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ABSTRACT: This study aimed at analyzing the spatio-temporal patterns of urban growth and its effects on
Rwampara wetland, located in the City of Kigali, Rwanda. First, the study was based on the application of remote
sensing technology, where 4 Landsat images (1987, 1999, 2009 & 2018) were classified using maximum likelihood
classification algorithm. This helped in analyzing the Land Use and Land Cover (LULC) trends in the study area.
Secondly, it used the existing LULC data for the years 1990, 2000, 2010 and 2018 in order to investigate the overall
changes in LULC in Kigali City. Finally, semi-structured interviews were used to collect data from local people and
decision-makers about their past and future management strategies of Rwampara wetland. In this regard, 30 local
communities (mainly natives from the study area), 15 local government authorities at sector and district levels as
well as 4 senior government authorities in the central administration were interviewed. The findings revealed that
over the past 4 decades, urban growth in Kigali City has rapidly increased at the expense of resource degradation in
Rwampara wetland. Specifically, there has been an increase of about 77% of the built-up area over the last 31 years
(1987-2018) which has led to the decrease of the wetland surface area from 24 ha in 1987 to only 7.7 ha in 2018.
The results also revealed that demographic factors (i.e. a high population growth rate and high population densities)
were mainly responsible for urban growth and degradation of wetland resources in the area under investigation.
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Located in the eastern part of the African continent,
Rwanda has been experiencing an urban revolution
that poses a major environmental challenge across the
globe (Dixon and Wood, 2003). Currently, the
country’s annual urban growth (4.5 %) largely exceeds
the global average (1.8%) (REMA, 2015). In addition,
its population density (495 inhabitants/km? in 2018)
ranks among the top 5 highest population densities in
Africa (Imasiku and Ntagwirumugara, 2019).
Consequently, both rapid urbanization and population
growth are posing serious threats on wetland resources
in both rural and urban areas (Rwanyiziri et al., 2019;
Nabahungu and Visser, 2011; Rwanyiziri and
Rugema, 2013). Most importantly, these effects have
had a more predominant effect in urban areas,
especially in the City of Kigali compared to elsewhere.
Apart from high population densities, other major

causes of these negative impacts on wetland resources
are linked to development activities done in Kigali
City such as industries, human settlements, trade and
transport facilities, urban agriculture, among others
(UNEP, 2011). Currently, only 24% of Kigali City’s
original wetlands have survived (REMA, 2015). Like
other wetlands in Kigali City, Rwampara wetland is
facing the above-mentioned threats in addition to
having its water drained to River Nyabugogo, one of
the main water sources in the city (Sano, 2007).
Therefore, the degradation of Rwampara wetland
constitutes an alarming environmental problem that
has not been given due attention when it comes to
addressing issues related to water and wetlands
management in Kigali City. According to various
studies, the degradation of Rwampara wetland
resources started in the 1980s when local communities

*Corresponding Author Email: grwanyiziri@gmail.com; Tel.: +250788681438



Spatio-temporal Analysis of Urban Growth.....

used many wetlands in City of Kigali for agriculture-
related purposes. Prior to that period, these wetlands
were, in fact, considered as marginal lands or just mere
dumpsites (UNEP, 2011). The aim of this study was to
analyze the spatio-temporal patterns of urban growth
in the City of Kigali and their effects on Rwampara
wetland resources. Specifically, the study sought to
investigate major drivers of urban growth in Kigali
City and the extent to which these have contributed to
the degradation of Rwampara wetland resources.
Finally, the study proposes some effective strategies
towards better management of the wetland under
investigation.

