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Abstract

The land use and/or land cover changes (LULCC) caused mainly by human beings for their benefits play a pivotal
role in a global environment, resulting in significant ecosystem changes. Iriiri, Matany and Rengen sub-counties in
Karamoja sub-region of Uganda have undergone rapid LULCC in the past three decades. Nevertheless, the extent
to which these changes have occurred have not been quantified. Establishing the extent of LULCC in the study
area between 1986 and 2015 formed our objective. Supervised LANDSAT image classification for years 1986,
1996, 2005 and 2015 was done using ENVI 4.7 software. The classification resulted into six land use classes;
Bareland, Farmland, Woodland, Grassland, Settlement, and Wetland. The area under each LULCC was subjected
to a change detection analysis using Arc-GIS (ESRI, 2009) in ten years strata. The results revealed that
settlement in Iriiri expanded significantly (p < 0.05) by 71.3%, while farmland increased by 45%. Woodland and
grassland significantly (p < 0.05) declined by 68% and 30% respectively. Bareland increased by 56%, while
wetland decreased by 54%. Woodland and grassland significant (p < 0.05) shrunk by 87% in Matany and Rengen
sub-counties. Farmland expanded significantly (p < 0.05) by 147% and Woodland shrunk significantly (p < 0.05)
by 79% in Rengen sub-county. Generally, farmland and settlement increased while woodland and grassland
shrunk due increased human population and farming. Expansion of farming is partially due to increased human
settlement to pursue agriculture following advocacy by the government of Uganda. The removal of natural
vegetation is expected to negatively impact soil quality by exposing it to agents of erosion. However, the extent
of these impacts is unknown. Hence, further studies on LULCC and their impact on soil quality at sub-counties
level are crucial in guiding land use policy and sustainable management practices in the area.

Keywords: agro-pastoral; Karamoja, LANDSAT image classification, change detection analysis, land use land
cover change

1. Introduction

Karamoja sub-region is comprised of three agricultural zones namely; pastoral, agricultural and agro-pastoral.
The agro-pastoral zone which run through the districts of Kabong, Kotido, Napak and Nakapiripirit, is one of the
three main livelihood zones of Karamoja (USAID, 2017). The zone is mainly composed of the grassland,
woodland farmland, and seasonal wetlands (Egeru et al., 2015). The grasslands provide pasture for livestock and
are source of thatching material for traditional huts (cluster homesteads Manyata). The woodlands is known to be
in its ecological balance for flora and fauna (Islam et al., 2016; Fox et al., 2017). They provide important
ecosystem services, by regulating nutrient cycling, maintaining the hydrologic cycle and maintaining soil quality
(Lawrance et al., 1997; Fan et al., 2007; Hassan et al., 2016).

The expansion of farmland, overgrazing by livestock, and human settlement are repeatedly cited as some of the
dynamic force behind woodland shrinking in sub-Saharan Africa (Cui et al., 2013; Fox et al., 2017). The Land use
changes which are often orchestrated by human beings, have negative effects to ecosystems, resulting in global
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climatic changes (Dirmeyer et al., 2010). Currently, LULCC studies are deemed as the main ways man can deal
with and/or monitor natural resources for better environmental status (Fox et al., 2017). Worldwide, intact
vegetation, for instance, forests/woodland and grassland are shrinking in size. Declining trends in the land cover
with profound environmental consequences have been indicated in several studies (Rugadya & Kansiime, 2013).
For instance, deforestation and grassland cover removal for grazing and cultivation in Bangladesh led to a loss of
biodiversity, soil quality, escalated global warming and enhanced natural disasters. Some of the negative
consequences were, unpredictable rainfall patterns, prolonged drought and torrential rainfall (Islam et al., 2001;
Islam et al.,, 2016). The unguided LULCC can be attributed to the increasing population coupled with
socio-economic needs and political policies (Sundarakumar et al., 2012).

Globally, natural vegetation and grasslands are shrinking therefore leading to profound environmental
consequences. Thus LULCC studies are imperative as the cheapest and quickest way of understanding the current
state and predicting the future condition of socio-ecological landscapes (SELs) as influenced by man and nature.
Further, studies on land cover changes, are crucial as a basis for in-depth socio-scientific re-assessments to better
inform land users, planner, policy makers, and scholars (Sundarakumar et al., 2012s). It provides a realistic basis
for designing suitable soil conservation technologies.

