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The ecosystems and landscape patterns in Lake Victoria basin are increasingly being
modified by changes in land use/land cover. Understanding dynamics of these changes is
essential for appropriate planning. This study evaluated changes in landscape environment,
of the lakeside counties of the Kenyan Lake Victoria basin, which have occurred over a forty-
year period (1978-2018) and their potential impacts on the lake using remote sensing and
GIS techniques. Landsat imageries of 1978, 1988, 1998, 2008 and 2018 were analyzed for
each county to develop land use and land cover maps and to detect and quantify changes
using the Maximum Likelihood algorithm. Supervised classification was utilized. The study
showed that the six land use/land cover classes, identified in the counties, have undergone
drastic modifications in a span of four decades. Over the years, built-up areas steadily
increased in all the counties, forested and vegetated areas steadily declined in all the
counties, areas under water bodies remained relatively constant in all counties, while the
rest of the land use and land cover types experienced periodic rise and falls in areal
coverage. Generally, the major gains in coverage by the various land use and land cover
types occurred between 2008 and 2018 while major losses occurred between 1978 and 1988.
The study suggests that future regional conservation measures should take cognisance of the
general ecological and socio-political processes in the entire Lake Victoria basin for
integrated watershed conservation.

1. Introduction

human and natural factors are the root causes of land use and land
cover changes on the earth’s surface.

Land use and land cover are often used together to describe the
terrestrial settings relative to both anthropogenic and natural
processes [1-3]. Land use and land cover change has increased on
local and global scales over the past few years [4-6]. This is driven
by a synergistic effect from biophysical, political and socio-
economic factors [7, 8]. Studies have shown that, it is the complex
interactions of these factors, coupled with population pressure and
technological advancements, which results in land use and land
cover change [1, 6, 9]. This implies that interactions between
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Land use and land cover has been transforming from the time
humankind started manipulating their surroundings [10]. The
changes in land use and land cover impact both the biotic and
abiotic components of the ecosystems of the earth [11]. The
patterns of natural catastrophes, climate and socio-economic
livelihoods are negatively impacted by land use and land cover
modifications at both local and global levels [12]. Moreover,
studies have indicated changes in land use and land cover to be the
major cause of widespread species extinction, replacements as well
as biotic differentiation or homogenization [13, 14]. There is a
growing interest, since the last decade, on the effects of land use
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and land cover change globally [15]. Traditionally, land use and
land cover has been a critical research area locally and globally [16,
17]. This is driven by the need to understand landscape patterns
and how they are influenced by interactions with natural processes
and anthropogenic activities. Such understanding is necessary for
improvement of decision-making and management of land [18].

Remote sensing has been a major source of data for the
historical land use and land cover conversion. It utilizes various
techniques and datasets to produce land cover change analysis, an
evaluation of the various classes and their accompanying changes
over time [19]. Remote sensing is capable of revealing the nature,
magnitude and spatial trends of land use and land cover changes,
which is vital for monitoring urban development and natural
resources for their effective management [1]. A large volume of
literature suggests that remote sensing using Landsat imageries
have greatly aided the large-scale classification of various
landscape components in screening for land use land cover
problems [20].

Land use problems are widespread in both developing and
developed world [21]. In the developed world, Mediterranean
biodiversity loss from land-use/land-cover change, associated with
increased cultivated areas, has been reported in Italy [22] while
forest drying is reportedly common in Ukraine and Latvia
countries [23]. In Southern and South East Asia, widespread air
quality issues due to rapid industrialization, urbanization and
increased energy demand has been reported [24]. It is also worth
noting that substantial quantities of greenhouse gas emissions, due
to intensification of agricultural activities, has been recorded in
Eastern European nations including Slovakia [21]. In US cities,
increased non-point-source pollution from various degrees of
urbanization has been reported [25]. In the developing world,
dwindling biological resources diversity in rural areas of Ethiopia
and Eritrea, which are experiencing overgrazing and encroachment
by farms has been mapped [26]; widespread desertification and
land degradation has been reported in Benin [27] while major
changes in land use and cover have caused environmental
problems in catchment areas in Tanzania, including drying of
streams and rivers [28].

Kenya, like many African countries whose economy is heavily
dependent on agricultural production and exploitation of natural
resources such as forests, is facing land use and land cover change
challenge [29]. The lake region of Kenya encompasses five
counties of Migori, Busia, Homabay, Kisumu and Siaya. This
region has the Lake Victoria watershed which contains numerous
wetland resources that sustain the livelihoods for the surrounding
communities [30]. Wetlands of Lake Victoria account for 37% of
total land surface in Kenya [31]. Studies have shown that the
hydrology of Lake Victoria itself and the numerous wetlands
within its basin, including rivers, have been altered by the changes
in land use and land cover within the lake region [32,33]. With the
current trends in climate change, the impacts of land use and land
cover change are poised to put more strain not only on the
ecological resources found in the basin but also the socio-
economic conditions of the riparian communities. The quantity and
dynamics of these land use and land cover changes within the
whole Lake Victoria basin area are still currently not well
understood because none of the limited studies that exists has
valuated the entire lakeside region. Mapping and quantifying the
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land use land cover changes and assessing its effects in the whole
lakeside region will make great contribution in providing
information for effective policy and regulatory changes in land use
and environment planning and management.