MATERIALS AND METHODS

Study Area: This study was conducted in Kigali, the
capital city of Rwanda, the largest and rapidly growing
city in the country. The city covers a surface area of
730 km? and is subdivided into three administrative
districts of Gasabo (429.3 km?) in the North and North
East, Kicukiro (166.7 km?) in the South and South East
and Nyarugenge (134 km?) in the West. The study
focused on Rwampara wetland that crosses two
districts of Nyarugenge and Kicukiro (Fig. 1). This
wetland is an important source of water that has direct
positive impacts on different activities in the city such
as urban agriculture, construction, etc. (UNEP, 2011).
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Fig. 1. Map of the Study Area (CGIS, 2019)
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Data Collection Methods: Both secondary and
primary data were collected and analyzed in this study.
For secondary data, a well-consolidated literature on
wetland management in Rwanda and around the world
was reviewed. In addition, the study relied on existing
spatial data-sets from different sources. Finally, the
study used available Landsat images from the United
States Geological Survey (USGS) repository for four-
time periods (1987, 1999, 2009 and 2018). Regarding
the primary data, field observation and face-to-face
semi-structured interviews were conducted to ensure
that the analysis reflected various converging
evidences. In total, 30 local people (mostly composed
of natives from the study area) with a good historical
background of the wetland under investigation and its
management were purposefully selected and
interviewed. In addition, semi-structured interviews
targeted 15 local decision makers at sector and district
levels as well as 4 senior government authorities from
the City of Kigali and the Ministry of Infrastructure.
The questions mainly focused on the challenges
encountered by the respondents as well as their future
plans.

Data Processing and Analysis: Remote sensing
analysis with Landsat image classification was the
main research method used for this study. This
classification was made on the basis of a supervised
classification approach, which is an essential tool for
extracting quantitative information from remotely
sensed data (Mugabowindekwe and Rwanyiziri,
2020). Maximum Likelihood Classifier algorithm
(MLC) was also used basing on the assumption that
each spectral class can be described by a multivariate
normal distribution. The image classification exercise
led to the identification of both spatial and temporal
changes which, over the time, have been taking place
in Kigali City, especially in Rwampara wetland. The
following table presents the accuracy assessment of
the classified images where both the Producers and
Users” Accuracy were calculated. Apart from the
above calculation, another calculation of Kappa
coefficient and an overall accuracy of classified
images were also done and established, respectively.

Table 1. Accuracy Assessment of Classified Images

Year Producer's Accuracy (%) User's Accuracy (%) Kappa Overall
Built-up  Non Built-up Wetlands Built-up  Non Built-up Wetlands Coefficient Accuracy

1987 93.6 99.1 90.7 90.5 97.6 923 0.9 943

1999 98.7 95.5 92.7 93.9 98.8 91.1 0.9 95.3

2009 96.2 97.1 898 94.4 95.1 83.1 0.9 91.7

2018 99.7 88.9 91.3 90.7 98.9 88.4 0.9 96.1

Average 97.1 95.1 91.1 92.4 97.6 88.7

Overall Classification Accuracy=94.3%; Overall Kappa statistics =0.9

As presented in table 1, the overall accuracy of the four
classified images (1987, 1999, 2009 & 2018) was

about 94.3%, while the Kappa coefficient was about
0.9. After these calculations, the GIS tool was used to
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improve the remote sensing image classification by
producing maps for better visualization of results.
Thereafter, the Fragstat tool was used to compute the
statistics involved in each land cover class, and this
assisted in quantifying the landscape composition.
Finally, all these tools and techniques were used to get
a better understanding and representation of Kigali
City urban growth and its impact on Rwampara
wetland in terms of statistical metrics.

