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Satellite Imagery, Human Ecology, Anthropology,
and Deforestation in Madagascar

Robert W. Sussman,! Glen M. Green,2 and Linda K. Sussman®

Satellite images were used to determine rates of deforestation over the past 35
years and to identify current deforestation “hotspots” in the eastern rainforests
and in the dry endemic forests of southern Madagascar. The analysis of
population trends, topography, and coincident ethnographic research points to
a number of different factors influencing deforestation in these regions. Each
of these factors generates different problems for conservation and development,
most of which are not being dealt with adequately.
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INTRODUCTION

In this paper, we explore how satellite imagery and ethnographic
methods can help us understand some of the reasons for deforestation in
particular areas. Our examples are drawn from three different regions of
Madagascar: the eastern rainforest, forests growing on limestone forma-
tions in the west, and xerophytic and gallery forests in the dry regions of
the south. These examples cover broad, regional trends as well as very lo-
calized areas of deforestation. We also will discuss how satellite imagery
and ethnographic studies can help reveal problems with conservation policy
in each of these regions.

Madagascar separated from Africa about 170-180 million years ago
and has been in approximately the same position for around 120 million
years (Rabinowitz et al., 1982, Rabinowitz et al., 1983). Many of the plants
and animals apparently reached Madagascar across a water barrier after
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the mid-Cretaceous and have been relatively isolated for the past 50-55
million years (Darlington, 1957; Raven and Axelrod, 1974; Leroy, 1978;
Tattersall, 1982). Until the arrival of humans, 1500-2000 years ago (Dewar,
1984), these forms had little competition from mainland species and for
millions of years the plants and animals of Madagascar had an independent
evolutionary history (Leroy, 1978; Tattersall, 1982; Gentry, 1988; Sussman,
1991).

Many conservation biologists believe that Madagascar should be con-
sidered among the highest conservation priorities (Raven and Axelrod,
1974; National Research Council, 1980; Myers, 1988; Jolly, 1989; McNeely
et al., 1990; Mittermeier et al., 1992). However, the poverty that afflicts
Madagascar’s people threatens to destroy what remains of this unique bi-
ology. The average income is around $200 per year (Population Reference
Bureau, 1992), and Madagascar has a $2.5 billion debt which nearly equals
its yearly gross national product. Real income has dropped 25% in the past
5 years (Jolly, 1989). With the population over 13 million and a population
growth rate of 3.3% per year, there will be over 33 million people on the
island by the year 2020. Thus, widespread poverty, increasing population,
and the absence of resources and techniques to improve the productivity
of agricultural and pasture lands have led to massive deforestation.

RAINFOREST OF EASTERN MADAGASCAR

In Madagascar, the need of an expanding population to clear land
for subsistence agriculture (forest farming), and not large-scale timbering,
has been the major cause of rainforest destruction (Rauh, 1979; Jolly and
Jolly, 1984; Sussman et al., 1985; Jenkins, 1987). Much of the eastern rain-
forest has been cleared for small-scale shifting agricuiture (Humbert, 1927;
Jolly and Jolly, 1984; Jolly, 1986). In newly cleared forest areas such as
these, the nutrients are quickly leeched from the soil and the resulting fields
provide only a few years of subsistence before they are depleted (Betsch,
1972; Berry and Johnson, 1986). Unfortunately, under present conditions,
fields are not abandoned for periods long enough to allow forest regen-
eration (Jolly, 1980; FAO/UNEP, 1981; Jenkins, 1987). Soil no longer pro-
tected by forest is subject to rapid erosion, and annual watershed erosion
rates as high as 250 tons per hectare have been reported in Madagascar
(Helfert and Wood, 1986), leading to siltation and flooding on many rivers.

Satellite-based remote sensing can be used to map the history, pro-
gress, and processes of deforestation in Madagascar. Remotely sensed im-
ages at optical wavelengths have been available for Madagascar since 1972
from the U.S. Landsat series of satellites (Freden and Gordon, 1983). We
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were able to distinguish rainforests from surrounding savannah and secon-
dary vegetation for regions of eastern Madagascar with the use of analog
image interpretation applied to Landsat (0.6-0.7 im, visible red light) im-
ages (Green and Sussman, 1990).

