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ABSTRACT

In many respects, river basins are extremely convenient natural resources management units and hence calls for an inte-
grated approach in case of transboundary nature. Environmental resources in Kagera basin are under great threat due to
demographic factors leading to wide spread environmental degradation. Land degradation and biodiversity loss are cen-
tral issues in the basin, but the extent and severity of the degradation pressures are not yet clearly illustrated and their
implications largely unknown. To date, natural resource mapping in Kagera basin has been based on isolated case stud-
ies for specific purposes and not much has been done in mapping resources and classification of resources degradation
by remote sensing applications considering the whole basin. In this study, basin-wide mapping approach was adopted
and hot spot areas associated with natural resources use in the basin identified and trends over time established. How-
ever, this paper presents results from Kagera River sub-basin, Uganda. Mapping exercise was done by using landsat
images and aerial photos of Kagera basin covering the years 1984-2002. Overall, bushland in Kagera sub-basin, Uganda
increased by 78% and woodland cover showed mere 6% gain; but a 53% decrease in open woodland sub-type and 29%
decrease in closed woodland. Significant shift occurred in cultivation with herbaceous crops (mainly banana) from year
1984-2002 moving from east to west of Kagera sub-basin, Uganda representing 167% increase. Area occupied by per-
manent swamp decreased 31%. Over the same period, land cover change detection matrix indicates main land cover
changes include conversion to bushland (59.34%) followed by conversion to grassland (7.29%) and cultivated land
(7.16%), with only 24.19% of the land cover remaining unchanged. It is concluded that the observed changes are, a re-
sult of human-induced factors and show unsustainable utilization of natural resources as most of the changes make the
land susceptible to degradation.
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1. Introduction Uganda, before entering Lake Victoria (alt. 1145 m) to
the south of Sango Bay in Uganda. The Kagera River is
estimated to contribute 10% of the outflow from Lake
Victoria to the Nile, and is important for sustaining the
flow of the Nile [2].

The Kagera basin has a general elevation of 1200 -
1600 m but rises above 2500 m in the west, with peaks
reaching 4500 m. Rainfall is less than 1000 mm over
most of the eastern half of the basin but rises to over
1800 mm in the west, where most of the runoff is gener-
ated. Although the west is partly forested, much of the
basin has become intensively cultivated resulting in ero-
sion and river sediment load from the high rainfall areas
[1]. The basin vegetation includes a complex of forest
and woodland, savannah shrub and grasslands and wet-
lands, with the majority of the land used for agriculture
by farmers and herders. The diverse ecosystems and
“Corresponding author. convergence of lowland (mainly western Guinea-Con-

The Kagera River Basin (KRB) is spread over Burundi,
Rwanda, Tanzania and Uganda with a total area of 59,800
km?® The River is the principal contributor of water to
Lake Victoria and is considered the remotest headwater
of the White Nile. Within the Kagera catchment lies 75%
of the land area of Rwanda and 52% of Burundi [1]. The
Kagera River (400 km long) is formed by two head-
streams, which rise in the East Central African highlands
(alt. ca. 2500 m) near the divide with the Congo basin.
The Ruvubu rises just north of Lake Tanganyika in Bu-
rundi and the Nyabarongo rises in north-west Rwanda.
These two main headstreams converge at Rusumo Falls,
close to the Rwanda-Tanzania border, from where the
Kagera flows north along the border and then abruptly
east through the lowland floodplain in Tanzania and
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golian) and highland (eastern afro-montane) species,
provide an array of habitats for multiple species of high
global significance [2]. This includes remaining species
of mega-fauna in protected areas (and habitats) such as
the Akagera National Park, Lake Mburo and the Burigi
Game Reserve, as well as the unique tropical biodiversity
of the groundwater forests (Minziro, Munene and Rwas-
ina Forest Reserves).

