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Abstract
Satellite images and aerial photography from 1950’s until 2000 were employed to monitor land use and land cover trajectories in two
different agro-ecological zones in Senegal. The land cover succession trends were investigated by means of visual cartographic
interpretation as well as by use of land cover transition matrices. A significant increase in cultivated land inside protected forest
reserves has been illustrated. The field encroachment was influenced by the structure of the physical landscape as well as a result of
socio-economic root causes related to agricultural strategies and demographic factors, as predicted by generally accepted land use
change theories. However, these forces were often spatially disjoined from the landscape which was impacted. Gallery forest was
specifically under pressure. The landscape specific dynamics of change influenced the habitat structure in the protected forest reserve
with subsequent landscape ecological implications. It has been proposed that individual human decisions largely shape the land use
trajectories. They responded to changing national- to global-scale economic opportunities or policies, and were mediated by local
scale institutional factors with large landscape ecological consequences.

Introduction
Land cover plays a significant role in Global Change research (IGBP, 2001), which acknowledges that human
activities significantly influence the functioning of the Earth system in many ways. One important driver of
land cover change is agricultural activities (Turner et al., 2007). Seen in this perspective, the process of land
cover and land use change, both on local, national and regional scales, deserves to be well understood,
because of the impact on the quality of productive natural resources, the impact on carbon storage, or the
impact on biodiversity at the landscape level. Many changes occur so quickly that the natural environment
cannot adapt. Habitat fragmentation has increased dramatically over the last century, with a subsequent threat
to biological diversity. Strategies for land cover and landscape conservation should, therefore, consider the
relationships between land cover and landscape patterns and how they are generated (Alados et al., 2004).
The study concerned land cover dynamics in semiarid forest landscapes in southern Senegal. It asserted
that there was need to better understand the extent, causes and effects of the ongoing expansion of cultivation
into adjacent forest in order to revisit too simplistic views on man- environment relationships and reveal more
complex dimensions of the change process (Raynaut, 1997; Reenberg, 2001).
In spite of rapid developments in the use of remote-sensing techniques in the past 30 years, global and
regional assessments of land cover and land use remain poorly quantified (IPCC, 2000), yet, several recent
surveys of tropical deforestation have concluded that there is no conclusive evidence linking, e. g. population
increases, poverty or access and rates of deforestation (Intergovernmental Panel on Forests, 1996; Angelsen &
Kaimowitz, 1999; Mather & Needle, 2000; Geist & Lambin, 2001). These studies do not exclude population
as a possible driver of deforestation but highlight the need to consider other variables. Geist & Lambin (2002)
document in their comprehensive compilation of existing deforestation studies that some combinations of
causal factors, such as change in market economy and expansion of cropped land for food, are geographically
robust, whereas most of them are region specific.
Global, regional and local-level studies have repeatedly revealed that the relationships between population
dynamics and resource degradation are much too complex to support rough generalizations about cause and
effect (see, for example, Westoby, 1989; Barraclough & Ghimire, 1996; Rudel & Roper, 1996; Fairhead &
Leach, 1996; Lindblade et al., 1998). Additional explanatory factors for ‘deforestation’ have included inter
alia chaotic political environments and government policies that explicitly encourage land expansion (Repetto
& Gillis, 1988), pricing policies, open access (Hardin, 1968), access to markets (Ribot, 1995), and poverty
that, combined with ambiguities in property rights, cause people to heavily discount the future.
Embedded in this wider perspective, the current paper focuses on field encroachment in dry savanna
woodlands in and around protected forest reserves only. First, it introduces the theoretical approach. It
suggests an interdisciplinary, conceptual framework to depict the complexity of forces driving land use and
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land cover changes. Second, it presents land use and land cover maps from two case studies in Senegal, based
on aerial photos and satellite images from 1954 to 2001, and, third, it makes a quantitative assessment of the
directions of change by use of change matrices. Finally, it discusses the landscape specific dynamics of
change and their impact on, for example, habitat structure in the protected forest reserve and investigates the
land use and land cover alterations in view of the driving forces related to agricultural strategies, demographic
factors as well as biophysical drivers.
Landscape and land cover changes: a conceptual framework
In connection with contemporary research on human induced global environmental change, it has been
stressed that, among various kinds of environmental change, none is so plausibly linked to population as the
land use and land cover changes associated with agriculture (Meyer & Turner, 1992).
While theoretical works adhering to the Boserupian school of thought assume a close correlation between
