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Abstract

The eastern Bolivian lowland is pat of the largest remaining area of intact deciduous tropicd
forest in the world. Over the last decades Deforestation of these forests accelerated basicaly due
to the use of lage-scde mechanized agriculture. The mechanized cropping led to a high
proportion of degraded soils due to ingppropriate use. Most of these areas turned over to pasture
when the land is abandoned. As a consegquence, a rapid eastward expanson of the agricultura
frontier is observed. However, the economic basc conditions force the Bolivian government into
action to intengfy indudrid agriculture. That is why this region has been characterized as one of
the most endangered areas in the Neo-tropics.

This paper presents the development of a GIS-based approach to identify potentid landscape
changes, including potential deforestation arees as wdl as areas with a high probability of soil
degraddtion in the man cultivation zone east of the city of Santa Cruz. For this purpose
environmental and remote sensing data (Landsat TM, ETM 1984, 1992 and 2001) were compiled
in a GIS data base and subsequently analyzed for factors like infrastructure, settlements and soil
qudity, which could explain the observed deforestation. These outcomes were combined to
perform a deforestation and soil degradation risk assessment on aregiona scale.
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I ntroduction

Over the recent years, the interest to gain more information about factors that influence forest
converson and soil degradation has been growing. Since this subject is very complex, there is an
increesng demand for more and new types of information. In this context modds could be a
helpful tool to predict potentid land use changes in the future. KAIMOWITZ and ANGELSEN (1998)
identified a lot of modds which try to answer questions concerning deforestation and related
processes.

Compared to other countries possessing tropica forests, the Bolivian tropics receved low
rates of deforestation in the past. However, this changed recently, particulaly in the tropica
lowland of eastern Bolivia KAIMOWITZ et d. 2002). This region ill encompasses large areas of
relatively undisturbed tropical deciduous forest (KILLEEN & SCHULENBERG 1999). Due to the
location in an ecological trandtion zone between the Chaco in the south, the Cerrado in the esst



and the Amazon basin in the north, these forests maintain a high degree of biodiversty (MYERS et
a. 2000). Since the agrarian reform in 1953, these forests were gradually cleared for agriculture.

Study area

The producing area is a broad dluvid plain Stuated between the Andean foothills to the west
and the Brazilian shidd to the north-east. The region comprises an older mechanized zone
(integrated zone) and a new expansion zone to the east of the Ro Grande. The soils are young
dlwid wils (mainly Alfisols and Inceptisols’) which ae predominantly highly fertile and
suitable for agriculture but also susceptible to compaction (BARBER 1995).

The climate is characterized by a pronounced seasondity with a dry season between May and
October. The precipitation displays a gradient from the north to the south that ranges between
1800 mm and 550 mm/year and is characterized by a diginct annud variability (GEROLD 1986,
IADB 2000). This permits the cultivation of two crops per year for the northern part, while the
drier conditions to the south congrain annua cropping. This problem has been faced recently
with the ingalation of irrigation systems.

Agriculturd deve opment

Over the last decades the mechanized farm sector in esstern Bolivia has grown rapidly. The
most intense development occurs east of the city of Santa Cruz. Beginning in the 1940s with the
production of rice and sugar cane in the integrated zone. From the 1950s to the 1970s
spontaneous colonization gradudly took place dong the magor roads and severd planned
resettlement programs for migrants from the Andes were implemented (BARBER 1995, PACHECO
1998, THIELE 1995). Forest clearing accelerated during the 1970s and 1980s with the
edablishment of large agricultural colonies by Japanese and Mennonite farmers (KAIMOWITZ et
a. 2002). The highest deforestation rates occurred in the 1990s mainly in the expansion zone,
where, for large-scde commercid soybean production, wide aress were cleared by foreign
agroindudirid farmers and Mennonites. For this period STEININGER (2001) caculated an annua
deforestation rate of about 890 knf/year. The totd amount of cleared land in the study area
exceeds 10.000 kn? over the 17-year period (1984 — 2001) investigated (Fig.1).