The magnitude of LULCC within small-ecological settings have been neglected. For instance, Iriiri, Matany and
Rengen sub-counties have undergone swift LULCC in the past three decades. However, there are no studies related
to LULCC at the sub-counties level. Hence, there is hardly reliable empirical data of land use changes at
sub-county level in Karamoja. In order to bridge this knowledge gap, the objective was set to establish the extent
of'land use and land cover changes in Iriiri, Matany and Rengen sub-counties, Karamoja, from 1986 to 2015. It was
hypothesised that, significant LULCC have occurred in the agro-pastoral, Karamoja for the last thirty years.

Such studies are necessary as a basis for in depth ecological, socio-scientific, economic reassessments to better
inform land managers, and policy makers for the purpose of constituting sustainable land management practices.

2. Materials and Methods
2.1 Study Site Description

The study was conducted in two districts (Kotido and Napak) of the semi-arid Karamoja, Uganda which lies
between latitude 1°-4° north and longitudes 33°-35° east. The districts of Kotido and Napak in the agro-pastoral
Karamoja semi-arid sub-region which is located about 494.6 km (10 h drive) NE of Kampala, Uganda were chosen
for the study. They were considered for the study because they were in the agro-pastoral zone and easily accessible
for ground truthing. Kotido district is located 03°31'N, 34°07'E. It has a population of 236,900 with a population
density of 65.5/km” (UBOS, 2016). Napak district is located along 02°12'N, 34°18'E and at 1500 m above the sea
level. According UBOS (2014), its population stands at 197,700 with a population density of 39.7/km’. One
sub-county (Rengen) and two (Iriiri and Matany) from each district of Kotido and Napak respectively were
considered for the study. In addition, the sites were selected because they had three clear land uses; woodland,
grazing land or grassland and farmland (smallholder farms). The area receives unreliable uni-model rainfall
averaging between (500-760 mm) minimum and a maximum of (800-1000 mm) year (Mubiru, 2010; Kyagulanyi
et al., 2016). The average monthly minimum and the maximum temperature range between 15-18 °C and 28-32.4
°C, respectively (Mubiru, 2010). It has a very high evaporation rate greater than rainfall received (Kyagulanyi et al.,
2016). The average wind speed is 12 km hr'. On estimate, Karamoja receives 10 hours of shine a day (hours when
the sun is not obscured by clouds) (Weather 2, 2018).

2.2 Data Collection for Land Use Land Cover Changes (LULCC)

Extraction of LULCC information for the sub-counties satellite data processing was used (Table 1). The process
involved scrutiny of LANDSAT Thematic Mapper (TM) together with the Enhanced Thematic Mapper (ETM)
sub-counties images for period from 1986 to 2015 obtained from the United States Geological Survey website
(USGS). The imageries used covered a 30 year period in ten years’ intervals (1986, 1996, 2005 and 2015). The
period of 10 year’s interval was considered to be long enough for substantial LULCC in the area. Ground
truthing was conducted in order to aid supervised classification of the images (ESRI, 2009).

2.3 Classification of Image and Land Use and Cover Change Detection

The Images were pre-processed by registration and sub-setting using ground control points (GCPS) (Mwavu &
Witkowski, 2008). This was followed by undertaking image classification starting with unsupervised classification
through comparing individual pixel to each distinct cluster to see which one was closest to in order to derive the
available classes. The supervised land image classification was then done through multi-temporal LANDSAT data
processing using ENVI 4.7 software. The classification resulted into six (6) LULCC categories upon confirmation
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from ground truthing data (Tables 2, 4 and 6). The LULCC detection analysis was done for each land cover class
on Arc-GIS (ESRI, 2009) to determine the area under each land use or cover type. The LULCC detection analysis
was done using the images of (1986, 1996), (1996, 2005) and (2005, 2015). Two images, each from different time
(1986 to 1996; 1996 to 2005; 2005 to 2015 and; 1986 to 2015), were used to analyse changes for classified
LULCC types. The two sets of classified data enabled LULCC matrix operation to show all the possible changes
between classes (Tables 2, 4 and 6). To test the significance in LULCC, the Chi-square goodness of fit test was
performed using the SPSS 24 version and results are presented in (Tables 3, 5 and 7).

