A. B. Nabegu

African Scientist Vol. 11, No. 4 December31, 2010 1595-6881/2010 $12.00 + 0.00
Printed in Nigeria © 2010 Klobex Academic Publishers
http://www.klobex.org/afs

AFS 2010121/11402

Response of the Jakara stream channel to urbamsati

Aliyu Baba Nabegu

Department of Geography, Kano University of Scieacé Technology, Wudil

Email: marpelione@hotmail.com
(Received August 7, 2010; Accepted September 0201

ABSTRACT: This study assesses the morphologicgdaese of the Jakara stream channel to the effaatainization
of its catchment. The proportion of the Jakaraloatnt under urbanization was determined using tdackwhite air
photographs taken in 1961and 1981, landsat irgagfet987, 1995 and 2006. These were used togeiittetand use
maps, road maps and layout plans and ground tguthid three sites were identified thus: An uppetevghed
dominated by urbanization — Urban; A middle sectibat is under going urbanization - Semi urban ardlower
catchment that is primarily rural —Rural. Detaifegld survey was conducted in six reaches of tlk@r@achannel, two
each in urban, semi urban and rural sites to measwrphological variable. Morphological variabldstive Jakara
channel reaches under different levels of urbaimzatere compared. Consistent and significant tiffees in the sites
were demonstrated in bankfull width, depth, crasgien and wetted perimeter. Jakara channel is dstraded to be
consistently larger in the reach under urban lsselthan those under non-urban land uses, with itgpato of 2.36,
width ratio 1.94, depth ratio 2.25. Most studieshimmid tropical areas of Nigeria and temperate sadaewhere
reported smaller urban river channels enlargem@imuosity was 68.58% less in urban than rural re@fannel
density increased by 28.6% due to storm sewersedsl and other runoff removal. The results of shedy has
implications for urban channel management and sigbat different strategies may be required foanmel reaches
based on the type of land use and that the safeofia mitigation strategy is dependent upon thergxo which the
channel has been impacted by urban within the oztoh
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1. Introduction

Urbanization of catchment has been associaitid serious problems that dramatically degrad#ébo
the form and function of stream ecosystems thatbeadifficult to mitigate (Booth and Jackson 199Me
complexity of urban land use and the varying respsrreported present challenges for understandeng t
mechanisms by which urban impacts change chamuetste and function (Bootét al.,2004). These and
several studies have shown that progressive ursi@miz of a catchment can result in among others
changing channel morphology and hydraulic geometistream channels. A single disturbance event may
trigger a variety of disturbances that differ imduency, duration, intensity, and location (Klei@i7®;
Arnold et al. 1982; Booth and Jackson 1997; Trimble 1997; Mitsst al., 2003). These impacts have
recently been referred to as Urban Stream Synd(®ael and Meyer, 2001, Walsh al.,2005a).

Despite the recognition of the problem, faudges have evaluated streams of semi-arid climitas
have different hydrological characteristics withrgrenial streams. In Nigeria in particular, studigs
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urbanization impacts on river systems have conagsurin the humid tropics of south west and soatt e
notably by Ebisimiju,(1989ab), Odemerho,(1992),Jajel |kezeato, (2002). There have been no such
studies in the semi arid part; consequently, uibdneed channel changes in these areas are largely
matters of anecdotal information with serious gapsoth our knowledge and the data. Thus relatigpssh
between urbanization and fluvial-hydrologic proesssand channel morphology still remain a frontier
waiting to be explored and better understood. Thakes it difficult to establish proper understagdin
required to proffer suitable mitigation measureka@y no single study can cover all settings inickih
urban-induced channel change is observed. Howewven a geographically limited set of new data can
increase our understanding and predictive abilitths threat to aquatic-system integrity. Thisdstuwvas
initiated to provide some of that new data, focused part of semi arid area where urban developmen
accelerating at unprecedented rates.

2. Study Area

The study is on the Jakara River catchmernthwis located between latitude®25 to 12 40 N and
longitude 8 35 to 8 45E. The present climate of the study area igriical wet-end-dry type which is
characterized by a wet season that lasts betweenahd September during which about 800mm of rain
occur. Temperature is high throughout the year lWeweclimate changes have occurred ending about
10,000 years BC (Olofin, 1991). During the arid gdgdesertic conditions are believed to have deslai
On the other hand humid conditions wetter tharctiveent tropical wet climate prevailed during thevfal
phases. The study catchment is located on the BageGomplex, and within the area where a wind drift
material has concealed the pre-arid regolith amdssociated ferruginous soils on the upland @adhold
alluvial deposits on the river terraces.