population growth and agricultural land use expansion and intensification, such generalisations cannot readily
be transferred to individual cases at the local level. In general, land use changes may not be simple to explain
and pre-dict (Naveh, 1989). Consequently, an analytical framework that can facilitate the difficult task of
getting to grips with the dynamics of the multiple forces that drive land use changes must have several
qualities: it should be holistic or multidisciplinary in scope, and it should be able to capture the dynamic and
modifying interaction between the different factors that constitute the land use system.
The complexity of underlying causes of field encroachments and their different spatial span constitutes a
significant challenge to analytical endeavours. For example, land use and land cover changes may appear
spatially disjointed from the root causes as regards the places in the larger landscape which are impacted.
Such aspects, in turn, put specific demands to a suitable analytical approach aiming at understanding and
predicting the temporal and spatial diversity of land use patterns. It is suggested that the concepts of response
options, scale, location and landscape may be useful in guiding the analysis of change. They will be briefly
discussed before the analysis of the case studies.
Range of choice and response options
The integration of information on land cover changes with socioeconomic ‘driving forces’ of such change
is prominent on the research agenda within the global change community (Lambin et al., 1999; Lambin et al.,
2001). Regional population pressure, state politics, market incentives, climate variations, and access to land
and water resources are acknowledged factors determining the trajectory of land use change (Kull, 1998).
What is missing is a means to link these explanations to an overall understanding of the process that leads to
transformation, an approach that handles a variety of intertwined, yet distinct explanations and reach beyond
single theory explanations (Turner et al., 1993).
Following this line of thought, Kull (1998) suggests adoption of White’s (White, 1961; Wescoat, 1987)
‘range of choice’ concept as mode of organizing the variety of ideas which are required in a plural
explanation. The ‘range of choice’ concept is based on the assumption that a person’s use of resources reflects
the range of opportunities he or she possesses, i.e. it is conditioned by ecological, political-economic, cultural,
market, perceptual, and social factors. Although the ‘range of choice’ has been criticised for lacking a social
theory to address the mediation of individual action by social context and political economy, it is a useful
heuristic devise to link the contributions of relevant theories, including theories on social change. With this
pragmatic definition in mind, the ‘range of choice’ provides a framework for combining land use driving
forces of a different nature. The range of choice is dynamic in the sense that it is constantly changing,
moulded through the processes explained in political-economic, ecological, social and other theories.
When considering land use patterns and practices in subsistence crop production from a theoretical
perspective (e.g. FAO, 1993; Andriesse et al., 1994; Fresco et al., 1994; Stromph et al., 1994; van
Duivenbooden, 1995), farmers’ potential response to shortage of land – as a result of change of climate,
change in soil fertility, or introduction of cash crops – can roughly be assembled into two pathways: they can
cultivate new land (change land use patterns) or intensify cultivation on existing fields (change land use
practice). Farmer’s response options – and the final choices made – are, however, highly influenced by a
range of factors such as labour and land availability, technology, etc. (i.e. Sutter, 1982; Toulmin, 1992; Tiffin
et al., 1994; Reenberg & Lund, 1998). Whether change takes place is, in turn, influenced by, e.g. social,
cultural or land tenure conditions which enable and constrain access to land. Of specific interest for the
examples dealt with are the constraints in access which characterize the large tract gazetted to forest reserves.
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Scale and hierarchy
When looking at environmental impact, it is clear that some forcing functions operate at large scales
(examples could be greenhouse gas compositions, global financial systems, etc.) while many other individual
decisions that underlie human resource management decisions operate at local scales. Thus, global processes
have impact on local places, but local actions are the foundations for global trends (Kates, 1995).
Hence, studies of land use trajectories must recognize that land use phenomena vary according to the scale
at which they are observed (Fresco & Kroonenberg, 1992; Reenberg, 1998). Natural resource management in
land use systems is best examined at different spatial scales in combination, ranging from and matching the
local plant-soil level to the global level (Tivy, 1990; Barett, 1992; Fresco & Kroonenberg, 1992; Stromph et
al., 1994; Altieri, 1995; Glaeser, 1995; van Duivenbooden, 1995; Odum, 1997). The selection of scale is
crucial as to how the system is evaluated in terms of functioning and in terms of the factors that are evaluated
as the most important driving forces for the changes in the system.
Landscape geography and landscape ecology are prominent examples of research areas engaged in the
study of aspects of global change, pursuing the links between local places and global impact with the aim of
enhancing the understanding of both scales (Wilbanks, 1994; Turner et al., 1989). The notions of hierarchy
