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ABSTRACT

Accra has been experiencing periodic flooding that affects properties and lives. For

instance on 41h and Sib June 1994, 8 persons lost their lives and 80 million cedis worth of

properties belonging to Paloma Company were destroyed due the floods that occurred at

that time. The government seeing the dangers involved. commissioned institutions such

as ~linistIy of Works and Housing, Tovm and Country Planning and City Engineers to

identify such areas and adopt measures that will help reduce the effect ofthis unexpected

extreme event The measures used by these institutions in order to identify and prevent

the occurrence of such extreme event have been woefully inadequate and inefficient

Hence this thesis examines new methods of identification of potential flood risk zones

stressing the possible combination of hydrological models with remote sensing and

geographic infonnation system models.

The main objective ofthe study is to determine flood risk zones in Accra and its environs

using a hydrological model and a geographical information system model. Specifically,

the study aims at assessing how the urban watershed has been modified in-terms of

drainage networking, soil texture. runoff and their influences on flooding. A flood risk

zones map and the paleogeomorphology ofthe study area were also constructed.

\
Data for the study were from secondary and primary sources. The secondary sources

included rai.nfut~ discharge, and topography data, which were collected through literature

search from institutions such as Hydro Division of Ministry of Works and Housing,

Survey Department, Meteorological Service and \Vater Research Institute. The primary

data collected included drainage cros~ sectional measurement and soil characteristics.

These data were collected using field measurements. field observations. satellite image

interpretation and laboratory analyses.

The anaI~es ofthe data were based on the integration ofthe hydrological model into the

-Geographic Infonnation System model using an overlay operation.
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The result of the research showed that potential areas likely to experience periodic floods

with a given input of rainfall (140.2 mmlhour) are mostly below the 350-meter contour

and about 45 percent of the study areas fall \vithin flood risk zone. It was also noted that

the flood experienced by an area is mostly dependant on rainfall intensity no matter the

catchment area. However other factors such as, landuse, storage and runoff coefficient

were identified as contributory mctors to flooding in the study area..

In search for a method to detennine flood risk zones, the use of a hydrological model

within a geographic infonnation system model is very effective if only the appropriate

decision rule is defined. The studies will enable the supervisory agencies such as Ministry

of Works and Housing, Town and Country Planning and City Engineers enforce landuse

policies to prevent people from developing areas prone to floods.
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CHAPTER ONE

1.0 Introduction

Human values and institutions have set mankind on collision course with the

laws of nature. This is due to man clinging jealously to his prerogative .to

reproduce as he pleases by making the new generation larger than the last,
..

through endless multiplication of the human population on this finite "earth"

planet (Ehirlich et al., 1977).

Development through growth of settlement has brought changes within the

environment. The features most affected are vegetation, water-bodies,

wildlife and the fragile land. Most settlement growth programs, which are

meant to enhance human well being, tend to ignore the existence of such

important natural environmental components, as the urban watershed. FOT

example construction of houses/residential quarters, service centre's (shops,

lorry packs and gas stations) in areas marked by nature as drainage courses,

tend to, prevent percolation and therefore confine flow of water, leading to

spread of flow generating flood known to cause a lot of damage to property

and human life.
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Similarly hwnan activities such as sand winning and deforestation of

mangroves along the coastal areas have resulted in loss of wetlands that serve

as storage point for excess rainfall. Hence such activities ofman threaten the

natural mechanism that would otherwise militate againSt erosion and

flooding.

Flooding is the inundation of an area hy unexpected rise in the water level of.

a stream, lagoon, or a lake that spreads over its hanks and may cause a lot of

destruction to property and life as a result of prolong rainfall or dyke failure.

Flooding does occur in a nwnber of places including the forest areas and

agricultural lands; thus it becomes a problem wben hwnan beings are

affected. Flooding has therefore become a major concern for nations

worldwide.

From the global point of view, every year flooding is estimated to destroy so

many trillion dollars of property; lives are lost and people are displaced from

their bomes. Specifically, countries such as Bangladesh, Thailand, Sri Lanka,

Korea, India and the United States are known to experience destructive

flooding every now and then. The floods that occurred in Bangladesh in 1987

. and 1988 caused a total damage estimated at US$500 million. It was also

2



revealed that in 1987,39 percent of the entire country was flooded displacing

30 million people and causing loss of the main crop estimated to be 0.8

million tones (Meirjerink et aI, 1994). In 1975, flooding in the United States

caused an economic damage amoilllting to 3.8 billion dollars which was

projected to reach $4.3 billion per year by the year 2000. Apart from this,

flooding in United States c1ainas 100 lives every year and causes considerable

psychic tremor (Cbangnon, 1985). In 1995, the Korean Peninsula, especially .

the central part of it, including the Han River basin experienced floods that

destroyed properties worth $600 million, cultivated land of 57000 hectares

and while 9000 houses were destroyed clainaing 50 fatal causalities. The

transport system came to a halt thus preventing the city from getting her food

supply and thereby causing price hikes during that period. (Woo and Kina,

1997).

Gbana has also experienced periodic flooding particularly in Accra, where

such flooding displaces people and destroys property. These seasonal floods

render most city roads highly Wlffiotorable, creating huge potholes and even

bin b 'd On 4th d thwas g away n ges. an 5 Jillle 1994, 8 persons died when they

were swept away during flooding which resulted in the Odaw river and Korle

Lagoon overflowing their banks (Daily Graphic, June 8th, 1994).

3



The causes of flooding in Accra have been attributed to a number of factors

that include high rainfall poor drainage systems and'to its situation in low­

lying topography coupled with the clayey nature of the soil that has poor

infiltration rate. Also the massive silting up of the Korle lagoon has reduced

the volume of the lagoon and reudered it incapable of holding enough water

to prevent overflows that periodically cause a lot of damages to properties and

life around. (Gyau-Boal,ye, 1997; Opoku-Ankomah,1996).

To find solution to the periodic flooding in the Accra Metropolitan Area,

Government of Ghana commissioned consultants to study and suggest

practicable solutions to help in the planning and control of this natural

phenomenon. [WATERTECH, 1991; NEDEC, 1962, 1967 and Engman,

1973]. Reports produced, however, focused mainly on structural designs and

improvement of drains within the Accra Metropolitan Area as a way of

controlling the periodic flood.
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1.1 Statement of the problem

Flooding is a phenomenon that occurs at great cost to individuals and to

nations in terms of destruction of physical structures and loss of life. Studies

in most developed countries have shown that developing a flood prediction!

hazard prevention model and adapting it in a day to day design of settlements

can effectively reduce the hardships brought upon individuals and the nation

by such an unexpected events (UNESCO, 1978).

In Accra, private estate development and the erection of concrete structures

are on the increase in areas that have been experiencing periodic flooding. It

is expected that the Accra Metropolitan Authority (AMA), the Town and

Country Planning and the City Engineers Department will prevent such

developers from erecting man-made structures in these identified risk zones.

Though these statutory supervisory agencies exist and do seem to perform

their allotted tasks, the practice ofbuilding in these areas contioues.

However, during the yearly rainy seasons these unexpected flood events do

adversely afTect not only building structures but also people's livelihood in

and around these areas. One may then wonder if these governmental agencies

have enough tools to detect and identilY flood risk zones and to advise or

5



indeed prevent development in these areas. As a result to solve this problem,

it would be useful to explore new approacbes at identifYing and managing the

problem.

1.2 Objectives

The main objective of this study is to map-out the flood risk zones of Accra

and its environs using a hydrological model, Remote Sensing and Geographic

Information System techniques. Specifically the study will:

I. Assess how the urban watershed has been modified in-terms of

drainage networking, soil texture and their influences on flooding.

u. Try to construct a map showing flood risk zones.

10. Assess how surface runoffs have been affected by landuse pattern.

lV. Try to reconstruct the paleogeomorphology ofthe study area using

historical records.

1.3 Rationale for the study

Accra being the capital of Ghana accommodates the major institutions,

industries, enterprises and government ministries that control the national

economy. For the past years. Accra has been experiencing periodic but

catastrophic flooding problems. This has been a concern of the governmen~

6



hydrologists, civil engineers and planners. Yet no detailed database has been

compiled on the factors contnbuting to these floods nor has any map of flood

risk zones in Accra been developed. This vacuum needs to be filled hence the

eSsence ofthe present study.

Particularly, it is envisaged that the study will help in the Wlderstanding ofthe

major factors that cause flooding in the Greater Accra area Furthermore, it is .

hoped that using geographic information system and remote sensing tools will

provide an ideal search method for such agencies like Hydro Division of

Ministry of Works and Housing, Water Resources Institute of COWlcil for

Scientific and Industrial Research (CSIR), Accra Metropolitan Authori1y,

and National Disaster Management Organization in identifYing flood risk

areas in Accra. Finally, the result of this study would become available to

such institutions as the Hydro Division of Ministry of Works and Housing,

Water Resources institute of CSIR, Accra Metropolitan Authori1y, and

National Disaster Management Organisation. The work will contribute

towards the search for strategies for policy formulation for development,

especially in the development of educational material that would address

residents' attitude to manage the occurrence of such events. Also the study

7



has the potential of being used by researchers in hydrology, geomorphology,

environmental science and other related fields.

1.4 Study area

1.4.1 Location

The proposed study area is within the Greater Accra area (Figure 1.1). It

stretches from Botianor 10 Sakumo, and James Town to Oyarifa. Tema .

bounds il on the East, on the South by the sea, West by the Weija dam, and

North by the Akwapim hills. Using the geographical co-ordinates it lies

within Longitude 0'.03 and 0'.25 West and Latitude 5'.30 and 5'.53 North.

The designated study area coverS approximately about 786.59km2
.

Figure 1.1 Study Area

Map Of Ghana

Map of Study Area in AccraNwtE

S

,"!9'"
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1.4.2 Relief, drainage and hydrology

The area is characterized by lowlands and occasional hills with an avcrage

altitude of 20 meters above sea level. The slopes are generally gentle with

most slopes below 11 percent, except few places such as MaCarhty hills, the

television transmitting station near Abokobi and Kwabenya hills, where

slopes are above 22 percent. These hills produce a lot of runoff during the

rainy season with a high discharge rate that varies with the steepness of the

hills. There are pockets of marshy areas that are liable to floodiog and

sustaioed wet conditions. The water table varies between 4.80 meters to 70

meters below the surface at places like Ofankor, Kantamanso and Accra

Brewery Limited bottling house io Accra (Water Research Institute, 1984,

1994). Along the shoreline arc some of the important lagoons, like the Korle,

Sakmno. and Kpeshie.

The area is drained through by natural streams (Figure 1.2) and valley

network and artificial draios. Most of the streams like Odaw, Sakumo,

Mahahurna, Lador, and Dzorwulu, take their source from the Akwapim range.

The artificial draioage is mostly huilt-up Structures that enable quick

discharge ofwaste and storm water.

9
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Figure 1.2 Drainage Map ofThe Study Area

W--I-I

1.4.3 Geology

Geologically (Figure 1.3) the area is underlain by the Dahomeyan of the

lower Pre-cambrain series consisting of acidic and basic gneiss. schist.

granulite and migmatites. Within the area the Togo series which overly the

Dahomeyan series consist of quartz, schist and sericite schist. Also present is

the Accraian formation of the early to middle Devonian that consists of

alternating Shale, sandstone, mudstone and pebblegrits. Most importantly is

tho recent deposit of alluvia of drowned valleys mostly along the Densu River

(Kesse, 1985).

10
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Figure 1.3 Geological Map otAccra Arca
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GEOLOGICAL MAP OF ACCRA AREA

1.4.4 Geo-Hydrology

The occurrence ofgroundwater in the study area depends on the penneability

and potential ofthe rock to store water at appreciable quantities.

The Dahomeyan system is generally massive with few joints and fractures.

but the impervious nature of this system limits the available groundwater. It is
\

only in few weathered zones that successfully yield about 540 to 11.250 Iitres

per hour from drilled boreholes.

The Togo series are folded and fractured, though they are impervious.

However there exist some fractures and joints where groundwater can b~
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stored, which depends on toe extent of openings in the rock. Also wherever

quartzite is in contac; with argillaceous rocks within a valley, springs usually

occur.

The Accraian series lacks the potential to store groundwater in appreciable

quantities as can be verified from the amount of water namely 3900 litres per

hour that is being pumped from drilled borehole.

The alluvia are relatively thick, permeable and able to store enough water for

many purposes such as for irrigation, industrial and domestic uses. They have

the potential to recharge wells and streams.

1.4.5 Soils

Within the study area eight (8) main tracts of soil with their component of soil

associations and complexes can be identified (Figure 1.4).
",

These soil tracks are grouped on the basis of not only on their parent

materials, but mostly on the differences in their drainage conditions. Though

not much study have been conducted on such soil properties as infiltration,

and soil water holding capacity, there seem to be variations in these tracts.

12



Figure 1.4 Soils of Accra Plains

1.4.6 Climate and Vegetation

The area falls within the. anomalous dry equatorial climate regIon and

experiences double maxima rainfall and a prolonged dry season with

occasional harmaltan winds being experienced. The hottest months are

February and March, just before the rainy season, with mean monthly

\

temperatures of 27"C, whilst the coolest months are June·August. During this

period temperatures are around 21°C. The climate is controlled by the

southwesterly wind that generates rainfall with an annual amount between

780mm and 1200mm. Rainfall in this area has two peak periods June and

October.

13
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There are two main vegetation types within the area; namely the Coastal
. ,

Scrub and grasslands, and mangrove forests. The' Coastal Scrub and

grasslands are in patches at certain places with occasional trees such as Nim

and Baobab. In the wetter parts, East of Accra, fan pahns and wild oil palms

are wide spread. The mangrove forests are found in the coastal lagoon areas

where the soil is waterlogged and salty. The mangrove trees grow to a height

of between 12 and 15 meters and are closely packed and green in appearance

throughout the year. TI,e white mangrove is the most common plant in this

area.

However, vegetation types in this zone to some extent intercept rainfall

thereby reducing its erosivity impact on soil. Most of the intercepted

precipitation stay on the leaves and latter evaporated, part flow down the stem

of the plants as stem flow or fall from the leaves to become part of the

through faIL In other,words, the rate of interception of the plant depends on,

the leave type, hollows in the plant and dead branches on the plant. Since

Accra is not highly vegetated, roof of houses also play a part in the

interception ofrainfall.

14



1.5 Expected output

The data analysis will be managed and directed towards the specific needs of

urban flood management. The first output of the flood survey will be a list of

all the parameters that affect flooding and an insight into their influence.

