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ABSTRACT 

Natural Hazards have become an issue of growing concern throughout the world. The frequency of 

their occurrcnce as well as the magnitude of the related disasters is threatening the large population of 

people living in diverse environments. There is evidence of its dramatic rise everywhere in recent 

years/decades. This work, titled "Delineation of Flood Prone Areas for rlood I-Iazard Mapping in 

Kaduna Metropolis, Northern Nigeria" was aimed at determining those areas in the banks of River 

Kaduna that are susceptible to flood and zone them according to their degree of vulnerability. A 

SPOT's Multispectral data of the study area was used. This image was enhanced to highlight contrast 

between vegetated areas adjacent to the bank of River Kaduna and areas away from the banks having 

seasonal vegetation cover. An NDVI image of the study area was done for the purpose or highlighting 

areas having thick vegetation being influenced by moisture and so liable to flooding and differentiating 

them frolll dry bare soil that are not 1100d plains. A digital topographictll database was created alld 

analysis operations were done to show how remote sensing and GIS can be used to map flood prone 

areas bordering River Kaduna. Flood risk map was created to indicate the areas likely to be coveretl by 

water during floods of given magnitude. The aim was to achieve vulnerability reduction by identifying 

those communities that are particularly susceptible to damage or destruction by rclating risk to hUlllan 

settlelllent and ' their structures The results of the study show the great potential or using satellite 

imagery for acquisition and analysis of data for a large area which can either be hostile or inaccess ible 

terrain. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Baci{ground Information 

It is a well known fact that natural disasters strike Countries, both devclopcd alld 

developing, causing enormous destruction and creating human suffering, and producing 

negative impact on national economies. 

Though it is not possible to completely avoid the natl!ral disustcrs but the surrcring cun 

be minimized. This is achieved by creating proper awareness of the likely di sasters and 

their impacts by developing a suitable warning system, disaster preparedness ano 

management through application of information technology tools . 

Geographic Information System (GIS) and remote sensing provide tools for eflcdivc 

and efficient storage and manipulation of remotely sensed data and other spatial ano 

non-spatial data types for scientific management and policy-oriented in/ormation. 

These tools can be used to facilitate measurements, mapping, monitoring and modeling 

or variety of data types related to natural phenomenon such as Oood. 

Flood is one of the most serious threats to mankind. Evidence from previous studies 

shows that unpredictable distribution of rainfall both spatially and temporally makes 

nood ing a continllolls threat (Wang and Chengjie, 1999). 



ll~ the field of risk assessment, Hazard mapping to show flood prone areas could be 

created lor cities, di stricts or even entire country. Flood risk Illapping luI' exalllple 

would indicate the areas likely to be covered by water during flood s of given 

magni tude. To achieve vLllnerabi I ity red lIction is to idcnti Iy thosc COllllJ1 L1ni tics that arc 

particularly susceptible to damage or destruction by relating risk to human settlements 

and their structures. 

People have long been attracted to the noodplains. Here rivers deposit the topsoil 

picked up elsewhere, so the land is fertile. Floodplains are both flat and usually located 

adjacent rivers, so irrigation, ploughing and transport (usually aided by rivers) are all 

made easier. The heavy settlement along the lower reaches of Egypt' Nile, Indian's 

Ganges, Bangladesh's Brahmaputra- Padman, the Yellow River and Yangtze of China, 

and the Tigris and Euphrates of Iraq are all examples of floodplain civilizations. 

Floodplains are desirable places to live, not only in agricultural societies, but also in 

industrial countries where the floodplains often host large capitals that use the river 

water for industry and its mouth as harbour for shipping. 

Floodplains can be looked at from several different perspectives. To deJine a 1100dplain 

depends somewhat on the goals in mind. As a topogr.aphic category, it is quite flat and 

lies adjacent to a stream. A floodplain is built up of layers of sediment deposited by the 

river when it periodically overflows its normal banks. It is the almost flat area that 

borders the river. Steep narrow valleys in mountain regions have no 1100dplaills at all , 

2 



but a large complex systelll of converging rivers in a lowland region may have a 

floodplain over a hundred kilometers wide. There is a natural tendency for a river to 

deposit sediment in its channel during times of low /low, so that equilibriulll is arrived 

at where the river comfortably fills its main channel under normal conditiolls. 

Therclore the river will spread uut autumatically into its fluodplain during periuds of 

high flow; after all, floodplains are for floods. 

Floodplain analysis has been greatly improved with the aid of computers. COl1Jputer 

models playa critical role in floodplain analyses by aiding in the determination of water 

surface profiles associated with different flow conditions. Computed water surltlCe 

elevations are often manually plotted on paper maps to delineate floodplains. 

Automation of this process can result in eflicient savings of both time and resources. 

However, most computer models used for floodplain analysis have a signilicant 

deficiency because the locations of structures impacted by floodwaters (bridges, roads 

and buildings) cannot be accurately compared to the noodplain location. 

Natural hazards have become an issue of growing concern throughout the world. The 

Ii'equellcy as well as the magnitude of the related disasters, threatening large populations 

living in diverse environments show dramatic rise everywhere in recent years/decades. 

Where hazards of exogenous origin are concerned, such as noods, natural ractors such as 

climate change or fluctuation may, at least in part, account for this increase. The 

consequences of human interactions on the environment also play an important role. 

Some of these consequences include:-

3 



1. Land degradation resulting from unsustainable landuse practices 

increase the disaster susceptibility of the land. Deforestation and 

other land cover changes in the upper catchments of rivers alter the 

hydrological regime, resulting in flash floods causing inundations in 

the lowlands downstream. 

11. Population growth has greatly increased the number of people living 

;.. 

in disaster prone areas. Not only has population density increased in 

existing problem areas, but large groups have also settled in formerly 

unoccupied dangerous zones, such as along rivers in flood plains. 

1.1 Types of Flood 

There is no universally accepted definition of flood because different people view it 

differently. It has been described as a situation when a place is filled or covered with 

water, an overflow, the covering with water of a place that is usually dry. All these 

positions reveal the inadequacy, in the accommodation of excess water discharge. 

A flood is a body of water, which rises to overflow land, which is not normally, 

submerged (Adeniran, 200 1). While many floods may cause little or no damage, some 

may result in major disasters. These disasters results in structural and erosional 

damages, disruption of socio-economic activities, loss of life and property, 

displacement of people, destruction of agricultural land and contamination of food, 

water and environment in general. 
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A flood is too much water in the wrong place, whether it is an inundated city or a single 

street or a field flooded due to a blocked drain. The major areas which suITer I'rum l100d 

hazard in Nigeria according to (Adeniran, 2001) are:-

a. Low-lying coastal areas in southern parts 01' the_ country where annual milll'all is 

very high. 

b. The Niger Delta area. 

c. The flood plains of larger rivers namely, the. Niger, Benue, Gongola, Sokoto, 

Kaduna, Katsina-!\Ia, Osun etc. 

d. Flat low-lying areas around and to the south of Lake Chad. 

e. flood hazards are also C01111110n in noocl plain of urban rIvers where human 

activities have great impact on the environment. 