Problem

The combinaion of the naturd environmenta conditions (eg. frequency of erosve winds) as
well as soil-types that are susceptible to degradation (e.g. poor soil structure, (GEROLD 2001)) led
to the classfication of an ecologica risk zone, which responds very sendtively to human impacts
(MoLL 1981). According to the governmentd land-use plan of the depatment of Santa Cruz
(PLUS 1996), a dgnificant proportion of the deforestation corresponds to areas not suitable for
agriculture.

Crop yidds are declining due to soil degradation caused by inadequady soil cultivation
techniques (e.g. land preparation on wet ground, use of heavy machinery for clearing, preparation
and harvesting, lacking vegetation cover during the windy season). This has resulted in a high
amount of moderately to severely compacted soils BARBER 1995, DAVIES 1996, GEROLD 2002).
As a consegquence numerous abandoned fields or pastures remain a few years after clearing and
intengve agriculture. To mantain the average production new sStes have to be cleared. This is
normaly more profitable than the rehabilitation of degraded land. This cycle is wel known in
countries possessing tropica forests. Furthermore plans exist to improve and extend the exigting
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road infragtructure, which attract new settlements in turn. Mogt likey the same effect could be
expected by a new gas pipdine toward Brazil which requires new roads for its congtruction and
maintenance.

M ethods and data

The main objective of our sudy is to develop a GIS-based methodology, which is capable to
identify potentiad future landscgpe changes on a regiond leve. This reaes to potentid
deforestation areas as wdl as to areas with a high probability of soil degradation under the
present conditions. Spatid data andyss gives vaduable ingghts into processes of land cover and
land use change and their underlying causes. To obtain the required information over a large area,
remote senaing and GI S techniques are going to be applied.

figure 1: conversion of forest into
agriculture in the Santa Cruz
region of Bolivia (time period
1984 — 2001). The city of
Santa Cruz is located in the
south west of the image. White
patches are relating to areas
already cleared in 1984,
whereas the gray patches
display areas still not cleared
in 1984 but in 2001. Black
patches are representing the
actual forest cover (including
savannas)

The gpatiad and tempord petterns of deforestation as well as the conversion into agriculture,
pasture, secondary growth etc. are quantified by digital processing of satdlite imagery from 1984
through 2001 (change detection). The results are compiled together with soil, dimatic and
infrastructure data in a GIS data base. With respect to relevant parameters related to people -
environment interactions (driving forces) practicad deciding factors will be deduced, tested and
evduated (Fig. 2). Of man importance is the question, where future deforestation and soil
degradation will occur.

The GIS-based assessment involves the integration of attribute data from different types and
sources. To edtimate the influence of different variables on deforestation and soil degradation we
focus on the fallowing information:

» |and use/ land cover in 1984, 1992, 2001
» |and use potentid (soil quality, topography)
" precipitation



» infrastructure

=  Urban areas

= forest concessions
= colonization zones
» |and use system

Landsat TM and ETM images were obtained for scenes 230-72 and 230-73 for 1984, 1992 and
2001. All images were acquired during the dry season. We co-regisered the images to the
georeferenced 2001 images with an RMS error less than one pixd width and resampled them to a
30 m ground resolution. An unsupervised classification was used together with field observations
to classfy the land cover usng a maximum likdihood andyds. The andyzed spectra classes
were combined into nine land uselland cover classes. forest, savanna, water, secondary growth,

cropland, pasture, falow, urban aress.

For assessing impacts on the ecosystem a change detection analysis is going to be performed.

The deforestation rate are of central interest, because thisis the best indicator for current trends.
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= land cover maps

= soil maps

= climatic data
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Precipitation data of about 90 gauging dations is going to be regiondized usng a geo-
datigticad  kriging interpolation to obtan different precipitation classes This method is favored
because the region is topographicdly smple. Climate data relates to RAFIQPOOR et d. (in press).
Terrain mrameters as well as the stream network were derived from SRTM? data. These data are

figure 2: flow chart of methodol ogy

well suited for an appropriate terrain representation.