Deforestation of Madagascar’s eastern rainforests has resulted in a
mosaic of small plots at various stages of clearing and secondary growth,
which can be identified by a relatively bright and heterogeneous tone on
the Landsat images. Active deforestation fronts can be identified by bright
patches along the forest boundary. We examined 38 separate Landsat Mul-
tispectral Scanner (MSS) images at 1:1,000,000 scale, each covering 185
km by 185 km. Visual interpretation of these prints permitted us to classify
and map Madagascar into two land cover types: continuous forest and non-
forest (Green and Sussman, 1990). In Fig. 1, we show the progressive de-
forestation that has taken place over the past 2000 or so years (from Green
and Sussman, 1990). The map in the middle (Fig. 1b) is derived from vege-
tation maps prepared by French botanists, Humbert and Darne (1965), us-
ing aerial photographs taken in 1949-50. Humbert and Darne also
estimated the original extent of rainforest. This estimate is shown on the
left (Fig. 1a). Using Landsat data from 1985, we generated the map on
the right (Fig. 1c).

The aerial extent of rainforest was determined by digitizing these at
1:1,000,000 scale maps. Rainforest probably covered 11.2 million ha of the
east coast at colonization, of which 7.6 million ha remained by 1950. By
1985, only 3.8 million ha remained. Thus, in 1985 only 50% of the rainforest
existing in 1950, and only 34% of the original extent was still standing.
This yields an average rate of clearance of 111,000 ha (1.5%) per year
between 1950 and 1985 (Green and Sussman, 1990).

Several factors apparently influence deforestation in eastern Madagas-
car. We found that rates of deforestation were directly related to population
density (Table I) and the slope of the land (Fig. 2). In Fig. 2, we have
combined the three maps shown in Fig. 1. The blue areas represent forest
cut prior to 1950, red areas are those cut between 1950 and 1984, and the
green represent that forest which remained in 1985. To visually display the
relationship between deforestation and slope these colors are applied to a
computer-generated shaded relief image in which areas of higher slope ap-
pear as raised regions. The slope image was generated from a digital terrain
model produced using maximum change value of 2’ by 2’ grid cells from
1:500,000 topographic maps (Green and Susssman, 1990). In the southeast,
the only forest remaining is that located on very steep slopes.

In the northern region as of 1985, there are still large areas of low-
lying tropical forests. These forests remain because the population density
in the north is generally much lower than in the south. However, defores-
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Fig. 1. Maps of deforestation history in eastern Madagascar derived from aerial photographs
and satellite images. (a) The estimated original extent, (b) forest extent as of 1950, and (c)
forest extent in 1985.
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Table 1. Area of the Eastern Rain Forest of Madagascar, for the Period and
Population Density Specified

Deforestation
Aerial” Forest Forest® rates from
extent remaining perimeter 1950 to_1985
Year (ha x 105 (%) (km x 10°)  (ha x 10°/year)
High (>10 per square kilometer)
Original 4.7 100 35
1950 24 50 78 43
1985 0.89 19 4.5
Medium (5-10 per square kilometer)
Original 34 100 22
1950 25 76 49 37
1985 13 38 5.0
Low (<5 per square kilometer)
Original 31 100 34
1950 27 86 5.0 3
1985 1.6 51 6.1
Total
Original 11.2 100 9.1
1950 7.6 67 17.7 111
1985 38 34 15.6

9A measure of the error in aerial extent at each time period can be estimated by
using the number of digitization grid cells (81 ha each) that include forest boundary.
The greater the number of these cells, the larger the potential errors. We estimate
this error to be ¥2%, £6%, and *11%, respectively, for original coverage, 1950 and
1985.

bperimeter lengths from 1:1,000,000 scale maps may be underestimated during the
digitization process because small-scale features of forest boundaries are lost. We
calculate this error to be approximately 10% (Adapted from Green and Sussman,
1990).

tation is proceeding in all areas and the remaining forests in the north are
now also being cleared. In fact, the population density in much of the north
is now as high as it was in the south 35 years ago (National Institute of
Geodesy and Cartography of Madagascar, 1969, 1984).

