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Abstract

This study identifies areas at risk to urban fladdng Aluko river channel in llorin and providesddrmmation on
flood risk implications on the city dwellers. Dagats on roads, river, dump sites and contour lme® extracted
from Ikonos Imagery and Topographical map of llofiime study area was demarcated as high, modardtéoa
flood risk zones, based on approved setbacks amdoois flood extent. Buffering, Overlay Operatiomigital
Terrain Modeling, Flow Accumulation and Spatial @bawere the spatial analyses carried out usingsfr®.3b.
The digital terrain model revealed that the studhads situated on near uniform lowland, with thénerable zones
located on the deepest part of the plain, andishigesponsible for the high flood vulnerability thfis area. Flow
accumulation spots, coupled with refuse dumps vigeatified as key factors that heighten the levilflood
susceptibility in the area. About 288 buildings tamene the setback rule and a total of 10,820 Ipeogre
estimated to be at risk of urban flood in the threres. The study recommends adoption of Geograpioianation
system for policy formulation and decisions makamgplanning, regulation and development along steeim urban

centers.
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1. Introduction

A recent report in the Saturday Tribune (2012) looding in Nigeria was that flood sacked commusitisome
were totally wiped out, buildings submerged, prtipsrdestroyed, wiped out farmlands, and causealdatable and
irreversible damaged to food and cash crops, reddeundreds of thousands of citizens homeless amsed death
of many citizens. This is not strange in commusit the bank of major rivers and coastal commesith Nigeria,
more importantly when the Nigeria Emergency ManagenAgency (NEMA) predictions and warnings abow th
flood in many parts of the country early this y@a2 were ignored. The NEMA(2008) traced the cafsthe
devastating flooding in the country to the releaSkrge volume of water from the Goroyo dam in &okState and
warns that so far, other rivers and streams omdhtes may be affected, especially communitiesigeNand Kwara
States that host the Kainji dam. The hinterlaniégitannot be totally excluded from flood disastersause most of
them are vulnerable and at risks.

As rightly observed by Oriola (1994) and Jeb andg@gal, (2006), floods in Nigerian cities are iy

excessive and intensive rain storms, rapid urbéinizaurban expansion and encroachment of flooéhgjadam
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failures, agricultural activities in river bedsobked drainages and poor solid disposal habitso(@ril991). The
unsafe condition of lives and properties along rikier has over the years become an issue of sedonsern to
individuals and government at all levels. Propsrtireorth millions of Naira are damaged yearly. Acting to
Rosenberg (2008) urban floods are a great distaebai daily life in the city (see also flood Cortaam, 2009).
Roads can be blocked; people cannot go to work schools. The economic damages are high, butuhwer of
casualties is usually very limited (Floodsite Catison, 2009 and Oblack, 2012), because of the aaifithe flood.
The water slowly rise on the city streets. Whenditg is on flat terrain the flow speed is low, apelople can still
drive through it. The water rises slowly, and theel does not usually reach life endangering height

In contemporary time, there has been increasingearonthat human actions and natural catastrophes been
adversely impacting the environment and posingoasrecological and health hazards. These concewes lbd to
increased emphasis on environmental risks assesstuglies all over the world (Olorukoba, 2009)islexpedient
for development managers to introduce vulnerahiétjuction criteria in every activity because; depenent without
considering risk management cannot be sustaineztefdre, development along flood plains must beailetgd to
reduce flood risk. This paper therefore, evaluakso river catchment area for flood risk infornati and the

implications on the city dwellers.

2. The Study Area

llorin, the capital of Kwara state Nigeria, is thiidy area for this investigation. As reported@yegun (1983),
llorin lies between latitude®®4’'N and & 36’ N and longitude 210’ and # 36’ E (Fig 1).

The first population estimate of llorin after th&tablishment of the British Colonial Administration1911 was put
at 36,343. In 1953, the figure rose 40,994. In 1968ulation census, it was 208,546 and in 199bsi¢ to 532,088.
The latest population census conducted in 2008lpub at 777,667 (N.P.C 2008). It is evidentleat that there
has been rapid population increase and areal eigparnkhe city has grown from what can be descriagd “Foot
City” with residential houses located around theirtgrPalace to an automobile city. Flood and flompactivities
have increased due to population growth coupledh witcontrolled physical developmental practicesciwhias
resulted in pressure and congestion on urban Baoldj{, 2012). This forces a considerable numbgreadple to settle

along flood prone areas.

The Indigenous part of llorin is drained mainly the Aluko River which is the most urbanized. ThizeR
originates from Kuntu area and empties into AsaeRi¥Fig 2). Ajewole (2010) reported that the basiwers an
area extent of 9.3km lying at the western part of Asa River. Also, thasin stream frequency is about 0.66
channels for every khand the drainage density is 0.956. Its percentaje Wp-area is 97.8%, and vegetation is

virtually absent in the basiAluko River is active mainly during the rainy seasond dormant during the dry season.
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According to Oyegun (1983), the city has a humigbical climate which is characterized by the wet dry seasons.
He further observed that raining season in the loigins towards the end of March and ends in Octolith two
peak periods in June and Septem{@aioba, 1980). Dry season is experienced between November anghvia
each year. Temperature is uniformly high throughbatyear, and open air isolation can be uncoatotdl during the
dry season. Flooding along Aluko river basin is exignced during the raining season particularlyhat second

maxima (September).

