
The mosaiclands: A mosaic of citrus plantation and rainforest in Toledo 
District, Belize.

© Raymond Gehman / National Geographic Image Collection.
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of Deforestation  
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PART I

In an Assam (India) forest severely degraded by illegal logging, inhabitants eke out a living 
selling firewood.

Grant Milne / World Bank.



Frontier areas: A mounted forest patrol returns from a day in the field, northern Sumatra.

Photo by Josef Leitmann, World Bank.
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CHAPTER 1

Forests Differ

Forests differ: in the pressures they face, the people they sup-
port, and their environmental functions. Three stylized types 
(forest-agriculture mosaiclands, frontier and disputed areas, 

and areas beyond the agricultural frontier) in two biomes (forests 
proper and savanna woodlands) capture much of the social, envi-
ronmental, and economic variation of tropical forests (box 1.1). This 
chapter describes these stylized forest types in the tropical world 
and the challenges they face. It maps the extent of these types, tallies 
their populations, and assesses their biodiversity. The analysis here 
sets the stage for subsequent discussions of appropriate policies for 
different kinds of forests. 

Three Stylized Forest Types
How are we to make sense of the staggering diversity of tropical for-
ests? A few factors shape forests’ environmental characteristics and 
human pressures on them—but these generalizations are riddled with 
exceptions.

A first cut is the distinction between “true” forests and savan-
nas. Forests typically receive more rainfall and (if undisturbed) have 
unbroken canopies, high densities of wood, and more diverse tree 
species. These features make them susceptible to selective “min-
ing” for timber, harder to clear for agriculture, and major sources of 
carbon dioxide emissions and biodiversity loss if cleared. Savannas 
are grasslands and woodlands dotted with smaller trees and shrubs. 
Easier to clear, less diverse, and more resilient than rainforests, and 
less valuable for fine woods, these woodlands are often cut for fuel-
wood and charcoal.
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Biomes

Tropical forest biome

Tropical savanna biome

Map 1.1 This Report’s Focus: Tropical Forests and Savanna Woodlands

Source: Authors’ mapping of data from WWF 2001.

Box 1.1 This Report’s Geographic Scope

To keep this report’s scope manageable, it 
focuses on the developing world’s tropical for-
ests and savanna woodlands, with an empha-
sis on the former. This approach was chosen 
somewhat reluctantly, since there are impor-
tant challenges related to the management of 
boreal and temperate forests, and some for-
est governance issues cut across all forest 
types. But tropical forests face distinct issues 
and challenges. They are home to most of the 
world’s poor forest dwellers and contain the 
bulk of its forest-based biodiversity, and it is 

here where almost all deforestation and forest-
related carbon emissions occur.

This report looks broadly at ecosystems, 
rather than narrowly at trees. The focus is on 
tropical and subtropical forest and savanna 
biomes—that is, areas originally covered 
by these types of vegetation, as mapped by 
WWF (map 1.1). Excluded from these areas 
but sometimes included in the discussion are 
xeric shrublands (such as in southwest Mada-
gascar or the Brazilian caatinga) and mon-
tane grasslands and shrublands (as in the 
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Box 1.1 (continued)

highest elevations of the Andes). The report 
devotes relatively little attention to plantation 
management.

The report often uses data and examples 
from Brazil, for several reasons. Brazil con-
tains a large portion of the world’s tropical for-
ests, including disparate types: remote, dense 
rainforests; savannas; and highly fragmented, 
long-settled forests of extreme biodiversity. It 
also has a diverse array of forest actors: indig-
enous people, subsistence-oriented small-
holders, extractivists, agrobusinesses. Due 

to concerns in civil society and government, 
Brazil has extensive experience grappling with 
land and forest use regulation—experience 
from which other countries can learn. Finally, 
Brazil has superb statistics on its popula-
tion, economic conditions, and deforestation. 
Indeed, it is partly because of the Brazilian 
government’s bold decision to regularly moni-
tor and publicize deforestation rates that the 
world pays more attention to deforestation in 
Brazilian Amazônia than in other, less trans-
parent regions. 
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Human pressure on forests is shaped by their market access, 
suitability for farming, and tenure security. Moreover, these three 
factors tend to be intertwined, for reasons explored in more depth 
later. These issues motivate a stylized, three-part typology.