The c1assitication of nood by Oriola (2000) rurther provides a better meaning 01' the 

phenomenon. He described six different types of lloods which can be identi lied as 

follows:-

I. Flasll floods:- These are results of high intensity ram associated with 

convectional rainfall. They are short in duration, lasting for some minutes and 

covering small areas. Thus, the appearance and disappearance are sudden e.g. 

most streets in Nigerian cities are nooded after such intensive rain. 

11. A sillgle evelltj7oo(/s:- These are floods with a single high flow. Unlike flash 

floods, the rains have longer duration. The Ibadan nood or 1980 was as a result 

of more than ten hours down pour. In some cases, the rain may be ('or days. 
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111. Multiple Event Floods:- They are associated with cyclonic rainfall covering a 

larger geographical area. They produce a large volume of stream flow and 

extend over a period of several weeks or months. 

IV . Seasollal floods :- These are re-occurrence of multiple event flooding with 

periods of high water often extending over several months. The flooded area 

always extends more than thousands of kilometres. Seasonal floods are often the 

combined etfects"of inflow of water from many tributaries. 

v. Coastal flood.'i:- Coastal floods are associated with meteorological conditions 

which produce abnormal high sea level. They are known as storm surges, which 

occur at spring tides. When the wind speed is high, the sea pile up ag&,inst the 

co~~tline and large scale turbulence is generated. This results in moving the 

wave up the shore above the height of the embankment wall. This type of flood 

has been reported at the Lagos bar beach. 

VI. Estuarille Flood.\":- These type of floods occurs at the mouth of a river. It is a 

situation when the high spring tides impede the seaward fresh water flows, 

which consequently exceed the channel storage capacity of the river. In delta 

areas, where there is conflict between river and seawater, such type of floods 

occurs. 

1.3 Flood Characteristics 

Th(! dangers of flood waters are associated with a number of parameters not necessarily 

independent of each other but creating different types of clearly recognizable hazards. A 

summary of the parameters and related hazards is given below. 
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Dep't of water- Building stability against flotation and foundation failures, flood 

proofing, and vegetation survival have different degrees of tolerance to inundation. In 

each case these can usually be identified and the depth hazard established. 

Duratiolt- Time of inundation is of utmost importance since damage or degree of 

damage is often related to it. This applies to structural safety, the effect of interruption 

in communications, industrial activity and public services, and the life of plants. 

-Velocity- High velocities of flow create high erosive forces and hydrodynamic 

pressures. These features often result in complete or partial failure of structures by 
~ , 

creating instability or destroying' foundation support. Dangerously high velocities can 

occur on the floodplains as well as in the main river channel. 

Rate of ris/!- The rate of rise of river level and discharge is important in its relation to 

the time available for giving flood warning or making arrangements for evacuation and 

flood fighting arrangements. Rate of rise can therefore influence planning permission 

for floodplain occupation and its zoning. 

Frequellcy (~r OCClirrellce- Total potential damage in a floodplain relates to the 

cumulative effect of depth, duration and velocity hazards measured over a long period 

of time. This will very often, but not exclusively, influence decisions on planning 

permission, especially if the hazards can be measured in quantitative terms. Cumulative 

frequency of occurrence of the various hazards is a consideration that farming 

communities throughout the world have always taken into account, usually on the basis 

of experience and intuitive reasoning, as they decide the type and intensity of 

agricultural or livestock farming to employ in regions susceptible to floods. 

7 
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Seasollality- Inundation of land during a growmg season can have a completely 

destructi ve effect on agricultural production, as severe in fact as a prolong drought. If 

flood waters occur during cold weather and if they derive predominantly from snow-

melt with possible ice flows, general discomfort and subsistency levels of affected 

communities are also considerably influenced. Seasonality in large floods is therefore 

an important influence on severity of flood hazard. 

1.4 Causes of Flood 

Flood results from three basic causes. Umoh (2000) refers to them as follows :. 

Climatological 

Induced fl9pds are the most common types of floods, usually resulting from either short 

duration intense rainstorms or excessively long periods of rainfall. Floods in this 

category can also result from seasonal or spisodic melting of ice or snow. 

Part - Climatological 

Flooding may also result from causes that are not directly related to a particular climatic 

event (e.g. a severe rainstorm) but are indirectly related to climate. For example, floods 

caused by tides and storm surges belong to this category. 

Structural Disturbances or Failures. 

This provides another opportunity for water to inundate adjacent land. Included in this 

category are floods caused by terrestrial and submarines, earthquakes, landslides, the 

failure of dams and other structural works designed to confine water. 



t 1.5 Measures for Flood Control 

Flood is a weather event, which cuts across the . entire globe. Flood control is the 

regulation of excessive runoff of water in order to prevent inundation of land. It is an 

attemjJt to reduce flood damage to lives and properties as much as possible. There are two 

classes of flood control measures; namely structural and non-structural measures (Nsofor, 

2003) ~ 

1.5.1 Structural Control Measures. 

This is a collective term used for' those efforts that reduce flood damage, by restricting 

movement of water into the flood plain. They include. 

I. Flq(Jd cOl~fil1elllel'lt : - It is one of the direct and most effective means of reducing 

flood damage. It involves the construction of earthen level, emergency walls 

made of sand bags and dykes to confine river water. 

II. Flood water .... tomge: - This is the storage of flood water in reservoirs formed by 

dams and releasing it at rates within the capacity of the downstream channels. 

These reservoirs also use this water for municipal water supply, Hydro Electric 

Power (HEP) generation, recreation etc. 

Perhaps the greatest disadvantages of detention facilities, assuming a structurally 

found facility, is the false sense of security that such structures create among the 

general public. These facilities are almost never designed to contain the probable 

maxi mum flood . Thus they require a spillway to pass discharge in excess of the 

design flood. 
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111. Channel improvements:- This involves the enlarging of rivers channels, which 

can be accomplished by dredging or excavation. It is done by removing snags 

and obstructions to provide a more uniform cross sections of flow and 

eliminating meanders. 

IV . Urban storm drainage ami highway culverts:- These involve channel 

improvement, improved ditches and buried storm drains. 

," , . 

1.5.2 Non-Structural Control Measure. 

Non-Structural measures include the following. 

