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Abstract

Land use and land cover change as a result of human-induced transitions is a major
environmental challenge in Lake Victoria Basin. The study adopted a mixed-method
consisting of remote sensing and GIS-based analysis, key informant interviews, and
household survey consisting of 384 households to asses Land Use and Land Cover Dynamics
and associated human-induced transformations in Ombeyi wetland. The study aimed at
generating a characterized area estimate of Ombeyi wetlands land use and land cover change
schema for the study period (1990-2017), and examining the spatial and temporal
characteristics of anthropogenic impacts and their relationship with land use and land cover
change in Ombeyi wetland. The gis-based analysis revealed that built-up area/settlements and
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agricultural lands extensively increased in area at the expense of wetland vegetation. Key
informants attributed the changes to population increase (29.2%) and an associated demand
for land and natural resources as the major driving forces for the changes. Analysis of
household-survey results validated the observed patterns during the remotely sensed data
analysis phase of the research, as 90.1% (n=384) of the respondents reported to own land
within the wetland through inheritance. 92.2% of the respondents are farmers practicing
farming in the wetland with 72.4% of the same respondents attaining primary level education
and below. Poverty and education levels were significant factors in influencing unsustainable
land use and land cover changes observed in this study. The present state of land cover and its
dynamics have had negative impacts on the riparian rural livelihoods and natural resource
management.

Keywords: Remote Sensing, Land Use, Land Cover, LULC change, Ombeyi wetland,
Riparian rural livelihoods, GIS-based analysis

1. Introduction

Land use and land cover (LULC) change as a result of human-induced transitions is a major
environmental challenge in the Lake Victoria basin. Land use and land cover dynamics
occurring at the local scale has risen due to socio-economic impact on ecosystems at the local
level (Maurice et al., 2017). These changes are reported in a broader diverse spatial and
temporal associations of social, demographic, economic, institutional and environmental
factors and as such, vary in scales (Masek et al., 2000; Maurice et al., 2017). These changes
have far-reaching consequences on the riparian rural communities’ livelihoods in the Lake
Victoria basin. Likewise, most parts of Lake Victoria Basin have experienced population
growth characterized by high poverty levels, low level of education, food insecurity, high
unemployment levels, settlements, and agricultural expansion, therefore, are reported as
contributing factors to land use and land cover change within Lake Victoria Basin (Raburu et
al, 2012; Opaa et al., 2012). More research with respect to location, nature, magnitude,
pattern, rate, and extent of land use and land cover dynamics is recommended in the context
of Lake Victoria basin, where high population growth, poor land management strategies, poor
land use policies and other unsustainable uses are prevalent (Kabumbuli and Kiwazi, 2009;
Mwagore, 2002; Campbell et al., 2003).

Like most economies in Tropical Africa, Kenya’s economy is heavily dependent on rain-fed
agriculture then followed by other sectors. Kenya presently is the most vulnerable to climate
change due to frequent exposures to droughts and floodings. These impacts are particularly
important since at least 73 percent of Kenya’s population depend on agriculture for their
subsistence, household income, and livelihood while only 20 percent of land in Kenya is
arable (Cheruto et al., 2016; Bryan et al., 2013). The Kenyan government has continuously
supported policies encouraging wetland exploitation thus most agricultural activities in
Kenya occur in wetlands (Kairu, 2001; Geist & Lambin, 2001; Kinaro, 2008; Osumba et al.,
2010). Likewise, the riparian rural communities’ direct dependence on wetlands’ resources to
meet their daily requirements continue to pose a great challenge to their management
resulting into overexploitation, degradation and unsustainable use (Maitima et al., 2010; Geist
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& Lambin, 2001; Khisa et al., 2013). Large areas of wetlands in the Lake Victoria basin have
been converted to farmlands and other uses. The continued wetland conversions to farmlands
could lead to the collapse of the ecosystems leading to an irreparable impact to the
socio-economic welfare on the majority of the riparian rural populations (Van der Knaap et
al., 2002; Owino & Ryan, 2006). Recent studies have exhibited that wetland overexploitation
in Kenya is due to poor land management strategies, infrastructure development, agriculture
expansion, urbanization, and population growth (Geist & Lambin, 2001; Owino & Ryan,
2006; Kairu, 2001; Osumba et al., 2010).

