, using a UTM projection. IMNA and buffer calculations were sub-divided 

by elevation, using 1000 meters as the separation between "upland" and "lowland." Additionally, 

the buffer on the western edge of the study area, within neighboring Carrasco National Park, was 

separated from the other buffer sections and excluded from analysis.
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Table 3: Final classifications.

Initial Classification Final Classification
Forest in topographic shadow Forest
Forest, illuminated slope Forest
Agricultural crop vegetation Degraded forest
Degraded forest (mixed forest, ag.) Degraded forest
Bare ground (generally ag. Fields) Bare ground
Urban Bare ground
Shrubland/other non-forest Bare ground
Cloud not classified
Cloud shadow/Topographic shadow not classified
Water not classified



6. Results

Accuracy Assessment

Image accuracy assessments were performed for the initial 2006 classification as well as 

the final lowland classification for 2006. This date was the only for which suitable high-

resolution imagery was available to verify the classifications. The library of satellite and aerial 

imagery available on Google Earth was used to assess classification accuracies. Google Earth is 

comprised of a mosaic of imagery, and for the study area, image dates ranged from 2004-2009, 

introducing the possibility for error into the accuracy analysis. A stratified random sample of 

points were assigned to be verified from the three classes- forest, degraded forest, and bare 

ground. The results from the accuracy assessments are shown below in error matrices  (tables 

four and five). Notable is an increased accuracy in the lowland classification, which, unlike the 

first classification, was used in the final analysis.
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Table 4: Error matrix for the 2006 classification (entire image).

2006 classification forest degraded forest bare ground error of omission
forest 92 18 9 27/119 = 22.7%
degraded forest 7 57 3 10/67 = 14.9% 
bare ground 1 1 53 2/55 = 3.6 %
error of commission 8/100 = 8% 19/76 = 25% 12/65 = 18.5%

classification accuracy 92.0% 75.0% 81.5%

overall accuracy 83.8%

Table 5: Error matrix for the 2006 lowland classification.

2006 lowland classification forest degraded forest bare ground error of omission
forest 75 15 2 17/92 = 18.4% 
degraded forest 5 73 1 6/79 = 7.6%
bare ground 0 0 22 0/22 = 0%
error of commission 5/80 = 6.3% 15/88 = 17% 3/25 = 12%

classification accuracy 93.8% 83.0% 88.0%

overall accuracy 88.1%



Land-cover change within the protected area

The protected area (park and IMNA) has experienced forest loss, with a deforestation rate 

of -0.11% from 1986-2001 (see appendix 2 for an explanation of deforestation rate calculations). 

As mentioned earlier, only two images were found to be suitable for classification within the 

park boundary and highland IMNA (1986 and 2001). The national park experienced less forest-

cover change compared to the entire protected area for this time period (table six). All area 

measurements are in hectares (ha). Maps displaying the classifications are found in appendix 1.

Within the national park "red line," relative forest cover was reduced 0.7% from 1986-

2001, resulting in the -0.05% annual deforestation rate. If rates are extrapolated for the national 

park and upland IMNA, the rate of deforestation for the entire protected area from 1986-2006 is 

-0.13%, with a net loss of 700 hectares of forest per year.

Several things can be noted about the spatial dynamics of land-cover change within the 

park (appendix 2). In the lowland area, several land-clearance frontiers were already across the 

park "red-line" in 1986, prior to the boundary establishment. These areas are found in the north-

eastern section of the park. In 2001, very little expansion on any of these frontiers can be seen in 

the park. Also, most "bare ground" classification within the park is due to sandbars along the 

major rivers, along with some non-forested mountain tops. In the far south-eastern portion of the 
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Table 6: Land-cover in the entire Amboró protected area and the national park. Values for 2006  
were extrapolated for the park and upland IMNA.

degraded forest bare ground non-forested area forested area excluded % forested
1986 34052 10921 44973 530244 15268 92.2%
2001 43450 11877 55327 534304 855 90.6%
2006 - - 59853 529920 711 89.9%

National Park degraded forest bare ground non-forested area forested excluded % forested
1986 5525 4570 10095 416094 12249 97.6%
2001 8820 4959 13779 424016 643 96.9%

Entire Protected 
Area



park, a noticeable area of vegetation loss is present on the mountaintops of the Volcanes sector. 

This area is near one of the two main eco-tourism entrances to the park. However, the cause of 

this loss of vegetation is unclear. It seems unlikely that this loss of vegetation is due to 

anthropogenic activity, due to the extremely steep topography in the area and its distance from 

roads or other deforestation frontiers.

Land-cover change in the upland IMNA and buffer

Like the area within the park, the upland IMNA experienced relatively little forest cover 

change from the period 1986-2001 (table seven; map is found in the appendix 3). 