Oyegun (1983) reported that llorin is underlainfngcambrian Igneous metamorphic rock of a basepwmplex,
which is neither porous nor permeable except icgdavhere they are deeply weathered or have zomeakness.
Substantial area of the town is also underlain é&girsentary rock, which contains both primary andoselary
lateritic and alluvial deposit. As reported by QI¢1998), low permeability level of the old Precarab rocks in the
city increases surface water accumulation and fliafter rainfalls which in turns lead to a floo@laniran (1983)
described the soils of llorin as sandy and clayeyodits lying on top of each other. The charadtensture of the
sandy deposit include low water holding capacititioln encourages infiltration, while the clayey dgipdeneath
results in water logging during rainy seasons, #mn, encourages run-off generation in the citgbddization
process is vastly replacing the Guinea Savannaétatgn in llorin with artificial (paved) surfacegth consequent

effect on run-off generation as noted by Oriola9@Phence, frequent occurrence of flooding.

3. Materialsand Methods

This study employed Geographic Information Systsra &0l to delineate the areas that are vulnetalfleod risks
in Aluko River catchment, based on the stipulatetback by Town Planning Authorities, the extentflobd

experienced in the past, slope pattern and flowmactation of Aluko flood plain. Data sets on roadser, dump
sites and contour lines were extracted from Ikolmagery (one square meter resolution) of the staeha and
Topographical map of llorin on a scale 1:50,000ingsapproved Town planning setbacks and previodsngof
flood as the yard stick, the study area was dividéal high, moderate and low vulnerable zones. Asc®%3b was
used for the spatial analyses. Buffering, Overlgeftions, Digital Terrain Modeling, Flow Accumutat and
Spatial Search were among the spatial analysesvératcarried out.

Buildings along the basin were randomly samplegitiher information about their conditions, distafioen the river
(a criterion used to measure the level of vulnditgthased on distance from the river), buildingey(residential,
commercial, educational, and religious among ojreerd address of the properties. A hand held GPSused to pick
coordinates used to geo-reference the topograpajcafithe area. To generate the terrain modeleoatba, the map
was scanned, digitalized on screen and the colitas extracted for the model. Buildings, Aluko BiyRoads and
Dump Sites were digitized from lkonos Imagery ofvidmber, 2005. These layers were used to performathieus
spatial operations for this study.

3.1.0verlay Analysis
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One of the most valuable GIS features is its gtiti combine information from one data layer wdtita on another
layer. At its simplest, this over process can kmiaiized as laying a transparent map of an areaa@weap of the
same area with one map displaying the census bloickse area and the other showing soils types. éd@w in
order to perform analytical operations, the attigbtables tied to these layers were joined as Wl layers

became easy to create.

3.2. Database and query analyses

A search operation was used to test the databasgedr This phenomenon is a common feature in @pbgral
information system. Search operation is used totifyea particular area of interest. It is usedhe processing and
manipulation of data to generate information wiieh be used in decision support system.

The basis of all tools provided or available in Gephical information system is those marked watatlase query.
Queries are specific question asked; what is whevd®re is what?. Answers are provided throughimdation
and processing of the spatial database. All thesemade possible as a result of the link betweengttaphic
(geometric) data and attribute being acceptabtegamplementing software (Arc VIEW). Graphic aratabase for
query operation are linked together with their weigidentifier towards answering question such aighid
vulnerable area, Moderately vulnerable area, Lolmenable, Non vulnerable area.

4. Results and Discussion

4.1 Assessment of Flood Vulnerability using Buffer Analysis

4.1.1. Buffer generation

The river was buffered at a distance of 500m usimgtiple rings of 20 and distance between rings 30ime
operation was performed using the distance operatibhe operation list. The area was classified four flooding
zones namely: highly vulnerable, moderately vulbkralowest vulnerable and not vulnerable, usinfidoidistance
as the only flood zoning parameter. These crit@reae set in line with town and country planning Itinig
Regulation of 1996. The classification arrived at &ighly vulnerable: 30m moderately vulnerablem5Q.ow

vulnerable: 75 and Not-vulnerable; 100m.

4.1.2. Overlay Operations

First Overlay: the building theme was overlaid on the high flaadherable zone (30meter buffer away from the
Aluko River). Spatial query was used to select dmyation, buildings that intersect the high vulnégatone. Erase
function was used to extract the buildings withie highly vulnerable zones and to generated a heme called

outside high vulnerable zone. Figure5 clearly dispilce elements that fall within this category, 288dings of the
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3730 buildings vectorized from the flood plain &rghly susceptible to flooding Tablel. Most builginclose to the
river are dilapidated, and some totally abandongsitd the severity and intensity of flood along KdwRiver (see

plates 1 and 2).

