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Abstract—Dam  catchments are undergoing rapid
deterioration due to land use and land cover dynamics. Land use
and land cover (LULC) change is therefore an important factor
that helps planners, designers and managers in fast-tracking
sustenance of dam catchments. Therefore, an up to date spatio-
temporal data can provide a perfect basis for developing plans
and conservation programmes for enhancement of catchment
areas. The objective of this study was to analyze the land use
and land cover changes in Maruba dam catchment using
Landsat satellite images for 1999, 2010 and 2020. Land use and
land cover change was detected using supervised classification
based on the maximum likelihood classifier algorithm in Idrisi
Selva software. The catchment was classified into seven major
LULC classes viz. water bodies, bare land, built-up areas,
croplands, dense forest, sparse forest, rocks and sand. Temporal
comparison of different quantities of LULC class conversions
was achieved after analyzing change detection. The study
revealed that LULC classes experienced either positive or
negative change for the considered period of time. These
changes were attributed to climatic factors and human activities
within the catchment area. Dam catchments must therefore be
subjected to LULC mapping on frequent basis as one way of
gathering the catchment position for planning and management
actions.

Keywords—Land use/land cover, catchment, remote sensing,
change, detection)

I.  INTRODUCTION

Land use refers to the manner in which land and its
resources are utilized for sustenance of humankind. Land
cover on the other hand refers to the vegetation type which
appears on the land surface for instance crop lands, vegetation
etc. [1]. Therefore, land use and land cover change (LULCC)
refers to the modification of the earth's terrestrial surface due
human influence, [1, 2]. Globally, noticeable land use and
land cover changes have occurred [3]. These changes have
resulted in fragmented ecosystems [4]. Land use and land
cover changes are brought about by the combined effect of the
complex socio-economic as well as environmental factors [4,
5]. The changes are influenced by the interplay between
several factors and not a single one is responsible for such
changes. However, the interactions between these factors vary
from region to region which translates to different land use

and land cover types. Population growth has been considered
as the most significant driver of LULC especially in
developing countries [3]. Land use and land cover changes
have brought about grave environmental concerns, most of
which affect humankind. In this regard, LULC change has
emerged as an important environmental issue whose effect
cannot be ignored and it constitutes an important area of
research [1]. Hence, research has endeavored to address the
negative issues associated with LULC through monitoring and
mediation while enhancing sustainable development of
essential resources.

The demand for fostering sustainable management of
many vulnerable landscapes has grown tremendously. The
disruptions on the ecosystem brought about by LULC changes
necessitate the need to incorporate such changes in addressing
sustainability challenges associated with land management,
food security, climate change mitigation and biodiversity loss.
Reference [6] noted that LULC change is a product of
management interventions (reforestation, soil erosion control,
wildlife conservation and restoration of soil) which again
trigger some land use decisions as well as responses. In many
third world countries, development strategies which target to
address vital landscape-related issues notably mitigating
climate  change, conserving biodiversity, reducing
deforestation and improving living conditions for the rural
population have gained momentum especially in dam
catchment areas. Catchments are quite sensitive to land use
and land dynamics. Changes in land cover for instance
influence river flows and sediment generation within
catchments. Further, a catchment's hydrological response and
that of water in rivers basins is mostly influenced by land use
changes. Therefore, catchment based assessment of land use
and land cover change is critical for planning of catchment
based integrated management approaches [7].

Maruba dam is the only source of water for Machakos
town and its environs. Although the dam was rehabilitated in
2010, its reservoir is threatened by sedimentation. The
sustainability of the dam reservoir is compromised by
sedimentation. Little is still known with about to sediment
discharge and sediment transport dynamics in the dam
catchment. Surface runoff and soil erosion within the
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catchment area and subsequent deposition in the dam reservoir
are things to worry about. However, these processes cannot be
understood without a clear picture of the land use and land
cover dynamics in the catchment area. This study sought to
characterize the current trend in land use and land cover
change between 2000 and 2020 in Maruba dam catchment
using remote sensing. Remote sensing has served as an
important tool for classifying, identifying and analyzing land
use and land cover using different techniques and various data
sets [2]. Satellite image processing and use of radar
information provides a basis for identifying and verifying
changes that occur in land use at given spatio-temporal scales