The bare ground classification varies substantially from 1986 to 2001; this is likely due to the 

indefinite separation of degraded/fragmented forest as it transitions into other upland land-

covers, such as shrub cover, which is grouped with the "bare ground" class. While the IMNA 

showed a 1.1% reduction in relative forest area for this time period (-0.08% deforestation rate), 

the buffer showed a 1.7% increase (+0.17% afforestation rate). However, only around 70% of the 

upland buffer was in forest cover in 2001, compared to 90% in the IMNA. Spatially, the areas of 

greatest anthropogenic land-cover change in the upland IMNA are in the far south-eastern, near 

the town of Cuevas (and the "old" highway) and south-western area, in a moderately flat river 

valley in Comarapa municipal district.
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Upland IMNA degraded forest bare ground Total non-forested area forested area excluded % forested
1986 1683 4695 6378 69059 1582 91.5%
2001 4169 3192 7361 69647 12 90.4%

Upland buffer degraded forest bare ground Total non-forested area forested area excluded % forested
1986 3826 22868 26694 59363 1419 69.0%
2001 12707 12909 25616 61815 10 70.7%

Table 7: Land-cover in the upland IMNA and unprotected buffer, 1986-2001.



Land-cover change in the lowland IMNA and buffer

Not surprisingly, the lowland regions (<1000 meters)  in the north and eastern regions of 

the park and surrounding area experienced the most land cover change within the study period, 

with both the IMNA and buffer experiencing a significant loss of primary forest (table eight). 

The lowland IMNA was also the least-forested part of the protected-area, and accounted for 62% 

of all non-forest land cover in 2001, despite only covering 13% of the total area. For the lowland 

regions, four images were used to estimate land cover from 1986-2006 (map in appendix 4).

The lowland IMNA and unprotected buffer saw net losses of forest corresponding to 11.5% and 

11.8% of their total area, respectively, from 1986-2006. While the lowland IMNA fell below 

50% forest cover in 2006, the lowland buffer only retained around a third (34.8%) of its forest 

cover by that date. Bare ground was variable between image dates, though it was markedly 

higher in the lowland buffer, where several small urban areas are present. Temporal trends of 

deforestation are shown in 

table 9. Notable is a low rate 

in the  IMNA from 1992-

2001 (-0.17); however, the 

high rate (-1.82) resumed from 2001-2006. This directly contrasts with the buffer, where rates 
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Table 8: Land-cover in the lowland IMNA and unprotected buffer, 1986-2006.

Lowland IMNA degraded forest bare ground non-forested area forested area excluded % forested
1986 26844 1656 28500 45091 1437 61.3%
1992 31494 1486 32980 40563 1484 55.2%
2001 30461 3726 34187 40641 200 54.3%
2006 35313 2020 37333 36983 711 49.8%

Lowland buffer degraded forest bare ground non-forested area forested area excluded % forested
1986 38204 4261 42465 37059 6175 46.6%
1992 41937 5586 47523 34228 3947 41.9%
2001 40016 14978 54994 30045 659 35.3%
2006 45448 9170 54618 29189 1892 34.8%

Table 9: Deforestation rates (forest loss per year / forest area at  
beginning date) in the lowland IMNA and buffer, 1986-2006.

Period Lowland IMNA Lowland buffer
1986-1992 -1.79% -1.82%
1992-2001 -0.17% -1.85%
2001-2006 -1.82% -0.30%
1986-2006 -1.05% -1.47%



remained steady until the period from 2001-2006, when it slowed dramatically. Rates of 

clearance for the 20-year period are higher than those for the Santa Cruz department as a whole 

from 1989-2000 (Pacheco et al. 2004), but much lower than the Tierras Bajas region to the north 

and east of Amboró (Steininger 2001). Spatially, the trend of forest clearance in the study period 

is most noticeable in the northeastern and eastern portions of the IMNA and buffer, while a large 

portion of the northwestern IMNA and buffer was already cleared prior to 1986 (appendix 5). 

However, some expansion in this region can be seen, primarily in 2001 and 2006. Finally, area 

along the eastern boundary is a notable deforestation front, due to the lack of an intermediate 

protected-area (such as the IMNA) between the national park and unprotected lands.

Land-cover change trajectories in the study area

A change detection was performed for every temporal range for the two lowland sections, 

in order to better understand the dynamic land-cover trajectories for each area. The national park, 

upland IMNA, and upland buffer were combined for one single change detection, as there was 

only two images used for measuring their land-cover change, and these areas had much lower 

rates of change. Results are quantified by the amount (in hectares) and percentage of each change 

(or non-change) trajectory for each respective study area, and are shown in tables 10-12. 

Of particular note are changes from degraded forest or bare ground to forest, indicating a 

significant regrowth of vegetation. This is most evident in the lowland IMNA from 1992-2001, 

when net annual forest loss was only 70 hectares. It appears that the regrowth offset most of the 

primary forest loss for that period. In addition, both the lowland IMNA and buffer saw their 

lowest rates of regrowth (4.9% and 7.5%, respectively) in the last time period, 2001-2006, as 

32



well as the lowest rates of conversion of primary forest to other land-covers, suggesting more 

stable land-covers for this time period; however, this was also the shortest temporal interval.

In the upland regions (national park, upland IMNA and buffer), regrowth almost offset 

conversions from primary forest (2.3% to 3.0%). Almost 90% of these areas remained unchanged 

as forest cover between 1986 and 2001 (table 12).

Tables 10-12. Change detection results for the study area.
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Table 10: Lowland IMNA change trajectories, 1986-2006.