• Forest-agriculture mosaiclands with better-defined 
tenure are settled agricultural areas interspersed with 
woods, often close to urban centers. They have rela-
tively high population densities and depleted, frag-
mented forests. These areas account for a minority of 
the world’s forest estate but contain a substantial por-
tion of its forest dwellers, a large share of threatened 
species, and the bulk of locally valued forest services. 
Consequently, they are where interactions between 
people and trees are most intense, and where trees are 
important sources of incomes and environmental ser-
vices. Here the potential for both poverty reduction and 
environmental protection is great—but so is the poten-
tial for trade-offs between these goals.

• Frontier and disputed areas often suffer from conflicts 
over land and forest resources. In Latin America and 
parts of Africa these are places where waves of agri-
cultural expansion are crashing on a broad front of 
relatively undisturbed forest. In parts of Indonesia large 
timber and plantation interests, small commercial farm-
ers, and long-time residents are battling for control of 
forest areas. Elsewhere in Asia and in parts of Africa, 
ineffectual government control of nationalized forests 
creates a tragedy of the commons where communities, 
forest services, and fuelwood extractors dispute wood-
land control and create degraded landscapes.

• Areas beyond the agricultural frontier are outside the 
reach of most agricultural markets, though not beyond 
human influence. These include the last great expanses 
of tropical forest: the Amazon and Congo basins, and 
some scattered smaller areas. A minority of forest 
dwellers live here, but they include indigenous popula-
tions and some of the world’s poorest people.

These types and the challenges facing each are summarized 
in table 1.1. These categories are meant to help organize thought; 
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they are not intended to be rigid pigeonholes into which every for-
est neatly fits. rudel (2005) presents a similar but simpler typology, 
focusing on the distinction between large and small forests—the 
unbroken blocs of the Amazon and Congo basins and Indonesian 
forests relative to the fragmented forests of other regions. rudel also 
describes deforestation processes by continent—a valuable resource 
when contemplating forest types. 

From Stylized Types to Mapped Domains
It is impossible to map the three stylized forest types because geo-
graphic data on forest tenure are weak. But it is possible to map 
some rough proxies (maps 1.2–1.6). Table 1.2 shows the correspon-

Table 1.1 Forest Types and Their Challenges

 
 

Type of area

 
 

Features

Poverty and 
development 

challenge

 
Environmental 

challenges

 
Governance  
challenges

Mosaiclands with 
better-defined tenure

High land value; 
contain many of 
the world’s forest 
dwellers but a 
small fraction of 
the forest

Managing landscapes for production 
and environmental services; 
preventing extinctions of threatened 
species; mitigating carbon dioxide 
(CO2) emissions; fostering carbon 
sequestration 

Agreeing on, 
committing to, 
and enforcing 
property rights 
over land, trees, 
and environmental 
services

Frontier and disputed 
areas

Agricultural 
expansion; rapidly 
increasing land 
values in frontiers; 
conflicts over 
forest use in 
disputed areas

Fostering more 
intensive rural 
development and 
access to off-farm 
employment

Avoiding 
irreversible 
degradation; 
mitigating CO2 
emissions; 
avoiding forest 
fragmentation

Restraining 
resource grabs 
by large actors; 
averting races for 
property rights 
by smallholders; 
equitably 
adjudicating land 
claims

Areas beyond the 
agricultural frontier

Most of the 
world’s tropical 
forests; contains a 
minority of forest 
dwellers but many 
indigenous people

Providing services 
for dispersed 
populations

Maintaining 
large-scale 
environmental 
processes

Protecting 
indigenous people’s 
rights; averting 
disorderly frontier 
expansion
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Domains

Mosaiclands
Forest edge
Forest core

Map 1.2 Domains in Africa’s Tropical Forest Biomes

Table 1.2 Stylized Forest Types Have Equivalents in Mapped Domains

Stylized type Mapped domain

Mosaiclands with better 
defined tenure

Mosaiclands: agricultural lands, 
agriculture-forest mosaics, and small 
forest patches

Frontier and disputed areas  Forest (and savanna) edges: the 
forested borders of mosaiclands

Areas beyond the 
agricultural frontier

Forest (and savanna) cores: forested 
areas well away from mosaiclands

Source: Authors’ calculations; see appendix B.
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dence between the idealized types and their mapped equivalents—
called domains here. Box 1.2 and Appendix B provide more details 
on the construction of the domains.

