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Abstract

A digital land cover map of South America has been produced using remotely sensed

satellite data acquired between 1995 and the year 2000. The mapping scale is defined by

the 1km spatial resolution of the map grid-cell. In order to realize the product, different

sources of satellite data were used, each source providing either a particular parameter of

land cover characteristic required by the legend, or mapping a particular land cover class.

The map legend is designed both to fit requirements for regional climate modelling and

for studies on land cover change. The legend is also compatible with a wider, global,

land cover mapping exercise, which seeks to characterize the world’s land surface for the

year 2000. As a first step, the humid forest domain has been validated using a sample of

high-resolution satellite images. The map demonstrates both the major incursions of

agriculture into the remaining forest domains and the extensive areas of agriculture,

which now dominate South America’s grasslands.
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Introduction

The distribution of natural vegetation is largely

determined by climate and the vegetation cover itself

plays an important role in the climate system by

influencing energy, water and gas exchanges with the

atmosphere, and by acting as a source and sink in

biogeochemical cycles (Sellers et al., 1997). The dynamic

equilibrium that exists between regional climate and

vegetation could alter if either component changes

(Shukla et al., 1990). In South America, perturbations in

both components are all too apparent.

The strongest natural perturbations in South Amer-

ica’s climate result from the El Niño Southern Oscilla-

tion (ENSO) events. ENSO events are associated with

dry anomalous conditions in northern Amazonia and

northeast Brazil (Marengo, 1992). These droughts are

associated with increased numbers of forest fires.

Recent evidence from satellite observations of rainfall

shows that the smoke from fires further reduces rainfall

because the emissions saturate the atmosphere with

condensation nuclei, thus shutting down the warm rain

processes in convective tropical clouds (Rosenfeld,

1999). Many of the continent’s dryland ecosystems are

already subject to desertification (UNEP, 1999), grass-

land production could be reduced because of increas-

ingly variable precipitation if ENSO events become

stronger and more frequent. Likewise agricultural

activities in specific parts of the continent may change

in response to climatic shifts. Northeast Brazil’s

production could decline and adaptation strategies

such as increasing irrigation and increasing fertilization

would be required (Rosenzweig & Hillel, 1998).

Anthropogenic land cover change is most evident in

the processes of deforestation and agricultural expan-

sion. The UN Population Division puts the year 2000

population for Latin America and the Caribbean at 519

million and predicts this could rise to as many as 1025

million by 2050 (United Nations, 2001). To provide for

the growing population the forests will very likely

continue to be cleared to make way for agriculture,

ranching and plantations. Commercial wood harvest-

ing also is likely to increase. Latin America’s humid
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tropical forests declined by 16 million hectares between

1990 and 1997, an average rate of 0.38% per year,

though annual deforestation rates in hot-spots reached

over 4% (Achard et al., 2002). This replacement of forest

with agriculture or pasture reduces water cycling and

could lead to reduced rainfall (Nobre et al., 1991).

The large-scale biosphere–atmosphere (LBA) experi-

ment in Amazonia aims to determine how changes in

land use and climate affect the biological, chemical and

physical functions of Amazonia, including the sustain-

ability of development in the region and the influence

of Amazonia on global climate, and determine how

Amazonia currently functions as a regional entity.

Reliable baseline information concerning the conti-

nent’s land cover is essential to determine likely climate

change scenarios, model the impacts of climate change,

plan for sustainable development and protect the

continent’s biodiversity.

A number of land cover databases are available for

South America, but they all have some drawbacks for

use in climate and sustainable-development research as

envisioned by LBA. The maps from the 1970s and

1980s, which were assembled from data from diverse

sources, all include a climate component in the

classification scheme. They therefore represent an

inseparable mix of actual and potential land cover,

and all describe conditions as they were 20–30 years

ago (Holdridge et al., 1971; Hueck & Seibert, 1972;

UNESCO, 1981). More recently, Harcourt & Sayer

(1996) collated information from national sources to

produce a continental forest cover database though the

diverse primary data sources used limit the internal

consistency of this database. More consistent maps

have been obtained by using data from meteorological

Earth Observing satellites acquired between 1992 and

1993 for the land cover mapping efforts of the

International Geosphere Biosphere Programme (IGBP)

(Stone et al., 1994; Loveland et al., 1999). The IGBP

classification scheme is also being used to generate new

land cover maps using current observations from

sensors on the Terra-1 satellite (Friedl et al., 2002).

