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INTRODUCTION 

Phase 2 of the TREES project is developing a prototype for an operacional system for 
monitoring forests in the tropical belt (TFIS). The capacity to detect deforestation hot spots 
is being improved by analysing a sample of high-resolution imagery over known hot-spot 
areas QRC, 1997). Thts work is being done partly by local organisations, in order to build 
partnerships for TFIS. Many locations scattered over vi.t:tually all of South America show 
evidence of accelerated deforestation, but principally so in the Colombian, Ecuadorian and 
Peruvian Andes and the westem part of the Amazon region QRC, 1997). 

The objective of this component of TFIS development is to identify and quantify recent 
deforestation in the period between 1989-1991 and 1996-1998 for the selected samples. The 
changes of forest area between both dates were measured using high-resolution remote 
sensing data and techniques. 

The International Centre for Tropical Agriculture (CIA T, its Spanish acronym) was 
responsible for studying 13 sample areas located in Colombia, Ecuador and Pero, covering 
sorne of the principal South American hot spots. 

The methodology of this study involved the use of georeferenced satellite images, such as 
Landsat TM SPOT, and on-screen digitising of land-use and land-cover units, which are 
greater than SO hectares for recognition purposes. Digitising was on a 1: 100 000 scale. The 
recognition and assignment of land-use codes to the image interpretation was supported by 
the use of historical data, such as land-use and forest maps, to evaluate past and present 
changes. 

This report involves the study of an area located in the Ecuadorian Amazon region. 

DEFORESTATION PATTERNS IN SOUTH AMERICA 

According to WRI-UNEP-UNDP-World Bank (1998), an average of 0.5% annual 
deforestation occurred in South America during the 1990-199S period. However, it is highly 
variable between countries, from 0% (Guyana and Uruguay) to 2.6% (Paraguay). Annex S 
gives statistics for South America's forests in the period 1990-199S. 

The clearing of tropical forest shows different kinds of spatial pattems, which are influenced 
by the size of the remaining forest area and the customs of the inhabitants. One spatial 
pattem is of a small remnant of forest like an island within the cleared area. In this way, 
deforestation is increasingly advancing along the borders (Rudel, 1993). 

In the case of a wide area of forest, such as the Amazon basin, the deforestation pattem has 
another shape; along the forest margins, in similar circumstances to the forest-island, fringes 
are opening into the border of the forest. This situation can be seen where the Amazon 
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basin borders the Andes region. "The population overflowing from the Andes clown to the 
Amazon plains do not settle there. They advance like a slow buming ftre, concentrating 
along a narrow margin between the land they are destroying and are about to leave behind, 
and the forests lying ahead of them" (Myers, 1984). The land is used until yields begin to 
decline, then it is ceded or sold to cattle ranchers and the settlers move farther into the forest 
to restart the cycle of forest clearing and abandonment (Stearman, 1985). In sorne cases, the 
deforested area is abandoned for 5 to 1 O years befo re secondary forest growth is established 
(Navas, 1982). 

Deforestation may also occur along defined corridors, such as roads and rivers. One of the 
first situations revealing this pattem is in the upper reaches of the Amazon basin; the first 
spots of cleared land emerge in a linear pattem along mule trails from the Andes to the 
Amazon. Farther east, navigable rivers provide access to markets, so the first clearings occur 
in corridors of land along rivers (Rudel, 1993). 

The govemments sponsor colonisation zones into the forest, often resulting in grids with 
cleared land along the roads and islands of forest in the centre of the squares created by the 
roads. Both sides of the roads have a uniform width of farm clearings. These clearings form 
an additional corridor of cleared land that parallels the roadside corridor severa! kilometres 
into the forest (Hiroaka and Yamamoto, 1980). Other road-building agents are the "highly 
capitalised organisations like timber companies that begin the deforestation process by 
building a penetration road, and colonists quickly clear a corridor of land along the road. The 
subsequent construction of feeder roads induces further deforestation and swaths of cleared 
land appear in the zone, reducing the forests to island remnants away from the roads" 
(Rudel, 1993). 

The building of a new road into the forest sometimes does not generate a corridor of cleared 
land. In Colombia, the penetration road into the state of Cagueta generated considerable 
land clearing, while the construction of a similar road into the state of Guaviare did not 
(Ortiz, 1984). Areas such as Guaviare and Amazonas in Colombia, even after roads had been 
completed, remained far from major markets and have had little economic or population 
growth. 

In Frohn's (1998) study of the causes of landscape change in Rondonia, Brazil, he observed 
that the amount of deforested area is negatively correlated with the distance to the inhabited 
centres. The farmers closer to urban centres have difficult access to the forest because of 
lack of transport and services. 