I. Land treatmell(- This includes measures to decrease runoff and increase 

in,tj)tration. Typical measures include contour plowing, land leveling, bush 

control, fire control on forest lands etc. This control method in addition to 

reducing flood peaks also reduces flood damage by reducing the sediment 

content of the water. 

11. Lamillse adjustment:- Land use adjustment involves the design of zoning laws 

to regulate flood plain land use. Many conflicting goals may have to be 

compromised in determining the best land-use plan. There are three major 

methods of land use regulations. 

a. Public purchase, which involves a large financial obligation. 

b. Purchasing the right to develop the land 

c. To restrict the development of private property by zoning 

III. Flood proofing:- This includes all actions within the flood plain to reduce flood damage 

to their property by individuals or small groups. It includes emergency measures 

10 



evacuation, sand bagging etc and the use of building materials or methods, which are 

less sllsceptible to 1100d damages. 

Retrofit iloodprool-ing of existing building is sometimes a viable solution, depending 

upon the location of the structure within the flood 'plain and its structural integrity. 

There are two basic types of noodprooling: active and passive. Active lloodprooling is 

temporary, requiring some positive action on the part of the building owners and/ or 

occupants immediately before a nood event. It will not be elTective ir personnel arc not 

avai lable to perform the necessary functions where the tlood occurs. Passive 

1100dproofing is peonanent and does not require any action at the time 0(" the Ilood. 

Active 1100dprooiing requires some type or 1100d detection and warnillg system to give 

time for the personnel to install the Ooodproofing devices. In flash nood situations the 

persolU1el may not be available to respond in time. Thererore active noodprooling is 

most effective in areas with long warning lead times; it should not be relied upon, if 

possible, in flash flood areas. 

1.6 Statement of Research Problem 

Flood causes havoc and serious damages to · the environment and people. The damages 

range from destruction of properties, roads and farmlands to displacement or persons and 

loss of human life. 

II 
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.r: 

Irin (2003) reported that at least 80,000 people living in Kaduna have been displaced by 

flooding, with Barnawa, Kabala, Nassarawa and Trikania districts mostly affected. The 

flood was the result of torrential rains that forced the Kaduna River to burst its banks. 

Gathering hydrologic data directly from rivers and streams is a valuable but time 

consuming effort. If such dynamic data have been collected for many years through 

stream gauging, models 67n be used to determine the statistical frequency of given flood 
/ 

events, thus determining their probability. However, without a record of at least twenty 

years, such assessments are difficult. 

In many cQu.ntries, stream-gauging records are insufficient or absent. As a result, flood 

hazard assessments based on direct measurements may not be possible, because there is 

no basis to determine the specific flood levels and recurrence intervals for given events. 

For formulating any flood management strategy, the first step is to identify the area most 

vulnerable to flooding (Sanyal and Lu, 2003). This step is even more critical for Nigeria 

as a developing countlY, as the funding available for developmental activities is very 

limited. In addition, the density of gauging stations is very low and thus any flood 

prediction or risk assessment model tested in the developed countries faces acute shortage 

of ground data when applied. 

Another primary issue for flood management is to identify the area having higher hazard 

potential. Hazard can be defined as some threats, natural, technological or civil to people, 
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propert~ and environment and risk is viewed as the probability that a hazard will occur 

during a particular time period. 

Conventional dynamic flood frequency analysis techniques have been developed to 

quantitatively assess flood hazards over the past half century. These traditional 

techniques yield dynamic historical flood data which, when available, is used to 

accurately map floodplai'hs . In addition to a record of peak flows over a period of years 

(frequency analysis), a detailed survey (cross sections, slopes and contour maps) along 

with hydraulic roughness estimates is required before the extent of flooding for an 

expected recurrence interval can be determined. In traditional floodplain mapping, the 

requisite d~ta and maps include the following: 

I . The selected base (topographic) map with the surface water system 

2. Hydrologic data 

(a) Frequency analysis (including river discharge and historical flood 

data). 

(b) Flood inundation maps 

(c) Flood frequency and damage reports, etc 

(d) Stage-area curves 

(e) Slope map 

(f) Cross sections 

(g) Hydraulic roughness 

3. Related maps such as soils, physiography, geology, Hydrology, Landuse, 

Vegetation, Population density, infrastructure and settlements . 

13 



This dynamic approach requires extensive long-term field surveys, with a Iletwork or 

gauging stations that can develop the data needed [or precise risk assessments . Such 

extensive long-term information is seldom available for river system in less developed 

countries. Remote sensing technology is widely used lor global monitoring or the 

environment. The rapid advance of this technology through earth observation satcllites 

from outer space has enable data acquisition over large areas and short repetitive cycles 

without actual ground surveys or aerial photography 

The issue of preparing a reliable hazard map is one of the latest concerns, within the 

subject of Dood management. The problem to be investigated here is to see whether 

remote-sensing techniques can be used for delineation of nood nmes and preparation or 

Dood hazard maps for the study area. 

1.7 Environmental Uackground of the Study Area 

Geographic Locatioll 

The project area is Kaduna and its Environs. It is located between latitudes 10° 25'N and 

10° 39'N; and longitudes 7° 2l'E and 7° 31'E;. Having an areal extent of about 160,000 ha 

[1600KM2
] , the project area covers Kaduna South Local Government Areas as well as 

parts of Chikun local government area. Figure 1.1 shows the project area and its drainage 

and set'lement pattern. 

Kaduna is the capital city of Kaduna State. It is bounded by Kachia, Kajuru, Kaura, Soba, 

Zaria, Giwa and Birnin Gwari Local Government Areas of the State and at the South 

Eastern part by Niger State. The 1991 censlls provisional results put the population or the 

people within this area at about 396,055. 
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Climate 

Kaduna State experiences a tropical continental climate with distinct seasonal regimes 

oscillating between cool to hot dry and humid to wet. This seasonality is pronuunced 

with cool to hot dry season being longer than the rainy season. Tile railling season last 

for six months from May to October while the dry season has a duration of three months 

from January to March. 

Topography 

The general land structure consists of an undulating ~crrain. Rocks and hill s could be 

seen everywhere especially in places like Kajuru, Kujama, Zaria and Jama'a. Almost all 

the hills lie between 305m and 1,31 Om above sea level. Lan<..Irorms in the state are 

associated with rocks in which they are derived. And rock types are related to the type 

of soils found in the State. 

Draillage Pattern 

River Kaduna is the malll nver III the State. The State has good drainage systems 

through which water are channeled to the rivers especially during the rainy scason. Thc 

rivers serve as sources of domestic and industrial water supply to the state. They also 

serve as sources of irrigation. During the dry season, [armel's draw water from the 

rivers and stream to water their farm crops. The rivei's vary in water level a great deal 

according to the season. 