Lake Victoria basin’s LULC has experienced rapid and significant transitions over the years
as a result of human-environment interactions (Andere, 2016; Auma, 2012). However, fewer
studies on LULC changes on wetlands particularly small wetlands have been done in Lake
Victoria Basin specifically Kenya (Kinaro, 2008; Andere, 2016; Auma, 2012). Studies on
LULC dynamics and associated human-induced impacts are crucial in formulating relevant
sustainable natural resource management strategies and policies. Likewise, the understanding
of the drivers of LULC are complicated and contentious hence further research is crucial
(Geist & Lambin, 2001; Munthali et al., 2019). Serneels and Lambin, (2001) observed that
the causes of LULC change are complicated, dynamic and vary from one location to another
hence various drivers are either or both location-specific and time-bound. The drivers are
determined by the socio-economic and biophysical factors prevalent and operating at that
specific location. Withal, it is difficult to establish through generalization LULC changes
existing in a broader spatial scale and their associated human-induced transitions influencing
the changes (Munthali et al., 2019). Studies relating to magnitude, rates, pattern, extent,
nature, the type is necessary for forecasting future changes and in mitigating the anticipated
future changes at the local, national, regional and global level (Bewket, 2002, Foley et al.,
2005; Defries & Elshleman, 2005).

Studies relating to human-induced transitions and their impacts on LULC dynamics in
Ombeyi wetland is beneficial in comprehending the inter-relationships that exist between the
riparian rural population and natural resources use. By understanding the human-induced
transitions responsible for the changing LULC and the use of local empirical evidence on the
same, relevant stakeholders can use the information in formulating intervention strategies and
sustainable land use systems in the study area. Likewise, comprehension of complex
interdependence between LULC changes and the riparian rural livelihood can guide in critical
decision making by policymakers, planners, and other stakeholders (Munthali et al., 2019;
World Bank, 2015). Withal, research on small wetlands in tropical Africa showing underlying
causes of LULC dynamics using remote sensing and GIS on the landscape are very few while
the spectral signatures acquired from satellite imagery for regions within the tropics exhibit
minimal band dissociation capabilities amongst the various vegetation types (Wondie et al.,
2011; Kindu et al., 2013; Kiggundu et al., 2017). Moreover, past studies in Lake Victoria
basin have focused in detail on the ecological, biological and hydrological components
(Ajwang’ et al., 2016, Khisa et al., 2013; Terer et al., 2004). The study aimed at generating a
characterized area estimate of Ombeyi wetlands’ land use and land cover change schema for
the period between 1990 and 2017 and examining the spatial and temporal characteristic of
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anthropogenic impacts and their relationship with land use and land cover change in Ombeyi
wetland. The researchers have attributed the observed land use and land cover dynamics to
aggregated decisions at the household level in response to policy and an institutional
environment over a period of time (Li et al., 2016).

2. Materials and Methods
2.1 Study Area

Ombeyi wetland (Figure 1) is located within the floodplains of Kano between North Ombeyi
and South Ombeyi wards in Kisumu County and its total area is approximately 1037 Ha
(World Bank, 2015). It lies between latitudes 00° 6> 40”” S — 00° 10° 00” S and longitudes 34°
51’ 00” E —34° 56’ 40” E with an average elevation of between 1134m above sea level
around the lakeshore to 1145m above sea level within the floodplains. The wetland
experiences bimodal rainfall pattern averaged to be 1204mm annually while temperatures’
within Kano flood plains range between 13 and 31 °C within the wetland. It is characterized
by alluvial soil type comprising of a dark clay and clay loam color. Its hydrology is
influenced by its location in Kano floodplains and includes streams and rivers originating
from the highlands of Tinderet hills, Nandi escarpment, and others (Raburu et al., 2012,
World Bank, 2015).