Second Overlay: The theme called outside high vulnerable zone evaslaid on the moderate flood vulnerable
zone (50meter buffer away from the river) to shmwildings that are within this flood vulnerable zoand was
erased to generate the theme tagged outside mededaerable zone. Figure 6 clearly shows the ehsnthat fall

within this category. The map revealed that 20Tdings were found in this group.

Third Overlay: The outside moderate building theme was overlaidlam flood hazard zone to show low
vulnerable buildings and roads. The result is titted in (Fig 7). The low vulnerable zone was edagom the
outside moderate vulnerable zone for proper ddiimeaf the buildings within this zone. The anatysévealed that

220 buildings were found within this zone.
4.2 Flood Vulnerability Using Digital Terrain Mode (DTM).

Digital terrain model (DTM) was used to classifyettluko flood plain for better visual perception tfe
configuration of the study area. The contour layes extracted from a Topographical map coveringsthdy area
on a scale of 1:50,000 with an elevation rangirgmfr00m and 1150 at an interval 50meters. The 3BlyAical
tool in ArcGis was used to generate the terraine@hothe analysis revealed that the Aluko flood pligilocated on
a graduated plain. The elevation model shows ttehighest point along the basin is between 983-104dters and
this is the source of the river, while the poirdtemtry into the Asa River is between 900-928 nwtdrhe
decreasing nature of the elevation of the floodnpteas a direct implication on speed, intensity amasive capacity
of the flood water along the plain as shown in FégQ. Buildings that fall within the high, moderaaad low
vulnerable zones based on the buffered distantarierivere draped on the DTM. This revealed thetkeation of
all the building along the plain. The declining urat of the slope increased the vulnerability letcelflooding

especially in the event of flash flood.

4.3 Flow Accumulation and Level of Vulnerability

The Flow Accumulation Function was used to genettateconvergence point for the surface run-off loké river
basin. The buildings and other structures that eotrate within the basin are naturally more vulbkrao flood.
There is High Accumulation Rate around the Whiteas (Yellow Circle) while The Black Surroundingreia for
low Accumulation Rate. Areas where flow accumulation is high are usuatlyigher risk and more vulnerable to
flood. Such areas serve as a convergence poistiféace run-off. Figure 10 shows a virtual oveépuildings and
roads on the flow accumulation map. The area wigiést accumulation is found around Eruda area d=atex
with a yellow circle. Experience shows that thessaa experience flash flood annually.
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Dumping of wastes (mostly domestic wastes) on tlanege channels is an identified flood enhancerfator in
the study area. Plate 3 shows heaps of refuse (ditejparound the river corridor. They block thesgage of water

and make the areas more prone to flood.

4.4 Estimate of the Population at Flood Risk in Aluko River Catchment.

The study area has a total population of 364,666 the land area is 98.4 Knand population density of 3706
persons per square Kilometer NPC (2008). Sinceopatggeo-database was used to create the themsSjsA9.3
automatically calculates the area of each of thiéeled zones around the river in meters, that g hiulnerable
zone (30meter buffer), moderate vulnerable zoneng®r buffer), and low vulnerable zone (70meterfdyif
ArcGis, Convert, version 4.08 (1996) was employeddnvert the area to KmThe population density of the study
area was used to multiply the areas of each zomeritee at the population of the study area. Thal tpopulation

vulnerable per group is shown in Table 2.

5. Conclusion

Flooding cannot be completely avoided, as longhasipal development extends to river channels tswg urban
centers, but with effective flood prevention prograes, damages from severe flooding can be reducedti
eradicated. Mitigation is hence the cornerstonensérgency management as rightly observed by Olbaikp009).
The non-structural methods of mitigation of floodzhrds are often less expensive as compared wiwstaliones
(dams and dikes). Among the non-structural methoaslern flood forecasting and real-time data ctilbecsystem
have become the practice in countries prone tafleazards. As reported by Olorukoba (2009) in dlainstudy,
this study has provided information that would bénelp in regulating development in a flood plaitentified the
number of buildings that are exposed to flood msid their level of severity. It also serves as raplate for

evaluating urban streams vulnerability to flood.
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Plate 1 and 2 Parts of Buildings within® 30metdralako River at Emirs Road, llorin.
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Plate: 3 Refuse Dumps at Emirs Road, Opoo-malutidumdlorin

Tale 1: Number of Buildings at Risk of Flood Based on the Three Buffered Distances.

ZONE RESIDENTIAL COMMERCIAL EDUCATIONAL RELIGIOUS | TOTAL

HIGH (30m) 207 66 1 14 288
MODERATE 144 59 - 4 207
(50m)

LOW (70m) 177 35 3 5 220
TOTAL 528 160 4 23 715

Source: Author’s Field Survey, 2011

Table 2: Population Vulnerableto Flood in Aluko River Catchment Area

ZONE AREA (Km?) POPN DENSITY | POPN AT RISK
High 0.73 3,706 2,693
Moderate | 0.97 3,706 3,609
Lower 1.22 3,706 4,518
Total 2.92 10,820

Source: Author’s Field Survey, 2011
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