and scale are considered to be of great importance to the analysis of land uses and their landscape ecological
implications (Auger et al., 1992; Farina, 1998). The structure and function of a landscape can be perceived
differently at different scales, and it is important for the observer to decide upon appropriate scales for a study
(Quattrochi & Pelletier, 1991; Dale & Rauscher, 1994).
Whereas data on land use has historically been seen as difficult to obtain in a predefined spatial and
temporal resolution suitable in a certain context, much have changed in the last decades with the appearance
of satellite imagery. Research is no longer confined to the scarce possibilities that may be available more or
less by coincidence. Considered from a geocentric perspective, the ‘right’ choice of scales may seem to be
dictated by the problem at hand, be it of a local, regional or national nature. The interconnectedness of many
processes, and, especially of social ones, however, implies that they may have much larger spatial reach and
be interrelated in complex ways which are not always self-evident. Thus, localized environmental degradation
may increase pressure on other resources outside the regional context considered and create a vicious circle
that includes much larger spatial units (Reenberg & Lund, 1998; Wardell et al., 2003). The interconnected
nature of many social processes, however, enlarges the range of physical changes that have effects wider than
their direct spatial reach.
Location: land use and settlement pattern interaction
Location and space specific observations may be crucial to depict land use changes that are, otherwise,
disregarded (Haggett, 1990; Reenberg, 1999, 2001). Land use pattern are, for example, often moulded by and
closely related to the settlement pattern. Stone (1996) discusses the issue of rural settlement patterns in the
view of Chisholm’s seminal work on Rural Settlement and Land Use (1968), which raises the question how
agricultural settlers weight resources and assign weights to landscape features. Stone (1996) points out that
the assumption that new settlements will remain as close as possible to the parent settlement is inherent in a
wide range of theoretical literature on settlement pattern dynamics. However, the frequently underlined, close
link between settlement patterns and social relationships seems to be more complex.
Social relationships may change rapidly in response to new settlement and labour situations and adjust to
the economics of location rather than vice versa. This leads him to suggest that ‘water was a prime criterion of
settlement in the pioneering phase on the frontier, but neither its specific effect on settlement not the reason
for this effect is obvious’, and further that ‘the reason for its (water’s) influence was that with extensive
cultivation offering high marginal returns to labour, fetching water from a distant source was the highest
avoidable marginal labour cost (p. 184).
Stone (1996) notes that models of agricultural intensification (e.g. Boserup) and of landscape attraction
values (e.g. Chisholm, 1968) may treat the costs of farm labour and non-agricultural travel independently, but
that the farmer weighs the two simultaneously and adjusts his weight as land pressure changes. Thus, the
within farm travel distance becomes an important analytical parameter in land use change studies. Such
aspects will also be highly relevant to capture in an analytical framework addressing land use pattern changes.
Landscape
When looking at land use strategies, ‘location matters’ (Fellmann et al., 1996), some simple observations
are profoundly important to the understanding of resource management strategies that condition land use
patterns and practices, productivity and sustainability in land use systems. These include, e.g., 1. that
agricultural units have location, direction and distance with respect to other places; 2. that land units have
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both biophysical characteristics and cultural content; 3. that characteristics of land units develop and change
over time; and 4. that places interact with other places.
Such simple notions are easily understandable; yet, they are also important, and sometimes overlooked,
means by which the understanding of land use system dynamics can be enhanced. In this way the field of
landscape ecology has added a new dimension to land management with a growing recognition of the
importance of the landscape perspective (Apan et al., 2002). Looking at the land use change in a landscape
perspective, which relates the man-made structures, in the landscape to, e.g. geomorphology and hydrological
network structures, can add significant value to the interpretation of the change process. Riparian landscapes,
for example, are unique environments because of their positions, structures and functions in the landscape
(Apan et al., 2002). River corridors are by far the most dynamic location in both natural and altered
landscapes (Forman, 1995). Thus, land cover changes in river corridors may deserve specific concern as the
riparian vegetation plays a significant role in relation to soil erosion, channel stability, wildlife, water quality
and fish habitat.
Empirical examples from Senegal
Two case studies from Senegal are chosen to illustrate some conceptual issues related to landscape specific
land use and land cover dynamics and landscape ecological implications of the field encroachment onto
protected forest land. One case is located north of Kaffrine, in the southern fringe of the peanut basin. Another
case is located in the region of Diambour Forêt Classé, south of Tambakounda (Fig. 1).