The Kaduna River runs through the project area. The river takes its source from the .los 

Plateau. It rises from the los plateau 29 km southeast of Jos town near Yom and flows 

in a northwesterly direction for 210 km before reaching Kaduna town. it crosses the 

city, dividing it into North and South areas. Beyond Kaduna, the river flows for about 

100 km into the Shiroro dam project areas. Arter Shiroro, it continues to now lor 2UO 

km and finally discharges into the River Niger on the Northern shores of Pategi. figure 

1.2 shows Kaduna River watercourse from source to sink. 
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Lamluse 

By landuse, we mean the uses to which a land is put. Kaduna land use can be classified 

into agricultural, residential, commercial , recreational, institutional, industrial and 

religious. The commercial and residential areas are inter-woven. It will be difficult to 

separate these two. The industrial area is restricted to the southern part of the town, 

while educational institutions as well as other land uses are scattered all over the town. 

Soils Ami Vegetation 

Generally, the soils arid vegetation are typical red-brown to red-yellow tropical 

ferruginous soils and Savannah grassland with scattered trees and woody shrubs. The 

soils in the upland' areas are rich in red clay and sand but poor in organic matter. 

However, ~oils within the Fadama areas are rich in Kaolinitc clay and organic matter. 

Natural Resources 

Kaduna State is endowed with wide range of natural resources waiting to be fully 

utilized. The natural resources potentials are classified into AgriculturelForestry, 

livestock and mineral s. 

Agricultural and forest resources are enormous. On the rolling high plains, the tropical 

ferruginous soils have been intensively used for cereal cultivation. The not so-rich 

soils, with good conservation and land management practices are capable of supporting 

calcium rich grass for livestock feeding. Yam, maize, cereals, cassava and ginger are 

commonly cultivated in the State. Forest reserves are limited, except in some few 

rIverIne areas. 

Livestock resources are still in small scale. Some areas of the State possess 

development potentials for excellent rangeland to support large-scaled livestock 

production. The National Animal Production Research Institute [NAPRl] at Shika, near 

Zaria, offers good veterinary technical advice and services. 

18 



· I 

Graphite, Kyanite and Rutile are reported to be in large quantities in the State. They are 
I 

good sources of raw materials for pencils, welding electrodes and ceramic industries. 

Magnetite and Hematite are also locally exploited for making local iron implements. 

Also, some broad river valleys are rich sources of sand, granite rocks and clay that are 

usually exploited for building. 

1.8 Aim and Objectives 

t The main aim of this research work is to attempt using remote sensing data to prepare a 

flood hazard map to show areas that are potentially under the threat of flooding along the 

bank of river Kaduna. To achieve the stated aim, the specific objectives include. 

, 
I . Preprocessing of the dry season SPOT XS image data. Spectral enhancement is to 

be performed on the image data to highlight contrast between areas which obtain 
.,;-

moisture from the drainage continuously throughout the year adjacent to the banks 

of the main river drainage, and areas away from the channels having seasonal 

vegetation cover. 

2. Preparation of a digital topographical map from the colour composite of the 

spectrally enhanced bands of the SPOT;s data . This will be used as a database 

that contains agriculture, socio-economic and infrastructural data. 

3. Derivation of Normalised Difference Vegetation Index (NDVI) image to clearly 

highl ight areas along the banks of the major drainage channels of the study area, 

having dense, healthy vegetation only, being influenced by moisture from the 

drains and so liable to flooding . This was to distinguish areas that may be dry 

bare soils (having strong radiances) that are not riverine floodplains. 

4. Generation of a digital elevation model (OEM). This will be derived from the 

contour information on the existing topographic map of the study area. The 
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contours are digitised and interpolated. The resultant DEM will be used to 

visualize the satellite imagery in three dimensions so as to appreciate the 

topography of the land in addition to viewing possible flood able areas along the 

river bank. 

5. Delineation of the floodplain along the main river channel. Using the Kaduna 

State Urban Plalming and Development Authority (KASUPDA) law to scale to 

buffer zone. 

6. Delineating the different Dood zone areas at peak and off peak periods of rUlloff 

water. Each flood zone represents a risk level of the /load map. 

7. Overlaying the various flood zones to present a flood hazard map showing the 

various degree or vulnerability of the arCH. 

1.9 Research Hypotheses 

I. Remotely sensed data and digital image processing techniques can be used 

effectively in flood hazard mappll1g over large and/or 111 accessible areas 111 

Kaduna metropolis. 

2. Remotely sensed data is a good optional input for delineating different land cover 

types. 

1.10 Justification of the Study 

The landuse database can be used 111 conjunction with the flooding data to adapt an 

evacuation strategy, rehabilitation planning and damage assessment in case of a critical 

20 



flood situation. Improve mapping of flood risk areas will enable properties at risk of 

nooding to be more accurately defined . 

Flood hazard map or vulnerable arca will cncourage the provision or adequatc alld L:()st 

efrective Oood warning system by the various government agencies. It will also 

encourage the provision or technically sound and sustainable 1100d de/Cllse IlIL:asures. 

Theoretically, this information could then be used to coordinate flood-warning activities 

such as road closures and evacuations. 

Inadequate and inefiicicnt drainage of low-lying und nat arcus to the ovcrflow, results in 

flooding. It will enable the various government agencies and ;construction companies to 

promote sustainable drainage techniqucs. Using the grid based floodplain delincation, a 

hydraulic engineer can zoom in on the area of a particular drainage control structure, and 

both view the floodplain extent and query the 1100d grid for watcr depth at various 

locations of bridges, culverts, storm drains and other drainage control devices whcre 

hydraulic analyses are used to determine conveyance capacity. 

The presentation of flood prone areas will discourage inappropriate development in the 

areas at risk from flooding and erosion, continued management of flood risk thereby 

minimising the threat to human life, reducing distress and damage to property. 
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Improved visualisation and a digital database of floodplain extent will becollle very 

useful in management of the areas existing in the floodplain. Planners, develupers and 

property owners would also benefit from a higher knowledge of floodplain extent. 

The States and federal Emergency management Agencies can use Digital flood 

Insurance Rate Maps (DFlRM) whieh are intended to replace the existing paper maps. 

Inundation limits for floods can be determined by combining water surftlce profIles with 

digital terrain surfaces. These digital maps will be more readily adjustable with new or 

addi tional data. 
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CHAPTER TWO 

LITERATURE REVIEW 

2.1 Introduction of Remote Sensing 

Ndukwe (1997) defined remote sensing as a method of acquiring information about an 

object (target) without making physical contract with the object. It is a scientific 

method that employs electromagnetic energy as means of detecting and measuring 

target characteristics. Erectromagnetic energy is the supreme medium of link between 

the measuring device (sensor) and the object of study. 