Lowland IMNA 1986-1992 1992-2001 2001-2006 1986-2006
Change trajectory ha % ha % ha % ha %
Forest → Forest 36154 49.8% 32431 44.2% 33363 44.9% 32291 44.1%
Forest → Degraded forest 7959 11.0% 7365 10.0% 6553 8.8% 11889 16.2%
Forest → Bare ground 299 0.4% 684 0.9% 395 0.5% 699 1.0%
Degraded Forest → Degraded forest 22340 30.8% 22165 30.2% 26202 35.3% 21916 29.9%
Degraded Forest → Forest 3638 5.0% 7128 9.7% 3396 4.6% 3922 5.4%
Degraded Forest → Bare ground 710 1.0% 2194 3.0% 767 1.0% 887 1.2%
Bare Ground → Bare Ground 381 0.5% 571 0.8% 855 1.2% 335 0.5%
Bare Ground → Degraded forest 838 1.2% 701 1.0% 2498 3.4% 977 1.3%
Bare Ground → Forest 248 0.3% 215 0.3% 214 0.3% 292 0.4%

Table 11: Lowland buffer change trajectories, 1986-2006.

Lowland unprotected buffer 1986-1992 1992-2001 2001-2006 1986-2006
Change trajectory ha % ha % ha % ha %
Forest → Forest 24625 32.2% 21712 26.7% 22971 27.5% 21333 27.3%
Forest → Degraded forest 10245 13.4% 10129 12.5% 5682 6.8% 13503 17.3%
Forest → Bare ground 710 0.9% 2213 2.7% 712 0.9% 1640 2.1%
Degraded Forest → Degraded forest 27716 36.2% 26965 33.2% 31628 37.9% 27474 35.1%
Degraded Forest → Forest 6408 8.4% 6317 7.8% 5665 6.8% 4686 6.0%
Degraded Forest → Bare ground 3537 4.6% 8341 10.3% 2485 3.0% 5700 7.3%
Bare Ground → Bare Ground 1029 1.3% 3149 3.9% 5776 6.9% 1251 1.6%
Bare Ground → Degraded forest 1661 2.2% 2029 2.5% 7948 9.5% 1799 2.3%
Bare Ground → Forest 619 0.8% 391 0.5% 547 0.7% 864 1.1%

Table 12: Upland Regions (national park, upland 
IMNA, and upland unprotected buffer) change 
trajectories, 1986-2001

Upland regions 1986-2001
Change trajectory ha %
Forest → Forest 525046 89.5%
Forest → Degraded forest 14095 2.4%
Forest → Bare ground 3447 0.6%
Degraded Forest → Degraded forest 4664 0.8%
Degraded Forest → Forest 5225 0.9%
Degraded Forest → Bare ground 2140 0.4%
Bare Ground → Bare Ground 15297 2.6%
Bare Ground → Degraded forest 8437 1.4%
Bare Ground → Forest 8358 1.4%



7. Discussion

Temporal trends in land cover change

Forest loss within the entire protected area, measured at -0.11% per year from 1986-2001, 

is much lower than rates measured for the surrounding areas (refer to table one), and lower than 

the overall rate for the unprotected buffer in this study. However, it is slightly above the mean 

rate of change for protected-areas with negative rates, -0.06% per year (Nagendra 2008, 335). 

Considering only the national park, the deforestation rate (-0.05%/year) compares favorably to 

Nagendra's measurement. See appendix two for further explanation of deforestation rates.

The four-date classification of the lowland regions allows for an additional measure of 

temporal analysis. One of the trends which stands out here is a low net rate (69 ha/year) of forest 

loss in the IMNA from 1992-2001, a time period which immediately follows park expansion 

(1991) and includes the creation of the IMNA (1995). In this same time period, the net forest-

clearance rate in the unprotected buffer remained high (616 ha/year). This suggests that new 

settlers may have initially been deterred from settling in the newly protected area, instead 

choosing to settle or clear untitled lands near the boundary, primarily on the eastern and 

northeastern sides. However, these trends reverse in the time period from 2001-2006, when land 

clearance was much higher within the IMNA. A possible explanation for this may be the relative 

lack of suitable new land for settlement available in the unprotected land, where all but 26.7% of 

the land had experienced conversion from original forest cover in 2001, compared to 44.2% in 

the IMNA (tables 10 and 11). Large contiguous remaining forest patches in the unprotected zone 

were primarily only found riparian areas and piedmont regions at the end of the study period 

(2006).  The trends within both areas point towards slower rates of forest loss, yet continuing net 
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forest loss, consistent with an aging swidden agricultural system. However, clearance rates will 

likely be higher in the IMNA unless greater protection measures are placed on the remaining 

forest, simply due to the relative availability and accessibility of land there.

Land-clearance drivers in and around Amboró National Park and IMNA

While strictly quantitative measures exist for examining the processes which result in 

deforestation and its pattern, the following sections will primarily use qualitative measures to 

describe the factors influencing forest clearance patterns around Amboró National Park and 

IMNA. Population, roads, topography, and land-tenure will be the foci, as each of these factors 

have significant variability and relevance to Amboró and its surroundings.

