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ABSTRACT

Nguruman sub-catchment has undergone rapid land use and land cover changes (LULCC) in the
past decades. Statement It is not known to what extend this changes could impact on the socio-
ecological environment. The current study employed Geographic Information System (GIS) and
LANDSAT images to determine the dynamics and underlying drivers of LULCC in the sub-
catchment. LANDSAT Images for the period 1994, 2004 and 2014 were purposely acquired and
supervised classification performed using ENVI 4.7 software. The classification resulted into
seven LULCC classes identified as Cropland, Forestland, Open grassland, Open Water, Bare
land, Swamp and Wooded grassland. The area under each LULCC was determined and subjected
to a change detection analysis using ArcGIS 9.3 for the periods 1994-2004, 2004-2014 and 1994-
2014. Cropland and Open water showed a significant overall increase (P<0.05) of 181.5% and
91.93% respectively from 1994 to 2014. Bare land reduced significantly by 35% in the same
period. Areas occupied by Forestland, Open grasslands and Swamps increased by 19.45%,
11.82% and 14.6% respectively from 1994-2014, though this was not significant (P>0.05). There
was a non-significant (P>0.05) reduction in Wooded grasslands between 1994 and 2014 by of
6.30%. Regression analysis was further performed to determine 25 year projection for the
various land use categories revealed that cropland, bare land and wooded grassland will expand
by the year 2040. While there will be reductions in forestland, swamps and open water in the
same period. The consequences are expected to have negative impacts on hydrological functions
of the catchment with increase in runoff and sedimentation in the streams. Sustainable land use
measures are needed to address the challenges of prevailing land use practices.

Keywords: Land use change, Nguruman sub-catchment, GIS, LANDSAT images, ENVI, change
detection

Introduction

Land-use refers to the specific utilisation allocated to land based on various natural
characteristics while land-cover describes the vegetation attributes of the land (lIfeka and
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Akinbobola 2015). Land use and land cover change (LULCC) are a result from natural and
anthropogenic processes. The latter is driven by the demand for essential goods and services to
satisfy livelihoods (MEA 2005). The impacts range from conversion of natural forest to cropland
due to demand for food, fibre and settlement. Land use and land cover change that leads to
removal of natural vegetation is also associated with land degradation (Pares-Ramos et al. 2008 ,
Wanjiku et al., 2015) causing reduced land productivity (Gathaara 2010, Tsegaye et al., 2010).

Cropland expansion has been identified as one of the key drivers of land use change.
Syombua 2013 observed that irrigated agriculture continued to expand replacing forests by 1987 with the
most drastic expansion occurred between 2001 and 2011 expansion by 54.54 and 17.14% respectively.
Haruna et al., 2014 observed an overall 80% expansion of deforestation in the upper part of the Mount
Kenya Forest catchment. Most of this deforestation was understood to have taken place in the 1980s and
1990s with 2.5% forest depletion between 1984 and 1995 driven by cropland expansion. A study
conducted by , Mwavu and Wirkowski, 2008 in Bundogo forest reserve in Uganda showed that
sugarcane cultivation increased over 17-fold, from 690ha in 1988 to 12729 ha in 2002, with a
concomitant loss of about 4680 ha (82 per cent) of forest/woodland. In Lake Bunyonyi, in western
Uganda over 96 and 81% of the gain and loss, respectively, in tropical highland forests were from small-
scale farmland (Kizza et al 2017). In South Western Ethiopia conversion of natural vegetation to pave
way for farming occurred at a rate of 0.7% on an annual basis (Dessie and Christiansson,2008).). Over
that time period, the area of rainfed agriculture expanded 177 percent and that of irrigated agriculture 45.2
percent in Loitoktok (Campbell et al., 2003). The principal changes were associated with the availability
of water for crop production. Kathumo 2011 in a study in Gucha River catchment also showed that more
forestland was being cleared for agriculture and settlement. Forest cover decreased by 62.94 and 68.49%,
agricultural land increased by 30.36 and 7.53% and residential area increased by 7.35 and 32.89% of the
original area for the period between 1976-1993 and 1993-2010 respectively. Ayuyo and Sweta 2014
showed that changes in land use and land cover in 22 blocks study in Mau forest complex resulted in the
reduction of forest cover and expansion of farming and settlement by 7% between 1983 and 2000.