The basin contains natural forests (such as Gishwati,
Nyungwe and remnants of previously widespread river-
ine forest) with endemic plant and animal species (in-
cluding those used in medicine, for wild foods and agro-
forestry, such as Ficus toningii, Markhamia luttea and
Eritrina abbissinic). Extensive swampy forests and gras-
slands, with dense tall grasses and papyrus, are important
ecological components of the floodplain ecosystem of the
Kagera River, providing important water flow regulation
and buffering functions [2]. The Kagera basin includes
important environmental resources which are now under
threat due to encroachment by humans [1]. Land degra-
dation and biodiversity loss are central issues in the basin
and therefore to the Project. The extent and severity of
the pressures the environmental resources are under il-
lustrate clear inter-linkages among different terrestrial
activities with trans-boundary implications for the en-
vironment and ultimately for Lake Victoria.

Besides, an estimated 14 million people, almost 40%
of the 35 million within the Lake Victoria basin (LVB),
live in the Kagera basin. The population density within
the Kagera basin is very dense averaging 227 persons/km?,
30% higher than the 174 persons/km? in the rest of the
LVB. The population in the countries is growing at a
rapid pace, 2.2% per year in Burundi and Rwanda, 3.1%
per year in Tanzania and Uganda. In Burundi, 46% are
under 15 years of age. In Uganda and Tanzania, some
80% of the population is rural and the majority engaged
in small-scale agriculture. In Rwanda and Burundi over
90% of the populations are engaged in subsistence farm-
ing, with extremely small farms and fragmented plots
(the mean area is 0.6 ha; only 2% of holdings exceed
3 ha). Moreover, due to rural-urban migration, urban
growth is significant, averaging over 4% growth/year
in the largest cities, Kigali (650,000 persons), Bukoba
(180,000 persons) and Mbarara (69,360 persons). The
majority of the rural populations in the basin are very
poor (few tools, poor housing, small land area, little dis-
posable income); they are unable to invest in improved
resources management or education. The basin supports
one of the densest and poorest rural populations in the
world. It is thus the most heavily populated basin within
the East African rift valley lakes sub-region. It is multi-
ethnic, comprising communities from Kenya, Uganda,
Tanzania, Burundi, and Rwanda. The population of the
region is expected to double within the next two decades.
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On the other hand, several studies have been done in
the Kagera basin, but no single study has clearly linked
demographic factors with natural resources degradation
[3-6]. Moreover, most of studies in the Kagera basin
have been based on country specific or project driven
interests based either on a particular area or just limited
to one and only one sub-catchment in a specific country.
However, for sustainable management of transboundary
natural resources in Kagera basin, the entire basin needs
to be clearly studied by mapping different ecological
units, identifying key or hot spot areas in terms of pat-
terns of resource use and degradation and then critically
assessing their status. Linking ecological status of natural
resources and social factors for degradation will assist in
coming up with opportunities and challenges for sus-
tainable use of resources in the basin. Furthermore, gen-
erating information on trends and patterns of resource
degradation in the basin over time series through map-
ping will enable researchers to link such patterns with
other factors controlling resource degradation in the ba-
sin. Such information at the moment is lacking and this
project seeks to fill this gap. The objective of this study
therefore was to map ecological status of natural re-
sources in the selected sites in the Kagera basin. The
study was guided by the following two research ques-
tions: 1) what is the ecological status of natural resources
in the selected sites in the Kagera basin? and 2) where
are the hot spot areas associated with natural resource
degradation in the Kagera basin?

2. Materials and Methods
2.1. Study Area

This study was conducted in the entire basin of Kagera
(Figure 1). The Basin is located in the Great Lakes Re-
gion of Africa, and it covers an area between the im-
mense Lakes of Victoria, Tanganyika and Kivu. The
river basin lies between 0°45' and 3°35' south latitude and
29°15' and 30°51' longitude east [4]. The Kagera water-
shed occupies two major topographical zones namely the
West Rift Scarp and the Lake Victoria Basin that derives
largely from regional features of the geological structure
[6]. The West Rift zone Scarp encompasses the terrain on
the eastern side of the West Rift that was involved in the
up-warping and associated volcanism during the devel-
opment of the rift. It rises to elevations of 2600 metres in
Burundi and 3000 metres in Rwanda both located on the
Congo-Nile Divide that forms the western boundary of
the Kagera Basin. The Kagera River flows in north and
east, forming part of Tanzania’s borders with Rwanda
and Uganda, before emptying into Lake Victoria and is
commonly regarded as the remotest source of the White
Nile. The most southern headwaters of Kagera River are
located at Rutovu in southern Burundi.
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Figure 1. Geo-location of Kagera basin.