Given current rates of population growth and observed average de-
forestation over the past 35 years it is clear that forest on areas of low
relief are preferentially cleared. In an attempt to visualize what the eastern
rainforests may look like 35 years from now if these patterns of defores-
tation continue, we eliminate in Fig. 3 those forests present in 1985 which
cover areas of low and moderate slope (<7°) using topographic relief as a
mask on the forest extent as of 1985 (Fig. 1c). Only about 38% of the
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Fig. 2. A shaded image of topographic relief of eastern
Madagascar overlain by colors depicting the amount of
forest remaining at different times (see text for detailed
explanation).
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rainforest remaining in 1985, and 12.5% of the original extent will still exist
if all forests on lower slopes are cleared, leaving an area of only 1.4 million
ha. Not only will the total area of forest be reduced, but as can be seen
in Fig. 3, the forests will have been fragmented into many small parcels.
Both of these changes, it is thought, will have a profound effect on rates

Fig. 3. Computer-generated map of possible
future extent of rainforest in eastern Mada-
gascar in the event that all forest on lower
slope areas (<7°) are destroyed.
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of extinction in Madagascar (Frankel and Soulé, 1981; Pollock, 1986). Also,
particular forest types are preferentially destroyed, particularly the lowland
forests predominantly present in areas of lower relief, little of which may
remain in 35 years.

A number of reserves were established in Madagascar in the 1920s
and 1930s. Most of these reserves were still largely intact as of 1985. Many
of them may still be relatively untouched in 35 years because they are pre-
dominantly present in areas of very steep slope and high elevation (Fig. 4).
These reserves probably have been protected not by conservation efforts,
or efforts at sustainable agriculture surrounding them, but solely by the
natural topography. The locations of natural reserves were actually chosen
in the first place because they were remote and of difficult access: “in little
populated or mountainous areas which would be shielded from the pressure
of a population in constant search of new crop land” (Andriamampianina,
1984, p. 219). ‘

This points out a fundamental problem with current conservation
thinking. Conservation efforts on the east coast of Madagascar have fo-
cused mainly on protected reserves (MacKinnon and MacKinnon, 1987;
Nicoll and Langrand, 1989; NcNeely et al., 1990; Mittermeier et al., 1992).
Adopting a “laager mentality,” reserves are viewed as fortresses established
to keep people out and thereby to preserve biodiversity. These areas gen-
erally are protected only as long as they are remote, or presumably with
armed guards once the population increases (see, for example, McNeely
et al.,, 1990). Finally, when the situation becomes extreme or commercial
needs become attractive, reserve boundaries are ignored. For example, in
1964 one of the 12 reserves in eastern Madagascar was declassified in favor
of commercial exploitation (Andriamampianina, 1984) and portions of Za-
hamena Reserve (see Fig. 4), the only eastern reserve with large tracts of
forest on low slopes, have been “degazetted.”

In reality, to slow deforestation and maintain an integral forest in the
east, conservation efforts must be focused at the fronts of deforestation
and ultimately involve a cooperative effort by conservationists and local
people to develop means of establishing sustainable use of lands that have
already been cleared. Satellite imagery can be used to locate these fronts
and to monitor the success or failure of conservation and development ef-
forts to slow their advance.

DRY FORESTS OF SOUTHERN MADAGASCAR

We now briefly discuss two examples from the southern dry forests
of Madagascar where there are no steep slopes to protect the forest and
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Fig. 4. Computer-generated composite map of eastern Madagascar in which
colors relate to forest extent, topographic relief, and protected status. White
areas depict forested reserves located in regions of high slope; pink areas depict
forest in reserves in regions of low slope. Only Zahamena Reserve (centrally
located) contains large tracts of forest on low slopes at moderate elevations. No
reserve contains large tracts of low elevation rainforest.
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there are only two large reserves. Figure 5, a Landsat image acquired in
1984, shows the dry, limestone forests of southern Madagascar. Most of
these forests were present up until the early 1970s. The major city on the
west coast is Toliara. The dark areas in Fig. 5 are forest cover while the
light patch stretching to the east of the city is a recently deforested area
along the road that connects Toliara to the capital, Antananarivo.

