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ABSTRACT

Flooding is a major problem in urban areas. The main causes being impervious surfaces made
up of roads, buildings, driveways and parking lots. Impervious surfaces change the routings and
timing of water convergence to streams. The aim of this paper is to analyse the relationship
between spatial variations in urban land use types and flooding in Ondo town, Nigeria. The
research evaluated the variations in impervious surfaces of different  land use areas relating
them to floods in Ondo town. Primary data were obtained from direct field measurement from
selected housing compounds while flooding experience was acquired through the administration
of questionnaire. The findings reveal that impervious surface plays a major role on flooding in
urban areas by increasing surface runoff. The paper suggests ways of reducing impervious cover
in urban areas and thereby reducing floods.

Keywords: Spatial variation, urban landuse types, impervious surface and flood

INTRODUCTION

Flood  is  a  body  of  water  which  rises  to

overflow the flood plain or land that is not normally

submerged. Floods are natural events caused by the

interplay of changes in climatic and edaphic factors,

channel characteristics of rivers, and human factors.

(Ward,  1978;  Akintola  and  Ikwuyatum,

2006).Urbanization  is  the  gradual  increase  in  the

number  of  people  living  in  urban  areas;  it  is  the

process  by which  towns and cities  are  formed and

become  larger  as  more  people  move  to  the  area

(Adeoye, 2012; Odjugo, Enaruvbe and Isibor,2015.).

The  world  particularly  developing  countries  have

experienced its fastest rate of urbanization since the

second  half  of  the  twentieth  century.  According  to
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population  growth  projection,  about  60%  of  the

world population is expected to live in towns in 2030

(Paul and Meyer, 2001); and as a result human must

learn to live in urban centers with all its associated

issues. 

One of the common features of urban areas

is  impervious  surfaces.  Principally,  impervious

surfaces  can  be  thought  of  as  constructed  surfaces

created  from materials  such as  asphalt  or  concrete,

categorized  as  belonging to  either  transportation or

rooftop  land  cover  type.  Imperviousness  increase

have  impact  on  the  water  cycle  and  aquatic

ecosystems due  to  the  increase  and  acceleration  of

surface  runoff,  decrease  of  groundwater  recharges

and modification of natural water pathways because

of  artificial  networks  (Ofomata,1981;  Braud,  Breil,

Thollet,  Lagouy,  Branger,  Jacqueminet,  Kermadi

and Michel,2013).. As urban areas grow and expand

to the surrounding rural landscape, previously natural

or agricultural lands are transformed into residential

and  commercial  areas,  which  largely  comprise  of

impervious surfaces leading to increase urban floods

(Braud  et  al,  2013).  This  increase  in  impervious

surfaces has profound effects directly and indirectly

on the environment (Ofomata,1981).

Natural  land covers shelter the soil surface

from  rain,  wind  and  surface  erosion,  intercept

precipitation, and filter rainwater. When rain reaches

the ground, leaf litter and shallow roots are there to

absorb it and recycle rainwater. Natural land covers

encourage the lateral movement of shallow infiltrated

precipitation  into  wetlands,  lakes  and  streams

(interflow)  and  also  enhance  the  deeper  water

movement,  or  base  flow.  With  urban  growth,  the

local  water  balance  and  the  routing and timing for

water to reach a lake or stream changes as a result of

increased  impervious  surface,  surface  runoff  and

decreased  interflow,  base  flow  and  groundwater

recharge (Leopold 1972; Ofomata,1981).

AIM AND OBJECTIVES OF THE STUDY

The  aim  of  this  paper  is  to  evaluate  the

variations in impervious surfaces of different land use

areas  and  their  relationships  to  flooding  in  Ondo

town.

The objectives of the study are as follows:

 To  evaluate  the  proportion  of  impervious

surfaces  in  housing  plots  of  different  land

use areas of the town.
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 To  relate  the  frequency  of  floods  to  the

percentage  of  imperviousness  in  different

land use areas.