This study mapped the changes in land use and land cover that
have occurred in the five counties of the lake region overtime.
These counties were chosen because of their proximity to the
Kenyan portion of Lake Victoria and changes in the environment
within these counties will not only have an effect on the riparian
communities, but also on the lake itself. The Lake is the greatest
natural resource in East Africa supporting millions of people [30].
The adoption of the devolved system in Kenya through the new
constitutional dispensation promulgated in 2010, has resulted in
rapid population growth, urbanization and socio-economic
activities in the five Kenyan lake-side counties over the years. This
has brought about changes in the land use and land cover in this
important region. The main objective of the present study is to
evaluate changes in the landscape environment of the riparian
counties that have occurred over forty-year period (1978-2018)
and their potential impacts on the Lake Victoria basin environment
using remote sensing and GIS techniques.

2. Materials and Methods
2.1.  Study Area Description

Occurring along the equatorial region, Lake Victoria is
situated between latitudes 0°20'N-3°S and longitudes 31°39'E—
34°53"W [34], at an elevation of 1134m above sea level [30]. The
lake surface (water) spans an area of 68,000 Km? which is shared
among three countries of East Africa — Tanzania (49%), Uganda
(45%) and Kenya (6%). Lake Victoria is the most critical natural
resource in the region, supporting about 30 million livelihoods
within its basin [29]. The basin is a unique resource to the East
African Community because it provides water, fisheries, wildlife,
natural forests as well as tourism and transport services [35].
Moreover, holding an estimated water volume of 2750 Km?, the
lake is the second largest freshwater lake in the entire world [30].
Lake Victoria has both inlets in form of major rivers such as Sondu
Miriu, Yala, Awach and Nzoia, among others, and outlet in the
form of the White Nile River, which outflows northwards from
Uganda to Egypt. The region experiences a mean annual rainfall
of between 900 mm and 2600 mm, making precipitation the main
source of water for the Lake Victoria.

The Kenyan region of Lake Victoria basin, which is the subject
of this study, covers about 22% of the 195,000 Km? total basin
area. This lies in the western parts of Kenya — Nyanza and parts of
Rift Valley and Western Province. In the immediate border of the
lake are five administrative counties namely, Homabay, Migori,
Kisumu, Siaya and Busia (Figure 1). The counties are new regional
units of administration, experiencing different levels of population
growth, urbanization and socio-economic activities as more
development resources are devolved to them. This is likely to
exacerbate land use and land cover changes with negative
environmental implications. This study is based on comparing the
possible land use and land cover changes among the lakeside
counties (hereafter referred to as Kenyan Lake Victoria Basin,
KLVB) and their implications on the basin environment.
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Figure 1: The Kenyan Lake Victoria Basin (KLVB)
2.2. Methodology

Data Sources and Data Acquisition Methods

A combination of remote sensing and GIS techniques were
employed in analyzing and comparing LULC changes during the
1978-2018 periods. The study used data sets obtained from
Landsat images acquired for the dry month (January) for the years
1978 (Landsat 3 Multispectral Scanner); 1988 (Landsat 4, 5
Thematic Mapper, TM); 1998 (Landsat 4, 5 Thematic Mapper,
TM); 2008 (Landsat 4, 5 Thematic Mapper, TM) and 2018
(Operational Land Satellite — Thematic Infrared Sensor) from the
United  States  Geological Survey (USGS)  website
www.carthexplorer.usgs.gov. The properties of these imageries
are presented in Table 1. All the imageries were acquired for the
dry month of January because the absence of both cloud cover and
moisture content are necessary for minimal reflectance.

Data Pre-processing

To enhance visualization and interpretability, the acquired
Landsat imageries were systematically pre-processing through
ERDAS Imagine 2015 Version. The images were extracted in
compressed formats to obtain separate bands. The first step
involved compositing images for each county to bring out the true
colour image of the scene. Pan sharpening was then carried out
and this involved using panchromatic bands to enhance the spatial
resolution of panchromatic images from 30m to 15m. In order to
reduce the effects of haze captured on the Landsat images, haze
reduction was carried out as the major radiometric correction.
Mosaicking was necessarily required because of the large study
areas and therefore three separate images were utilized (Kisumu,
Migori and Homa Bay counties occupied two images while Busia
and Siaya counties occupied one single image). These three
separate images were mosaicked into one single image covering
the whole area for the ease of processing. Finally, sub-setting
process was done using the shapefiles of the counties Kisumu,
Siaya, Busia, Homa Bay and Migori. The shapefiles were used to
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subset from the main image the images of interest for respective
counties.