In the past, environmental remote sensmg was accomplished by the systematic 

interpretation and analysis of photographic emulsions sensitive only to visible portion 

of the electromagnetic spectrum. Later, there became available emulsions, which extend 

the photographic capability beyond the visible portion into the infrared portion. In 

recent years, additional systems which could detect and record electromagnetic 

radiation well beyond the range covered by photography become available given remote 

sensing a great boast and capabilities. 

Adeniran (1999) define remote sensing as the science and technology of recording and 

analysing the characteristics of earthly phenomena by airborne and space borne 

platforms to assist in inventory mapping and monitoring of earth's resources. The 

platforms are equipped with electromagnetic energy sensors, which acquire data on the 

way various earth surface features emit or reflect electromagnetic energy and these data 

are analysed to provide information about the resources under investigation. 
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Jones (1997) distinguishes the two classes of remotely sensed data as: 

1. A classification by the wavelength of the radiation that is detected. The ranges 

of electromagnetic wavelengths that are commonly used for remote sensing 

survey are 0.4 - 0.7um, which is the visible range, 0.7 - 3um called the reflected 

or near and mid infrared, 3 - 14ul11, the thermal infrared, and 5 - 500mm 

refe~red to as mICrowave radiation . 

11. Classifying remotely sensed data according to the physical form in which it is 

acquired, which relates closely to the survey technology employed I.e. 

photographic surveys, from multispectral scanners and microwave sensor 

2.2 Advantages of Remote Sensing 

Remote sensing has several advantages over the conventional or ground-base methods 

of observation and data collection. Kufoniyi et aI, (2003) categorised these advantages 

in four as follows : 

1. Synoptic perspective I.e. the ability to revisit and acquIre data of the same 

ground area as many times as may be required. Earth observation satellites are 

programmed to pass over a target area at given temporal interval which makes 

satellite remote sensing an efficient tool for monitoring land cover changes 

within a period of time. 

11. Unique vantage point:- Orbiting at an altitude of above 500 km or flying at 

15k~n gives space or airborne platforms good vantage point to view the earth 

and record land surface changes especially at a global scale. 
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III. Extra:- visual information: Satellite rcmot~ sensing capability of providing data 

across the electromagnetic spectrulll i .c. from the visi ble through to thc 

microwave region in addition to the expansive ground area coverage provide 

great wealth or in/ormation within a sccne anu in a degree or detail. 

IV. Historical and permanent record:- Satellite system collects and archive high 

quality data for use many years after acquisition for trend study. 

2.3 Conccpts of Rcmote Sensing 

The practice of remote scnsing is based 011 certain concepts. These cuncepts addr<.:ss<.:s 

ideas central to the practice of remote sensing, regardless of specific disciplinary 

applications. According to Campell (1996), the concepts include: 

(i) Spectral Differentiation 

Identification of physical features on remotely sensed data is I"a<.:ilitated by ubscrv<.:d 

spectral differences in radiation reflected or emitted from the features . Images are 

acquired uSll1g various wavelengths and the response of a feature within the range 

concerned is called spectral response pattern of the features. lmages acquired over a 

number of these wavelengths are referred to as multi spectral images. 

(ii) Radiometric Differentiation 

Features on remotely sensed data can be dilTercntiated because of the variatiun in their 

brightness (tone) as detected by the sensor (instrument used). Within a given spectral 

region, this contrast in brightness must be sufficient for the instrument to detect, as it 

innuences the information that can be derived . Consequently, pertinent issues in remote 
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sensing investigations include the sensitivity of instrument (sensor) used and existing 

contrast in the scene between the features and their background. 

(iii) Spatial Differentiation 

Every sensor has a minimum area that can be recorded as an entity on image. This 

determines the spatial detail (or resolution) or the fineness of the patterns on the images. 

For some remote sensing systems, these smallest areas units-picture elements or pixels-

;>or 

are in fact discrete, distinct units, identifiable on the image. 

Spatial resolution is dependent on the type of sensor and the altitude of image recording 

system. Terrain features vary in their spatial complexity. They could either be clearly 

recorded.loIsing coarse or fine levels of details depending on the spatial complexity. 

(iv) Geometric Transformation. 

The specific geometric relationship of landscape is represented by images recorded by 

sensors. However, sensor design, specific operating conditions, terrain relief and other 

factors determine this. The ideal remote sensing instrument would be able to create an 

image with accurate, consistent geometric relationships between points on the ground 

and their corresponding image representation. Accurate measurements of areas and 

distances could be obtained from such images. 

In reality, images are subjected to geometric (Iocational) errors as a result of terrain 

relief the perspective of the sensor optics, motion of scanning optics and earth 

curvature. These errors must always be accounted for before using the images for 
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measurements. This is becausc they are inherent characteristics of these linages evcn 

though sometimes they can be reduced or removed. 

(v) Interchangeability of Pictorial and Digital Formats. 

The original format of most rcmotcly scnsed data is usually digital arrays rcpresclltillg 

thc brightness of features recordcd . II' these values portray level or brightncss, each digit 

can portray a photographic brightness Icvcl. Pictorial images call also be convcrtcd to 

digital format by subdividing the image into small squares of equal size, each assigncd 

tliscrete values, indicative of its brightness. Dcpel1ding on thc investigation being 

conductcd, rcmotely scnscd imagcs can bc prcscntcd in any of thcsc f()rmats though 

some times with some loss in detail. No real differcnce occurs in the inrol'l1wtion 

contcnt. Both formats rcquirc di rferent way of display reprcscntiltion. 

(vi) Role of the Atmosphere. 

Thc accuracy of intcrprctation or rcmotcly scnsed data is influcnccd by thc quality or 

the image. The atmosphere through which radiation passes before reaching a sensor 

usually degrades the quality of the image. It does this by either altering the intensity or 

wavelength of recorded radiation. 

2.4 Context for Using Remotely Sensed Data 

Remotely sensed data mllst be analysed to extract useful information . The principal 

steps used for this analysis according to Aronoff (1993) are as follows. 

(a) Definition of Information Needs 

The objective of using remotely sensed data is to generate info rmation . 8c(orc any data 

acquisition or analysis can begin, the information needs have to be defined. Only then 
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can the techniques be identified that might best satisfy the requirements. This 

assessment should take into account such factors as, the accuracy needed, how quickly 

it is needed, in what time or period should the information be collected (e.g. within the 

past year or in particular season), the cost to produce it and the form (e.g. electronic 

format, paper map, tabulated statistics) in which it is needed. 

(b) Collection of Data Using Remote Sensing and Othel' Techniques 

;>r 

Remotely sensed data" are rarely used as sole data source. Field observations and 

measurements as well as existing information such as maps and reports are used 

together in the analysis . The data requirement must be defined, the available data 

assessed and then the new data to be collected must be specified. 