2.1.1. Field Work Activities

The field work activities aimed at mainly production of
resource/ecological maps of Kagera basin and establish-
ing patterns and trends of resources in the Basin using
different remote sensing techniques including GIS. A
number of technical activities and methodological ap-
proaches were used to generate the final map and some
of these activities include.

2.1.2. Pre-Field Work Activities

This entailed the following: 1) studying the existing data
in all participating countries by team members in respect-
tive study areas of the Kagera basin within each country;
2) planning of the field work; and 3) executing the field
work itself, at Kagera sub-basin level by each research
scientist.

2.1.3. Reconnaissance Survey

Here the approach used was, each research scientist did
individual field visits in his respective sub-basin during
field reconnaissance. The mission during this time was to
get acquainted with the study area/sites and also later get
to introduce the project to key stakeholders; get prior in-
formation about the study sites; inform local administra-
tion and leaders about the objectives of the intended
study (for the case of Uganda, these were mainly Local
Council Executives, Community leaders and other rele-
vant authorities found on ground); Make logistical ar-
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rangements e.g. when to do Participatory GIS (PGIS) and
collection of any relevant data available to be used for
mapping of ecological units and resources in the sub-
basin.

2.1.4. Mapping of Resources

The mapping exercise was mainly a laboratory work
which was done in close collaboration with experienced
GIS expert based on Institute of Resource Assessment
(IRA), University of Dar es salaam (UDSM). For uni-
formity purposes and issue of consistency in terms of
tools of analysis, however, it was considered prudent that
rather than undertaking mapping and analysis of eco-
logical and natural resources trends in the basin by indi-
vidual countries, mapping should be done for the entire
Kagera basin, covering the four Kagera River riparian
states of Burundi, Rwanda, Tanzania and Uganda. Indi-
vidual research scientists later analyzed data and pro-
duced country specific Kagera sub-basin reports for each
country. Technical aspects of the mapping exercise such
as image manipulation and interpretation were carefully
handled with the help of the experienced GIS expert from
IRA, GIS laboratory. The mapping of the Kagera basin
used the Landsat images and aerial photos which cover
the Kagera Basin. Mapping was done mainly by landsat
images. Aerial photos were used for feature identification
in areas where landsat images were not showing the fea-
tures very well due to their low resolutions.
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2.1.5. Field Verification/Ground Truthing

After the entire Kagera basin was preliminarily mapped,
we (the research scientists) went into the field (on country
basis and at sub-basin level!) to do ground truthing. This
involved visiting of identified ecological units and hot
spot areas identified in terms of resource degradation, for
example deforested, eroded, and extensively cultivated
areas and other similar areas. The visits also provided
clues to researchers on whether demographic factors
have contributed significantly to changing patterns on
resource use and degradation or a combination of factors
in the Kagera basin. Afterwards, inputs from ground
truthing were added to the final mapping of the Kagera
basin. This was followed by each research scientist pro-
ducing country specific, mapped trends of natural re-
sources degradation in Kagera sub-basin final report, the
results of which are presented here in this paper for the
case of Uganda.

2.1.6. Data Analysis of Satellite Imagery

The simulation of the images were assigned with the
false color of RGB composite as Layer 4—Red, Layer
5—Green, and Layer 3—Blue; and also for other scene
Layers, Blue was used. The scale which was used ranges
from 1:260,000 to 1:100,000. The simulation was done
on the printing of the image for the inter-forestation
which was done manually or visually. The images were
then printed for interpretation. The identification of the
classification was done in reference to the criteria for
land cover discrimination, where forest and woodland are
identified by reddish colour with different intensities
while the bushland is identified by pinkish to brown with
different intensities to thicket. Grassland is identified by
the blue-green to pink with variable blue-green varying
from wooded grassland to open grassland etc. Open land
is identified by pale blue, green to white from bare soil to
ice-cap/snow waiter features identified by black to bluish
and bright red which swamp/marsh with different inten-
sities. The identification of roads is done by linear and
pale strip or dark depending bitumined or unbitumined or
soil surface road.