This paper describes a new database, which should

provide scientists with better tools to model climate

change and to monitor land cover dynamics. The map

legend, classification methods, the accuracy assessment

process, the area and the percentage land cover for

major cover types and the resulting map are all

presented.

Defining a new land cover legend

The definition of the legend was driven by the need to

partition land cover in biogeophysical terms, whilst

retaining information on key South American ecosys-

tems. To provide adequate land surface parameteriza-

tion for models, evergreen and deciduous canopy types

were separated as were perennial and annual above-

ground biomass. The resulting classes can be used for

carbon cycle dynamics studies, and as a means of

defining seasonal/regional variations in surface albedo,

surface moisture availability and aerodynamic rough-

ness length; the classification also separated needle leaf,

broadleaf and grasses as gas exchange characteristics

are affected by leaf type (Dorman & Sellers, 1989).

Further separation of land cover types was then needed

to adequately document processes such as agricultural

expansion. Converting non-agricultural land (predomi-

nantly forest in Amazonia) to cropland or pasture has a

dramatic impact on biogeochemical cycles and asso-

ciated non-climatic global changes including ecosystem

simplification and species extinction (Tilman et al.,

2001). Thus, areas of intensive agriculture and areas

where agriculture is mixed with non-forest or forest

cover types were separated. Similar attention was paid

to environmentally sensitive South American ecosys-

tems such as wetlands and seasonally flooded grass-

lands. This scheme results in 39 classes identified on the

basis of land cover type, seasonality, vegetation cover

and water regime. Furthermore, we added altitudinal

divisions for the forest classes, as climate change in

cloud forests has been shown to have an important

impact (Pounds et al., 1999). The classes are then

grouped on the basis of vegetation structural categories

(Eiten, 1968), which gives 10 broad class divisions at the

first level. At this first level the classes are broadly

grouped as; forests, shrublands, grasslands, barren

surfaces, water, ice and snow. Subsequently, we

introduce canopy structure (open/closed), vegetation

cover (dense/sparse), seasonality, flooding regime,

climate and altitude. Details of the classes are provided

in Table 1.

The South America map has been produced as part of

a project to map Global Land Cover for the year 2000 –

‘GLC 2000’ (Bartholomé et al., 2002a) along with a

global burnt area product—’GBA 2000’ (Grégoire et al.,

2003). The classes in Table 1 have also all been classified

according to the UN Food and Agriculture Organiza-

tion’s Land Cover Classification System (LCCS) so that

they can be integrated into the Global Land Cover

database. This database has been developed to analyse

and cross-reference regional differences in land cover

descriptions (Di Gregorio & Jansen, 2000). It describes

land cover according to a hierarchical series of

classifiers and attributes that separate vegetated or

non-vegetated surfaces, terrestrial or aquatic/flooded,

cultivated and managed, natural and semi-natural,

life-form, cover, height, spatial distribution, leaf type

and phenology.
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Materials and methods

To meet the requirements of the legend, a number of

different sources of remotely sensed satellite data were

used. Each of these data sets has its own potential

application and contributes to mapping a specific

ecosystem or land cover, seasonality or water regime.

This approach to mapping is in contrast to previous

continental maps, which have been derived from

single-source data. A total of 1600 satellite images were

used in the preparation of the map, comprising of

400 Gb of raw data.

Low spatial resolution satellite data acquisition and
preprecessing

Three types of low spatial resolution satellite data are

used: Along Track Scanning Radiometer (ATSR-2);

SPOT VEGETATION (VGT) and The Defense Meteor-

ological Satellite Program (DMSP) Operational Line-

scan System (OLS). These data were used to map

evergreen forest formations, unvegetated and seasonal

formations, and urban areas, respectively. The ATSR-2

is on board the ERS-2 satellite. The sensor acquires data

in a 500 km swath at nominal 1 km spatial resolution,

Table 1 The distribution of land cover classes across South America (rounded to 100 km2) altitudinal thresholds of 500 and 1000 m

are used to give the distribution of forests into lowland (L), premontane (P) and montane (M) classes

Level 1

Land cover class

Level 3

Forest altitudinal

distribution (%) Surface

area (km2) PercentageLevel 2 L P M

Humid tropical forests Evergreen broadleaf Closed/open 89.0 6.1 4.9 6 143 000 34.55