RESULTS AND DISCUSSION

Major Drivers behind the Dynamics of Urban Growth
in the City of Kigali: In space and time, some major
factors have been identified as the main drivers of
urban growth in Rwanda, especially in Kigali City.
These mainly include demographic, economic and
biophysical factors as well as factors related to
neighborhood and proximity characteristics. As far as
demographic factors are concerned, the country’s
population has critically increased from 4.8 million in
1978 to 10.5 million in 2012 and the percentage of the
people living in urban areas has also followed a similar
trend (from 4 % of the total population in 1978 to 16.5
% in 2012) (Imasiku and Ntagwirumugara, 2019;
UNEP, 2011). On this point, the findings of this study
are corroborated by other studies by Khan et al,
(2014) and Ma et al., (2012) who argued that the
ultimate effect of rapid population growth in a given
country is associated with rapid urban growth its cities
and towns. According to the above authors, rapid
population growth is also linked to the changes in land
cover and land use patterns, including the degradation
of wetlands. Regarding the economic factors, they are
known to be one of the major drivers behind rapid
urban growth due to their economic-pulling dynamics.
In the City of Kigali, these dynamics include the
availability of affordable residential and business
houses as well as the availability of clients to occupy
the proposed business, among others. This study also
found that the availability of affordable business
houses was the highest influencing factor that
contributed to urban growth in Kigali. The above
factor is followed by the availability of affordable
residential houses and the availability of clients within
the neighborhood. Concerning the role of biophysical
factors such as slopes and soil types, it was found that
the former have had a high influence on urban growth
in Kigali City due to their sharp steepness that makes
some areas inappropriate for the development of the
building and construction industry, especially for
residential purposes. As confirmed by other studies,
soil types also have a moderate influence on urban
growth due to their poor fertility in wetlands and
lowlands (REMA, 2015; UNEP, 2011). Finally, the
neighborhood and proximity amenities such as
electricity and water provision, the proportion of the
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built-up area, accessibility to paved roads, distance
from and to schools and health facilities, distance to
centers and sub-centers (Kigali City is a central
business district) have been found to have a great
influence on urban growth. This is also linked to the
migration and settlement patterns of many young
people who prefer to be closer to urbanized
neighborhoods for employment opportunities.
Consequently, most of the socio-economic
development activities have tended to be concentrated
around major roads and areas with regular availability
of electricity and water. Therefore, these patterns have
had a high incidence on urban development in the area
under study as well as in other parts of the city.

Observed Spatio-Temporal Dynamics of Urban
Growth in the City of Kigali: An analysis of the
existing data indicated that there has been a
considerable number of changes in terms of land use
trends and land cover types in Kigali city in the last 28
years, resulting into a high rate of expansion of the
city’s urban built-up area compared to other LULCs

(Fig. 2).
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Fig. 2. Dynamics of Land Use and Land Cover (LULC) in Kigali
City (1990-2018); (RCMRD, 2015 & RWFA, 2018)
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As indicated in the previous paragraphs, urban growth
in Rwanda has gradually had serious effects not only
on wetland resources, but also on other land use trends
and land cover types. These effects are both positive
(i.e. economic growth from the exploitation of natural
resources) and negative (i.e. biodiversity loss,
shrinkage of agricultural and forest lands, etc.). By
specifically looking at the area under investigation
and, using the image classification analysis of the
available Landsat images for 4 different decades
(1987, 1999, 2009, and 2018), it can be argued that
urban growth has rapidly increased, leading to a
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gradual depletion of resources in Rwampara wetland
(Fig. 3). For purposes of this analysis, the LULC
includes water bodies, grassland, agriculture
(cropland) and forest zone that has been merged into
one category labeled as “non-built up” zone.

Fig. 3. Land Use Dynamics around in and around Rwampara
Wetland (1987-2018) (RCMRD, 2015 & RWFA, 2018)

As presented in figure Fig. 2, the built-up area has been
increasing, hence threatening other land use and/cover
types in and around Rwampara wetland (see Fig. 3).
The image classification results demonstrated that the
built-up area has experienced an increase of about
77% over a period of 31 years, while the wetland has
been either lost or degraded, resulting into a decrease
of the wetland area from 24 ha (in 1987) to only 7.7 ha
(in 2018), implying a total area loss of about 16.3 ha
(68%). The degradation and fragmentation of
Rwampara wetland was analysed using landscape
metrics as well as the fragstats tool to cover all
fragmented patches. Accordingly, it was found that the
number of patches (fragmentation) in the wetland land
cover classification had also progressively increased.
For instance, in 1987, Rwampara wetland accounted
only for 19 patches, and later 26 patches in 1999, then
64 patches in 2009, and ultimately 100 patches in
2018. This fragmentation and degradation of the
wetland mainly resulted from the dynamics of rapid
urban growth.