(2l
Il.  MATERIALS AND METHODS

A. Study Site
Maruba dam is located in the neighborhood of Machakos
town, Machakos County, Kenya (fig. 1). The dam supplies
water to Machakos town and its environs. The astronomic
position of the dam catchment extends from 1°26' 0" S to 1°
32' 0" S latitude and from 37°12' 0" to 37°18' 0"E longitude.
The elevation ranges between 1576 m and 2119 m above
mean sea level. The catchment has an area of 4900 hectares
and it serves as an important hydrological watershed in
Machakos County. Topographically, the catchment lies
between a slope gradient of between 0 and 50 % (fig. 2).
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Figure 2: Topograbhic variation

B. Data Sources

The study relied on three important datasets: digital
elevation model (DEM) and satellite images (Table 1). Digital
elevation models for Kenya at a spatial resolution of 30 m
were obtained from the Shuttle Radar Topography Mission
(SRTM) database available at
http://opendata.rcmrd.org/datasets/kenya-srtm-dem-30meters.
Landsat 8 OLI/TIR for 2000, 2010 and 2020 with a resolution
of 30 m were downloaded from USGS website
(https://earthexplorer.usgs.gov).

Table 1: Study datasets and their source

DATASET SOURCE DESCRIPTION

1 Digital ElevationModel RCMRD (Regional Centre for SRTM 30m Resolution
Mapping of Resources for
Development)

Satellite images USGS
(https://earthexplorer.usgs.gov)

2

Landsat 8 OLUTIR of
November2000, 2010 and
2020 with a resolution of
30m

Empirical evidence by direct
observationand
measurement

3 Ground truth data Field work

C. Catchment Delineation

Raster based analysis was performed on the terrain data of
the digital elevation model (DEM) with a resolution of 30 m
by 30 m. Thereafter, the catchment boundary was then
delineated using the Arc-Hydro extension tools embedded in
ArcGIS software version 10.5.

D. LULC Classification

Image Pre-processing

Maruba dam catchment was interpreted using remote
captured data onboard TM and OLI sensors [8]. Multi-
spectral satellite images (2000, 2010 and 2020) of the study
area were imported into Idrisi Selva image processing
software.  Pre-processing  included  geo-referencing,
mosaicking and creation of image subsets based on the area
of interest [9, 10].

Image Classification

Images are classified in order to convert them to thematic
form [10]. The objective of image classification methodology
is to categorize all the image pixels into LULC classes in an
automatic manner. The outcome of image classification is
transforming image data into thematic information [10].
Here, different spectral signatures obtained from Landsat
datasets were assigned to different land use land cover types
[11]. This was enabled by the reflectance characteristics from
different land use and land cover types [10]. Images were
classified using both supervised and unsupervised
classification techniques [9, 11]. Prior information regarding
a particular area is an important consideration when carrying
out supervised classification because it furnishes the software
with some unique training classes [3, 10]. It therefore the
prerogative of the user to clearly define the original pixels
that have similar spectral classes corresponding to some land
cover classes. A global position system (GPS) was used to
mark points deemed as representative of the different types of
land cover during field work [8]. Consequently, supervised
classification was executed in Idrisi Selva software based on
the maximum likelihood classification [3, 11].
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Accuracy Assessment

Classified land use and land cover data captured using remote
sensing tools should be subjected to accuracy assessment
before change detection analysis is done because it checks the
how well the reference samples march with classified images
[3, 8, 9, 10]. Accuracy assessment for each individual
classification must be carried out to measure the usefulness of
classification data [12]. In this study, accuracy assessment for
2020 satellite image was validated using ground truth
information [9]. The overall accuracy was obtained by
dividing the total sum of the sample units which had been
correctly classified by the entire number of the sample units,
[9, 10].

I1l. RESULTS AND DISCUSSIONS

The land use and land cover classification changes in
2000, 2010 and 2020 are presented in table 2 and figures 2, 3
and 4 for illustration and interpretation of the different land
use and land cover classes.