HYPOTHESES

 There  is  significant  variation in  proportion

of impervious surface of different land use

types.

 There  is  a  significant  relationship between

the  frequency  of  flood  and  percentage  of

imperviousness  in  the  different  land  use

areas.

STUDY AREA

Ondo is an indigenous urban centre

in  Ondo  State,  located  on  latitude  06o30’N  and

longitude 04o45’E and is about 45km South of Akure,

the state capital. It is the headquarters of Ondo West

Local Government Area. The population was about at

283,672  during  the  2006  population  census  (NPC,

2006)  (National  Population  Commission).  The

climate  is  seasonal  receiving  averagely  about

1500mm,  of  rainfall  per  annum.  The  annual  mean

temperature is 27oC, with a maximum of 30oC.

The  topography  is  the  inselberg  landscape

type.  The  town  is  surrounded  by  granite  inselberg

averaging 200-300m above the sea level. The town is

well  drained  by  several  rivers  some  of  which  are

Agbeda, Arogo, Aride, Lisaluwa, Mode and Terere.

LITERATURE REVIEW

Flood  is  a  body  of  water  which  rises  to

overflow the flood plain or land that is not normally

submerged  (Ward,  1978).  Floods  according  to

Akintola  and  Ikwuyatum  (2006)  are  natural  events

caused  by the  interplay of  changes  in  climatic  and

edaphic factors, channel characteristics of rivers, and

human factors. Flooding may occur when there is an

overflow  of  water  from  water  bodies  resulting  in

some of that water flowing out of the channel, it may

also  occur  due  to  accumulation  of  rainwater  on

saturated ground. Flooding also occurs in river basins

when the flow rate exceeds the capacity of the river

channel,  particularly  at  bends  or  meanders  in  the

waterway (Ologunorisa and Adeyemo, 2005).

The world to a large extent has experienced

extreme  climate  events  in  recent  decades.  The

tremendous  increase  in  population  coupled  with

changes  in  land  use  types  and  patterns  in  recent

decades has placed more people at risk when extreme

weather  events  occur  (Akintola,  1978;  Braud et  al,

2013).  In  urbanized  communities,  impervious
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surfaces  have  replaced  roots,  leaf  litter,  and  forest

canopies that were once available

to  absorb  precipitation.  This  makes  runoff

significant  and  the  most  visible  component  of  the

hydrologic cycle in urban areas. The absolute change

resulting  from  a  single  parking  lot  may  not  seem

significant,  but  the  cumulative  impact  of  several

parking lots, roof tops, roads, divided highways and
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the  like  are  significant  in  runoff  generation.  More

water is able to reach a stream or lake more quickly.

Existing stream channels  will  likely not  be able  to

effectively  handle  the  added  stormwaters  and  so

waters flow over channel banks. What had been small

rain showers, which often never reach the streams as

overland  flow,  now  result  in  bank  full  floods  or

worse.

Flooding  in  Nigeria  has  been  due  to  both

natural  and  human  factors.  Floods  are  most

frequently  related  to  heavy and  prolonged  rainfalls

but  very  often  induced  and  intensified  by  man’s

inappropriate  utilization  or  abuse  of  the  physical

environment (Oriola, 1994; Babatolu, 1997; and Eze

and  Akintola,  1999).  Human  factors  include  high

percentage of impervious land covers such as roof of

buildings, paved surrounding, tarred roads and poor

maintenance of urban drainage systems. As a result

of  what  Pareva  (1999)  referred  to  as  ‘mindless

urbanization’,  man  has  failed  to  put  into

consideration  the  reaction  and  feedback  from  the

ecosystem  where  he  exists  as  he  makes  the

environment more conducive for him to inhabit.