Second will be the production of a flood risk zone map of the entire Accra

area to show areas that are likely to experience flooding; this will be based on

a 25-year flood occurrence period.

Last will be to verilY the effectiveness of the use of Geographic Information

System and remote sensing techniques as quicker methods to determine flood

risk zones that can be used in other parts of the country.

1.6 Structure oftbe thesis

The study is divided into six chapters. Chapter one deals with introduction,

statement of the problem, objective of the study, rationale for the study, study,
area and expected output. Problems encountered during the research work and

structure ofthe thesis follow.

Chapter two addresses the related literature that has been written by various

researchers on floods and flood generating factors. The next chapter IS

15
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devoted to the discussion of types of data, sources of data and methods used

for their collection. Much consideration was given to the tools to be used for

analysis. Chapter four presents the hydrological perspective of Accra

highlighting on rainfall, runoff, soil characteristics and drainage. In addition

the paleogeomorphological evidences of the study area are also presented.

Chapter five discusses the procedure through which a flood risk zone map can

be derived within the geographic information system platform. Chapter six

deals with the conclusion that consists of a summaIy of flood generating

factors, implication ofthe study for policy and recommendations.

16



CHAPTER nvo

REVIEW OF ISSLJES ON FLOOD STUDIES.

2.0 Introduction

111is chapter presents the related literature that has been '\Titt~n by variotls

authors on floods and factors that will help in determination of flood risk

zones. Understanding of flooding in urban menS efln be trnced from carly

works carried out in the field of geomorpholoh'Y. hydroloh'Y. civil engineering

and urban Studies. The review of1iteraturc for this research will he limited to

the following subtitlcs~ impact of flooding, flood generation fnelors.

application of Geographic Infonnation System and Remote Sensing in

hydrology and geological past.

2.1 Impacts of nood

Flooding comprises a significant natural ha7.ard causing largc·scalt.: human

suffering and damages to properties (Bhalleharyya & Bora. 1997; Mustafa &

Wescoat Jr.• 1997; Ando & Takahasi. 1997). Flooding has heen with mankind

over the ages. For example, in Genesis 7:1-22 of the Holy bible, we aTC told

of the story of flooding that wiped out a whole generation of people leaving

only few survivors.
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From the global point of view eveI)' year flooding is estimated to destroy so

many trillion dollars "fproperty, peoples' lives are lost and displaced from

their bomes. In the United States of America from 1889 to 1979 an estimated

lives of people lost is about 16,661 and a total amount of $18,770 billion of

properties were destroyed (Dingman, 1994). According to Bhattcharyya &

Bora (1997), floods between 1954 to 1993 in the Brahmaputra valley oflndia

affected 23.3 million hectares of land and caused damage to 3.45 million

heclares of cropped land and a total population of 42.2 million people were

victims. Similarly, Mustafa and Wescoat (1997) undertook a study in the

Indus river basin of Pakistan and found out that from 1950 to 1992, 106,500

villages were affected by this unexpected event and 6,763 lives were lost.

Accra in Ghana has also experienced periodic flooding, where people were

displaced and properties destroyed. For instance flooding which occurred on

7
th

May 1988, destroyed 3.6 billion cedis worth of equipments belonging to

Post and Telecommunication Corporation and also resulted in the lost of 3

live (Adinku, 1994). However the historical occurrence of flood in Accra is

catalogue in Table 2.1.
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TABLE 2.1 HISTORIC FLOODS IN ACCRA; 1955·1994

Adabraka, Agbogbloshie. Galloway,
Railway Statio, Adicdicnl...po Large Areas
around the Odaw and Korle Lagon

DATE YEAR AREA FLOODED

f@p'2NTI'
Jnoe 23 1955
June 21

DAMAGE

Train trapped. 3 fu.·cs
lost, walls collapsed on
pregnant woman and
ds.ughter. Many injured.
properties lost.

1=2-3 1959 SclW)'n Market areas dOlm Odaw
Stream-old Accra Electricity Station area. Properties lost
- Large Areas ofAchllnota to the
Guggisberg road bridge, korle Lagoon

. 1963 Large areas along Odaw. Other areas in 5 lives lost,
the Accra Municipality. Properties lost

June 19-23 1973 -several Communities flooded, kaneshie 3 lives lost
South Railway colonylIndustrial Area, 500 people marooned,

· major drains OdawlOnyasia., Nima, properties damaged.
Awudome. Kpeshie, Klotey drains.

· Ridge Police Station A car No. GS 2669

· Labadi, Dansoman plunged into the Odaw

· Buhuasie. North Kaneshie River with driver.

. 1978 Odaw Basin and Communities in Life lost and properties
Southern 'wrenches ofthe Odaw River damaged

Osu Klotey drain Houses pulled
June 20 1983 Bank ofGhana houses affected down.properties lost

AwudomeArea
Source: Adinku (1994)
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DATE YEAR AREA FLOODED DAMAGE

DAYIMONIH
August I 1984 Nin!a Drains Walls collapsed.

OdawRiver
Ring Road; Houses flooded

1I<y2 1985 Kwame Nkrumah Circle, Obetsebi Lamptey Circle, Sev~lbagssoaked

Alajo Caprice Bridge. 20,000 crates worth of

RingJInustriai Area ¢10,000.00 million

Millet Factory de!>lroyed.

Pepsi -Factozy Many furniture destroyed.

Modem Funiture
Mechancial Lioed
Blackwood Lodge
Ghana Rubber Industeries

May 4 1986 Kwame Nkrumah Circle, Alajo, Avenor, Oda"naand 3 lives lost, P&T switching
many areas equipment damaged.

t3.6 billion lost
.

J=, 1987 Alajo, Avenor Caprice Bridge Property lost
New Abossey Okai Walls collapsed
Mataheko House pulled down
NimaDrain
Siandfast Street

May 3 1988 Teasano Waboo Est. WallsIgates broken,
Kaneshie properiles destroyed
Nsawam 1'9ad
Sun Lodge Hotel

June7 - 8 1988 Obsetsebi -Lampley houses & sheds destroyed

KwameNrumah Circle
Many cars grounded,

Industiral Area,Millet factozy traffic disrupted

Old Dansoman. Chewn lagoon
Properly and merchandises

Ring Road west. damaged

Ghllllaian State Re-Insurance Cop. State Insurance
Kalk Sew, Mach.

Schools and housesCentral Automobile, Abossey Okai
Kaneshie, Kpehe, Atico Junction, Mateheko, collapsed

Dansoman, Aladjo, Mamobi 4 houses damaged

Ring Raod South
North Industrial Area 1 life lost,

nnc Builders and industieral Engineers
Modem Furniture
Mamprobi; near Club Kakalika

Source: Adinku (1994)
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2.2 Flood ~encratin~ factors

Besides, giving nccount on thc occurrencc of nood ill huilt-up arcas most

researches attempt (0 find the causes of Ihese nood.q. Viessnmn :nul I,cwis

(1996) expressed in their work that the nalurc of runoff, which gencrales

flooding within a given area/region, is a function of its hYdrological/c1imalic
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characteristic, relief features, and vegetation. Similarly Bhattacharyya and

Bora (1997) identified some interrelated factors that generate flooding in the

Brahamapula drainage basin, these are natural, hydro-meteorological and

anthropogenic. Ward and Robinson (1990) traced the causes of floods to

climatological factors. In addition they explained that there are flood

intensifying conditions, which include basin, network and channel conditions.

Gyau-BoaJ,ye(1997) and Opolm-Ankomah(l996) attnlJUte periodic flooding

in Accra to poor drainage systems, high periodic rainfall, low lying ground,

the clayey nature of the soil and the reduced volume of the Korle lagoon

which is incapable ofadequately serving as detention storage.

2.2.1 Climatological factors

Of the climatological factors, rainfall and snowmelt have been found to be the

most important components of flood generations (Viessman and Lewis,

1996).

Rainfall is generally considered as the primary input vector for generation of

runoff (Viessman and Lewis, 1996). When it rains part of it goes into storage

on the surface or in the soil and into groundwater reserVoirs beneath the

-surface (Ward & Robinson, 1990). The storage within the groundwater-
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characteristic, relief features, and vegetation. Similarly Bhattacharyya and

Bora (1997) identified some interrelated factors that generate flooding in the

Brahamaputa drainage basin, these are natural, hydro-meteorological and

anthropogenic. Ward and Robinson (1990) traced the causes of floods to

climatological factors. In addition they explained that there are flood

intensifYing conditions, which include basin, network and channel conditions.

Gyau-BOakYe(1997) and Opoku-Ankomah(1996) attribute periodic flooding

in Accra to poor drainage systems, high periodic rainfall, low lying ground,

the clayey nature of the soil and the reduced volume of the Korle lagoon

which is incapable ofadequately serving as detention storage.

2.2.1 Climatological factors

Of the climatological factors, rainfall and snowmelt have been found to be the

most important components of flood generations (Viessman and Lewis,

1996).

Rainfall is generally considered as the primal)' input vector for generation of

runoff (Viessman and Lewis, 1996). When it rains part of it goes into storage

on the surface or in the soil and into groundwater reservoirs beneath the

.surface (Ward & Robinson, 1990). The storage within the groundwater.
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reservoir depends on the soil and rocks of the area. Therefore to understand

the rate of runoff that canses flooding, there is the need to take into

consideration, the rainfall intensity and duration. Many researchers have

expressed that runoff is generated if rainfall exceed the rate of infIltration

(Dingman, 1994; Ward & Robinson, 1990; Viessman and Lewis, 1996)

Much concern has been given to the spatial and temporal variability of

rainfall. The concern for the spatial variability of rainfall is the result of the

general interest involved as a result of new techniques being developed and

also the attention given to mesoscale meteorology and climatology

(Browning, 1989; Houze, 1989).

The importance of rainfall in the determination of floods can be seen in the

works of many researchers. For instance Woo and Kim (1997), noted in their

analysis, that amount of rainfall determines the water available as overland

flow that generates flood conditions. In the Korean peninsular, they observed

that during the August 1995 flood period, the Hans river received heavy

rainfall varying from 300 mm to 400 mm in a day which was estimated to be

equivalent to rainfall with a 2550-year return-period. Within the

Brahmaputra catchment, Bbattacharyya and Bora (1997) observed that the

. heavy monsoon downpour of high intensity and erosive power made the
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rainfall increase sediment transport of the river channel, which fills up the

channel giving it the capacity to immediately create flash floods. In an

examination of the rainfall pattern over Accra, in relation to flooding, OpoJ.."l1-

Ankomah (1996), observed gradual rise in rainfall totals from 1953-1995, but

the maximum 24-hour rainfall has been high, relatively.

Thus, the severity of flooding is likely to be caused by increase rainfall

intensity and duration. In other words a storm that will result in maximum

runoff should have an intensity- duration equal or greater than the

concentration time of the catchment (Ward and Robbinson, 1990; Mannearts,

1996). Though rainfall intensity is an important parameter in determining

surface runoff that is likely to generate floods, yet it is very difficult to

determine. However, the duration of rainfall can reliably be determined using

the recording rain gauge (Taur and Humborg, 1992).

Most observed rainfall generate runoff whose relationship (rainfa11lrunofl) is

very difficult to determine. Hence model simulation to identitY the parameters

that contribute to effective nmoffhas become important and many researchers

are using these approaches. Viessman & Lewis (1996) identified some of the

. models for the estimation of runoff to include the runoff coefficient Phi.. ,
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index, curve mnnber lll1d the rational formula. Mannearts (1996) commented

that runoff coefficient; Phi-index, curve number lll1d the rational formula give

values for rainfa1l excess rate. In theol)' rainfall excess rate is not equal to

overllll1d flow flux or depth lll1d is likely to chlll1ge with flow direction. An

observation at a lower part of a plot will give lll1 indication to the fact that

runoff differs from excess rainfall rate.

Butchte!e, et aI. (1996) used the BROOK lll1d SACRAMENTO models to

verifY the extent to which variables such as rainfall, groundwater system, soil

moisture and evapo-transpiration contribute to runoff processes in Liz

(Southwest Czech Elbe River basin near Germlll1-Austrilll1 borders), Llll1ge

Branke, Blanice and' Metuje Basins. Their research was to compare the

effectiveness of the two models (BROOK lll1d SACRAMENTO) lll1d to

identifY components that contribute effectively to runoff. Using the models,

they were able to identifY winter rainfall as lll1 important component to runoff

in each ofthe models.

2.2.2 Soil characteristics

The amount of water that flows as overllll1d flow mostly depends on the

. infiltration rate of the soil lll1d its water holding capacity. For lll1Y amount of
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rainfall to cause flooding, there should be high overland flows. Ward and

Robinson (1990) observed that water that fails to infiltrate the soil surface

moves over the surface 'to the stream channel. Therefore the main cause of

these overland flows is the inability ofwater to infiltrate the soil surface.

An attempt by Horton (1933) to explain overland flow, stressed much on the

infiltration capacity of the soil surface, which was defined as the maximum

rate at which rain can be absorbed by a given soil when in a given condition.

Some factors such as urban area surface compaction, pavement surface and

built-up areas, do account for the rate of low infiltration in urban areas and the

increase in the generation of high overland flow. In these areas, surface

ponding prior to infiltration has been considered to be important depending on

whether the time to ponding can be sufficiently appreciable (Ward and

Robinson, 1990; Mannearts, 1996). Bonell and Balek (1993) commented that

Hortonian overland flow is possible in any environment with high rainfall, if

the land surface is compacted to reduce infiltration rate.

To measure inftltration rate of a soil, most researchers try to use some

developed models for its estimation. Some of the modeIs used include,

Hortons, Richards, Philips and Green-Amp! models. Using Horton's.
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. of m'fiiltratl'on rate were determined by theinfiltration model, estunates

Association ofSoil ConServation Engineers on various soil group (Table 2.2).

Table 2.2 TypicalJi (infiltration rate) values

Source. Vtessman & LeWIS (1996) after ASCE
l\{anual ofEngineering Practise, No. 28.

Soil Group .fi(mmIh)

High(sandy soils) 12.50-25.00

Intennediate(loam, clay, silt) 2.5-12.50

Low(clays, Clay loam) 0.25-2.50

.

In the works of Viessman and Lewis (1996) it was commented that

infiltration capacity changes from one location to the other based on available

time. spatial variation, in tenus of vegetative cover. soil type and water input.

In other words areas with uniform soil type and vegetative cover are likely to

have the saroe infiltration capacity, though it may vary from time to time.