Human population increase has also been identified as key factor underlying land use and
land cover change ( Dessie and Christiansson 2008, Ningal et al., 2008, Paréset al., 2008,
Kamusoko 2007, Jorgenson and Burns 2007, Enfors and Gordon 2007, Reij et al. 2005, Zeleke
and Hurni, 2001). This population is contributed both by natives and immigrants. The later
population is associated with increased pressure (Okello and Ngigi 2012) on the land, since there
presence is associated with activities that cause more impact on the new environment. In most
cases, immigrant populations in arid and semi-arid landscapes are associated with changing
livelihoods as a way of adapting to the new environmental shocks (Sambalino 2012). Farming as
a means of livelihood diversification and adaptation mechanism in dry environments is always
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the key activity manly by exploiting favorable areas along riparian areas (Okello and Ngigi 2012,
Sambalino 2012). Infrastructure development and proximity to ready markets (Baaru 2011) and
good road networks (Syombua 2013) are other key factors associated with expansion of cropland

The current intensity and extent of land use and land cover change is far greater than ever
in history impacting highly on ecosystems and environmental processes at different spatial scales
(Ellis and Pontius 2007). These changes have led to global environmental concerns including
climate change, biodiversity loss, impairment of nutrient and hydrological cycles, biological
invasions and pollution of water, soils and air (Tilman and Lehman, 2001, Legesse et al., 2003,
Steffen et al., 2004, Templer et al., 2005 IPCC, 2007). These therefore necessitate the need to
focus on monitoring and prioritizing research and policy issues that ensure sustainable
production of essential goods and services (Ellis and Pontius, 2007). Both qualitative and
quantitative spatial data on land use and land cover are essential for planners, decision makers
and land resource managers (Lambin et al., 2003). Natural and anthropogenic changes can be
determined using remotely sensed data (Mubea and Menz, 2012).

Data from Earth sensing satellites has become vital in mapping the Earth’s features and
infrastructures, managing natural resources and studying environmental change. Traditionally,
methods of studying LULCC depended on survey data, aerial photographs and fieldwork to
obtain data. These approaches proved to be expensive and time-inefficient. Several reports have
proposed the use of remote sensing techniques aided by GIS for monitoring dynamics and
impacts of LULCC of watershed environment (Baldyga et al., 2008, Saran et al., 2009). Remote
sensing allows gathering data on regional LULCC patterns (Treitz and Rogan, 2004, Rogan and
Chen, 2004). Data obtained from remote sensing is essential for the characterization of land
cover, environmental monitoring and analysis of the influence on anthropogenic activities on
natural resource base (Turner et al., 2003, Lu et al., 2004). Remote sensing provides objective
information of human utilization of the landscape in situations of rapid and often unrecorded
land use change (Ermias, 2006). This tool thus provides an accurate temporal and spatial
evaluation of status of the world’s natural resources (Ioannis and Meliadis. 2011).

Materials and Methods
Study Area
The Study area is located in South-western of Kenya at the border with Tanzania between

latitude 1° 40.00'S and 2° 10.00" S and longitude 36° 30.0' E and 36° 30.0' E), about70 km
southeast of Nairobi and 100 km Northwest of Arusha, Tanzania (Figure 1). The area lies within
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the Ewaso Ng’iro south river basin. The Nguruman sub-catchment rises steeply in a series of
stepped, rocky faults from the flood-plain of the Southern Ewaso Ng’iro River on the valley floor
at approximately 900 m to 2,300 m above sea level on the escarpment crest.

Data Acquisition

[:] Study area

Lake
Swamp

e e e S e e |

Figure 1: Map of Study Area

Selection of appropriate satellite imagery was undertaken through image data processing. This
involved analysis of LANDSAT TM and ETM images covering the area of study for the periods
1994, 2004 and 2014 sourced from United States Geological Survey website. The LANDSAT
imageries used covered period of 10 years intervals. This interval is believed to be reasonable
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enough to give substantial changes in land use and land cover. Data from ground truthing was
used for supervised classification.

Image classification and change detection

The images were later pre-processed by registration and sub setting using ground control points
(GCPS) (Mwavu and Witkowski 2008). This was followed by undertaking image classification
starting with unsupervised classification by comparing individual pixel to each discrete cluster to
see which one it is closest to in order to derive the available classes then followed by supervised
classification using multi-temporal LANDSAT data processing using ENVI 4.7 software. The
classification resulted into seven (7) land use and land cover categories (Table 3.4.1) under
confirmation from ground truthing data. Land use and cover change detection analysis was done
for each cover class on ArcGIS (ESRI, 2009), to determine the area covered by each land use
cover type and change detection.

A land-use and land cover change detection analysis was done by involving the images of (1994,
2004) and (2004, 2014) using confusion matrix. Change detection was done for the classified
land use and land cover types by comparing two images of different time periods (1994 to 2004,
2004 to 2014 images and 1994 to 2014). By comparing two classified sets of data, the matrix
operation was able to show all the changes from one class to another. Chi-square goodness of fit
test was then used to test significance in land use cover changes. Logistic regression was then
performed to project (25 years) land use and land cover scenario for the different classes.

