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Abstract

This article provides a spatial analytical framekvior using Geographic Information Systems (GlShteology
in flood mapping. It examines the geospatial mag@End analysis of the 2012 Nigeria flood disasteer in
Yenagoa city, Bayelsa State. Landuse map of 2012 geaerated from the imagery of the study areacsdur
from Google Earth 2012 version. The imagery wasmgéerenced and geo-processed in ArcGIS 9.3 todworl
coordinate system while the flood extent map wasegged from the Radarsat of October 2012. Thenexte
flood in each landuse was determined by overlayirgflood extent map on the landuse map of 201@gusi
INTERSECT operator. Findings show that the 2068ded area extent was 64.42 sq km and 7.0% dfltotd
area of Yenagoa LGA. The built up area had thedshpatial coverage which was 355.90 (38.68%)efdtal
land area in 2012. The flood affected area was higbest in the built up area as 18.88 sq km wa®reul
which was 9.16% of the built up area and 50.62%hefentire flood extent. The correlation coeffitien the
relationship between size of landuse and floodrextéthin each landuse was 0.487 ahavas 0.237 suggesting
that the coefficient of determination was 23.7%e Thlationship was direct but low correlation coééint and
students’ t- test proved that there was no sigaificelationship between flood extent in the lardasd size of
the landuse at p=0.05. The article recommends gierftood hazard and risk mapping to reduce floachdges
in the flooded areas of Yenagoa LGA and constrnatibdams across the major rivers to regulate therme of

water.
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Introduction

Floods are the most costly and wide reaching ofigiliral hazards. They are responsible for up {60deaths
and adversely affect some 75 million people on ayerworldwide every year. Borrows and De Bruin @00
indicated that among natural catastrophes, flootiangyclaimed more lives than any other single abtuazard.
According to data from the Spatial Hazard Eventd hosses Database for the United States (SHELDUS),
floods claimed the lives of 2,353 people from 12000. In support of this observation, the FederakEency
Management Agency (FEMA) estimates that flood event responsible for the death of more than 10,000
people in the US since 1900. The study undertakefiexas established that socially vulnerable pdjmuia
suffer disproportionately in terms of property d@®ainjury, and death as a result of physical ingad
disaster. For reasons of economic disadvantage, homan capital, limited access to social and paliti
resources, residential choices, and evacuation ndigsaare the social factors that contribute to olex
differences in disaster vulnerability and econoofiss. Different population segments can be exptisgceater
relative risks because of their socio-economic ¢t of vulnerability. Because of this, disasteduction has
become increasingly associated with practicesdéfihe

efforts to achieve sustainable development. Theslimetween disaster and the economic system, anuitta
for sustainable development are essential for gisasduction. Risk Management planning shouldretfoze,
involve an estimation of the impacts of disastardhe economy, based on the best available hazapd and
macroeconomic data (Living with Risk, 2002).

Floods are the most taxing of water related nattisasters to humans, material assets as well adttoal and
ecological resources affecting people and thegliimods and claiming thousands of lives annualtyldwide.
According to the Australian experience, the ematidoehaviour of many flood victims was shocking.eTh
emotional cost of flooding was long lived. Folloy-studies found that about one-quarter still hadr@covered
from the emotional trauma of the event. Factors ¢batributed to the non-recovery included the séyef the
flooding, the degree of the resulting financialdsdip, age and socio-economic status. Elderly geopllow
incomes whose houses were deeply flooded were tis¢ ith affected (Flood Management in Australi@98).
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Thus, a severe flood can impose a range of emdtioosts on flood victims, many of them quite severe
Moreover the emotional strain may linger for yeaifter the event. Flood aware communities can beerg to
suffer less social and financial disruption tharmowunities with a low level of flood awareness (Floo
Management in Australia, 1998). Lindsell and Prd&903) argued that social impacts can cause signif
problems for the long term functioning of spectifypes of households and businesses in an affectadanity.

A better understanding of disasters’ socio-econamjgacts, therefore, can provide a basis for ptegiand the
development of contingency plans to prevent advesssequences from occurring.

