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Abstract Globally, wetlands have declined in area by over 50% since 1900, due to changes in land-use patterns,
converting them into farmlands, human settlements, urban centers, and infrastructure development. Land-use
changes also impact negatively on the water area (streams, rivers, lakes, reservoirs, and sea) of an area. In this study,
the threats of land use changes on wetland and water areas in Murang’a County, Kenya, were assessed, in a bid to
understand the main causes for the rapid decline in wetland and water areas in the County. Landsat images of 2001
and 2018 were analyzed using a supervised classification technique to produce Land-use maps in ArcGIS and detect
associated changes. Between 2001 and 2018, the wetland area in Murang’a County declined by over 48% while the
water area declined by over 25%. Bare-soil/built-up area posed the greatest threat to the conservation of wetlands in
the County, taking up 161 ha of the wetland area during the period. The growth of woody shrubs posed the greatest
threat to the loss of water areas taking up 152 ha of the water area during the period. Mean total threats facing
wetlands differed significantly from mean total threats facing water areas in the County (t = 0.682; p<0.001). It is
concluded that wetland and water areas are faced with similar human-induced land use threats but at varying
magnitudes. It is therefore critical that specific regulatory legal and policy structures be urgently instituted to curtail
further wetland and water area losses.
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1. Introduction

Wetland loss due to land-use changes continue to be a
major global concern due to its negative impacts on
potable water supply. Before the ratification of the Ramsar
Convention (the Convention on Wetlands of International
Importance) in 1971, drainage and destruction of wetlands
were common practice accepted and encouraged by certain
governments [1]. The ratification of the Ramsar Convention,
however, paved the way towards curtailing the trends of
wetland overexploitation, drainage, and conversion, thus
saving them from near extinction [2]. Consequently,
knowledge of the importance of wetlands has improved
immensely since then, although in many rural communities,
particularly in developing countries such as Kenya,
understanding of the sensitivity and fragility of the
wetland ecosystems is still considerably low and many still
view them as reservoirs for disease-causing organisms [3].

Over the years, various definitions of wetlands have
been coined, most of which are broad requiring thorough
interpretation before application. [4] defined wetlands as
lands transitional between terrestrial and aquatic systems
where the water table is usually at or near the surface, or
the land is covered by shallow water. [5] defines wetlands

as areas of marsh, fen, peatland, or water, whether natural
or artificial, permanent or temporary, with water that is
static or flowing, fresh, brackish, including areas of
marine water, depth at which at low tide does not exceed
six meters. Wetlands are highly valuable ecosystems due
to their ecologic, economic, and cultural values.

Despite their values, however, undesirable anthropogenic
activities continue to disrupt wetland ecological characteristics
through degradation and eventual loss of entire wetland
ecosystems. Wetland loss is defined by [6] as the loss of
wetland area due to conversion of wetland to non-wetland
areas as a result of human activities. Wetland degradation,
on the other hand, is defined as the impairment of wetland
function as a result of human activities (6). Due to their
many ecosystem values and the threats to their ecological
integrity, wetlands continue to attract much attention globally,
with more emphasis and efforts being put towards their
restoration, conservation, protection, and wise use [7].

Wetland loss is attributed to the misconceptions
by dwellers in their adjoining areas and government
institutions mandated to safeguard the well-being
of wetland ecosystems. Historically, wetlands were
perceived as unexploited wastelands [1], whereby value
was placed upon their potential to be reclaimed and used
for more productive purposes including agriculture,
settlement, and industrial development [8].
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Kenyan wetlands cover an area of up to 4% of the total
landmass, which increases to about 6% during the rainy
seasons [9]. These wetlands face threats from encroachment
by riparian communities for the expansion of agriculture,
industrial development, urban development, pollution, and
invasive species. For example, the Tana River Delta,
which is a wetland of international importance due to its
high biodiversity has been severely threatened by
large-scale commercial land use activities including
agriculture, mining, industrialization, and hydropower
generation [10]. Elsewhere, papyrus wetlands around the
Lake Victoria Basin and other inland water bodies have
been severely destroyed through encroachment by the
riparian communities [11,12]. Consequently, the change in
land use in the upper reaches of important catchment areas
has had negative impacts on the wetlands of the Lake
Victoria Basin such as a reduction in size due to the
drying up of springs that were the main source of water.

Murang’a County is one of the counties in Kenya that is
well endowed with wetland resources. The County is the
main supplier of water to Nairobi, the capital city of
Kenya, and also Thika, which is an industrial hub. During
the last three decades, however, wetlands in the County
have been severely degraded, mainly through conversion
to agriculture and settlement [13]. Although some studies

have been conducted on the effect of land-use changes on
wetland ecosystems in the County, none have been
conducted to identify the main drivers of the land-use
change. This paper assessed the effect of land-use changes
on the wetland and water areas to determine the current
status of wetland conservation in the County.