The catchment was classified into seven land use and land
cover classes viz. water bodies, bare land, built-up areas,
croplands, dense forest, sparse forest, rocks and sand, (fig. 3 -
5). Bare lands, dense forest, grass land and sparse forest
recorded negative changes between 2000 and 2020 (table 2).
These changes corresponded to 21 to 18 %, 10 to 4 %, 26 to
23 % and 18 to 10 % respectively. On the other hand, built-up
areas, rainfed and irrigated agricultural lands, rocks and sands
and water bodies recorded positive changes which ranged
from 0.6 to 3.3 %, 23 to 38 %, 0.9 to 1 %, 1.2 to 1.8 % and
0.25 to 0.29 % respectively.

Table 2: Land use and Land cover Changes between 2000 and
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Negative land use and land cover changes were an
indication that the catchment experiencing various forms of
degradation. Bare lands are dominant in the upper part of the
catchment. This region is characterized by high slopes and as
such barrenness is attributed to soil erosion. However, the
negative change affecting bare lands would be an indication
that some soil and water management aspects have been put
into place. The negative LULC changes in dense and sparse
forests and in grass lands indicate that such areas are replaced
by agricultural lands. Similar trends in LULC change were
also reported by [11]. This kind of change translates to loss of
canopy cover and vegetation cover hence the soil is such areas
are vulnerable soil erosion.

The positive LULC changes are noted in built-up lands,
agricultural activities, rocks and sands and water bodies.
These changes indicate the socio-economic influence by
human kind. Increased area of built-up areas is an indication
of the growing human population within the catchment.
Hence, buildings have been put up to accommodate the rising
population. Consequently, rise in human population means
increased pressure on the available natural resources within
the catchment. Such resources include soil, water, grasslands
and forests among others. This explains why forest lands and
grasslands have declined in size to accommodate such
pressures. This is evident again from the increased area of
cultivated lands [11]. It has also been noted that the area
occupied rocks and sands has increased significantly. Rock
outcrops are indicative of shallow soils within the catchment.
This confirmed by a soil survey carried out in the area.
Shallow soils are very vulnerable to soil erosion and the
situation gets worse in areas that lack canopy and vegetation
cover.

A very interesting trend is noted with increased area
occupied by water bodies. Maruba dam reservoir is the only
significant water body in the catchment. The study shows that

in the year 2000, the catchment area was about 12 hectares in
size. However, after rehabilitation works on the dam reservoir
in 2010, the area increased to 20 hectares. Between 2010 and
2020, the size of the dam reduced from 20 hectares to 14
hectares. This is an indication that the dam had lost 6 hectares
in about 10 years. This loss in area was attributed to soil
erosion which results from the numerous socio-economic
activities within the catchment.

IV. CONCLUSIONS

The study sought to understand the spatial and temporal
magnitude of land use and land cover changes in Maruba dam
catchment. LULC change was studied based on multi-spectral
Landsat satellite image data for 2000, 2010 and 2020. Satellite
image data analyses showed that significant LULC changes
have occurred in Maruba dam catchment between 2000 and
2020. The study reported both negative and positive land use
and land cover changes for considered period of time. The
findings of the study showed that for the last two decades,
vegetation cover (grasslands, dense and sparse forests)
experienced a declining trend. The change detection analysis
established that grasslands, dense and sparse forests (26 % to
23 %, 10 % to 4 % and 18 % to 10 % respectively) had lost
credible size of area to agricultural activities (both rainfed and
irrigated at 23 % to 38 % and 0.9 % to 1 % respectively).
Notable negative change in water bodies was noted between
2010 and 2020 (0.42 % to 0.29 %). These were attributed
socio-economic activities within the catchment which were
reported to be on the rise due to population increase. The
study concludes that socio-economic activities have
significant contribution in catchment degradation.

The study proved that multi-spectral satellite images are
quite successful in detecting comprehensive changes
associated with land use and land cover changes in a changing
environment can be detected. The study further proved that
supervised classification of multi-spectral images is an
important tool through which land use and land cover changes
can be detected. This set of information serves as an important
input in soil and water management plans.

V. RECOMMENDATIONS

The study recommends carrying out a detailed analysis
based on primary and secondary data in order to identify the
driving forces behind the socio-economic aspects and
consequences which result from land use and land cover
changes. The study should suggest alternative options which
are possible in establishing sustainable practices for better
management of resources in Maruba dam catchment.
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