Remotely sensed data are collected usmg a variety of devices that detect energy 

reflected or emitted from objects. The data specifications should be planned and 

integrated with other data collection activities. Field collection procedures can be 

modified so that expensive field sample data can be properly integrated into remote 

sensing analysis. 

(c) Data Analysis 

There are three principal types of analysis applied to remotely sensed data they are: 

(i) Measurement Analysis 

This analysis method use the values measured by the sensor to calculate environmental 

conditions like surface temperature, soil moisture, quantity of plant material or the 

condition of crops. Measurement results are usually produced as a large number of 

individual 'v;'alues, one for every sample point. 
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(ii) Classification Analysis 

In this method, regions that have the same characteristics are defined. These results 

are commonly provided in the form of a map-like image where regions with the 

some characteristics are shown coded as the same colour or pattern. The image may 

be produced as a paper map, a digital image or a set of boundary outlines for each 

region. The classification may be used to generalize a measurement analysis for 

presentation. For ~xample, ranges of temperature could be shown as different 

coloured classes. 

(iii) Estimation Analysis 
, . 

They are commonly applied to classification results. The objective of this type of 

analy.,si s is to estimate the quantity of a material for each management area. This 

analysis method is not a mapping application and so precise delineation of 

boundaries is not usually needed. The type of classification used serves to divide the 

area into regions, termed strata, which have statistically similar characteristics. The 

advantage of using remotely sensed data to stratify the region in this way is that 

estimates with the same or better accuracy can be obtained with fewer field samples 

and therefore at a lower cost. 

(iv) Verification of Analysis Results 

To use information effectively, we need to know something about its accuracy. 

Information need not be 100% correct for it to be useful, so long as the expected 

level of accuracy is known and taken into account when the information is used. 
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Result of remote sensing analysis should be accompanied by a report on the quality 

of the data. The verification step involves analysis step, in order to verify that the 

results are of sufficient quality to be accepted for use. 

(v) Reporting the Results 

Once the quality of the information has been assessed and found to be acceptable, 

the information can be assembled into a suitable reporting format. The format may 

i>' 

be a paper map, an 'annotated image (such as a flood hazard map), a computer data 

file or a written report with diagrams, maps and tables. The format selected should 
, 

convey the information and ·take into account the way the data will be used. 

(vi) Taking Action Based On The Information 

The ,Qbjective of producing information is for decision-making if information is 

being produced and not used, it is generally because there is no user, the information 

never gets to the intended user or the information is not in a suitable format. 

2.5 Remote Sensing As a Tool for Flood Area Delineation 

In the early stages of satellite remote sensing, the data available was from Landsat Multi 

Spectral Scanner (MSS) with 80m resolution. It was used in flood mitigation on the 

flood prone regions of USA (Smith, 1997). They band 7 ofMSS (0.8-1.1um) was found 

suitable for, distinguishing water or moist soil from dry surface due to strong absorption 

of water in the near infrared range of the spectrum. 

From the early 1980' s Landsat Thematic Mapper (TM) imageries with 30m resolution 

was used for monitoring flood and delineating boundary of inundation using band 4 to 
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discriminate water frol11 dry land surface (Sanyal and Lu, 2003). Wang cl al (2002) 

solved the problcm or conl'using developed areas with water by addillg Landsat 'I'M 

band 7 with the NIR (band 4) band to delineate the inundated areas. Using tht.: hand 4 ., 

band 7 images, it becomes easier to choose the dcnsity slicc for extracting the flood 

water. 

During later stage, SPOT multispectral imageries were also lIsed for flood delineation 

with similar assumption that water has very low rd1ectance in the near infrared region 

of the spcctrum. Islam and Sm.1o (2002) lIsed SPOT imagt.:ries along with 1>1 ':M I()r 

delineation of moonsoon Oood in Bangladesh. 

Islam and Sado (2000a) used Normalised Dillerence Vegetation Index (NOVl) to 

monitor rivcr inundation from Advanced Very lligh Resolution Radiolllclt.:r (A VII R R) 

images. Although A VHRR images are coarse in resolution and frequently contaminated 

by cloud cover, its merits lies in its high temporal resolution. This advantages enub1t.:s 

monitoring the progress of a flood in a near real-time. Water has a unique spectral 

signature in near infrared different from other surface features . There/ore, when a 

surl'aee feature is inundated its value changes considerably from the normal situation. 

NOV 1 is a widely used image transform to 1l10ni tor vegetation condi tions using the 

A VHRR, for example, examining the ratio of reflected IR to Red wavelengths is a good 

measure of vegetation health and this is the premise behind the coneept of NOVl. 
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Healthy vegetation will have high NOVI because of its high reflectance of IR and low 

reflectance of Red light. 

The existence of cloud cover appears as the single most illlportnnt impediment to 

capture the progress of floods in baJ wcather (Islam and Sado 2000b). The developmcnt 

of microwave remote sensing, particularly radar imageries solve the problem. Radar 

systems have all weather capabilities. 

Sallyal et al (2003) discussed the use of Synthetic Aperture Radar (SAR) and optic<ll 

remote sensing imagery simultaneously in flood management. SJ\R il1lagery has the 

advantage in its ability of distinguish sharply between land a~d water. 

A thresholding technique was lIsed by (Minami, 2000) to segrcgate flooded tll'C<lS l'nllll 

non-Hooded areas in a radar image. A threshold value of raJar backscatter is set in 

dicibcl (DB) and a binary algorithm is followed to determine whether a given raster cell 

is "flooded" or not. Radar backscatter is computed as a function of the incidence angle 

orthe sensor and digital number (ON). 

W ARPO (1997) used change detection to detect flooded area by acquiring two SAR 

imageries taken before and after the nood. Two approaches were used. In the amplitude 

approach, areas estimated as flooded, the radar backscatter was observed to be ill 

considerable decline from before flood to after flood imagery. 
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[n the coherence approach areas are generally identified as flooded where the coherencc 

or correlation of radar backscatters li'om before and aner 1100d imagery arc very low. 

Sarti et al (2001) used SPOT multi spectral data for flood detection over Gloucester 

(lJK). First a radiometric calibration and geometric correction of all images was 

performed (using a OEM), aiming at obtaining comparable and superilllposabk images 

(in terrain geometry). Several algorithms or change detection based 011 ratios ami 

differences between channels (radiometry) of l11ulti-temporal data were tested in order 

to produce a map of damage assessment. 