The maps, especially those for the “true” forest, capture much 
of the spirit of the typology. Map 1.5, for instance, clearly shows 
the mosaiclands that characterize much of Central America and the 
South American Atlantic Forest. Its depiction of forest edges high-
lights the expansion of the Amazônian frontier from the south and 
east, and along roads and rivers. Map 1.4 shows forests remaining 
beyond the frontier on the islands of Borneo and New guinea, but 

Domains

Mosaiclands
Savanna edge
Savanna core

Map 1.3 Domains in Africa’s Tropical Savanna Biomes

Source: Authors’ calculations; see appendix B.
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mostly already transformed to frontier in Sumatra and Sulawesi, 
Indonesia. 

The correspondence between stylized types and mapped 
domains, however, is inexact. Nonremote forest edges could be 
akin to the mosaiclands they border. In long-settled parts of Asia 
these edges may be static interstices between scattered settlements. 
Some of these interstitial forests may be under disputed or insecure 
tenure. other forest edges are near cities and have high population 
densities. These may represent agroforestry rather than frontiers or 
disputed areas. Thus the maps and tables in this chapter should be 
considered indicative of broad tendencies, and are not meant to give 
a definitive classification to any particular spot. They are intended 
to inspire more detailed work at the national level.

Domains

Mosaiclands
Forest edge
Forest core

Map 1.4 Domains in Asia’s Tropical Forest Biomes

Source: Authors’ calculations; see appendix B.
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Domains

Mosaiclands
Forest edge
Forest core

Map 1.5 Domains in Latin American and Caribbean Tropical Forest Biomes

Source: Authors’ calculations; see appendix B.
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Domains

Mosaiclands
Savanna edge
Savanna core

Map 1.6 Domains in Latin American and Caribbean Tropical Savanna Biomes

Source: Authors’ calculations; see appendix B.
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The Uneven Distribution of Forest Populations
In the great forest areas beyond the frontier, people live at densities 
of less than 1 per 10 square kilometers—while some Asian forests 
have population densities hundreds of times that. options for for-
estry and agriculture are very different in these settings. So is the 
environmental relationship between people and trees. This section, 
and much of this report, elaborates on an obvious but crucial dis-
tinction: most forest dwellers live in a small part of the forest, and 
most of the forest has few inhabitants.

It is important to understand the limitations of the data used to 
map forest populations (see box 1.2). The data assume that rural 
populations are evenly spread throughout their counties, districts, 
or municipios. We then tally the number of people in forested areas. 
This approach results in overestimates, because people tend to 

Box 1.2 Mapping the Domains and Tallying Their Populations

To map tropical forest domains, this report 
uses gLC2000, a global map of land cover 
based on satellite data (ECJrC 2003). The 
gLC2000 maps the world in 1-square kilome-
ter cells based on predominant vegetation. 
Although the gLC2000 is the best available 
map of global land cover, it has limitations. 
remote sensing data at this resolution has dif-
ficulty distinguishing agroforestry from forests, 
and relatively undisturbed savanna woodlands 
from forest-agriculture mosaiclands.

Mosaiclands are mostly agriculture, mix-
tures of forest and agriculture, and small 
clumps of forest surrounded by agriculture. So 
this domain consists of mosaic forests embed-
ded in a sea of agricultural lands.