By examining Landsat images of this region acquired in 1972 and
maps derived from aerial photos acquired in 1949-50, it is clear that the
vast majority of this extensive deforestation has occurred since 1970 and
probably is related to an economic downturn in Madagascar (Verin, 1990)
and to a global increase in fuel prices. Since 1970, there has ben a massive
movement of population from the. countryside into the cities (Salomon,
1977; Hoerner, 1981, 1986). This also correlates with a collapse of much
of the agricultural infrastructure in much of southern Madagascar (after
the ouster of the Malagasy First Republic-government) and an increase in
the incidence of cattle rustling (Hoerner, 1982; Vérin, 1990).

Fig. 5. Satellite image of dry forests of the west coast on limestone formations near Toliara.
Image is approximately 30 km across.
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Most of the cooking in Madagascar traditionally is done with charcoal
or dead wood (Rafidison, 1987). With the population increase in the large
cities, like Toliara, after 1970 local surrounding regions could not produce
enough dead wood to supply fuel needs. Thus, a large-scale charcoal in-
dustry was begun in the early 1970s.

A bag of charcoal costs almost $3 and will last a family approximately
2 months. Deforestation for charcoal has led to many bleak-looking land-
scapes on which only bare limestone rocks remain and, after clearing, the
land is basically unused. Using techniques similar to those we employed in
the east, we estimate that, since 1972, more than 100,000 ha of limestone
forest bordering Toliara have been cleared (Green et al., nd). There are
alternatives to cooking with charcoal, such as using fast growing gourds
that have replaced the use of charcoal in a number of regions throughout
the world (Bragg et al., 1987). However, we know of no major effort to
reduce the use of charcoal and the destruction of limestone forest in south-
western Madagascar (Rafidison, 1987).

BEZA MAHAFALY

Our last example is a small reserve in the south, Beza Mahafaly. This
reserve was established in 1978 as part of a cooperative effort by the Uni-
versity of Madagascar, Washington University, and Yale University to en-
courage research, conservation, development, and education. It was
inaugurated as a Special Government Reserve in 1986 and has been funded
largely by World Wildlife Fund and USAID (Richard et al., 1987). In 1990,
World Wildlife Fund (though originally only one of many funding agents
for the activities at the reserve) took it upon itself “to transfer the Con-
servation and Development in Southern Madagascar Project to the Mala-
gasy People” (Wyckoff-Baird, personal communication, 1990), though
WWF and USAID would still control, manage, and monitor the funding
of the project. This, of course, eliminated any official scientific input ex-
ternal to the funding agents.

Figure 6a is an aerial photograph taken in 1987 of the region in which
the reserve is located. The dark areas in this image are dense gallery forests.
The lighter narrow curving area to the east of the forest is the dry bed of
the Sakamena River. Notice the great contrast in image brightness between
the west and east sides of the river. Figure 6b is the same area in 1968,
clearly showing there was rich gallery forest on both sides of the river at that
time. Thus, this forest was cut comparatively recently, within the last 25 years.
We estimate from satellite images acquired in 1984 that at that time less
than 4500 ha of dense gallery forest remained in all of southern Madagascar.
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Fig. 6. Aerial photographs of the region surrounding the Beza Mahafaly Reserve. (a) pho-
tograph taken in 1987, (b) photograph taken in 1968.

During an ethnographic study, LK.S. (in press, in prep. a) questioned the
people concerning the recent necessity of converting this forest into cropland
and pasture, and we found the reasons to be counterintuitive.

Unlike highly populated areas like Toliara, wood is generally not cut
for firewood by residents in the region of Beza Mahafaly. Women normally
collect brush and dead wood in forests adjacent to the villages. The major
reasons for cutting trees are to clear areas for subsistence agriculture and
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to build houses and corrals (Sussman, 1990). Beza Mahafaly is located in
a semi-arid area and it has been generally assumed that any forest clearing
in this region was related to periodic droughts and the need for more dry
season croplands (e.g., Hoerner, 1977; Barbour, 1988). However, in this
region one large, dry season field has been productive for at least 80 years
and it currently supplies most of the sustenance for the more than 800
people in the Sakamena Valley. This field is what drew people to the region
60-80 years ago and is the backbone of the local subsistence economy. It
is used for the cultivation of corn, manioc, sweet potatoes, onions, toma-
toes, various leaves, and beans. In the wet season, much of this field floods
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(as seen by the bright, reflective area just east of the Sakamena River in
Fig. 6a) and the local residents fish in it (Fig. 7). Some residents also at-
tempt to grow rice in portions of this field during the wet season, though
usually unsuccessfully. At this time, fields in other areas, many along the
Sakamena River, are used for corn, manioc, sweet potato, and melon pro-
duction (Sussman, 1990).