Data Processing and Analysis

The 2015 version of ERDAS Imagine and ArcGIS 10.5
software were used in the data processing. ERDAS Imagine was
employed in carrying out supervised classification through the
Maximum Likelihood algorithm [36] to obtain the land use and
land cover classes. The supervised classification process through
the Maximum Likelihood algorithm is essentially controlled by
the analyst who specifically selects the pixels that are
representative of the desired LULC classes. In the classification
process for this study, the LULC classes of interest were defined
as water bodies, forest cover, grasslands & vegetation,
agricultural land and built-up areas. Six (6) ground-truth
polygons, each representing the six LULC classes, were then
randomly selected and digitized based on aerial photographs and
visual analysis of geographical locations on Google Earth maps.
Each training sample polygon used in classification process
contained 17 pixels, bringing the total training sample to 100
pixels. The training sample polygons which were found with
unwanted pixels were thrown out and replaced with the new ones
with wanted spectral signatures. After training the image using
signature editor, the Maximum Likelihood algorithm was run a
couple of times to obtain the defined classes in the image. Since
the images were of medium resolution, Pixel based classification
was employed. The final Land use and Land cover maps with
appropriate cartographic properties for the years 1978, 1988, 1998,
2008 and 2018 were produced using the ArcGIS software for the
respective counties. This entire process led to the identification of
six land use and land cover categories.

Post-processing

Accuracy assessment is a post processing procedure of
remote sensing which compares the information from the
classified land use and land cover maps with the information from
ground reference points. This process is essential for assessing the
quality of data acquired from Landsat imagery [37]. Based on this
premise, accuracy confusion matrixes were computed for the
classified images having the different land use and land cover
classes. A confusion matrix is appropriate for authenticating
classified satellite imageries [38]. The confusion matrix, also
known as error matrix, analyzes the statistical components of
producer’s accuracy, user’s accuracy, overall accuracy, kappa
statistics and overall kappa co-efficient [39]. These statistical
elements were produced for all the LULC images of respective
riparian counties. This study utilized 100 random reference points
which were subsequently ground truth to validate the actual land
use/land cover type. The location of the ground random reference
points were identified on the medium-resolution images and their
class values specified to ascertain the accuracy of a pixel. Using
the recommended formulas [40], the accuracy reports were
calculated for each of the LULC classes in each of the images,
containing the values for producer accuracy, user accuracy,
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overall accuracy and Kappa coefficient. Finally, a confusion
(error) matrix report was computed for all of the LULC maps used.

Change detection analysis was subsequently used to evaluate
the areal coverage of the different LULC classes for each map.
This was done by considering the pixel count against the total area
of the basin. The information obtained was expressed in
percentage coverage and square kilometres for each of study years
(1978, 1988, 1998, 2008 and 2018) for the five riparian counties.
Net changes in areal coverage were then analysed for respective
LULC classes in order to unravel specific changes of the
landscape environment. A comparison was then made on the
degree of LULC changes among the five lakeside counties of the
Lake Victoria basin and their implications for the larger basin
environment analyzed.

3. Results and Discussion

3.1.  Distribution Pattern and Trends of LULC Categories

The study identified six LULC classes in the riparian counties
Busia (Figure 2), Siaya (Figure 3), Migori (Figure 3), Homabay
(5a & 5b) and Kisumu (6a & 6b). All the counties were found to
be characterized by agricultural land (includes surface areas
dedicated to the cultivation of crops, vegetables and fruits); water
bodies (includes areas under rivers, lakes, swamps and wetlands);
grasslands & vegetation (includes areas covered by grasses, shrubs
and bushes); bare land (includes exposed rocky or soil surfaces
lacking any vegetation cover); forests (includes areas under
naturally occurring or planted indigenous and exotic trees) and
built-up areas (includes areas under residential, commercial,
industrial and infrastructural establishments). The results
confirmed findings from previous study which had shown similar
land use land cover categories on the Ugandan basin of Lake
Victoria [41]. The spatial-temporal coverages of these LULC

classes are presented in Tables 2-6. From the tables, the results
indicate that in terms of total surface area, Homabay County is the
largest with 4759.57 km?, followed by Siaya County (3706.88
km?), Migori County (3166.12 km?), Kisumu County (2680.32
km?) and finally Busia County (1819.40 km?).

3.2. Relative Spatial-Temporal Change in LULC
Agricultural Land

In 1978, agricultural land coverage (2850.68 km?) in
Homabay County was higher than in Migori, Siaya, Kisumu and
Busia. Similar trend in agricultural land coverage was observed in
2018. Generally, all counties recorded slight net losses in
agricultural land coverage from 1978 to 2018 (Figure 7). However,
decade-by-decade analysis shows that both positive and negative
growth patterns were realized in the coverage of agricultural land
during the period between 1978 and 2018 (Figure 7). From 1978—
1988, agricultural land decreased in the counties of Busia, Migori,
Kisumu and Siaya by 10.71%, 6.62%, 1.14% and 1.03%
respectively, while it increased in Homabay County by 1.25%
(Figure 7). Between 1988 and 1998, agricultural land expanded in
Busia, Migori, Homabay and Siaya by 25.64%, 3.71%, 1.99% and
1.83% respectively, with only Kisumu County declining by 2.48%
(Figure 7). The next decade (1998-2008) was characterized by net
losses in agricultural land in the counties of Busia (9.49%) and
Homabay (9.90%) while the other counties of Kisumu, Migori and
Siaya recorded net gains of 3.10%, 2.68% and 2.16%, respectively.
For the last decade (2008-2018), agricultural land portrayed a
similar trend to the period of 1978-1998 when it decreased in the
counties of Busia (-2.56%), Migori (-4.28%), Kisumu (-6.09%)
and Siaya (-10.05%), and increased only in Homabay county
(4.65%) (Figure 7).