The application and implementation of  the

knowledge of  flood  especially  in  the  area  of  flood

forecasting,  warning  system  and  flood  risk

management  is  important  if  man  will  live  with

extreme  weather  events  in  recent  times  and  its

impacts reduced to the barest minimum  (Sobowale

and Oyedepo, 2013). A proper understanding of the

relationship between land use types and its resultant

effect  on flood incidence is of enormous benefit  to

man if man will live with, cope with or rather reduce

flood.

The  causes,  effects,  frequency,  magnitude,

vulnerability,  resultant  disaster  and  management  of

flood  have  been  studied  by  various  scholars.

Although a lot  of research  has been done on flood

(Ologunorisa  and  Adeyemo,  2005;  Babatolu,  1996,

1997; Akintola, Filani and Ikporukpo, 1994; Oriola,

1994; Olaniran, 1983; Ofomata, 1981 and Akintola,

1974.); this study focuses on the relationship between

land use types and the occurrence of flood.

METHODOLOGY

Data  were  obtained  from  direct  field

measurements within building plots. Data related to

the  occurrences  of  flood  in  the  flood-prone  areas

were  acquired  through  the  administration  of

questionnaire.  Other  secondary  data  were  derived

from  documented  sources  which  include  published
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works,  unpublished  ones,  magazines  and  journals,

and the administrative map of Ondo town from the

Ondo West Local Government Council.

The city was divided into five zones. They

are: Ayeyemi zone (low income area). Oba’s Palace

(traditional  area),  zone  3:  F.F.F  representing  urban

fringe. Zone 4: Gani Fawehinmi (seasonally flooded

area) and Zone 5: Lipakala (seasonally flooded area).

For  each  of  the  selected  compounds,  eleven

parameters were measured which include total area of

the plot, area under roof surfaces, area under grass,

area  under  trees,  area  under lawns,  area  cultivated,

area under open surfaces,  area under concrete,  total

length of gutter around building, if gutter is directly

connected  to  river  and estimated population on the

plot.

Thirty respondents  were selected randomly

from  three  out  of  the  five  land  use  zones  for  the

administration of  questionnaire.  These  zones  which

flood seasonally are: Ayeyemi, Gani Fawehinmi and

Lipakala  zones,  they are  the zones relevant  for  the

administration of questionnaire.

The data obtained from both the direct field

measurement and questionnaires were analyzed using

Statistical  Package  for  Social  Scientists  (SPSS)

computer software.

RESULTS

SPATIAL VARIATION IN LAND USE TYPES

OF DIFFERENT ZONES

Table 1 is a summary of the areas of Land

use types in the selected zones. The land use types

include roof tops, grass, trees, lawn, cultivated plots

and concrete area.  The urban fringe has the largest

total area out of all the five zones, this is followed by

the traditional  zone, then Lipakala area,  and this is

followed  by  Ayeyemi  zone  and  lastly  Gani

Fawehinmi zone. The Traditional zone has the largest

area under roof tops, and Gani Fawehinmi zone has

the least. The Urban Fringe has the largest area cover

with  grasses  while  Lipakala  has  the least;  also  the

Urban Fringe (F.F.F) has the largest area under trees

while Gani  Fawehinmi  has  the least.  Urban  Fringe

also  has  the  largest  areas  covered  with  lawns  and

cultivated plots while Gani Fawehinmi zone has no

lawns and Ayeyemi zones have no cultivated plots. 

This  shows that  the  urban  fringes  in  most

cities  have  mostly  educated  land  owners  and
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residents, their areas are properly planned with good

layout  unlike  traditional  zones  and  areas  with  low

income earners where the area is just built up without

proper urban planning in mind.