Mohammed and Mansor (1999) used Landsat-5 Thematic Mapper (TM) data and 

hydrological modeling for 1100tl predictioll in Kiana valley, Malaysia. The lIlodel 

involves the calculation or runoff frol11 curve numbers (eN) that relate to land LIse, soil 

type, and hydrological condition and soil moisture. In the determination or runoff, land 

use information was derived from the landsat-5 TM data and land use maps. The runofr 

values were used in the calculation of concentration time, peak discharge and bankfull 

discharge. The peak discharge was calculated by the graphical method of SCS TR-55 

model whilst the bankfull discharge was derived ii'om the slope area method Flood 

occurrence was determined by comparing the peak discharge values with bankl"ull 

discharge values. Flooding occurs if the peak discharge exceeds the bankfull discharge. 

Baba (1998) reported the work done on the application of Lansat data in terrain analysis 

and flood plain delineation of the Sokoto Rima river system in North Western Nigeria 
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and shows how flood plains could be easily delineatcd for a large part of the river 

system. The report demonstrated that radiance from different land cover types could be 

easily identified, providing opportunity for accurate delineations over large and 

inaccessible areas. 

Olawale (1998) used remotely sensed data (aerial photograph and Landsat MSS image) 

to study the causes of river flooding of River Osun in Ikere-Ekiti, Ekiti State, Nigeria. 

The result of the study shows that areas liable to /looding could be easily deterll1illed 

and that the cause of increased /looding in the study area can be attributed to expansion 

ii1 built up areas (especially towards the Hood plains), the presence of large barrcn land, 

the extension of agricultural practices at thc uppcr course of tbe river and dcl'orestatioll 

are responsible. 

Tate (1998) used photogrammetric techniqucs to develop digital orthophotographs and 

digital terrain models ('or /loodplain mapping or Waller Creek in Austin, Texas. Using 

aerial photographs at scale 1 :30,000 taken with a 152.4 111m focal length lens at an 

altitude or 4600 metres, standard ovcrlap is GO°It) (orward and I 5 (X) side, he outlined the 

operational steps to include: 

1. Use a 30-meter OEM to represent the area terrain. 

II. Vectorize the OEM to create a point coverage of terrain elevations. 

lll. Construct a bounding polygon from the cross-section cndpoi Ilts 

IV. Eliminate any DEM points that fall within the bounding polygon. 
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v. Create a TIN using the OEM and cross-section points as nodes, and the 

stream centerline and bank lines as hard breaklines. 

VI. Formulate an algorithm to smooth thq interrace between the DEM and 

the vector floodplain data. 

Access to better information is paramount, as it is not always possible to map 

extensively Oooued areas quickly enollgh or hOl11ogenollsly enough llsing traditional 

means such as ground-based measurements (ESA, 1998). Satellite data, thererore 

provide the best alternative data source l'or Oood monitoring. The Ilerault Iloods in 

France in January 1996, for example, caused major flooding and heavily inundated the 

Orb Valley all the way down to the Mediterranean Sea. Dlll:ing the flooding event, all 

ERS-l SAR (radar) image of the area was acquired and used to map out areas being 

submerged by the flood. 

Remotely sensed data and analysis techniques have demonstrated that environmental 

changes could be modeled efficiently. In the work on the detection and modeling of 

forest disturbances of Afaka forest Reserve, Kaduna, Nigeria using multitemporal 

Landsat MSS, Landsat TM, SPOT XS satellite data and aerial photographs for the 

period ranging between 1962 - 1994, results indicated the forest reserve was under 

serious stress of human threats, and projected to become completely extinct by the year 

20 15 at the established model trend (Nwadialor, 200 1). 
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The review of studies above indicates that remote sensing is an important technique for 

monitoring the environment. Monitoring the environment involves checking, observing 

and recording information about the environment. Through adequate environmental 

monitoring, disasters or envirollmental probkllls arc ellsily Iloticed untl CUll he uverllxl 

(at least at a reasonable level). Satellite data have 'been found to provide the must 

efficient data type for usc in mapping out large andlor inaccessible areas under the 

threat of environmental disasters. This advantage will be fully exploited in this research. 
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3.1 Data Source 

CHAPTER THREE 

METHODOLOGY 

There are two classes of data for this research. They include SPOT (XS) digital satellite 

image of the study area obtained in 1996 and digitized x, y and z coordinates from a 

1976 topographic map of the study area at the scale 1: 25,000. The image data was 

used to produce a lan·cruse map and mapping of areas liable to flood. The OEM was 

generated from the x,y,z coordinated to produce a slope map and overlayed on the 

satellite data to provide a more appealing perspective view of the study areas. 

3.2 ~l]ot Image Data 

SPOT Satellite is a French earth resources satellite and is an acronym for System 

Probatoire de I, Observation de la Terre (a French phrase meaning satellite for earth 

observation). 

SPOT satellites are placed in a sun-synchronous near-polar orbit. The reason is to 

enable the ' comparison of imageries of different regions or same region taken at 

different times. The imaging system consists of two identical High Resolution Visible 

(HRV) instruments capable of imaging in the visible and near infrared portions of the 

spectrum over a ground width of 60km. The sensors have three spectral modes of 

operation as follows (Ndukwe, 1997): 

(i) Panchromatic mode 0.50 - 0.75um with 10m resolution. 

(ii) Multi spectral mode with 20m resolution 
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Green 0.50 - 0.59um 

Red 0.61 - 0.69um 

NIR 0.71- 0.91um 

SPOT's oblique viewing capacity makes it possible to produce stereo pairs by 

combining two images of the same area acquired on different dates and at different 

angles due to the parcrllax thus created. Thus single scenes cannot be used to produce 

stereoscopic view of an area. Lillesand, and Kiefer (1994) have shown that stereoscopic 

viewing is only possible with at least two revisit scenes. Table 3.1 illustrates the 

suitability of different sensor products for particular land cover applications. 

From the table 3. 1 below, it can clearly be seen that the SPOT MSS image gives more 

clarity to the drainage channel than SPOT panchromatic. It is therefore best suited for 

studies involving drainage channels. The fusion of both images would greatly enhance 

details under study. Studies have shown that SPOT is capable of use in mapping stream 

channel depth, slope and channel widths (Ononiwu, 1990). 
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Table 3. I visi bility oflopographic featurcs in thrcc types of satcll itc images 

Feature Spot panchromatic Spot MSS Landsat TM 

Railways 100 100 100 

Motorways 100 100 100 

Main roads 100 100 100 

Asphalted road 90 70 50 

Dirt roads 111 low-contracts 30 10 0 

enhancement 

In high-contract 
-.. ------- - .~-. 

