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THE INFLUENCE OF LAND USE AND LAND COVER CHANGE ON
STORMWATER RUNOFF IN A HIGHLY URBANIZING CATCHMENT
(A CASE OF MSIMBAZI CATCHMENT IN DAR ES SALAAM CITY)

A hydrological pattern of any catchment is highly affected or determined by how land is being used
within the particular catchment. Other determining factors may include but not limited to climatic con-
dition as well as the catchment size. This study investigated the potential effects of land use/land cover
changes on stormwater runoff in a highly urbanizing catchment, for a case of Msimbazi catchment in
Dar es Salaam, Tanzania. Three different years (1998, 2009 and 2018) were selected and as case studies.
The extreme 100-year rainfall event of December 2011 was used to develop the meteorological model
in the Hydrologic Modeling System (HEC-HMS). The ArcGIS and HEC-Geo HMS tools were used to
prepare the datasets for the event-based rainfall-runoff simulation in HEC-HMS. The extent of land use/
land cover changes with time was investigated using Supervised approach in ArcGIS. The general model-
ling process based on the Soil Conservation Service (SCS) Curve Number (CN). From the analysis results
it was observed that, the land surface cover in the catchment has been rapidly changing; for instance,
developed low intensity category coverage changed from approximately 61.7% to 16.8% in 2018. The
change in terms of land surface cover translates to an increase of about 23.08% from 1998 to 2018 of the
computed peak discharges. The peak inflows for all the detention basins were observed in the extreme
event of 20 December 2011. The designed detention basins are capable of capturing up to 65% of runoff
to make the catchment safe from the flooding incidents.

Key words: ArcGlS, detention basins, HEC-HMS, land use, rainfall-runoff simulation.
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XKepai naitparaHy MeH TOMbIPAK-OCIMAIK )KaMbIAFbICbIHbIH, ©3repyiHiH, X)KOFapbl yp6aHAaAFaH
©3eH arabblHAQ Hecep CyAapbiHbIH, aFybiHa acepi
(Aap-3c-caram KaAacbiHA@Fbl McMM6a3Kn ©3eH arabbiHbIH, MbICAAbIHAQ)

Kes keAreH e3eH arabblHbIH, TMAPOAOTUSIALIK, KOpiHici kebiHece GeAriai 6ip e3eH aaabbl weriHAe
KEPAIH KaAai KOAAAHbIAATbIHbIHA 6aiAaHbICTbl. backa aHbIKTANTbiH - (haKTOpAAp KAMMATTbIK,
KarpaaMAapAbl, COHAAM-aK, ©3eH aAabbl ayKbIMblH KamTybl MYMKiH, Gipak, OAapMeH LLIEKTEAMENA,.
bya 3eptTey TaH3aHusgaa Aap-3c-canam KaAacblHAAFbl Mcrmbasm e3eH arabbl MbICaAbIHAQ >KOFapbl
ypbaHm3aumsaAaHFaH e3eH arabblHAAFbl >KayblH-LIALLbIH CyAapbiHa >KEp MarkAaAaHy >kaHe Torblpak,
>KaMbIAFbICbIHAAFbI ©3repiCTepPAiH bIKTUMaA 8CepiH KapacTbipaabl. Y TYpAi >KbiA (1998, 2009 xeHe
2018) HaKTbl MbICAaAAQp PETIHAE TAHAAAADI )KOHE KOAAAHBIAABL. [MAPOAOTUSABIK, MOAEABAEY KYHECIHAE
(HEC-HMS) MeTeopoAorusabiK, MoAeAbal >Kacay YwiH 2011 XbIAAbIH XEATOKCaH amblHparbl 100
>KbIAABIK, XKaybIH-LIaLLbIH OKUFacbl KoApaHbIAAbL. ArcGIS xeHe HEC-Geo HMS kypaaaapbl HEC-HMS
OKMFaAapblHAa Heri3pAeAreH Hecep afblHblH MOAEAbAEYTre MOAIMETTEP KMbIHTbIFbIH AdlblHAQY YLUiH
KOAAQHBIAABL. YaKbIT 6Te KEAe XepAi NManAaAaHy/TOMbIPaK-6CiMAIK KaMbIAFbICbIHbIH, 63repy ASpexeci
ArcGlIS-Teri 6akbirnay aaiciMeH 3epTTeaai. Kaanbl mMoaeAbasey npoueci Soil Conservation Service
(SCS) Curve Number (CN) aepexTepiHae Herizaeaai. Taapay HoTukeAepi GoMbIHLLIA ©3eH aAabbIHAAFbI
TOMbIPAK-6CIMAIK YKaMbIAFbICbI TE3 ©3repeTiHi 6aliKaAAbl; MbICaAbl, TOMEH KApPKbIHABIABIKTbIH AaMblFaH
caHaTbl KaMbIAFbICbI 2018 >KblAbl WamameH 61,7%-paH 16,8%-Fa aAeitiH e3repai. XKep 6eTiHiH
>KaMbIAFbICbI >OCmnapblHAarbl e3repic 1998 biasaH Gactan 2018 XblAFa AEMiH ecenTik eH >KOoFapbl
TeriHaiAepAiH WwamameH 23,08%-Fa apTyblHa aAbil KeAeAi. bapAblk pesepByapAap YLiH eH XKoFapbl
arbiHAAP 2011 XbIAAbIH 20 KEATOK CaHbIHAQ TOTEHLLE XXafaanaa 6ankarabl. dXobaraHraH pe3epByapAap
Cy TereTiH 6acCeMHAI Cy TaCcKbliHbIHAH KOPFay YLiH aFbIHHbIH 65%-blH KELWIKTipe aAaAbl.