Table I: Spatial Variation in Land Use types of different Zones

Zones Total 
Area

Roof
Area 

Grass
Area 

Tree
Area 

Lawn
Area 

Cultivated
Area 

Open
Area 

Concrete 
Area 

Ayeyemi  (low 
income)

17181.00 9123.00 404.90 417.80 64.90 0 6054.10 1117.80

Percentage 51.1% 2.35% 2.43% 0.38% 0% 35.23% 6.50%
Oba’s Palace
(Traditional)

19565.58 10409.79 1101.44 1094.12 18.24 124.47 5111.25 2093.21

Percentage 53.2% 5.62% 5.59% 0.09% 0.63% 26.12% 10.70%
F.F.F (Urban 
Fringe) 

21739.10 8293.58 2946.05 2468.46 806.90 1231.58 4033.27 1960.44

Percentage 38.15% 13.55% 11.35% 3.71% 5.67% 18.55% 9.02%
Gani
Fawehinmi

17059.60 7799.40 1136.05 312.10 0 851.50 985.70 6644.80

Percentage 45.72% 6.66% 1.83% 0% 4.99% 5.78% 38.95%
Lipakala 18906.80 7961.00 312.60 820.30 31.30 794.60 3531.60 5297.80
Percentage 42.12% 1.65% 4.33% 0.17% 4.20% 18.68% 28.02%

RELATIONSHIP  BETWEEN  PERCENTAGES
OF  IMPERVIOUS  SURFACES  AND
FREQUENCY  OF  FLOOD  IN  THE  ZONES
PRONE TO FLOODING

The  relationship  between  percentage  of

imperviousness  and  the  frequency  of  flood  in  the

three  zones  prone  to  flooding  were  compared.  In

these zones prone to flooding, a very high percentage

of  the  houses  compounds  have  percentage  of

imperviousness above 40%. In Ayeyemi Zone, 13.5%

of  the  total  houses  here  have  between  40-60%

imperviousness,  in  Gani  Fawehinmi  and  Lipakala

zones  respectively,  13.5%  and  10.5%  of  the  total

number  of  houses  have  between  80-100%  of

impervious surface. From table 2 and 3 below, it can

be  inferred  that  Gani  Fawehinmi  will  likely

experience flood more frequently than Ayeyemi and

Lipakala zones. Looking at table 4 below we can see

that Gani Fawehinmi zone has the highest frequency

of flood occurrence above 10 times within a period of

five  years.  It  can  be  thus  concluded  that  the  high

percentage  of  imperviousness  in  Gani  Fawehinmi

zone is highly related to flooding in the area; this is

Frequency  of
Flood

   Percentage  of
Imperviousness Total 
21-40 41-

60
61-
80

81-
100

             0 time 0 1 0 2 3
<2 times 1 7 0 2 10
              2-5
times

1 11 8 16 36

              6-9
times

1 5 3 9 18

>10 times 4 30 15 35 84
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also applicable to Ayeyemi  and Lipakala zones but

then the highest is in Gani Fawehinmi zone.

Table  2:  Relationship  between  Percentage  of
Impervious  surfaces  and  Frequency  of  Flood  in
the flood prone zones.

Source: Field survey 2007

HYPOTHESES TESTING

The hypotheses to be tested include:

- There  is  significant  variation in  proportion

of impervious surface of different land use

types.

- There  is  a  significant  relationship between

the  frequency  of  flood  and  percentage  of

imperviousness  in  the  different  land  use

areas.

The  hypotheses  were  tested  using  correlation

coefficient and chi-square methods.

Hypothesis One: There is a significant variation in

the  proportion  of  surfaces  of  different  land  use

areas.

Testing Hypothesis One:

The first hypothesis “There is significant variation in

proportion of impervious surface of different land use

types” is tested using chi-square method. From table

3 below, it is observed that the impervious surface of

the  different  land  use  areas  varies  in  sizes  and

proportion.

A 15 cells (50.0%) have expected countless than 5.

The minimum expected count is 80.

From  the  table  above,  the  chi-square  test

shows 0.004 level of significance; the first hypothesis

can thus be accepted. The proportion of impervious

surfaces  of  different  land  use  areas  varies

significantly.

Hypothesis  Two:  There  is  a  significant

relationship  between the  frequency of  flood  and

percentage of imperviousness in the different land

use areas.