3.  Methodology
3.1Site and reach selection

Impervious cover was used as surrogate tmat# the extent of urbanization in the Jakaraloatmt.
Impervious area was estimated from airport phofysaland use maps, roadmaps, layout plans and land
Landsat imagery and road map of Kano metropolie. Jércent area under urban development for eaeh sit
was calculated by summing the area of homes, stegwt other structures and multiplied by averane ci
the development as determined by map inspectioesd were truthed by fieldwork. Based upon the degre
of urbanization, Jakara stream was divided intedlsites with different levels of urbanization

a) An upper watershed dominated by urbanizaf@gge/Airport road/Nomansland)
b) A middle section that is under going urbatictaexurban/semi urban (Gama kwari)
c) A lower watershed that is primarily ruralggara/Yadakunya)

The sites were selected after a field recizsaace to establish that they conform to convantis
demonstrated by Neller, (1988), Mayal., (1997). Efforts were made to best represenéetittemembers of
the range. The percentage of impervious land weatdd as an estimator of the percentage of land
experiencing urbanization.

Having determined the three sites along #k@rh channel, two reaches were selected from afatle
three sites for detailed study. The sample reaslees determined after a field reconnaissance tesaghe
overall character and the diversity of the chanmelrphology. Distortions especially points where a
tributary or sewer joins the channel were avoidédrifer et al.1991; Klaudaet al., 1998, Booth and
Jackson,1997, Vannott al., 1980 ). The selected reaches were transacted asureethe morphological
variables.

The following channel morphological variablesre measured in the profiles at each of theedicsed
reaches:

Channel full dimension parameters: Cross sectdidth; Depth; Wetted perimeter; Land use and Slope.
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Channel Planform dimension parameters: Meanderthengeander width; Sinuosity and Number of
threads (single or multiple)

Channel morphology was measured using tape, ledehnd hand leveler to acquire detailed bankfudsro
sectional data.

4. Results and Discussion
4.1 URBANISATION OF JAKARA CHANNEL

A detailed study of land cover of the Jakeaé&chment was conducted using black and white ai
photographs taken in 1961, 1981 and Landsat imagery987,1995 and 2006. These were used together
with land use maps, road maps and layout plansterchine the extent of urban land use from 1961 to
2006 along the catchment.

Up to 1961, the amount of urban structurestten Jakara catchment is minimal with less than 5%
urbanization of the watershed. In addition, urbamcsures were not impervious (houses were madepof
mud and most of the roads were laterite covered)vell outside the channel. A substantial parthef t
catchment is used for agriculture and grazing ofihe amount of urban development within the Jakara
watershed increased substantially from 1987, theogeof high urbanization. When expressed as
percentage of the total catchment area, the amafuihie amount of urbanized land increased from A% i
1961 to 27.95% in 1987.

Figs. 1, 2 and 3, were produced with datanftaandsat imagery interpretation followed by infgas
field verification show land use changes alongXaleara catchment for the years 1987, 1995 and A0@6.
main concentration of urban/impervious surfacet ithe upper course where the catchment is 100%runde
impervious cover. The middle course is a transiticea experiencing very rapid change from rurairb@an
with the impervious surfaces covering about 13%e Tdwer course is generally rural, with impervious
areas covering only about 3% of the catchment.
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Fig. 2 Land use along the Jakatahment Kano metropolis, 1987
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Fig. 3 Land use along the Jakara catchment Kanmpuwts, 1995

Fig. 4 Land use along the Jakara catchment Kanmpwts, 2006
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Analysis of types of urban surfaces in theada channel shown in Table 1 revealed that roefedpne
constitute the major type of surface in the urbaeh semi urban sites of the Jakara catchment assedgo
the cases reported in Europe and North America,revitee transport component exceeds the rooftop
component in terms of total impervious area createmt example, transport-related imperviousness
comprised 63 to 70% of total impervious cover & ¢fite in 11 residential, multifamily and commelcia
areas where it had actually been measured (CiBlwfpia, 1994b).

Table 1 Proportion of Impervious Cover in the SaeddReaches of Jakara channel.

Characteristics Rural reach Semi urban reach atrbach
Total area(f) 17.5 15.0 17

% Roads 0.01 0.30 0.80

% Flood plain 5.20 6.10 NIL

% Buildings 2.60 28.0 99.0

% Cultivated area 80.0 5.60 NIL

% Irrigated area 11.0 9.00 NIL

% Water body 0.30 0.60 0.20

% Total impervious area 2.61 28.3 99.8

Source: Land use Map of Kano Metropolis, 2000, Lsatdimagery of Kano 1987, 1995, 2006 and Fielckw2008.