Many factors may have helped produce deforestation hot spots: political decisions, 
migration, marketplaces, fuelwood gathering, livestock farming, increase of population, 
clímatic and compounded-impact, infrastructure, fires, illegal plantation, logging, 
appropriateness of land uses, daros, mining (Utting, 1993; Adger and Brown, 1994). But the 
causes of deforestation can be abridged into three principal ones, (1) land use conversion, (2) 
overexploitation of forest and (3) natural and environmental changes (Adger and Brown, 
1994). 
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Deforest:ation has global consequences with respect to the carbon cycle. lt has local impacts 
of increased rates of soil erosion, capacity of soils to ret:ain water, other pollut:ants emitted 
from biomass buming, loss of biological diversity, loss of cultural diversity (when the 
indigenous people are displaced) and loss of indigenous knowledge (Adger and Brown, 
1994). 

STUDY AREA 

LOCATION 

The study site is located in the Ecuadorian Amazon region and includes part of the Napo 
and Coca Rivers and the principal settlements of Sucumbio and Napo provinces. It is 
bounded in the west by the Amazon Piedmont and inter-oceanic highway, in the north-east 
by a big oil palm plant:ation and in the north by the Aguarico River. The total area covered is 
1 258 050 hectares. 

The relief is relatively flat from the confluence of the Coca and Napo Rivers towards the 
east. From this point to the west, the land is irregular with import:ant hills in the Andean 
Piedmont. 

CLIMA TE 

The Coca region is between 200 m and 600 m in the low tropical forest area. It has an 
average annual precipit:ation of 3100 mm and no marked dry season (Peck, 1990; Ramirez et 
al., 1992). 

COLONISATJON 

Since 1950, the population in the high ranges of the Amazon region has been increasing. 
With the discovery of oil in the late 1960s, there has been sorne intensive road building 
(Myers, 1980); most import:ant was the construction of the highway from Baeza to Lake 
Agrio and Puerto de Orellana (Coca). This highway has made the lower jungle more 
accessible and facilit:ated settlement along the roadsides (de la Torre, 1982). "The oil 
exploit:ation and road construction has converted eastern Ecuador into one of the most 
active areas of colonisation in the Amazon Basin" (Peck, 1990). 

The oil companies' activity has had direct environment:al impacts such as deforest:ation, and 
soil, water and air contamination, affecting the quality of life of the people and damaging 
veget:ation and Amazon wildlife. The opening of tracks for oil exploit:ation was and is taken 
advantage of by timber companies and by the settlers' need to obt:ain wood and agricultura! 
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lands. They have logged about 700 000 ha in the Amazon region (Fundación Natura -
UICN, 1995a, 1995b; Peña, 1996), of which 200 000 ha were logged by oil company activity 
when the tracks were opened (Lasso, 1992). 

The oil company zone is located on the Andean eastem slopes from the flat Amazon region 
up to the height of 600 m. In this zone, oil development and the improvement of the road 
network prometed until 1992 the emigration of almost 30 000 families of settlers from the 
densely inhabited mountain range (Ramirez et al., 1992). 

The Ecuadorian Amazon had an important colonisation program in the 1980s, with about 
750 000 hectares being occupied in a racional manner. The Program emphasised the 
importance of defining a regional development policy focussed on: ''The need for 
harmonious development, adequate settlement and utilisation of the territory in relation to 
economic and social needs and the soil's characteristic and use; communication among 
regions and provinces; complementarity between diverse territorial localities based on 
economic production capacity and on the types of settlements" (de la Torre, 1982). 

As an incentive to occupation of the Amazon region, the national government through the 
Ecuadorian Institute of Agracian Reformation and Colonisation (IERAq distributed 50-ha 
plots along lines parallel to the oil companies' highways. These plots were given 
preferentially to colonists organised in productive co-operatives and to indigenous 
communities, mostly of the Quichua people and sorne Shuar communities. From a total 
507 980 ha awarded in 1992 in the lowland forest, 102 300 ha corresponded to secondary 
forests (Ramirez et al., 1992; Peña, 1996). 

Now the Amazon Ecuadorian population registers an increase of 4.4% annually and is made 
up of diverse groups such as indigenous natives, colonists, urban areas and companies 
(Reyes, 1996). 

The colonisation of the low tropical forest caused high deforestation, wood extraction and 
increased the pressure of ethnic groups in the settlement area in the primary forest. 
Additionally, sorne colonists are doing a form of sustainable management of the secondary 
forest by means of agroforestry systems for coffee production and cattle raising (Ramirez et 
al., 1992). 

PRODUCTION SYSTEMS 

The principal uses of the land by farmers the land after cutting the forest are subsistence 
agriculture, pasture, cattle ranching and coffee plantations (Peck, 1990). 