Testing  of  Hypothesis  Two:  The  relationship

between flood frequency and impervious surfaces for

the  3  zones  liable  to  flooding  was  examined  by

finding  the  correlation  coefficient.  From  table  4

below  it  is  observed  that  there  is  no  correlation

between the frequency of flooding in the 3 zones that

flood  seasonally  and  the  percentage  of

imperviousness;  there  is  no  significance  at  level

0.050.  The  other  areas  with  high  percentage  of

imperviousness  which  generate  flood  water  most

times  do  not  experience  flood  because  they  are

located upland and their location favour them; they

only  empty  their  storm  water  downstream.  The

seasonally flooded zones are located downstream, on

or  near  flood  plains,  so  all  the  flood  water  being

generated  upland  in  areas  with  high  percentage  of
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imperviousness are transported downstream and the

people here experience flood though the percentage

of imperviousness in these zones may be low.

Table 3: Impervious surface areas in the different Zones

Impervious Surfaces (in square metres m2) Total 
Zones 101-200 201-300 301-400 401-500 501-600 >601
Ayeyemi 14 14 8 3 1 0 40
Traditional 8 16 7 5 3 1 40
Urban Fringe 10 24 6 0 0 0 40
Gani 4 11 14 4 4 3 40
Lipakala 3 16 11 5 5 0 40
Total 39 81 46 17 13 4 200
Source: Field survey 2007

Table 3.1: Chi-Square Tests

Value df
Asymp. Sig.
  (2-sided)

Pearson Chi-Square 40.914(a) 20 .004
Likelihood Ratio 46.212 20 .001
Linear-by-Linear
Association 

11.059 1 .001

N of Valid Cases 200

Table 4: Relationship between Frequency of Floods and Percentage of Imperviousness

Frequency 
of Flood

Percentage of 
imperviousness

Frequency of Flood Pearson correlation 1 .050***

Sig. (2-tailed) .655
N 84 .84

Percentage Impervious Pearson Correlation .050*** 1
Sig. (2-tailed) .655
N 84 120

FINDINGS,  CONCLUSION  AND

RECOMMENDATION

This  study  is  concerned  with  the  spatial

variation in impervious surface and flooding in Ondo
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Town.  Attempt  was made to  critically examine the

variation  in  imperviousness  in  different  land-use

areas and the extent to which this imperviousness has

contributed to Flooding in the study area.  Opinions

on the other causes  of flooding,  effects,  adjustment

and  control  measures  for  future  floods  were  all

gathered from respondents.

The focus of this research was to examine

the  relationship  between  land  use  types  and  flood

occurrence in Ondo town and to suggest appropriate

ways of controlling flood and adaptation strategies.

Major Findings of the Study.

It was discovered in the study that most of

the housing compounds used for the research – which

is a representation of the different  land use areas  –

have above 40% of impervious surface especially in

the  areas  prone  to  flooding.  Comparing  the  three

zones  prone  of  flooding  with the  other  two zones,

Urban Fringe  zone and the traditional  zone,  it  was

discovered that the percentage of impervious surface

in the areas prone to flooding is higher than the two

other zones. Also comparing the Urban Fringe zone

(which  is  an  area  that  is  just  springing  up  and

developing still having most of the original landscape

in  place)  with  the  traditional  area,  it  was  also

discovered that the percentage of impervious surface

in the urban fringe is less than that of the traditional

area.

Out of the total 200 houses measured, it was

discovered that just 26 houses satisfies the 40% level

of  impervious  surface  which  is  supposed  to  be  the

highest percentage of impervious surface in an ideal

situation; 35% of the total number of houses have 41-

61% impervious surface which is manageable while

the  rest  of  the  houses  ranges  from  61-100%

impervious surface.