Smith and Ward (1998) and Mwape (2009) argueddhatt losses to floods occur immediately after éhient
as a result of the physical contact of the floodenswith humans and with damageable property. Kewe
indirect losses which are less easily connectebedlood disaster and often operate on-long tioades, may be
equally, or even more important. Depending on wéetlr not losses are capable of assessment in argnet
values, they are termed tangible and intangiblené&Sof the most important direct consequences afdflty
such as loss of human life or the consequent dltheof the survivors are intangible. Indirect anthngible
consequences of flooding are probably greateseast Developed Countries (LDCs), especially wherguent
and devastating floods create special impactshi@istirvivors. In addition to economic loss and lofskfe and
injury, there may be irreversible loss of landhiftorical and cultural valuables and loss of natur ecological
valuables.

The African continent has not been spared by flogdscording to UNEP (2006), the continent, home to
approximately one (1) billion people is more vubdgle than any other continent to climate changeaosk two
(2) billion people were affected by disasters ie thst decade of the 2@entury. Eighty-six percent (86%) of
these were floods and droughts. Heavy rains destropmes and crops, leaving whole communities vabie.
Rising flood waters across Africa are intensifyheglth risks for millions of people.

Kundzewiczet al. (2002) argues that floods are natural phenomenowtficch the risks of occurrence are likely
to continue to grow; increasing levels of exposamd insufficient capacity are among the factorpoasible for
the rising vulnerability. For thousands of yearspple have settled in flood plains attracted byféngle soils,
the flat terrain appropriate for settlements, anelythave access to safe water. It is observedflihads are
natural phenomenon that has always existed andeéape tried to use them for their advantage ¢oetktent
possible. However, increased population densitiganization and agricultural expansion in flood mareas
have steadily increased society’s vulnerabilitythe negative effects of floods. As a consequeroed$ have
become more and more disastrous to human settlsment

Economic development of flood prone areas is aofattiat increases flood risk. Population pressurd a
shortages of land cause encroachment into floodhglaMushrooming informal settlements often form
enlargement zones around mega cities in developedtries (Kundzewiczet al, 2002). On the one hand, it is
related to a wider global ecological crisis to dithvelimate change and rising sea levels but orother hand, it
is also the effect of more-localized human actgtiA whole range of socio-economic factors suclaad use
practices, living standards and policy responsesirareasingly influencing the frequency of natunakards
such as floods and the corresponding occurrencisasters. Statistical trends suggest that floed® lbecome
more numerous and more devastating in recent years.

Urbanization aggravates flooding by restricting vehflood waters can go. In an urban area, larges prthe
ground are covered with roofs, tarred roads andcpawnts. These obstruct sections of natural charamels
builds drains that ensure water movement to rif@ster than it could under the natural conditioDgd| et al,
2013). Another factor in an urban setting is th@ation density. As more people crowd into citiss, the
floods effects intensify. Consequently even quitederate storm could produce high flows in riverséase
there are more hard surfaces and drains (Action |Aidrnational, 2006). In extreme cases urban foocan
result in disasters that setback urban developimggears or even decades. Given the high spatraderdration

of people and values in cities, even small scaled$ may lead to considerable damages. Recerdtismtlearly
indicate that economic damages caused by urbaddlace rising (MunichRe, 2005). The frequency ey
and the number of people affected have increassatlity as human related activities such as defatiest
overgrazing and urbanization aggravate environnheotaditions, making communities more vulnerable
(Bankoff, 2003).

The 2012 rainy season in Nigeria was worse thalieegrears. Heavy rains at the end of August arel th
beginning of September, 2012 led to serious flomdsnost parts of the country. The Nigerian authesit
contained the initial excess run-off through cogéincy measures, but during the last week of Seemiater
reservoirs were overflowing and authorities obligedopen dams to relive pressure in both Nigerid an
neighboring Cameroon and Niger, leading to desttoyreer banks and infrastructure, loss of propexid
livestock and flash floods in many areas. By eptember, the floods had affected 134,371 pedijsplaced
64,473, injured 202 and killed 148. By the end otfdder, more than 7.7 million people had been &ftkby the
floods, and more than 2.1 registered as Interrnaigplaced People (IDP). About 363 people were riggo
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dead; almost 600,000 houses had been damagedtoryeels Out of Nigeria's 36 states, 32 have be#sciad
by the floods (Office for the Coordination of Hunitanian Affairs (OCHA), 2012).

