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5133-4989 A case study research design was adopted to query the extent to which the

standard that regulates riparian reserves was complied with along the two
rivers. Geospatial data were collected using Google Earth images for the years
2005, 2011 and 2021 and analyzed using GIS.

Results:

Results showed that in 2005, 26% of the riparian reserves had been intruded
by eucalyptus trees which are known to deplete water resources. This
correspondingly increased to 28% and 29% in 2011 and 2021. Conversely,
land under cultivation and short vegetation in 2005 covered 53%, 51% in
2011 and further declined to 41% in 2021. While built-up land covered 21%
in 2005, it increased to 22% in 2011 and 29% in 2021. It generally recorded
the highest intrusion into the riparian reserves as evidenced by an increase of
8% between 2005 and 2021. The study concludes that intrusion into the
riparian reserves in the study area continues unabated due to insufficient
development control, the absence of a common legislative framework, and a
lack of monitoring to determine the magnitude of land use change that is
continuously degrading the riparian landscape.
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1. INTRODUCTION

The world's urban population reached 4.5 billion in 2021, surpassing the 1975 world's total
population of 4.1 billion. Relatively, the number of people residing in urban areas in the last 60 years
has grown more than four times. With this trend, the proportion of the people currently living in
urban areas has reached 56% compared to 15% in 1900 and 34% in 1960 (Ritchie & Roser, 2018).
This is projected to be 68% by 2050 with approximately 90% of the growth happening in Africa and
Asia (United Nations, 2021). Surprisingly, the world's urban population had by 2009 surpassed the
number of people residing in rural areas (United Nations, 2018). While the rural population is
expected to peak in the next few decades and then decline, that of urban areas will exponentially
grow to 6.7 billion by 2050 (World Economic Forum, 2018). On a positive front, urban areas are
expected to produce more than 70% of the worldwide gross domestic product which will promote
economic productivity and innovation (World Economic Forum, 2020; Zipperer, et al., 2020).
However, due to insufficient development control, the progressive rapid growth especially in
developing countries has and will continue to attract a multiplicity of environmental challenges with
a particular orientation to the conservation of riparian reserves (Arif et al., 2020). This is bound to
negate the sustainable development goal that targets to lessen the per capita environmental impacts
of urban areas by 2030 (Hedden & Hedden, 2020). The riparian reserves also referred to as “buffer
zones” are, therefore, one of the planning standards adopted by countries for promoting
environmental conservation.

The word "riparian” is traced from the Latin word riparius, meaning "shore" or "riverbank" (Man,
2019). Several efforts in literature have therefore attempted to qualify this definition. For example,
some say that it is an interface between a river/stream and land, and usually experiences flooding
(the Republic of Kenya, 2019). The green ribbons of trees, shrubs, and herbs grown along
watercourses (Headwaters Science Institute, 2019). Part of land adjoining any natural channel or
depression in which water regularly or erratically flow such as the banks of rivers and streams
(Wanjama, 2018; KIPPRA, 2017). Green natural vegetation zones along the lakes or rivers that are
enclosed by vegetation (Holly et. al, 2017). Also encompass areas which are semiaquatic or
semiterrestrial and predisposed to freshwater, ranging from the limits of water bodies to the limits
of communities located on the uplands (Décamps et al., 2009), or lands occurring along watercourses
and water bodies such as flood plains and streambanks (National Research Council, 2002). Riparian
reserves have many documented benefits. Some of these include protecting river banks from soil
erosion by stabilizing them to prevent collapsing, denitrifying groundwater, providing in-stream
food supplies, and maintaining microclimate (Das et al., 2020; Boakye et al., 2017; Zanetti, et al,,
2016; Goble, et al,, 2015). They also provide habitats for migratory animals (Hamilton, et al., 2019;
Lind etal, 2019; Zafiiga-Vega et al., 2019), and sieving water (Holly et. al., 2017) to eliminate residues
before they could be discharged into the natural water channels. Despite the ascribed benefits, there
is still a growing concern about their conservation status, particularly regarding incompatible uses
that continually encroach on their lawfully recognized extents. This article, therefore, sought to
investigate the extent to which urban riparian reserves in Kenya are conserved using geospatial
analysis. It attained this through a case study of Rivers Nyakomisaro and Nyanchwa which traverse
Kisii town. The study was motivated by the realization that the County Government of Kisii (CGOK)
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as a planning institution in the study area lacks an effective way of monitoring the unlawful use of
riparian reserves. The study additionally provides empirical insight to policymakers on how the
nexus between land use change and the conservation of urban riparian reserves may be spatially and
temporally analysed. It further apprises the broader academic community to how the conservation
of urban riparian reserves may be investigated through a systematic triangulation of both spatial and
temporal approaches, thus addressing a limitation that existed in the literature. The study was
undertaken between October 2021 and January 2022 in Kisii town, Kenya.