Agriculture is the major land use in Ombeyi area and accounts for most of the economic
activity. Other occupational activities include fishing, trade, beekeeping, brickmaking, mat
making, biotic cover plants harvesting, stone/ sand mining and pottery (Ajwang et al., 2016).
These activities generate income and are the source of their livelihood.
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2.2 Data Collection

Two types of data were used in this research. Satellite data and Primary data collected from
the field using questionnaires, Key Informant Interview (KII), and direct observation
including ancillary data consisting of ground truth data for the LU/LC classes.
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2.2.1 Data Acquisition and Preprocessing

Different remote sensing data were used in this study. The data used were Landsat images
and google earth images. Four Landsat satellite images of 1990, 2000, 2010 and 2017 were
acquired from the Earth Resource Observation and Science (EROS) center of United States
Geological Survey (USGS) earth explorer (http://geography.usgs.gov) in raw unprocessed
form. The characteristics of Landsat images used in the study are shown in Table 1. A number
of factors were considered in selecting the Landsat images for the study. These include the
time of the year depending on the climate of the study area, the degree of cloud cover of the
selected Landsat image and the image availability for the intended year.

Satellite images pre-processing before change detection is a crucial procedure and has the
distinctive objective of creating a more direct association between the biophysical
phenomena on the ground and the acquired data (Coppin et al., 2004). Data were
pre-processed in ERDAS imagine 2014. It included geo-referencing, mosaicking,
atmospheric correction, topographic corrections, layer stacking (band selection and
combination), image enhancements and subsetting (clipping) of the image on the basis of
Area of interest (AOI). The four Landsat images were preprocessed for image analysis.

Table 1. Spatial datasets summary used in this study

Sensor Acquisition Resolution(m) Path/Row Producer
Date

Satellite data

Landsat TM 04 1990/02/07 30m 170/060 USGS

Landsat ETM+ 07 2000/03/06 30m 170/060 USGS

Landsat TM 05 2010/12/23 30m 170/060 USGS

Landsat OLI/TIRS 08  2017/12/26 30m 170/060 USGS

The table above describes the characteristics of various Landsat images used in the study,
path, and row used to download it and its resolution (30m).

2.2.2 Image Classification and Land Use Land Cover Dynamics

Images were classified using the hybrid classification method and it involved a combination
of both supervised and unsupervised classification. Maximum likelihood supervised
classification was performed for each image (Yuan et al., 2005; Manandhar et al., 2009;
Prakasam et al., 2010; Rawat et al., 2013 ). A classification scheme of 4 classes was
developed based on physiographical knowledge of the study area, supported by ancillary data,
researchers’ prior knowledge of the local area, and visual interpretation of the images. The 4
LULC classes were categorized as wetland/papyrus vegetation, agricultural land,
built-up/settlements and agricultural land/farmland (Table 2). A stratified sampling method in
ERDAS Imagine 2014 was employed to collect 70 points for accuracy assessment for both
wetland decrease and increase classes. Google earth images were used to extract reference
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data. Accuracy assessments were determined using the kappa coefficient, overall accuracy,
producer and user accuracy, which were derived from the error matrix (Congalton and Green,
2002). To continue with analysis, LULC maps were subjected to a minimum of 80% overall
accuracy as recommended by Andere (2016) and Anderson (1976).

Table 2. Description of major Land use and land cover Classes

Land use/land cover type  Description

Wetland vegetation Permanent and seasonal grasslands along lake, river, and
streams, marshy land and swamps.
Exposed bare grounds This class describes land without vegetation cover. This may

result from abandoned cropland, eroded land due to land
degradation and weathered road surface.

Built-up area/Settlements This class describes the land covered with buildings in rural
and urban. It includes commercial, residential, industrial and
transportation infrastructures.

Farmland/Agricultural land ~ All cultivated and uncultivated agricultural lands areas, i.e.

farmlands, crop fields including fallow lands/plots, and
horticultural lands.

The table above gives descriptions of the major LULC classes used in the study. It gives the
context in which one should perceive various land cover types in the study.