2. Materials and Methods

2.1. Description of Study Area

Murang’a County is located in central Kenya at
latitudes of 0° 34' S and 1° 7' S and longitudes 36° E and
37°27' E (Figure 1). The western boundary of the County
cuts through the Aberdare forest at an altitude of 3353 m
above sea level (asl), with the eastern part extending into
lowland areas to a minimum of 914 m asl. It is one of the
five counties in the Central Region of the Republic of
Kenya and occupies a total area of 2,558.8 kmZ
It is bordered to the North by Nyeri, to the South by
Kiambu, to the West by Nyandarua, and to the East by
Kirinyaga, Embu, and Machakos counties. The County is
approximately 50km from Nairobi, the capital city of
Kenya.
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Figure 1. Location of Murang’a County, Kenya, showing the extensive wetland ecosystems occurring in the County

The County experiences a bi-modal rainfall with short
rains from October to December and long rains from
March to May. The County is divided into three climatic
zones according to altitude. The upper zone extends from

1800 m to 2220 m asl, with the upper part marking the
edge of the Aberdare forest. The upper zone is mainly
characterized by tea growing, although other subsistence
crops such as maize, vegetables, and dairy farming are
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also practiced. Annual rainfall at this zone averages 1800
to 2000 mm. The middle zone extends from 1400 to 1800
m asl, with annual rainfall ranging from 1400 to 1600 mm.
Crops grown in the zone include coffee mixed with
subsistence crops such as maize, bananas, beans, and
vegetables, with low-level zero-grazing being practiced.
The lower zone extends from 900 to 1400 m asl, with
annual rainfall averaging below 900mm. Commercial
agriculture, consisting mainly of pineapples, dairy farming,
fruits, vegetables, french beans, and plantation forests of
eucalyptus is practiced [14].

Soil types in the County differ from one zone to another,
with the upper zone being largely dominated by volcanic
ash [15]. Soils in the middle zone are largely dominated
by nitosols, which are well-structured, nutrient-rich clay
soils. Soils in the lower zone are mainly dominated by deep,
strongly leached poor clay soils of the ferrosol category [15].

2.2. Data Collection

Data was collected using remote sensing imagery,
which according to [16], are economical to use and can
allow observation of large areas simultaneously. For that
reason, the method has become a common research tool in
various fields such as environmental monitoring and
resource survey [17]. Ground truthing was conducted to
relate image data to real features on the ground. The
ground-truthing was also useful in the calibration of the
remote sensing data and aided in its interpretation and
analysis. Ground truthing data was used to verify land-use

changes relative to the satellite map for 2018. In total, 10
land-use types were identified during the field surveys.

Satellite data consisted of multi-spectral data acquired
by Landsat ETM+ for February 2001 and Landsat OLI for
February 2018 (Table 1). These images were acquired
during the dry season when the cloud cover was limited
thus enhancing imaging quality and image clarity at a
spatial resolution of 30m.

2.3. Image Pre-processing and Classification

Satellite image data was first pre-processed to reduce
geometric distortions, atmospheric errors, and radiation
distortions. Landsat ETM+ and Landsat OLI data were
pre-processed in ENVI for radiation calibration and
atmospheric correction. A maximume-likelihood algorithm
was then used for supervised classification in which a
pixel was selected as representative of the land-use class
occupying the largest area in the pixel. The ArcGIS
software, which is a spatial analysis technology, was used
to obtain changes in wetland and water areas between
2001 and 2018. Using the land-use change data, a change
matrix was constructed to illustrate how various land-use
systems (threats) encroached onto wetland and water areas
in 2018. To examine whether wetland and water areas
were subjected to similar threats, in terms of magnitude
and impact, a two-tailed t-test was conducted to test the
hypothesis that there was no statistically significant
difference between the mean total number of threats
facing the wetland and the water areas in the County.

Table 1. Geospatial datasets used in the study

S/INO Satellite Imagery Date Spectral resolution Spatial resolution Source
1 Landsat ETM+ 25/02/2001 Band 7 30m USGS
2 Landsat OLI 27/02/2018 Band 5 30m USGS
Table 2. A Land use change matrix showing the transformation from
3. Results g g

Analysis of LULC maps of 2001 (Figure 2) and 2018
(Figure 3), extracted from remote sensing data, showed
that wetlands in Murang’a County declined by 379 ha
between 2001 and 2018, representing a decline of 48.4%.
During the same period, the water area decreased by 580
ha, a decline of 25%. Between 2001 and 2018, wetland
and water areas were lost due to changes in various
land-use types (Table 2). Out of the 379 ha of wetland
area lost between 2001 and 2018, 161 ha were converted
into bare-soil/built-up area, 15 ha to grassland, 66 ha
to other cultivated areas, 39 ha was drained for
agricultural production while 2ha converted to water area
and 96 ha to woody shrubs. Out of the 580 ha of water
area that was lost in the same period, 128 ha was
converted to bare-soil/built-up area, 4 ha to forest, 128 ha
to grassland, 18 ha to tea plantation, 24 ha to coffee
plantation, 152 ha to woody shrubs, 69 ha to other
cultivated areas, 45 ha to agricultural plantations, and 12
ha to wetlands. A t-test analysis indicated that the
difference between the mean total number of threats
facing wetlands in the County and the mean total number
of threats facing the water area was highly significantly
different (t = 0.682; P< 0.001).