Fig. 1. Map showing the location of the two study sites (Kassas area/top and Diambour area/bottom), inserted in a map of Senegal.

The Diambour area
This case represents the more humid zone in Senegal, with a yearly average precipitation in the range of
700–800 mm. Population density is low, less than 10 inhabitants/km2. Tambakunda department, located in the
south-eastern part of Senegal, is the largest administrative region (59602 km2). The primary sector is
important in economic terms; it is estimated that 78% of the regional economy comes from agriculture (40%),
livestock (32%) and forest products (6%) all together. These activities have, however, been under pressure for
the last 30 years.
The list of possible causes is well known from the vast literature on the state of the environment in the
Sudano-Sahelian zone. The variability in climate, the increasing pressure on natural resources, and inadequate
human management of resources are among the factors that are frequently mentioned. Additionally, the
region has been specifically limited in terms of land use change options. Not less than 516.719 ha are set
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aside for forest reserves, and almost 900,000 ha constitute the national park, which limits the possibilities for
extension of agricultural land. At the same time, the demand for land is increasing due to an increase of the
population present in the region, as well as the emergence of a market economy and the intervention of the
agricultural extension to promote cash crops, such as cotton (SODEFITEX) and groundnuts (l’ONCAD).
Furthermore, the expulsion of people from the Niakola Koba national park, which was created in 1973
increased the pressure on land in the non restricted zones; among these also the fringe of the Forêt Classé du
Diambour (FCD). The pressure has expanded beyond the fringe to the forest reserve itself, which, in spite of
existing regulations, has experienced a considerable influx of people that live and cultivate in the protected
zone. At the time when the forest was protected (1968), only three villages were found in FCD (Bantancoly,
Diala Makan and Balamboulou) with 434 inhabitants and 2180 ha of cultivated land. Since then a
considerable immigration has taken place. Until today, 37 villages have illegally established themselves in the
forest with a total population estimated to be 2448 persons (Diallo, 1999). The influx of people has been
described in general terms by Diallo (1999), Diane (2000), Badiane (2000) and ISE (2002), yet the spatial
extent and field patterns vis-à-vis the landscape have not been investigated.
The Kassas area
The case from the surroundings of the Kassas Forest Reserve represents the agro-ecological zone of the
peanut basin. The precipitation in recent years has been between 500 and 800 mm. It belongs to the
department of Kaffrine, which is 11853 km2. Population density is in the range of 50-100 inhabitants per km2.
In a local context it is a high potential agricultural area. Millet and groundnuts are important crops, yet other
crops such as sorghum and maize are also grown. Fertilizer is commonly used. Livestock is important but
under pressure because the biomass available from pastures has decreased due to field expansions and decline
in rainfall.
The pressure on land is increasing with the expansion of cash crops production and the population growth
which was above 3.2% in the 1980’s. The shortage of land results also in insufficient time for fallowing,
creating a vicious circle with lower soil fertility leading, in turn, to demand for more agricultural land. The
protected forest reserve, Kassas, has played a significant role in creating a possible, yet illegal, room for field
expansion in response to the pressure on agricultural land in the forest fringe.
Materials and methods
Land cover maps have been constructed from available aerial photography and satellite images. As regards
Diambour, three series of aerial photography from 1954, 1982 and 2001, respectively, provide the basis for
the land use mapping. The photos have been scanned (150 dpi), geometrically corrected to the UTM system
by use of a Landsat TM scene (approximately 25 ground control points per image), and merged in a GIS.
Thereafter, land use and land cover classes have been visually interpreted on the basis of grey tone and
structure, and digitised. The land cover has been distinguished into cultivated land, fallow, three types of
savanna woodlands and gallery forest. The land cover maps have been validated in the field. A survey
covering 75 farmers has been conducted to obtain information on land use history and land use strategies.
As regards the Kassas area, the land cover and land use maps for the years 1954, 1965 and 2000 have been
derived from aerial photography (1954), from CORONA satellite photography (1965) and from Landsat TM
satellite images (2000). The aerial photos have been scanned, geometrically corrected and interpreted as
described above. The CORONA have been visually classified, yet only with a relatively low precision due to
the quality of the product. The land map from 2000 is a subsection of a Landsat TM satellite image. A larger
image than the one presented in this context was visually interpreted and originally used for a map in scale
1:200.000, thus, the subsection presented does not capture fine details. The maps have been verified in the
field, and a rapid rural appraisal survey on land use history and land use strategies has been conducted.
The maps have been handled in a GIS environment, which allows for subsequent statistical estimates of the
change. The land cover used for the maps were further agglomerated with the aim of calculating the transition
probabilities between the different land cover categories for the most recent time period. The transition matrix
has, in turn, been employed to provide a rough projection of the land cover through a series of consecutive
transition periods.
Results
The two case studies disclose some important traits in land use and land cover development in forest reserves
in the Sudano-Sahelian zone. They document that the protected areas generally are under severe pressure, and
draw attention to the fact that the formal protection of forest made with the aim of preserving woody reserves
for fuel wood, protecting soil resources and preserving biodiversity does not work in practise.
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The observations from the Diambour case specifically offer material to support the conceptual issues
pointed to above, i.e. the relevance of analysing land use trajectories in the appropriate perspective of
response options, scale, location and landscape. Seen from a landscape ecological point of view the study
from Kassas area is less rich in the sense that the results provided in the current context are mainly limited to
document the loss of forest land to agriculture.
The transition matrixes employed a simple instrument to extrapolate observed recent trends into a rough
indication of the future development of land cover. While they may provide some quantitatively based
predictions of change, it should be emphasised that the method employed does not, for example, include
location (neighbour) specific transition probabilities. Hence, important traits of the land cover dynamics in
real world will not be captured.
Diambour
The land cover development in Diambour can be read for the maps in Fig. 2, 3 and 4. In 1954 very little
land was cultivated. The Tingoto valley, which today contributes the majority of the land taken into
cultivation was practically not used for agriculture. At this point in time no fallow land was recorded. In 1982,
cultivated land was still sparse and fragmented, but the Tingoto valley was more intensively used for
agricultural purposes. The cultivated area has increased by 81% between 1954 and 1982. This is explained as
a response to the increase in population in the region in the 1970’s, as well as by the introduction of cash
crops (cotton) and an increased use of fallow in the agricultural system.
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Fig. 2. Land cover map, Diambour area. Based on aerial photography from 1954.
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Fig. 3. Land cover map, Diambour area. Based on aerial photography from 1982.
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Fig. 4. Land cover map, Diambour area, based on aerial photography from 2001.