Table 1. Satellite images used for Matany and Rengen sub-counties of Karamoja digital image processing

Year Satellite Path/row Spatial resolution (m) Date
Landsat-5 171/58 30 10-01-1986
1986 Landsat-5 170/58 30 04-02-1986
Landsat-5 170/59 30 18-10-1986
”””””””””””” Landsat-5 17158 30  19-01-1996
1996 Landsat-5 170/58 30 08-01-1996
Landsat-5 170/58 30 10-01-1996
"""""""""""" Landsat-7 17158 30  02-22005
2005 Landsat-7 170/58 30 03-03-2005
Landsat-7 170/58 30 06-02-2005
"""""""""""" Landsat-8  171/58 30 15032015
2015 Landsat-8 170/58 30 15-03-2015
Landsat-8 170/59 30 03-01-2015
3. Results

3.1 Land Cover Classification Scheme

Variation in the degree of LULCC of Iriiri, Matany and Rengen sub-counties of Karamoja sub-region of Uganda
from 1986 to 2015 at 10-year strata are presented in Tables 2 and 4 and 6. Their mosaics shown in Figures 1, 2 and
3 (Maps A, B, C, and D).

3.2 Land Use and Land Cover Change

The LULCC maps for Iriiri, Matany and Rengen for the year 1986, 1996, 2005 and 2015 (Figures 1, 2 and 3 plates
A, B, C, and D) were generated following the LANDSAT image analysis and classification. Different land use or
cover types in Iriiri, Matany and Rengen sub-counties of Karamoja) from 1986 to 2015 exhibited area coverage
variations (Tables 2, 4 and 6).

The magnitude of LULCC and their mosaics in Iriiri, sub-county of Karamoja, for the period 1986-2015 are
presented in Tables 2 and Figure 1, respectively. The results indicate that areas under different land use/cover
types exhibited variations from 1986 to 2015 (Tables 2).

Grasslands (55.8%) and farmlands (41.4%) comprised the main land uses/cover type throughout the entire study
area. The wetlands (swamps) had the least coverage (5%). LULCC maps for Iriiri, for the year 1986, 1996, 2005
and 2015 (Figures 1 and A, B, C and D) show that the sub-county experienced rapid land use land cover changes
between 1986 and 2015 (Table 2). There were high (p < 0.05) rise in settlement during the period under study.
Settlements expanded by 71.3% from 1986 to 2015, while other land uses did not significantly (p < 0.05) change
during the same period (Table 3).

Grassland and farmland comprised the main land uses/cover type throughout Matany and Rengen at (66.8 and
52.0%) and (22.2 and 13.3%), respectively (Tables 4 and 6). The wetland (swamps) had the least coverage and
occupied 0.368 and 0.636% of Matany and Rengen, respectively (Tables 4 and 6).

The results specified that Matany and Rengen sub-counties have rapidly undergone LULCC from 1986 to 2015
(Tables 4 and 6). Significant (p < 0.05) land conversion was recorded in woodland in Matany sub-county.
Woodland shrunk by 87% from 1986 to 2015. Other land use conversions were not significantly high (p > 0.05).
However, in Rengen sub-county, significantly different (p < 0.05) land conversion occurred in grassland, farmland,
and woodlands. The grassland significantly decreased (p < 0.05) from 20,974.6 to 12,124.7 hectares (42%).
Farmland expanded significantly (p < 0.05) from 5,365.3 to 13,229.4 hectares (147%). On the other hand,
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woodland shrunk (p < 0.05) from 5,235.0 to 1,003.6 hectares (79%). Other land uses conversion were not
significantly different P < 0.05.