Similarly, in this study, land cover change matrix and
changed areas were also determined by change detec-
tion, which is one of the most important applications of
remote sensing techniques. Change detection has capa-
bility of repetitive acquisition of imageries with consis-
tent image quality, at short intervals, on a global scale,
and during complete seasonal cycles. This study used
two Landsat scenes from different sensors (Landsat TM,
and Landsat ETM) images acquired in 1984 and 2002
respectively to detect change of Kagera Basin Land
Cover. The land cover change detection was done using
ArcGIS10 software. The two classified land cover layers
i.e. land cover 1984 and 2002 were used. Two analysis
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tools Extract and Overlay were used to determine the
land cover change matrix and changed areas respectively.
The clip function was used to determine change of indi-
vidual land cover class from year 1984 to 2002. The clip
function extracts land cover classes from year 2002 fea-
tures that overlay the selected land cover class from land
cover layer 1984. The overlay tool (union) was used to
combine attributes from the two land cover layers and
determine which areas changed from one cover to an-
other and the areas not changed. The union tool com-
putes a geometric intersection of the land cover features
from 1984 and 2002 layers. All features were then writ-
ten to the Output Feature Class with the attributes from
the Input Features, which it overlaps. Finally the select
by attribute function was used to select the land cover
classes from both layers to determine the change.

3. Results and Discussion

This section of the paper, presents mapping results of
Kagera river basin, which was aimed at identifying hot-
spots of natural resources use and degradation and estab-
lish trends in natural resources status. Two landuse/cover
types for the Kagera basin has been produced and used to
establish changes between 1984 and 2002 periods. A
total of 8 major landuse/cover types have been identified
in Kagera basin, which are 1) Urban areas; 2) Forest; 3)
Water bodies or features; 4) Woodlands of different
types; 5) Cultivated land with different crops; 6) Bush-
land of different types; 7) Grass land of different types
and 8) Open land.

The overall trends in the mapped natural resources of
the whole Kagera basin are shown in Table 1. There is
36% increase (from 25,859 ha to 35,100 ha) of area oc-
cupied by closed woodland which is a gain of 9241 ha.
The areas occupied by open woodland have decreased by
—52% (from 317,800 ha to 152,000 ha) which is a loss of
165,800 ha. Area occupied by woodland with scattered
cropland has shown a remarkable gain of +497733%
(from 92 ha to 458,006 ha) representing an increase of
457,914 ha. Dense bushland has decreased by —38%
(from 17,566 ha to 10,849 ha) which is a loss of 6717 ha.
Area occupied by bushlands with emergent trees has in-
creased by +102% (from 424,550 ha to 857,334 ha)
which is a gain of 432,784 ha. Bushland with scattered
croplands has increased by +37% (from 894,978 ha to
1,227,775 ha) which is a gain of 332,797 ha. Area occu-
pied by wooded grassland has decreased by —38% (from
626,215 ha to 389,540 ha) which is a loss of 236,675 ha;
and open grassland decreased by —77%. Area occupied
by grassland with scattered cropland has decreased by
—24% (from 275,376 ha to 209,686 ha) which is a loss of
65,690 ha. Overall, area under forest shows slight gain
(+5%) from 60,383 ha to 63,530 ha a gain of 3147 ha.
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Table 1. Overall Kagera basin land cover change from the year 1984-2002.