Table 1: Properties of Landsat imageries used

YEAR Sensor Path / Acquisition Resolution Cloud cover  Season Source
Row Date (m) (%)
1978 Land sat 3 MSS 170/60 Jan, 1978 30 0 Dry USGS
1988 Land sat4,5 TM 170/60 Jan, 1988 30 1 Dry USGS
1998 Land sat 4,5 TM 170/60 Jan, 1998 30 1 Dry USGS
2008 Landsat4,5 TM 170/60 Jan, 2008 30 0 Dry USGS
2018 Land sat 8 OLI- 170/60 Jan, 2018 30 0 Dry USGS
TIDC
Table 2: LULC statistics of Busia County between 1978 and 2018
Class Name 1978 1988 1998 2008 2018
Area % Area % Area % Area % Area %
(km?) Cover (km?) Cover (km?) Cover (km?) Cover (km?) Cover
Agricultural 1354.41 74.44 1209.39 75.95 1519.43 78.10 1375.26 75.60 1340.06 73.65
Land
Water Bodies 141.53 7.78 139.17 8.74 141.14 7.77 144.27 7.93 143.26 7.87
Grasslands & 37.77 2.08 86.85 5.45 52.45 2.89 91.84 5.05 153.99 8.46
Vegetation
www.astesj.com 674
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Bare Land 49.91 2.7 29.13 1.83 21.43 1.18 19.13 1.05 68.08 3.74
Forests 215.26 11.83 105.27 6.61 155.32 8.55 156.38 8.60 70.36 3.87
Built-up Areas 20.52 1.13 22.59 1.42 27.57 1.52 32.24 1.77 43.65 2.40
Total 1819.40 100 1819.40 100 1819.40 100 1819.40 100 1819.40 100
Table 3: LULC statistics of Siaya County between 1978 and 2018
Class Name 1978 1988 1998 2008 2018
Area % Area % Area % Area % Area %
(km?) Cover (km?) Cover (km?) Cover (km?) Cover (km?) Cover
Agricultural 2228.65 60.12 2205.67 62.43 2246.12 63.93 2294.74 65.35 2064.13 61.75
Land
Water Bodies 993.15 26.79 992.32 28.07 991.05 28.21 982.39 27.98 992.75 29.70
Grasslands & 90.62 2.44 66.19 1.87 50.25 1.43 12.81 0.36 19.08 0.57
Vegetation
Bare Land 214.72 5.79 50.06 1.42 28.53 1.14 14.39 041 23.32 0.70
Forests 124.96 3.37 152.71 4.32 124.69 3.55 114.41 3.26 143.43 4.29
Built-up Areas 54.78 1.48 66.19 1.87 72.99 2.08 92.68 2.64 100.12 3.00
Total 3706.88 100 3706.88 100 3706.88 100 3706.88 100 3706.88 100
Table 4: LULC statistics of Migori County between 1978 and 2018
Class Name 1978 1988 1998 2008 2018
Area % Area % Area % Area % Area %
(km?) Cover (km?) Cover (km?) Cover (km?) Cover (km?) Cover
Agricultural 2429.27 76.73 2268.45 71.58 2352.61 74.26 2415.76 76.30 2309.88 72.91
Land
Water Bodies 547.16 17.28 628.36 19.83 550.32 17.37 542.00 17.12 545.7 17.22
Grasslands & 115.31 3.64 109.97 3.47 17661 5.57 136.45 431 175.95 5.55
Vegetation
Bare Land 23.67 0.75 104.40 3.29 21.95 0.69 6.06 0.19 45.15 1.43
Forests 29.70 0.94 8.63 0.27 15.80 0.5 8.16 0.26 16.64 0.53
Built-up Areas 21.03 0.66 49.11 1.55 50.96 1.61 57.70 1.82 74.94 2.37
Total 3166.12 100 3166.12 100 3166.12 100 3166.12 100 3166.12 100
Table 5: LULC statistics of Homabay County between 1978 and 2018
Class Name 1978 1988 1998 2008 2018
Area % Area % Area % Area % Area %
(km?) Cover (km?) Cover (km?) Cover (km?) Cover (km?) Cover
Agricultural 2850.68 59.89 2886.31 60.64 2943.82 60.98 2652.40 55.76 2775.77 58.35
Land
Water Bodies 1617.76 34.00 1617.72 34.00 1617.04 33.50 1618.30 34.02 1613.12 33.91
Grasslands & 95.99 2.07 127.22 2.67 92.25 1.91 289.65 6.09 141.44 2.97
Vegetation
Bare Land 98.40 2.07 31.36 0.66 49.96 1.03 54.53 1.15 66.80 1.40
Forests 68.68 1.44 29.89 0.63 38.25 0.79 28.28 0.59 27.98 0.59
Built-up Areas 28.07 0.59 67.07 1.41 86.08 1.78 113.78 2.39 131.83 2.77
Total 4759.57 100 4759.57 100 4759.57 100 4759.57 100 4759.57 100
Table 6: LULC statistics of Kisumu County between 1978 and 2018
Class Name 1978 1988 1998 2008 2018
Area % Area % Area % Area % Area %
(km?) Cover (km?) Cover (km?) Cover (km?) Cover (km?) Cover
Agricultural Land 1932.78 72.11 1910.84 71.09 1863.41 69.59 1921.26 71.70 1804.25 67.38
Water Bodies 579.04 21.60 582.28 21.66 568.49 21.23 577.89 21.57 567.67 21.20
Grasslands & 64.21 2.40 94.25 3.51 117.35 4.38 47.08 1.76 136.09 5.08
Vegetation
Bare Land 37.02 1.38 8.65 0.32 23.72 0.86 48.48 1.81 52.12 1.95
Forests 32.76 1.22 45.08 1.68 38.54 38.54 15.92 0.59 42.21 1.58
Built-up Areas 34.51 1.29 46.73 1.74 66.16 2.47 69.04 2.58 75.56 2.82
Total 2680.32 100 2680.32 100 2680.32 100 2680.32 100 2680.32 100
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Figure 4: LULC classified maps of the Migori County, Kenya between 1978 and 2018
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Figure 5: (a) LULC classified maps for Homabay County, 1978-1998