Forest edges (a proxy for frontier areas) are 
forests and woodlands outside mosaiclands, 
but within 6 kilometers of them. This defini-
tion might roughly approximate the radius of 

household extractive activities or shifting cul-
tivation around a small settlement. Finally, for-
est cores (a proxy for areas beyond the frontier) 
are more than 6 kilometers from mosaiclands.

The populations of these cells were esti-
mated by overlaying them with data from the 
global rural-Urban Mapping Project (CIESIN 
and others 2004a, b, c). This data set compiled 
global census data at a fine administrative 
level—the equivalent of districts or smaller 
units, where possible. residents of towns and 
cities were distinguished from rural dwell-
ers, who were then assumed to be spread out 
evenly across the rest of the census district 
and mapped into 1-square kilometer cells. 
The assumption of even distribution prob-
ably results in an overestimate of the number 
of people living in forests, because population 
densities are higher in cleared areas than in 
forests. 
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occupy unforested areas. Still, the data roughly indicate the number 
of people living in or around the three domains. The estimates are 
least reliable for African savannas, where remote sensing sources 
have difficulty distinguishing small-scale agriculture from savanna 
vegetation.

The resulting estimates provide guidance on the relative size of 
the three domains (table 1.3). These tabulations refer only to dis-
persed rural populations, excluding even small towns with a few 
thousand people. Some key findings:

• Forest dwellers outnumber dwellers on purely agricul-
tural lands. In tropical regions more than 800 million 
rural people live in or near forests (considered at a 
fine geographic scale), while about 460 million live 
on lands that are mostly agricultural. Even keeping 
in mind that small towns are excluded from this cal-
culation, and that forest dwellers are overstated, this 
estimate highlights the importance of woodlands in the 
populated rural landscape.

• Latin America and the Caribbean have the most forest 
area, Africa the most savanna. The area of nonsavanna 
forest in Latin America—about 10 million square kilo-
meters—exceeds that in Africa and Asia combined. The 
savanna woodlands of Africa occupy about 11 million 
square kilometers. 

• Asia has by far the most forest dwellers and the highest 
population density in forests. About 350 million people 
live in the forest edges and cores of Asia, with another 
90 million in the Asian mosaic forests. The population 
densities of less remote Asian edge forests, at about 
85 per square kilometer, are high enough to suggest 
long-settled areas dependent on agroforestry or planted 
forests. While most of these areas are unlikely to be 
expansion frontiers, some could be disputed. Africa 
and Latin America have about 165 million people liv-
ing in nonsavanna forests, and Africa has 185 million 
people in savanna woodlands.

• Forest edges contain most forest dwellers. In the nonsa-
vanna forests of Asia and Latin America, forest edge 
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Table 1.3 Forest Populations and Areas Vary by Continent, Biome, Domain, and Remoteness, 2000

Population (millions)

  Mosaiclands Forest edges Forest cores

  Agricultural 
lands

Mosaic 
forest

    

  Hours to major 
city

Hours to major 
city

Hours to major 
city

Hours to major 
city

Continent Biome < 8 > 8 < 8 > 8 < 8 > 8 < 8 > 8

Africa Forests 13.2 2.9 25.5 3.6 22.6 7.9 18.3 12.0
Savannas 55.4 6.9 28.5 3.6 54.3 11.6 58.9 28.8

Asia Forests 324.1 12.6 71.5 18.6 256.5 29.5 60.9 6.1
Savannas 4.7 0.0 0.2 0.0 1.8 0.1 0.0 0.0

Latin America and 
Caribbean

 
Forests

 
31.2

 
3.2

 
18.2

 
1.8

 
34.8

 
7.2

 
7.5

 
3.9

Savannas 5.2 0.5 2.8 0.3 4.1 1.0 0.7 0.3

All Forests 368.5 18.6 115.2 24.0 313.9 44.7 86.7 22.0
Savannas 65.3 7.4 31.5 4.0 60.2 12.7 59.5 29.0

 

Area (thousands of square kilometers)

  Mosaiclands Forest edges Forest cores

  Agricultural 
lands

Mosaic 
forest

    