However, soil water detention ability is important to the determination of the

rale at which water may flow as overland flow. Various kinds of soil have

been noted to show different water retention properties. Loukas and Quick

(1996) noted that areas with high vegetation might produce no overland flow

because of the high infIltration rate in that zone. However, in the work of.
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some researchers like Hewlett and Hibbert (1967); Hewlett and Troedle,

(1975); and Mosley (1979) observed that runoff is generated as translatory

flow and soil pipes in some soil matrix.

Measurement of runoff is very difficult in various types of soil, as such the

Soil Conservation Service of United States of America, developed the curve

number where runoff could be forecast and predicted under vanous

conditions in different types of soil, based on their hydrologic grouping

(Table 2.3). Dingman (1994) has cautioned that to enhance prediction and

forecasting runoff, using the runoff curve method, a detailed observation of

storage component is important.

Table 2.3a Runoff Curve numbers for Hydrologic soil cover complex In""'O.2S (some
selecte~J~dust::) _ _

Hydrologic soil Group

Landuse

or cover

Woods

Fann woodlots

Roads (dirt)

(hard surface)

Tn.=:' Initial abstraction

Treatment

or practice

Hydrologic ----
condition A B C D

Poor 45 66 77 83

Fair 36 60 73 79,

72 82 87 89

74 84 90 92

Source: Vicssman ~ Lewis (1996)

28



Table 2.3b Hydrologic Soil Group

SodGrorsp Description Final

Infiltration
rat~(mm!h)

A Low runoffpotential soil have high infiltration rates
include deep sands or gravel's. vcry little silt and clay
rapidly permeable. . - .

n Moderate low runoITPotential Mostly sandy soils less deep than A,
and loess less deep or less aggregated than A. but the group as 8

whole has above average infiltration after lhorough wetting. .•..•..........
C Moderately High runoff potential comprises sbalIm,,' soils and soils

containing considerable clay and colliods. though less than those
ofgroup D. The group has below average infiltration after
pre.saturation. . - .

D Highest runoITPotential. Includes mostly clays ofhigh swelling
percent, but the group also includes some shallow soils
with nearly impermeable sub-horizons near the surface < •••••••••••• ,

4·8

1-4

0·1

Source: U.S. Conservation Service (1964)

Curve numbers in the Table 2.3a are used if only the average antecedent

moisture condition is known as in Table 2.3c.

Table 2.3c Antecedent Moisture Conditions.

) After U.S. ConservatJ.on ServIce (1964)gm (1

Total Rain 5 Previous
days (in.)

Dormant Growing

Condition Soil wetness Season season
I Dry but above

Wilting point
- ---
<0.5 <1.4

II Average 0.5-1.1 1.4·2. I
ill Near Saturation >1.1 >2.1

Source: Din an 994

29



AMell
100
98
96
94
91
88
85
82
78
74
70
65
60
55
50
43
37
30
22
13

N b ' "'et(Ill) and Dry(l) Antecedent Moisture Conditions(AMC)Table 2.3d Curve urn er lor"" ..
corresponding to an Avera~e Antecedent Moisture Condition

Co ndinll:CNs
eN for AMC II AMC I
100 100
95 87
90 78
85 70
80 63
75 57
70 51
65 45
60 40
55 35
50 31
45 26
40 22
35 18
30 15
25 12
20 9
15 6
10 4
5 2

MfCI. Lowest runoffpotential.
AMell: The Average condition.
AMell: Highest nmoffpotentiaL

Source: Dingman (1994) After U.S. Conservation Service (1964)

In addition, most researchers also prefer to use runoff coefficients that

basically use landuse pattern rather than soil characteristics of the area under

study. Therefore an urban settlement (Table 2.4) will have a high runoff

coefficient than a rural agricultural community.
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Table 2.4 RunoffCoefficient for various land cover units

Description ofArea Runoff
Coefficient

Business-
Downtown areas 0.77-0.95

Neighborhood areas 0.50-0.70

Residential
Multiunit, detached 0.40-0.60

Residential (suburban) 0.25-0.40

Patks, cemeteries 0.1 0-0.25

Play grounds 0.20-0.35

Unimproved areas 0.1 0-0.30

Source: Vtessman and LeWIS (1996)

2.2.3 Drainage characteristics

The drainage system consists of drainage pattern, catchment shape and areas

for storing water such as ponds, wetlands or perched water table. According

to Ward and Robinson (1990) drainage pattern is the basic network form of

the system and its effect can closely be linked to the bifurcation ratio and the

catchment shape. This drainage system comprises a network of stream

channels and the sloping ground surfaces that contnbute to overland flow and

interflow to those channels, (Strahler and Strahler, 1987). Therefore a

drainage system (natural or artificial) conveys surface water and ground water

away from areas with high water to prevent flooding (Viessman and Lewis,

1996).
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According to Ward and Robinson (1990) drainage pattern IS the most

conservative network characteristic, its effect closely related to that of

bifurcation ratio and catchment shape. Taking into consideration the drainage

type, Ward and Robinson (\990) noted that dendritic patterns ale associated

with sharp high-magnitude flood peaks at catchment outlets, because of

coalescence of number of major tn1mtaries. Also some patterns permit the

evacuations of flood flows from the downstream tributaries, before those from

upstream arrive which often result in more muted flood response.

Though high network of streams is important, high volume of unconnected

surface depressions may act as stOlID reservoir. but can only contribute to a

quick flow when these'depression~ are connected by constant rainfall. In other

words, the total interconnected saturated surface within the catchment

basically detemrines the volume of quick flow produced by rainfall.

Therefore maximum flood occurs, if rainfall continues and the source area

expands, where the entire catchm~nt contributes to quick flow to the stream

channels. (Ward & Robinson, 1990; Viessman and Lewis, 1996)

Ward and Robinson (1990) noted that the effect of artificial drainage on

floods appears to vary and is not fully understood. But the velocity and .
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magnitude of flood peak within artificial channels can be explained by its

variability in tenns of the characteristic the channel posses which may include

its roughness, constituents of the channel bed, bank material, growth of

vegetation within it, its shape and storage properties.

On the other hand, in determining the time at which storm upstream will take

to travel down stream to cause flooding, researches have resorted to use the

time-area, time-of concentration and the basin shape methods (Selby; 1985).

It has been noted that the varied basin shapes produce varied hydrographs.

For example with an elongated catchment (see Figure 2.la) water from the

head of the basin takes a long time to reach the outlet of the basin, while the

area near the outlet contributes very quickly. In this instance the hydrograph

of this elongated shape f1atteus. A nearly circular catchment (see fig 2.lb),

the travel time from the basin perimeter is nearly equal and more peaked.
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. pD' age Area and Flood
Figure 2.1 Relationships Between Dramage altern, ram

Hydrograph

Fi~rr Z·IC!

•"".•

Source: Ward and Robinson (1990)

r~ Z·lb

However the detemrination of peak discharge for a catchment is important for

Ibe design of structures and planning of settlement layout (Loukas and Quick,

1996; UNESCO, 1978). In Ibe determination of peak discharge, using a

rainfall-runoff model either the rational formula or the unit hydrograph there
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is the need for the calculation oflag time or time ofconcentration (Mannaerts,

1996' Bondelid et aI., 1982). Bondelid et aI (1982) noted that about 75,

percent of errors in the estimation of peak discharge is the result of errors in

ttying to estimate time of concentration.

The importance of time of concentration in runoff processes has prompted

researchers to spend time to develop and find an appropriate (technique)

equation to determine this variahle. The technique used to determine the time

of concentration is based on using either regression analysis relating it to

physiographic parameters of the watershed and some rainfall intensity or

duration (Kipirch, 1940; Watt & Chow, 1985; SaboL 1993). However other

researchers estimate the time of concentration of a watershed bY applying

mathematics based on kinematics wave approximation of overland flow

(Akan, 1986; ATon et aI., 1991). Some of the techniques identified bY

Mannaerts (1996) include TR-55 velocity method for bolh urban and rural

watershed, SWRRB method, Kerby overland flow time equation, Kirpich

(Ramser) method and Airport equation.

The drainage density network of an area is generated by a combination of

factors such as climate, vegetation and lithology of the area (Selby, 1985)..
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The changes in land use consequently .affect drainage density as a result of

deforestation, destruction of soil structure and the sealing of surface, all

tending to increase drainage density. Though it's very difficult to establish a

relationship between drainage density and flood, therefore change, in landuse,

cause floodwater to be conducted more rapidly to lowland areas to increase

flood hazards (Selby, 1985; Dingman, 1994).

Most importantly researchers have also noted that the slope of the drainage

channel can enormously contribute to the rate of storm runoff to cause flood

(Ward and Robinson, 1990; Selby, 1985)

2.2.4 Topography.

Lonkas and Quick (1996) expressed that overland flow may occur on

hillslopes if the level of saturation reaches the top of the hillslope. In this

instance surface runoff is generally favoured by topographical and geological

condition; for example in areas with steep slopes runoff occur"s rapidly

(Falkland and Brunei, 1993). A model like that of Hewlett, gave recognition

to the role of topography in detennining the location of source areas through

the downslope movement of moisture, (Bonell and Balek, 1993). Therefore

recent developments in the use of geographic infonnation systems to generate.
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digital terrain model, shows that the spatial variation in runoff in an area is

propelled hy topographic gradient (O'Loughlin, 1986; Beven et aI., 1988).

Also Moore et aI., (1991) expressed in their work the important role digital

terrain model can play as an alternative to physically based models wben

considering runoffproduction.

2.3 Remote Sensing and Geographic Information System Application
In Hydrology

Geographic infonnation system and remote sensing provide a broad range of

tools for determining areas affected by floods or for forecasting areas likely to

be flooded due to high river or sea levels. However for an effective

management of floodwater in areas prone to flood, geographic information

system and remote sensing provide an efficient instrument (Mejerink et ai,

1994)

In other words remote sensing techniques are considered to be an important

way of collecting hydrological data at reduced cost, since large areas can be

depicted on a single image depending on the scale (Engman and Gurney,

1991; Lillesand and Kiefer, 1994). Engman and Gurney (1991) enumerated

some importance of remote sensing to the application of hydrology. The first
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is the ability to give spatial data rather thoo point data; second, it has the

capability of measuring some hydrological variables such as soil moisture;

tIllrd, the satellite used has the capability to produce continuous ood long-term

data. Some hydrological parameters like looduse, soil moisture, evaporation

ood rainfall are variable in time ood space, but the development of remote
.

sensing has made it possible to collect most of these data by using multi-

temporary images that coo be used for spatial ood hydrological modeling

(Loumagne et ai, 1996).

In hydrological modeling within the remote sensmg ood geographic

information system some parameters like soil water storage capacity ood

vegetation root depth are determined hy noting hydrological similar units for

all pixels from a digitized map (Mejerink et ai, 1994). Some researchers have

noted the existence of limitation in the use of remote sensing to measure

runoff. But" it is possible to use remote sensing to determine areas covered by

swamps, lakes or temporary areas .inundated by floods (Schultz, 199"7). As in

the works of Kuma (1996), he attempted to produce a flood risk map of Acera

using satellite image ood aerial photographic interpretation without

considering the similarity in the units within the image in terms of their

hydrological characteristics.
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Thoucl1 most hydrological models are not developed for use with remote

sensing capabilities, yet some remote-sensing data can be used in distnlmted

deterministic model. However much questions are asked about whether the

values of distributed parameter models truJy represent the proct·sses if their

fundamental a1goritluns and assmnptions are very difficult to validate

(Engman and Gurney, 1991).

Geographic Information System (GIS) has gained much ground in the field of

hrdrology for monitoriog and modeling activities (Doe 1Il e1. a1., 1996;

Baumgartner and Apfl, 1996). Therefore geographic information system

(GIS) tool can provide resources managers and decision-makers with a tool

for effective and efficient storage and manipulation of remotely sensed

information (Este, 1992). Baumgartner and Apfl (1996) explained that remote

sensing and geographic information system could be used separately or in

combination willi hrdrological models (where a selected hydrological

modeling can be done with geographic information system). It was further

observed that in a case of combined application, no malter how efficient or

complex the approach of integration of remote sensing, geographic

information system analysis, database manipulation and models in a single

analysis system might be, it requires that the hrdrologist understands not only
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the hydrological problem, but the technologies being used without being a

computer expert.

To solve hydrological problem in an integrated manner requires:

• recognition ofthe specific hydrological problems;

• measurement ofvariables using remote sensors and conversional/terrestrial

methods; design a geographic information system including data layers;

• attribute information; that is building a database to manage all the data;

• selection or design of an appropriate hydrological model; input variables

into model; comparison of results from model computation with actual

remote sensing and ground data.

In other words the integration of remote sensing and geographic information

enables the hydrologist to model temporal and spatial changes of hydrological

phenomena efficiently.

Despite the advantages of the integration of hydrological models into

geographic information system models, there are some limitations that need to

be taken into serious considemtion. Doe III et a1. (1996) observed with much

concern the problems relating to the quality of data, parameter estimation and
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grid cell size and how this affects the representation of hydrological processes

within a geographic information system model. Also Chen (1998) commented

that limited efforts have heen made hy researchers to develop geographic

information system tools into which researchers can easily integrate

hydrological models, though there exists some difficulty in dealing with

spatial and temporal aspects simultaneously.

2.4 Geological Past

The reconstruction of the paleogeomorphologyfgeology of an area usmg

varied methods available helps the researcher to understand the present

geomorphological phenomena (flooding) in that area (Krumbien & Sloss,

1963; Yardimcilar, 1998). The observation one may make in an area is likely

to infInence his perception. According to the comments by authorities such as

Lyell (1830), the present processes that generate flooding also occurred in the

past This is because present landforms are shaped by slow bnt relentless

forces, therefore the landforms in this present age have gone through a lot of

changes that might he distinct from the past as we can observe. It has been

observed by some researchers (Krumbien & Sloss, 1963; Davis, 1964; Dei,

1972) that the present enviromnent looked different from the enviromnent of

the geological past during the Pleistocene in the Quaternary period. This is

41



because a possibility exists (as encountered in their studies) to show that

geological, climatological and human processes have shaped these

environments .

To reconstruct the geological past environment some researchers use varied

methods, which include heavy mio~al, sediment analysis, archeological

evidence, geological feature correlation and radiocarbon dating of rock

particles (Knnnbien & Sloss, 1963; Davis, 1964; De~ 1972).