Population

Not surprisingly, population growth has been shown to have a negative impact on forest 

cover (Cropper et al. 1997; Rosero-Bixby et al. 1998). Population is generally linked to 

deforestation through increased numbers of cultivators on forest lands, or increased demand for 

timber or firewood (Rosero-Bixby et al. 1998, 152). While some timber products are taken 

around Amboró, forest clearance for agriculture is the primary driver of deforestation. 

Unfortunately, detailed population statistics for areas coterminous with the study areas were not 

available. However, in looking at the population change from 1992-2001 of the surrounding 

municipal sections (the lowest level of administrative division in Bolivia) around Amboró, 

relative population growth rates can be determined for areas of interest (table 13). Growth rates 

for Bolivia and Santa Cruz department are also included for comparison.
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It is evident that the whole of Bolivia was undergoing rapid population growth between 

the last two census dates (1992 and 2001), fueled by growth in Santa Cruz department. Lowland 

and piedmont municipal sections north and east of the park experienced the highest rates of 

growth, while sections in the south experienced modest growth. Area within the unprotected 

buffer the east of Amboró was shown to experience the most significant change in forest cover 

during the study period, corresponding to the most rapid rates of population growth in the 

municipal sections. These sections are also nearest to the city of Santa Cruz. While the lowland 

IMNA and buffer experienced a 1.27% annual rate of deforestation from 1986-2001 along with 

3.9% annual population growth in the surrounding municipalities, the upland IMNA and buffer 

forest remained relatively stable, while the surrounding municipalities experienced a 2.1% 

population growth rate. Even though the upland population rate is significantly lower, this seems 

to indicate less forest-dependent land-uses in the upland section as compared to the lowland 

sections. However, unlike the lowland region, not all land in the upland region is considered 

"naturally forested," and conversions from other land-covers to agricultural use may indeed be 

the case for this region. 

While these comparisons give some insight into population and its effect on forest in the 

study area, it should again be noted that these are very rudimentary correlations, due to 
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Table 13: Population in selected administrative divisions of Bolivia, 1992-2001. Instituto  
Nacional de Estadistica, 2010. Annual rate calculated using an exponential growth model.

Administrative Level Name(s) 1992 2001 Annual % growth
Country Bolivia 6,420,792 8,274,325 2.8%
Department Santa Cruz 1,364,389 2,029,471 4.4%

49,484 70,444 3.9%

31,592 49,046 4.9%

33,089 40,079 2.1%

Municipal Sections – 
North of Amboro

Yapacani, Buena Vista, San 
Carlos

Municipal Sections – 
East of Amboro Porongo, El Torno
Municipal Sections – 
South of Amboro

Samaipata, Mairana, Pampa 
Grande, Comarapa



significant  boundary differences between the municipalities and regions of the study area. Also, 

because of  a variety of complex and less quantifiable factors influencing deforestation, this 

strictly Malthusian connection of population and forest loss is not enough to describe the 

interactions between humans and the environment, and a simple population-deforestation 

determinism can lead to bleak predictions involving tropical forests (Myers 1991).

Roads

The impact of roads and road-building on deforestation are widely acknowledged, often 

quantified and found to be one of the most significant determinants of forest-clearance (Sader 

1995; Cropper et al. 1997; Nelson et al. 1997). 

Roads offer increased accessibility to forested 

lands, and evidence of the effect of roads on 

tropical forest is probably most evident in the 

Brazilian Amazon. Here, the "fishbone" pattern 

of deforestation is common, centered on the main 

road as the "spine," especially in government 

settlement program areas (de Filho et al. 2006). A 

more independent settlement pattern can be seen 

in the lowland sections of the study area. The 

main highway only bisects a small section of the 

unprotected buffer, and the differences in land 

cover can be seen in figure six. While much of 
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Figure 6: Land-cover changes around "new" 
Cochabamba-Santa Cruz road, lowland IMNA 
and buffer



this region was already cleared of primary forest prior to 1986, further land clearance is seen in 

the 2006 image, generally following smaller roads along already-established deforestation 

frontiers. In general, expansion of the bare ground class, such as urbanized impervious surfaces, 

is evident nearest the road, suggesting a maturing area in which land use nearest the highway is 

not solely for agricultural purposes, but it also may suggest more intensively cultivated lands. 

The towns of Yapacani and Santa Fe are found along the highway in this region. The rivers 

Surutu and Yapacani, forming the border in this area for the IMNA, seem to be acting to direct 

the pattern of deforestation in center part of the region. While the highway appears to be the 

starting point for land colonization and forest-clearance, expansion of the deforestation front 

during the study period was mostly near secondary roads, where available land was found. As 

most deforestation in the lowland region was the result of already-established frontiers, it seems 

that road-building in the IMNA has been limited. Elsewhere in the study area, the absence of 

roads within the park boundaries is most likely helping to reduce the probability of new 

deforestation fronts or degradation of the forest-ecosystem there.

Topography and land tenure

Topography is highly variable in the study area. The lowland IMNA generally has lower 

slopes and extends into the lower valleys of rivers flowing out of the park. Figure seven shows 

the relation of non-forested area to slope. It reveals a fairly strong correlation between areas of 

low slope and deforested or non-forested areas. However, it can also be seen that areas of high 

slope generally follow the park boundary, at least on the northern and eastern edges. This raises 

an important question - is topography or land tenure (which defines the "holder" of the land title) 
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limiting deforestation within the park boundary? Are areas inside the park "red-line" simply seen 

as undesirable due to topography?