Ty#in cesaep: ArcGlS, pesepsyapaap, HEC-HMS, xepai naraasaHy, >kaHbblp aFblHbIH MOAEABAEY.
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BAMSIHME M3MeHeHUS 3eMAEeNOAb30BaHMS U MOYBEHHO-PACTUTEAbHOIO MOKPOBA HA CTOK AMBHE-
BbIX BOA B BbICOKOYP6aHM3MPOBAHHOM BOAOCOOpPHOM GacceiiHe (Ha npumepe BOAOCOOPHOro
6acceiitHa Mcumbasu B ropoae Aap-sc-Carame)

[napoAormyeckas kaptTmHa Al06Oro BoAOCOOpa B 3HAYMTEABHOM CTEMeHW 3aBUCMT OT TOro, Kak
UCMOAb3YETCSl 3eMASl B MpPeAeAax KOHKPETHOro Bopocbopa. Apyrue onpeaeasiowme hakTopbl MOryT
BKAIOYATb, MOMMMO MPOYEro, KAMMaTU4YeckMe YCAOBMS, a Takxke pasmep BoaocOopa. B aaHHOM
MCCAEAOBAHUM pacCMaTPMBAETCSl MOTEHLMAAbHOE BO3AENCTBME M3MEHEHUIN B 3eMAErNOAb30BaHMM/
MOYBEHHOM MOKPOBE Ha CTOK AMBHEBbIX BOA B BbICOKOYPOaHM3MPOBAHHOM BOAOCOOpe Ha npumepe
Boaoc6opa Mcnmbasm B ropoae Aap-sc-Caaame, TaHzanms. Tpu pasHbix roaa (1998, 2009 1 2018) 6biAm
BbI6GpaHbl 1 MCMOAb30BaHbl B KAYECTBE KOHKPETHbIX MPUMEPOB. AAS pa3paboTKM METEOPOAOTMYECKOM
moaeAn B Cucteme rmapoaornyeckoro moaeampoBanma (HEC-HMS) ncnoab3oBaAoch akcTpemMaabHOe
3a 100 AeT coObITMe BbINaAeHUs 0CaaKoB B aekabpe 2011 roaa. Muctpymertbl ArcGIS n HEC-Geo
HMS 6bIAM MCMOAB30BaHbI AASL MOAFOTOBKM HAB0OPOB AAHHBIX AAS MOAEAMPOBAHUS AMBHEBOIO CTOKA
Ha ocHoBe cobbitnini B HEC-HMS. CreneHb M3MeHEHMSI 3eMAENOAb30BaHMS/MOYBEHHO-PACTUTEABHOIO
MOKPOBa MO UCTEYEHUIO BPEMEHU OblAa MCCAEAOBAHA C MOMOLLbIO MeToAa cyrnepBusun B ArcGIS. O6uwmin
NpoLECC MOAEAMPOBaHMS OCHOBbIBAACS Ha AaHHbIX Soil Conservation Service (SCS) Curve Number
(CN). Mo pe3yAbraTtam aHaAM3a GbIAO 3aMEYEHO, YTO MOYBEHHO-PACTUTEAbHbIN MOKPOB Ha BoAocbope
ObICTPO UBMEHSIETCS; HANPUMEP, MOKPbITUE PAa3BUTOM KATErOPMM HU3KOM MHTEHCUBHOCTM M3MEHMAOCH
NpUBAM3UTEALHO € 61,7% A0 16,8% B 2018 roay. M3meHeHne B NAaHe NOKPbITHS MOBEPXHOCTU 3EMAM
NMPUBOAMT K YBEAMUEHMIO PACUYETHbIX MMKOBbIX COPOCOB npumMepHOo Ha 23,08% ¢ 1998 no 2018 roa.
[Nuk nputoka BO BCe BOAOCHOPHbIE GacceiHbl HAOAIOAAACS BO Bpemsl YpesBbluaitHoro cobbitus 20
Aekabps 2011 roaa. CnpoekTUpoBaHHble pe3epByapbl CMOCOOHbI 3aaepskaTb A0 65% CToKa, YTOObI