In the period until 2001, the increase in cultivated land has been very significant, changing the amount of
hectares cultivated from 1640 to almost 4100. In these 20 years the forest has experienced considerable influx
of people, who have established themselves along the river valleys and cultivated new land at the expense of
the natural vegetation, especially the gallery forest. The evolution of the land use is closely connected to the
settlement in terms of establishment of new villages. Until 1982, only two villages were located in the forest
reserve, Bantancoly and Diala Makan. Several villages have mushroomed and have been the centres around
which the expansion of cultivated land has taken place.
The agricultural activities related to the new settlements have had a considerable impact with the natural
vegetation. Not only in terms of replacing natural vegetation with fields, but also as a result of the increased
grazing pressure caused by the livestock kept by the immigrants. Especially, the vegetation in the vicinity of
the water courses is under pressure as availability of water has been a very strong determinant for the location
of settlements.
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At a more general level, the agricultural settlement process in the entire Diambour Forest Reserve can be
sketched out as follows. In the period from 1968 to 2001, 37 villages have illegally been established in the
reserve. A minor part of the population originates from the forest zone itself (37%), 9% can be referred to
people that were excluded for the Niakola Koba National Park, 39% originate from the agricultural region
around the forest and the National Park.
The movement of people into the forest is not new. It has been going on since the beginning of 1900’s; yet
the intensity of the settlement process increased significantly from the 1970’s, among other things, as a result
of the creation of the national park in 1973. The general shortage of land in the region has been the reason for
a continued expansion of cultivation until present day. The survey conducted among the farmers in the forest
reserve pointed to the main reasons for settling in the reserve. Availability of land was mentioned by 63%,
grazing by 13%, abundance of forest products by 7%, abundance of wild animals by 3%, availability of water
by 4%.
Seen from a land tenure point of view, access to land is not generally considered to be a problem. Free
access rights are prevailing in the sense that everybody can cultivate new land once they are settled in a
village. 64% of the farmers covered in the survey have obtained their land on the basis of free access to not
used land, 20% of the land is obtained through heritage, 15% have been received as a gift and a minor part is
considered a loan. The land cover statistics derived form the map is shown in Table 1.
TABLE 1
Land cover statistics, Diambour area. Derived from Fig. 2, 3 and 4