This question cannot be directly answered for Amboró within the scope of this study, or 

without more intensive "on-the-ground" research carried out around the park; but insights into 

this issue can be gained by looking at similar cases in Bolivia, as well as other tropical countries. 

A case most similar to Amboró can be found directly to the northwest, in bordering Carrasco 

National Park (see figure A-7 for a map of all Bolivian protected areas). In a study encompassing 

the lowland border of Carrasco, the terrain was found to be a weak predictor of where conversion 

of forest to degraded or non-forest was most likely to happen, in relation to land tenure regime, 

distance from roads, and distance from settlements (van Gils et al. 2006, 84). There, expansion of 

peasant farming into the national park was thought to be encouraged by the expectation of 

gaining a land title of higher legal authority than the national park through the Law on 
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Figure 7: Slope of study area overlaid with areas classified as non-forest.



Population Participation, which allows for greater resource use in areas of higher population (van 

Gils et al. 2006, 84). A study on land-cover change with the park showed around 3.2% of the area 

deforested in 2000, fueled by the expansion of the colonization frontier and also some clearance 

along rivers in the park (Parkswatch 2004). Though Carrasco is near a more recent deforestation 

frontier, it also is more affected by coca cultivation and trade, as it borders the main coca-

growing region of Bolivia, the Chapare (Painter 1994).

Madidi National Park, near Bolivia's border with Peru, is situated on the eastern Andean 

flank and in the Vilcabamba-Amboró corridor, but is not near a major colonization front, such as 

the road between Cochabamba and Santa Cruz. Here, lowland areas experienced minor forest 

loss, but area within the national park and integrated management area actually experienced a net 

increase in forest (Forrest et al. 2008). In the mountainous Celaque National Park in Honduras, a 

park with significant anthropogenic pressures on all sides, the park "core zone" was found to 

have relatively stable forest coverage (90%), similar to Amboró National Park in this study 

(tables six, twelve). However, the forest within the official park boundary, though not designated 

as a resource area, was experiencing a significant amount of reduction along its edges, despite 

very rugged topography (Southworth et al. 2004). A final example from the Osa Peninsula in 

Costa Rica shows a very well-protected boundary for Corcovado National Park. This semi-

mountainous area was far from the main highway in the region, and deforestation frontiers were 

only beginning to reach the boundary of the park in 1997, the last surveyed date (Sanchez-

Azofeifa 2002).

Amboró National Park may not compare favorably with the examples from Madidi or 

Corcovado Parks, but it is easy to see that these parks which have distinctly different population 
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pressures. Celaque and Carrasco National Parks seem most relevant to Amboró, with strong 

population pressure and frontier expansion driven by small-scale agriculture, rugged topography 

near the boundaries, and two-tiered management schemes (though Carrasco's is not as strictly 

defined as Amboró's). While Celaque and Carrasco have seen considerable forest loss within 

protected area  not designated for resource use, Amboró National Park's forest cover has been 

almost completely undisturbed by anthropogenic activity from 1986-2006. Evidence against a 

strictly topographically-determined frontier expansion can also be seen in the north-central 

portion of the park, where low slopes extend past the park red line, but as of 2006, frontier 

expansion has not (see figure six). Also, small extensions of the frontier within the park 

boundary which were deforested prior to 1986 have seen negligible change. Certainly, 

topography limits road construction, which is commonly shown to be a precursor to 

deforestation. However, in Amboró's case, there does seem to be some evidence that other factors 

(such as the park boundary and enforcement) are effectively limiting forest-clearance on the 

public lands. The presence of nine ranger stations and 24 park rangers around the protected area 

(Paquet et al. 2005, 18) are most likely a part of the reason for this success.

Conservation implications for Amboró - Does the protected-area "work"?

Amboró National Park and IMNA is a protected area under tremendous pressure. Situated 

only 40 kilometers from the largest and fastest growing city in Bolivia, just south of a major 

highway, and near an area with one of the fastest rates of deforestation in the world, the Tierras  

Bajas (Steininger et al. 2001), it seems unlikely that it would be successful. The reason for the 

heretofore successful protection of the park itself seems to be largely due to (and at the expense 
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of) the Integrated Management Natural Area (IMNA). In the lowland region, the similar 

deforestation rates within the IMNA and unprotected area surrounding it suggest that it's official 

"protected" status may not be seen as a hindrance to settlement or land clearance, and subsequent 

loss and fragmentation in this lowland forest degrades this area's biodiversity and lowers its 

habitat suitability. If seen strictly as a buffer for the park, however, it is performing its function, 

and still possesses around 50% forest cover in 2006.  Furthermore, the lowland IMNA had much 

lower rates of bare ground than the buffer (2.7% and 10.8%, respectively, in 2006), suggesting 

more limited road/urban development and also less permanent conversions to non-forest covers. 