Communities on the lakeside counties depend majorly on
fishing in Lake Victoria and farming within the basin for their
livelihoods [42]. The poverty level of the riparian communities has
been estimated at about 66% [43]. The variations in agricultural
land uses could be attributed to the problems of land degradation
which could sometimes make the farmers abandon some
agricultural farms which had become infertile over time due to
intense cultivation [44]. Erosion caused by heavy surface run-off
most especially in agricultural land is responsible for rampant soil
infertility in cultivated areas [44]. The decreasing agricultural land
coverage could also be attributed to the gradual shifting of
households from farming to fishing and fishing related activities
most especially when the rain-fed agricultural production becomes
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marginal and unpredictable [45,46]. In the 1980s, the riparian
communities of Lake Victoria would pay greater attention to
fishing during the Nile perch “boom” hence neglecting farming
altogether [45]. Further, the inverse relationship between farming
and fishing in Lake Victoria basin had been established whereby
an increase of one result into a decrease in the other [45]. The
abandoned farmlands would be later converted to built-up areas
(when structures are constructed on them), bare land (when they
are used for grazing purposes) or grasslands (when they are left
fallow for a long time). These incidences have been widespread
because according to [45], the then Nyanza province has never
been a particularly agricultural productive region.
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Figure 7: (a) LULC classified maps for Kisumu County, 1978-1998
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Figure 9: Net changes in agricultural land coverages for the period of 1978 — 2018
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Water Bodies

The coverage of water bodies in 1978 and 2018 was highest
in Homabay County than in other counties. Generally, water
bodies’ coverage remained relatively constant in all the counties
from 1978 through 2018 (Figure 8). Conversely, decade-by-
decade analysis shows that both positive and negative growth
patterns were observed in the coverage of water bodies among the
counties between 1978 and 2018 (Figure 8). From 1978-1988, the
coverage of water bodies increased in Migori County by 14.84%
and decreased in Busia County by 1.67%, while the remaining part
of the counties remaining constant (Figure 8). In the subsequent
decade (1988-1998), all the counties recorded net losses in
coverage of water bodies with the exception of Busia County with
a slight net gain (Figure 8). In the decade of 1998 -2008, slight
positive increment in the coverage of water bodies was observed
in Busia, Kisumu and Homabay counties, while slight negative
growth was observed in Migori and Siaya (Figure 8). In the last
decade (2008-2018), the coverage of water bodies tended to
remain fairly constant in all the counties, with negligible
fluctuations (Figure 8).

Marginal losses or gains were realized in total land area for
water bodies, an implication that the immediate land areas
bordering the waters of the Lake Victoria have been marginally
affected during these periods. The coverage of water bodies has
tended to remain constant in Lake Victoria basin except for
occasional fluctuations during the flood season. The water levels
in the lake have been known to occasionally experience relative
rise and falls [47]. These fluctuations could be attributed to
prolonged dry seasons with high evaporation rates, and widespread
massive flooding during periods of intense rainfall, especially
around the plains [48,49]. The heavy rains also fill up the rivers
extending their banks and causes scattered marsh pools in the basin
[49]. There is also the possibility that the slight reductions in areas

under water could be due to the draining and conversion of
wetlands to built-up areas and agricultural farms [50]. About 62%
of wetland areas around the Lake Victoria have been converted to
agricultural land between 2002 and 2014 [51].