2. LITERATURE REVIEW AND THEORETICAL CONTEXT

This section reviews the literature on the conservation of riparian reserves. It seeks to align the
present research with the existing body of knowledge consequently identifying gaps in land use
planning literature. It also presents the theoretical background upon which the research problem is
anchored.

2.1 Intrusion in the Riparian Reserves : An International Outlook

A study by Noviandi et al., (2017) along the midstream of River Ciliwung, Jarkata, Indonesia, sought
to determine the extent of compliance with the 50 m and 100 m riparian reserves guidelines, a
strategy for flood control and protection of water catchment. Analysis was undertaken by classifying
riparian landscapes as developed and undeveloped. Research findings disclosed that developments
occupied 37% of the riparian reserves resulting in ecological damage and annual flooding. In
Narmada Basin, India, Sajjad et al., (2014) using a rapid on-foot survey on the banks of River Chandni
Nall, also demonstrated that 80% of the riparian buffer zone was dominated by illegal agricultural
practices which degraded the stream ecosystem. These findings support that of Oluwayemisi et al,,
(2020) who through observation and in-depth interviews confirmed the existence of incompatible
activities such as fuel pumps, disposal of solid wastes, washing of cars, and sand harvesting, on the
riparian reserves of rivers Omidu and Okomayan in Okun-Ijebu, Nigeria. Gazettement of 240 feet
riparian buffer zone was hence recommended as a strategy for protecting the affected areas. A
growing body of literature further demonstrates that compliance with recommended riparian
reserves may be assessed through spatial analysis. For example, using remote sensing, Pu et al,,
(2021) quantified a 17% loss of riparian vegetation along Genesee River in New York between 2006
to 2015. A comparable study using Landsat 7 by Olokeogun et al., (2020) between 1999 and 2019
also showed that despite the ecological importance of riparian reserves in mitigating against floods,
19% of built-up areas were located within them in the Eleyele area of Ibadan, Nigeria. Similar findings
have been recently reported by Olatidoye et al., (2021) who confirmed the destruction of 31% of the
original forest land cover along the 150 m Omo Biosphere Reserve, between 1986 and 2016, and
Nsor etal.,, (2021) who established that grazing, bush fires, farming and logging were responsible for
the loss of 54% of plant species in the riparian zones of Kamawu district in Ghana. Comparable
results have also been reported by Xu et al,, (2020) whose analysis around Lake Tanganyika between
2001 to 2011 confirmed a high rate in the conversion of riparian forestland to arable land that
fluctuated as the distance to the settlement increased.

2.2 Status of Riparian Reserves in Kenya

Various studies in Kenya have also been undertaken on the conservation of riparian reserves. For

example, between 1987 and 2019, Ndalilo et al., (2021) established that cultivated lands, built
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environment and water bodies along River Lumi riparian reserve, Taita Taveta county, increased by
21%, 112% and 2% respectively compared to areas under forests, land used for grazing and
vegetation along the rivers that respectively declined by 53%, 3% and 37%. This contributed to a
loss of biodiversity hence affecting household livelihoods. In a different setting, Muketha (2020)
found out that industrial and informal settlements, low, medium and high-density dwelling units
heavily intruded the riparian zones along Nairobi, Mathare and Ngong' rivers in Nairobi city,
resulting in adverse implications on public health. Similar findings were also reported by Meso
(2013) who showed that residential developments, commercial developments, informal garages,
automobile mechanical enterprises and urban agriculture encroached on the Nairobi river riparian
in Ngara, Nairobi city. The space near the river remained the most highly contested with businesses
making them extend into the riparian reserves that were perceived as idle. Karisa (2010) as well
confirmed that 30% of the informal settlements that were located in Mathare Valley, Nairobi city,
were within the thirty-metre riparian land. The problem was deepened by informal economic
activities that were also sited along the reserve. As such, recovery and restoration attempts of the
affected riparian reserve may not be realized as the plan is likely to displace more than 7000
households. This condition according to Omondi (2014) was further made worse by the fact that over
70% of the households directly disposed of their solid and liquid waste into the river. From the
literature review, it is emerging that the legislative requirements used in regulating riparian reserves
are infrequently observed. However, while most studies examine compliance concerning land use
adjacent to the riparian reserves within a specific year, the current study, through spatial and
temporal analysis focused on land use change within the confines of the riparian reserves thus
addressing a limitation that existed in the literature.