Post classification clarification is undertaken to improve classification accuracy and to reduce
misclassification (Harris and Ventura, 1995). This was done concurrently with ancillary data
in order to check the precision of the classified LULC map. Based on information verified on
the ground, necessary correction and adjustments were made. The map from t; (1990) (figure
2) was compared with the map produced at time t, (2000) (figure 3) while t, (2000) was
compared to t3 (2010) (figure 4) and t; (2010) was compared to t4 (2017) (figure 5) and a
complete matrix of categorical change was obtained. Other LULC statistics were computed in
three different ways or equations below (Modified from Kiggundu et al., 2017):

1) Total LULCC in hectare calculated by:

Total LULCC = Areappalyear Area infuial year (1)

Where Area refers to the extent of individual LULCC class. If the value is Positive it will
signify an increase whereas if the value is negative it will suggest a decrease in extent.

2) Percentage LULCC calculated using the following equation:

Total LULCC = (2= a0t mimlver o 1g @)

APERyna] vean

Where Area refers to the extent of each LULCC class. If the value is Positive it will signify
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an increase whereas if the value is negative it will suggest a decrease in extent.

3) The rate of LULCC: computed using the following simple formula
L= QE:EI (3)

Where R refers to the rate of change, Q2 refers to a recent year of LULC in Ha, QI refers to
the initial year in LULC in ha and t is the time difference between initial and recent year.

2.3 Primary and Secondary Data Collection Tools
2.3.1 Household Surveys

Semi-structured household questionnaires were used in this study. The questionnaires were
comprised of both open and closed-ended questions to gather information of the
socioeconomic impacts of the population and their influence on land use and land cover
changes in Ombeyi area during the studied period (1990-2017). A questionnaire was
preferred for this study as it provided insight into the influence of the socio-economic
dynamics on LULCC in the study area (Jans et al., 2005). Mugenda and Mugenda (1999)
formulae were used to determine the sample size of this research. A sample size of 384
households was derived using the formulae (Equation 4). A reconnaissance survey was
undertaken before the start of fieldwork in the month of March. During the process, informal
meetings and interviews were carried out with LVEMP II, Ombeyi wetland task force
(WRUA) and NEMA; then, modifications were made before the actual interview of the
sampled households. The questionnaires were administered to 384 households’ from April 2,
2018, to May 15, 2018.

B o=

{zzzlgra}

d 4)

Where; n refers to the desired sample size. (Assuming the population is > 10,000), Z is the
standard normal deviation at the desired confidence level of 95% thus 1.96. p = refers to the
proportion in the target population that is estimated to be affected by the wetland i.e. 50%. q
=1.0-p, 1-0.5 =0.50 and d is the level of statistical significance set as 0.05.

2.3.2 Key informant interview

Face to face interviews in the form of a key informants interview (KII) accompanied the
household survey. Key informants interview were carried out to coagulate the obtained
information from the household survey and gain a comprehensive understanding of nature
and types of human impacts, their relationship with land use and land cover in the wetland
and the measures applied to promote conservation of the wetland. A purposive sampling
method was used to identify key informants based on their knowledge of the study area. In
this study, key informants were one person from Lake Victoria Environmental Management
Progam II (LVEMP II), two people from Ombeyi wetland management task force (WRUA)
and two people from National Environmental Management Authority (NEMA) from Kisumu
office because they were familiar with the issues in the study area.
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2.4 Other Datasets

Other data used in this study were the population estimates from the years 1989, 1999 and
2009. They were obtained from the Kenya National Bureau of Statistics (KNBS) who are the
custodians of population statistics in Kenya (KNBS, 1990; KNBS, 2000; KNBS, 2010).

2.5 Statistical Analysis

The study used a combination of data analytical approaches and techniques. LULC change
analyses were done using ArcGIS 10.4 and ERDAS imagine 2014 software. The
socio-economic data derived from the questionnaire were entered, processed, coded, and
analyzed using Statistical Package for Social Science (SPSS) and then subjected to further
analysis. Descriptive statistics analysis was used to describe socio-economic variables of the
household and how they influence LULC within the wetland. Data collected through key
informants’ interview were qualitatively analyzed (Hsieh and Shannon, 2005).

A non-parametric test (Pearson chi-square) was used to ascertain the differences/associations
between anthropogenic impacts from increased human population and changes in land use
and land cover over the study period (Lesschen et al., 2005). Paired T-test analysis was
performed to identify the significant spatial and temporal change in land cover types within
Ombeyi wetland as a result of land use and land cover changes over the study period (Andere,
2016; Lesschen et al., 2005). Both the independent variables for paired T-test were LULC
type areas (in Ha) for the 1990 image and 2017 image.