Evergreen broadleaf Bamboo dominated 92.1 7.9 0.0 75 500 0.42

Semi-humid broadleaf Closed/open 85.5 14.4 0.1 86 800 0.49

Dry tropical forests Deciduous forests Closed/open 75.9 18.4 5.6 1115 700 6.28

Semi-deciduous forest Closed/open 34.9 12.0 53.2 142 100 0.80

Semi deciduous transition forest 100.0 – – 209 400 1.18

Flooded tropical

forests

Coastal flooded forests – mangroves 100.0 � � 17 300 0.10

Fresh water flooded forests 100.0 � � 199 300 1.12

Swamp forests – open with palms 100.0 � � 53 900 0.30

Temperate forests Evergreen broadleaf Closed/open 56.5 25.9 17.6 61 700 0.35

Evergreen mixed broad and

needle leaf

42.7 36.6 20.7 29 600 0.17

Deciduous forests Closed/open 58.1 20.2 21.7 105 500 0.59

Agriculture Intensive 2 024 700 11.39

Mosaic of degraded

non-forest vegetation

735 300 4.14

Mosaic of degraded

forest vegetation

1 513 600 8.51

Forest plantations 3 400 0.02

Grass and

shrub lands

Savannah 350 900 1.97

Shrub savannah 738 400 4.15

Flooded savannah 320 900 1.81

Shrublands 1 412 900 7.95

Flooded shrublands 13 000 0.07

Moorlands/heath 106 900 0.60

Montane grasslands Closed/open 280 300 1.58

Steppe vegetation Grasslands Closed/open 666 100 3.75

Sparse shrubland 566 700 3.19

Little or sparse

vegetation

Bare soil/barren 346 000 1.95

Desert 194 500 1.09

Salt pans 9 400 0.05

Water bodies Natural and artificial

water bodies

220 200 1.24

Permanent ice and snow 23 900 0.13

Urban Urban and other man-made

surfaces

11 400 0.06

Total 17 778 300 100.00
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available in visible (green and red), near infra-red

(NIR), short-wave infra-red (SWIR) and thermal bands

(TIR). The SWIR and thermal bands allow good

discrimination between dense humid forests and

seasonal forest formation and non-forests. The SWIR

is highly sensitive to vegetation moisture content

(Guyot et al., 1985) and, as a result of high evapo-

transpiration, the humid forests remain cooler than

other land cover types and hence give a lower thermal

signature. The fine spectral bandwidths allow for the

detection of some specific humid forest types, notably

mangroves and bamboo dominated areas. Between

1999 and 2001 over 1000 ATSR images of Latin America

were acquired in near-real-time through the European

Space Agency’s world wide web server. The ATSR data

were corrected to top of atmosphere reflectance by

applying the calibration tables provided by the sensor

designers, Rutherford Appleton Laboratories (http://

www.atsr.rl.ac.uk/). The data were composited to-

gether into a continental mosaic by selecting pixels

with the highest surface temperature. This type of

composite avoids a number of well-documented arte-

facts associated with compositing techniques (Cihlar

et al., 1994) as well as masking out both cloud and edge

of cloud, which are frequently present over the Amazon

basin. The temperature of contiguous blocks of forests

tends to be homogenous. As a result, the speckled effect

found on many composites due to the selection of

pixels from different image dates is reduced. This

selection process is, however, rarely used as it produces

mosaics from the tropical dry season, where seasonal

forests are difficult to discriminate from other non-

forest formations due to the loss of foliage. At the same

time, in savannah ecosystems, it selects burnt areas

(Eva & Lambin, 1998). In our case, this serves our

purposes in that it gives a mosaic, in which evergreen

forest formations are clearly delineated from bare soil

and from seasonal vegetation formations. Only the red,

NIR and SWIR channels are retained for the mosaic.

The green channel is rejected as it is easily contami-

nated by haze, and the thermal channel is also rejected

as its low variance over a scene reduces class separation

any multi-spectral classification process.

The SPOT VGT sensor onboard the SPOT 4 satellite is

similarly a 1 km resolution sensor. It is one of the first

sensors to be specifically designed for global vegetation

monitoring. It has a 2000 km swath enabling daily

acquisition of data even at the equator. It samples data

in the visible (blue and red), near and short-wave infra-

red, but has no thermal imaging capacities. The daily

availability of data makes the VGT instrument invalu-

able in monitoring the seasonality of vegetation forma-

tions, especially in tropical areas, where cloud-free data

are difficult to acquire. The VGT data were provided in

single-day (S1) and 10-day composites (S10) consist-

ing of the four spectral channels, and the vegetation

index – NDVI (normalized difference vegetation index).