Grasslands and Vegetation

Grasslands and vegetation cover were more dominant in
Migori County than in Homabay, Siaya, Kisumu and Busia
counties in 1978. But by 2018, Migori had more areal coverage of
grasslands and vegetation followed by Busia, Homabay, Kisumu
and then Siaya. Generally, all counties recorded net gains in the
grasslands and vegetation coverage from 1978 to 2018 with
exception of Siaya County which recorded an overall net loss in
the period between 1978 and 2018 (Figure 9). However, decade-
by-decade analysis of net changes shows that both positive and
negative growth patterns were noticeable in the grasslands and
vegetation coverage among the counties between 1978 and 2018
(Figure 9).

Between 1978 and 1988, a noticeable increase in the areal
coverage of grasslands and vegetation were observed in Busia,
Kisumu and Homabay counties, while Siaya and Migori counties
recorded slight losses (Figure 9). The next decade (1988-1998)
there were net losses in grasslands and vegetation in the counties
of Busia (39.61%), Siaya (24.08%) and Homabay (27.49%), while
net gains were recorded in the counties of Migori (159.60%) and
Kisumu (24.51%,). Between 1998 and 2008, grasslands and
vegetation grew almost three-fold in Homabay County (Figure 9).
During the same period, Busia County also recorded a 75%
increase in grasslands and vegetation while the counties of Siaya,
Migori and Kisumu registered substantial net losses in grasslands
and vegetation coverage (Figure 9). In the last decade (2008 -
2018), grasslands and vegetation recorded positive growth rates in
all counties except Homabay County (Figure 9).
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Figure 10: Net changes in water bodies’ coverages for the period of 1978 — 2018
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Figure 11: Net changes in grassland & vegetation coverages for the period of 1978 — 2018

Although varied changes in grasslands and vegetation
coverages were observed among the counties, generally most areas
of grasslands and vegetation were actively undergoing conversion
to other land uses. Some areas of grasslands and vegetation
probably became bare ground because of desertification problems,
construction and bush burning activities [42,47]. Grasslands and
vegetation occurring in wetland areas might have been lost when
the water in these areas get drained or dry out due to prolonged
drought conditions observed around the Lake Victoria in the 1970s
and 1980s [52]. Grasslands and vegetation cover occurring near
Lake Victoria might have declined during the incidences of the
lake water retreating, like the drastic fall in water level observed in
2005 [53]. Other areas of grasslands and vegetation might have
been cleared for residential and agricultural expansion to cater for
the expanding population growth. However, gains in grasslands
and vegetation occurred in some areas where several flood pools
sprung like in Nyando of Kisumu County [33]. Also, forest
plantations were established by the government for water
catchment conservation (such as Gwassi and Wire Hills forest
reserves) [54], and bare lands slowly grew grass, shrubs and
bushes with time.

Bare Land

Bare land coverage followed a descending order of Siaya
County has the largest area of bare land compared to other counties
in 1978, however, by 2018; Busia had the largest area of bare
ground compared to other counties. Generally, three counties of
Busia, Migori and Kisumu recorded high net gains in bare land
coverage while two counties of Siaya and Migori recorded overall
net losses from 1978 to 2018 (Figure 10). Moreover, decade-by-
decade analysis of net changes shows that both positive and
negative growth patterns were recorded in the bare land between
1978 and 2018 period (Figure 10).
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Between 1978 and 1988, bare land increased by 341% in
Migori Counties while the rest of counties experienced net losses
in bare land coverage (Figure 10). The following decade (1988-
1998) saw this pattern change with Busia, Siaya and Migori
recording negative increase in bare land (-26.43%, -43.01% and -
78.98%, respectively) while Homabay and Kisumu experienced
substantial positive net gains (59.31% and 174.22%, respectively)
(Figure 10). Between 1998 and 2008, although at different levels,
the same trend observed during the previous decade (1988-1998)
replicated itself, whereby Busia, Siaya and Migori experienced net
losses in bare land coverage while Homabay and Kisumu
experienced net gains in coverage (Figure 10). Finally, between
2008 and 2018, all the counties experienced growth in bare land
with Migori County leading with a net gain 645.05%, followed by
Busia (255.88%), Siaya (62.06%), Homabay (22.50%) and
Kisumu (7.51%) (Figure 10).

The loss in bare land could be due to their utilization for
agricultural and settlement purposes. Others have been colonized
by vegetation over time once bare/barren land receives
precipitation [55]. For the counties with large increase in bare land,
the dry climatic conditions might have caused widespread
desertification which effectively made some land areas covered by
grasslands and vegetation and agricultural lands to become bare
over time. Widespread desertification and flooding in the Lake
Victoria riparian counties are consequences of climate change
effects in the region [56]. Also, mining and quarrying activities
(for example gold mining in Migori County) in the riparian
counties could have contributed to bare land by outstripping
vegetated areas and turning them into waste bare lands. Most
mining operations in Kenya involve open cast and underground
mining methods which leaves large areas with rocky pits and
trenches [57]. Plant growth in these wastelands is often hindered
by the acid drainage conditions, therefore wastelands from mined
areas can lay bare for several years [57].
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Figure 12: Net changes in bare land coverages for the period of 1978 — 2018

Forests

In 1978, Siaya County has the largest forest coverage among
the counties, while in 2018, Busia County had the second highest
forest cover compared with is its position in 1978. Generally, Busia,
Migori and Homabay recorded net losses in forest cover while
Siaya and Kisumu had overall net gains from 1978 to 2018 (Figure
11). Moreover, decade-by-decade analysis of net changes shows
that both positive and negative growth patterns were observed in
forest cover among the counties between 1978 and 2018 (Figure
11).