Water Area and Wetlands to other Land uses between 2001 and
2018

Land-use Class 2001 Land-use Class 2018 Avrea (ha)
Bare soil/built area 161
Water area 2
Wetland Grassland 15
Other Cultivated areas 66
Agricultural Plantation 39
Woody Shrubs 96
Tea Plantation 0
Coffee Plantation 0
Total Wetland Lost forest 0
379
Bare soil/built area 128
Wetland 12
Grassland 128
Water Area Other Cultivated areas 69
Agricultural Plantation 45
Woody Shrubs 152
Tea Plantation 18
Total Water Area Lost | Coffee Plantation 24
forest 4
580
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Figure 2. Murang’a County Land Use/ Land Cover Map 2001
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Figure 3. Murang’a County Land Use/ Land Cover Map 2018

4. Discussion

Increasing bare-soil/built-up area was the main threat
facing the conservation of wetlands in Murang’a County
between 2001 and 2018. This land-use type mainly
consisted of settlements, infrastructure development, and
the growth of urban centers. According to [18], increasing
areas of settlement and urbanization impact directly on

wetlands by draining them for purposes of developing
the land, and also indirectly through increased stormwater
and pollutants generated by land development. The
development of wetlands leads to stress among plant and
animal communities in those wetlands. [19] noted that
wetlands that are crossed by major roads exhibit signs of
drainage since they appear smaller than they were before
the construction of the roads.
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The expansion of bare-soil/built-up area is also responsible
for the decline of the water area in the County. About 128
ha of water area was converted to bare-soil/built-up
area between 2001 and 2018. Construction of roads,
hydropower plants, bridges, and water intake points across
and on the major rivers has led to huge disruptions of the
rivers in the County [14]. During the construction of the
Northern Collector Tunnel in the Maragua watershed,
numerous water diversions, weirs, and related intake
hydraulic structures were constructed at Maragua, Gikigie,
and Irati Rivers to allow room for construction work. A
study done by [20] deduced that river diversions not
only alter the downstream water quality but also affect
channel geomorphology and reduce floodplain biological
productivity over the long term.

Woody shrubs encroachement emerged as a threat to
the well-being and existence of wetlands in the County.
About 96 ha of what was originally covered by wetland in
2001 had been encroached by woody shrubs in 2018. The
encroachment of woody shrubs is considered a natural part
of hydrarch succession [21]. However, human-induced
changes such as lowered water tables, nutrient influx, and
disturbances can create favorable conditions allowing
woody colonization and growth [22]. On the other hand,
152 ha of the water area were encroached by woody
shrubs in 2018. Encroachment of woody shrubs along
waterways is caused by poor watershed management leading
to alteration of stream ecology and hydrology in ways that
accelerate the invasion and expansion of non-native woody
species [23]. As the woody shrubs spread, ecohydrological
impacts such as drops in the water table and reduced water
yield downstream become prevalent [24].

Agricultural activities increased steadily from 2001 to
2018 leading to a decline in wetland cover and water area
in the County where activities towards drainage of
wetlands and clearance of wetland vegetation for
agriculture dominated. Cultivated areas encroached on 66
ha of wetland, while agricultural plantations also
expanded encroaching on 39 ha of wetland. According
to [25], loss of wetland vegetation through clearance
and drainage of wetlands for agricultural purposes
causes a major shift in the ecological character of a
wetland, as well as on its coverage. Water bodies have
also been negatively impacted by the expansion of
agriculture in the County. For instance, tea farming
encroached on 18 ha, while coffee farming encroached
on 24 ha of the County’s water area. Additionally,
cultivated areas encroached on 69 ha, and agricultural
plantations encroached on 45 ha of the water area. [26],
noted that increased agricultural activities within water
catchment areas pose serious threats such as water
pollution from agrochemicals and encroachment on
wetlands.

Wetlands and water areas are faced with threats from
similar land-use changes, however, the magnitude
and impact of these changes differ between wetland and
water areas. This corresponds with the situation in the
Czech Republic [27], where the temporal change of
wetland and water areas differed, with still waters
decreasing gradually between 1780 and 2010, and wet
meadows disappearing almost completely during the study
period.

5. Conclusion

Bare soil/built-up area poses the greatest threat to
wetlands in Murang’a County, while the major threat to
the water areas of the County emanates from the
encroachment of woody shrubs. The Baresoil/built-up area
is composed of human settlements and cleared land, while
woody shrubs mainly comprise non-native woody species
invading the water areas. The land-use changes are mainly
caused by increased human activities within wetlands and
water areas. It is evident from this study that wetland and
water areas are faced with threats from similar land-use
changes, however, the magnitude and impact of threats in
wetlands and water areas vary from one land-use change
to another. It is therefore strongly recommended that
specific policy and legal structures be instituted to curtail
further loss of wetland and water areas
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