The S1 data were used for producing a number of by-

products (cloud cover and vegetation fractional cover).

The S10 data were themselves composited into four

mosaics: boreal winter (data from December 1999 to

February 2000); spring (March 2000 to May 2000);

summer (June 2000 to August 2000) and autumn

(September 2000 to November 2000). The selection

process took the pixel from the image with the lowest

short-wave value after cloud screening. This technique

is known to produce cloud shadow artefacts. These are

avoided by the application of a buffer around the cloud.

For the resulting mosaic, the red, NIR and SWIR

channels were retained. The blue channel, being

sensitive to atmospheric contamination, was rejected.

At the same time vegetation index (NDVI) profiles were

synthesized using the highest value into monthly

products so as to provide information on the duration

and magnitude of the vegetation growing season and

maximum vegetation ground cover. A comparison of

the NDVI with the bare soil NDVI gives us a measure of

the fractional green cover (Gutman & Ignatov, 1998),

and has been adapted for use with the VGT sensor

(Bartholomé et al., 2002b). To reduce cloud contamina-

tion a spline smoothing (Van Dijk et al., 1987) has been

applied to the data on a pixel basis.

Whilst urban areas can often be visually detected on

low-resolution satellite images, due to their context and

location, they are problematic to extract from the digital

data. This arises because their spectral signature is

similar to bare soil. To overcome this problem we used

radiance calibrated lights data from the DMSP to locate

the major urban areas. The DMSP OLS sensor has two

spectral bands (visible and thermal infra-red) and a

swath width of around 3000 km. The OLS has low light

sensing capabilities, which go down to 10–9 W-

cm�2 sr�1mm�1 at night. By monitoring the frequency

of light sources, the location of human settlements can be

determined (Elvidge et al., 1997) so-called ‘stable lights’.

Medium spatial resolution radar data

Seasonally and permanently flooded forests are an

important land cover class in the humid rainforests of

South America. Low-resolution optical data are un-

suitable for the detection and mapping of such classes,

as the forest canopy usually obscures the water from

the satellite’s field of view. For this reason radar data

were acquired from the Global Rain Forest Mapping

project (GRFM, Rosenqvist et al., 1996) The data, from

the JERS-1 L band radar, are available as full mosaics

covering the humid forests, geometrically corrected at a
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nominal 100 m resolution pixel with backscatter scaled

to 8 bits. Two mosaics were produced covering South

America’s tropical forests, one the high water mosaic,

coinciding with the high water period of the Amazon

river at Manaus (May–July 1996) and the other, the low

water mosaic, produced from data (September–December

1995) to coincide with the low water period. The radar

signal penetrates the forest canopy and is amplified by

the presence of water under the forest canopy, in an effect

called double bounce. Thus an intercomparison of the

two mosaics gives an indication of areas of the major

regions of flooded forests (Rosenqvist et al., 1998).

Ancillary data

Forest and land cover maps were assembled to aid in

the labelling of spectral classes. These cover the

majority of the land surface of South America, from

continental maps (Holdridge et al., 1971; Hueck &

Seibert, 1972; UNESCO, 1981) to country maps of

Argentina (APN, 1999), Bolivia (MDSMA, 1995), Brazil

(IBGE, 1995; RADAMBRAZIL, 1973–1978), Chile (Neira

et al., 2002), Colombia (IGAC, 1987), Guyana (Huber

et al., 1995; ter Steege, 2001) Ecuador (Sierra, 1999), Peru

(INRENA, 1996) and Venezuela (Huber & Alarcón,

1988; Huber, 1995).

In addition to this, maps and information on the

spatial distribution and characteristics of ecosystems

were collected from the literature (Table 2).

Altitude thresholds for the montane forests were

applied using the US Geological Survey’s ‘GTOPO30’

(Bliss & Olsen, 1996). A systematic review of national

topographic maps revealed this to be valid at the

continental scale with the exception of the Venezuelan

Guayana, where the data were amended according to

the topographic map of the region provided by Berry

et al. (1995). Forest classes were divided into lowland

(less than 500 m asl) premontane (500–1000 m asl) and

montane (41000 m asl) forests.

Image classification techniques

The low resolution optical ATSR and VGT data were

used to spatially identify and isolate regions exhibiting

similar spectral responses to solar radiation in a range

of wavelengths, and their variation throughout the

year. The two mosaics were independently classified

using the unsupervised clustering algorithm, ISODATA

(Ball & Hall, 1965). This approach was used as it

requires little a priori knowledge and as suitable

training data is difficult to apply at continental levels

(i.e. for a supervised maximum likelihood classifier).