3. Results
3.1 Historical Overview of Ombeyi Wetland

According to Key informants and Ajwang et al. (2016), Ombeyi wetland did not exist in the
1950s. At that time, there were only a few macrophytes with the most predominant being
papyrus. The macrophytes were limited to the river banks forming a narrow strip along River
Ombeyi. The heavy rains (Uhuru rains) experienced during 1962-1963 resulted in flooding
beyond the riverbank into the floodplains enabling the macrophytes to expand landwards
forming Ombeyi wetland. As a result, it affected River Ombeyi which frequently filled
exceeding its banks and recurrently flooded farms and settlements around it afterward. To
mitigate the periodic flooding in the area, a Japanese company (Degus) in 1984 constructed a
canal. The canal diverted part of the water from River Ombeyi to the wetland in order to
convey excess water away from settlement areas during rainy seasons. This situation led to
the drying out of part of Ombeyi wetland and land reclamation for rice production in Ombeyi
location begun. Presently, the conversion of Ombeyi wetland into rice and arrowroot farms
continues unnecessarily.

3.2 Accuracy assessments

Accuracy assessments were performed for all supervised classified areas of images between
1990 and 2017. Historical aerial photographs from Google earth of the study area and GCPs
(Ground Control Points) information collected through field excursions were important for
this exercise. The overall classification accuracies were high as observed. They were 83.87%
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and 81.82% for 2017 and 2010 respectively (Table 3 and 4). User accuracies were higher
hence most of the LULC were correctly labeled. The classified images Kappa index were
0.618 and 0.5217 for 2017 and 2010 respectively.

Table 3. Accuracy assessment results for the year 2017 image of land use and land cover
classification

Classified image

Papyrus Built-up/ Producers
Agricultural land  Veg. Settlement  Total accuracy

Agricultural land 19 0 0 19 100%
Papyrus Veg. 0 0 0 0 0

% Built-up/

= Settlement 5 0 7 12 58.33%

T Totals 24 0 7 31

§ Users accuracy 79.17% 0 100%

a;-': Overall Classification Accuracy = 83.87%

=4

Overall Kappa Statistics = 0.6318

The table above is a specific table layout that allows one to visualize the performance of an
algorithm used to compare to actual features on the ground with produced images. The table
is an error matrix table of an image analyzed of 2017 using remote sensing.

Table 4. Accuracy Assessment results for the year 2010 image of land use and land cover
classification

Classified data
Agricultural land  Papyrus Built-up/ Total  Producers
Veg. Settlement accuracy
Agricultural land 22 0 1 23 95.65%

g Papyrus Veg. 1 0 0
= Built-up/Settlement 4 0 5 9 55.56%
T Totals 27 0 6 33
§ Users accuracy 81.48% 0 83.33%
% Overall Classification Accuracy = 81.82%
= Overall Kappa Statistics = 0.5217

The table above is a specific table layout that allows one to visualize the performance of an
algorithm used to compare to actual features on the ground with produced images. The table
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is an error matrix table of an image analyzed of 2010 using remote sensing.

3.3 Land Use and Land Cover Change Dynamics

Table 5. Land use and land cover classes and their proportions in Ombeyi wetland

Classified Maps

Years

1990 2000 2010 2017
LULC Ha % Ha % Ha % Ha %

Agricultural/ 2966.5 73.5 33055 819 3261.1 80.8 3450.8 85.5

Farmland

Built-up/ 52.46 1.3 528.72 13.1 762.8 18.9 581.18 144
Settlement
Wetland veg. 1017.0 25.2 201.8 5 12.11 0.3 4.036 0.1