Conservation of riparian land in Kenya is covered under various legislation. For instance, the
Agriculture Act Cap 318 (Basic Land Usage Rules) prohibits farming or cutting of any vegetation on
land that is situated within 2 m of a watercourse, on the other hand, if the width of a watercourse is
more than 2 m, to a maximum of 30 m (the Republic of Kenya, 1965). The Survey Act conversely
recommends a 30-metre minimum riparian reserve above the high-water mark for rivers whose flow
and level are influenced by tides. This only applies to rivers that are on public land (the Republic of
Kenya, 2012). The Environmental Management and Coordination (Water Quality) Regulations, 2006
(the Republic of Kenya, 2006) has also retained 6 m as a minimum and 30 m as maximum riparian
on both sides of the river guided by the highest flood level to be ever recorded. A challenge with this
requirement is that records on flood levels are rarely retained in Kenya. Lastly, the Water Resources
Management Rules, 2007 (the Republic of Kenya, 2007) also bans the development of permanent
structures within a minimum and maximum riparian reserve of 6 m and 30 m respectively (see Fig.

1).
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Fig. 1: Illustrated riparian reserve as per the selected laws of Kenya

However, one may argue that this is subject to manipulation by developers because it is silent on the
implication of having temporary developments. Several initiatives have therefore been undertaken
to reclaim riparian reserves in Kenya. For example, in 2018, the National Environment Management
Authority (NEMA) for two weeks demolished buildings located on the riparian reserves in
Kileleshwa, Nairobi (Omulo, 2018). This was part of a directive to demolish over 4000 buildings that
were on riparian reserves. Past efforts have, however, been thwarted by influential businessmen or
through court injunctions. For instance, in 2018 the Government of Kenya unsuccessfully stopped
the construction of palatial residences in Spring Valley, Nairobi city, which were on riparian reserves.
Although the projects stopped in 2009 following protests by activists, they were still completed in
the subsequent years (Mbaka, 2018). In the same year, though the buildings hosting big shopping
malls were found to be occupying riparian reserves, they could not be demolished because NEMA
lost an appeal case that had been lodged by the developers (Makokha, 2018). In a similar setup, the
court stopped the demolition of Greenpark Estate which had 500 houses as the Water Resources
Management Authority had sought on the strength that the development sat on a riparian reserve.
The houses were unfortunately completed and sold to third parties as the case dragged into court
(Ochieng, 2018). Further, although NEMA in 2020 found out that 140 companies in Nairobi occupied
riparian reserves, up to now, no action has been taken. The proprietors hastened to seek legal redress
in the courts, therefore, delaying enforcement (Wabala, 2020). In Kisii town, several houses along the
River Nyakomisaro riparian reserve were demolished after the 90-day enforcement notice given to
the owners by NEMA elapsed (Nyagesiba, 2020). The move was however selective as houses on other
riparian reserves were spared. It is so far apparent that legislation that regulates riparian reserves
in Kenya is not only in conflict with each other but similarly not uniform. This is because they
recommend varying riparian reserves in addition to being enforced by different government
agencies with no coordination framework. The stalemate may suggest why encroachment on riparian
reserves remains uncontrolled in the country, Kisii town being no exception.

2.3 Theoretical Context

The current research problem was guided by the Theory of Regulatory Compliance. This theory
(Fiene, 2016) emphasizes the relevance of complying with guidelines, rules, legislation and
regulations that have been stipulated by some authority. Applied to the study area, the theory directly
underpins why riparian reserves as provided for in legislation and policy framework in Kenya should
be conserved through enforcement to ensure compliance and conservation.
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3. MATERIALS AND METHODS