Apparently, the reason for recent clearing of forest in the immediate
area surrounding the Beza Mahafaly Reserve has little to do with the need
for more dry season crops. The major agricultural problems occur in the
rainy season, especially due to failure of the corn crop. Ultimately it was
the lack of fertility of some wet season fields, which had been used for the
past 30-40 years, that necessitated clearing new fields. Further, with the
economic downturn in the early 1970s, cattle rustling became common and
widespread in southern Madagascar. This forced the people of the
Sakamena Valley to concentrate their cattle, so they could better guard
them. Thus, rather than being spread over a very wide area and being
tended by lone young males, sometimes quite distant from the villages, the
cattle began to be kept closer to the main villages. In fact, a few additional
hamlets, with permanent residents, were established within a few kilometers
of the main villages solely for the guarding of cattle. This leads to over-

Fig. 7. Local residents fishing in a dry season ficld at Beza Mahafaly during the wet
season.
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cropping of the regions around the villages. Cattle also serve as the banking
system of the rural Malagasy in that people invest in cows when they have
extra cash and sell them when they need money. With the loss of cattle
more crops are needed to create a surplus for generating cash. Further-
more, regeneration is poor in gallery forests that are not protected because
they are overgrazed.

The cutting of trees for constructing houses and corrals, in conjunc-
tion with the grazing of cattle, also has a significant impact on deforestation
in the region. One of the most commonly used tree species for construction
is Cedrelopsis grevei (katrafay) because of its resistance to termites. C. grevei
can be found in the dry woodland forests towards the hills to the east of
the Sakamena (Figs. 6a and 6b). Houses are generally replaced every 5-6
years. In a 10-month period in 1987-1988, 24 new houses were built in the
eight villages and hamlets just across the Sakamena River from the reserve.
In 1993, L.K.S. found that the population of these villages had increased
by 52% in only 6 years, from 498 in 133 households to 758 in 182 house-
holds (Sussman, in prep. b). Moreover, 134 new buildings had been con-
structed either to replace existing deteriorated structures or to build new
houses for the increasing population. It takes approximately 35 trees to
build one house since the preferred materials for posts and supports are
the straight trunks of C. grevei trees. Through monitoring transects in un-
protected forested areas surrounding the villages since 1987, we have found
a great reduction in the density of mature trees and low survival rates for
seedlings (Sussman and Rakotozafy, in prep.). This combination of exploit-
ing the forest for building materials and of grazing cattle and goats in the
same forests may, if left unchecked, lead to deforestation resulting not from
massive clearing of areas but from low levels of regeneration. Indeed, de-
spite the recent dramatic increase in population, residents themselves do
not currently feel that there is or will be in the future a lack of land for
cultivation since there are now many fields lying fallow and several unpro-
tected forested tracts in cultivatable areas that are not being exploited.
However, they do complain of the fact that they now must go further and
further away from the villages to find a sufficient quantity of appropriate
building materials and to find brush and dead wood for cooking fuel.

Through reconstructing the history of deforestation in the region us-
ing remote sensing combined with a detailed ethnographic study, we can
develop an understanding of the patterns, processes, and motivation behind
the clearing of this forest. However, to date, project response to this prob-
lem has been to send agronomists to study the situation during the dry sea-
son and to draw up plans to construct a canal in an attempt to provide
irrigation for wet rice agriculture.
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The people living adjacent to the Beza Mahafaly reserve have had
little or no experience with wet rice agriculture or with large irrigation sys-
tems (Sussman, 1990). Furthermore, at the present time, it is not clear
whether the canal would actually provide water to villages near the Beza
Mabhafaly Reserve or in fact flood the productive dry season field and de-
stroy the local economy. Problems of long-term maintenance of the canal
have not been addressed nor has any detailed delineation ever been carried
out of the actual fields to be irrigated, of their owners and their plans, or
of the crops currently cultivated and their yields in those fields. Moreover,
the intensive labor requirements for wet rice agriculture have not been con-
sidered and could prove to be a major problem. At present, the main factor
limiting the expansion of household fields, and even the complete cultiva-
tion of already existing fields, appears to be a lack of labor. In most cases,
it is a man and his wife alone who cultivate the fields with hand tools.
Furthermore, since almost all married women under the age of 40 either
have young children or are pregnant (Sussman, 1988, in prep. b), wives are
unable to work intensively or consistently in the fields. Division of labor
for agricultural chores is quite prevalent and it is noteworthy, in the context
of the proposed canal, that it is women alone who currently cultivate rice.