The table shows the extent in Ha of various land cover types that exists in Ombeyi wetland.
LULC analysis from the Landsat imagery of TM and ETM+ showed that starting from 1990
to 2000 (Fig. 2 &3), wetland/papyrus vegetation and agricultural/cropland vegetation were
the most dominant LULC types in the study area up to 2000 (Table 5) (Fig. 2 &3). These two
LULC types accounted for 3983.47 Ha of the total area of Ombeyi wetland area in the years
1990. However, wetland/papyrus vegetation (1017 Ha) was surpassed in the year 2000 by
built-up/settlements (528.72 Ha). LULC analysis from the Landsat ETM+ and OLI/TIRS
imagery of 2010 and 2017 respectively (Fig. 4&5) indicated that wetland/papyrus vegetation
declined sharply to a point that it’s non- existent i.e. from 12.11 Ha in 2010 to 4.036 Ha in
2017 (Table 5). Agriculture/farmland covered about 3261.1 Ha and 3450.8 Ha in 2010 and
2017 respectively followed by built-up area/settlement at 762.8 Ha and 581.18 Ha in 2010
and 2017 respectively (Table 5). Wetland (Papyrus) vegetation showed the largest decline
with a rate of decline of about 37.522 Ha/Year for the entire study period (Fig. 6).
Agriculture/farmland showed the highest increase inclining by an estimated 33.90 Ha/Year
and 27.1 Ha/Year for the years 1990-2000 and 2010-2017 respectively (Fig. 6). Built-up area
increased at a rate of 19.58 Ha/year during the study period with its largest rate at 47.63
Ha/year between 1990 and 2000.
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Figure 2. Land use/ cover classified map for 1990

W+E 2000 Land Use and Land Cover Map

Unclassified
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Figure 3. Land use/ cover classified map for 2000
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N
W+E 2010 Land Use and Land Cover Map
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Figure 4. Land use/ cover classified map for 2010

W+E 2017 Land Use and Land Cover Map

Unclassified
Agricultural land

- Wetland/papyrus vegetation

1 05 0 1 2 Kilometers
- Built-up/settlement

Figure 5. Land use/ cover classified map for 2017
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Figure 2, 3, 4 and 5 show various images classified under maximum likelihood classification
showing various proportions covered by different land cover types.
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Figure 6. Rate in Ha per year change of LULC in Ombeyi wetland

The figure above shows a calculated rate per year of various land cover types that have
occurred in Ombeyi wetland area over the study period.

® Paired T-test for spatial and temporal change of LULC types for 1990 and 2017

Table 6. LULCC type’s significance over the study period

Paired Samples Test
Paired Differences

95%  Confidence
Interval of the

Std. Difference Sig.
Std. Error (2-taile
Mean  Deviation = Mean Lower Upper t df d)
Pair 1 1990 - -0.2333 877.55881 506.659 -2180.00 2179.95 0.002 2 0.999

2017

The table above shows paired t-test results for hypothesis there is significant spatial and
temporal change in Ombeyi wetland’s land cover types as a result of land use change over the
study period.
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Significant differences were found among various LULC classes over the successive years.
To ascertain that LULC classes have changed over the study period, the researcher used area
covered by land uses in the year 1990 and the year 2017 as the variables (Table 5). After
testing the variables, a P-value of 0.999, t (2) = 0.002 (Table 6) was obtained. Because the
P-value is greater than a=0.05, the researcher accepted that there is significant spatial and
temporal change in Ombeyi wetland land cover types due to land use over the study period.
Similarly, Key informants attributed the LULCC in the study area to agricultural expansion,
settlements, mining (sand and stone harvesting) fishing, and firewood collection as the main
causes in the study area.

3.4 Socioeconomic and Demographic Characteristics of Sampled Households

The socioeconomic and demographic attributes of the sampled households are presented in
Table 7. They were used to exhibit how they influence LULC change in the study area. It was
based on household Census of 1989, 1999 and 2009 of Kenya and a household survey of the
study area. Based on 1989, 1999 and 2009 household census of Kenya, the population
estimates for the study area were as presented in Tables 7 (KNBS, 1990; KNBS, 2000; KNBS,
2010). However, Ombeyi wetland was previously located in Lower North East Kano location
in Muhoroni division that was in Kisumu district. The locations’ names and boundaries were
later changed to Ombeyi location in Miwani division, Nyando district and Muhoroni become
a constituency prior to 1999 census hence the renaming of the sub-locations to Table 7 below.
The sub-locations population estimates were used in defining the study areas population due
to the fact that they lie within the boundaries of the study area and within five kilometers
from the boundary of Ombeyi wetland. Human population has increased by 29.2% (Table 7)
in the study area and its environs since 1989.