After colonising the land, the farmers replaced forests with robust coffee plantations (Coffea 
canephora). Following the drop in coffee prices, colonists began to replace certain areas with 
grassland to raise cattle (Reyes, 1996). 
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''The good soils of the Napo Forestare being rapidly converted to oil palm plantations". "As 
much as 81% of agricultural lands are under pasture, many in 30- to 50-ha plots" (Myers, 
1980). 

"The surface dedicated to agricultural use is 8%, of which 80% is pasture, about 17% annual 
and perennial crops and the remaining 3% corresponds to abandoned lands" (Reyes, 1996). 

METHODOLOGY 

MATERIALS 

For this work we used the second quarter of two Landsat TM images (path 009, row 060: 
009060900207Q2geo.lan, 009060960903Q2geo.lan). The radiometric quality of the image 
data was good, although the first image presented important cloud coverage over part of the 
area with the most intervened forest and in part of the Andean Piedmont. 

Land use was interpreted using as reference land use and vegetal maps ata 1:250 000 scale 
from the Instituto para el Ecodesarrollo de la Región Amazónica Ecuatoriana (ECORAE , 
1998) 

The interpretation key that we used for this project is given in annex 4. 

GEOCODI NG 

Both images were georeferenced to Universal Transversal of Mercator (UTM), zone 18 
WGS84, using the Georeferencing module of the PCI software. Geographic reference 
information was extracted from topographical maps and associated to the image of the first 
date as ground control points. In the case of the second image, the georeferencing process 
used as a reference the product obtained from georeferencing the first image (first date). The 
topographical maps ata scale of 1:100 000 that were used for georeferencing were produced 
by the Instituto Geográfico Militar (IGM) of &uador. Annex 1 gives a list of maps used for 
geoeferencing, root mean square (RMS) error for both processes as well as parameters and 
other georeferencing information. 

Figures 1 and 2, in Annex 2, give an overview of the study area in both images after the 
georeferencing process. 
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LAND-USE AND LAND-COVER DIGITISING 

Land uses and land cover were digitised on screen over the TM 4-5-3 colour composite. This 
process was completed using the lmageworks module of PCI software with the minimum 
mapping unit as described in TREES technical annex (50 ha; 300 m width for linear 
features) . The images were displayed at a scale of 1:100 000 and all distinguishing 
characteristics were digitised and associated to a specific class code established by TREES 
(see Annex 3). 

Digitised vectors on the first image were overlaid on the second and then the changes in 
land use and cover greater than 25 hectares were digitised. The result of this process forms 
the digitised product of land use and cover for the second image. 

BUILDING POLYGONS 

Both data groups were transferred to ARC/INFO to correct remammg errors (dangles, 
codes) and to build polygon coverages for both dates as well as their intersection. 

In the intersection coverage, sorne polygons with size less than half the minimal mapping 
unit (i.e. 25 ha) were suppressed by using the ELIMINA TE command, which allowed us to 
merge small polygons to the polygons with the longest common boundary. This was 
particularly useful to simplify areas with scattered clouds. 

The intersection coverage was submitted toa final edition process in ArcView 3.1, using the 
imagery for both dates as background. In this step, remaining code errors and 
inconsistencies, as well as remaining digitising errors, were corrected on the intersection 
coverage. For example, polygons might be found going from a young regeneration stage to 
primary forest, which is impossible in a period of 9 years. 

Final coverages for the overlapping area from both dates were produced from the corrected 
intersection coverage using the DISSOLVE command of ARC/INFO. These were used to 
generate the statistics reported in Annex 3. In compliance with contract requirements, the 
coverages for the total area covered by each image were obtained by merging (making codes 
and borders compatible) those produced by DISSOLVE with the originals (i.e., before 
intersection). 

The attribute table of the intersection coverage was used to produce the land use change 
statistics and confusion matrix (see Annex 3). 
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INTERPRETATION OF CHANGES 

The forest area without important land use / land cover change extends over 78.4% of the 
area without cloud and shadow cover Oater referred as overlap area). Agricultura! practices 
(AP), vegetation re-growth (VR) and the mosaic types (M1) established by TREES covered 
17.8%. Bodies of water (2.2%) cover the remaining area. The oil palm plantation represents 
5 % of the AP, VR and MT, being the annual increase rate of 1.2%. 

In the 1990-1996 period, the study area showed a total decrease of forest area of about 
6.8%, which represents an annual deforestation rate of 1.1 %. Recuperation of the forest was 
slow, only 0.03% per year. 

CONCLUSIONS 

The annual deforestation rate obtained in the study area is less than that the published 
national average of 1.6% (WRI-UNEP-UNDP-World Bank, 1998). However, we found that 
8679 hectares of forest is cleared every year in the study area. 

The rate of recuperation of forest is low because after applying slash-and-burn practices to 
the land, settlers leave the farms for a few years until the soils recuperate their nutrients or 
switch to other types of agricultura! practices (e.g., oil palm plantation). 