Fields
Fallow
Shrub savanna
Bush savanna
Tree savanna
Gallery forest
River
Village
Lake, temporary lake
and inundated area
Total

1954 (ha)

1954 (%)

1982 (ha)

316.73
0.00
1009.67
4117.96
31792.52
4220.67
0.00
0.00

0.76
0.00
2.43
9.91
76.49
10.16
0.00
0.00

1604.19
94.38
3302.24
6951.83
26105.99
3437.29
0.00
0.00

104.39
41561.94

0.25
100.00

66.02
41561.94

1982 (%)

2001 (ha)

2001 (%)

3.86
0.23
7.95
16.73
62.81
8.27
0.00
0.00

4854.90
543.19
8052.71
6580.67
19166.81
2328.19
22.14
12.30

11.68
1.31
19.38
15.83
46.12
5.60
0.05
0.03

0.16
100.00

1.02
41561.94

0.00
100.00

The land cover classes in Table 1 were agglomerated into main categories which constitute the basis for the
construction of a transition matrix of the land cover change between 1982 and 2001, representing the two
most recent maps. The corresponding transition probabilities are calculated and shown in Table 2. Under the
assumption that these change probabilities remains constant, the future development through a series of time
intervals (of 19 years each) is predicted in Fig. 5. The land cover trends can only be considered a rude
indication of probable directions of change as it does not take into account, for example, neighbour impact on
probability of change and saturation of land, etc. However, it supports the impression that gallery forest is
specifically under pressure in the course of agricultural expansion.
TABLE 2
Transition probabilities between 1982 and 2001, agglomerated land cover classes, Diambour

Fields
Falllow
Savanna
Gallery forest

Fields

Fallow

Savannah

Galley forest

0.52
0.11
0.10
0.12

0.06
0.00
0.01
0.01

0.37
0.89
0.88
0.35

0.05
0.00
0.01
0.53
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Fig. 5. Land use projections for the Diambour area as calculated from the transition matrix in Table 2

Kassas area
The land cover development trajectories in the Kassas area can be read from Fig. 5, 6 and 7, and Table 3.
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Fig. 6. Land cover map, Kassas area, based on aerial photography, 1954. The Kassas Forest Reserve is demarcated (FC Kassas).
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Fig. 7. Land cover map, Kassas area, based on CORONA photography, 1965.