Table 7. Population census of 1989, 1999 and 2009 and their respective % change (KNBS,
1990; KNBS, 2000; KNBS, 2010)

Sub-location Population
1989 % 1999 % 2009 Overall %
Change Change Change
1989-2009
Obumba 3,293 21.8% 4,012 14% 4,691 42.45
Ramula 3,784  9.1% 4,128  31% 6,050 94.34
Kore 4,985 1.7% 5072 22% 6,551 31.41
Ahero 3491  9.5% 3,821  13% 4,424 26.72
Irrigation
Kang’o 3,113 27.6% 3973 13% 4,583 22.41
Total 18,626 12.8% 21,006 20% 26,307 29.2%

The table above represents the approximate population count of various sub-locations in the
study area and their percentage changes.
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The socioeconomic attributes of the sampled households are shown in table 8 below. They
revealed that about 90 percent of the interviewees lived in the study area throughout the
studied period. The majority of the respondents were Females (55.2%) and the rest were
males. The respondent's age ranged from 18 to 84 years, with most of the respondents aged
between 21 and 30 years (24.7%) in Ombeyi wetland area and its environs. It is also worth
noting that a larger proportion (90.1%) of the interviewees owned land through inheritance.
The farm sizes of the respondents also varied with 76.8% farming in < 2.0 Ha or below. With
respect to their education status, 72.4 % of the respondents attained primary level education
or below (26.6% secondary, 1% university respectively). 92.2% of the sampled households
are engaged in farming activities while a small portion of the respondents was self-employed
(4.2%) on farm-related activities, such as businesses and craftwork, and the rest were
formally employed (3.6%). The mean household income of the respondents was USD1072.9
(Kshs 107,290) per year.

Table 8. Socio-economic characteristics of respondents in Ombeyi wetland area (n=384)

Socio-economic characteristics Value
Gender (Females) 55.2%
Age group (21-30) 24.7%
Level of education (Primary level and below ) 72.4%
Occupation (Farming) 92.20%
Land Holding size (< 2.0 Ha) 76.80%
Mean household income (USD/year) 1072.9
Land ownership (Inheritance) 90.1%

The table above represents the respondents (n=384) socio-economic attributes from the
study’s household survey.

3.5 A Non-Parametric Test (Pearson’s Chi-Square)

Pearson’s Chi-square was used by the researcher to test for a correlation between
anthropogenic impacts from increased human population and changes in LULC in the study
area. Total percentage change in population between 1990 and 2010 in Ombeyi wetland area
and total percentage change in various land uses within Ombeyi wetland was used as
variables. The result indicated that there is a strong positive correlation between
anthropogenic impacts from increased human population and changes in land use and land
cover (Table 9). The results obtained were » to be 0.892 and a P-value of 0.3. The key
informants identified poverty, population growth, unreliable rainfall, high cost of agricultural
inputs and lack of alternative livelihood strategies as the main underlying causes of LULC
change in the study area.
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Table 9. A non-parametric test (Pearson’s Chi-square)

Correlations
Overall % pop. change Overall % LULCC

Overall % pop. Pearson Correlation 1 .892
Change Sig. (2-tailed) 299

N 5 3
Overall % Pearson Correlation .892 1
LULCC Sig. (2-tailed) .299

N 3 3

The table represents a correlational test result for the hypothesis; anthropogenic impacts
significantly correlate with changes in land use and land cover.