Change in (ha) Cover Change (ha/%o)
Land Cover Type Sub-Type Code 1984 2002 1984-2002
Area (ha) Area (ha) ha %
Woodland Closed Woodland Wc 25,859 35,100 9241 36
Open Woodland Wo 317,800 152,000 -165,800 -52
Woodland with Scattered Cropland WSc 92 458,006 457,914 497,733
Total 343,751 645,106 301,355 88
Bushland Dense Bushland Bd 17,566 10,849 -6717 -38
Bushland with Emergent Trees Bet 424,550 857,334 432,784 102
Open Bushland Bo 132,835 53,181 79,654 -60
Bushland with Scattered Cropland BSc 894,978 1,227,775 332,797 37
Thicket Bt 6268 —6268 -100
Thicket Seasonally Inundated Bts 1932 -1932 -100
Total 1,478,129 2,149,139 671,010 45
Grassland Wooded Grassland Gw 626,215 389,540 —-236,675 -38
Open Grassland Go 1,340,425 306,153 -1,034,272 =77
Grassland with Emergent Trees Get 248,149 252,501 4352 2
Bushed Grassland Gb 755,772 872,798 117,026 15
Grassland with Scattered Cropland GSc 275,376 209,686 —-65,690 -24
Open Grassland Seasonally Inundated Gos 21,323 14,690 —6633 =31
Bushed Grassland Seasonally Inundated Gbs 698 27,524 26,826 3843
Total 3,267,958 2,072,892  -1,195,066 =37
Forest Natural Forest Fn 60,383 62,307 1924 3
Not Riverine Forest FnR 297 297 100
Forest Plantation Fp 926 926 100
Total 60,383 63,530 3147 5
Cultivated Land Mixed Cropland Cm 495,731 420,733 —74,998 -15
Cultivation with Bushy Crops Chc 9318 -9318 -100
Cultivation with Tree Crops Ctc 152 253,757 253,605 166,845
Cultivation with Tree Crops (with Shades) Ctc (st) 316 316 0 0
Sugar Estate SE 8635 -8635 -100
Cultivation with Herbaceous Crops Che 96,783 180,983 84,200 87
Total 610,935 855,789 244,854 40
Water Features Water W 121,716 130,519 8803 7
Permanent Swamp SM 203,055 160,542 -42,513 =21
Total 324,771 291,061 -33,710 -10
Urban Area Urban Area Ua 5072 11,374 6302 124
Airport AP 264 264 100
Total 5072 11,638 6566 129
Other Cloudy Cover cc 1279 3123 1844 144
Total 1279 3123 1844 144

Source: IRA GIS Unit (2011).
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Overall, there is +40% gain in the total cultivated land
(from 610,935 ha to 855,789 ha) which is a gain of
244,854 ha. Within the cultivated land, there is a re-
markable +166845% increase of cultivation with tree
crops (from 152 ha to 253,757 ha), which is a gain of
253,605 ha. However, cultivation with bushy crops and
Sugar Estate all disappeared (-100%) from the basin
representing complete loss of the two in the cover types.

Cultivation with herbaceous crops increased by +87%
(from 96,783 ha to 180,983 ha) which is an increase of
84,200 ha. Area occupied by water features in the basin

Changing Trends of Natural Resources Degradation in Kagera Basin: Case Study of Kagera Sub-Basin, Uganda

has decreased by —10% (from 324,771 ha to 291,061 ha),
which is a loss of 33,710 ha. Within the water features,
the permanent swamp has undergone —-21% decrease
(from 203,055 ha to 160,542 ha) which is a loss of
42,513 ha. Last but not least, there is an increase of
+129% in urban areas from 5072 ha to 11,638, which is
an increase of 6566 ha.

3.1. Kagera Sub-Basin, Uganda

The trends in the status of natural resources in Kagera
sub-basin, Uganda are shown in Table 2. The woodlands

Table 2. The land cover changes in Kagera sub-basin, Uganda from the year 1984-2002.