  Hours to major 
city

Hours to major 
city

Hours to major 
city

Hours to major 
city

Continent Biome < 8 > 8 < 8 > 8 < 8 > 8 < 8 > 8

Africa Forests 114 54 440 130 480 466 693 1,206
Savannas 1,189 480 778 284 1,446 1,012 3,024 4,307

Asia Forests 1,684 169 636 517 2,045 1,527 594 563
Savannas 15 1 1 13 8 12 0 3

Latin America and 
Caribbean

 
Forests

 
993

 
222

 
922

 
331

 
1,622

 
1,947

 
647

 
4,458

Savannas 566 257 324 170 749 636 259 323

All Forests 2,792 445 1,998 978 4,148 3,941 1,934 6,226
Savannas 1,770 737 1,104 467 2,203 1,660 3,283 4,633

Source: Authors’ calculations based on CIESIN 2004a, b, c and ECJRC 2003; see appendix B.
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populations outnumber core and mosaic forest popula-
tions combined. Africa’s nonsavanna forest populations 
are about equally split between the three domains.

• Remote forest dwellers are relatively few. globally, about 
22 million people live in nonsavanna forests more than 
6 kilometers from the nearest agriculture and more 
than 8 hours’ travel from the nearest city of 100,000 
people. An additional 45 million live at similar remote-
ness, but within 6 kilometers of agriculture.

Figure 1.1 shows how unevenly people are distributed through-
out forests. The middle panel shows the cumulative number of for-
est dwellers in Africa, Asia, and Latin America and the Caribbean 
as population densities increase, up to 500 per square kilometer. As 
noted, densities at this level include people who are near forests but 
not necessarily under forest canopy. An enormous share of these 
forest dwellers are Asian.

The top of figure 1.1 zooms on the most sparsely populated 
forests, with population densities below 50 per square kilometer. 
Dwellers in these forests are presumably highly dependent on for-
est resources and include shifting cultivators. Most of the 20 million 
inhabitants of the lowest-density forests (those with fewer than 10 
people per square kilometer) are African and Latin American.

The bottom panel of figure 1.1 shows the cumulative area of 
forest as a function of population density. Most African and Latin 
American forests (excluding savannas) are occupied at densities of 
fewer than 20 people per square kilometer. In contrast, most Asian 
tropical forest is occupied at population densities above 50. These 
widely varying population densities have divergent implications for 
livelihoods and forest management.

Trends in Forest Change
With all the attention devoted to loss of tropical forests, one might 
think that the basic dimensions of the problem—the rate, location, 
and nature of forest degradation—would be well quantified and 
understood. They are not. only a few countries, notably Brazil and 
India, are measuring and reporting forest status on a regular basis 
using remote sensing. Some countries, such as Mexico, have under-
taken detailed forest inventories that permit assessment of changes 
in land use over specific periods. For many other important forest 
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countries, consistent and comprehensive data on forest change do 
not exist. And overexploitation of forest plants and animals, a seri-
ous ecological threat, is hard to monitor anywhere.

Studies on Tropical Deforestation 
There have been attempts to estimate tropical forest loss on a global 
scale. Each has advantages and disadvantages. The most authorita-
tive source is the United Nations Food and Agriculture organization 
(FAo 2001b) Forest resources Assessment (FrA), which produces 
two sets of estimates. The first, oft-cited set is compiled from national 
inventories. While the quality of national reports increased substan-
tially between 1990 and 2000, estimates of deforestation rates are 
affected by low-quality, incompatible, or missing inventories from 
1990 or earlier and by inconsistencies between countries.

The less-known FrA remote sensing survey (FrA-rSS) esti-
mates deforestation using high-resolution (30-meter pixels) satellite 
data covering 10 percent of the world’s tropical forests. The results 
are representative at the continental but not national level. The 
FrA-rSS also tries to distinguish between kinds of forest degrada-
tion. The Tropical Ecosystem Environment observation by Satellite 
(TrEES) project uses high-resolution sample data to estimate forest 
loss in humid tropical forests. Achard and others (2004) combined 
FrA and TrEES data to produce the estimates of forest loss shown 
in table 1.4. 