Like in the previous case, a significant increase in cultivated land is seen since 1954, caused by the general
pressure on land. In 1954, 28% of the area mapped was cultivated. The fields were mainly located in and
around valleys. Fallow constitutes a relatively modest proportion of the land (6%). In 1965, the cultivation
has expanded to cover 46% of the area. Most of the expansions since 1954 have taken place outside the
depression zones, indicating the higher pressure on land in general. However, a large proportion of the
expansion is taking place in a depression in the eastern part of the study zone, transforming a corridor of
natural vegetation to farmland. Already, at this point in time, fields have encroached onto the forest reserve
(FC Kassas) in its south-eastern part. According to the local population, these expansions date back to before
1960. Fallow is still relatively insignificant (8%).
The map from 2000 (Fig. 8) reveals that the field expansion has continued. Fields constitute now more than
70% of the territory. Again, expansions have taken place on idle land outside the depressions. The
encroachment onto the forest reserve has continued and now concerns a considerable part in south east, as
well as other areas in the fringe of the forest. While some of the fields are allocated to farmers on a formal
basis (fr. contrat de culture, parcelles pastorals), most of the cultivation is done on an illegal basis.
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Fig. 8. Land cover map, Kassas area, based on Landsat TM, 2000.

The land cover statistics derived form the map is shown in Table 3. The land cover classes in Table 3 were
agglomerated into main categories, which constitute the basis for the construction of a transition matrix of the
land cover change between 1965 and 2000, representing the two most recent maps and only the land inside
the Kassas Forest Reserve (cf. the indication FC Kassas on the maps). The corresponding transition
probabilities are calculated and shown in Table 4. Under the assumption that these change probabilities
remain constant, the future development through a series of time intervals (of 19 years each) is predicted in
Fig. 9.
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Fig. 9. Land use projections for the Kassas Forest Reserve (cf. delineation in Fig. 6–8) as calculated for the transition matrix in Table
4.
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Like in the previous example, the land cover predictions can only be considered a rude indication of
probable directions of change. In this case, even more caution must be exercised when dealing with the
predictions because of the considerable length of the basis time interval employed.
TABLE 4
Transition probabilities between 1965 and 2000, agglomerated land cover classes for forest reserve only (cf. delimitation in Fig. 6),
Kassas