Using the heavy mioeral analysis it is realized that sediment formed from

freshly exposed igneous or metamorphic terraio tend to have clean angular to

sub-angular heavy mioeral grain, with some cleavage and crystal faces

preserved. In other words sediments derived from pre-existing sediments tend

to have well-rounded heavy mineral graio composed of the most stable heavy

mioeral such as tourmalioe and zircon (Knnnbien & Sloss, 1963). In the

works ofDei (1972) he found out that quartz graio can be used as an index for

the reconstruction of the paleo-geographic environment of an area by lookiog

at the particle shape, roundness and surface texture. In his view climate may

dominate in the process of shaping particles and land surface as seen today.
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cHAPTERTHREE

METHODS IN HYDROLOGICAL STUDIES AND ISSUES OF FIELD
WORK

3.0 Introduction

Flood is a principal natural hazard in many parts of the continents. Sector

programs for preventing and decreasing flood damages used different kinds of

data, among which hydrological and meteorological data are of hasic

significance (Sokolov, 1969; Sezstay, 1969). This chapter is devoted to

discussing the types of data and sources, methods used for data collection and

tools for analysis.

3.1 Data identification and source

Data to be used for this study were sought from two main sources namely,

secondary and primary sonrces. To easily identifY and incorporate data to he

collected into the proposed geographic information system and hydrological

models for analysis, the Terrain Mapping Units (TMU) technique as

descnbed in the works of Meijerink (1988), Meijerink et al (1994) and

Mitchell (1973) was followed. The Terrain Mapping Units technique is a

procedure wherehy the study areas are divided into units/classes that can

easily be identified and separated ou the topographic map and aerial
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photography or satellite imagery to be cross checked with ground observation.

Using 1997 aerial photographs with a scale of 1:10,000 and the 1972

topographic map of scale of! :50,000, the terrain of the study area was sieved

using various cover classes into thematic maps (topography, elevation, slope,

land use, and vegetation, drainage channels).

Taken into consideration the Terrain Mapping Units, secondary data were

obtained from published information on flood generation factors such as,

rainfa1l, discharge of the various rivers and human activities within the study

area. Most of these data have been compiled and used by specialized

organizations such as Water Research Institute, Meteorological Services,

Hydro-Division of Ministry of Works and Housing and School of Agriculture

in the University ofGhana.

It has been noted that most of the data compiled by these organizations are at

times not up-to-date and not properly recorded. This makes most users doubt

the accuracy of such data for analysis. As observed by Manley and Askew

(1993), data entry from some recorder's notebook to the Computer for

processing is always a problem, since most of those who are charged with

recording of events have no knowledge in computing. Therefore, data
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availability for use becomes a problem since most of these organizations do

not have access to computers. In most cases data stored 011 paper deteriorates

rapidly making the writings difficult to read and at times various types of

creatures eat part ofthe records. In this instance, data from seCoIlftaty sources

need to eonfonn to set standards because of their role as sources of data in

physical geography for analysis of events and study purposes (Shaw and

Wheeler, 1985).

The over reliance on secondary data for research sounds costly to researchers

since most of these are derived from models and are also not properly

compiled by agencies commissioned by the government. Therefore, some of

the data for this research were obtained from the primary sources. The data

collected from these sources included vegetation characteristics. landuse

pattern, channel characteristics (Cross section area) and soil characteristics.

The methods used to collect these data included, field observations, field

measurements and satellite/photographic and topographic map interpretations.

The field observations were carried out in areas where complicated equipment

was not required, but quick and accurate predictions could he made (Mitchell,

1973). TIlis was to cross check the predictions derived from a model with
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estimation has received a lot of attention regarding its importance in

determining the amount of water that moveS through the soil. An attempt was

made to obtain infiltration rate using the ring infi1trometer at various points in

the study area, but it was not possible due to the unavailability of the

equipment and knowledge ofusage in taking measurements.

Due to difficulty in the measurement of infiltration rate, researchers have

developed various models and coefficients that can be used to estimate

infiltration rate. These models take the form of time-dependent and empirical

models using detailed equations that descnoe infiltration rate under

continuous ponding (Bonell and Balek, 1993).

Therefore, the researcher used runoff coefficient to estimate infiltration and

runoff for areas under study. Despite the efforts put into the use of models in

hydrological phenomenon, most authors/researchers are cautioned as to the

use ofthese models in their estimations (Bristow and Savage, 1987).

An attempt was made to acquire data relating to water detention (soil

moisture and storage points) in each catchment. However, in -the

.determination of soil water holding capacity and detention storage, the
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researcber used storage coefficient instead of tbe laboratory moisture

percentage method (Head, 1994). TIris was because of tbe cost involved in

sending the materials to the laboratory for analysis and the time to submit the

researcb fmdings. The use of storage coefficient is based on the view that

amount of runoff resulting from a particular storm is primarily a function of

the existing depression and soil moisture ·conditions (UNESCO, 1971).,

Values relating to drainage density, bifurcation ratio and drainage lengths

were calculated using the topograpltic sbeet of Accra No. 0501(B2, B3, and

B4) of a scale of 1:50,000. The reason for using tbe topograpbic sbeet is that,

it is very difficult and expensive to have actual field measurement of the

drainage parameters. ~oreover considerations have to be given to the time

limit involved in the data collection and submission ofresearch fmdings (Taur

and Hurnborg, 1992; Prosser and Abernetty, 1996; Loukas and Quick, 1996).

3.2 Data sampling

It is important to acltieve a level of generality through the collection of data

using various fonns of measurement and observations. Since the total study

area cannot be covered in terms of data collection of the identified parameters

.needed, the multistage sampling method of wltich purposive-stratified
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methods (non- probability and probability) were used to select points to

collect samples for the study.

To give equal chance to a point of heing selected for measurement and

observation, using the topographic map and aerial photography, the urhan

watershed was stratified into river catchment. These catchments were later

subdivided into small facets with the information and tools available (cover

class, slope). Due to the varied nature of the catchment, time, cost and the

total amount of sampling to be done, it appeared inappropriate using simple

random sampling method (probability method) to select site for measurement

and observation. This is because simple random sample requires a sample

frame list of sample site,S that is difficult to compile (De Vans, 1993).

Besides using any of the probability method, areas to be selected may be

paved, rocky or waterlogged and therefore not suitable for iu1iltration

measurement Also a drainage charmel selected for discharge measurement

may be dry or choked. For that reason the two non-probability techniques

namely purposive and accidental were used to collect data in the study area.

The non-probability method does not take into consideration the proportionate

representation of the samples to be collected, but it is used to select samples

50



for economic convenience. In this instance the use of purposive sampling

enabled the researcher to observe and measure a case in any lIDit that was

important to the study (Shaw and Wheeler, 1985). Despite the urge to use the

non-probability sampling techniques, it was noted that they do not give any

general view of samples complied (De Vans, 1993).

3.2.1 Summary of main aspects of fieldwork

The data collection was in two parts: those collected from secondary and

primary sources. The secondary data mostly included daily rainfall

recordings, riyer discharge measurements, general characteristics of urban

watershed and landuse plan (industrial estate, settlement zones and service

centers) of the study. area. The sources of data were from specialized

organizations appointed by the government to compile them.

The collection of primary data involved field observation, field measurement

and image interpretation to update or collect information related to landuse,

soil characteristics, drainage size and runoff determination.

Specifica1Jy, variables either observed or measured in the field are listed

below;
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I. Peak disc1mrge

2. Drainage brtsin charactcristics/storngc/slmpcl drainage density

3. Soil characteristics (texture)

4. Detention storage points

5. Landuse (settlement, service centers, parks,)

6. Rainfall (intensity. duration, frequency)

7. Slope characteristics (steepness, length)

9. Identification of floodplain

IO.Outlicrs of the Togo-Akwapim rocks
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Figure 3.1 now chart showing stages of determination and mapping of flood
risk zones in Accra
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3.3 Data consistency check

To check for consistency of point data (especially rainfall and discharge

measurements) collected, the double mass curve technique, as descnbed in

the works ofDingman (1994) was applied.

The double-mass curve, which is a technique for detecting and correcting

inconsistent precipitation data that have resulted from obstruction such as

growth of trees, urbanization or the appointment of a new observer for the

station, was adopted. The double mass curve is a plot of accumulated depth of

rainfall against time. The mass curve for a station where its measurement

condition has significantly changed was compared with the annual values of

other stations within th,e study area. The inconsistency in the measurement is

reflected in change in slope of the mass curve of that station. Moreover

inconsistency in measurement is considered significant if the bre3k in slope is

more than 5 (five) years.

To correct this inconsistency, the slope for the period after slope change is

divided by slope for period before slope change. This gives a constant factor,

whicb is used to multiply the portion that shows a problem in measuremeni.
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Since there was no inconsistency in the measurement no correction factor was

applied to the data for aoalysis.

3.4 Analysis ofdata

Descriptive aod quantitative equation models were used in the analysis. The

descriptive method involved the use of charts and graphs plotted on a

logarithm graph sheet, whilst the quantitative equation involved selected

physical equation models for rainfall-runoff (flood) analysis in hydrology.

3.4.1 Descriptive method

Graphs and charts were used to explain some frequency of occurrence in

events such as rainfall depth, rainfall intensities aod peak annual discharge of

some streams.
. ,

Some of the graphs plotted were hased on exceedence

prohability method that will help in explaining and predicting extreme events.

For easy aod quick plotting computer programs Timesplot and Rank·Plot

developed by Donker (1996) were used for the graphical representation.

3.4.2 Methods for paleogeomorphology reconstruction

To reconstruct the Paleogeomorphology of the study area, ao attempt w;"

. made to use methods such as archeological evidences and historical records.
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3.4.3 Quantitative method

The quantitative methods for the analysis were based on a runoff simulation

model. Therefore, the model selected for analysis should be able to compute

severe floods caused by short duration and high intensity minfall events,

simulate runoff during and shortly following discrete rainfall event Hence

the modified rational and kirpich time of concentration method were adopted.

The modified Rational model (equation I) is designed to simulate runoff

within any drainage basin no maller the pallern of rainfall. 11 also, gives the

various components to be selected for incorporation into the general model.

Q= O.28*C,*C*I*A -----------.------. equation I

Where:

Q= runoff rate [m'/sec]
C= Runoff Coefficient
C,= Storage Coefficient
1= Rainfall Intensity [mm/hr]
A= Drainage area [Km']

In addition, the modified rational method considers the entire drainage area as

a single unit and assumes that rainfall is uniformly distributed over the

drainage area It also includes storage coefficient to account for the recession

time. In the original method recession time was assumed to be equal to t~e

. cfrise.
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The use of the rational method is based on the assumption ihat predicted

discharge has the same probability of occurrence (returned period) as the

rainfall intensity and runoff coefficient is constant during the rainstorm.

The modified rational method is based on the concept that a rainfall with a

steady unifonn intensity will cause runoff to reach its maximum rate when all

parts of the watershed are contributing to the outflow at the point under

consideration. lbis condition is met after the elapsed time of concentration;

that is normally the time taken for a wave of water to flow from the remote

part of the watershed to a point under consideration.

The timing characteristics of hydrological events are of major importance as

they directly affect peak runoff and the flow duration in estimation of floods

effects on properties and lives, therefore the Kirpich time of concentration

(equation 2) method was used.

T = 0 019S*Lo.77*S-<J.385 .
C • • •• '" ••• '" equatIOn 2

T,= Time ofConcentration (min)

L= length ofoverland flow (m)

S= gradient of surface (mlm)

57



It has been shown that there are inaccuracies and prediction errors in runoff

rates due to faulty estimation of time of concentration. Time of concentration

is the time taken for runoff to arrive at outlet from the remotest part of the

catchment after rain ceases. The major importance of Kirpich time of

concentration method is that it incorporates the basin topography (flow length

and slope gradient) to represent gravity. However the only lapse of the

Kirpich method is that it does not incorporate surface roughness that

represents resistance to surface flow.

3.5 Conceptual framework

Model application in the field of hydrology is so enormous that it can be

found in areas such as. flood control/prediction, water quality, sedimentation

and effect of natural or induced climatic changes on watershed. From these

wide ranging problems, there are three main types of model used in

hydrological studies namely; physical-based model, hybrid and stochastic

models. These models are normally used to analyse point events. They

cannot be used for spatial representation of the occurrence of hydrological

events. As a resul~ there is a need to adapt a model that will be able to

produce an output showing spatial occurrence ofhydrological events.
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To find the spatial extent of flood occurrence a spatial model will be used.

This is because a spatial model bas the capability of using point data to

represent an area in which spatial variability of specific parameters of an area

can be integrated to help provide an understanding of interdependence in

hydrology. The application of a Geographic Information System Model

(GISM) to study hydrological event in its spatial form is therefore

appropriate. The Geographic Information System Model (GISM) has the

capabilities of incorporating physical and stochastic models for spatial

analysis of a phenomenon. Also to determine the areas that are likely to be

affected by floods.

The Geographic Information System Model (Figure 3.2), adapted and

modified for analysis for the .study is the Modeling Flow based on the

Relational Rule used by (Meijerink et al., 1994).

'The model identifies four (4) main stages that could be used for flood risk

zoning or assessment.
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The first stage involves the generation of various thematic maps of the area of

study, using aerial photographs, satellite images, topographic maps and field

observation and measurements to check the accuracy of these data.

The second stage involves the incorporation of the thematic data into the

Geographic Information System Model (GlSM) through digitizing and

creation ofattribute tables ofeach theme.

Thirdly, it involves the use of arithmetic overlay operation (addition and

division to help integrate the hydrological model into the geographic

information system model.

The fourth stage deals with the generation of flood risk hazards maps for the

Accra area under investigation.

The use of a geographic information model though advantageous, showed

some difficulties that need to be highlighted. First, it demands special

software and good knowledge in handling the software to enable one analyse

the data. Second, data input using the digitizer proved too tedious and

therefore prone to mistakes if care is not taken.
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Lastly, to calibrute hydrological model ror easy incorporation into the

geographic information system model can be very difficult.
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Figure 3.2 MODIFIED MODELING FLOW DIAGRAM FOR

RELATIONAL-RULE-BASED FLOOD ASSESSMENT
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CHAPTER FOUR

HYDROLOGICAL PESPECTIVE OF ACCRA

4.1 Introduction

The hydrological parameters of Accra as a unit are examined. These cover,

the general hydrology of the area, taking into consideration rainfall, runoff,

soil characteristics, drainage and the .paleogeomorphological evidence of the

study area.

4.2 Rainfall

4.2.1 Rainfall Consistency Check

The Airport Meteorological station in the study area is one of the currently

operating major stations from which historical and current rainfall records can

be obtained for Accra. An examination of30 years rainfall records from 1961

to 1990 and past records on flood occurrence documented by Adinku (1994)

showed that high rainfall that causes floods falls between May and July.