The subsequent classes were labelled on the basis of

visual interpretation of the satellite data with the

resulting classification. In this technique each indivi-

dual spectral class is independently overlaid on the

satellite imagery. An analyst, working to a defined

legend, supported by vegetation dynamics statistics

derived from the remote sensing data and by regional

maps and literature, then assigns the class to a

particular land cover type. In this way the thematic

legend is taken from existing reference material, while

the spatial extent and location, along with supporting

evidence on vegetation cover and seasonality, is

provided by the remote sensing data. This approach

to exploiting low spatial resolution satellite data has

been successfully demonstrated by D’Souza et al.

(1995), Eva et al. (1999), Stone et al. (1994), Mayaux

et al. (1997) and Achard & Estreguil (1995).

Evergreen forests

The spectral clustering was applied firstly to the ATSR

mosaic. Visual analysis of the spectral classes resulted

Table 2 Sources of information for delineating vegetation

Biome Source

Tropical rain forests Oliveira & Nelson (2001), Ducke & Black (1953), De Granville (1988), Gentry (1990, 1995), Pires &

Prance (1985), Clark & Clark (2000), Berry et al. (1995)

Tropical dry forests Bullock et al.(1995), Parker et al. (1993), Bucher (1982), Sampaio (1995), Adamoli et al. (1990),

Spichiger & Ramella, (1988)

Flooded forests/mangroves Adis (1984), Junk (1989), Lescure & Tostain, (1989), Pires & Prance (1985)

Montane forests Haber et al. (2000), Stadtmüller (1987), Cavelier & Etter (1995)

Montane grasslands Balslev & Luteyn (1992)

Shrublands Huber (1988b), Berry et al. (1995), León, et al. (1998), Paruelo et al. (1998) APN (1999)

Tropical grasslands Huber et al. (2001), Berry et al. (1995), Sarmiento (1984), Ratter (1992), Barbosa (1996), Eiten (1982),

Pires & Prance (1985)

Temperate grasslands Guerschman et al. (2003), Soriano (1993), León, et al. (1998), Paruelo et al. (1998), APN (1999)

Temperate forest Armesto et al. (1998), Veblen et al. (1996), CI (1992), Neira et al. (2002), León, et al. (1998), Paruelo

et al. (1998), APN (1999)
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in, first, separating the classes into evergreen forest

types and non-evergreen forest types. Subsequently,

within the evergreen forest classes, two classes showed

distinct spatial and spectral characteristics that enabled

them to be identified from existing ancillary material as

specific forest formations – bamboo-dominated forests

and mangroves.

Other vegetation formations

A similar approach was used to derive the seasonal

classes derived from SPOT VGT data. The four seasonal

mosaics were combined into one data file. Those classes

already identified by the ATSR data as evergreen forest

were masked out from the new SPOT mosaic. This was

done to reduce both the size of the data set and possible

class confusion in the SPOT data. The remaining area,

‘non-evergreen forest’, was classified by the same

procedure using ISODATA to produce 80 spectral

classes. The SPOT NDVI data set was then used to

extract the NDVI profile for each class produced by

ISODATA. The interpretation of these classes was again

undertaken by visual examination in conjunction with

the examination of the monthly NDVI profiles to

determine the percentage vegetation cover and the

length of growing season. In Fig. 1 we show the NDVI

derived profiles for example classes. These profiles help

to determine the class labels of seasonality and

vegetation cover (Fig. 2).

Flooded forests

For the flooded forest detection, a local statistical filter

(30 by 30 pixels) was used to calculate the variance of

the radar backscatter in the low water JERS mosaic. Those

pixels on the high water mosaic, which were found to

have a backscatter more than 2 standard deviations

higher than the equivalent low water mosaic pixel, were

classed as potential flooded forests. Visual interpretation

was required to set an appropriate threshold to

discriminate the areas of flooding and exceptional signal

fluctuation, which was seen to occur in two or three of

the radar scenes, which made up the mosaic and on the

topography of the Guayana highlands. The resultant

layer was merged with the forest layer obtained from the

ATSR data, to give a seasonally flooded forest layer.