Effects of Urban Growth dynamics on Rwampara
Wetland Resources: As per the interviewed elders
(natives) in the study area, local leaders, and decision
makers responsible for wurban planning and
environmental management, this study revealed that
rapid urban growth has caused critical impacts on
Rwampara wetland resources, especially on water and
land resources. The mentioned impacts are associated
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with soil loss, land degradation, land fragmentation,
decrease in water quantity and availability, decrease of
agricultural productivity, and a critical shortage of
water within the city. In addition, Rwampara wetland
has become one of the areas in Kigali city that are
facing frequent and destructive urban flash floods
(Perez-Molina et al., 2016). On this point, Death et al.,
(2015) have argued that urban extreme floods have
remarkably increased in urban areas around the world
and this has caused serious threats, especially on river
hydrology systems. The main impacts associated with
urban growth dynamics on Rwampara wetland
resources as identified in this study are, first and
foremost, the change of land use from the wetland to
other development activities, especially the
construction of residential and commercial buildings
as well as road infrastructure., In addition, other
impacts include increased flash floods risks as well as
decreased water supply in the city.

Land Use Change from Wetland to other
Developmental Activities: Despite the important role
played by urban wetlands, they are nonetheless
subjected to countless pressures that result into their
loss and/or degradation Murungweni (2013). The
threats to urban wetlands range from urban sprawl,
new infrastructure development (construction of new
roads, buildings, recreation facilities, etc.), and
pollution from human waste which has been caused by
domestic and/or industrial use. Nowadays, wetland
resources are threatened by being drained and
fragmented with consequences of diversions of water
supplies, and construction of infrastructures such as
residential houses in the wetlands. This study found
that the most observed changes which have had
frequent impacts on Rwampara wetland include: new
infrastructure development such as roads, residential
and commercial buildings. Consequently, the wetland
under investigation has been experiencing
fragmentation, decrease of wetland surfaces (Fig. 8),
wetland fragmentation, and consequently, a decline of
wetland productivity, particularly in terms of
agricultural production.

Increased Risks of Flash Floods: As noted by Arrighi
et al., (2017) and Hickey and Salas (1995), flash flood
events in urban areas are likely to increase over time
and the dynamics of urban population growth are
responsible for increasing extreme floods. In Kigali
city, Rwampara is one of the areas (apart from
Nyabugogo, Kinamba, Kanogo, Rugunga, Mulindi,
and Gikondo-MAGERWA) that have been
experiencing extreme flash flood events during the
rainy season in the city (Perez-Molina et al., 2016). It
has been noted that this is mainly due to lack of storm
water management strategies and lack of
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infrastructures to accommodate peak runoff
accumulation from upstream areas such as Gikondo,
Nyamirambo and Kiyovu. Furthermore, this study
found that flood risks are on an increasing trend due to
the development of new infrastructures and buildings
(especially informal settlements/slums)  where
domestic water is not controlled owing to limited
water harvesting systems and lack of adequate water
channels.

Decreased Water Supply to the City: Previous studies
have shown that wetlands are a key ecosystem that
provides vital water resources and other key services
in urban areas (Mcinnes, 2010). Similarly, Rwampara
wetland has previously been recognized as one of the
key sources of water to the City of Kigali. However,
this wetland has suffered from serious degradation
coupled with the depletion of its water resources. In
many places water taps installed within the wetland
show limited water supply in terms of quantity. It can
therefore be argued that unless adequate interventions
are made, there is a likelihood of experiencing
decreased water channels to the wetland with possible
water loss in the near future. Nonetheless, the wetland
continues to be a source of water for daily use within
the households in the wetland’s neighborhoods.
Unfortunately, continuous urban growth and a high
population density in Kigali City have resulted into
over-exploitation of Rwampara wetland and its water
resources (mainly for construction and agricultural
activities) which has led to a significant decrease of its
water supply to the city.

Proposed Effective Strategies towards Sustainable
Management and Use of Rwampara Wetland
Resources: Strict Implementation of Existing Policies
and Regulations: ITn Rwanda, many laws, policies and
regulations have been established with regard to
wetland protection and natural resources management.
These include the law governing biodiversity in
Rwanda, the organic law determining the modalities of
protection,  conservation and  promotion  of
environment  policies in  Rwanda, Rwanda
Biodiversity Policy, and many others. This is in
addition to a number of research outputs and related
recommendations. However, the present study has
revealed that most of these policy frameworks are not
strictly implemented, resulting into many negative
effects on wetland resources as mentioned in the
foregoing statements. Therefore, it is suggested that
existing policies should be strictly implemented before
looking for alternative solutions for sustainable urban
management.