Generally, grassland, woodland, bare land, and wetlands shrunk while the farmland and settlement were expanding
in areas they cover during study period. The final data of the bare land increase in Rengen sub-counties (Tables 3
and 5). To the contrary, the final data of bare land in Matany sub-county decreased from 2,452.5 to 303.4 hectares
(87%) (Tables 4, 5, 6 and 7).

Perhaps the study specified that farming and/or expansion of crops growing was one of the main causes of the
entire study area land use changes. Probably human settlement plus the consequence of wood harvesting for
construction, firewood and source of household income were the second cause of land use changes.
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Figure 1. Land use/cover classification scheme for Iriiri sub-county for 1986, 1996, 2005 and 2015

Note. Bareland = Area without vegetation including overgrazed land, rock outcrops and erosion futures like
gullies and rills; Farmland = Cropping areas mainly covered by annual crops; Woodland = Areas covered by
woody plant species with a height of 2-10 meters; Grassland = communal grazing land with about 20% bush and
mixture of scrub plant species; Settlement = Homestead (Manyatta), urban and rural settlements and; Wetland =
Area covered by seasonal water.
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Figure 2. Land use/cover classification scheme for Matany sub-county for 1986, 1996, 2005 and 2015

Note. Bareland = Area without vegetation including overgrazed land, rock outcrops and erosion futures like
gullies and rills; Farmland = Cropping areas mainly covered by annual crops; Woodland = Areas covered by
woody plant species with a height of 2-10 meters; Grassland = communal grazing land with about 20% bush and
mixture of scrub plant species; Settlement = Homestead (Manyatta), urban and rural settlements and; Wetland =
Area covered by seasonal water.
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Figure 3. Land classification scheme for Rengen sub-county for 1986, 1996, 2005 and 2015

Note. Bareland = Area without vegetation including overgrazed land, rock outcrops and erosion futures like
gullies and rills; Farmland = Cropping areas mainly covered by annual crops; Woodland = Areas covered by
woody plant species with a height of 2-10 meters; Grassland = communal grazing land with about 20% bush and
mixture of scrub plant species; Settlement = Homestead (Manyatta), urban and rural settlements and; Wetland =
Area covered by seasonal water.
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3.3 Thematic Land Use Change Statistics From Change to Change Matrices in Iriiri Sub-county

Table 2. Thematic land use change statistics from change to change matrices in Iriiri sub-county

Iriiri

1986 1996 2005 2015 Magnitude of % change
sub-county
LULCC Area % Area % Area % Area %
category (Ha) cover (Ha) cover (Ha) cover (Ha) cover 1986-1996 1996-2005 2005-2015 1986-2015
Grassland 41,949. 558 32,542.5 44.8 30,258.6 40.3 29,275.8 39.0 -22.4 -7.0 -3.3 -30.2
Farmland 17,365 23.1 20,654.8 27.5 23,2542 31.0 25,103.8 33.4 18.9 12.6 8.0 44.6
Settlement 9,253. 123 13,568.1 18.1 14,963.2 31.0 15,853.0 21.1 46.6 10.3 6.0 71.3
Bareland 2,137 28 4,255.0 5.7 34575 4.6 3,341.6 4.5 99.2 -18.7 -3.4 56.4
Woodland 3542 47 2,3652 3.2 2,6252 3.5 1,1458 1.5 -33.2 11.0 -56.4 -67.7
Wetland 8729 1.2 623.4 0.8 561.0 0.8 399.7 0.5 -28.6 -10.0 -28.7 -54.2
Total 751197 100 751197 100 751197 100 751197 100

Note. LULCC = Land Use Land Cover Class; Ha = hectares.

Table 3. Chi-square goodness of fit test for land use and land cover dynamics in Iriiri sub-county

LULCC category Percentage land cover Chi-square Goodness of fii
1986 1996 2005 2015 1 df p-value
Grassland 55.843 44.800 40.281 38.972 4.044 3 0.257
Farmland 23.117 27.496 30.956 33.418 1.974 3 0.578
Settlement 12.318 18.062 30.956 21.104 9.220 3 0.027
Bareland 2.844 5.664 4.603 4.448 1.000 3 0.801
Woodland 4.716 3.149 3.495 1.525 1.429 3 0.699
Wetland 1.162 0.830 0.747 0.532 0.000 3 1.000

Note. LULCC = Land Use Land Cover Class; Ha = hectares. p < 0.05 means significant, p > 0.05 means not
significant.