Previous studies on flood in Nigeria concentratadflood for a region or a city in Nigeria and nooethem
really emphasized the effect of flood on landugeetand flood extent mapping. This article therefémeused
on the flood extent in Yenagoa LGA and its effemtsthe landuse types. Moreso, the article invetsayshe
variation in the extent of flood in each landusd @s attendant problems.

The Study Area

The study area is Yenagoa LGA of Bayelsa State.Sthdy area lies along latitudes betwe€a8t 00’ North
and 524’ 10"East; and longitudes between 6° 12 00'E and 6 39 30'E It is bounded by Rivers State on the
North and East, Kolokuma/ Opokuma LGA on the Naitest and West, Ogbia LGA on the South East and
Southern ljaw on the South west. Yenagoa LGA hagpaulation of 352,285 by 1996 estimate.

The climate of Yenagoa LGA is an equatorial typelohate. Rainfall occurs generally every monthhe year.
The mean monthly temperature i’@30 3FC. The hottest months are December to April. Redatiumidity is
high throughout the year and decreases slightlinduhe dry season.

Yenagoa LGA is located within the lower delta plaiglieved to have been formed during the Holocdrb®
quaternary period by the accumulation of sedimgnd@posits. The major geological characteristithef state
is sedimentary alluvium. The entire state is forragdbandoned beach ridges and due to many tribsitaf the
River Niger in this plain, considerable geologichhnges still abound. Generally, Yenagoa is a logvldocal
government with the elevation between 3m and 7nvalneean sea level and characterized by flood pldine
net features such as lagoons are dominant rebefifies in the study area. Yenagoa LGA is draingt miany
rivers and creeks among which area Epie Creek,River, Orashi River, and Ekole Creek. The majol typies
in the state are young, shallow, poorly drainedssand are acid sulphate soils. There are, howeegiations;
some soils occupy extensive areas whereas, son hngited extent. The soil texture ranges fromdinen to
fine grains.

Like any other area in the Niger Delta, the vegatain Yenagoa LGA is freshwater swamp and lowlaaith
forests. These different vegetations are associatddthe various soil units of the area. Generadlipng the
ridges above the tideline exists a vegetation thpawith scattered trees while mangroves dominatewater
courses. This vegetation belt is also characteripetbw salinity-tolerant fresh water plants suchavicinia
species of mangroves. Palms such as phoenix reclaad other species such as uapecia, xylopia amdi
terminalia are predominant. Commercial timber sgeaire also found in the area.

Yenagoa LGA is one of the areas with oil mineral aatural gas deposits. As a result, petroleumuprioh is
one of the sustaining economic activities in theAL@'he study area has a riverine setting and tralsnig is
another occupation which is in vogue in the aregridulture or farming is another mainstay of thedst area
economy. Thus, another main occupation for the lgeisdarming which involves planting of both anhaeops
like maize and perennial crops. The secondary atoups include trading, dressmaking, carpentrydgol
smithing, food vending, bicycle and auto repairkerEfore, the greatest potential for future indastin the
study area lies in the fields of agriculture, fislocessing and petro-chemicals.