As a national park buffer, the IMNA gives park managers and rangers time to inform residents of 

the importance of the park's ecosystems, reinforce the location and laws regarding the "red line", 

and possibly help residents who would like to benefit from eco-tourism within the park. 

Similarly, the upland IMNA, while under a much lower level of pressure, is an important area 

where park managers and rangers can meet with local residents in a non-confrontational context, 

which would likely not be the case inside the park boundary.

Overall, the two-tiered management strategy (park and IMNA) of Amboró seems 

effective, considering the dramatic changes occurring in the surrounding areas. This study 

supports the idea and implementation of not only buffer zones around the core zones of protected 

areas, but further integration of protected areas into larger "zones of interaction," (ZOI) which 

account for hydrological, ecological, and socioeconomic interactions with the protected-area 

(DeFries et al. 2010). Representation of a possible ZOI for Amboró is seen in appendix A-8. 

Further implementation of detailed spatial data into planning and management decisions should 

allow for better determination of where park "buffer" areas, such as the IMNA, should exist.
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Areas of concern

While Amboró has generally been 

"effective" during the study period, there are 

several areas of concern in and around the 

protected area. It seems that the area of greatest 

threat to the park is on the south-eastern side, 

where no IMNA exists (see figure eight). In this 

fast growing, piedmont (<1000 meters) near the 

highway from to Santa Cruz and El Torno, forest 

cover was found to be reduced by 40% (a 2.7% 

annual deforestation rate) between 1986 and 

2006, with deforestation frontiers approaching 

the park boundary. In this region, somewhat 

linear deforestation frontiers were the norm, 

primarily following secondary roads and  rivers valleys into areas of variable terrain.  It is 

notable that in this area, rugged topography does not appear to be a limiting factor for land-

clearance. Furthermore, this area, along with the area along the southern border near the villages 

of Bermejo and Cuevas, contain tributaries which are the headwaters for Rio Pirai, which 

provides the city of Santa Cruz with its water. Payment for watershed protection (as an 

"environmental service")  by downstream users has been proposed the upper Pirai basin, and 

50% of Pirai's water comes from Amboró lands (Asquith et al. 2007). Watershed protection here 

(limiting deforestation, afforestation of cleared lands) would provide not only increased water 
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Figure 8: Land-cover changes near south-
eastern park border, 1986-2006.



quality downstream, but also mitigate flooding, which was found to be significantly affected by 

land-use changes in the Pirai basin (Overland et al. 1991). It seems that it may be wise to create a 

continuous "buffer zone" around the park by connecting the lowland and upland IMNA's around 

this south-eastern border, possibly helping to align better management practices and payment for 

environmental services for local residents. This piedmont region between the "old" and "new" 

frontiers may indeed be the "newest" frontier for Amboró, and deserves additional attention.

Several other areas are of heightened interest and concern, in looking towards the future 

for Amboró. First, the lowland IMNA, simply due to the proximity of the agricultural frontier to 

the park "red line," is an area of interest. Maintaining the integrity of the official boundary will 

be important here, so as to avoid a situation of land-claims within park boundaries, such as in 

Carrasco (described earlier). However, the IMNA, where park rangers have jurisdiction, should 

be best equipped to deal with this issue. Finally, despite not experiencing any land-cover changes 

in this study period, the low slope area around Rio Ichilo in the north-western portion of the park 

(see figure seven) is notable, due to the aforementioned issues in Carrasco National Park. 

Deforestation occurring in low slope, river-adjacent areas in Carrasco to the northwest, could 

spread into Amboró if left unchecked, simply due to the lack of difficult terrain or enforcement at 

this boundary.

8. Conclusion

Limitations, strengths of remote sensing in protected-area assessments

In this paper, it was demonstrated how an assessment of one aspect of a protected area's 

effectiveness can be carried out using remotely-sensed imagery. In identifying loss of forest, the 
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protected area's primary land-cover, a quantitative measurement of forest-clearance and 

degradation was made, and subsequently, a measurement of the protected area's ability to protect 

it's primary land-cover, and in turn its floral biodiversity. In this specific context, remote sensing 

and digital image processing have both weaknesses and strengths which are worthy of note. This 

section will focus on these issues, and their implications for the use of remote sensing in studies 

of protected-area effectiveness, both in the case of Amboró and for protected areas in general.

First, the methodology used for land classification introduces the possibility for error, as 

"clusters" of similar pixels are by necessity placed within the same land-cover class. This can 

result in classification error when overlap of spectral signatures occurs between two land cover 

classes, such as "degraded forest" and "forest" in this study (see tables 4-5). Subsequently, this 

leads to over-estimation or under-estimation of land-cover change. Second, using a classification 

scheme with three classes (forest, degraded forest, and bare ground) vastly over-simplifies the 

complex mosaic of land-covers which make up the study area, and their particular relevance to 

biodiversity and ecosystem health. For example, areas which are completely clear of primary 

forest, either used as pasture or for cultivated crops, are not the same as areas of thinned, 

degraded forest, which have much greater potential for re-growth, and may be suitable as habitat 

for some species.