Uganda: Land Cover Change from the Year 1984-2002

Land Cover

Change in (ha) Cover Change (ha/%0)

Type Sub-Type Code 1984 2002 1984-2002
Area (ha) Area (ha) ha %
Woodland Closed Woodland Wc 1873 1334 -539 -29
Open Woodland Wo 6995 3283 -3712 -53
Woodland with Scattered Cropland WSc 4739 4739 100
Total 8868 9356 488 6
Bushland Dense Bushland Bd 610 -610 -100
Bushland with Emergent Trees Bet 12,694 129,692 116,998 922
Open Bushland Bo 1990 5521 3531 177
Open Bushland Seasonally Inundated Bos 0 0
Bushland with Scattered Cropland BSc 78,779 32,565 -46,214 -59
Total 94,073 167,778 73,705 78
Grassland Wooded Grassland Gw 4750 18,173 13,423 283
Open Grassland Go 23,408 11,809 -11,599 -50
Grassland with Emergent Trees Get 56,203 54,477 -1726 -3
Bushed Grassland Gb 58,186 21,321 -36,865 -63
Grassland with Scattered Cropland GSc 81,066 31,312 —-49,754 -61
Open Grassland Seasonally Inundated Gos 2324 -2324 -100
Bushed Grassland Seasonally Inundated Gbs 69 6815 6746 9777
Total 226,006 143,907 -82,099 -36
Forest Natural Forest Fn 721 800 79 11
Total 721 800 79 11
Cultivated Land Mixed Cropland Cm 47,511 15,730 -31,781 -67
Cultivation with Tree Crops Ctc 27,785 27,785 100
Cultivation with Herbaceous Crops Chc 9546 25,453 15,907 167
Total 57,057 68,968 11,911 21
Water Features Water W 6669 5952 -717 -11
Permanent Swamp SM 8652 6012 -2640 -31
Total 15,321 11,964 -3357 -22

Source: IRA GIS Unit (2011).
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in Kagera sub-basin, Uganda have shown decimal in-
crease of +6% (from 8868 ha to 9356 ha) which is a gain
of 488ha. Regarding the woodland sub-type, there is a
—29% decrease in closed woodland (from 1873 ha to
1334ha) which is a loss of 539 ha. Area under open
woodland decreased by —-53% (from 6995 ha to 3283 ha)
which is a loss of 3712 ha. The woodland with scattered
cropland has increased from 0 ha to 4739 ha which is
100% gain. On the other hand, the dense bushlands have
disappeared by 100% in the same period. There is a
striking +922% increase of area occupied by bushland
with emergent trees (from 12,694 ha to 129,692 ha, which
is a gain of 116998 ha. There is a little gain (11%) of
natural forests from 721 ha to 800 ha, representing a net
gain of 79 ha covered under natural forest in the same
period.

There is a remarkable increase of +21% in cultivated
area (from 57,057 ha to 68,968 ha, this represent a gain
of 11,911 ha. Within the cultivated area, cultivation with
tree crops have gained by +100%. Cultivation with her-
baceous crops have gained by +167% (from 9546 ha to
25,453 ha, which is the gain of 15,907 ha, a similar trend
reported in earlier study on bananas in Uganda [7]. The
area occupied by water features, have decreased by —22%
(from 15,321 ha to 11,964 ha), which is a loss of 3357 ha;
and permanent swamp decreased in the area by —-31%
(from 8652 ha to 6012 ha) representing a loss of 2640 ha.
This is mainly due to swamp reclamation for agricultural
purposes; with dire consequences of frequent flood, in-
creased lake and river sedimentations and low water pu-
rification potential of the swamps.

Major noticeable change around Sango Bay from year
1984 to year 2002, includes patches of Closed Woodland
around it has been replaced by Grassland with Emergent
Trees and Bushland with Scattered Cropland. This probably
could be attributed to encroachment on the closed wood-
land by the local communities in search for productive
farm land (Compare 1984 to 2002 GIS map for the basin).
Generally, from 1984 to 2002, Bushland with Emergent
Trees increased in the Kagera sub-basin, Uganda. Sig-
nificant increase of Bushland with Emergent Trees is
observed in the western part of the Kagera sub-basin
(western side of Isingiro district and parts of Ntungamo
district) where it has mainly replaced Bushland with
Scattered Cropland. However, it has also been replaced
from its original position in Isingiro and Rakai districts
by Grassland with Emergent Trees in the same years
from 1984 to year 2002.