From 1978 to 1988, forest cover substantially declined in
Busia, Migori and Homabay by 51.10%, 21.07% and 56.48%,
respectively. On the other hand, Siaya and Kisumu experienced
growth in forest cover by 22.21% and 37.61%, respectively
(Figure 11). In sharp contrast, during the following decade of 1988
to 1998, Busia, Migori and Homabay, which had recorded net
losses in forest cover, recorded net gains in forest cover while
Siaya and Kisumu, which had net gains in forest cover, recorded
net losses (Figure 11). In 1998-2008, substantial net losses were
observed in all the counties with exception of Busia County which
remained unchanged (Figure 11). The last period (2008-2018)
experienced massive net gains in forest cover in Kisumu
(165.14%), Migori (103.92%) and Siaya (25.36%) counties, and
net losses in Busia (55.01%) and Homabay (1.06%) counties
(Figure 11).

Losses in forest cover could be a consequence of clearing
forested areas to provide land for other competing uses. The
regions around Lake Victoria suffer widespread deforestation due
to increased land demand for grazing, agricultural and settlement
purposes [58]. An estimated 80% of deforested areas are used for
agricultural purposes in developing countries [59]. The problem of
deforestation was so widespread around the country in the mid-
1990s that it forced the government to institute a permanent ban on
tree harvesting from designated forested areas [60]. The high

WWwWw.astesj.com

deforestation around the basin could also be attributed to increased
demand for wood fuel and forest products for settlement and
infrastructural related developments for the increasing population
[61]. This region experiences widespread usage of wood for
household fuel due to the pervasive high poverty levels [62].

The overall increased forest cover in Kisumu and Busia
counties could be due to their practice of agroforestry cultivation.
These counties have a long history of agroforestry practices since
1980s [59]. The overall decrease in forest cover of Migori,
Homabay and Busia could be attributed to the clearing of woody
trees in farmlands and forested areas for the lucrative charcoal
business, which thrive among Lake Victoria shore dwellers [60,63].
The massive gains in forest cover over the last decade in the three
counties could be attributed to the Vision 2030 program which
empowered the Ministry of Youth Affairs and Sports to utilize the
youths in ambitious tree planting programmes in deforestation
hotspots around the county with the aim of creating employment
opportunities for them while driving forest conservation goal of
achieving the 10% forest cover in the country [60]. Also, the
compliance with the Agriculture Act (CAP 318) on Farm Forestry
Rules enacted in 2009 requiring at least 10% forest cover in every
private farm might have contributed to the gains in forest cover in
these counties and around the country [60]. The most recent
2015forestry statistics indicate that the lowest forest covers
nationally are found in counties within the Lake Victoria basin [64],
an indication of pressure on the region’s forest ecosystems. Based
on the latest statistics [65], the forest cover of the riparian counties
in the Lake Victoria basin is distributed as follows; Homabay
(2.59%), Busia (1.01%), Migori (0.64%), Kisumu (0.44%) and
Siaya (0.42%). The results of this study show that forest covers
among these riparian counties in 2018 ranged between 0.53% and
4.29%, an indication of a general increment. However, with the
national forest cover at 6.99%, the whole country is generally still
struggling to attain the constitutionally mandated forest cover of
10% [64].
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Figure 13: Net changes in forests cover for the period of 1978 — 2018
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Figure 14: Net changes in built-up areas coverages for the period of 1978 —2018

Built-up Areas

The coverage of built-up areas among the counties was in the
descending order of Siaya, Kisumu, Homabay, Migori and Busia
in 1978 but by 2018, the order had changed to Homabay, Siaya,
Kisumu, Migori and Busia counties. Generally, all counties
registered huge overall net gains in built-up areas from 1978 to
2018 (Figure 12). Moreover, decade-by-decade analysis of net
changes shows that only positive growth patterns were recorded of
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built-up areas among the counties during the period between 1978
and 2018 (Figure 12).

In the first decade (1978-1988), built-up areas increased in all

the counties as seen in the net gains of 138.94%, 133.52%, 35.41%,

20.83% and 4.98% for Homabay, Migori, Kisumu, Siaya and

Busia counties, respectively. A similar trend was observed for the

period of 1988 to 1998, though with reduced percentage gains as

follows: Homabay (28.34%), Migori (3.77%), Kisumu (41.58%),
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Siaya (10.27%) and Busia (22.05%) (Figure 12). Between 1998
and 2008, all the counties recorded positive growth patterns in
built-up areas but with even higher net gains from the previous
ones (Figure 12). The last decade of 2008 and 2018 also saw
positive growth patterns for all counties in built-up areas, with
higher percentage gains compared to the previous decade (Figure
12). The built-up areas generally experienced net gains throughout
the entire period under study.