3.1 Description of the case study area

Kisii town was formerly named by the Gusii community as “Bosongo”, a term which was associated
with the practices of "white people" who once resided in the town during the colonial period. It is
located in the southwestern part of Kenya, about 1,700 m above sea level, 313 km from Nairobi, the
capital city of Kenya (Fig. 2) and currently serves as the Kisii County headquarters. The major
economic activity in the town's hinterland and some of its neighbourhoods are agriculture (Ondieki
et al., 2021). Its population in 2019 was 112,417 and is projected to be 250,000 by 2030 with an
annual growth rate of 2.4%. With a population density of 2,862 per km?, Kisii town is the third most
densely populated urban area in Kenya (Kenya had 307 urban centres by 2022). Concerning spatial
extent, although the town covers 34 km?, just 4.35 km? is planned, meaning that much development
is taking place without any spatial planning intervention (Omollo, 2018). This may suggest why most
riparian reserves have been intruded on by developers. The town is traversed by permanent rivers
which flow westwards into Lake Victoria. These include Getare, Nyakomisaro and Riana. The current
study covered 4 km of rivers Nyanchwa and Nyakomisaro (Fig. 2) . The sections were selected
because they existed within the most densely built-up areas. They are also placed within the 4.35
km? covered by the town’s physical development plan. It was therefore necessary to find out if the
plan was effective in development control.
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Fig. 2: Location of the study area
Both River Nyanchwa and River Nyakomisaro are tributaries of River Riana. River Nyakomisaro is
highly depended on by residents of Kisii town because it is their major source of water. The two rivers
intersect at Daraja Mbili to form River Riana. River Getare on the other hand is a tributary of River

Nyakomisaro.
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3.2 Research Design

This research espoused a case study design, a technique that is suitable when there is a necessity to
undertake an in-depth understanding of an intricate issue within its natural and real-time setting
(Rashid et al., 2019; Crowe et al., 2011). Applied to the current study, the approach was used to
intensely query the extent to which the standard that regulates riparian reserves is complied with in
Kenya with detailed attention to the sections along with the riparian reserves of Rivers Nyakomisaro
and Nyanchwa in Kisii town, Kenya. Because of the in-depth nature of the geospatial analysis that
was adopted, the design may also be applied in other urban centres that are also facing a challenges
in the conservation of their riparian reserves.

3.3 Choice of appropriate riparian reserve

Given an absence of unanimity on the widths of riparian reserves by legislation in Kenya, the current
study adopted the upper limit of 30 m on either side of Rivers Nyakomisaro and Nyanchwa. This fact
was corroborated by the realization that there is a lot of rainfall (average of 1895 mm) throughout
the year in Kisii town (Weather Atlas, 2021), the driest months not being an exception. The average
rainfall day per month is 24, signifying that the rivers in the town are susceptible to flooding. For
instance, in 2015 (Abuga, 2015), heavy rains made River Nyakomisaro burst its banks subsequently
affecting traders who lost large quantities of their horticultural produce sold at the busy Daraja Mbili
market. Further, in May 2021, 150 people in Mokubo village were rendered homeless after a
landslide destroyed their houses and crops due to heavy rains (Nyagesiba, 2020). In consequence of
the foregoing evidence, a minimum riparian reserve of 6 m is not sustainable in the study area.

3.4 Data collection and analysis

The existing online resources with satellite imagery present a useful point of reference for obtaining
free and current geospatial data that is easy to use. Google Earth (GE) images as one of such readily
available tools for gathering spatial data can be used for spatial analysis in a rapidly changing urban
environment (Pu et al,, 2021; Zhao et al., 2021; Jacobson et al., 2015). Due to this, GE is commonly
used in undertaking land use studies toward solving problems related to spatial planning (Hossein
et al., 2021). Based on these suggestions, spatial data was collected using three GE images covering
the epochs 2005, 2011 and 2021 to determine the implications of land use change in the study area.
The following steps were followed in collecting and analysing the collected spatial data:

a. Copying and saving in jpeg file format the three images.

b. Georeferencing the images using 150 ground control points and afterwards transformation using
1st order polynomial (affine). The step also involved defining the appropriate coordinate
reference system, in this case, WGS 1984 UTM zone 368, false easting 500,000 m, false northing
0of 10,000,000 m and a central meridian of 33,000 m.

c. Digitizing the rivers and generating 30-metre buffers on either side of the three images to depict
the riparian reserves.

d. Clipping the areas covered by the 30-metre buffers from each image.

Running iso cluster unsupervised classification to automatically divide the spatial data into
groups of similar items from each of the images.
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f. Accuracy assessment through stratified random sampling (using 150 points on each image) of

2005, 2011 and 2021 classifications to a certain validity.

Preparing land use classification maps for 2005, 2011 and 2021.

h. Computing and spatially analysing land use change between 2005, 2011 and 2021based on the
data contained from the respective attribute tables.

aa

4. RESULTS AND DISCUSSION

This study sought to gain insight into whether the planned urban riparian reserves in Kenya are
conserved by planning authorities. It accomplished this through a case study of Rivers Nyakomisaro
and Nyanchwa which traverses Kisii town. This section therefore presents and discusses the results
that have emanated from the research findings. To attain this, it is organized into four different but
related subsections. While the first subsection discusses the land use classification scheme that was
adopted, the second, third and fourth subsections respectively focuses on land use change within the
riparian reserves of Rivers Nyakomisaro and Nyanchwa for the years 2005, 2011 and 2021.