o6e3onacntb BOAOCOOPHbIN GaccenH OT HABOAHEHMA,

KAoueBble cAoBa:
AOXAEBOIro CTOKa.

ArcGlIS, pe3sepByapsbl,

Introduction

Efficient stormwater runoff management
practices can protect one of our most important
natural resources, properties and human lives.
Increased impervious surfaces due to land-use
changes magnify the demolishing power of floods
as it increases the amount of stormwater runoff
generated. However, estimation of rainfall-runoff
and its relation to flood is a difficult task due to
the influence of different complex factors.. The
impervious surfaces may significantly affect the
hydrologic patterns of catchments (McGrane 2016;
Zhou et al. 2014; Shuster et al. 2005). Generally,
hydrology may be defined as the movement of the
earth’s water in relation to land (Sen 2020), while
land cover refers to anything that covers the earth’s
surface including forests, wetlands, impervious
surfaces as well as the open water (Potapov et al.
2020). The degree to which land use/ land cover in a
particular catchment is affected is highly dependent
on natural and socio-economic factors (Schueler,
Kuemmerle, and Schroder 2011).

HEC-HMS,

3EeMAENOAb30BaHNe, MOAEAMPOBaHMe

In rapidly urbanizing catchments, an increase in
stormwater runoff quantity may lead to numerous
serious problems such as flash floods, soil erosion
and alteration of an ecosystem (Chen et al. 2021).
Changes in land use usually affect stormwater
runoff flow characteristics as much water has to
flow on the surfaces rather than infiltrating to the
ground due to an increase in impervious surfaces
leading to serious flooding incidents. In such cases,
detention basins can be used to control or reduce the
problem. Detention basins are designed to capture
and slow stormwater runoff to prevent downstream
flooding, reduce the extent of soil erosion, extend
water flow period in the river which will also
provide water for ecological conservation as well
as provide water for none portable uses (Teréncio
et al. 2020).

The need to promote stormwater management
technologies in Tanzania is reinforced by the fact
that stormwater management is inadequate leading
to extreme flooding incidents in places like Dar es
Salaam. The problem is exacerbated by a number of
factors such as poor planning systems with residents
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living in unplanned, largely informal settlements
(Seleman et al. 2020).

With the rapid urbanization in Dar es Salaam
(Bhanjee and Zhang 2018), the catchments within
the city are also under high pressure where the uses
of the land are also rapidly changing.