66



Journal of Environment and Earth Science www.iiste.org
ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online) J LN |
Vol4, No.10, 2014 ISTE

6°12'0"E 6°22'30"E 6°33'0"E

5°2230'N
L
T
5°2230'N

5120°N
1
T
520N

T
51'30'N

LEGEND

[ | Study Locations

4°510'N

- Communities
- Creek and River
:I LGA Boundary

T T T
6°12'0"E 6°22'30"E 6°33'0"E

16
[ = Kilometers

Figure 1: Map of Yenagoa LGA showing the study tmoes (Source: GIS Laboratory, Department of
Geography and Environmental Management, Univeddifort Harcourt, Nigeria)

M ethodology

Landuse map of Yenagoa LGA was acquired from thegamny of the area sourced from Google Earth 2012
version. The imagery was georeferenced in ArcGBSt@ world coordinate system. From the groundtnglof

the land use types in the area through reconnaissaurvey, four landuse types were identified ngrbeilt up
area, farmland, forest cover and water body. Thegenwas geo-referenced and geo-processed in AreGIS
The boundary of Yenagoa LGA was derived from thgographic map and this was used to clip the geo-
referenced imagery so as the boundary of the sively can be maintained. Training sites were gesefabm

the imagery by capturing similar spectral reflecen the imagery as same landuse based on theldaigav
gained from the ground-truthing. The

training sites were used to carry out Superviseas$ification using the Maximum Likelihood Classifiion
Algorithm. The spatial coverage of each landuse tyas determined in squared kilometers using theulede
geometry module of ArcGIS 9.3. Several studiesh#sed this technique. This include Wizor (20140dB&yin

etal (2012), Fabiyi (2002) and so on.

The flood extent map was acquired from Radarsatuceg in October 2012. The imagery was 10m x 10m
resolution. The imagery was also geo-referencendoidd coordinates system in ArcGIS 9.3. The geenezficed
imagery was imported to Idrisi Taiga whereby thedsaof the imagery were combined through the use of
COMPOSITE module. This helps to view the spectedlectance of the same values in the imagery and
therefore easy to capture flood extent coveragesator format in ArcGIS 9.3. The flood extent coage area
was thereafter calculated in squared kilometresguie calculate geometry module of ArcGIS 9.3.
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The flood extent map was overlaid on the landuse ofathe study area using INTERSECT operator. This
resulted to determining the extent of flood in eksiduse identified in the study area.

Statistical analysis and data presentation

Descriptive statistics was employed in this arttol@xplain the percentages of variables derivethfthe area of
landuse and flood extent. Inferential statistics weaployed to test the hypothesis and these indl&&arson
correlation statistics and linear regression. Reac®rrelation statistics (Equ. 1) was used to ttesthypothesis
which states that size of the landuse type sigmifiy influences the flood extent in each landugee flood
extent was the dependent variable (Y) while the sizlanduse was the independent variable (X). Sttisl t-
test was used to test the level of significancéhefhypothesis (Equ. 2). Linear regression analysis used to
determine the relationship between the flood exiantanduse and size of the landuse type (Equ.ng) a
presented graphically using scatter diagram.

_ (X - XY -Y)
VI (X — X)2yE (Y, - V)2

Where r — correlation coefficient

r

X- Independent variable (Size of landuse)

Y-Dependent variable (Flood extent in landuse)

X- Mean of X

Where
t- Calculated value
n- Number of samples
r- Correlation coefficient
The linear regression model is Y= a+bX+e . ... e (Equ 3)

whereby

Y is the dependent variable which is the exterftaafd

a is the slope

b is the regression coefficient

X is the independent variable which is the siz&ntluse type

All these analyses were performed using StatisBeakage for Social Scientists (SPSS) 16.0 Ver§tesults of
the data were presented in tables and appropniapdg like pie chart, bar graphs and line graphs.

Results and Findings

Table 1 below presents the spatial coverage ofiflxtent in Yenagoa LGA. It is observed that th&@2€@o0d
covered 64.42 sq km (7.0%) of the total area ofagea LGA. Figure 2 below presents the flood exteap in
2012 in Yenagoa LGA. It is observed that areas sisc@kolobiri, Swali, Agbura, Ovom, Ayamagbele, ¥k,
Akaibiri, Polaku, Opolo, Karama and Akenfa wereofled during this time.