4.1 Land Use Classification Scheme

Land use entails a description of the grouping and extent of human activities that occur in a certain
location. Land use classification, therefore, provides the basis for monitoring and forecasting the
patterns of urban development, management of natural resources and spatial planning. This
contributes to a better understanding of the environment and its dynamics (Liping et al.,2018). Even
though several land use classifications have been developed, there is still no universally accepted
scheme for classifying land use (Jansen & Di Gregorio, 2015). Due to this gap in the land use and earth
observation literature, classifications are always designed to address what the users aim to achieve.
Based on the knowledge gained from the study area along with surveys that were undertaken, a land
use classification scheme, guided by a proposal from Anderson et al., (1976) was developed in Table
1 to determine the extent to which riparian reserves in the study area were conserved.

Table 1: Land use classification scheme for the study area

Type of land use Description

Trees Densely planted trees that form closed canopies.

Cultivated Land used for cultivating crops, for example, bananas, napier grass, maize, vegetables or tea
land/short bushes. Also include short riparian vegetation that occurs or grows in situ or without human
vegetation intervention.

Built-up land Areas having residential, commercial, industrial, business/residential, roads and

transportation terminus developments. Also included areas that were intermittently
converting or changing from one land use to another. Similarly ensues when any category of
land use stops occurring as its area become temporarily bare or barren.

4.2 Land Usein 2005

The year 2005 was taken as the base for determining the interplay among various categories of
land use on the riparian reserves in the study area. Initial spatial analysis showed that during this
period, cultivated land and short vegetation covered 53% compared to trees and built-up land that
respectively covered 21% and 26%. This is spatially depicted in Fig. 3
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Fig. 3: Intrusion in the riparian reserves, 2005

Much of the built-up land was located around the Daraja Mbili market at the confluence of rivers
Nyanchwa and Nyakomisaro (Fig. 3). The market accommodates approximately 7,000 large and
small-scale traders every Monday and Thursday. A majority of those who sell goods on a large scale
in the market travel from as far as Uganda and Tanzania. The spatial analysis further confirms that
most of the area covered by the market is located within the 30-metre riparian reserve. Intrusion in
the riparian reserve in 2005 was, therefore, more pronounced around Daraja Mbili than in any other
place. Regarding River Nyakomisaro, the most affected sections by built-up land were the strip of
land behind Sakagwa Primary School, a public school, which was dominated by comprehensive
commercial developments. It is also worth noting that part of this public school also fell within the
riparian reserve of River Nyakomisaro. Other built-up land brought about by commercial
developments also occupied the junctions of major roads adjoining riparian reserves hence
contributing to non-conformity. Cultivated land and short vegetation were also observed to occupy
the riparian reserves as shown in Fig. 3.

Another visible land use with the riparian reserves was the planting of eucalyptus trees. Much of
these trees were dominant around the Kisii Sports Club and Gusii Stadium. Eucalyptus trees suck up
lots of water and are known to deplete water resources, therefore, having them along rivers and
waterbodies is not sustainable. Accuracy assessment is one of the obligatory steps in the analysis of
data that has been acquired through remote sensing (Radoux & Bogaert, 2017). It refers to the degree
to which the results of calculations, observations or approximations correspond to the known true
values (Lyons et al., 2018). To assess the validity of the 2005 classification, the overall, producer and
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user accuracies, along with the Kappa coefficient were computed. Results are presented in Table 2 in
form of a confusion (error) matrix that compares the classified image against the corresponding
satellite image for 2005 which also provided the ground truth data.

Table 2: Confusion matrix for 2005 land use classification

Trees Cultivated Built-up-land Total User Kappa

land/short Accuracy

vegetation
Trees 26 0 0 26 1
Cultivated land/short 0 45 8 55 0.85
vegetation
Built-up-land 0 0 21 21 1
Total 26 45 29 100 -
Producer accuracy 1 1 0.72 0 0.92

Kappa 0.87

User accuracy is the likelihood that a value predicted to belong to a specific class truly belongs to that
class. It is determined by the proportion of the values that have been correctly predicted to the sum
of values that have been predicted to exist in a class. It shows accuracy from the viewpoint of a map
user by displaying how the class shown on the map will be existing on the ground. The user accuracy
for the 2005 classification was correspondingly 100%, 85% and 100% for trees, cultivated
land/short vegetation, and built-up land. The commission error for cultivated land/short vegetation
land was 15% due to spectral similarity with built-up land. The producer's accuracy, in contrast,
displays accuracy from the viewpoint of the person making the map, that is, the producer. It
determines how the real features on the ground have been correctly displayed on the map or the
likelihood that a particular land cover on the ground is accurately classified, and is associated with
the omission error. The producer accuracies for 2005 were respectively 100%, 100% and 72% for
trees, cultivated land/short vegetation, and built-up land. The omission error of 28% for built-up
land suggests that some of its cells had spectral similarities with cultivated land/short vegetation.
The overall accuracy of 92% exceeded the 80% threshold that Anderson et al., (1976) recommend.
Kappa Coefficient (87%) also showed an almost perfect agreement for the classification.