Although cattle rustling, and a means to protect cattle and provide
sustainable pasture are major concerns, these problems have been essen-
tially ignored by the project. Recent government policies concerning cattle
rustlers have somewhat alleviated the problem and some families are be-
ginning to alter their cattle herding practices by bringing herds to former,
more distant, pasturelands in the savannahs over the hills to the east. Now,
during this change, would be an ideal time to consult with local residents
and attempt to develop a village-wide, long-term, conservation-based strat-
egy for cattle grazing.

The cutting of new fields up to 1987 appears to have been motivated
less from a desire to enlarge cultivated areas than from problems of infer-
tility in fields that had been used for many years. To date, however, there
has been no attempt by the project to find ways to ensure the continued
fertility of the wet and dry season fields currently in use.

RECOMMENDATIONS

In reference to these examples of the complexity of factors involved
in deforestation and development, we make the following broad recom-

mendations:
First, there is a paucity of ethnographic research. Detailed ethno-
graphic studies must be done before any meaningful development/conser-
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vation projects can begin. In-depth investigations must be carried out on
local needs, current patterns of exploitation of natural resources, demo-
graphics, and existing resources in order to develop with local residents an
integrated, long-term, conservation-oriented plan. To date, most of the
communication between Western conservation and development agencies
and the people of Madagascar has taken place in the capital. For example,
at the Beza Mahafaly Reserve, everyday management has been turned over
(by WWF) to the University of Antananarivo and the Department of Wa-
ters and Forests. The local Malagasy population has little or no input into
the goals or direction of the project. The Malagasy agencies in the capital
are, in most cases, as remote and uninformed about rural Madagascar as
we are. In a study for the World Bank of 68 rural development projects,
Kottak (1990) found that those projects that were socioculturally compat-
ible were twice as likely to succeed, in economic terms, as were those that
disregarded or gave inadequate attention to local culture (see also, Ander-
son and Huber, 1988). In this context, inappropriate actions by conservation
and development agencies at Beza Mahafaly include: introduction of new
dry season crops (such as okra and beets) that are not used by the local
people (who normally have ample food during the dry season, in any case);
the distribution of new corn seed that did not store well during the rainy
season; the lack of attention to the major problems of cattle rustling and
the rapid decrease of suitable pastureland; the lack of recognition of prob-
lems associated with the exploitation of forests for building materials, the
grazing of cattle in some of the exploited areas, and the rapidly increasing
population; and the attempt to introduce wet rice agriculture to replace
corn, manioc, beans, and sweet potatoes as major subsistence crops and
onions as the primary cash crop.

Second, we believe that the culture of the conservation and develop-
ment agencies themselves must change. Between 1978 and 1990, there were
four major administrative changes in the World Wildlife Fund. USAID
changed personnel three times between 1985 and 1990. In all of these in-
stitutions, there is extremely little communication from one administration
to the next on specific projects and each change calls for a complete re-
education of new personnel. It is the policy of USAID and the World Bank
to transfer personnel from one country to another every 3 years and thus
personnel switch from one unrelated project and country to another. The
reason given is that these people must remain “objective” (Mahar, 1990),
but the result is that for the most part they remain ignorant.