4. Discussion
4.1 Land Use and Land Cover Change Dynamics

In the period between the year 1990 and the year 2000, the land under papyrus vegetation
decreased by an area of 1012.96 Ha while agriculture/farmland increased by an area of
338.94 Ha (Table 5). This implies that the wetland vegetation was declining at the rate of
81.526 Ha per year while land under agriculture and settlement increased at a rate 33.9
Ha per year and 47.6 Ha per year over the same 10 year period respectively. Land Use
and Land Cover changes are complex and interrelated such that an increase in a single or
more Land Use and Land Cover class occurs at the expense of other land use and land cover
classes (Shiferaw & Singh, 2011; Tegene, 2002). Key informants linked land use and land
cover changes in the study area to population growth in the area. As the population increased,
the need for more houses and the demand for food increased correspondingly. This resulted
in the conversion of Ombeyi wetland area to settlements and agricultural land. This clearly
indicates that existing policies have supported agricultural and development activities within
wetlands in Kenya thus degrading the wetland ecosystem in the process (Mwakubo & Ikiara,
2005). This has led to the loss of the countries natural resources (Lambin & Geist, 2001;
Mwagore, 2002; Meyer & Turner, 1994; Auma, 2012; Andere, 2016; Owino & Ryan, 2006).
Though there are laws and regulations protecting wetlands from being used indiscriminately
(Swallow et al., 2003; GOK, 2014) they are continually being ignored by riparian rural
populations who have no alternatives’ due to socio-economic stressors leading to
unsustainable use of the natural resource. Similarly, several researchers have attributed
agricultural expansions in various parts of the world to be at the expense of land covered with
natural vegetation (Bewket, 2002; Amsalu et al., 2007; Dessie & Kleman, 2007; Prakasam,
2010; Schneider & Pontius, 2001).

4.2 Population Growth, Socioeconomic Characteristics and Their Influence on LULCC

The research findings based on the household survey and key informant interview show that
population growth has had an impact on LULCC in Ombeyi wetland. The population of the
study area increased by 29.2% during the study period. The household survey and key
informants suggest that the majority of residents in the study area are women who are young
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and are lowly educated with their main occupation being Farmers. These socio-economic
attributes depict a community with high poverty levels and lack alternative economic sources
of livelihood leading to overexploitation and unsustainable use of wetland resources. It is
particularly true that in developing countries negative land use and land cover processes
means loss of income (Turner et al., 2007; Jensen, 2015) and since the population in the study
area is predominantly farmers, they heavily depend on the wetlands natural resources which
with time have serious ramifications on food security and the socio-economic stability of the
people’s livelihood. Key informants established that it has led to declining or failure of crop
production, soil infertility, change in rainfall pattern, overdependence and unsustainable
extraction of natural resources which causes serious environmental problems.
Overdependence and unsustainable use of wetland resources without alternative economic
livelihood options have led to soil erosion, biodiversity loss, natural-resource depletion, water,
and air pollution, disintegration, and wetland degradation (Munthali et al., 2019; Appiah et al.,
2017). Similarly, the wetland is not demarcated, this situation is similar to several wetlands in
tropical Africa. This, however, exposes the wetland to exploitation since it is not be protected
i.e. Ramsar convention and laws governing wetlands. The wetland needs to be demarcated
and zoned into various land uses and land covers hence an area set aside for conservation and
an area for various land uses. This will minimize conflict that arises between conservationists
and those supporting conversions thus ensuring human and ecological security (Lopez, 2002).
The results of this study relate to other similar studies in Africa where poverty levels were
reported as contributory factors for land use and land cover changes (Haller et al., 2008;
Kindu et al., 2015; Ariti et al., 2015).

5. Conclusions

Land use and land cover change as a result of human-induced transformations have
contributed enormously to the deterioration of Ombeyi wetland. In this study, the
magnitude of land use and land cover changes in Ombeyi wetland from 1990 to 2017 were
quantified. Land cover changes have occurred in Ombeyi wetland over the study period.
However, agriculture is still the main type of land use leading to increased surface runoffs,
erosion, flooding, and sedimentation. The findings also depict that poverty levels coupled
with the level of education significantly affected the land use and land cover dynamics in the
study area. Similarly, the status of land cover and its dynamics have serious environmental
and socio-economic implications at the local level and beyond. Appropriate tenable and
effective land management strategies, guidelines and policies are urgently needed to avert
undesirable land use and land cover changes taking place in Ombeyi wetland. Based on these
results, the study recommends further studies to investigate the impact and consequences of
these land use and land cover changes on the riparian rural livelihoods of the studied area so
that landscape management decisions are made based on the scientific finding.
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