In the recent past, the Msimbazi catchment has
been subjected to changes in hydrologic behavior as
the catchment is now more intermittent with more
serious flash-flood incidents (Valimba and Mahe
2020). Unfortunately, linking between the impact
of rapid urbanization and the nature of runoff in
highly urbanizing catchments has been always a
global challenge. The phenomenon is highly linked
to the fact that little has been reported on the proper
ways of investigating the trend of a catchment
urbanization with time. Lack of sufficient and
high-quality data as well as expertise issues are of
significant challenge for execution of studies in the
field.

The SCS curve number method is a simple,
widely used and efficient method for determining the
amount of runoff from a rainfall even in a particular
area. Although the method is designed for a single
storm event, it can be scaled to find average annual
runoff values. The requirements for this method are
very low, rainfall amount and curve number. The
curve number is based on the area’s hydrologic soil
group, land use, treatment and hydrologic condition.
The general equation for the SCS curve number
method is summarized in Equation 1 (Purdue
University 2021).

_(P-1)° )
Q= (P—1)+S5S

Whereby, Q is computed runoff depth (in),
P is rainfall (in), S is the potential maximum
retention after runoff begins, and I stands for initial
abstractions.

In this study, the response of stormwater runoff
on the land use/land cover change in a highly
urbanizing catchment is investigated for a case of
the Msimbazi catchment in Dar es Salaam, Tanzania.
Landsat images are used to investigate the extent of
land use/land cover change and then combined with
soil data for Curve Number (CN) generation. To
capture one of the worst scenarios in the impact of
land-use change on the stormwater runoff generated,
the rainfall data for the December 2011 extreme event
was applied to all the three selected study years. The
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detention basins were designed to capture and slow
stormwater runoff to prevent downstream flooding,
reduce the extent of soil erosion, extend water flow
period in the river which will also provide water for
ecological conservation as well as provide water for
none portable uses.

Materials and methods

Description of the study area

The Msimbazi catchment is one of the biggest
Catchments located in Dar es Salaam between
latitudes 6°27° and 7°15 south of the Equator
and between longitudes 39° and 39°33 East of
Greenwich. The Msimbazi river flows across Dar
es Salaam City all the way from the higher areas
of Kisarawe district (Kisarawe hills) in the Coastal
region and discharges into the Indian Ocean as
shown in Fig.1 below.

The rainy period of the year within the catchment
and Dar es Salaam in general normally lasts for up
to 9 months, starting from September to around
July 4. Also, the rainfall within the catchment is
characterized by a sliding 31-day rainfall of at least
0.5 inches. The month with the most rain in Dar
es Salaam is April, with an average rainfall of 6.7
inches. The most dry period of the year in Dar es
Salaam ranges from July to September. In Dar es
Salaam, the wet season is hot and mostly cloudy
while the dry season is mostly warm, characterized
by windy atmosphere, and mostly clear; and it is
oppressive year-round. Over the course of the year,
the temperature typically varies from 68°F to 90°F
and is rarely below 65°F or above 92°F. In other
hand, December to February is termed as a period
with relatively the most thermal stressful period
to human beings in Dar es Salaam.(Ndetto and
Matzarakis 2013).

In general, Dar es Salaam is characterized by
a relatively high population growth, with a growth
rate of approximately 6%, making catchment area’s
population currently to be approximately 1.6 million
and is projected to grow to 2.5 million people in
2030 (more than double the 2011 population of 1.2
million people). During the rainy season, the basin
experiences torrential rains that often cause floods.
The city’s most severe and destructive flooding takes
place in the Msimbazi flood plain (in the Lower
Msimbazi Basin), putting residents, livelihoods,
properties and critical infrastructure at risk (Sauka
2019).



Mkilima T.

Figure 1 — Msimbazi catchment on Google Earth

Land use/land cover analysis, Digital Elevation
Model processing, runoff simulation and reservoir
simulation

In this study, the Digital Elevation Model
was acquired from the official website of the
United States Geological Survey (USGS) and
then processed in ArcGIS 10.5 software packages
for watershed delineation. Landsat images for the
selected study years were collected from the official
website of the United States Geological Survey
(USGS) and then processed in ArcGIS for the Land

cover/land use data. Soil datasets from Soil and
Terrain Database for Southern Africa (SOTERSAF)
were also processed in ArcGIS then merged with
Land cover/land use data for the Curve Number
generation. Rainfall datasets collected from the
Tanzania Meteorological Agency were also used in
the meteorological model during the hydrological
model development. HEC-HMS software version
4.2.1 was used for the rainfall-runoff simulation
and the design of the reservoirs. The flow chart is
illustrated in Fig.2 below.