3.4 Thematic Land Use Change Statistics From Change to Change Matrices in Matany Sub-county

Table 4. Thematic land use change statistics from change to change matrices in Matany sub-county

Matany .

1986 1996 2005 2015 Magnitude (% change)
sub-county

0, 0, 0, 0,

LuLee Area % Area % Area % Area % 1986-1996 19962005 2005-2015 1986-2015
category (Ha)  cover (Ha)  cover (Ha)  cover (Ha) cover
Grassland 40,185 67.0 34,241 56.9 32,26 53.6 31591 525 -14.8 -5.8 -2.1 214
Farmland 13,359 22.0 16,255 27.0 18,154 30.2 20381 339 21.7 11.7 12.3 52.6
Settlement 3,232 54 5254 8.7 6,256 104 7730 12.9 62.6 19.1 23.6 139.2
Bareland 2,453 4.1 4,173 6.9 3281 55 303 0.5 70.3 214 -90.8 -87.6
Woodland 689 1.2 1424 024 109 0.2 88 0.2 -79.3 -23.3 -19.5 -87.2
Wetland 2214 04 72,6  0.12 810 0.1 47 0.1 -67.2 9.9 -42.9 -79.4
Total 60139 100 60139 100 60139 100 60138.5 100

Note. LULCC = Land Use Land Cover Class; Ha = hectares.
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Table 5. Chi-square goodness of fit test for land use and land cover dynamics in Matany sub-county

Matany sub-county Percentage land cover Chi-square Goodness of fit test
LULCC category % cover 1986 % cover 1996 % cover 2005 % cover 2015 rv df p-value
Grassland 66.820 56.938 53.641 52.530 2.126 3 0.547
Farmland 22214 27.028 30.187 33.890 2.717 3 0.437
Settlement 5.374 8.737 10.403 12.854 3.541 3 0.316
Bareland 4.078 6.940 5.455 0.505 4.667 3 0.198
Woodland 1.146 0.237 0.182 0.146 16.667 3 0.001
Wetland 0.368 0.121 0.133 0.076 3.857 3 0.277

Note. LULCC = Land Use Land Cover Class; Ha = hectares. p < 0.05 means significant, p > 0.05 means not
significant.

3.5 Thematic Land Use Change Statistics From Change to Change Matrices in Matany Sub-county

Table 6. Thematic land use change statistics from change to change matrices in Rengen sub-county

Rengen

sub-county 1986 1996 2005 2015 Magnitude (% change)

LUL Ar 9 Ar 9 Ari 9 Ar 9

c;tjeg(s::y (HZ;' C/Zver (HZ? c/("wer (H:)a C/Zver (HZ;' C/fwer 1986-1996 1996-2005 2005-2015 1986-2015
Grassland 209746 52.0 156958 40.0 13,2549 329 12,1247 293  -252 15.6 8.5 42.4
Farmland 53653 133 71735 17.8 82631 205 132294 320 337 15.2 60.1 146.6
Settlement 42569 10.6 65846 163  7,0253 174 76157 184 547 6.7 8.4 79.0
Bareland 42562 106 88120 218  10,740.1 26.6 72124 174 1070 219 329 69.5
Woodland 52350 13.0 20062 5.0 1,003.6 2.5 1,101.7 27 61.7 -50.0 9.8 -79.0
Wetland 2565 064 724 10 574 0.1 60.6 02 718 208 5.7 -76.4
Total 403444 100 . 403444 100 403444 100 . 403444 100

Note. LULCC = Land Use Land Cover Class; Ha = hectares.