4.3 Land Usein 2011

While land use under trees in 2011 accounted for 28% of the total riparian land use (2% increase
from 2005), that of cultivated land/short vegetation was 50% (a decline of 3% from 2005). Built-up
land constituted 22%, (1% increase from 2005 ). Similar to 2005, most of the change concerning
built-up land continued to occur around Daraja Mbili market at the confluence of Rivers Nyanchwa
and Nyakomisaro, eventually forming River Riana (see Fig. 4).

Cultivated land/short vegetation declined due to their probable change of use to residential
developments in response to an increase in demand by the town's growing number of households.
The escalation of built-up land in Daraja Mbili was driven by the urge to expand it to a modern
economic hub in the Western Kenya region (the County Government of Kisii, 2016). To attain this
vision, the CGOK partnered with the national government in ensuring that the market would
accommodate over 700 traders. Through this initiative, it was envisaged that the market will
favourably compete with other popular regional open-air markets in Kenya such as Kibuye and
Kongowea in Kisumu and Mombasa cities respectively. The expansion entailed the construction of
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parking spaces, modern stalls, retail and wholesale shops, washrooms and high mast floodlights
among others. Modernizing the market was further intended to increase employment opportunities
and revenue for the CGOK while also improving the livelihoods of traders. The proposal was
nevertheless not preceded by risk-based land use planning as the project further resulted in the
expansion of the built-up land on the neighbouring riparian reserve. An increase in the built-up land
was also fast-tracked by the unplanned commercial developments at the strip of land behind
Sakagwa Primary School (see Fig. 4), further attracting intrusion into the riparian reserves at the
expense of attaining sustainable urban development.
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Fig. 4: Intrusion in the riparian reserves, 2011

Relating to trees, their coverage also increased, therefore, endangering the fragile riparian
ecosystem. As alluded to before, the dominant species are the eucalyptus owing to their rapid growth
rate which makes them readily available to satisfy the demand created by the local and regional
building construction industry. In an attempt to curb the problem, the Assistant County
Commissioner during the celebrations to mark world environment day recommended their urgent
removal from riparian reserves (Miruka, 2011). These sentiments were also echoed by the Governor
of Kisii county (Obebo, 2019) when he gave an executive order requiring all residents to within three
months, remove eucalyptus trees from the riparian reserves in Kisii town. In its place, he
recommended that the trees be planted at least 50 m from the water catchment areas. The directive
is, however, yet to be complied with as evidenced by Fig. 4 because the orders were not followed by
monitoring and enforcement. It is also worth noting that currently, there is no policy or legislative
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framework in Kenya that has set a minimum distance of 50 m. from rivers when planting trees as
stated by the Governor.

A similar edict was issued by the Cabinet Secretary, Environment, in 2019 when he stated that the
Government will not allow the planting of eucalyptus trees on riparian reserves and water catchment
areas because they contribute to the depletion of water. In concurrence with the Governor, he opined
that the residents should be planting trees that are water-friendly. These directives, though well-
intended, confirm the argument by Karisa (2010) who stated that fragmented regulations and
policies are among the topical challenges facing the conservation of riparian areas in Kenya. Akin to
2005, cultivation of the riparian reserves continued to prominently feature in 2011 with no attempts
at monitoring and development control. This problem may have arisen on the presumption that
because the reserves appeared vacant with no prior ownership claim, they may be freely used for
cultivation, hence threatening the fragile ecosystem. As the case of the 2005 classification, an
accuracy assessment for the 2011 classification was also undertaken in Table 3.