Figure 2 — Flow chart
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Land use/land cover analysis

Field investigations were done in selected parts of
the catchment for the study area characterization and
existing situation analysis. Satellite images for 1998,
2009 and 2018 of the catchments were selected based
on the quality of data and the available resolution for the
Msimbazi River watershed which is the major watershed
located in Dar es Salaam and then processed in ArcGIS
using the supervised method of the Image Analysis tool.

Digital Elevation Model processing for
catchment delineation

Hydrological characteristics of the catchment
were extracted from the Digital Elevation model
using ArcGIS and GIS extension tools ranging from
the DEM reconditioning in Arc Hydro tools to HMS
project creation in HEC-Geo HMS tool.

All the procedures for the catchment delineation

are summarized in Fig. 3.

Figure 3 — Catchment delineation processes

Rainfall-runoff simulation

The hydrological modelling was accomplished
by dividing the watershed into different sub-
catchments. To compute infiltration loss, the SCS
CN method was used; converting excess rainfall
to runoff model, the SCS unit hydrograph was
used, and channel flow routing accomplished by
using the simple Lag routing method of the HEC-
HMS model. The HEC HMS model was used for
rainfall-runoff simulation to quantify the amount
of runoft generated with respect to the land use and
precipitation data for the runoff dentation facilities
design.

Reservoir routing

The reservoirs or detention ponds/basins were
designed in HEC HMS; where the Paired Data
Manager file was created in order to create storage-
discharge curve. The Storage-Discharge method
was used to define the storage method with storage-
discharge curve which was created in the Paired
Data Manager. The Inflow=Outflow method was
used in the HEC HMS.
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Results and discussion

Land use/land cover analysis

The land use/land cover analysis based on
Supervised approach in ArcGIS was accomplished.
From the analysis results it was observed that, the
land surface cover in the catchment has been rapidly
changing; for instance, developed low intensity
category coverage changed from approximately
61.7% to 16.8% in 2018. However, the shift in terms
of low intensity development surface cover was
observed from 1998 to 2009 whereby the coverage
changed from 61.7% to 21.1%. Then from 2009 to
2018 the low intensity coverage changed from 21.1%
to 16.8%. The phenomenon shows that, the trend
of converting the undeveloped land to developed
one has been decreasing with the decrease in the
accessible less developed surface.

Contrary to the low intensity developed areas
that have been decreasing in the catchment, the
high intensity developed areas were observed to
be increasing with time. However, the increasing
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pace is a bit low compared to the increasing rate
of the medium intensity development. In a study
conducted by Sheeraz Memon et al., for Yongin
watershed in Korea (Memon et al. 2013), it was
also observed that, urbanization activities have
significant impact on the state of the catchment;
whereby, dry field, paddy field, forest, and ground
cover were changed to bare land about 61, 96, 13,
and 9%, respectively. Moreover, in the literature,

Table 1 — Land use coverage in percentage

urbanization in catchments has been observed to be
a difficult thing to be investigated and potentially
linked to some problems, including; effects of
habitat complexity on instream macroinvertebrate
assemblages (White and Walsh 2020), impacts
on floods, droughts and the overall river regime
(Oudin et al. 2018), as well as impacts on annual
runoff and actual evapotranspiration (Kalantari et
al. 2017).