Table 7. Chi-square goodness of fit test for land use and land cover dynamics in Rengen sub-county

Rengen sub-county Percentage land cover Chi-square Goodness of fit test
LULCC category % cover 1986 % cover 1996 % cover 2005 % cover 2015 v df p-value
Grassland 51.989 38.905 32.854 29.326 7.915 3 0.048
Farmland 13.299 17.781 20.481 31.998 9.238 3 0.026
Settlement 10.551 16.321 17.413 18.420 1.871 3 0.600
Bareland 10.550 21.842 26.621 17.445 7.026 3 0.071
Woodland 12.976 4.973 2.488 2.665 11.333 3 0.010
Wetland 0.636 0.179 0.142 0.147 5.364 3 0.147

Note. LULCC = Land Use Land Cover Class; Ha = hectares. p < 0.05 means significant, p > 0.05 means not
significant.

Overall, farmland and settlement areas increased throughout the study area of Matany and Rengen sub-counties
while the grassland and woodland land use areas demonstrated a shrinking trend (Figures 1, 2 and 3). Nonetheless,
the wetlands were almost stable throughout the study sites and period. To the contrary, bare land demonstrated
unstable trends throughout the entire study area of Matany and Rengen sub-county. Bare land in Matany shrunk
tremendously by the year 2015.

4. Discussion

The land use and cover changes in Iriiri, Matany and Rengen sub-counties are reflected in mainly six land uses
catergories namely, grassland, farmland, settlement, bare land, woodland, and wetlands

4.1 Grassland

The increasing sedentary population, demand for socio-economic requirements likely increased farming, in the
agro-pastoral zone are the main factors underlying the dwindling in the areas under grassland. Farmers opened
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wide chunks of land to plant crops this might have led to a reduction in the area covered by the grass. In addition,
farmers harvest grass for the thatching their traditional huts, cover of wood for charcoal production and/or bricks
baking in the traditional earth mound kilns, plus uncontrolled rampant bush burning were also might be
responsible for the partial and temporal decrease in grassland areas. This study is in agreement with studies by
Egeru et al. (2015), and Nakalembe et al. (2017), which indicate that cultivation was responsible for grassland
shrinking in Karamoja districts.

4.2 Farmland

The observed increase in farmland size throughout the entire study area (sub-counties of Matany and Rengen),
could be attributed to the reducing overdependence on livestock in the entire agro-pastoral livelihood zone of
Karamoja. Extensive farming for food production started in the year 2005. People in the agro-pastoral zone started
practicing agriculture in addition to livestock keeping, this coupled with the increasing population likely led to an
expansion of farmland thus removal of the natural vegetation. In addition, the government of Uganda’s effort to
introduce sedentary agriculture in Karamoja may have acted as a driver responsible for enhanced vegetation
clearance to inroduce farming. Among the government strategies to introduce more sedentary agriculture is the
involvement of the Office of the Prime Minister (OPM), Non-Government Organisation (NGO) and extension
workers effort to change the communities. The 2004 Karamoja Integrated Disarmament and Development
Program (KIDDP) resulted into induced increase in crops growing for enhanced food production in Karamoja
sub-zone (MAAIF), 2010. Increased crop production was also concluded from other literature by (Bushby and
Stites, 2016). In addition, the 2002 population density of Karamoja area was as low as 12 verses 2014 which puts it
at 35 persons per km®> (SUBO, 2014). Implying that previously relatively smaller population nearly solely
depended on livestock for survival, but due to the increase in population, people seek alternative ways of survival.
Therefore, they might have encroached on grassland and woodland for cultivation and settlement. Mainly the
changes are driven by human alteration on ecological covers for socio-economic gains (Maitima et al., 2010;
Ebanyat et al., 2009). Perhaps, this led to grassland and woodland decrease in hectares. In a study which was done
by Nakalembe et al. (2017) in Moroto district, Karamoja, it was revealed that there were a direct competition
between pasture grasses and cropland. In their study, the main drivers of the major land use changes were
farming/cultivation increase, enhanced sedentary secttlement, over-harvesting of wood for construction of
Manyatas and the enclosures, charcoal production, bricks baking and firewood for both domestic plus household
income generation. Other underlying factors are probably population increase and poverty. Similar conclusions of
land use changes were drawn by Zziwa et al. (2012), Kenya Ministry of Forestry and Wildlife, 2013 and Egeru et al.
(2015).