Urban areas

The DMSP data were overlaid on the SPOT VGT mosaic

to ensure adequate colocation. Major South American

cites were used, and no significant misalignment was

evident. However, it was apparent that DMSP cali-

brated lights data tend to overestimate the urban extent

due to the scattering of light in the atmosphere, as

noted by Elvidge et al. (1999). Therefore the data sets

have been used as a ‘seeding’ layer to locate the

presence of large urban areas in the SPOT VGT data. A

mask was created from the DMSP data to extract from

the SPOT data only the areas under the DMSP light

signal. This much-reduced data set was then classified

using ISODATA into 10 thematic classes. The classifica-

tion was then overlaid on the SPOT VGT mosaic to

determine by visual interpretation which of the 10

classes were related to pure urban areas. It was found

that three of the classes could be identified as urban

while the rest resulted from the spread of light.

Fig. 1 A plot of green vegetation cover variation during the year for different cover types. From these plots we area able to deduce

cover and seasonality.
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Validation data

Spatial and thematic validation of continental land

cover maps present many problems due to both the

large areas concerned, the diverse ecosystems and to

the lack of homogeneous national legends and, not

least, the potential financial costs of such exercises. To

validate the DISCover global map, the IGBP project

aimed at selecting 415 1 km points across the globe for

expert interpretation and comparison with the IGBP

class (Scepan, 1999). The assessment was carried out on

25 points randomly distributed across the globe for each

class. While such a validation exercise gives a measure

of reliability at the global level, it does not preclude local

mapping errors that can be avoided with a careful

expert review of the preliminary product (Fig. 3). Under

the GLC 2000 project a two-stage process, to be carried

out in 2003, is proposed (Bartholomé et al., 2002a). The

first stage is a quality control step, to eliminate

macroscopic errors in the spatial delimitation of classes

and of class labels. This has been carried out for the

South America map using a network of partners across

the continent. The second stage consists of a statistical

examination of the classes mapped at the global level. A

stratified random sample of sites weighted by continent

will be selected, with 26 sites per land cover class. The

sample sites will consist of subsets of Landsat Thematic

Mapper scenes, interpreted by local experts.

For the South America map, we have carried out

a preliminary statistical validation using the TREES

high-resolution data set (Achard et al., 2002). The

advantage of this data set is that it consists of readily

available Landsat Thematic Mapper scenes (25 quarter

scenes and 15 full scenes) interpreted by regional

experts from Brazil, Bolivia, Peru, Venezuela, Colombia

and French Guyana. The disadvantages are that (i) the

data set is confined to the humid forest domain, (ii) the

classification scheme was derived for measuring de-

forestation, and therefore is less detailed for non-forest

classes, (iii) the data are predominantly from 1997 and

(iv) in the event of fragmented classes, the differences

between the spatial resolution of the reference data and

the map data will introduce subpixel classes, which

lower the mapping accuracy. It should also be noted

that the attributes of both flooding, and seasonality are

difficult to assess on single data satellite imagery. As a

result we can only claim that our validation data are

appropriate for the classes in the humid forest domain.

Nevertheless we use 40 Thematic Mapper interpreta-

tions (a total area of 498 843 km2) on one continent as

opposed to the 400 1 km sites conducted globally by the

IGBP. The high Andine ecosystems, the llanos, the

Brazilian catingaas and cerrado, the pampas, steppes and

chaco of Argentina, and the Mediterranean and Valdi-

vian ecosystems of Chile, all need to be validated under

the GLC 2000 program.

The South America map was remapped to an equal

area projection to collocate it with the validation sites.

The areas of the major land cover types were extracted

from the validation data and the equivalent area on the

Fig. 2 The differences in seasonality and green vegetation cover for four types of neotropical forest.

A L A N D C O V E R M A P O F S O U T H A M E R I C A 737

r 2004 Blackwell Publishing Ltd, Global Change Biology, 10, 731–744



South America map so as to produce a regression line

between the area derived from the validation sites and

that of the map. A confusion matrix was produced so as

to give a breakdown of the percentages of each

reference class found in the map class. This helps us

to determine the strengths and weaknesses of the class

labels.