Type of land use Coverage per cent of land use (%)
Year: 1998 Year: 2009 Year: 2018
Water bodies 0.128609 0.258491 0.436798
Forest 8.415803 14.69457 1.858241
Developed, high intensity 3.823405 13.42444 19.76884
Developed, medium intensity 25.96702 50.48973 61.1165
Developed, low intensity 61.66516 21.13276 16.81962
Total 100 100

Digital Elevation Model processing

The Msimbazi catchment Digital Elevation Model
processing was successfully accomplished where
the boundary of the catchment and its streams, were
properly computed by the ArcGIS software packages.
Figure 3 below shows a well-drained catchment with
up to four stream orders. In the process, the simulated
fourth, third order and most of the second-order
streams, matched perfectly with existing streams.
Although some of the first-order streams could not

be captured in the delineation process due to DEM
resolution and stream threshold issues. The DEM
reconditioning process did a good job in localizing
streams in their right paths especially for the flat areas
such as downstream of the catchment. Generally, the
whole process of the GIS-based map delineation of
Msimbazi catchment worked well to delineate and
localize the natural runoff routes. Also, in the process,
151 sub-basins (before merged) and 83 junctions
were generated (Fig. 3).

Figure 4 — Raw DEM and stream order
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Rainfall-runoff simulation

The SCS loss method relies on curve number
(CN) to determine excess precipitation and losses
within each sub-basin. Based on the simulated
daily rainfall, peak discharge of each study year
was obtained. Table 1 below shows the peak runoff
discharges, which are; 355.7 m?, 402.7 m® and 437.8
m? for the year 1998, 2009 and 2018, respectively.
Translating to a peak discharge increase of about
23.08% from 1998 to 2018.

It has to be noted that in the investigation
process all other parameters were kept constant
while changing land use/land cover data based
on the study years. In that matter, the observed
changes in terms of simulated peak discharges are
solely based on the land use/land cover data. The
results reveals further that there is a significant
relationship between land use/land cover change
and the characteristics of stormwater runoff. That is
to say that, the 61.7% to 21.1% decrease in terms of
low intensity development, 3.8% to 19.8% increase
in terms of high intensity development and 26%
to 61.1% increase in terms of medium intensity
development led to 23.08% increase in stormwater
peak discharge in the catchment.

When natural vegetation is replaced with
an impervious surface, the natural hydrology in
the particular catchment is affected, increasing
stormwater runoff and reducing groundwater
recharge. The result is more frequent flooding,
higher flood peak flow, lower base flow in streams,

and lower water table levels. The peak discharge
increase phenomenon in the catchment can be
highly linked to the fact that, the impervious
surfaces have the tendency of reducing the lag
time of the stream hydrograph resulting from
lower roughness, infiltration, interception and high
runoff. Apart from the general runoff peak discharge
increase, the heated surface runoff from impervious
surfaces can significantly change the levels of
temperature in stormwater; this is due to the fact
that, the impervious surfaces absorb and store heat,
which is then transmitted to surface runoff during
rainfall events. In the literature, some studies have
shown positive correlations between impervious
surface area and stream temperature (United States
Environmental Protection Agency 2021). Also, in
terms of quality perspectives, in built areas with
extensive impervious surfaces, natural percolation
of water into the earth is hindered that makes it
rush across the landscape, carrying pollutants and
biological contaminants into waterways, poisoning
fish, wildlife, and human beings.

Also, according to the study conducted by on
the application of storm water management model
to predict urban headwater stream hydrological
response to climate and land cover change, it was
observed that the impervious surface percentage
upsurge from 5% to 17 %, leading to significant
increases of peak discharge, flashiness, and runoff at
49.5 %, 39.3 % and 73.9 %, respectively, for urban
watersheds (Wu et al. 2013).

Table 2 — Summary of the simulated peak discharges for each study year

Year Simulated Peak Discharge (m?/s)
1998 355.7
2009 402.7
2018 437.8

There is a noticeable change in outflows as
years move-by, from the graphs in Fig. 4, it can be
observed that the outflows have been increasing
with years from 1998 to 2018 which can be directly
linked with the impact of land-use change as the
only varying parameter. The impact is more easily
noticed during the low precipitation periods. The
whole phenomenon reveals that the capacity of the
stormwater runoff to infiltrate into the ground has
been reducing as an impact of land-use change.
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Reservoir routing