Fallow
Fields
Savanna

Fallow

Fields

Savanna

0.00
0.19
0.03

0.89
0.63
0.15

0.11
0.17
0.82

Discussion
The land use and land cover change studies presented above can serve as a point of departure for a more
general discussion of some landscape specific aspects of the human dimension of global change. This will be
done with reference to the key issues dealt with in the presentation of and reflections regarding the conceptual
framework.
The notion of response options helps to draw the attention to the complexity of factors driving the changes
in land use and land cover. As described above, a large number of factors, such as demography, agricultural
policy, climate, land access rules, etc., come together and create the basis for the land use decisions made at
the local level. Not least institutions, in the meaning of ‘the rules and game of a society or the humanly
derived constraints that shape human interaction’, are important determinants for land use changes; in the
present case forest authorities and village councils play, for example, significant roles through formal as well
as informal land use regulation. This needs to be acknowledged, both in order to understand the change
process and in order to predict possible future scenarios. Of specific interest, from a nature conservation point
of view in the current context, is the fact that pressure on land is a severe threat to the protected forests. The
perceived open access to idle land and the lack of control make the reserves obvious targets for agricultural
expansion. The immediate result is that natural vegetation be replaced by cropland, not least along the water
courses, and that the habitat structure is destroyed.
The selection of scale is obvious in various ways as stressed above. In this context spatial scale and
resolution of the maps have been largely determined by the availability of material, and, thus, in turn, set the
limits as regards themes to be investigated. Taking the issue of conflict of interest between agricultural
expansion and nature protection a bit further may, for example, lead to expose the divergence in scales of
interest. As Barett et al. (2001) emphasise in their paper on biodiversity conservation, ‘given the variability of
economic and biophysical scales and institutional landscapes, the best management designs adapt to suit the
biophysical and socio-economic context’. They stress that, in nature conservation efforts, assumptions
regarding ecological and social scales are rarely explored deeply. The necessary ecological scale typically
exceeds the space that any single community can manage. These observations may be considered valid not
only for conservation efforts but also as regards the insight into processes that drive natural resource
management strategies. Such lines of thought seem highly relevant in the current context where future
challenges will concern the management of land resources in an environment where production and survival
aims lead to land use alterations, which clearly counteract nature protection aims.
Especially the Diambour case documents how the land use pattern is related to settlement pattern and
location. The initial impact of water on settlement pattern is a direct cause of the fact that the riparian
vegetation has been the most threatened part of the natural vegetation. This localised impact of agricultural
expansion is a central issue for wildlife conservation (Fritz et al. 2003). The results also reveal that the places
of origin of immigrants are diverse. To understand the change process and possible future directions it will,
therefore, be necessary to know which relationships, of a social nature, that constrain or enable farmers to
settle down in new areas.
Finally, the authors would like to advocate a landscape perspective to be more prominent in studies
concerning the human dimension of global change than is often the case. This could strengthen the ability to
understand and predict land use changes and evaluate the resilience of land use pattern to external changes. It
has already been stressed how land use changes may correspond closely with specific parts of the landscape
(i.e. the depressions) and that this, in turn, may cause specific harm to the ecological qualities of the
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landscape. The example from Kaffrine also indicates that land use changes could be distinguished with
respect to the geomorphology of the landscape. The possibility that different landscape units (defined by
geomorphology and soil types) may have a variable potential for agriculture under different climatic or
market conditions, has been noted elsewhere (e.g. Vierich & Stoop, 1990; Reenberg, 1994; Mazzucato &
Niemeijer, 2000) but not explored in this context.
Specifically the two latter analytical perspectives, location and landscape are a huge challenge to modelling
of land cover transition. Some progression towards accounting for the spatial dependence in data have been
presented by Weaver & Perera (2004); yet, it seems still questionable if a mechanistic modelling of the issues
of landscape and location, as they are presented in this context, justify the effort needed. The very simple
transition models presented in the present context should be seen in this light. Nevertheless, having the spatial
perspective in mind is crucial for a sound interpretation of the empirical material.
Conclusion
The study documents examples of land use and land cover changes over a period of 50 years. The accelerating
quest for additional crop land has led the local population to capture and occupy idle land, for example, in a
nature protection area. The process has been accelerated by opaque tenure rules, inadequate legal protection,
lack of attention from political authorities combined with a set of ‘events’, like the evacuation of the
population from the nearby national park and the introduction of cash crops, notably cotton and groundnuts.
Gallery forest has been specifically under pressure. Thus, the landscape specific dynamics of change
influence the habitat structure in the protected forest reserve with subsequent landscape ecological implications. It is proposed that individual human decisions largely shape the land use trajectories. They respond to
changing national to global scale economic opportunities or policies, and are mediated by local scale
institutional factors with large landscape ecological consequences.
A further investigation of the landscape ecological implications of such land use alterations seems
appropriate, not least in an environmental sustainability, habitat and biodiversity conservation context. This
could be done taking into consideration the following pieces of advise:
‘a conceptual approach embracing non-equilibrium phenomena, as well as being theoretically and
empirically sound, will make possible a more people-oriented ecology: concerned with a greater sensitivity to
the dynamic interplay between the social, political and natural processes that have both shaped Africa’s
drylands in the past, and that will guide their future prospects.’ (Sillivan & Rohde, 2002).
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