2 SRTM shuttle radar topography mission (http://srtm.usgs.gov/)




Infrastructure data were digitized from the satelite imagery with the hep of different maps.
Roads are subdivided into different categories according to ther importance (first, second and
third order). Transport and production infrastructure are poorly developed in the region. The road
qudity for ingance is highly variable. Only a few roads are paved. Furthermore, a high number
of logging roads and roads for the exploration of petroleum exigts. Data on distances to roads and
markets (settlements) are caculated using GIS techniques.

Population and socioeconomic data were taken from the nationd Satistic inditute (INE 2002).
A population dendty map is going to be created taking into account percentages of urban
population. All other socioeconomic data serve only as an additiond information about the
economic Stuation over the past decades. It is not proposed to use these data for the GIS-based
assessment because required spatial data for these variables cannot be easily obtained. Anyway,
underlying causes like socia processes and economic policies are not direct and obvious but play
aso amgor role in soil degradation and deforestation processes.

Colonization zones as wel as forest concessons boundaries used in this gpproach, were
obtained from a map produced by a Bolivian organizaion cdled CIMAR (Centro de
Investigacion y Mango de Recursos Naturdes Renovables). Data of Concessions for the oil and
gas industry, which has become very important in Bolivia in recent years were acquired from the
oil company Y PFB (Y acimientos Petroliferos Fiscales Bolivianos).

For creating a digitd soil map information about soils were derived from a governmentd land-
use plan, which was developed in the middle 1990s for the whole Santa Cruz department (PLUS
1996). These data were digitized from maps and partialy supplemented with information from
other sources, such as measured soil parameters in various studies (GUAMAN 1988, GUAMAN
1999, MARKUSSEN 2002, KARSTEN 2000, KUuBACH 1997). The soil map were classfied into
different suitability classesfor land use.

All information will be compiled as sngle layers in the GIS data base and aggregated to one
goatid resolution, which is used as the unit of andyss. The GIS-based assessment is going to be
gpplied with respect to different assumptions. The probability that an area is cleared increases
with higher soil qudity, favorable precipitation conditions, road qudity and better access to
markets. Also forest fragments and colonization areas are more likely to be cleared. On the other
hand areas with poor soils, less precipitation, bad infrastructure as well as areas with forest
concessions are less endangered to get cleared. Of particular interest too, are differences in forest
converson between large scale mechanized agriculture and smdl farmer colonigts.

The identification of potentidly endangered aress to soil degradation is going to be assessed
by ol characteridics, topographic parameters, precipitation digtribution and land use.
Additiondly, information on cropping and clearing practices as well as on the use and non-use of
windbresks, respectively, are crucial. Windbresks are advantageous in the zone because the soils
are modtly fine textured and therefore susceptible to wind erosion. The trouble is, that those are
often misdigned or composed of inappropriate trees and scrubs. Information about windbreaks
can easly be obtained from the satdllite imagery.

The causd reationships between these varigbles will be examined in a spatidly explicit
gpproach and their respective direction quantified. Maps, a least, should visudize the estimated
landscape changes.



Per spectives

Faming in the dudy aea is not sustainadble. Mot soils are highly fertile (dluvid deposts)
and suitable for agriculture but soil cultivation techniques are gpplied inadeguately. This has
resulted in a high amount of moderately to severdy compacted soils and declining yidds In
2001, great parts of the deforested area were covered with secondary growth. In this context,
BARBER (1992) edtimated that those high qudity soils can be cultivated continuoudy for at least
60 yearsif appropriate management techniques are applied.

Anyway, if present rates of deforestation continue, the agriculturd frontier will quite probably
progress eeswards. This trend is most likely as it is not profitable to rehabilitate degraded land.
The potentid for northward expansion is limited by the poor soils of the Brazilian Shidd, where
livestock farming isthe main activity (STEININGER 2001).

This leadsto the conclusion, that aregiona environmentd plan is therefore essentidl.
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