Table 1.4 Estimated Annual Deforestation Is Highest in Latin America and Asia, 1990–97
(millions of hectares)

Humid forests Dry forests

 
Type of  
forest  

change

Latin 
America and 
Caribbean 

except Brazil

 
 

Brazilian 
Amazônia

 
 
 

Africa

 
 
 

Asia

Latin 
America  

and 
Caribbean

 
 
 

Africa

Deforestation 1.08 ± 0.55 1.43 ± 0.88 0.85 ± 0.30 2.84 ± 0.90 1.9 ± 1.1 1.5 ± 0.6

Other 
degradation

 
0.61 ± 0.46

 
0.22 ± 0.21

 
0.39 ± 0.19

 
1.07 ± 0.44

 
n.s.

 
n.s.

Regrowth 0.20 ± 0.11 0.08 ± 0.11 0.14 ± 0.11 0.53 ± 0.25 n.s. 0.07 ± 0.05

Source: Achard and others 2004.
n.s. Not significant.
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In contrast, Hansen and DeFries (2004) used globally compre-
hensive but low-resolution (8-kilometer pixels) data to map defores-
tation for the entire tropical realm (map 1.7). In addition to its more 
comprehensive coverage, their study assesses changes over 17 years 
instead of the 7 years of Achard and others (2004). But its methodol-
ogy is less accurate for the dry forests and savannas of Africa and 
may not be able to detect subtle, small-scale patterns of degradation 
in forests and mosaiclands.

There is rough agreement between these two sources on the 
magnitude of gross deforestation on two continents during the 1990s: 
about 4.4 million hectares a year in Latin America and 2.8 million in 
Asia. FrA-rSS and TrEES also detect substantial forest degradation: 
about another 1 million hectares a year for each of those continents. 
DeFries and others (2002) report much more forest regrowth than 
do the other sources. And the greatest disagreements are for the dry 
forests and savannas of Africa. The FrA country studies report 5.2 
million hectares of annual net forest loss in tropical Africa, while 
DeFries and others (2002) estimate a net annual loss of just 376,000 
hectares.

There is even more uncertainty about the actors responsible for 
deforestation. What are the roles of loggers, shifting agricultural-
ists, sedentary farmers, large-scale ranchers, and plantation own-
ers? Because tropical forests are species-rich, loggers are selective in 
removing trees and rarely engage in clear-cutting. of the 152 cases of 
deforestation reviewed by geist and Lambin (2001), only 5 involved 
logging without follow-on agriculture. However, logging provides 
access roads to follow-on settlers, and log sales can help finance the 
cost of clearing remaining trees and preparing land for planting of 
crops or pasture. Thus logging can catalyze deforestation.

Moreover, logging can seriously degrade forests. In Indonesia 
and Malaysia, which have a high density of saleable trees, extrac-
tion rates of 150 cubic meters per hectare have been reported (Putz 
and others 2001). Using new remote sensing techniques, Asner and 
others (2005) found that the area degraded by logging exceeded the 
clear-cut area in five Brazilian states. While much of the logged area 
might eventually be converted to agriculture, only about 19 percent 
of degraded areas were deforested within three years after logging. 

In Africa, forest loss around large cities reflects agricultural 
expansion and overharvesting for charcoal. The Stockholm Envi-
ronment Institute (2002) used remote sensing to study forest deg-
radation around Dar es Salaam (Tanzania), Lusaka (Zambia), and 
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Maputo (Mozambique) during the 1990s. In all three areas there was 
a reduction in open woodlands and an increase in thicket, bush, and 
grasslands, due to a combination of charcoal extraction and shrink-
ing fallow periods. Around Lusaka nearly a third of deforestation 
was attributable solely to charcoal. 