The coverage area for each sub-basin
contributing to the designed reservoirs in km?
and percentage as well as inflows, storages and
outflows of the designed reservoirs were calculated.
In HEC HMS each reservoir/detention basins was
connected to its corresponding sub-basin through
reaches as shown in Fig. 5. A total of 5 subbasins
were extracted from the study catchment and each
subbasin was connected to a reservoir at the outlet.
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In a natural situation, an increase in discharge
(cubic feet/second) will result in an increase in all
three parameters - the river becomes wider, deeper
and flows at a higher velocity. When a stream
channel can no longer accommodate increased
discharge, it overflows its banks and a flood occurs.
The proposed basins can be used to capture runoff
during high flows and release at a controlled rate to
avoid flooding incidents downstream. In general,
reservoir routing can be defined as a mathematical

(@)

procedure by which the hydrograph immediately
below the reservoir is determined for the supplied
inflow hydrograph(s) of the river(s) contributing to
the storage of the reservoir. The routed hydrograph
is characterized by the capacity to attenuate the
flood peak of the inflow hydrograph. It involves the
application of the continuity equation to a storage
facility in which the storage volume for a particular
geometry is a dependent only on the outflow (Fenton
1992).

(©)

Figure 5 — Runoff modelling summary (a) 1998 (b) 2009 (c) 2018 datasets

The area of each merged sub-basin was calculated
along with its percentage coverage compared to the total
area of the study catchment (295.9 km?). The calculated
area coverages for the sub-basins are summarized
in Table 2 below. Each sub-basin was designed to
discharge water to its corresponding reservoir. The
storage capacity of each of the designed reservoirs/
detention basins also depends on the area coverage of

the sub-basin discharging water to the reservoir. The
peak inflows for all detention basins were observed
in the extreme event of 20 December 2011, where
reservoir 1 had 123.6 m?/s, reservoir 2 had 43.5m’/s,
reservoir 3 had 37.5 m?*/s, reservoir 4 had 60.5 m?/s and
reservoir 5 had 19.2 m’/s as shown in Table 3 below.
A total of 284.5 m3/s which is about 65% of the peak
runoff discharge generated in the catchment.
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@

(b)

Figure 6 — Sub-basins: (a) — Merged sub-basins; (b) — Connected reaches

Table 3 — Area of each contributing sub-basin to the designed reservoirs

Sub-basin Area (km?) Coverage (%) Peak discharge (m?/s)
1 92.75 31.34 123.6 m*/s
2 32.29 10.91 43.5m%/s
3 27.68 9.36 37.5 m'/s
4 44.32 14.98 60.5 m%/s
5 14.63 4.94 19.2 m¥/s
Conclusions that, the 61.7% to 21.1% decrease in terms of low

In this study, the potential effect of land use/
land cover changes on stormwater runoff in a
highly urbanizing Msimbazi catchment has been
investigated. The coverage area for each sub-basin
contributing to the designed reservoirs in km2 and
percentage as well as inflows, storages and outflows
of the designed reservoirs were calculated. From the
analysis results it was observed that, the land surface
cover in the catchment has been rapidly changing;
for instance, developed low intensity category
coverage changed from approximately 61.7% to
16.8% in 2018. However, the shift in terms of low
intensity development surface cover was observed
from 1998 to 2009 whereby the coverage changed
from 61.7% to 21.1%. Then from 2009 to 2018
the low intensity coverage changed from 21.1%
to 16.8%. The phenomenon shows that, the trend
of converting the undeveloped land to developed
one has been decreasing with the decrease in the
accessible less developed surface. That is to say
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intensity development, 3.8% to 19.8% increase
in terms of high intensity development and 26%
to 61.1% increase in terms of medium intensity
development led to 23.08% increase in stormwater
peak discharge in the catchment. The peak inflows
to all the detention basins were observed on the most
extreme day of 20 December 2011. The designed
reservoirs could capture a total of 284.5 m3/s which is
about 65% of the peak runoff discharge generated in
the catchment. As shown from this study, detention
basins should be promoted as a technology for
stormwater runoff management in flood-threatened
areas because they can serve multiple purposes
including floods control, ecological conservation,
recreational purposes, soil conservation as well as
providing water for supply.
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