The results of regression are presented in Figures 3-7.

Table 1. Descriptions of land use/cover classes

Land use/Cover Descriptions

Cropland Areas covered by growing crops , ploughed fields and horticultural farms
Forestland Areas predominantly covered by tree ( >5m high) with closed canopies ( >40%
Open Grassland Areas dominated by grasses( 0-0.2m) and herbs ( 0-0.2m)

Open Water Areas covered by open waters, rivers and lake

Bareland Areas completely non-vegetated (bare ) areas, rocky or are covered with very
Swamp Areas covered by vegetated wetlands

Wooded Grassland | Areas characterized by a high percentage of shrub cover ( 2-5m high)
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Results and Discussions

Land use and land cover change

Areas occupied by different land use and land cover types from 1994 to 2014 showed variation
(Table 2). Wooded grassland comprised the main land cover type in the sub-catchment (62.9%)
followed by open grasslands (23.4%). The vegetated wetland (swamps) had the least coverage
and occupied 0.44% of the total sub-catchment. LULCC maps for Nguruman sub-catchment for
the year 1994, 2004 and 2014 (Figures 3a, b and c) were generated following the LANDSAT
image analysis and classification,

The results indicate that the Nguruman sub-catchment has undergone rapid land use land
cover changes in the last 20 years (Table 2). Significant land conversions occurred in Cropland
(p<0.01), Bare land (p<0.01) and areas occupied by Open water (p<0.01) (Table 3). Cropland
expanded by 108.5% (1994-2004) and again by 35.14% (2004 and 2014). In overall expansion
Cropland expanded significantly (p<0.01) by 181% from 1994 to 2014. Open water expanded by
106.83% (1994 -2004) and declined by 7.2% (2004-2014). Generally there was a significant
(p<0.01) expansion of 91.93% from 1994 to 2014 for the Open water (Table 3). However, wood
grasslands declined by 6.30% though this was not significant (p>0.05). Bareland declined
throughout the period of investigation declining initially by 16.47% (1994-2004), then by
23.06% (2004-2014), with an overall significant (p<0.01) decline of 35.73 % from 1994 to
2014.Changes in forestland, open grasslands and swamps were not significant (p>0.05).
Forestland showed moderate expansions of 11.5% (1994 -2004) and 7.1% (2004 and 2014).
However, in overall, forestland expanded by 19.5% from 1994 to 2014. Grasslands on the other
hand increased by 3.4% (1994 -2004) and later by 11.8% (2004 and 2014) with overall
expansion of 15.6% between 1994 and 2014. The change in area occupied by swamps showed
fluctuations with an expansion of 13.8% (1994-2004) and a slight increase of 0.7% (2004-2014)
with an overall increase of 14.6% between 1994 and 2014.

Land use and land cover changes widely impact o on aquatic ecosystems status within
watersheds (Nelson et al., 2009). Human activities have been identified as the important factor
that determine the impact of land use and land cover changes on the water bodies (Lambin et al.,
2003). On a catchment scale, land uses associated with human presence can significantly alter
natural hydrological processes such as runoff and ground water recharge. This study has
identified expansion of cropland as main driver of the land use and land cover changes in
Nguruman sub-catchment. In Figure 2 showing land uses changes from 1994 to 2014, the
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expansion in cropland is mainly directed along the riparian areas where River Ewaso ng’iro
begins running north to south on the western sections of the study area. This area also coincides
with areas where bare land has declined. This implies bare areas adjacent to riparian land
provides opportunities for cropland expansion. Similar observations were reported in other
studies e.g. Kundu et al., 2008 employed remotely sensed data and ground survey methods to
evaluate LULCC in Mau Forest for a period of about 40 years. The results showed agricultural
expansion at the expense of forestland. High- resolution aerial surveys of selected forests in the
Aberdares, Mt. Kenya, Mt. Elgon, and the Mau complex revealed that deforestation and general
degradation was taking place significantly due to unplanned expansion in agricultural land
(Ayuyo and Sweta 2014, Baldyga et al., 2008). Similar results have also been reported by
Haruna et al. (2014), Singh and Khanduri, (2011) where natural vegetation has been converted to
cropland. Such trends are also consistent with studies conducted by Kathumo et al., 2015,
Kathumo 2011, Dessie and Christiansson, 2008; Ningal et al., 2008; Parés-Ramos et al., 2008;
Enfors and Gordon 2007,Kamusoko, 2007; Reij et al. 2005, Zeleke&Hurni, 2001, ). Further
expansion of cropland could be attributed to increasing population in the area ( Sambalino 2012,
Okello and Ngigi 2012) and ready markets for horticultural products both in Kenya and Tanzania
from the sub-catchment ( Baaru 2011). Syombua 2013, in her study showed an expansion of
cropland in Amboseli due to good road networks and markets. Similar results were observed in
Budongo forest where forests were being converted to agriculture (Mwavu and Wirkowski,
2008). Kathumo 2011 in a study in Gucha River catchment also showed that more forestland was
being cleared for Agriculture and settlement. In Mau forest complex changes in land use and
land cover resulted in clearing of forest for farming and settlement (Ayuyo and Sweta 2014).