The relative importance of small- and large-scale agriculturalists 
is also debated. A lot of Brazilian and Indonesian deforestation is 
undertaken by large commercial interests (see chapter 3), and most 
African and mainland Southeast Asian deforestation is thought to 
be carried out by smallholders. The only hints to the relative global 
magnitudes of corporate and “populist” deforestation are provided 
by the FrA-rSS. Using this data, FAo (2001b) estimated that expan-
sion of shifting cultivation into undisturbed forest represented only 
about 5 percent of all pan-tropical changes in land use. Intensifi-
cation of agriculture in shifting cultivation areas represented more 
than 20 percent of tropical land use change in Asia and less than 
10 percent in Africa. Direct conversion of forest area to small-scale 
permanent agriculture accounted for 60 percent of land use change 
in Africa, but only a small portion elsewhere. Direct conversion of 
forest to large-scale permanent agriculture represented about 45 per-
cent of tropical land use change in Latin America and about 30 per-
cent in Asia.

FRA-RSS survey scenes
Deforestation hotspots

Map 1.7 Hotspots of Tropical Deforestation

Source: Hansen and DeFries 2004 (hotspots); FAO 2001b (survey scenes).
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Where Are Forest Degradation Rates the Highest? 
Deforestation doesn’t occur randomly. Assessing geographic risk 
factors for deforestation can help in the design of policies that pro-
tect threatened forests with high environmental value but little to 
offer for agriculture. 

Table 1.5, based on an original analysis using the FrA-rSS, 
relates forest degradation rates (including both deforestation and 

Table 1.5 During the 1990s Savannas and Asian Forests Experienced Considerable Degradation 
(percent)

Tropical forests Tropical savannas

 
 

Domain

 
 

Africa

 
 

Asia

Latin America 
and the 

Caribbean

 
 

Africa

Latin America 
and the 

Caribbean

Mosaiclands 11.1 16.8 20.2 11.8 18.4

Forest edges  4.7  9.9  4.3  9.2  8.5

Forest cores  2.7  4.4  0.6  9.6  0.8

Total  5.4 10.9  3.6  9.9 10.8

Source: Authors’ calculations based on CIESIN and others 2004a, b, c, ECJRC 2003, and FRA-RSS; see appendix B. 
Note: The table shows the percentage of forested 2- by 2-kilometer cells, by condition in 2000, that experienced a reduction in 
forest cover since 1990.
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forest thinning) to the three forest domains.1 Two features stand 
out. First, degradation rates are high—about 10 percent—in savan-
nas and Asian forests. Second, degradation rates are quite high 
in mosaiclands. In Latin American forests, for instance, about 
20 percent of mosaicland areas with trees experienced degrada-
tion in the 1990s.2 This includes degradation of forest fragments 
on largely agricultural lands. rates are lower on the frontier and 
lower still on areas beyond the frontier. Because there is relatively 
little forest left within mosaiclands, the total area degraded is as 
large or larger outside mosaiclands, even though the degradation 
rate is lower. 

Does deforestation yield valuable agricultural land? or does it 
occur on marginal soils with poor prospects for sustainability? Figure 
1.2 shows forest degradation rates by suitability for rainfed annual 
cropping, according to the global Agro-Ecological Zones assessment 
(FAo and IIASA 2000). In Africa and Latin America degradation 

Pr
op

or
tio

n 
of

 c
el

ls
 w

ith
 fo

re
st

 d
eg

ra
da

tio
n

Soil suitability

Very 
High

High Good Medium Moderate Marginal Very
Marginal

Not
Suitable

0.00

0.03

0.06

0.09

0.12

0.15

Latin America
and Caribbean

Asia

Africa

Figure 1.2 Africa and Latin America Have Higher Degradation on Better 
Soils, 1990–2000

Source: Authors’ calculations based on FRA-RSS and GAEZ; see appendix B.
Note: The figure shows the proportion of forested 2-by-2-kilometer cells experiencing 
loss of forest cover.
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rates are higher on better soils, as a simple economic model would 
predict. This portends significant costs to restraining deforestation 
in some places. But a lot of forest degradation is occurring on lands 
considered marginal for annual agriculture. In Asia there is no rela-
tionship between agroclimatic conditions and degradation rates. It is 
possible that in these areas, forest degradation is driven by logging 
or by conversion to perennials rather than annual cropping. In all 
three continents this analysis suggests that a substantial amount of 
deforestation and degradation occurs in areas with little agricultural 
value—suggesting that it may be possible to reduce some deforesta-
tion at relatively low cost.