From the 1984 to 2002, Wooded Grasslands were re-
placed by mainly Cultivation with Herbaceous Crops
(mainly banana). This is true especially in the study areas
around Kikagati and Kabuyanda sub-counties (Isingiro
county South) and Bukanga County all in Isingiro district.
This may have dire consequence as Isingiro is mainly
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characterised by steep and bare hills and the ecological
system here is normally prone to chronic drought and soil
erosion. Significant shift occurred in Cultivation with
Herbaceous Crops (mainly banana) in 1984 in the east of
the Kagera sub-basin close to Lake Victoria near Sango
Bay in Rakai district to far western side of the sub-basin
to the areas of Isingiro district and parts of Ntungamo
district as observed in 2002 Kagera basin land use/cover
type; and this finding is in agreement with earlier study
[7]. Apparently, this seems to have displaced Bushland
with Scattered Croplands (mainly cereals); and wooded
Grassland in those areas in the same periods cited above.

Also in 1984, Wooded Grassland; Dense Bushland; and
Permanent Swamp were dominant in the eastern side of
the basin near Sango Bay (Natural Forest), located close
to Lake Victoria Rakai district. However, images ob-
served in 2002, indicate that these land covers/types are
being replaced mainly by Bushed Grassland Seasonally
Inundated and to some extent Bushland with Scattered
Cropland in the sub-basin Kagera basin.

3.2. Kagera Sub-Basin, Uganda Change
Detection Matrix from the Year 1984-2002

Land cover change detection matrix for Kagera sub-basin
Uganda indicates that the main land cover changes en-
tail conversion to bushland (59.34%) followed by con-
version to grassland (7.29%) and cultivated land (7.16%),
with only 24.19% of the land cover remaining unchanged.
Most noticeable change types include; conversion from
grassland to bushland, representing 55.32% conversion.
Others include conversion from bushland to grassland
(4.02%), bushland to cultivated land (4.92%), cultivated
land to bushland (2.90%), cultivated land to grassland
(2.17%) as illustrated in Table 3. For the entire Kagera
basin, the main land cover change entails conversion to
bushland (1,627,441 ha; 25.32%), followed by conver-
sion to grassland (785,322 ha; 12%), followed by con-
version to cultivated land (643,006 ha; 10%), with
(2,367,690 ha; 36%) of the land cover remaining un-
changed (Table 4).

4. Conclusion

The land cover changes in Kagera sub-basin, Uganda
show diminishing areas occupied by closed woodland,
open woodlands and dense bushlands. Besides, cultivated
areas have increased significantly especially cultivation
with tree crops and cultivation with herbaceous crops.
There is also significant increase in area occupied by
woodland with scattered croplands. The areas occupied
by water features, have also decreased just like the areas
occupied by permanent swamp show significant loss over
the same period. Similarly, detection matrix for Kagera
sub-basin Uganda indicates conversion to bushland, to
grassland and to cultivated land are the major forms of

NR



102 Changing Trends of Natural Resources Degradation in Kagera Basin: Case Study of Kagera Sub-Basin, Uganda

Table 3. Kagera sub-basin, Uganda land cover change detection matrix from the year 1984-2002.