Raising  Awareness of the Population about
Sustainable Use of Wetland Resources: This study has
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established that wetlands provide vital ecosystem
services. However, it has been found that their socio-
economic and environmental values are not well
recognized by local communities. Urban growth is
gradually rapidly increasing while wetlands continue
to face degradation and loss over time. The findings of
the present study have also revealed that the main
factor responsible for this is the over-exploitation of
the wetland ecosystem. Therefore, strong awareness
programs and related projects are highly
recommended for the local people to understand and
own the values and functions of wetlands. In addition,
there should also be a wise use of wetlands that keeps
a balance between urban growth and wetland
management. In fact, the promotion of resource
ownership is a critical factor in achieving sustainable
urban growth and development.

Involving the Local Population in the Establishment
and Implementation of Measures and Strategies
towards a Wise use of Wetland Resources: Apart from
sensitizing the population on the wise use of wetlands,
local communities should be fully involved in
planning and implementing all measures and strategies
for wetland management. This is based on the fact that
they are the key stakeholders in managing these fragile
ecosystems, and are therefore the direct beneficiaries
of all offered services, and in case of inability to
provide these services; the local communities are the
first to experience any accruing hardship. Therefore,
this study suggests that local communities should be
involved at every phase of planning and implementing
programmes related to wetland management. The
interviewed natives in Rwampara wetland and its
neighborhoods revealed that if fully involved, they
would participate in activities related to the sustainable
management of the wetland and would become
stewards of the wetland ecosystem. Lastly, they also
said that if they are fully involved, they would strive
to maintain the ecological balance of the wetland
ecosystem by managing its resources wisely.

Putting in Place Water Harvesting Systems in
Rwampara Catchment Area and Upgrading of
Informal Settlements: As confirmed by the primary
and secondary data sources, it can be deduced that
Rwampara wetland has been facing major flood risks.
This has resulted into soil loss for agriculture,
especially during the rainy seasons. This is due to the
fact that most of the households in the wetland
catchment area do not have water-harvesting
mechanisms. Consequently, all domestic waters end
up being drained into Rwampara wetland. Therefore,
the present study suggests that water-harvesting
mechanisms should be put in place to help the
mitigation of flood risks. This would also contribute to
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the prudent use of the wetland’s water resources. In
addition, this study recommends that the informal
settlements should be upgraded. This is based on the
findings that Rwampara, and other urban wetlands, are
being threatened by uncontrolled domestic waters
resulting from unplanned settlements in the city.

Establishing Strategies for Systematic and Regular
Monitoring of Wetland Use and Management: To
achieve the goals and targets set for wetlands
sustainability, a mandatory systematic approach
should be put in place to conduct regular monitoring
on the use and management of the wetlands in the
country, including urban wetlands. It is one thing to
put in place strategies for certain purposes, but it is
also another to establish regular monitoring and
evaluation mechanisms for their implementation. The
present study has found that consistent, thorough and
timely wetland monitoring systems and assessment
programs are very critical in improving the
management and protection of wetland resources. In
fact, this would contribute to establishing a wetlands’
inventory that includes their conditions and functions.
It would also assist in detecting changes and
documenting trends over time. Most importantly this
inventory would help decision makers to restore and
rehabilitate wetlands whenever deemed necessary.

Conclusion: Over the past 28 years, many changes
have happened in Kigali City. These changes have
caused serious negative impacts on wetland resources.
For the case of Rwampara wetland, the present study
has identified these negative effects to include but not
limited to risks of urban flash floods, decrease of water
supply from wetland to the city, and land use changes
from wetland nature to other development activities
such as roads, residential and commercial buildings. In
solving this problem, there is a need to establish
effective strategies towards better sustainable
management of Rwampara wetland.
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