The area is being developed rapidly, with numerous oil company concessions and industrial 
plantations of oil palms. These companies need local workers for their activities, which 
creates food demand that is supplied by new settlers, which results in increased pressure in 
the forest. 

The area's deforestation pattem is complex. The linear pattem caused by intensive logging, 
settlements, agricultura! expansion, oil exploration and exploitation is prevalent, but there are 
clear regions that experienced massive deforestation in order to introduce oil palm industrial 
plantations. 
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Annex 1 

Geocoded image information 

Rfo Napo (Path 090, Row 060, Quarter 2) 
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Maps Used for Georeferencing 

IGM. 1993. Francisco de Orellana, CT-PIII-C1, 4292-IV, Pronvincia de Napo-Ecuador, 
Topograhic map, Scale 1: SO 000, Instituto Geográfico Militar, Serie J721, Edition 1. Quito, 
Ecuador. 

IGM. 1979. San Pedro de Los Cofanes, CT-PIII-A1, 4293-IV, Provincia de Napo-Ecuador, 
Topograhic map, Scale 1: 50 000, Instituto Geográfico Militar, Serie J721, Edition 1. Quito, 
Ecuador. 

IGM. 1993. Laguna de Limoncocha, Cf-PIII-C2, 4292-I, Limoncocha-Ecuador, Topograhic 
map, Scale 1: 50 000, Instituto Geográfico Militar, Serie J721-Edition 2, Quito-Ecuador 

IGM. 1993. Pacayacu, Hoja 4293-I, Pacayacu-Ecuador, Topograhic map, Scale 1: 50 000, 
Instituto Geográfico Militar, Serie J721, Edition 1. Quito, Ecuador. 

IGM. 1994. La Joya de Los Sachas, Hoja 4293-III, La Joya de Los Sachas-Ecuador, 
Topograhic map, Scale 1: 50 000, Instituto Geográfico Militar, Serie J721 , Edition 1. Quito, 
Ecuador. 

IGM. 1996. San Sebastián del Coca, CT-OIII-D2, 4192-I, Provincia de Napo-Ecuador, 
Topograhic map, Scale 1: 50 000, Instituto G eográfico Militar, Serie ]721-Edition 2, Quito
Ecuador 

IGM. 1993. Shushufmdi, CT-PII-A4, 4293-II, Provincia de Sucumbíos-Ecuador, Topograhic 
map, Scale 1: 50 000, Instituto Geográfico Militar, Serie ]721-Edition 2, Quito-Ecuador 
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Geocoded image information 

Landsat TM image, Quarter 2 
Path 009 Row 060 
Date 07/02/90 
Jmage name : 

Channe/1 
Channe/2 
Channe/3 

INumber of co/umns 
INumber of lines 

Reference pro]ection 
Units 
Upper left comer 
Lower right comer 

Resam /In mode 

00906090020728geo.~n 

TM Band 3 
TM Band 4 
TM Band 5 

4027 1 
4042 ~ 

UTM 18 M WGS84 LaULong WGS84 
Metres Degree 

224294 1 9998114 77.4769 Wl 0.0170 S 
345104 1 9876854 76.3921 Wl1 .1138 S 

Nearest 
1 

1 
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Geocoded image information 

Landsat TM image, Quarter 2 
Path 009 Row 060 
Date 03/09/96 
lmage name: 

Channe/1 
Channe/2 
Channe/3 

(Number of co/umns 
(Number of llnes 

Reference pro]ection 
Units 
UJ!I!er left comer 
Lower right comer 

Resamp/ing mode 
Transformation order 
Georeferenc/nge~(pixeQ 

Number of GCP 

00906096090328geo.lan 

TM Band 3 
TM Band 4 
TM Band 5 

4026 1 
4041 1 

UTM 18 M WGS84 Lat!Long WGS84 
Metres Degree 

224117 1 9997719 77.4785 Wl 0.0206 S 
344897 1 9876489 76.3939WI1 .1171 S 

Nearest 
1 

2.1 
21 
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Annex 2 

F alse colour composites 

Rfo Napo (Path 090, Row 060, Quarter 2) 
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Figure 1. Landsat TM satellite image, bands 4, 5, 3, path 090, row 060, quarter 2, date 07-
02-90. Upper left comer 77.4769 W, 0.0170 S, Lower right comer 76.3921 W, 
1.1138 S. 
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Figure 2. Landsat TM satellite image, bands 4, S, 3, path 090, row 060, quarter 2, date 03-
09-96. Upper left comer 77.4785 W, 0.0206 S, Lower right comer 76.3939 W, 
1.1171 S. 
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Annex3 

Land use / Land cover change 
(Overlap area) 