Threatened Species—Concentrated in Less-remote  
Areas and Mosaiclands
To support conservation, it is essential to identify and locate species 
threatened with extinction. The World Conservation Union’s red 
List is a systematic effort at identifying those species (www.redlist.
org). The list classifies species as endangered (extinction probability 
of 20 percent within 20 years) or critically endangered (extinction 
probability of 50 percent within 10 years) based on several criteria, 
including limited or declining ranges or populations. So it is not sur-
prising that threatened species are more likely to be found in non-
remote areas with higher human populations and more fragmented 
habitats.

The World Conservation Union and other conservation groups 
are also making massive efforts to map the ranges of threatened and 
nonthreatened species, but are hampered by spotty data. observa-
tions may be outdated. observers may have favored locations near 
roads or parks and neglect to look in mosaiclands. And imputed 
ranges may not take into account actual habitat conditions. Still, the 
creation of these range maps is a major step forward and provides at 
least a rough look at the distribution of species.

Information from the red List and the global Amphibian 
Assessment made it possible to map the location of all tropical for-
est biome cells with at least one threatened amphibian species. The 
incidence of threatened species is much higher in nonremote areas, 
at least in Africa and Latin America (figure 1.3). ricketts and others 
(2005) apply a stricter criterion to a broader set of species, includ-



AT  L o g g E r H E A D S ?

48

Imminent extinction hotspots 

Map 1.8 Imminent Extinction Hotspots

Source: Updated from Ricketts and others 2005 using data from Alliance for Zero 
Extinction.
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Source: Authors’ calculations based on World Conservation Union Red List and 
Global Amphibian Assessment; see appendix B.
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ing birds, mammals, amphibians, some reptiles, and conifers. The 
authors focus on threatened species found in only one, well-defined 
location in the world, where the loss of habitat in that location prob-
ably implies loss of the species. These locations—dubbed “immi-
nent extinction” locations—tend disproportionately to be on islands 
and mountaintops, partly because of evolutionary processes (map 
1.8). But again, outside Asia the incidence is closely related to urban 
proximity (figure 1.4). The incidence is much higher in agricultural 
and forest frontier land than on areas beyond the frontier. 

Summary
The world’s tropical forests are diverse, with important differences 
between continents. Asia has most of the world’s tropical forest 
population, living at relatively high population densities and closer 
to major cities on average than in Latin America and Africa. Asia’s 
deforestation rates are also higher. Latin America has most of the 
nonsavanna tropical forest area, but only a small proportion of for-
est inhabitants. Africa has vast areas of savanna. 

Populations in nonsavanna forests are quite concentrated, with 
more than 400 million people occupying the most crowded 2 million 
square kilometers, and only about 10 million in the least crowded 
10 million square kilometers. About a quarter of forest dwellers are 
in mosaiclands, where agriculture and forests are closely intermin-
gled, though these lands constitute only a small portion of the forest 
estate. The deforestation rate is particularly high on these frag-
mented lands. Most forest dwellers live on the edges of these mosa-
iclands, some in frontier conditions. Biodiversity is most threatened 
in less-remote mosaic and edge forests. relatively few people live in 
core forests or those beyond the frontier. The next chapter examines 
the geographic and economic forces that shape these patterns.

Endnotes
1. The FrA-rSS estimates are based on a stratified random 

sample of satellite scenes; sampled areas are represented by the 
blue rectangles in map 1.7. Note that there are no sample scenes in 
China, where the map shows deforestation hotspots. Degradation 
incidence is the proportion of tree-bearing sample points that expe-
rience some loss of canopy.
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2. This calculation is somewhat biased because the mosaicland 
classification is based on land cover in 2000, at the end of the period 
over which change was measured. But the results are qualitatively 
similar when the outermost cells of the mosaiclands—those in con-
tact with the frontier and thus the most likely to have undergone 
recent change—are omitted.