Finally, while the strength of remote sensing is determining land-cover, this measure 

alone is definitely not the only factor related to park biodiversity. While a park may (or may not) 

appear to be effective in preserving its natural land cover, other factors which do not necessarily 

degrade the forest cover may be occurring which act to harm the park's biodiversity. Around 

Amboró, this includes activities which primarily affect water quality and animal populations, 
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such as fishing, poaching, and small-scale mining (Paquet et al. 2005). Early wildlife surveys 

revealed that poaching of fauna such as tapirs, jaguars, and armadillos happened within the park, 

as well as the use of dynamite for harvesting fish in streams (Dunstone et al. 1988). These types 

of pressures, common in tropical lowlands, can create "empty forests" which have intact flora yet 

are largely devoid of fauna, an important component for seed transport for many floral species 

(Young 1998, 88). In the lowland rivers, some mining of alluvial sediment has taken place, 

altering the natural flow of the stream and lowering habitat quality for aquatic species (Dunstone 

et al. 1988; Paquet et al. 2005). These types of activities, largely indiscernible by mid-resolution 

satellite imagery (such as Landsat), act to degrade the ecosystem in a way which cannot be 

measured with this study. When considering these factors, the determination of a park's 

effectiveness is clearly more than just a matter of preservation of natural land-covers, and goes 

beyond the scope of remote sensing.

Despite these limitations, remote sensing does provide the unique opportunity to monitor 

land-cover patterns spatially and temporally in an unbiased manner (Southworth et al. 2004). The 

inherent landscape-scale scope of this type of study allows for the identification of certain areas 

which are at greater risk of degradation, while still maintaining a macro-scale view for an overall 

park assessment. In this way, it can help the park to better allocate resources to areas of concern, 

consider different strategies for park protection, or explore possibilities for park expansion. 

While land-cover changes for each park  are driven by a set of localized phenomena, the 

similarities which protected areas share can allow for levels of comparison. This comparison of 

park-scale studies (Bruner et al. 2001; Nagendra 2004) should allow for better determination of 

which strategies work and which do not. 
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Possibilities for future research

Due to the limitations of this study, there emerge many opportunities for further research 

which would further explore the topics of land-cover change and protected-area effectiveness. 

Land-cover change is a spatially and temporally explicit phenomenon, and where and when it 

occurs is connected to spatial and temporal drivers. Several of these, such as slope, population, 

roads, and land tenure, were covered in this paper. However, through the use of more detailed 

spatial and temporal data for these and other factors, such as soil type, land-ownership, and 

agricultural census data, a land-cover change model could be created to help develop a clearer 

picture of land-use regimes around Amboró. Also, further analysis could be done on the complex 

spatial patterns of land-degradation, in order to assess their impact on specific ecosystems, or to 

quantify the effect on the park's biodiversity (Armenteras et al. 2002; Millington et al. 2003). For 

these studies, higher-resolution satellite imagery would be very useful. A higher spatial 

resolution would allow for more specific categorization of land-cover classes, but perhaps 

imagery of higher spectral resolution would be even more beneficial. With more bands 

measuring surface reflectance in more specific spectral bandwidths, great improvements in the 

accuracy and precision of land-cover classification could be made. Likewise, a study with greater 

temporal resolution (for example, annual imagery) may reveal important temporal thresholds of 

land-cover change, which could be linked to specific land-clearance drivers.

A second opportunity for further research lies within the realm of political ecology, which 

explores the interaction between nature and society through a holistic examination of political 

processes across multiple spatial and temporal scales (Zulu 2009, unpublished). For example, the 

issues that arise with protected-area creation and expansion in the Amboró case are notable, in 
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relationship to the colonization of the lowland areas around the park. The protected-area was 

initially established in 1973, at the time when government-sponsored colonization into the 

lowland region was just beginning. Layoffs in the mining sector and drought in the highlands 

acted as "push" factors encouraging migration to the area around Amboró (Kaimowitz et al. 

1999). Migration of poor peasant farmers to this area of continued throughout the early 1980s, 

but slowed following the structural adjustment period in 1985, after which most migrants went to 

larger cities (Kaimowitz et al. 1999, 509). The poor soils made slash-and-burn agriculture a 

necessity, a land and labor-intensive regime which fuels high birth-rates (Rosero-Bixby et al. 

1998, 151). When Amboró was expanded in 1991, residents found themselves in a protected-

area, managed by a non-governmental organization (FAN), which limited their potential use of 

the resources, in a now-unsupported government colonization zone. 

These factors set up a situation where perceived land "degradation" became of heightened 

interest, due to the establishment of the protected-area, with peasant farmers as the primary 

offenders- despite the fact that many had been encouraged to settle the area by the government. 

This apparent conflict of government agendas (Reid 1997, V-4) brings rise to several questions 

which may be of interest in moving forward with the issues of protected-area creation and 

effectiveness. First, who has benefited from the establishment of a protected area? Second, does 

the protected-area have local (ranging from individual to national) support? Certainly, protection 

of biodiversity is a primary concern of conservation organization, and this goal aligns with the 

"park" strategy. Amboró's (and SERNAP's in general) financial and resource support is almost 

exclusively from international development sources and conservation NGOs (Paquet et al. 2005, 

5). It is fairly evident that the local residents and institutions of Bolivia have a much lesser stake 
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in the area than the international organizations, despite being the ones most affected by the area's 

existence. The top-down decree for the expansion of Amboró protected-area caused significant 

conflict in Amboró in 1991. The creation of the IMNA in 1995, and the transfer of management 

to the government that same year, seem to be a step towards a more successful management 

strategy, and this study has shown that the park's ecosystems have largely benefited in the short-

term as a result. However, further research on the questions mentioned earlier will help identify 

whether this has come at the cost of marginalization of the local residents, an unfortunate 

consequence of the creation of many protected areas (DeFries et al. 2010).