Kagera Sub-basin, Uganda: Change Detection Matrix

Land Cover Change Net Area Change (ha) Net Area Change (%0)
From Bushland to Woodland 5104 0.78
From Cultivated Land to Woodland 457 0.07
From Grassland to Woodland 2499 0.38
From Water Features to Woodland 175 0.03
Sub-Total 8235 1.26
From Cultivated Land to Bushland 18,964 2.90
From Grassland to Bushland 361,648 55.32
From Water Features to Bushland 4402 0.67
From Woodland to Bushland 2961 0.45
Sub-Total 387,975 59.34
From Bushland to Grassland 26,298 4.02
From Cultivated Land to Grassland 14,187 217
From Forest to Grassland 2 0.00
From Open Land to Grassland 412 0.06
From Water Features to Grassland 3360 0.51
From Woodland to Grassland 3396 0.52
Sub-Total 47,655 7.29
From Bushland to Forest 56 0.01
From Cultivated Land to Forest 35 0.01
From Grassland to Forest 53 0.01
Sub-Total 144 0.02
From Bushland to Cultivated Land 32,136 4.92
From Forest to Cultivated Land 62 0.01
From Grassland to Cultivated Land 13,459 2.06
From Water Features to Cultivated Land 217 0.03
From Woodland to Cultivated Land 939 0.14
Sub-Total 46,813 7.16
From Bushland to Water Features 678 0.10
From Cultivated Land to Water Features 1254 0.19
From Grassland to Water Features 2902 0.44
Sub-Total 4834 0.74
No Change 158,121 24.19
Sub-Total 158,121 24.19
Sub-Total 653,777 100.00

Source: IRA GIS Unit (2011).
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Table 4. Overall Kagera basin, land cover change detection matrix from the year 1984-2002.

Kagera Basin: Change Detection Matrix

Land Cover Change Net Area Change (ha)
From Bushland to Woodland 202,294
From Cultivated Land to Woodland 59,279
From Forest to Woodland 3401
From Grassland to Woodland 305,764
From Urban Area to Woodland 21
From Water Features to Woodland 16,577
Sub-Total 587,336
From Cultivated Land to Bushland 247,651
From Cloudy Cover to Bushland 592
From Forest to Bushland 2597
From Grassland to Bushland 1,234,134
From Urban Area to Bushland 1636
From Water Features to Bushland 37,877
From Woodland to Bushland 102,954
Sub-Total 1,627,441
From Bushland to Grassland 529,057
From Cultivated Land to Grassland 72,843
From Forest to Grassland 5501
From Open Land to Grassland 412
From Urban Area to Grassland 1072
From Water Features to Grassland 34,282
From Woodland to Grassland 142,155
Sub-Total 785,322
From Bushland to Forest 3599
From Cultivated Land to Forest 713
From Grassland to Forest 1950
From Woodland to Forest 8725
Sub-Total 14,987
From Bushland to Cultivated Land 194,012
From Cloudy Cover to Cultivated Land 687
From Forest to Cultivated Land 338
From Grassland to Cultivated Land 394,621
From Urban Area to Cultivated Land 1858
From Water Features to Cultivated Land 27,620
From Woodland to Cultivated Land 23,870
Sub-Total 643,006
From Bushland to Water Features 16,661
From Cultivated Land to Water Features 16,670
From Grassland to Water Features 48,590
From Urban Area to Water Features 126
From Woodland to Water Features 2375
Sub-Total 84,422
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Continued

From Bushland to Urban Area

From Cultivated Land to Urban Area
From Grassland to Urban Area

From Water Features to Urban Area
From Woodland to Urban Area
Sub-Total

From Bushland to Cloudy Cover

From Cultivated Land to Cloudy Cover
From Grassland to Cloudy Cover

From Water Features to Cloudy Cover
From Woodland to Cloudy Cover
Sub-Total

No Change

Sub-Total

Grand Total

6142
1404
2192
1416
203
11,357

1033
85
1119
346
540
3123

2,367,690
2,367,690

6,581,797

Source: IRA GIS Unit (2011).

conversions; and presumably as a result of human-in-
duced factors and it is therefore concluded that the trends
in land cover changes in Kagera river basin show unsu-
stainable utilization of natural resources as most of the
changes make the land susceptible to degradation. How-
ever, the results of these mapping exercises are expected
to be linked to the demographic factors in our 2" year of
VicRes research, and will lead to identifying challenges
and opportunities that are presented by different demo-
graphic factors in the Kagera basin in our 3" year of
VicRes research.
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Appendix

Appendix 1: Kagera Basin, Land Cover Types, 1984
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Appendix 2: Kagera Basin, Land Covers Type, 2002
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Appendix 3: Uganda Sub-Kagera Basin-Land Use/Cover Types, Year 1984
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Appendix 4: Uganda Sub-Kagera Basin-Land Use/Cover Types, Year 2002
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