Rio Napo (Path 090, Row 060, Quarter 2) 

15 



Land use 1 Land cover present in 1990 image 

Río Napo (Path 009, Row 060; ecu_ciat_ran_90_cds.xls) 

Descri_Dti_on 
111A Closed High Density Lowland Forest 
1118 Closed Medium Oensity Lowland Forest 
111C Open Lowland Forest 
1110 Fragmentad Lowland Forest 
131A Closed High Density Periodically inundated forest 
1318 Closed Medium Oensity Periodically inundated forest 
131C Open Periodically inundated forest 
133A Closed High Density Swamp Forest with Palms 
1338 Closed Medium Oensity Swamp Forest with Palms 
133C Open Swamp Forest with Palms 
1330 Fragmentad Swamp Forest with Palms 
16A Closed High Oensity Forest Regrowth 
16C Open Forest Regrowth 
160 Fragmentad Forest Regrowth 
211 Mosaic of Shifting Cultivation & forest with less than 1/3 cropping 
212 Mosaic of Shifting Cultivation & forest with more than 1/3 crop_.Q!1!9_ 
23 Other Vegetation & Forest 

322 Swamp Grassland 
33 Regrowth of Vegetation 
422 Oil Palm Plantations 
43 Ranching 
44 Small holding 
51 Urban 
54 Bare soil 
59 Other Non-Vegetated 
61 River 
621 Natural Lake 
81 Cloud 
82 Shadow 
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Land use 1 Land cover present in 1996 image 

Río Napo (Path 009, Row 060; ecu_ciat_ran_96_cds.xls) 

CQdei DescriDtion 
111A Closed High Density Lowland Forest 
1118 Closed Medium Density Lowland Forest 
111C Open Lowland Forest 
1110 Fragmented Lowland Forest 
1318 Closed Medium Density Periodically inundated forest 
131C Open Periodically inundated forest 
1310 Fragmented Periodica\ly inundated forest 
133A Closed High Density Swamp Forest with Palms 
1338 Closed Medium Density Swamp Forest with Palms 
133C Open Swamp Forest with Palms 
1330 Fragmented Swamp Forest with Palms 
16A Closed High Density Forest Regrowth 
168 Closed Medium Density Forest Regrowth 
160 Fragmented Forest Regrowth 
211 Mosaic of Shifting Cultivation & forest with less than 1/3 cropping 
212 Mosaic of Shifting Cultivation & forest with more than 1/3 cropping 
23 Other Vegetation & Forest 
322 Swam¡:>_ Grassland 
33 Regrowth of Vegetation 
420 Unknown Plantations 
422 Oil Palm Plantations 
429 Other Plantations 
43 Ranching 
44 Small holding 
51 Urban 
54 Bare soil 
59 Other Non-Vegetated 
61 River 

621 Natural Lake 
81 Cloud 
82 Shadow 
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Statistics for 1990 image 

Río Napo (Path 009, Row 060; ecu_ciat_ran_90_sts.xls) 

Code No. Total Mean --s. D. 
90 Polygons Area Are a Araa 

111A 61 702668 11519 44080 
1118 94 34836 371 1035 
111C 49 15788 322 378 
1110 79 22998 291 463 
131A 1 411 411 o 
1318 8 2437 305 234 
131C 6 828 138 80 
133A 4 329 82 49 
1338 16 3741 234 254 
133C 6 1632 272 290 
1330 6 961 160 123 
16A 6 709 118 103 
16C 1 31 31 o 
160 2 551 275 204 
211 18 5039 280 229 
212 6 910 152 179 
23 53 12091 228 301 

322 1 52 52 o 
33 103 30621 297 438 
422 2 6463 3232 4471 
43 8 1730 216 313 
44 74 76086 1028 6248 
51 2 450 225 214 
54 3 356 119 99 
59 1 45 45 o 
61 4 17304 4326 8226 
621 2 97 49 2 
81 66 293124 4441 20591 
82 77 30650 398 1137 
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Statistics for 1996 image 

Río Napo (Path 009, Row 060; ecu_ciat_ran_96_sts.xls) 

¡e;:- NO. Total Mean S. D. 
Polygons Area Area Anta 

111A 36 873773 24271 75408 
1118 164 49850 304 792 
111C 49 9442 193 210 
1110 45 11085 246 299 
1318 9 3000 333 382 
131C 3 477 159 94 
1310 1 395 395 o 
133A 10 4795 480 597 
1338 17 4374 257 288 
133C 15 7063 471 514 
1330 8 1346 168 107 
16A 7 860 123 137 
168 7 472 67 43 
160 6 930 155 128 
211 60 16074 268 385 
212 55 11169 203 189 
23 61 17554 288 498 
322 1 52 52 o 
33 140 40269 288 653 
420 4 1084 271 243 
422 2 15186 7593 939 
429 1 372 372 o 
43 8 2171 271 393 
44 88 143496 1631 11365 
51 9 1243 138 150 
54 10 1248 125 176 
59 2 1672 836 1135 
61 6 16661 2777 5962 