Open water which included areas occupied by rivers lakes in the sub-catchment increased
between 1994 and 2014. The greatest expansion was recorded between 1994 and 2004. This
period coincided with the greatest expansion in cropland. Crop farming in the area is mainly
supported by irrigation with water abstracted from River Ewaso Ng’iro. This result indicates the
linkage between water balance and land use and land cover change resulting from expansion in
cropland. The expansion in cropland is likely to have affected the hydrology and water balance
of the sub-catchment from un-sustainable irrigation practices. Expansion of cropland goes hand
in hand with reduction in riparian vegetation cover. Studies indicate that when more land in
riparian area is cleared the volume of river runoff is expected to increase due to the reduction of
water being intercepted in the catchment thus contributing to increase in acreage occupied by
open water. The natural vegetation protects the soil against the impacts of rainfall and it is a
source of organic matter to the soil. These factors improve infiltration and enhance the
recharging of groundwater reservoirs. When vegetation cover is displaced, infiltration capacity is
decreased resulting in surface runoff, which will carry sediments and nutrients into rivers (Zuazo
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and Pleguezuelo, 2008).Reducing forest cover is expected to reduce transpiration demand, which
might be expected to increase the amount of water in the watershed to sustain dry season flows.
Further soil degradation from degraded landscapes could counteract this effect by reducing the
water-holding and infiltration capacity of the soil (Bruijnzeel 2004). Surface albedo increases
when forestland is converted to cropland causing a reduction in the net surface radiation. The
uniform and smoother surface caused by shorter agricultural crops lead to a decrease in surface
roughness, which is the primary factor that determines the aerodynamic exchange between the
land surface and the lower atmosphere (Otieno and Anyah 2012).

Bare land declined throughout the period of investigation with an overall decline of 35.73
% from 1994 to 2014. Similarly, wooded grassland recorded declines throughout the period of
investigation by 6.30% between 1994 and 2014. Most of the land was left bare as a result of
degradation from previously abandoned cultivated land. These areas mostly occurred to the south
of the study area where environmental conditions could not sustain farming forcing land owners
to abandon the activity (Sambalino 2012). These areas have no vegetation and regeneration rates
are slow due to harsh climatic conditions. Removal of natural vegetation, intensive cultivation on
these fragile lands and overgrazing without effective conservation measures are the probable
cause of increase in bare land. Wanjiku et al 2015 made similar observations .Gathaara, (2010)
and Tsegaye et al. (2010) observed that farmers abandoning degraded land when they were no
longer productive. The southern part of the study area is more suited for ranching as opposed to
farming whether by irrigation of rain fed. Most of this land when left bare is further exposed to
agents of soil erosion that ends up in increasing sediments to the streams. The determination of
the potential of land for allocation of land uses is critical for both ecosystem and sustaining
livelihoods in the study area.
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Table 2: Land use Land cover Changes in Nguruman Catchment

1994 2004 2014 Magnitude( % Change)
Area % Area % Area %
Land use category (Km?) Area (Km?) Area (Km) Area 1994-2004 2004-2014 1994-2014
Cropland 2490 0.93 51.92 1.93 70.16 2.61 108.46 35.14 181.71
Forestland 86.17 3.20 96.11 3,57 10293 3.83 11.53 7.10 19.45
Open grassland 619.63 23.04 640.44 23.81 716.16 26.63 3.36 11.82 15.58
Open water 33.75 1.25 69.80 2.60 64.77 241 106.83 -7.20 91.93
Bare land 240.60 8.95 200.97 7.47 154.64 5.75 --16.47 -23.06 -35.73
Vegetated wetland 11.82 0.44 13.45 0.50 13.54 0.50 13.81 0.69 14.60
Wooded grassland 167255 629 1616.73 60.11 1567.21 58.27 -3.34 -3.06 -6.30

Table 3: Chi-Square goodness of fit test for various LULCC in Nguruman sub-catchment