More specific studies may choose to analyze the pattern and drivers of land cover change 

around Amboró in relation to specific social or demographic trends, transitioning of economic 

systems, government policies, or political and social struggles- common themes of political 

ecology (Robbins 2004). Examples of issues for analysis around Amboró cover a wide range of 

spatial and temporal scales, and include the introduction (and retraction) of neo-liberal economic 

policies by the national government, the dynamics of migration to and from the area, the impact 

of non-governmental organizations (NGO's), and the impacts of broader social and racial 

tensions which are present in Bolivia, particularly between indigenous and white/mestizo 

Bolivians. Integration of these types of issues are what make political ecology a strong 

descriptive framework for addressing environmental issues, as they embrace the complexity of 

the situation, rather than simplifying it (Zulu 2009, unpublished). Furthermore, the ability to 

combine remote sensing and social scientific methodology will become increasingly important as 

work by scientists in both fields continue to "socialize the pixel" and accordingly "pixelize the 

social" (Geoghegan et al. 1998).

49



At the heart of this research is a fundamental issue for which encompasses all others 

addressed in this paper - the very preservation of important "natural" landscapes. This 

importance, especially in the tropical Andes, is often tied to a rather abstract concept of 

"biodiversity," which, while important to conservation organizations, scientists, and 

environmentalists, may not hold the same importance for the poverty-stricken residents who 

need to make their living in these areas (Ibisch 2005). Seeing the forests as unspoiled, rich 

landscapes can lead to ignorance towards the actual people who inhabit these landscapes. 

Likewise, this perception fuels the notion that these expansive areas contain very fertile lands, 

which can lead to policy decisions promoting colonization and removal of forest (Slater 1996). 

Thus, the protected-area question is one concerning the delicate balance of human needs and the 

environment, and is much more difficult than identifying areas of high biodiversity and 

delineating them on a map. A successful protected-area would not only be able to provide habitat 

for the natural species there, but sustainable livelihoods for the local residents, with monetary 

support through payment for ecosystem services or tourism, providing a sense of pride for local 

and national residents. The research of broadly-trained social scientists, such as geographers, 

anthropologists, economists and philosophers, as well as natural scientists in fields such as 

ecology and biology, will continue to be important for identifying ways in which protected areas 

can be made more effective, helping to align the needs of both ecosystems and people. In 

Amboró National Park and IMNA, the continued existence of the important ecosystems it 

protects will be dependent not only on insights from these types of research, but also the 

continual support of the Bolivian government and people.
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Appendix 1. Additional maps and figures.
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Figure A-1: Land-cover classifications, entire protected area (1986 and 2001).



58

Figure A-2: Forest-cover changes in Amboró National Park, 1986-2001.

Figure A-3: Forest-cover changes in the upland IMNA and buffer, 1986-2001.



59

Figure A-4: Land-cover classifications for the lowland buffer and IMNA, 1986-2006.
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Figure A-5: Composite forest-cover change map using all lowland classifications. Colors  
correspond to the earliest date in which a pixel was classified as non-forest.



61

Figure A-6: Landsat true-color composite image of study area, 2006.
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Figure A-7: Federal protected areas of Bolivia. Map source:Wikipedia Commons. Available at:  
http://commons.wikimedia.org/wiki/File:National_parks_of_bolivia.PNG
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Figure A-8. Representation of Zones of Interaction (ZOI) for the Amboró Protected Area.  
Adapted from DeFries et al. 2010.

2010.



Appendix 2. Calculation of deforestation rates.

The terms "deforestation rate" and "rates of deforestation" can be a source of confusion in forest-

cover change studies, due to the differences in calculation methodology In this study, annual 

deforestation rates expressed as percentages were calculated using a formula which implements 

the principles of the Compound Interest Law, as shown by Puyravaud (2002). The formula is:

where A1 and A2 are forest cover at time T1 and T2, respectively. The temporal range between T1 

and T2 is expressed in years (365 days).

When the rate is expressed as a unit of area per year, the following formula was used:

Comparisons with rates from other studies can be misleading, depending on the formula and 

parameters used. For example, Nagendra (2008) calculated rates of change within protected areas 

by "calculating the loss or increase in area for the land-cover category of interest as a percentage 

of the total geographic area, divided by the number of years in the time step" (Nagendra 2008, 

334). Because the forest cover is a percentage of the total geographic area instead of the area of 

the land cover of interest at the initial state, the rate of change for that land-cover alone will be 

underestimated. For this reason, the mean rate of change (-0.06%/year) for protected areas from 

that study would likely be greater using the methods of this study, and the comparison with this 

study (as well as others, found in table 1 and throughout this paper) should be taken with caution.
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