Results

Products

The map of South America has been produced with 10

major ecological groups (Table 1); humid tropical

forests, dry tropical forests, flooded tropical forests,

temperate forests, grasslands and shrublands, steppe

vegetation, agricultural classes, urban, water and

barren classes. It is further divided by seasonality,

flooding regime and proportional cover (dense and

sparse). Altitudinal zones; lowland, premontane and

montane further divide the forest classes as described

above. A predominant feature of the classification has

been the identification of wetlands; mangroves, season-

ally and permanently flooded forests, swamps, season-

ally flooded shrub and grasslands. The map is

presented in Fig. 4, and is available, along with

explicative notes from the Joint Research Centre. For

display purposes the map is presented at the level 1

class stage along with the montane forests. For each

1 km grid on the map we have ancillary data sets on

cloud frequency (Fig. 5), albedo, length of growing

season, maximum and minimum fractional cover (Figs

1 and 2). The minimum and maximum extents of

flooding, ice and snow cover are also available. In Fig. 6

we demonstrate the extent of flooding and changes in

spectral reflectance that occur between summer and

winter around the Araguaia River in Brazil.

Validation of the thematic content

The classes in the TREES validation data set comprise

of forest (63%), agriculture (13%), grasslands (10%),

mosaics (7%), wood and shrublands (5%) and bare soil

(2%). With the exception of the humid forests and the

agricultural mosaics, the classes are poorly represented

in the validation sites in comparison with their

continental distributions (forests 45%, agriculture 11%,

mosaics 12%, grasslands 20%, shrublands 11% (Table 1).

The composition of the map classes as defined by the

reference data (Table 3) shows that forests, bare soil,

urban and water classes are relatively ‘pure’, with over

66% of the class composed of a single reference class.

The other classes are composite; however, their class

labels are accurate. The mosaic of agriculture and degraded

forest consists of forests (39%), agriculture (35%) and

agricultural mosaics (21%). While the mosaic of agricul-

ture and degraded vegetation consists of agriculture (29%)

Fig. 3 Top: a false colour composite mosaic of thematic mapper

scenes of the Amazon basin 800 km by 600 km (Embrapa, 2000).

Manaus and the Balbina dam are to the west of the image. The

forest appears as green, degraded forest and agriculture appear

as light green and red. Middle: The IGBP DISCover Version 1

map of the region. Forest in green, degraded forest and

agricultural mosaics in yellow. Bottom: the new South America

map of the same region. Forest in green, degraded forest and

agricultural mosaics in yellow. Flooded forests are in mauve.
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wood and shrubland (21%) and grassland (25%).

Agriculture consists of 57% agriculture and 18%

agricultural mosaics. These composite classes reflect

the nature of the fragmentation of the landscape into a

number of classes at the 1 km level in this domain. This

occurs as these land cover classes exist either at an

ecological interface, or, in the case of agriculture and

mosaics, as fragmented intrusions along roads. Hence,

Fig. 4 The South America map displayed at the level 1 generalization (Table 1), with the montane forests above 500 m shown.

A L A N D C O V E R M A P O F S O U T H A M E R I C A 739

r 2004 Blackwell Publishing Ltd, Global Change Biology, 10, 731–744



the spatial differences between the 1 km map and the

30 m interpretations become more critical. At the

continental level, large blocks of such land covers do

exist, and therefore should be sampled in the final

validation exercise. For the purposes of regression

analysis we have therefore aggregated the validation

classes into forests, natural non-forest vegetation (grass-

lands and shrublands) and agriculture (intensive and

mosaics).

For these aggregated classes, the forest class derived

from the map shows an acceptable correlation

(r25 0.97) with the reference data. The nature of the

correlation is shown in Fig. 7. The relationships

obtained for the other aggregated classes are lower,

natural non-forest vegetation r25 0.59 and agriculture

r25 0.89. The aggregation of classes undoubtedly

improves the correlation between the data sets, but

until a wider geographic validation is undertaken, this

is required to overcome the fragmentation issue.

Discussion of results

The dynamics of South American land cover

While our map is a static land cover product, access to

archived satellite data and to the published literature,

enables us to qualitatively highlight some of the

important land cover changes occurring in South

America. Most striking is the human impact on the

continent, with exceptions in the desertic and steppe

regions. Foremost among these is the continued

advance of the agricultural frontier into the humid

forest domain, both from the west along the Andes

foothills and from the southeast. The southeast corner of

the Brazilian Amazon shows increasing fragmentation,

Fig. 5 Cloud persistence at satellite overpass time for February

2000, grey indicates between 10 and 20 days of cloud, areas in

black more than 20 days of cloud. The product is available at a

daily resolution.