4.2. JAKARA CHANNEL FULL MORPHOLOGICAL VARIABLES

Table 2 shows the morphological variablegutif channel dimension of the six sampled reachws.T
mean channel width is 12.73m with standard deviatio3.78 and coefficient variation of 29.8 percand
a range of 10.8. The mean cross-sectional ar24 ®inf with standard deviation of 17.37, coefficient of
variation of 70.8 percent and a range of 6.59. mean depth is 1.71m, standard deviation of 0.81 and
coefficient of variation of 47.4 percent and a g 2.11. The mean wetted perimeter is 18.43amdstrd
deviation 2.69, coefficient of variation 14.6 partand a range of 6.59. The statistics show a Hegree
of variation in the channel dimension consideringttit is a 3 order stream. This is reflected in the high
variation between standard deviation and mean vahe the range. However, all the variables of full
channel dimension show that the urban reach igiaigan the semi-urban and rural reach. The religtiv
large channel size draining impervious reach cobdd due to increased peak discharges because,
impervious surfaces cause increased storm ruroffd ffrequencies, and peak discharges comparedtto p
urban conditions. Previous works elsewhere havevshanoff increased by 200-500% as a result of
urbanization (Paul and Meyer, 2001, Arnold and @it#) 1996, Booth, 1991). Streams adjust to such
increased regimes by altering their cross-sectianeh to accommodate the higher flows. This is done
either through widening of the stream banks, angindoutting of the streambed, or frequently, both.

229



African Scientist Volume 11, No. 4 (2010)

Table 2. Channel full dimension variables.

Channel reach Width (m) Depth (m) Cross section m2 Welted parameters(m)
Sample point | 18.80 2.81 52.83 16.01
Sample point Il 16.70 2.53 42.25 14.97
Sample point Il 10.75 1.80 19.35 17.11
Sample point v 12.11 1.62 19.62 18.97
Sample point  V 8.10 0.79 6.34 20.90
Sample point VI 9.90 0.69 6.83 22.60
Mean 12.73 1.71 24.54 18.43
Standard Deviation 3.79 0.81 17.37 2.69
Range 10.80 211 46.49 6.59
Coefficient of variation 0.298 0.474 0.708 0.146

Source: Field work, 2008

On the other hand, the relatively smallemete size of streams draining semi urban and mneethes
could be due to low flow peak discharges broughtuatby high infiltration capacity. Rural channel
reduction could be also due to fluvial deposit #relabandonment of the former summit by runningewat
Table 3 is a comparative analysis of the reach hwguical variables of the six sampled reaches. ddta
shows first, that there is uniformity in the vafiebwithin individual sampled reach. The data ahshicate
that the width and depth increase in the downstre@ection, as do cross-sectional area and wetted
perimeter in the rural non-impervious reach. Thaisérban reach also shows a similar increase isethe
variables in a downstream direction. The urbanhdemvever, shows a slightly different trend withane
depth, width and cross-sectional area not showimigereasing trend in the downstream direction.

Generally, reach morphologies are associatgd physical processes that limit the range and
magnitude of possible channel responses to changéischarge. Reach-specific response is thustaffec
by external influences, such as channel confineprgrdrian vegetation, the location of the reacthimi
the drainage basin and the sequence of upstreach tgpes. It has also been shown that channel
characteristics do not necessarily take place tmifpbecause of variations in boundary materialdicgct
disturbances to river channels. Thus as observednigng others Allen and Narramore, (1985), Booth,
(1990), several factors explain the variation i@ thannel response observed.

Table 4 shows the channel planform characterigtitise urban, semi urban and rural reaches ofakara
channel.
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Table.3 Comparative analysis of Reach dimensiomabies.

Channel reach Width (m) Depth (m) Cross seatibn Wetted parameters

Urban Reach

Sample | 18.80

2.87 52.83 16.01
Sample Il 16.70 2.53 42.25 14.97
Mean 17.75 2.67 47.54 15.48
Standard deviation 1.49 0.14 5.29 0.52
Coefficient of 8.00 5.20 11.10 3.40
variation
Simi- Urban Reach
Sample 1 10.75 1.80 19.35 17.11
Sample 11 12.11 1.62 19.62 18.97
Mean 11.43 1.71 19.49 18.04
Standard deviation 0.68 0.09 0.135 0.93
Coefficient of 59.50 5.20 6.9 5.20
variation
Rural Reach
Sample 1 8.10 0.79 6.34 20.90
Sample 1l 9.90 0.69 6.83 22.60
Mean 9.0 0.74 6.59 21.75
Standard deviation 0.90 0.05 0.24 0.85
Coefficient of 10.00 7.00 3.70 3.90
variation

Source: Field work, 2008

Width/ depth ratios are higher in the urbeach compared to the semi-urban and rural readh.cEim
be explained by the fact that increased floodirgpeisited with urbanization often leads to erosibthe
stream bank which increases the ability of the nkato convey the increased flood flow. The inceshs
cross sectional area creates reduced velocitiglsicirg the channel’'s sediment transport capacity an
allowing sediment to settle out. One possible enqian for lower width/depth ratios in the semiamband
rural reaches is that greater sediment yield frowsiee land use accreting on the stream bank and
floodplain. In the urban reach, the width of theamger belt is lower than that of semi urban (5.9&n
11.75m), whereas, rural reach has a wider averagth wf the meander belt than semi urban and urban
reaches (34.55m).