621 5 382 76 87 
81 3 24658 8219 12147 
82 4 1472 368 262 
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.rto. 1~ 
44 111A 
22 111A 
12 111A 
5 111A 
34 111A 
25 111A 
23 111A 
41 111A 
7 111A 
2 111A 

103 111A 
1 111A 
1 111A 
1 111A 
7 111A 
2 111A 
13 111S 
66 1116 
6 1116 
10 1116 
9 1116 
5 1116 
8 1116 
20 111S 
1 1116 

42 1116 
17 111C 
21 111C 
5 111C 
3 111C 
1 111C 
3 111C 
8 111C 

25 111C 
4 111C 
1 111C 

20 1110 
5 1110 
19 1110 
11 1110 
6 1110 
9 1110 
12 1110 
1 1110 
26 1110 
1 1110 
1 1110 
8 1110 
2 1110 
1 131A 
1 131A 
1 131A 
9 1316 
2 1316 
1 1316 
2 131C 
1 131C 
1 131C 
1 131C 
2 131C 
2 133A 

Land use change aru for 1990 and 1998 lmages 

Río Napo (P.th 009, Row 060; ecu_cl.t_ma_c:hg.x.ls) 
lmages: 00101010020728geo.lan ~lan 

1":' = _NO. 1~ 1":'! =- _NO. 

111A 65530 1 133A 133C ~ 9 
1116 283 1 133A 61 4S 18 
111C 1345 1 1336 133A 6oil 3 
1110 SIC 12 1336 1336 279:i 1 
211 3232 2 1336 133C 6H 41 
212 2I_~ 1 1336 44 271 2 
23 ~ 1 133C 1336 7f 2 
33 35TI: 5 133C 133C ~ 4 

422 1m 1 1330 1336 2 2 
~ ~ 5 1330 1330 ~ 1 
44 985 1 16A 1110 221 1 
54 ~ 2 16A 16A ~ 1 
59 1631! 1 16A 166 15 1 
621 2 1 16A 211 ~ 16 
81 1~ 2 16A 33 1~ 1 
82 78 1 16C 33 31 5 

111A 240o 1 160 23 420 3 
1116 2367 1 160 81 131 2 
111C 53! 5 211 211 1002 61 
1110 93! 2 211 212 344 57 
211 110. 4 211 23 604 12 
212 35S 6 211 33 1372 8 
23 701 7 211 44 1656 1 
33 1~ 1 211 81 60 1 
420 ~ 2 212 211 475 1 
44 321 3 212 212 192 7 

1116 235C 1 212 33 133 5 
111C 487! 1 212 44 111 9 
1110 51 E 1 23 1116 125 2 
211 43! 1 23 1110 539 2 
212 21 1 23 1316 _§11 4 
23 ~ 1 23 16A 6 4 
33 1m 10 23 211 150 15 
44 3648 7 23 212 973 10 
81 17~ 16 23 23 413 18 
82 _§!¡ 13 23 33 1581 40 

1116 361 9 23 44 1101 3 
111C 53 4 23 81 199 1 
1110 6503 1 322 322 5 1 
211 160 2 33 16A 241 67 
212 671 2 33 166 11 3 
23 127 2 33 160 8 3 
33 131( 6 33 211 565 2 
422 11 9 33 212 162 2 
44 549: 9 33 23 140<1 2 
54 5!1 56 33 33 ~ 1 
59 3<1 1 33 420 1_~ 42 
81 1160 3 33 43 211 25 
82 61 28 33 44 5Z§ll 1 

1316 8E 2 33 51 I§ 2 
212 296 1 33 54 ~ 3 
43 ~ 2 33 61 8] 1 

1316 23~ 10 33 81 178 3 
33 --ª" 2 33 82 171! 1 
44 2E 2 422 422 6463 4 

131C ~ 1 43 23 5 2 
211 4E 2 43 33 1n 3 
23 6C 3 43 422 256 4 
33 131 4 43 43 1249 1 
44 18 10 44 211 ~ 36 

133A 18 5 44 212 100B 1 

20 

• .. = 44 23 1301 
44 33 181 
44 420 8-41 
44 43 14 
44 44 65309 
44 51 160 
44 54 173 
44 81 1136 
51 51 45C 
54 33 103 
54 422 225 
54 44 ~ 
59 54 ~ 
61 33 ~ 
61 54 32 
61 61 158~ 
61 81 613 
621 621 97 
81 111A 19169! 
81 1116 1518f 
81 111C 203!1 
81 1110 1305 
81 1316 204 
81 131C 73 
81 1310 395 
81 133A 4545 
81 1336 1366 
81 133C 4352 
81 1330 335 
81 16A 447 
81 166 203 
81 160 848 
81 211 1606 
81 212 2614 
81 23 3440 
81 33 7615 
81 422 6432 
81 429 3n 
81 43 31 
81 44 41402 
81 51 556 
81 54 755 
81 61 696 
81 621 ~!iS 
81 81 241~ 