Fig. 6 SPOT VGT composites (SWIR-NIR-Red) of the wet (left) and dry (right) season images of the Araguaia River (centre of the

images) and the Xingo River (left of the images). Each imagette is 500 km in width. Note the extent of the flooding on the Araguaia River

(left) and the large change in reflectance of the agricultural zones east and west of the river. The green area around the Xingo is dense

tropical forest.
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and the expansion of anthropogenic activity is

clear even compared with the TREES 1992 map (Eva

et al., 1999). Notable too is the isolation and fragmenta-

tion of remaining natural vegetation in the Brazilian

cerrado and caatingas and in the Argentine pampas. The

chaco dry forests in southern Bolivia and northern

Argentina show increasing numbers of large exploita-

tions, notably around Santa Cruz de la Sierra. To the

north of the humid forest domain, the agricultural

frontier has expanded in the Venezuelan llanos when

compared with Huber’s 1988 map. The spatially finer

ecosystems along the Andes are more difficult to assess

at the scale of the South America map. Nevertheless,

our database serves as a first pass stratification for

highlighting major changes.

Applications of such maps

The new land cover map of South America has high

scientific relevance in that it documents the current

status of the continent in a global context. Not only do

we document the land cover types (a breakdown of the

area occupied by each major land cover class is shown

in Table 1) but we describe the seasonality, percentage

vegetation cover, cloud frequency, albedo, and the

extent of flooding, snow and ice on the continent.

These data can serve as an input to continental climate

models and can serve as a database for modelling land

cover change scenarios on local and regional climate,

for example, replacing humid forest by mixed agricul-

ture. An application is already found in highlighting

Table 3 The composition of the map classes as determined by the reference data (columns add up vertically to 100%)

Map data

Forests

(%)

Shrublands

(%)

Grasslands

(%)

Sparse

grasslands (%)

Agriculture

(%)

Mosaic1

(%)

Mosaic2

(%)

Bare

(%)

Urban

(%)

Water

(%)

Reference data

Forest 83 17 13 7 17 39 14 6 0 11

Woodland and

Shrubland

3 17 7 19 5 5 21 5 1 1

Grassland 3 40 60 25 2 1 25 11 3 5

Agriculture 6 9 8 9 57 35 29 2 19 2

Bare 0 5 4 34 1 0 4 72 68 2

Mosaic 4 11 5 6 18 21 7 1 3 1

Water 1 1 4 0 0 0 0 2 6 78

100 100 100 100 100 100 100 100 100 100

The grey shading shows the major contributions of each class. Mosaic 1 is agriculture and degraded forest, Mosaic 2 is agriculture

and degraded natural non-forest vegetation.

Fig. 7 Relationship between area of humid forest on map and that detected on 40 high-resolution satellite scenes.
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land cover change, and while such maps are inap-

propriate for making statistical measurements of land

cover changes, they highlight ‘hotspot’ strata for the

basis of further measurement by finer spatial resolution

satellite data (Achard et al., 2002). Indeed, the para-

meterization of each land cover type’s seasonal cycle

and characteristic albedo, facilitates the automatic

detection of potential land cover changes. By docu-

menting the distribution and frequency of clouds,

flooding, ice and snow for the year 2000 we provide a

basis for longer term studies on climate and the

hydrological cycle. The finer spatial accuracy of the

map enables botanists to put their floristic collections in

a wider geographic context than was previously

available with the generalized continental maps. The

potential impact of vegetation fires on the global

climate has long been known (Sieler & Crutzen, 1980)

but always difficult to quantify. Our map of land cover

is accompanied by a burnt area product from the same

SPOT VGT data and the same period, the year 2000.

While problems relating to biomass estimations and

burning efficiency remain, three of the main parameters

are now available, vegetation type and cover and burnt

area. Lastly, in giving a continental overview, the map

can help to set priorities for conservation, showing the

distribution of ecosystems and highlighting where they

are under threat.

The resulting data set for South American has the

following characteristics: an up-to-date view of the land

cover in a dynamic region; a synoptic view, achieved by

the same methods (unlike national maps); a view that

fits into a global perspective; a higher spatial accuracy

and precision than conventional maps; available in

digital format through the internet, which can be easily

updated; readily integrated into Geographic Informa-

tion Systems; a legend applicable to South America

land cover types but which fits into the global

perspective; accompanied by set of biogeophysical

parameters that give valuable ancillary information,

for example, seasonality.

As the capacity to produce near-real-time satellite

data at finer spatial resolution increases, we can

envisage more accurate spatial and thematic maps to

document the Earth’s surface and its biophysical

properties. In a period of rapid land cover change and

concerns over climate, the importance of documenting

today’s land cover need not be stated. This new South

America map, in the framework of the GLC 2000

project, is a contribution to that goal.
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