The frequency of floods in the three zones

prone  to  flooding  was  looked  into.  42.9%  of  the

respondents  experienced  flood  between  2-5  times,

21.5% between 6-9 times and 20.2%  more than 10

times  within  a  period  of  five  years.  The  highest

numbers of people that have flood experience more

than 10 times are from Gani Fawehinmi zone and the

zone also have  the  highest  number  of  houses  with

highest number of houses with highest percentage of

imperviousness.
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Gani Fawehinmi zone happens to the zone

with the highest  occurrence of rainfall that leads to

flooding..  It  can  thus  be  inferred  that  the  high

percentage of imperviousness in the zone is related to

the occurrence and frequency of flood.

RECOMMENDATIONS

From  the  findings  of  this  research,  the

following recommendations were made:

Public enlightenment programmes organized

at all levels of government to educate people on the

causes  of  floods  and  the  negative  effects  of

urbanization  on  man  and  the  environment.  The

problem  of  waste  disposal  methods  should  be

addressed;  the  public  should  be  educated  that

disposing  their  wastes  in  gutters  during  rainfall  or

into  streams  will  end  up  blocking  the  drainage

thereby contributing to flooding. Government at the

local  and  state  levels  should  provide  proper  and

functional Waste Management Board so that waste in

the  environment  can  be  properly  disposed  and

indiscriminate  dumping  of  refuse  and  wastes  into

gutters and streams can be totally eradicated. Private

firms  can  also  be  encouraged  to  assist  in  Waste

Management.

The disadvantage of building on flood plains

should  be  emphasized,  so  that  floodplain

encroachment can be stopped. Laws against building

on flood plains can be put in place for effectiveness

and  offenders  prosecuted,  this  way  people  will  be

forced  to  obey  the  laws.Town  Planners  should  be

seriously involved in guiding people and if need be

enforcing that not more than 40% of any compound

should be impervious. If  this can be achieved, then

most  rain  water  will  percolate  after  any  rainfall

instead of flowing as surface runoff.

All  urban  dwellers  are  stakeholders  and

should  be  concerned  with  making  the  environment

conducive  for  dwelling.When  we  all  have  this  in

mind, then the tasks of educating the people on the

causes,  effects,  and  controlling  of  floods  in  the

environment  will  be  everybody’s  business  thereby

making the task an easy one.

CONCLUSION

Urbanization  has  been  a  major  process

through which the physical  landscape over most of

the  world  especially  highly  urbanized  areas,  have

been altered. Encroachment on the floodplain of any

body of water (stream or river as the case may be) as

a result of urbanization brings about constriction of
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the  channel  (Authur,  1991).  Urbanization  enhances

the water  proofing nature  of  land which  invariably

increases the rate at which water get to the stream or

river channel which in turn increases the magnitude

of flood flows.

Most of the people interviewed agreed that

the occurrence and frequency of flood in Ondo town

is man induced. This is because of the rapid rate of

urbanization  in  the  town  side-by-side  gradual

increase  in  impervious  surface;  encroachment  of

floodplains and the detestable habit of indiscriminate

dumping of refuse into drainage and gutters have all

contributed  to  the  menace  of  flood.  If  the  above

recommendations  are  put  in  place  quickly,  the

environment  will  be  a  better  place  for  us  to  live

sending  positive  signals  to  man  as  against  the

negative signals we have been receiving.

REFERENCES
Akintola, F. O. (1974): The parameters of infiltration

equation of Urban Land-use surfaces  in
Ibadan.  Unpublished  Ph.D  Thesis,
University of Ibadan.

Akintola,  F.O.  (1978):  The  hydrological
consequences  of  Urbanization,  A  case  study  of  

Ibadancity.  In:  Sado,  P.O.and  Oguntoyinbo,
J.S.  (eds)  Urbanization  Processes  and  

Problems  inNigeria.  151-160.  Ibadan
University Press, Nigeria.

Akintola, F. O., Filani, M. O. and Ikporukpo, C. O. 
(1994): Ibadan Region. Geography Department. 
Ibadan.University Press, Nigeria.