4.3 Human Settlement

The expansion in the settlement was probably, in part due to human population increase. For example, the human
population of Rengen sub-county stood at 18,373 in 2002. In 2014 it stood at 36,977 an increase of 101% (UBOS,
2014). Perhaps similar trends happened in Matany sub-county whose population was 22,810 in the year 2014.
Another driving force for increasing settlement may be attributed to the improved exposure of the people of
Karamoja to other communities and ever-increasing levels of formal education which enables them to change to
modern livelihood enhanced less nomadic livelihood. Brown et al. (2017) recorded an upward trend in education
dynamics of Karamoja which required an increase in sedentary and semi-sedentary population. Human settlement
(sedentary population), may account for LULCC in areas surrounding the settlements. When people settle, their
population increase in the small urban centres resulting into increased trading area, whose population requires
more fuel in form of firewood, charcoal, and timber for the construction of houses for accommodation as reported
by FOSA Report-Uganda (2018). The above items are mainly harvested from the surrounding woodland. Perhaps,
this led to increased settlement eventually resulted in the shrinking of the natural woodland and grassland covers in
the study area.

4.4 Bareland

The highest area of bare land observed throughout the entire study area in 2005 coincided with the introduction of
KIDDP which restricted livestock to protected kraals. Restricted animal grazing areas not only reduce animal
movement but increase the number of livestock beyond the optimum rangeland vegetation carrying capacity.
Perhaps this increased livestock overstocking leading to overgrazing which resulting in increased acreage of over
trampled bare land observed in the study area. Similar observations were made in other parts of Karamoja by Burns
et al. (2013).
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4.5 Woodland

The great shrinkage of woodland throughout the study area would probably can be attributed to the increased
human activities like expanding farming or cultivation, wood harvesting for construction of Manyatta, charcoal
making, bricks baking, sale to earn a living, to mention but a few.

Temporal change which included rejuvenation of woodland may be attributed to abandoning of exhausted land for
fresh land by farmers and recovery of wood tree species from human wood harvesting for houses construction,
charcoal, and firewood. Similarly, woodland increase in area from the years 2005 to 2015 might have regained
some area as a recovery from the previous overgrazed land due to previously restricted grazing from the protected
kraal era. This is in line with a study which was done by Islam et al. (2001) in the tropics of Bangladesh where an
increase in exotic shrubs and grasses were recorded after deforestation.

4.6 Wetland

The wetland changes could be attributed to seasonal variations and unpredictable rainfall, other than human
encroachment. The area covered by seasonal water depends on the availability and the amount of rainfall received
during the season and the drought experienced in the area. Prolonged dry season might have manifested its self in
a reduced area covered by the wetland and the reverse is true. Similarly, Mubiru, (2010) attributed the water
shortages to seasonal rainfall variability.

Overall agriculture or farming increased at an alarming rate. Although Karamoja is lightly populated, most of them
are clustered near urban centres for security purposes. In this regard, areas near urbanizing centres were likely to be
more vulnerable to loss of vegetation due to human settlement and their subsequent requirements. These might
have culminated into changing natural forests and grassland covers and hence environmental degradation which
requires further studies. Nakalembe et al. (2017) recorded a high increase in crops production in Lotome
sub-county Napaka district of Karamoja.

The study results indicated that there was a sharp decline in woodland hectares. This may be ascribed to increased
human demands for survival leading to over cutting of trees for use in charcoal production, firewood, bricks baking,
huts building, thatching and bush clearing for crop production. The study was in agreement with earlier studies
which were conducted in Ethiopia by Olson et al. (2004), and Berhanu et al. (2016).

5. Conclusions

The findings of this study have demonstrated occurrence of substantial LULCC dynamics between the years 1986
and 2015. The study further established that in each of the sub-counties (Iriiri, Matany and Rengen) farmland
increased while woodland and grassland shrunk; as such farming was the main LULCC of which was studied.
Perhaps, advocacy for sedentary farming was one of the main drivers of LULCC in the agro-pastoral zone.
Probably the population increase with its consequences like wood harvesting for domestic use and household
income also resulted into enhanced land use changes. Studies on LULCC and their effect on soil quality at
sub-counties level are crucial in guiding land use planning, policy makers and other stakeholders for sustainable
management practices in the area.
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