81 82 242 
82 111A 20203 
82 1116 198f 
82 111C 107 
82 1110 195 
82 1316 318 
82 1336 114 
82 133C 445 
82 1330 n 
82 211 473 
82 212 119 
82 23 225 
82 33 181! 
82 422 504 
82 44 5387 
82 82 92 
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The TREES project classification key was obtained from the first TREES II project 
proposal, modified during the TREES project workshop in Caracas, Venezuela (February
March 99), and finalised according to the recommendations ofTREES advisor, Otto Huber. 

During the Caracas workshop, the suitability of a TREES table codes proposal for 
describing real land use/land cover in the different Latin American countries (LAC) was 
discussed. The participants decided to add four classes in the 4th forest classification level (A, 
B, C, D), to add a "small holding" code (44) as well as "bare soil and rocks" code (54). 

In July-August 99 Mr. Otto Huber visited the different institutions collaborating with the 
TREES project in South America to discuss and agree on the codes to be assigned to the 
different land-use and land-cover classes. Sorne important land uses/land cover appearing 
on the irnages that CIA T is processing did not ha ve a specific code ( even after the Caracas 
meeting). Following discussion we agreed to select existing codes to describe these 
ambiguous land uses/land covers instead of adding new ones. The "paramo" vegetation was 
assigned to code 39, the "jalea" and "puno" vegetation to 329, "shrimp farming" to 59, 
"deciduous forest" (129A, 129B, 129C, 129D) and snow cover to 59. The codes for "arable 
land for agriculture" (411 or 412) were used to describe industrial and technical high-input 
agriculture, such as sugar cane, cotton, pine, et cetera. Low-input, small area agriculture was 
assigned "small holding" code (44). 

The "ranching" code ( 43) was used for large areas of cattle activities. This was a simple task 
for cases where the lirnits of the area were geometrical (e.g., a single large farm in the middle 
of the jungle). In other cases, the large area did not have geometrical boundaries, so it was 
irnpossible to tell if it corresponded toa single large farm or many small ones. We assumed 
that code 43 applied in these cases. 

The regeneration areas ("vegetation re-growth" and " forest re-growth") are not easy to 
distinguish, especially because the period when the land was abandoned is unknown. In 
addition, the spectral response of healthy vegetation re-growth with forest re-growth is 
similar in sorne cases. We should reconsider the period of time that defines what is 
"vegetation re-growth "and "forest re-growth". In the tropical forest, re-growth can last 100 
years until the forest structure corresponds to that of the primary forest. In theory, the 
succession process in the secondary forest starts at the moment the land is abandoned and 
ends when the tree species are totally replaced by primary forest 

The deciduous forest class should have a Level 3 code for the dry forests in the American 
Tropics (we used codes 129A-D , "other deciduous forests") . 

The classification key was translated to Spanish to ensure it could be clearly understood by 
our interpreters. Each translated code was checked and interpreted by Mr. Otto Huber to 
avoid interpretation mistakes. 
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Table 1. Spanlsh verslon or TREES Classmcatlon key used by CIA T 

....... , 11- 2 ...... , -·· 1-ue m.,.,r • 1Dllo • • coloertu ... de con • v - d el .a llo •• CllbMtura tor-
1 Soeque aiempre ....-efe 1 O In ·do A Cen'8do atta denatcs.d 
aemi et.tnp""e 't'lrde ~=:(s'::.:·;:;.;~rd· "" u ..... m .. dtl90'1. cobertura lortt1•1 

~~~aoque siomp,. .. rdo <M montelle B Cerredo media densidad 
o1aoe monteno o nublado 70-~ cobertura fo,.atal 

3 e.._. .. mi ,;...,.,_<do 
4 Boequ. de lurbe amazona CAbioflo 
CetlnCÍel SO. 70'1fl coberture fo,.at_. 

5 Bo-..o de otnot 
6 Bombú O Fregment.to 
9 Otru 4C)..f!()4)f, cobe"u,. for11etal 

'2 ao.~ ... <Melduo Olndt11ni~o 
1 Booouo seco doneo CM!ct 
2 Mlombo (Nrico 
~~~lequ. leeG di llpiCÍII milll1• 

ri.!~eqult IKO di D lptlfOCirpKIII 

• 
9 Otro 

3 6otquo lnundedo O lndtllnido 
1 Poriodicwnonto Inundado 
2 Pennenen1emente inund.to. 
ltBoo- do pontonol 
3 Ooeque de pantano con palma 
lrAAulli•l••l 
• TurbaiBoiQUI di alur. 
9 Otru 