Between 1985, when the Beza Mahafaly Reserve was inaugurated as
a special government reserve, and 1990, at least ten separate develop-
ment/conservation evaluation missions had been sent to the reserve by
WWF and USAID. These included from two to nine individuals, few of
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whom spoke Malagasy. They visited the site for no more than 2 weeks,
usually for less than 48 hours. Few members of these missions communi-
cated with members of previous missions and none knew about or bothered
to contact the only ethnographer to conduct research in the region, L. Suss-
man, whose project was partially funded by WWF and USAID.

Third, we believe that the concept of development itself must change
in these institutions. Small projects are not supported, yet we feel it is nec-
essary to steer away from large over-innovative projects, based on a West-
ern model of development. Kottak (1990) has suggested that development
projects examine what he calls Romer’s rule: The goal of stability is the
main impetus for change. In many regions, including the Sakamena Valley,
people desire to maintain the lifestyle that they have had for generations.
However, because of such factors as increasing population, diminishing land
for cultivation, decreasing accessibility of building materials and firewood,
and general economic and ecological conditions, changes have to be made
in order to maintain (as much as possible) the ways of the past.

For example, in 1987, with a USAID grant, we began to reconstruct
a portion of a road to the village bordering the reserve. This road was
used to transport agricultural crops to the local markets, but had become
nearly impassable. This was one of two priority projects requested by local
people so that they could maintain commerce networks established in the
past. The completion of this road has been canceled because of infighting
between two Malagasy political agencies and because new WWF and
USAID administrators believed the sole purpose of the road was to allow
easier access to the reserve.

Within Western conservation and development agencies in Madagas-
car there is extremely little understanding or interest in on-the-ground,
grass roots development, of this kind. Most of the people involved in con-
servation and development in Madagascar have very little interest in staying
in rural areas long enough to understand local residents’ problems and
needs. Development projects in these areas ultimately will involve a great
deal of time rather than a great deal of money, and these large agencies
seem willing to spend a lot of money but very little time.

Fourth, we believe there is a need to establish organizations to moni-
tor projects and empirically evaluate the success or failure of conservation
and development agencies (see for example, Seidman and Anang, 1992).
Most of these agencies (both government and nongovernment organiza-
tions) have only in-house reviews. Anthropologists and other social scien-
tists, and environmental and conservation biologists should continue to do
independent research in regions where conservation and development pro-
jects are being conducted. At present, this research would likely need to
be funded by scientific granting agencies or private foundations inde-
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pendent of the major conservation and development agencies. Hopefully,
the results would convince these large agencies (or the people or govern-
ments that fund them) of the necessity for basic research in conservation
and development before large-scale projects are begun.

Objective criteria must be developed to evaluate projects. For in-
stance, predictive maps such as those we have shown here can be generated
and then satellite images used to monitor progress in areas surrounding
planned projects. After areas of intense deforestation are identified, social
scientists could conduct research to determine the social, economic, and
political context related to this clearing. Following basic ethnographic and
social research, attempts can be made, with environmental scientists,
agronomists and especially local people, to determine if alternative, sus-
tainable land use practices are feasible. Furthermore, by continuously moni-
toring satellite images of the region, the effectiveness of these projects in
.slowing rates of deforestation can be measured objectively. In the last 10
years, while conservation and development agencies have repeatedly spo-
ken about using satellite images to map deforestation in Madagascar and
organizing international committees to oversee this research, little research
has been done. It took independent funding and a small-scale, collaborative
effort for us to develop our maps of eastern Madagascar, and the total
cost was approximately $5000.

This relates to one final problem involving the accessibility of Landsat
data. The Landsat system was created in 1972 and privatized in 1986. Prices
for various Landsat derived products have fluctuated greatly. At times the
higher cost of satellite data may have discouraged the use of satellite images
in research on deforestation since change detection studies require numer-
ous scenes. Landsat data continuity, always seen as crucial for the success
of the U.S. remote sensing community, is now in question following the fail-
ure of the Landsat 6 in late 1993. Furthermore, data acquired in the early
1970s (those data most useful for change studies) are stored on digital tape
in Sioux Falls, and currently, by our estimates, nearly 40% of that digital
data acquired of Madagascar has deteriorated and is no longer usable.

In Madagascar, we may have less than 35 years to save much of the
lowland rainforest areas of the east coast. If we leave this task solely in
the hands of major conservation and development agencies without outside
input and monitoring, we fear that our prediction will come true.
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