Table 3: Confusion matrix for 2011 land use classification

Trees Cultivated Built-up- Total User Kappa
land/short land Accuracy
vegetation
Trees 28 0 0 28 1
Cultivated land/short 2 44 4 50 0.88
vegetation
Built-up-land 0 0 22 22 1
Total 30 44 26 100 -
Producer accuracy 0.93 1 0.85 0 0.94
Kappa 0.91

The overall accuracy for the 2011 classification was 94%, exceeding the 80% threshold that
Anderson et al., (1976) have recommended. The corresponding Kappa Coefficient of 91% also
confirmed an almost perfect agreement, giving credence that the classification was reliable. The
user's commission error of 12% was a result of cultivated land/short vegetation whose spectral
characteristics correlated to that of built-up land. A similar explanation arose for built-up land whose
producer accuracy was 15%.

4.4 Land Usein 2021

The interplay between land use change and riparian reserves continued being witnessed in 2021. By
this time as compared to 2005, built-up land covered 29% representing a marginal increment of 8%
(see Fig. 5 and Table 4). While trees covered 29% with an increase of 3% from 2005, cultivated
land/short vegetation accounted for 41%, a decline from 53% that existed in 2005.
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Fig. 5: Intrusion in the riparian reserves, 2021

Further comparison was undertaken between 2021 and 2011 (Table 4). Results showed that during
this period, tree covers slightly increased by 1%, cultivated land/short vegetation reduced by 9%
and built-up land increased by 7%. It is therefore evident that built-up land emerged as the most
dominant land use in the riparian reserves of the study area.

Table 4: Comparative land use change, 2005, 2011 and 2021

2005 % 2011 % 2021 % % Change, 2011-2021
Trees 5 26 5 28 5 29 1
Cultivated land/short vegetation 10 53 9 50 7 41 -9
Built-up land 4 21 4 22 5 29 7

Table 4 corroborates Fig. 5 which shows that by 2021, most of the built-up land formed a linear
pattern on the riparian reserves further confirming the magnitude by which the planning standard
had been overlooked. Unlike in 2005 and 2011 when Daraja Mbili appeared to have the highest
density of built-up land, in 2021, the built-up land is now evenly distributed and appears to be
dominating the riparian reserves. It confirms the magnitude that the built-up land is now having on
the riparian reserves. Due to this, it is predicted that in absence of adequate development control,
much of the riparian reserves in the study area will quickly change to built-up land at the expense of
sustainable environmental conservation and urban development. It is worth noting that the recently
launched Kisii Municipality Economic Development Plan is likely to accelerate the town's economic
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growth through increased demand for built-up land. In absence of spatial planning interventions, the
invasion of riparian reserves is bound to escalate as investors will strive to earmark more land for
development. The problem is also likely to hasten because of the projected increase in the town's
population. Another notable change that is also evident in 2021 is an increase in land under trees. An
example is a part of River Nyanchwa (Fig. 5) that falls within the Kisii Sports Club where most trees
planted on the riparian reserve are eucalyptus. Cultivated land/short vegetation witnessed the
highestloss (9%) in 2011. It is likely that this transition was triggered by their change of use to built-
up land and partly to trees. The accuracy assessment for the 2021 land use classification is presented
in Table 5.

Table 5: Confusion matrix for 2011 land use classification

Trees Cultivated Built-up- Total User Kappa
land/short land Accuracy
vegetation
Trees 29 0 0 29 1
Cultivated land/short 1 29 19 41 0.51
vegetation
Built-up-land 0 0 30 1 1
Total 30 21 39 100 -
Producer accuracy 0.97 1 0.61 0 0.80
Kappa 0.71

User accuracies for trees and built-land were respectively 100%. The commission error for cultivated
land/short vegetation was 49% since most of this category was incorrectly classified as built-up land.
Regarding producer accuracies, areas covered by trees and built-up land had omission errors of 3%
and 39% respectively, showing that a pixel belonging to trees was excluded in favour of cultivated
land/short vegetation. Also, pixels belonging to built-up land were omitted in favour of cultivated
land/short vegetation. The errors do not, however, affect the validity of the classification since the
overall accuracy is 80% with a Kappa Coefficient of 71%. Conformity is also demonstrated within a
section of Daraja Mbili using satellite images of 2005 and 2021 (see Fig. 6 and Fig.7 for a comparison).
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Fig. 7: Land use on riparian reserve in 2021