Area (Km?) Chi-square Goodness of fit test of

Land Use Category 1994 2004 2014 1994-2014 X2 df p

Cropland 24.90 51.92 70.16 181.71 20.57 2 0.00
Forestland 86.17 96.11 102.93 19.45 1.28 2 053
Open grassland 619.63 640.44 716.16 15.58 515 2 0.07
Open water 33.75 69.80 64.77 91.93 13.22 2 0.00
Bare land 240.60 200.97 154.64 -35.73 17.82 2 0.00
Vegetated Wetland 11.82 13.45 13.54 14.60 022 2 0.89
Wooded grassland 1672.55 1616.73  1567.21 -6.30 252 2 0.28
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Figure 2. Land Use and Land Cover Changes in Nguruman for Period 1994, 2004 and 2014
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Projections of land use land cover change in Nguruman

The 25 year projections (2015-2040) for the land use land cover changes indicated that cropland
and open water (Figure 3 and 7) will continue to increase. However, forestland, bareland and
swamps will decline in the next 25 years (Figures 5-7). Expansion of cropland is mainly driven
by the available opportunity to exploit water for irrigation in Nguruman sub-catchment. This is
further driven by demands for horticultural products from the region to nearby markets. The
increase in bareland is attributed to increased rates of soil erosion due to loss of vegetation cover
resulting from clearing natural vegetation for cropland expansion. Increased soil erosion is
directly associated with nutrient loss, which reduces agricultural productivity (Bakker et al.,
2007). When the productivity is reduced most of the land is abandoned for other fertile grounds.
In some cases, advanced stages of soil erosion, such as rill and gully erosions, can devastate
entire areas, turning them unsuitable for agricultural purposes (Kirkby and Bracken, 2009).

The findings of cropland expansion are also consistent with land use and land cover projection
studies conducted in various parts of Kenya e. in the Eastern arc Mountains (Maeda et al 2011).
Results of modeling study in the Mara River Basin (Mango et al 2011) indicate expansion in
agriculture. As predicted for the case of Nguruman sub-catchment this is expected to cause
greater water scarcity and exacerbating degradation and expansion of bare land on the landscape
due to erosion. Notter et al 2007 and Mango et al 2011 in the Mount Kenya region noted that
agricultural expansion will likely take place predominantly in throughout the next 25years,
increasing the spatial dependence on distance to rivers and other water bodies. Consequently this
will have an impact on already scarce water resources. There are several reasons for the
predicted reduction in future water availability. The most evident is the growing number of water
abstractions for irrigation, livestock and domestic purposes (Aeschbacher et al., 2005). This
underlines the importance of more efficient water management in the Nguruman catchment area
and other semi-arid regions of Tropical Africa.
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Figured. 25 year (2015-2040) Forestland projection
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Figure 6. 25 year (2015-2040) Swampland projection
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Figure 7. 25 year (2015-2040) projection in Open Water

Conclusions and Recommendations

The findings of this study indicated that significant cropland expansion is the major
driver of land use change in the study area. This expansion is driven by the existing opportunity
to exploit water from the rivers for irrigation coupled with growing native and immigrant
population and ready markets for horticultural products from the region. Cropland expansion in
this area is mainly confined along the riparian areas where water is available for irrigation. The
land use and land cover predictions indicate cropland will continue to expand in the next two
decades. This expansion will greatly impact the integrity of water resources to provide sufficient
water for various allocations in the region. Hence it is important to know the consequences of
ongoing land use changes open water which is also contributed by runoff will also continue
increasing as more natural vegetation that would intercept rainfall is cleared for cropland. As
more vegetation is cleared soil erosion and sedimentation are likely to increase leading to
increased run off due to reduced percolation. The understanding of the interconnecting
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relationship between land use and water resource availability involved in this system is an
essential step for elaborating public policies that can effectively lead to the sustainable use of
water resources. In the absence of urgent measures to curb the negative trends of land use
changes projected it is expected that water scarcity and land degradation will continue becoming
a challenge. Sound ecological measures should be put in place to reverse these current trends.
The results of this study underline the importance of the implementation of a water management
plan including specific actions targeted on the development and implementation of sustainable
agriculture policies.

The results indicate that, if current trends persist, agricultural expansion will likely take
place predominantly along the riparian land in the next 25years, increasing the spatial
dependence on distance to rivers and other water bodies. This study highlights the need to protect
the riparian land and the matrix of habitats that include the river systems of the catchment area.
The main factors driving the spatial distribution of new croplands were the availability of market
for horticultural produce and increasing population. Further studies are necessary to integrate the
effects of population pressure on the sustainability and characteristics of local agricultural
systems.
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