• 6otquo "" golollo (bordtl 
loa rios y esta rodeado dt 

oolo) 
5 PfantactOnta O lndtftnido 

1Tec:a 
2 Pino 
3 Euc.iiiJio 
9 Otru 

6 R-aene...cl6n de boeques 
mn dolO ollo.l . 

7 "'"""'" 9 Olru 2.·-- ewtre "" • y4Q .. ile celllertur• f•,...l 
1 CUttwe migretonoa O lndtllnido 

1 HIMI 11J dtl 1re1 cuttiwdl 
2 M•• de 113 del ,,.. cuftiwKtll 

2 r--- agttcol•• y boaqu•• 
(Doetoo-+eúiiiWIO~oo-sJ 
3 Olre "~~t~oci6n y booquo 
roao-eclón v bo-.ol · 

9 Otro 
3 . "•-~u~ 111••- D I 10 ~ • celt.enura • QJ:P .. m a noe ._. to " ~. cofia.....,.. te..-...1 

1 Atbo4ee y m•torr.l .. Olnd<llrOdo 
1 Sob8ne con ma~omlu 
2 :Otbona orboladt 
3 Sobona orbuotr.. 
4 Bambu 
5 Sabene inundada 
6 ..,, húmedo olompr.-do "'-i• 
7 Sob8ne "'" " "'--o 
9 Otru 

'2 Prodtrt O Indefinido 
1 Pr8dera seca 
2 Prad•ra Inundad• (P.nlanel) 
9 Olru elea Puno 

~ Reganet'IICtón de wgeteclon 
tnoo t 10 a/lool 

Otro (Pnmoa .. ............. m•-ole l10 'llo .te co...._• ... co11• _lf - ttel10 llo •• -..,,...,...... 
1 Tterna arablaa (cultM:J. a O lndtfonido 

gran et<:llla) UOIIiRclol netunl CII.Ma 
2 P'lantacion•• comen;ialn o 

'2 Caucho 
3 P .. m11 africana I'Palma aceitera 
3 CeM eaca.o eoc:a 
9 Otru 

3 Gnndea 'ncn gan--.a 
4 ~uoftooftncu 
9 Olru '· "·- - 1 Ui>ono IP<Jeblo audtdl 
2 .,..,_.., y_ camlnoa 
3 1-ructuno 1 Minarfa 

2 Hiclrololoctnco 
9 Otro camaronera• Ole. 

4 Suelo daacubia"o roca a 
9 :JO ro 

'·~·· 1 Rioa 
2 Lago, L.agun. 1 Neturel 

2MIIiclol .•. , 
•• "• vWftl• ·" .. ....... 

1 Nubaa 
2 Sombr"' 

9. Sin -rmeclOn 
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Annex 5 

Forest cover change in South America 
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SOUTH AMERICA 
Argentina 
Bolivia 
Brazil 
Chile 
Colombia 
Ecuador 
Guyana 
Paraguay 
Peru 
Suriname 
Uruguay 
Venezuela 

Forest Area 
Total Forest Natural Forest Plantations {a} 

Average Average Average 
Land Extent Extent Annual % Extent Extent Annual % Extent Annual % 
Area 1990 1995 Change 1990 1995 Change 1990 Change 

(0001!&_~ (000 ha) (000 h&__ 1990-95 (OOOha) (000 ha) 1990-95 (000 ha) 1980-90 
1,752,925 894,466 870,594 0.5 887,187 - ___ 86313_t~n 0.5 7,264 5 

273,669 34,389 33,942 0.3 33,842 33,395 0.3 547 1 
108,438 51 ,217 48,310 1.2 51 ,189 48,282 1.2 28 4 
845,651 563,911 551 '139 0.5 559,011 546,239 0.5 4,900 5 

74,880 8,038 7,892 0.4 7,023 6,877 0.4 1,015 8 
103,870 54,299 52,988 0.5 54,173 52,862 0.5 126 12 
27,684 12,082 11 ,137 1.6 12,037 11 ,092 1.6 45 4 
19,685 18,620 18,577 0.0 18,612 18,569 0.0 8 29 
39,730 13,160 11 ,527 2.6 13,151 11 ,518 2.7 9 15 

128,000 68,646 67,562 0.3 68,462 67,378 0.3 184 7 
15,600 14,782 14,721 0.1 14,774 14,713 0.1 8 4 
17,481 816 814 0.0 660 658 0.1 156 1 
88,205 46,512 43,995 1.1 46,259 43,742 1.1 253 11 

Source: WRI-UNEP-UNDP-World Bank 
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