Therefore, the maximum daily rainfalls from 1961 to 1990 were isolated for

each month to help in the determination of flood-<:ausing precipitation. To

check for consistency in the rainfall records isolated (Table 4.1) and its

reliability for predictive purposes the mass curve procedure as descn1>~d in

Dingman (1994) was used.
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Table 4.I-Measured annual and cumulative precipitation at Akuse, Ada and
Accra International Airport station

Source. calculated from 1961-1990 meteorologICal data from MeteorologIcal
Service, Ghana

y"" Al.= Ad. Airport Average of Akuse Cumulative Cumulative value

lWnfill lWnfill lWnfill and Ada. Avenge ofAl.-use of Allport Station

rom rom rom 8lldAda

1961 1065.5 1044 974.85 1054.60 1054.60 974.85

1962 1353.0 1490 1229.87 1421.30 2475.90 2204.72

1963 12013 992.5 134925 1096.88 3572.78 3553.97

1964 864.0 597.6 865.63 730.80 4303.58 4419.60

1965 1433.3 828.1 105334 1130.70 5434.28 5472.94

1966 1328.5 818.7 574.29 1073.60 6507.88 6047.23

1967 1033.9 1057 811.28 . 1045.61 7553.49 6858.51

1968 1961.3 1696 1411.73 182855 9382.04 827014

1969 1293.5 619.3 666.75 956.40 10338.44 8936.99

1970 1176.9 964.4 893.57 1070.65 11409.09 9830.56

1971 874.9 886.6 918.97 880.75 12289.84 10749.53

1972 1262.5 877.5 740.16 1070.00 13359.84 11489.69

1973 1146.2 1117 980.44 1131.75 14491.59 12470.13

1974 1229.9 1327 998.22 1278.50 15770.09 13468.35

1975 1128.8 971.6 869.19 105020 16820.29 14337.54

1976 938.6 534.9 549.60 736.75 17557.04 14887.14

1977 563.2 363.7 454.70 463.45 18020.49 15341.84

1978 1169.4 610.4 537.40 889.90 18910.39 15879.24

1979 1136.0 885.6 917.40 1010.80 19921.19 16796.64

1980 1154.7 678.1 1000.80 916.40 20837.59 17797.44

1981 1251.9 899.4 669.70 1075.65 21913.24 18467.14

1982 935.7 1248 774.00 1091.60 23004.84 19241.14

1983 575.5 513.5 333.10· 544.50 23549.34 19574.24

1984 1279.4 726.9 704.90 1003.15 24552.49 20279.14

1985 1091.5 665.6 680.60 878.55 25431.04 20959.74

1986 888.3 495.8 462.10 692.05 26123.09 2J421.84

J981 883.0 625 640.80 754.00 26877.09 22062.64

1988 10072 848.2 988.90 921.70 21804.79 23051.54

1989 1303.4 949.9 656.70 1126.65 28931.44 23708.24
1990 911.7 669.7 568.40 790.70 29722.14 24276.64. .
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Figure 4.1 Double Mass Curve for tbe Accra International Airport
Station against the cumulative annu"a] averages of Akuse and Ada.
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It is observed from the mass curve (Figure 4.1) that the plotted line graph

shows uo significant break in slope, to merit the application of a correction

factor (Dingman, 1994). Hence, the data collected seem reliable for predictive

purposes. However, it was observed fuat fue daily rainfall records of Accra

from which the annual rainfall was derived had some missing values, which

made it incomplete when compared to those of Akuse and Ada. The missing

values were due to breakdown of equipmeut during the period. These have

since been replaced.
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4.2.2 Rainfall occurrence

It is worth mentioning that daily rainfall does contribute to and gives an idea

about flooding situations in Accra. This is because it adds up to the soil

moisture and decreases the water holding capacity at any moment. However,

an isolation of peak rainfall showed that variatious did exist between the peak

rainfall records for the various months.

As presented in Table 4.2, in the months of June within the period of 1961 to

1990 for Accra, the maximum and tbe minimum daily rainfall values recorded

were 175.95mm and 6.60mm respectively. The mean rainfall value of

60.45mm showed that June always had high rainfalls as cnmpared to the

months ofMay and July within the same period.

)

Source. Calculated from 199& MeteorologlCaI ServIce Data

Table 4.2 Differences in rainfall for Accra for selected Months (1961-1990
Month Maximum Minimum Mean Standard Skew coefficient

.(mm) .(mm) deviation
May t59.90 t4.90 46 29.0t6 2.046

June 175.95 6.60 60.45 34.284 t.120

July t57.20 1.78 42.27 38.219 t.7t4

. . .
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However, antecedent rainfall during the rainy season, at any given intensity or

duration, helped to replenish soil moisture; any subsequent rainfalls therefore

with least intensities, are likely to cause flooding conditions. From Table 4.2,

rainfall in June was nearly evenly distributed having a skewed coefficient of

1.120. This showed that any amount of rainfall within this period as has been

observed, had the potential to cause flood because soil pores within the period

are mostly filled with water, which reduced infIltration and increases runoff at

the slightest rainfall duration.

4.2.3 RainfaJl Frequency

In flood forecasting, the standard practice involves the determination of

rainfall frequency that wili help in the designing and plarnting of structures to

protect life and property (Shaw, 1988). Therefore, RankPLot computer

program (Donker, 1996) was used to estimate the rainfall frequency (return

period) and its magnitude to which the maximum daily rainfall will occur in

each month.

The return period in Table 4.3 is the occurrence of a maximum rainfall event

witltin a certain period. Within the RANKPLOT daily rainfall records are
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ranked from high (R~I) to low (R=N) to calculate probabilities that estimates

their return periods. The probability is calculated using:

R
(N + 1) ...........equation3

Where: R= Rank, N ~ Number ofobservations.

However, calculation of the return period 'T' usmg the probabilities IS

generally expressed as:

I
T= P(F)

1

1- P(F) .............equation4

P (F)~ Probability offlood occurring T ~ Return periods (Years)

Therefore, a probability of risk level of a flood causing rainfall that may be

equal or exceed once in 'n' successive years is defmed as:

R=l-(l- i)"
R Risk

............ equation5
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tation, Accra
Return Period 10 Years 15 Years 20 Years 25 Years 30 Years 100 Years

Years

Month

May 89.7 100.5 108.0 113.8 118.5 149.4

June 111.8 124.5 133.4 140.2 145.8 182.3

Jul)' 100 114.5 124.5 132.2 138.5 179.6

. .

Table 4.3 Return Periods of Daily Maximum Rainfall (mm) for Airport
S

Source: Calculated from (1998) MeteorologICal ServIce Data

The design of structures to accommodate worst rainfall conditions expected to

occur at that frequency should be at least cost. Therefore, a selection of a

return period that a structure size will accommodate sbould be based on

testing several frequencies in the model adopted for the design. Values in

Table 4.3 showed that in June, a rainfall value of 140.2mm is likely to occur

once every 25 years, whiles in May and July of the sarne period rainfall

values of 113.8mm and 132.2mm respectively would occur in the sarne

period. June's subsequent return period was always higher than that of May

and July. To select a rainfall value with a return period for design purpose

will depend on the rainfall value that will give a least cost for constructing the

structure after testing it in the model to be adopted. In most of the works for

drainage design in Accra a return period of 25 years was used as the basis

(WA1ER1ECH, 1991; NEDEC, 1962, 1967)
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4.3 Land use

Using 30rial photograph interpretation, supervised classification of satellite

images and field observations, landuse types in the study area could be

classified as settled area, water-body, floodplain, forest reserve, and partly

used area.

Figure 4.2 Landuse Pattern ofThe Study Area

LANDUSE PATI'ERN OF THE STUDY AREA

The landuse classification in the lLWIS2.l platform presented in Figure 4.2

shows that about 67.91 percent of the study area is partly used for agriculture,

rural settlement or is lying fallow. In addition, 27.24 percent of the area is

highly urbanized with greater portions of the area paved hut not continuously
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connected. The percentage coverage for other landuse purposes' are presented

in Table 4.4

Table 4.4 Land use types

Source: Denved from (1992) 1M Satelhte Image of Accra

Landuse t)Jle Area Percentage of Study
(In') Area

Floodnlain 28834323.99 3.67
Forest Resen'e 4342723.241 0.55
Partly Used Area 534163996.3 67.91
Settled Area 214255068.2 27.24
Walerbodv 4986648.748 0.63
Total 786582760.5 100. .

Table 4.4 shows the percentage of landuse pattern within the study area. For

instance water bodies and floodplains cover about 4.30 percent, they serve as

storage points for stonn water that would have flowed over the surface and

enlered homes to destroy property. In addition, the floodplains enable some

amount of excess water in the streams to spread over for a period detennined

by the duration and intensity ofmeteoric water.

4.4. Rainfall-Runoff

Runoff in this area occurs because excess rainfall reaching and filling up

storage points such as streams, ponds. pits, waterw logged areas and lago·ons

exceeds that part which evaporates, and the part that infIltrates to replenish
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the soil moisture. Consequently, flood-causing stonn depends on the

magnitude of overland flow per unit time (m3Isec).

4.4.1 Time oCeoneentration oC overland flow

The time a flood-causing wave will travel from its source region to a point

that comes under its effec~ is nonnally expressed in tenns of time of

concentration. From the onset of rain, areas affected by flood are the result of

overland flow from upstrearo adding up continuing runoff from nearer points

until flow eventoally arrive from all points on the study area at a point that

comes under its effect. Using Kirpich method the time of concentration for

the overland flow was calculated for various sections of the catchment (Table

4.5).
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Source: 1975 Topographical sheets (050IB2, 050183 & 050184) of Surveys
Department, Ghana on a Scale of 1:50,000

T ble 4 5 Estimated TC for estimated overland flow rates of the study area.a
Contributing Areas Area Average Gradient Time of

(Krn') Length of (mlm) Concentration
Contributing (min)

Areas
(m)

Kpeshie Catchment 62.55956 12651.23 0.003614 244.83
Lower Densu 79.36378 12232.04 0.001246 359.46
LowerOdaw 90.07702 9535.30 0.001598 269.60
Lower Sal"UIIlO 115.6317 10838.45 0.002812 239.37
Middle~Odaw 18.68761 6040.36 0.012615 85.63
Middle Odaw 118.4495 22094.75 0.002759 417.30
:MiddIe Sakuma 155.0071 15505.58 0.002949 309.68
Mokwe catclunent 13.87995 5286.25 0.002883 136.40
SOUgO catchment 16.78624 6334.811 0.004812 128.73
Uoner Densu 24.91854 2293.647 0.066444 21.43
UDDerOdaw 64.47231 5133.262 0.071253 38.79
Unner Sal""UIt10 9.416363 3617.677 0.090993 26.97
West Densu 17.33194 5481.032 0.022244 63.88.

Table 4.5, showed that at any given rainfall event, the land unit absorhs a

percentage and the rest passes as runoff. Different portions in the catchment

that have the potential to present different runoff rates were identified and

mapped (Figure 4.3) based on the gradient of the area; this helped estimate

the time of concentration for overland flow. Using the Kirpich model, an

estimate of time at which a drop of water will travel as overland flow to reach

points of outlet varied for different portions of the catchment. The Odaw

catchment presents four (4) different time of concentration estimated for the

Upper Odaw, Middle high Odaw, middle Odaw and Lower Odaw portio~s as

38.79 min, 85.63 min 417.30 min and 269.60 min respectively (Tahle 4.5).
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Figure 4.3 Time of Coneentration of Overland Flow in The Study Area
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4.4.2 Runoff estimation

Rainwater flowing over the land surface that exceeds infiltration becomes

surface runoff to recharge the drainage system. Runoff generation within the

study area may come from a variable (expanding and contracting) or partial

area (fixed area). As a result researchers have developed models to estimate

runoff since it always poses a problem when measuring it.

Considering the difficulty in measuring runoffs for the study area, the typical

runoff coefficient (Table 4.6) extracted from Viessman and Lewis (1996)

based on landuse type was used in its estimation.
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.
Descrlntion ofArea RunoffCoefficient
Business-

Ixmntm,n areas 0.71-0.95
Neighborhood areas 0.50·0.70

Residential
Multiunit, detached 0.40·0.60
Residential (suburban) 0.25-0.40
PaIks. cemeteries 0.10-0.25
Play grounds 0.20-0.35
Unimproved areas 0.10-0.30

Table 4 6 Runoff Coefficient for various land cover units

Source: Viessman and Lewis (1996) .

As to be seen later io Table 4.14, the soil texture of the same soil unit appears

different io tex:tural composition making it difficult to classi!)' the units ioto

hydrologic soil groups that will help io assigoiog runoff coefficients. As a

result the land use type was adopted to determioe runoff coefficient for the

study area Hence, the estimate made, using the runoff coefficients, showed

that the partly used area haviog a runoff coefficient of 0.61 does experience

moderately high runoff rates. In addition, the settled areas, haviog a

ooefficient of 0.89, contnbute very high runoff rates, mostly at places like

Avenu, Mallam, La Township, Teshie, Nungua, Madiaa, North Kaneshie,

Dzorwu1u, Alajo and Achimota.

In addition, it has been noted that the velocity of flow is not swiftly unifonn

over the landscape io the study area. Therefore, eleroents such as landuse,
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depressions, slope and soil characteristics contribute to retard the overland

now velocity. Sioce it is very difficult to measure this retard rate. the use of

roughness coefficient (Table 4.7) descnbed io Viessman and Lewis (1996)

was adopted to help in calculating runoff discharge rates.

Table 4 7 Retardness Coefficient for the Study area

Source: VIessman and LeWIS (1996) and Mannaerts (1996)

Area Roug~ness

Contributing Areas Km' Coefficient
Upper Sakumo 9.41636 0.075
Mokwe catchment 13.87995 0.038
Songo catchment 16.78624 0.035
West Densu 17.33194 0.085
Middle Hieh Odaw 18.68761 0.Q35
Upper Densu 24.91854 0.085
Kpeshie Catchment 62.55956 0.035
UpperOdaw 64.47231 0.085
Lower Densu 79.36378 0.078
LowerOdaw 90.07702 0.031
Lower Sakumo 115.6317 0.051
Middle Odaw 118.4495 0.035
Middle Sakumo 155.0071 0.083.