Table 1: Spatial coverage of flood extent in YersagGA

Spatial entity Area (Sq km) Percentage
Flooded area 64.42 7.0
Unflooded area 855.65 93.0

Total 920.07 100.0

Source: Author’s Fieldwork, 2013
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Figure 2: Flood extent map in Yenagoa LGA (SourGdS Laboratory, Department of Geography and
Environmental Management, University of Port Har¢oNigeria)

Table 2: Extent of flood in major landuse types

Landuse type Total AreaPercentage (%) Affected AreaTotal Percentage Percentage of Affected
(Sq km) (Sq km) Affected Area (Sq km) | Area per landuse (%)

Water Body 141.85 15.42 18.88 29.31 13.31

Built Up Area 355.90 38.68 32.61 50.62 9.16

Forest cover 305.16 33.17 6.24 9.69 2.04

Farmland 117.16 12.73 6.69 10.38 5.71

Total 920.07 100.0 64.42 100.0

Source: Author’s Fieldwork, 2013

Table 2 above presents the extent of flood in mignduse type in Yenagoa LGA. It is discovered tloar
major landuse types were identified in the areaetgmvater body, built up area, forest cover andhfand. The
landuse analysis shows that water body had a §patiarage of 141.85 sq km which was 15.42% ofl tatea

of Yenagoa LGA, built up area had 355.90 sq kmg8%), forest cover was 305.16 sq km (33.17%) while
farmlands was 117.16 sq km (12.73%).
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Figure 3: Landuse types of 2012 in Yenagoa LGA (8euGIS Laboratory, Department of Geography and
Environmental Management, University of Port Har¢oNigeria)

Figure 3 above presents the landuse map of Yena@dain 2012 while Figure 4 below presents the as@lyn
landuse types graphically. The overlay analysisvbeh flooded area and landuse types using intésect
module

reveals that 18.88 sq km which was 13.31% of tke erea of water body were affected by the flig2i61 sq
km which was 9.16% of the total area of built upeawere affected, 6.24 sq km which was 2.04% otdte
area of forest cover was flooded and finally, 6s§%m which was 5.71% of the total area covereéabyland
was flooded. This shows that built up area was Inadfected by the flood in 2012 and the least cttd
landuse was forest cover.
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Figure 4: Major Landuse Types in Yenagoa LGA in201
Figure 5 below presents the overlay map betweesdflextent and landuse types, Figure 6 presentficbd

affected area in each identified landuse typesenffidjure 7 shows the analysis on the flood affeated in each
landuse type.
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Figure 5: Ovelay map of flood extent and landugpes$y(Source: GIS Laboratory, Department of Geograpia
Environmental Management, University of Port HartoNigeria).
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Figure 6: Flood extent in landuse types in 2012u(Be: GIS Laboratory, Department of Geography and
Environmental Management, University of Port HartcoNigeria).
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Figure 7: Flood affected area in landuse types

Hypothesis Testing

Ho: There is no significant relationship between $ime of land use type and the extent of flood i $kudy
area.

H,: There is significant relationship between the ©izland use type and the extent of flood in toesarea.
Table 3: Size of landuse and flooded extent in laed

Landuse Size of landuse (X) Flood extent in land(¢g
Water Body 141.85 18.88

Built Up Area 355.9 32.61

Forest cover 305.16 6.24

Farmland 117.16 6.69

Table 3 presents the size of landuse and floodnexte each landuse. The data was used to compete th
significant influence of size of landuse on theofloextent in the landuse. The dependent variabjev@s flood
extent while the independent variable (X) was sizenduse. Table 4 below shows the correlatiatistics and
level of significance at p = 0.05 (two tailed). Therrelation coefficient (r) was 0.487 whilé was 0.237
suggesting that the coefficient of determinatiors\28.7%. The coefficient of determination showg 8ize of
landuse can only

explain 23.7% of the flood extent in each landusggesting that there are several important fadtoas must
have accounted for the flood extent in the landyges. Student’s t-test was used to test the lefveignificance
of the relationship between the size of landuseflud extent in the landuse. The calculated t-wakas 0.78
while the table t-value at p=0.05 at degrees afdoen of 3 was 3.183. It is therefore shown thatitudated was
lower than

t-table, thus null hypothesis was accepted whiterahtive hypothesis was rejected. Therefore, it ba

concluded that size of the landuse does not infleeghe flood extent in the landuse. Table 5 shdwslinear

regression analysis between size of the landusefland extent in landuse while the scatter diagmiihe

relationship was represented in Figure 8. The sxjwa model for the analysis was:

Y Fiood exten= 4.307+0.05d;5¢ of landuse

The scatter diagram shows that a direct relatignsiisted between size of landuse and flood eXtahthe

correlation coefficient (r) was low in the studyar This signifies that higher the size of the le®l the higher
the flood extent in the landuse.
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Table 4: Correlation coefficient and Level of siigance

Correlation r’ Coefficient  of| t-test for t-calculated t-table value at Significance
Coefficient (r) Determination | value 3 df (two-
(%) tailed) at
r.oN-—-2 p=0.05
Vi—+?
0.487 0.237 23.7 0.78 3.183 NS

Source: Author's Computation

Table 5: Regression analysis

Model Unstandardized Coefficients  Standardized fimefts | t Sig.
B Std. Error Beta
1 | (Constant) 4.308 16.383 268  .817
Size of landuse| .051 .065 487 .788 513

Source: Author's Computation
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Figure 8: Scatter diagram

Conclusion

Findings from the landuse and land cover analysthe study area in 2012 revealed that built umdrad the
highest size and followed by the forest cover. ©herlay analysis of flood extent map and landuse wia
Yenagoa LGA revealed that built up area and watelids were affected mostly while the least affe¢tediuse
was forest. The increase in the spatial coveragefland extent in the built up area could be attiéal to the
rate of urbanization in the area. Fabiyi (2002Eindoyin et al (2012) affirmed that urbanizatiorsHzeen a
driving force towards the rate at a particular laise or land cover changes over time. It was albongted by
Lambin and Geist (2006) that humans are increagitgling recognized as a dominant force in global
environmental change. Huong and Pathirana (20%b) @rroborated that the increase in artificiafaues due

to urbanization causes an increase in floodingueeqy due to poor infiltration and reduction ofloesistance.
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It was also established by Huong and Pathiarand1j2¢hat the hydro-meteorological changes driven by
urbanization, and resulting impacts on extremefadlicould also be factors that brought about theréase in
the flood extent in the built up area. The floodeex was least in the forest cover despite thetfadtthe size of
forest cover was high. This is supported in Cotr(@@08) who submitted that forests make excelleatevgheds
chiefly because their soils usually have a higlitiafion capacity which shows that the soils aepable of
quickly absorbing large amounts of water. Therefa@nstorms or melting snow in woodlands produce
relatively little surface runoff with the associdtproblems of erosiofdetachment and movement of soil) and
sedimentatiorfthe deposition of soil). Cotrone (2008) furthepkned that forest soils have a great deal of pore
space and the abundance of organic matter fronyderalant parts creates a well-structured soivhich the
individual soil particles tend to form aggregates.

It was observed that 64.42 sq km (7.0%) were flddde2012 in Yenagoa LGA and that water body aritt bp
area were highly affected by the flood. 13.31% &rib % of entire water body and built up area retipely
were affected by flood. Built up area was mostfgeted by the flood as 50.62% of the entire flotidcied area
fell within the built up area. There was no sigrafit relationship between the size of landuse hedflbod
extent in the landuse but a direct relationshitexi between the two variables with low correlatoefficient
of 0.487. There was a significant variation in lih&s of properties among the communities in YenddsaA.
Therefore, the article suggests the following resmndations.
1. Flood hazard and risk mapping should be encouragddadequately carried out periodically to reduce
flood damages in the flooded areas of Yenagoa LGA.
2. Dams and reservoirs should be constructed acressndjor rivers to regulate the volume of water
accordingly at a given time.
3. Government should play a better role to assisfltival affected people medically and financially
4. Tree planting should be encouraged and adequatatfiged especially in the built up area to reduce
the degree of impacts of flood and flood extent.
5. Every resident should be made aware of the vulildgabf Yenagoa LGA to flooding especially
through public and private media.
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