From the foregoing, built-up areas continued to increase
exponentially among all the counties from 1978 to 2018. Over the
years, several scattered land areas under agriculture, grasslands
and vegetation, forests and bare lands were indiscriminately
utilized for constructing human structures for the ever burgeoning
population. The Lake Victoria region has seen rapid population
increase over the last three decades, which means more demand
for built-up areas for settlement [36]. As the country’s economy
grew after independence, so was the population and infrastructural
developments in Lake Victoria region which therefore cut into the

land areas originally under vegetation of some sort or farms [66].
The increasing built-up areas around Lake Victoria could be
attributed to the well documented rapid growth in population and
urbanization in the region [43,67]. Population growth and
urbanization caused urban sprawl in several rural areas around the
country which became administrative and shopping centres [68].
This trend has increased over the years in the whole country with
the dawn of devolved governance in Kenya in 2010 which made
counties the basis for development [68].

3.3. Accuracy Measurement of the LULC Classification

The summarized report of the confusion (error) matrices is
presented in Table 7. It shows the overall accuracies and the overall
Kappa co-efficient values. The overall values of accuracy and
Kappa co-efficient characterize a combination of the classification
aspects and therefore are the most important statistical elements
for accuracy measurements reports [40].

Table 7: Summarized confusion (error) matrix report for the counties classification maps for the years 1978, 1988 and 1998.

1978 1988 1998 2008 2018

County Overall Overall Overall Overall Overall Overall Overall Overall Overall Overall
Accuracy Kapp Accuracy Kapp Accuracy Kapp Accuracy Kapp Accuracy Kappa

Statistics Statistics Statistics Statistics Statistics

Busia 0.88 0.75 0.86 0.70 0.90 0.79 0.92 0.78 0.90 0.72
Homabay 0.89 0.77 0.91 0.82 0.89 0.80 0.84 0.67 0.89 0.80
Kisumu 0.81 0.65 0.84 0.62 0.89 0.78 0.84 0.68 0.87 0.73
Migori 0.91 0.78 0.92 0.84 0.91 0.80 0.93 0.86 0.96 0.91
Siaya 0.92 0.83 0.92 0.85 0.92 0.85 0.90 0.83 0.91 0.82

The results in Table 7 indicate that for Busia County, the land
use/land cover classification for the years 1978, 1988, 1998, 2008
and 2018 recorded overall accuracies in the range of 0.86 — 0.92
and overall Kappa co-efficient values in the range of 0.70 — 0.79.
For Homabay county, overall accuracies were in the range of 0.84
— 0.91 while the overall Kappa co-efficient values fell within the
range of 0.67 — 0.82. The overall accuracies and overall Kappa co-
efficient values for Kisumu County were in the ranges of 0.81 —
0.89 and 0.62 — 0.78, respectively. Migori County’s overall
accuracies was in the range of 0.91 — 0.96 and overall Kappa co-
efficient values in the range of 0.78 — 0.91. Finally, for Siaya
County, recorded overall accuracies in the range 0f 0.90 — 0.92 and
overall Kappa co-efficient values in the range of 0.82 — 0.85.

Generally, all the imageries used for LULC classification
registered overall accuracies above 80%, which is considered
acceptable [69]. This means all the imageries were highly reliable
and the LULC classification acceptable. On the other hand, all the
imageries used for LULC classification registered overall Kappa
co-efficient of above 0.62, which when compared to the rating
criteria for Kappa co-efficient statistics [70] shows that the LULC
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classification had a strong to moderate agreement with the ground
reference data hence high reliability. Kappa co-efficient basically
assesses how much the data acquired from the classified imageries
agrees with the ones acquired from the ground reference points
[71].

4. Conclusion

This study illustrates the effectiveness of using data obtained
from multi-temporal satellite imageries for comprehensive
monitoring of land use and land cover changes over a given area.
The counties experienced varied changes in LULC from 1978 to
2018. Generally, major gains in coverage by the various land use
and land cover types occurred in the period between 2008 and 2018
while major losses occurred between 1978 and 1988. These
changes were driven by a combination of natural climatic and
human-induced factors. Rapid population and economic growth in
the region are responsible for the conversion of large natural land
areas to other uses. Therefore, it can be concluded that these
regions within the Kenyan Lake Victoria basin may remain
susceptible to degradation from rapidly increasing urbanization
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and population pressure effects unless urgent remedial measures
are undertaken.

In this regard, the study recommends that respective county
authorities responsible for land use and urban planning should
periodically monitor and regulate the development patterns in their
communities to ensure that they protect livelihoods, economic
interests and ecosystems. There should also be aggressive public
awareness creation among the respective county government
officials and residents so that proper land use management
becomes a stakeholder’s affair for better results. Finally, urgent
conservation efforts are needed to recover lost vegetated land areas
such as forests, grasslands and vegetation. This study provides
important information on the land use and land cover dynamics of
respective counties which could inform conservation planning of
degradation hotspots within the respective counties of Lake
Victoria basin. Future conservation measures should take into
consideration, the general ecological and socio-political processes
in the entire Lake Victoria basin for integrated watershed
conservation.
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