Since the runoff coefficients differ in terms of landuse, so is the initial

abstraction (Ia) of water for that particular unit. Initial abstraction is all losses

before runoff begins; this includes water retained in surface depressions,

water interception by vegetation, evaporation and infiltration. However 'la'

correlates with soil and cover patterns. The estimate of initial abstraction·(Ia).
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which is 0.2 of the storage tenn of the area, was obtained from the SCS table

on 1a for runolTcurves an abstract of which is presented in Table 4.8.

Table 4.8 Initial Abstraction for Land use type

Land use type Runoff Initial abstraction
coefficient Ia

(mml
FIoodpbin 0.40 76.2

Forest Reserve 0.49 52.88

PartIy Used Area 0.61 32.49

Settled Area 0.89 6.27

Waterbod)' 0.40 76.2

Source: Vlessman and LeWlS (1996)

4.4.3 Storage points

The estimation of runoff based on runoff coefficients for the various landuse

units is based on the view that all parts of the catchment contribute to stonn

flow (Viessman and Lewis, 1996). However, observations made showed that

not all the parts in the catchmeot contnbute to runoff during a rainstonn

becmJse of the numerous depressions scattered all over the catchment.

Therefore, for all parts to contnbute to runoff there must be continuous

rainfall of a long duration, to create the necessary interconnection between the

numerous depressions as shown in figure 4.4 that stores stann water.
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Figure ~.4 Storage Points Witbin tbe study Area
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In other words, water stored in these depressions/pits are likely to overflow

and connect other dq>ressions/pits when the next rainfall event is high enough

to overfill the depressions. From the topographic map. it was calculated that

15.85 percent of lbe study area bas depressions lbat could serve as detention

points. These uepressions are either man-made or natural It was vel)' difficult

to measme the depth of these points because of lack of the necessary

equipment. However, only the surface areas of some of them were measured

(Table 4.9) from topograpbic sbeets of Accra (050IB2. B3 and B4). Most of

lbese points lie below lbe 76.2-meter contour.
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Table 4.9 Measurement ofSurface areas ofsome storage Poinis

Name Area Percentage of
m' Coyerage

DENSU DEPRESSION 52087298 36.05
OTHER DEPRESSION 22892798 15.85
KORLE LAGOON DEPRESSION 19230344 1331
KPESHIE DEPRESSION

9783667.9 6.77
SA1.<.JMO DEPRESSION 34858986 24.13
SONGO DEPRESSION 562619\.4 3.89

Source: 1975 Topographical sheets (050IB2, 050IB3 & 050IB4) of Surveys
Department, Ghana on a Scale of 1:50,000

4.5 Drainage

The drainage networks (Figure 1.2) in the study area contribute to the

channeling of excess rainfall to a common point of outlet. This network

appears to be channels carved on the surface by flood stOlms that can contain

and convey the total runoff produced within the area to points of outlets.

Drainage pattem in the study area is mostly dendritic though it appears to

have a characteristic ofa muIti·basin.

The effect of drainage systems on flooding is very difficult to determine

directly; it is most useful if some parameters could be identified that will help

in this process.. Some drainage parameters identified include the size of

drainage area, drainage density, stream order, bifurcation ratio, and the slope

of the area/channel. Therefore, the 1972 topographical sheet (050IB2.B3 &
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B4), 1992 satellite image and 1997 aerial photograph of Accra, helped to

delineate the drains (seasonal and perennial) to detennine the extent to which

drainage systems contnbute to flooding in the area.

4.5.1 Catchment Area

The area of a catchment is one of the factors used to determine the rate of

runoff with a given input of rainfall event. However. variations in catchment

shape, length and area exteut produce hydrograph of different nature or

shapes. The Odaw and the Sakumo heing the biggest catchment areas (Table

4.10), produce different rates of total runoff at a giveu rainfall input. The

reason being that, these two catchments have the tendency to receive much

rainfall because oftheir areal coverage.

1tChdLot fCthm tArT bl 410M

Source. 1975 Topographical sheets (050IB2,050IB3 & 0501B4) of Surveys
Deparnnent, Ghana on a Scale of! :50,000 .

a e . easuremen 0 ac en eas an nges anne s
Catchment Area Length of Time of Gradient of

(or) longest concentration for the the Channels
channels (m) channels (min) (m/ml

Kpeshie 62559278.76 19000 335.35 0.0036

Molrnl: 1387995225 9500 213.73 0.0029

Odaw 291689681.90 52680 143.71 0.25

Densu 121614168.94 2900 14.74 0.26

Sal..-umo 280055042.40 44260 161.66 0.13

Songo 16786244.38 13500 230.74 0.0048

. .
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4.5.2 Drainage channels

The drainage channels identified in the study area are of two types namely,

natural and artificial. The natural channels were the major means of

conveying excess storm water to points of outlet since early 1960. In spite of

that, artificial channels have now come to add up to the means of conveying

excess water to points of outlet. Some of the natural channels have been

paved (Plate I) due to urbanization to increase the density of artificial

channels to convey excess rainfall. Drains carved and constructed within the

catchment should thus be able to convey the total estimated runoff.

However, channels to convey storm water in the Odaw catchment have varied

shapes (trapezoid and parabolic) and cross sectional areas. A measurement

made on six selected channels within the Odaw catchment as presented in

Table 4.11 showed that with a given length of I meter, a channel with an area

of65.623m2 should be able to convey 65.623m' ofwater flowing through it.
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.
Channel Deptli . Open Base ... Wetted Area of
Number Length Perimeter Channel

1m) lnil (m) (m) (m')

1 3.720 7.500 3.650 12.490 20.774
2 1.524 6.000 3.353 8.477 7.125
3 0.780 1.950 0.450 3.932 0.935
4 2.134 8.910 6.450 12.391 16.510
5 5.500 15.550 8.100 20.404 65.623
6 0.550 0.660 2.127 0.242

Table 4.11 Cross Sectional Measurement of Some Selected Drains Within the
Odaw Catchment

Source: fieldwork (1999)

Consequently, in settled areas channels are usually paved with concrete,

which has increased the velocity of water flowing through them thus

decreasing the time of concentration. At some places, the paved channels do

interchange with unpaved channels giving varied flow rates. Therefore the

'Manning roughness coefficients' for the channels to stress the rate at which

water swiftly flow through them is estimated to be 0.070 and 0.021 for paved

and unpaved channels respectively.

4.5.3 Stream Density

The number of streams that drain these catchments may have an influence on

the rate at which storm water is conveyed to a storage point or an outlet. On

that account, stream density gives an indication of how well storm water'will

flow in a confmed channel other than Over the land surface. Table 4.12 shows
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variation of stream density within the various catchments. Kpeshie has the

highest stream density of 0.014m1m' as compared to the Songo catchment

"itlt a network dcnsity ofO.00061m1m' indicating a poorly drained area. This

implies that in the Mokwe and Songo catchments storm water has the

tendency of flowing over the land surface rather than through a channel.

Table 4.12 Drainage Density ofthe Study area

Source: 1975 topographical sheets (050IB2, 050lB3 & 050184) of Surveys
Department, Ghana on a Scale of 1:50,000

CATCHMENT STREAM DENSITY
NAME (m1m')

SAKUMO 0.0027

ODAW 0.0040

KPESHIE 0.0140

MQI,.'WE 0.000062

SONGO 0.00'J061

DENSU 0.000086

.

Even though the density of channels in these areas does help in storm water

conveyance to points of outlet, most of these channels (Plates 3 and 4) are

choked with refuse and sediments. In addition, people living in heavily

populated areas such as Nkrumah Circle, North Kaneshie, Nima, La

Township and Jaroes Town have built structures either close or across
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drainage channels (Plates 5 and 6). This prevents the straight flow of water

thus creating backwater effect that causes flooding of the areas around the

drains. Residential areas like Tabora, South Odorkor, Kwasbiman, Malam,

parts of Acbimota, Awoshie, Dansoman, La Apapa, East Legon, North Legon

and Gbawe do not have well dermed drainage systems. Consequently, storm

waters flow over the surface as an -alternative course and enter houses to

destroy property (Plates 7 and 8).

~-- ----_._ ..__._---~----_._---

Plate1: A paved drain in anewly Developed area, Nort'h Legon
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Plate 2: Partly paved and unpaved drain in Acbimota

Plate 3: A subsidiary drain of the main Odaw River cboked "itb refuse

85



Plate 4: Drain flUed with sediment, Swan lake

Plate 5: Houses close to amajor drain, North Kaneshie
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Plate 6: Diversion of a stream channel due to a building across the
normal course of the stream, North Kaneshie

Plate 7: Newly developed area without a drain, North Legon
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Plate 8: A developed area without drains, Swanlake
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Plate 9: Unconnected drain in a newly developed area, North
Legon
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PIaIe 10: Unpaved part of the main Odaw River, Neoplan

Station, Kwame Nkrumah Circle

Plate 11: Water mark (arrow) and pool of water in a walled
House after a flood event, North Kaneshie
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4.5.4 Stream Order

Streams or drains within the catchments help to convey storm water from the

remotest parts of a catchment to major stream to avoid overland flow. The

rate at which these streanas spread and join the next bigger streana channel is

therefore very important in flood controls. For that reason, the number of

streams that flow into a channel determines the anaount of runoff it can

convey into the next bigger or wider channel. From the topographical sheets

various orders of streams are fOWld in the catchments, these orders vary in

their length and ratio at which they join the next streana.

·
Stream Number Length Bifurcation Ratio
Order Ofstream (m)

Channels
1 58 136500

2 . 15 52500 3.86

3 3 42500 5

4 1 17500 3

Table 4 13a Bifurcation Ratio for the Odaw Catchment

Source: 1975 Topographical sheets (050IB2, 050lB3 & 050IB4) of Surveys
Department, Ghana on a Scale of 1:50,000

·
Stream Order Number Lentrth (m Bifurcation Ratio

1 t 12 t78000

2 24 59500 4.7

3 '6 42500 4

4 2 36000 3

5 1 7500 1

· .
Source. 1975 Topographical sheets (0501B2, 050lB3 & 0501B4) of Surveys
Department, Ghana on a Scale of 1:50,000 . .

Table 4 13b Bifurcation Ratio for the Sakumo Catchment
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Stn:arn Order Numbcr ic;;lrth~im) ~ -Biiurc-aiion Ratio
1 29 60000

2 3 19500 9.7

3 1 110000 3

·Source: 1975 TopographIcal sheets (0501B2, 050lB3 & 050lB4) of Surveys
Departmen~ Ghana on a Scale of 1:50,000

Table 4 Be Bifurcation Ratio for the Kpeshie Catchment

Table 4 Bd BifurcatIon Ratio for the Songo Catchment
Stream Order Number LcnP1h (m) Bifurcation Ratio

1 3 7000'

2 I 10000 3

Source: 1975 Topographical sheets (0501B2, 50lB3 & 0501B4) of Surveys
Department, Ghana on a Scale of I :50,000

·
Stream Order Number Length (m) Bifurcation Ratio

1 4 10500

2 1 7500 3

·Source: 1975 Topographical sheets (050IB2, 050lB3 & 0501B4) of Surveys
DopartInent, Ghana on a Scale of 1:50,000

Table 4 Be Bifurcation Ratio for the Mobve Catchment

Source: 1975 TopographIcal sheets (0501B2, 050lB3 & 050lB4) of Surveys
Department, Ghana on a Scale of I:50,000

Table 4 13f Bifurcation Ratio for the Densu Catchment·
Stream Number Length (m) Bifurcation Ratio
Order

1 29 5500 4.14

2 7 2450 3.5

3 2 1400 2

4 1 1050

·

From Table 4.13a, shows that the stream ratio of joining each other in the

Odaw catchment is highest between stream orders 2 and order 3.
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Comparatively the ratio between order. I and order 2 is higher than that of

order 3 and order 4. To some extent streams' bifurcation ratio decreases as

you move to a higher order (Table 4.131). The bifurcation ratio in the study

area gives an indication as to the rate of increase in stream size from one

order to the next. A bifurcation ratio of 3 as representing the Mokwe

catchment shows that the stream order·2 is 3 folds of the order I streams. The

increase in the higher order stream should be able to contain the stream

discharge ofthat ofthe lower order.

4.6 Drainage Discharge

The total amount of water flowing in a river channel at any time is important

in flood control, res~rvoir design, management of wetland and waste water

treatment (Viessman and Lewis, 1996). Though discharge data for most of the

rivers are not available except for Odaw River, it was observed that most of

the stream flow is generated by precipitation and groundwater entering the

surface channels.

An exaroination of discharge data of the Odaw River showed that the peak

discharge varies between May and August when the rainfall is at its

maximum (Figure 4.5a-h).
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Figure 4.5 Daily Discharge ofthe Odaw River
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Figure 4.Sc River: Odllw SllItion:,All1djo Year: 1988189
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Figure 4.6e River. Odaw Station: Ala1jo Year: 1989190
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Figure ".6g RIver: Oo$aw St'llon: AI~o$Jo Year: 1990/91
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However during the dry month (November to February), the Odaw River

shows a continuous flow that gives an indication that the flow of the river is

also supported not only by groundwater, but also by some domestic sewage

water.
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It is worth noting lbat lbe time taken for the channels to discharge water

through lbem from the remote part of the catchments shows variations, which

mostly depend on lbe slope and length of the channel. Table 4.10 shows that

the time for which a drop ofrainfall will travel from lbe remotest part of the

Kpeshie catchment through the longest channel to points of outlet will take

about 335.35 minutes. On the other hand, it will take about 143.71 minutes

and 161.66 minutes for the Odaw and Sakumo stream, respectively, to reach

various points of outlets. lbis shows that variations of time of concentration

may exist at different points along a drainage channel.

4.7 Topography

The topography of the entire area varies in slope and elevation. The creation

of a digital elevation model (DEM) from a digital contour (050IB2,B3, and

B4) map in the ILWIS 2.1 platform gave a clear indication regarding the

beights at various places. Figure 4.6 shows iliat the highest elevation of

487.68 meters is found in the Akwapim-Togo areas, while areas such as

Tunga, Labadi and Teshie are only 15.24 meters above sea level. However,

greater parts of the catchment such as the Mokwe, Songo, parts of Sakumo

and Odawhave elevation below 106.68 meters.
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Figure 4.6 Digital Elevation ofThe Study Area
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4.7.1 Slope

It has been revealed from field observations and topographical sheet

measurements, tbat there exists a great variability in slope within the study

area. Generally, the slope for the entire area ranges from 0° and 56° (Figure

4.7). However for greater part nfthe study area the slope is below 25°.
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Figure 4.7 Slope orThe Study Area in Percentage
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Taking into consideration differences in topography, the catchments showed

differences in gradient. Specifically in the Odaw an average gradient of

0.25mJm was recorded. For instance from the sea coast to Achimota a

gardient of O.028rn1m was recorded, in the western part from the coast to

Kwabenya based on a vertical distance, showed a gradient of O.07m1m From

the Tettch Quarshie circle to Legan a gradient of O.108m/m was measured, at

a given distance of 3250 meters ,,,hile from Ak'\veteman to Kwabeny~ a

distance of6724 meters, a slope ofO.045rn1m was recorded.
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Dividing the Odaw catchment into upper and lower parts depicts variability in

gradient. The lowest part, that is from the seacoast nf the 15.24m to the 76.2m

contour of a distance of 33500 meters, showed a gradient of 0.007m!m. in

addition the upper part from the 76.2m to the 289.56m contours, a distance of

1400 meters had a slope ofO.679m!m.