The Jakara channel enlargement variables mezhshowed a capacity ratio of 2.36, width rati®4].
depth ratio 2.25 and enlargement ratio of 7.21. ficti®s obtained in this study however, indicatecmu
larger increase compared with what has been tegpaisewhere where, typical channel enlargement
ratios range from 1.0-4.0 (Gregory, 1987a). Datenfhumid tropical areas of Nigeria include dowrestne
sections of the Ekulu capacity ratio of 0.79, (Jmjel Ikeazota, 2002), channels along the headweafers
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Elemi River through the village of Igede, capacdtio of 0.81, (Ebisemiju, 1989a) and in the Ikpétiaer

in Benin City with capacity ratio of 1.2 (Odemerht®92) also indicate that the magnitude of these
changes has generally been smaller than the oligeria this study.

Several researchers suggest reasons for the hkglgtions in the increase in channel sizes. Region
variations related to hydro climatic effects hawei proffered notably by Ebisemiju, 1(989a,b), 2ejd
Ikeazeato (2002 ) in the humid tropics of Nigenml @outheast Asia Douglas, (1974, 1985b), along wit
recent work in semi arid regions of Arizona by Chind Gregory,( 2001) and Israel by Laronne and
Shulker, (2002).

Table 4 Comparison of Reach Planform Dimension atdes.

Channel characteristics Urban Reach Semi-UrlzatR Rural Reach
Meander length (m) (mean) 5.95 11.75 34.5
Meander width (m) (mean) 2.95 8.57 4.5

Slope 2.08 1.8 1.058
Sinuosity 1.07 1.21 1.56
Width/depth ratio(mean) 12.30 6.70 6.65

Source: Field work, 2008

In this study, the low rainfall in the ardgpical of semi arid regions) results in weatherprgcesses
dominated by mechanical rather than chemical me@tes; production is thus inhibited and silt-sized
fractions are predominant in the soils. The lackanhk-stabilizing clay in a semi-arid region epheshe
stream channels may partially explain why thesenchbs typically have wide, shallow, with low sinitgs
geometries. Similar observation was made elsewhsge, Schumm, 1961).

The sparseness of vegetation along some streans lrattkese areas can also contribute to largerngtan
widening tendencies since vegetation along the bétike channel has been known to stabilize thamméla
and restrict bank collapse and erosion as wasadiserved by among others, Reid and Frostick, (1997
Merritt and Wohl, (2003).

The large channel observed in this study nisy lbe due in part to several localized factorsofRops
have been shown to be important medium in convegingff speedily to channel enhancing erosion and
channel enlargement. This added to absence of |amtesise modification of the channel, sand mirong
the channel, weak soil and intense rainfall evaredikely causal factors of the observed widening.
Furthermore, it is pertinent to bear in mind algd@t the ultimate base level for fluvial processeshe
study area is the mean water level of Lake Chadthvhat 282m above sea level is only 150m lower than
the bed elevation of the channels in the study.afeace, the capacity of the channels to evacumge t
floods generated does not match the rate of georrdéading to channel widening to accommodate the
floor water. The storm channel is, therefore, aurstresponse to the combination of the prevailing
environmental factors in the study area (OlofirBa9).

It has also been argued that response touaadr environmental change varies for differdrannel
types. Alluvial channels like that of Jakara, intjgallar, exhibit a wide variety of potential resyses.
Changes in channel roughness due to alteratiohafreel sinuosity and bed forms which are pervaisive
this area can also explain the large capacity ratihis area.

5. CONCLUSION AND RECOMMENDATION
The results of this study indicate that theariables of channel dimension show that theaarteach is

larger than the semi-urban and rural reach. Theergbd variation in channel morphology due to
urbanization has serious implication to urban cleanmanagement. Effective management requires a clea
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understanding of the spatial variations in chamenges due to urban development. Recognizingaspati
variations in channel characteristics within antween sites is also important to developing appater
management schemes for changing urban channelmtigas within the channel reaches observed mean
that different strategies may be required for défeé channel segments to handle spatially distibut
response mechanisms. Consequently, the selectiamifigation strategy is dependent upon the extent
which a channel has been impacted by urban deveopwithin the catchment, the nature of the stream
channel reach under consideration, and the anteddature conditions required.
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