Fig. 6 shows that in 2005, the 30-metre riparian reserve was largely dominated by cultivation
agriculture. The density of built-up land was also limited as demonstrated by building developments
that were sparsely distributed. The riparian reserve is also mainly characterized by cultivation
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agriculture. The situation is however different in Fig. 7 where built-up land now dominates the
riparian reserve. Also evident are trees that have now been cleared to provide room for building
developments. Much of the cultivated land/short vegetation that existed along the riparian reserve
in 2005 has now been converted to built-up land. A more conspicuous change in 2021 was the
building constructed by the CGOK as an initiative toward modernizing Daraja Mbili Market (see red
pointed arrow). Unfortunately, this is also located within the riparian reserve. A similar project is the
recently constructed fire station by the CGOK which is also located within the riparian reserve of
River Nyakomisaro. It can therefore be argued that the CGOK as a planning authority also
contravenes the guidelines that regulate the use of riparian reserves. Fig. 6 and Fig. 7 have, therefore,
validated that the spatiotemporal interplay between various land use has been contributing to the
degradation of the riparian reserves in the study area. Fig. 8 also shows a section of the River
Nyakomisaro riparian reserve that has been invaded by informal settlements, consequently polluting
the water.

Fig. 8: Developments along sections of River Nyakomisaro riparian reserve

The findings of this study concur with that of Noviandi et al., (2017) who established that 37% of
developments had intruded the recommended 50 m and 100 m riparian reserves along River
Ciliwung, Jarkata, Indonesia. The findings further corroborate well with that of Sajjad et al,, (2014)
who established that 80% of the River Chandni Nall riparian reserve had been dominated by
uncontrolled agricultural activities, as well as Yunus et al., (2004) who established that rapid
development along the 50 m Pinang River reserve in Malaysia had significantly deteriorated the
riparian ecosystem between 1992 and 2000. The findings from this study further compare to that of
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Karisa (2010) who found out that most informal housing units in Mathare Valley, Nairobi ignored the
30 m riparian reserve. However, these studies are limited by either examining compliance from the
perspective of general land use that is adjoining the riparian reserves, or by examining
noncompliance within a single year. On the contrary, the current study, through a spatial
triangulation of temporal analysis focused on land use change within the exclusive confines of the
recommended riparian reserves consequently addressing a limitation that existed in the land use
and town planning literature. Through this approach, the current study has provided a basis for a
comparative analysis of land use change, thus forming a trajectory for spatially modelling the likely
future scenarios on the conservation of urban riparian reserves.

5. CONCLUSION

This study sought to determine whether the planned urban riparian reserves in Kenya are conserved
as per the standards provided in the legislation through a case study of Rivers Nyakomisaro and
Nyanchwa in Kisii town. To this end, it is manifest that although the existing legislation recommends
appropriate widths for riparian reserves in the study area, the standard is disregarded as evidenced
by space contestation on the riparian reserves that are driven by the cultivation agriculture, planted
eucalyptus trees and built-up land. Expansion of built-up land on the reserves however remains the
most dominant among the three competing land use categories. The existing setup contributes to the
dilapidation of the riparian reserves consequently undermining the development control principles
of conservation, conformity and compatibility. The problems continue even though the CGOK retains
the statutory powers of controlling unauthorized developments on riparian reserves. As a way
forward, three recommendations are made. First, because the existing legislation in Kenya provides
conflicting widths of riparian reserves, it is suggested that to operate within a common standard, the
determination of riparian reserves should be based on the classified widths of the river channel.
However, for this to be realistic, a comprehensive audit of rivers in the country that will result in their
classification through legislation should be undertaken. Second, the CGOK should establish a GIS and
earth observation laboratory to provide a spatial framework for monitoring land use change within
riparian reserves. Third, the CGOK should fully utilize the existing legislative instruments for
development control to deter unauthorized developments in the riparian reserves in Kisii town. The
findings of the current study have therefore provided compelling evidence to policymakers on how
to spatially determine the nexus between land use change and conservation of urban riparian
reserves. It has further apprised the broader academic international community on how the
conservation of riparian reserves may be investigated through a triangulation of spatial and temporal
approaches, thus addressing a gap that previously existed in the literature. This study was, however,
limited to spatially determining conformity to recommended riparian reserves. To further enrich the
debate, future research agenda in urban land use planning and earth observation may be conducted
to explore the nexus between an intrusion on riparian reserves and the loss of biodiversity.
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10. KEY TERMS AND DEFINITIONS

Earth observation: Gathering information from the Earth's physical environment using remote
sensing. The aim is to monitor and assess the extent of land use change overtime.

Land use: The anthropological use of land such as built-up land (for instance residential, commercial,
transportation, roads and industrial), cultivated land as well as naturally occurring or human induced
short vegetation.

Planning standard: Guidelines or rules showing the amount of space needed in accommodating
particular infrastructure or facility. In the current study, the planning standard was the 30-metre
riparian reserve.

Riparian reserve: Land that is adjacent to rivers.

Spatiotemporal analysis: Data that is collected and analysed across both space and time.
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