4.7.2 Flow direction

Slopes of the study area give a clear indication of the direction in which a

given input of rainfall on the topography will flow to an outlet, which in the

study area differs from one unit to the other. Using the lLWIS 2.1 software, a

direction of flow map was generated from the contour map of the area; which

showed that rainfall on the topography would flow in all directions. Figure

4.8 shows that greater part of flow is towards the south and north directions.

Hence, areas with no directional flow serve as receptacles to water flowing

Over the relief area; implying that these areas are virtually low-lying points

within the system.

Within a given topography it is expected that the flow of excess rainfall over

the topography follow the general slope of the area as shown in figuie 4.7

where the slope is generally towards the southern direction. However,
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comparing the flow directional map (Figure 4.8) and the slope (Figure 4.7),

the flow of excess water over the topography does not follow the general

slope trend as presented in (Figure 4.7). This trend change presents a view

that the flow direction as presented in Figure 4.8 might have resulted from

human activities.

Figure 4.8 Flow Direction of Overland Flow
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4.8 Soil

Soil distribution in the study area is remarkably influenced by a variety of

factors including topography, climate and parent rock. These soils fall into

eight major categories namely: Shallow rocky soils, Red earth, Pallid sands,

Grey earth, Black earth, Alluvial Clay, Levee and Dune sands (Brammer,

1967). Within these major categories about twenty-four soil units were

identified and mapped. (Figure 1.4)

These soils mapped were found to differ in drainage and water retention

characteristics, as presented in Table 4.14. The list includes some of the major

soils that can be found in the study area.

Table 4.14 Some Major soil units and their Drainage Characteristics

Source: Brammer (1967)

SOIL TYPE DRAINAGE WATERRETENTlON
NYlGBENYA·HACHO Well <!mined More satisfactory
COMPLEX --- ,

FETE CONSOClATlON Well <!mined Very satisfacton'
OYARIFA·MAMFE IDdnrined Satisfactory
COMPLEX
KORLE Excessive Becomes droughty quickly
CONSOClATlON
SONGAW WeUdrained High
CONSOClATlON
ALAJO Poorly <!mined Satisfactory
CONSOClATlON
DANFA-DOME Poorly <!mined Poor
COMPLEX

-
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transported materials from the hinterland or the seashore, thereby causing

changes in their textural characteristics.

Table 4.16 Soil texture at some selected IDeations

Location at ....hich CLAY SILT SAND Gravel Hydrologic Soil
Sample was Taken % % % % Group

AlliS< 31 9.97 59.03 -- A
Avenu 23 55 13 10 B
Mallam 47 36 5 15 B
Le_ 46 36 5 13 C
Tesbie 47 48 12 - C

.Airoort 12 15 10 63 A
Frafraha 2 20 6 72 A
Sakumonu 50 35 15 - C
Batsonaa 50 47 3 - C
Source: fieldwork (1999)

Soils in places like Batsonna, Sakumonu, Legon and Mallam have a higher

percentage of clay and therefore have a high potential for creating runoff and

for impounding water. On the other hand, areas like Airport and Frafraha

have a high percentage of gravel, which should encourage high waler

infiltration.

Soils of the same unil tend to show variability in their textural composition in

different localities. For example, soils in the upper part of Nyigbenya-Hacho

complex have different textural composition from those in the lower part.
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This difference in the soil properties ofthe Nyigbenya-Hacho unit is shown in

Table 4.17 comparing samples taken near Airport and MaDam.

locationsd·fti·1 fthbmpanson etween SOl S 0 e sameumtat 1 erent
SOIL CLAY SILT SAND Gravel i
Sample % % % %
Location

Airport 12 15 10 63

Mallam 47 28 10 15

Table 4.17 Co

Source: Fieldwork (1999)

4.9 Paleogeomorpbological Evidences

Accra and its environs are underlain by six major geological formations

namely, the Dahomeyan; Accraian, Togo Series, Birrimian and Recent

deposits (Figure 1.3).

Evidence from the field and from the geological map of the area shows that

the Togo Series initially covered Accra. This is because outliers of the Togo

series can be found in and around places such as the Airport area,

Cantonments, Acbimota forest and Dahwenya near Prampram. The work of

erosional agents throughout geological time bas left out gaps between all the

outliers and the main Togo Series range. An example is the gap between the
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Airport patch and the Cantonment patch. The rapid erosion of the Togo series

has led to the exposure of the Dahomeyan at certain places like Kwashieman,

Sakaman, Odokor, partsof Achimota and Labadi.

Davis (1964) observed that there has been an uplift of the coastal zones within

the study area since the Pliopleistocene. Beaches having heights between 13

and 17 meters above sea level can be found at places like the mouth of the

Densu River, Korle Bu, Mamprobi, Accra Bishops School and the Marine

Drive. The date of occurrence of the uplift was deduced from the deposit of

sand and pebbles, which dates to the Pliopleistocene period. These sand and

pebbles extend as far as west of Nuugua and Asokrochona. Indeed a boring

on the coastal plain of the. Densu revealed a rock at a depth of 22 meters

below the surface

In addition, Hayward (1967) observed in his study that the Densu River used

to drain into the Nyana Lagoon (Figure 4.9). However, due to the process of

capture, the course of the river has been diverted through the Weija gap, not

later than the early Pleistocene.
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Figure 4.9 Flow ofthe Densu River through the Weija Gap
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4.10 Summary

Accra has been experiencing periodic flooding that affects properties and

lives. The variahles identified to cause flooding within Accra included

rainfall, landnse, topography, drainage and soil texture.

Rainfall has been noted as a major factor in determining flood. This is evident

in times when we have high rainfaU intensity. Accra experience high rate of

flooding especially within the month of June.

Landnse pattern as identified falls into 5 category, namely forest reserve,

water body, floodplain settled and partly used area. Out of this settled area

constitutes 27.24 percent of landuse pattern, while partly used area is about

67.91 percent.

The slope of the area, show a lot of variability with a given elevation, for

instance at an elevation of 1550 meter on the Togo-Akwapim ranges high

runoff rate is produced, while areas with low elevation create sluggish

overland flow thereby creating backwater effect that has the potentiallo cause

flooding.
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Soils within the study area show great variability in their textural composition

and hydrologic properties.

Drainage within the area is of two different types, artificial and natural. The

natural channels are mostly found at the remotest parts of the area and

artificial ones are mostly in the settled areas, either paved or unpaved.

However, with regards to the paleogeomorphology, evidences exit to show

that a lot of erosional activities occurred in the past since the pliopleistocene

period leaving gaps between outliers and the main Togo series at places like

Airport, Cantonment and Achimota forest. Also, evidences were established

that the Densu river was diverted to pass through the weija gap and coastal

uplift exists at places like Korle Bu, Mamprobi and Marine Drive.

109



CHAPTER FIVE

DETERMINAnON OF FLOOD RISK ZONES

5.0 Introduction

In traditional hydrologic methods, estimating surface runoff <loes not always

use elevationlheight (DEM), because derivation of elevationlheight (DEM)

information involves laborious operation (Bonell & Balek; 1993). Despite

that, the combination of DEM and discharge maps should lead to derivation

and the understanding of spatial association between the two; which could be

used to predict runoff rates and flood risk zones.

This chapter presents the procedure through which the flood risk zone map of

Accra was generated by first discussing the concept of risk. The process

involved, the use of the total discharge map for 25 years rainfall recurrence

interval, digital elevation model (DEM) and an arithmetic operation for map

combination within the geographic information systems platfonn.

5.1 Concept of risk

Risk is a factor, element, or course involving danger or can be seen as the

possibility of suffering harm or loss (Encarta 99).
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The concept of risk has become an issue that is being discussed in various

fields, in which varied definitions have been given; has developed without

any discipline claiming authority (Stig, 1996). Studies of risk cover issues like

identification and estimation of risk, risk assessment and evaluation, inclnding

monitoring and management of risk (Gerrard, 1995). However, different

approaches have been developed and streamlined to help in the understanding

of the risk concept. Some disciplines notably epidemiology, economics,

management, engineering and psychology have established their worldview

ofthe concept.

Reno (1992) classifted the concept of risk into seven units namely:

• The actuarial

• The epidemiological (toxicology)

• The engineering (including probabilistic risk assessment)

• The economic (including risk-benefit comparisons)

• The psychological (including psychometric analysis)

• Social theories ofrisk (sociological and anthropologicnl studies)

• Cultural theories ofrisk (using grid groups analysis)

Renn's categorization of risk as stated above is always based on some

underlying assumptions and methodologies as well as their functions. This
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categorization provides a framework for comparing and analyzing different

risk concepts that will help derme common elements and distinctions between

different risks concepts used by various disciplines.

According to Stig (1996), three mam approaches to risk usage can be

identified in the following areas in geography, namely;

• Medical geography (corresponding to epidemiology)

• Applied geography and planning (bearing connections to probabilistic

risk analysis)

• The hazard-tradition (with connection to physical geography as well as

social theory and cultural theories)

In medical geography, risk factors have been expressed in disease contraction

associated with production and consumption. Most medical geographers

attempt to map risk of contracting disease at various scales. This is to show its

distribution and pattern ofthe risk factor based on analytical presentation.

In applied geography and planning the risk factor is implicit and embraces

various specialties such as planning and modeling of land use and
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geographical pattern of networks. In reducing risk through planning, usually

one has to use a lot of assumptions and models.

The hazard geography tradition emphasizes on the interaction between

technology, society and enviromnent, pointing out that risk is a probability of

the occurrence of a hazard. However not much distinction has been made

between hazard and risk in most geographical disciplines. Hazards are

perceived as natural or geographic events that threaten the economy and

health of individuals. Hazard is either man made or influenced bY the activity

of man. In most instances, most of the physical hazards are focused on

flooding, earthquakes, volcanic eruptions, droughts and hurricanes.

In this study the risk concept is used to imply the probability of human life

and properties within the study area to be affected by high rainfall that

generates into flood.

5.2 Flood risk zones determination

In determining flood risk zones the modified rational method used for the

calculation of runoff discharge was integrated into the geographic information

system platform using an overlay operation method.
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5.2.1 Runoff discharge of the study area

The modified rational model (equation I, Pg. 57) presented a general step to

help calculate individual discharge for each section in the entire catchment

areas (Figure 5.1).

The model (equation I, Pg. 57) used presented varied calculated runoff

discharge rate (Table 5.1) for the 'different segments within the catchment

areas.

Table: 5.1 Total discharge ofsection ofthe Study area

Catchment Name Area Runoff Storage Rainfall Discharge
(Krn2) coefficient coefficient (mml MlJsec

Kneshie Catchment 62.6 0.7 0.2 140.2 344
Lower Densu 79.4 0.4 0.6 140.2 748.1
LowerOdaw 90.1 0.9 0.2 140.2 636.7
Lower Sakuma 116 0.7 0.4 140.2 1271
Middle~~Odaw 18.7 0.7 0.2 140.2 102.8
Middle Odaw 118 0.7 0.2 140.2 650.7
Middle Sakuma 155 0.6 0.5 140.2 1825
Mok"'we catchment 13.9 0.7 0.3 140.2 114.6
soriro catchment 16.8 0.8 0.2 140.2 105.5

~erDensu 24.9 0.6 0.7 140.2 410.5
erOdaw 64.5 0.6 0.7 140.2 1063

~er Sak"UttlO 9.4 0.6 0.7 140.2 155
WestDensu 17.3 0.6 0.7 140.2 285 ')

Source: Authors Context, 1999

From Table 5.1 the total runoff discharge over the land surface of the study

area determines the maximum flood that an area under consideration is .likely

to experience. Various segm~nlJi covering the top0llf!'phy (Figure 5.1)

produced varied runoff rates, for instance, the Odaw and the Saktuno being
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the biggest catchments produce a total discharge rates of 1825 m'/sec and

1271 m'/sec respectively, that is if all the entire catchment contributes to

runoff at the same time. However, segments within the catchments also

produce varied runoff rates. For instance, the Sakumo catchment presents

three different runoff discharge rates of 155 m'/sec, 1825 m'/sec and 1271

m'lsec for the Upper, Middle and the Lower catchment areas, respectively.

As noted in the use of the modified rational model (Table 5.1) the rate of

discharge is mostly dependent on rainfall intensity and area. For instance the

lower and middle Sakumo with area measnrements of 116 km2 and 155 km2

presented calculated runoff discharge rates of 1271 m'lsec and 1825 m'lsec,

respectively. The Kpeshie and Songo catchments, having smaller area

-2 2 3
measurements of 62.6 km , and 16.8 km produce a discharge of 344 m and

105.5 m', respectively. However, with the given segment area that is constant

over the topography within the catchments, an increase in rainfall will also

lead to an increase in the total runoff discharge rate.
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Figure 5.1 Total discharges ofsections within the study Area.
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5.2.2 The modified relational Model in risk zone Determination

The modified relational flow models are in four main stages, stages one and

two have been carried out and the results presented in Chapters Four of this

thesis. Stages three and four are being followed to generate the flood risk map.

are:

• The application of the rule using aritlunetic overlay operation, addition

and division to belp integrate the hydrological model into the

geographic information system model.

• The generation of flood risk zone maps for Accra and its environs.
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5.3 Mode of model integration

Among the various methods of detenoining runoff, it has been noted that the

combination of a physicaL deterministic or hybrid model with a digital

elevation model within the geographic infonoation system model offers an

alternative to these models giving point results instead of a spatial view of a

phenomenon as its end result. Therefore. to achieve this an attempt was made

to use an arithmetic overlay method to combine DEM and discharge map

within the geography infonoation system model to determine flood risk areas.