Akintola,  F.O.  and  Ikwuyatum (2006):  Sustainability
Issues in Flood Management in Nigeria. In: Ivbijaro,
M.F.A,  Akintola,  F.O.  and  Okechukwu,  R.U.  (eds),
Sustainable Environmental Management  in  Nigeria.
Ibadan: Mattivi Productions. 105-116.

Anacostia  Restoration  Team  (1991):  Watershed
restoration  handbook.  Department  of
Environmental  Programs.  Metropolitan
Washington Council of Governments.

Babatolu, J.S. (1996): ‘Rainfall Pattern Changes and their
implication for Flood Frequency in Ondo, Nigeria.
Ondo Journal of Arts and Social Sciences.1 (1), 125-136.

Babatolu, J. S. (1997): The June 24th, 1995 flood in
Ondo:  Its  Antecedent  and  Incident.  Ife
Research  Publication  in  Geography.6
(1&2).158-164.

Braud, I.; Breil, P.; Thollet, F.; Lagouy, M.; Branger,
F.;  Jacqueminet,C.;  Kermadi,  S.  and
Micheal,  K.(2013):  Evidence  of  the
impacts  of  Urbanization  on  the
hydrological  regime  of  medium-sized
peri-urban catchment in France.  Journal
of Hydrology. 485, 5-23. 

Eze,  B.  E.  and  Akintola,  F.  O.  (1999):  Floodplain
Encroachment  and  Flooding  of  Ilesa
South Western Nigeria. Tropical Journal
of Environmental Research. 1 (1).

Odjugo, P.A.O.; Enaruvbe, G.O. and Isibor, H.O. 
(2015): Geospatial Approach to Spatio-

temporal Pattern of Urban Growth in Benin 
City, Nigeria. African Journal of
Environmental Science and Technology. 9(3). 166-

175. 

Ofomata, G. E. K. (1981): Urbanization in Nigeria. In
P. O. Sada and J. S. Oguntoyinbo (eds),
Geographic  Constraints  in  Urbanization
Process and Problems in Nigeria. Ibadan.
University of Ibadan.

Olaniran, O.J. (1983): Flood Generating Mechanism
at Ilorin, Nigeria. Geo Journal. 7, 271-277.

INTERNATIONAL JOURNAL OF CONTEMPORARY ACADEMICS (IJCA) ISSN 2536-7110 © 2017 VOL. 1(1),
Pp.40 - 52, © AUGUST 2017 

DR ADEKUNLE
Text Box
51



SPATIAL VARIATION IN IMPERVIOUS SURFACE AREA AND THE INCIDENCE OF
FLOOD IN ONDO TOWN

BY
BAKARE, Katherine .Olayinka 

 www.guildaa.org
Ologunorisa,  E.  T.  and  Adeyemo,  A.  (2005)  Public
Perception of Flood Hazard in the Niger Delta, Nigeria.
The Journal of Meteorology, U.K.  28(276), 41-51.

Oriola, E. O. (1994): Strategies for combating Urban
Flooding in a Developing Nation: A case
study  from  Ondo,  Nigeria.  The
Environmentalist. 14 (1). 57-62

Sobowale,  A.  and  Oyedepo,  J.A.  (2013):  Status  of
Flood Vulnerability Area in an Ungauged Basin  

S.W.  Nigeria.  International  Journal  of
Agriculture and Biological Engineering.  

6 (2). 28-36
Leopold, W.B. (1972):  The Flood control controversy.

Ronald, New York.

National Population Commission of Nigeria, 2006. 
population.gov.ng

Paul,  M.J.  and  Meyer,  J.L.  (2001):  Streams  in  the
Urban Landscape. Ecological System. 32.
333-365

Ward,  R.C.  (1978):  Flood,  a  Geographic
Perspective.London.  The  Macmillan
Press.244.

INTERNATIONAL JOURNAL OF CONTEMPORARY ACADEMICS (IJCA) ISSN 2536-7110 © 2017 VOL. 1(1),
Pp.40 - 52, © AUGUST 2017 

DR ADEKUNLE
Text Box
52