Operators such as addition and division were used in the combination

procedure. The essence of using the arithmetic overlay method is that

possibilities exist for the derivation and examination of spatial patterns caused

by interactions ofone map with the other. Secondly, the rule also provided the

possibility of restricting areas on the output map according to a binary map

that acts as a mask.

The arithmetic overlay method involves two main stages:

1. The first stage involves the determination of runoff within vanous

segments over the landscape.

2. The second stage is estimation of values that can be used to infer

potential areas that are likely to be in flood with any stano event.
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Formula:

The formulas for the aritlunetic overlay operation are stated in equations 6

ood 7beIow:

equation- - --6

equation- - --7

Where:

X (m) is the Digital Elevation Model
Y (m'/Sec) represents total discharge
Zct(m3/Sec/m) is the runoffconcentration at various elevations
ZFRA is the value for flood risk areas.

Both equations 6 ood 7 were used separately to calculate the discharge that

each pixel within the seginent generated at a given elevation. Another result is

a weighted pixel indicating areas that fall within the zone that experience

flood or not.

5.3.1 Assumptions for 1l5ing the overlay operation

The application of the aritlunetic overlay method for the study was based on

the following assumptions:

1. A steady state condition exists within the variables to be used.

2. The discharge parameter [X] only varies if total rainfalI chooges.
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with 00 elevation of 1550 meters resnlted in a calculated discharge of 1705

m'/sec/m. Also an elevation of 250 meters will experienoe a discharge of 405

m'/Sec/m. Hence, any point within the 155 m'lsec discharge zone will

experience the same runoff rate if only they are of the s'll11e elevation.

Therefore, the discharge concentration values detemJined from the arithmetic

map overlay decreases as elevation decreases, indicating a slow runoff rate

that has the potential of-creating a backwater effect ood generating flooding.

However, it is noted that no matter the elevation if the area contributing to

discharge is large as in the case of the Middle Sakumo, a high runoff

concentration is produced as compared with the Upper Sakumo. In other

words elevation is not the only detemJinant of high runoff concentration, but a

critical attention should also be paid to tbe catchment area.

5.5 Flood Risk Areas

The runoff concentration map (Figure 5.2) does not show the areas that are

liable to flooding, though high elevated are~s showed a comparatively high

discharge rates than the low 1oods.
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Figure 5.3 Flood risk areas

Using equation (7) for the map combination, it came out that areas within the

study area presented diffc.:rent pixel value ranging from low to high. Upon

close examination of the map, high-elevated areas of 350 m to 1550 m had

low pixel value between 0-20 and the low elevated areas of below 350 m

presented high pixel value "etween 20-87. Based on ground truth, areas with

high elevation have low pixel values indicating that they fall within the low

flood risk zones. However areas with low elevation indicated high pixel

values, this falls within locations that experience periodic flooding at a given

rainfall event. This confrrmed that areas such as Aladjo, Ashiaman and
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Sakumonu that fall within the high pixel values experience destructive floods

wio, high rainfall intensities.

It is important to note that the arithmetic overlay method helped to identifY

areas even as small as the area within the Densu flood plain (labeled Island)

was isolated and assigned the flood risk category that it falls in.

5.6 Flood risk zoning

Figure 5.3 show pixel values that can be used to represent the several flood

risk areas. These pixel values can be grouped to show a general pattern in the

degree offload intensity of regions that exist within Accra and its environs.

Thus, with a clearly defmed domain of: very high, high, moderate, very low

and low risk zones, the technique of density slicing made it possibll' to

reclassify the flood risk map. This helped to differentiate between areas that

experience different intensity offload (Figure 5.4).
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Figure 5.4 Flood risk zones of the stndy area

Flood risk zones of the study area
""1
/ "

;,

N

+

Table 5.2 Flood Risk Zone Coverage

Flood Intensities Area
m'l %

Low 2269185000 26.85
Medium 2652485000 31.39

~ 3012897500 35.66
Very high 515355000 6.10

,
Source: FIgure 5.4

Table 5.2 shows areas that fall within the very high flood risk zone coveriog

about 6.09 percent of the study area. However the combination of the Very

high aod high-risk zones constitutes a total of 41. 76 percent of the entire
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study area. Hence, the area coverage of the flood risk zone will expand if the

rainfall intensity increases above 140.2 mm1day.

5.7 Summary

To determine flood risk zones in Accra and it environs a hydrological model

(modified rational model) was integrated into the GIS platform, by the

arithmetic overlay operation method, using operators such as addition and

division. The results show that the delineated areas however experience same

rainfall intensity of 140.2 nun yet the flood intensities of these areas differ.

For instance, the high flood risk zone covers 35.66 percent of the study area,

whiles the low risk zone covers 26.85 percent.
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CHAPTER SIX

SUMMARY, CONCLUSION, IMPLICATION FOR POLICY AND

RECOMMENDATION

6.1 Introduction

The purpose of this thesis is to find out whether geographic infonnation

system and hydrological model could be used to detennine flood risk zones in

Accra. To achieve the objectives of the study, hydrological and

meteorological data were collected. Methods used to collect these information

included field observation, field measurement, laboratory analysis and remote

sensing image interpretation. As a result, the thesis was written in accordance

with the modified relational rule of Meijerink et a1., (1994) and modified

rational models stated in Veissman and Lewis (1996).

The output derived from the rational model was integrated into the geographic

infonnation system model using an arithmetic overlay operation. This helped

to generate flood risk areas in Accra.
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In this chapter a summary of findings of the thesis, prohlems encountered in

the research, conclusion, highlights for future research and policy

implications and pertinent recommendations are also made.

6.2 Summary

Accra has heen experiencing periodic flooding that affects property and lives

th thas happened on 4 and 5 June 1998. Aware of such dangers, the government

commissioned institutions such as Ministry of Works and Housing, Town and

Country Planning and City Engineers Department to lind ways of reducing

the effects of this unexpected natural disaster. These institutions, in order to

prevent the occurrence of such extreme events have been identifying flood

risk zones using conventional methods such as watermarks on buildings and

reported cases in the news media. But these methods are inadequate and

inefficient.

To minimize the effect of flooding these institutions have initiated projects on

the expansion of drains to accelerate the conveyance of excess water from

identified risk areas. The efforts so far have not been able to provide details of

potential flood risk areas. Hence, only the already known areas have attracted

attention. Therefore, it is very essential to search for alternative methods
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which will help to identifY all potential flood risk zones, hence the

combination of hydrological models with remote sensing and geographic

information system models used in this study is a better alternative.

Important variables that detennine floods within the Accra area were

identified to be rainfall, landuse, topography, drainage, and soil texture; with

rainfall and landuse, as the most crucial variables.

Rainfall has been found to be a major factor in detennining flood. This is

evident in the frequency the study area experiences high rainfall intensities.

Analysis of rainfall records from 1961 to 1990 showed that Accra experiences

high rainfall intensities from the month of May to July, during which the most

destructive storms have been found to occur in June. The mean rainfall

occurrence for May, June and July are 46 nunlday, 60.45 nunlday and 45.27

mm1day respectively. In spite of this, the rainfall is more evenly distributed in

June than in any other months since it has a skew coefficient of 1. 126. Also,

with the recurrence interval of25 years for the daily rainfall storm, June has a

higher value of 140.2 nunlday than any other month. Therefore for structural

design pwposes it is most appropriate to use the recurrence interval for June.
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Landuse pattern was also observed to be a factor and the most important

being settlement constitutes 27.24 percent of landuse pattern that exacerbate

flood generation process. This is because areas like Dansoman, New Town,

Aladjo, East Legon, North Legon, North Kaneshie and M"Uam which are

heavily settled also have much paved sections which contnbute to increased

overland flow coupled with reduced infiltration rate. More so, the conversion

of storage points especiaUy the Densu, Odaw and Sakumo floodplains into

settlements greatly exacerbate the flood risk situation.

Topographically the rate of runoff is high in areas that have high elevation

and rather low in low-lying areas, which tend to create the backwater effect

which forces the excess runoff to find alternative courses. It is evident from

the flood risk map that low land areas have a high risk flood potential.

Soils within the study area show great variability in texture and therefore tend

to vary in their hydrologic properties even in similar soils at different

location. For example, the Mallarn and Airport areas that belong to the

Nyegbenya soil type present different textural compositions.
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The natural drainage channels within the area are mostly found in the

remotest parts of the area while the artificial ones are prevalent in the settled

areas. However most of the drainage channels in places like Dansoman, New

Town, Aladjo, North Legon, North Karleshie and Mallarn a'e choked with

sediments and refuse, thus preventing the free flow of storm water. Also most

of these areas including East tegon, Mallarn, Odorkor, Kwashiman,

Achimota, Dome and Labadi do not have well defined drainage channels.

Paleogeomorphological evidences exist to show that a lot of erosional

activities has occurred in the past since the pliopleistocene period; leaving

gaps between outliers and the main Togo series at places like Cantonment,

Achimota forest, Airport and Dahwenya. There is evidences from the work of

Hayward (1967) to suggest that the Densu River has been diverted from its

normal course to flow through the Weija gap instead of draining into the

Nyanya Lagoon.

6.3 Problems encountered in the research

There are series ofproblems the researcher encountered when conducting this

research. These problems prevented him from using some of the parameters,

stated in the methods for analysis. Some of the problems are enumerated

below.
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The frrst is lack of funds. The government and Universities do not advance

funds for research at the mastersl doctorate level, hence the researcher had to

fund this research from his limited resources. This prevented the researcher

from hiring the expected research assistants during the fieldwork to collect

data, and also acquire equipment (infiltrometer, satellite image, computers,

and software's) thereby limiting the extent of the study.

Second, lack of equipment to help io the measurement of ioflltration, runoff

and other hydrological parameters that are important compone':'t of flood

studies. Hence, only models were used for estimation, which does not give the

true picture of the hydrological behavior ofthe soils ofthe area.

Third, most of the governmental departments such as the Hydro-Division of

Ministry of Work and Housiog, Soil Research Institute, Water Research

Institute and Accra Metropolitan Assembly established to study the

hydrological parameters (draioage discharge, soil texture, soil moisture,

hydraulic conductivity and raiofall distribution) do not have up to date records

on the event they deal with. Some of the equipment they use for data

collection are spoilt and have sioce not been replaced.
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Lastly most of these agencies do not co-operate in giving out infonnation,

since most of them are said to be classified information and not made

available to the public. In addition, even if the organization has the required

data. the bmeaucratic nature of these organizations makes it Vfry cumbersome

and frustrating to get the data for ones work.

6,4 Conclusion

The results of the study show that potential areas likely to experience periodic

floods with a given input of rainfall intensity of 140.2 mm are mostly areas

below the 350 meters contour. It was also observed that flooding experienced

by an area is mostly dependent on the rainfall inteusity but not on the

catchment area. Other factors such as storage coefficient and landuse factor

were identified as contnbutory factors to flooding in the study area.

In Ibe search for a method to detennine flood risk zones, Ibe use of a

bydrological model within a geographic information system mocel was found

to be very effective in the process because an appropriate decision (using the

arithmetic operators) rule was defmed. It was observed that about 45 percent

cflbe study areas fall within flood risk zone.
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Drains constructed as a means of controlling flooding in affected parts, is not

always effective, because most of them are always ftlled with refuse and

sediments which prevent free flow ofwater.

The study recommends that for effective flood control, potential flood risk

areas mapped should be cross-checked with ground truth survey. In addition,

drains constructed should be well connected and always clear of refuse to

make way for free flow of water. The supervisory agencies such as Ministry

of Works and Housing, Town and Country Planning and City Engineers

Departroent should enforce the landuse policy or bye-laws to prevent people

from settling at places that are marked as flood prone zones.

6.5 Policy Implications and Recommendation

The strategy to reduce flooding in Accra and its environs involves some

major considerations. Firstly to strengthen the supervisory institutions to

implement existing land use policy of the area. Secondly govermnent should

set aside funds for drain construction. Lastly. a massive educational campaign

on land use policy ofthe Accra area must be instituted.
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It has been observed that the supervising institutions on landuse policy have

not been perfonning their tasks of restraining residents from using marked

restricted (Densu flood plains) areas for settlement purposes. Legal agents of

MinislIy of Works and Housing should be empowered by law to ensure the

adherence to land use regulations. Even those organizations with mandate to

ensure adequate land use pattern are mostly constrained by logistics such as

means of transport, updated thematic maps and equipment. In tbis instance the

government budget for these agencies should be increased to help them meet

their expenditure for monitoring the land use pattern.

Also, evidence from field observations showed that drains constructed cannot

contain excess water because some of them are choked with refuse and

sediment. Hence, a lot of stann water flows over land surface as an alternative

course. Choked drains should therefore be cleaned up of debris at regular

intervals. Most of the existing drains need to be expanded and new Ones

constructed at places such as East Legon, North logon, Mallaro, Odorkor,

Kwasilunan, Kaneshie and Dansoman, wbich do not have adequate drains to

convey excess water to outlets.
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Furthermore most people are not well informed about the possible hazards

that they are likely to encounter when they settle at places that are potentially

flood risk zones. Therefore, a well-structured educational campaign launched

by the supervisory agencies using fora, electronic or print media for their

campaign will help sensitize the people on these environmental hazards.

In addition, dealing with flood situations requires that much consideration

should be given to the paleogeomorphology of the area. This is because

historical geomorpbological evidence will guide the policy makers in their

decision-making, regarding allocation of plots of land for development

activities.

Also, a data back should be created so that all data collected either routinely

or on ad hoc basis by any organization will be properly, standardized,

catalogned and stored to meet the needs of researchers working in that field.

In addition, the data back should provide a structured technical and

management support to researchers and agencies in data acquisition

processes.
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TIle go\'emmcnt should encoumge agencies support researchers with funds or

material so that their findings will be meaningful that ,viII help these agencies

in their planning and decision-making processes. In addition. agencies should

be encouraged to make data available to researchers to help them come out

with meaningful findings.

However the use of geographic information system model needs thorough

assessment of its ability to integrate a hydrological model to give a spatial

picture of hydrological phenomenon. Aside this, it is recommended that the

lISe of both the conventional method and the geographic information system

model will be effective for cross checking flood risk zones within a given

environment

6.6 Recommendation for future research

The study has shown that a complexity of factors affects flood generation in

Accra and its environs. Since these factors are not mutually exclusive. more

research needs to be conducted to explain the role each factor plays in flood

generation in same risk zones but in different location; taken into

consideration the net effect of other factors. Further research should examine

the spatial variability ofthese factors using appropriate models.
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