Environment 100 100 100 

River 100 100 100 
-----

Conals (width 8m) 0 10 10 

Hedgesows (width 30m) 100 100 100 

Hedgesrows (width 20) 40 80 90 
- ---- ------

Hedgesrows (width 10m) 40 40 30 

Country side houses 90 90 100 

I-louse in built up area 80 40 0 

Source:- Adopted from Van Der Loan (1987) 

3.3 SPOT Corrections 

The following correction of the satellite image data of the study area was performed 

lIsing the IL WIS 3.1 software. 

3.3.1 Geometric Correction 

Remotely sensed data are usually affected by geometric distortions due to sensor 

geometry, scanner and platform instabilities, earth rotation, earth curvature etc. The 
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Image suppliers correct some of these distortions and others can be corrected 

referencing the images to existing maps. 

The SPOT image used is SPOT 3 multi spectral 1996 dry season digital data. The multi 

spectral image constrains data in 3 spectral bands; Green (0.5-0.59 urn), Red (0.61-

0.68um), and near infrared (0.71-0.89um). These bands are optical bands. 

,r: 

The geometry of a satellite image can be distorted with respect to a north-south oriented 

map : 

(a) Heading of the satellite orbit at a given position on earth (rotation). 

(p) Change in resolution of the input image (scaling) 

(c) Difference in position of the image and map (shift) 

(d) Skew cause by earth rotation (shear) 

The correction of all distortion at once is executed by a first order transformation called 

Affine Transformation. The correction was applied by geo-referencing the SPOT image 

data using reference points from the map. The coordinates for some points in the image 

are known. 

The geo-referencing was done by specifying reference point (tie points) that relate for 

distinct point their row/column number with the corresponding X,Y coordinates. 
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The transformation is given by the following polynomials (Ndukwe, 1997):-

Where: 

x = ao + al rn + a2 Cn 

Y = bo + b1rn + b2 Cn 

rn the row number, en is the column number, X and Yare the map coordinates. 

A number of points that can be clearly identified both in the image as on the 

topographic map, the coordinates were determined. The reference points were carefully 

selected and also the corresponding locations of objects in the image and on the map 

were addressed and measured since there was large time difference between production 

of the map and the acquisition date of the image. 

3.3.2 Removal of Haze 

Smith (2000b) has shown that for the visible band, the smaller wavelength bands are 

affected more by atmospheric scattering. Therefore, combining the three-multi spectral 

bands of the SPOT image in a colour composite would require the removal of this haze 

from the bands most affected. 

For this analysis, the ILWIS 3.] software has shown that when the raw satellite image 

data is radiometrically stretched using the linear stretch option, the inherent noise would 

be effectively removed. A DN value in the low end of the original histogram is assigned 

to extreme black and a value as the end of the original histogram is assigned to extreme 

white. The remaining pixel values are distributed linearly between these extremes. 
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3.3.3 Radiometric Enhancement 

Radiometric enhancement is aimed to highlight features that may otherwise appear 

blurred on the original raw digital image. The ILWIS 3.1 image processing software for 

radiometric enhancement was used for this operation. It performed both spatial and 

spectral enhancement operations. 

a. Spatial enhancement procedures result in modification of an image pixel value 

based on the pixel values in its immediate vicinity (local enhancement). The 

object is to create new images from the original image data in order to increase 

the amount of information that can be visually interpreted. 

J\ ,;.smoothing filter was used to preserve edge. These filters are designed to 

emphasize low frequency features and to suppress the high frequency 

component of an image. 

b. Spectral enhancement enhances individual pixel brightness, so as to make clear 

differences between pixels having very close radiances. It involves image 

histogram manipulation to adjust radiances. 

3.4 Normalised Difference Vegetation Index (NVDI) Extraction 

This was done to discriminate between the following land cover types, Green vegetation 

Water and Bare Soil. 
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To calculate NOVI values, the map scale function NOVI(a,b) was employed. This 

function rcquircs 2 satcllite bands (one with visible or red values and the other near 

infrared values). The function performs the calculation (Oyinloye, 1997). 

(b - a)/ (a + b) 

wherc a is the band with the red valucs and b is the band with the near infrared values of 

the SPOT imagery. NOV! is always a ratio 01'2 bands. 

Veglnd = NOVl (SPOT Band 2, SPOT Band 3) 

3.5 Digital Elevation Model 

Surl~H.:es, such as the slll'facc of the earth arc contiguous phcnomcna (ficlds) rathcr than 

discrcte objccts. To fully model the surface would necd an i.nfinitc amount of points. 

There are various ways of representing continuos surfaces in digital f'orl11 using a finite 

amount or storagc. 

The term digital elevation model (OEM) is frequently used to refer to any digital 

representation of a topographic surface and most often it is used to refer specifically to a 

raster or regular grid of spot heights. 

OEM also referred to as Digital Terrain Model (DTM) is a numerical representation of 

terrain features in terms of elevation and planimetric measurements obtained by 

sampling a topographic surface (Ndukwe, 200 I). Di.gital terrain modeling involves a 

digital representation of terrain feature consisting of a set of x, y, z coordinates of 

points. 
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3.5.1 Acquisition of Data for OEM 

Acquisition of topographic information IS of pnme importance In digital terrain 

modeling. Three main methods are used for generating of topographic information, 

namely field or ground surveying methods, photogrammetric methods and graphic 

digitizing methods. 

(a) Field 01· Gn,und Slilvey Methods. 

OEM data ca n be acquired using the traditional optical instruments such as theodolite, 

levels, tacheometers or using the more modern instruments and technologies such as the 

total station or the GPS. The accuracy of field method can be high but they can be cost 

effective.}:\,hen a limited area is concerned. For project covering large areal extent, the 

method can be quite tedious time consuming and uneconomical. 

(b) Photogrammetic Methods. 

Data acquisition by photogrammetic method involves extracting data from optical 

stereo-models set up using stereoplotters or analogue instruments. An improved version 

of this is the use of analytical stereoplotting instruments, which employs mathematical 

numerical solution for example, mathematical models, instead of optical or mechanical 

models are formed and terrain data extracted automatically. In this model, the analytical 

plotter can be programmed to acquire terrain elevation data in a desired pattern and 

density (Ndukwe, 200 I). 
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(c) Graphic Digitizing Methods. 

The generation of terrain model data, can be done by digitizing height information 

(cont~)Urs) from existing topographic maps. Digitizing refers to the conversion of 

information or data, which are in an analogue form into a digital format. Two types of 

data are usually digitized, namely, point data (such as individual objects, spots heights, 

trees, etc) and line data (such as roads, rivers, walls and fences, rail roads, etc). This 

approach was adopted ror this research. 

The graphic digitization method is particularly advantageous when a large area is 

concerned but is should be noted that terrain data obtained from this method is less 

accurate tl1an that obtained either by direct field method or by photogrammetric means. 
, " 

The generated OEM will be used for slope determination, drainage and flood analysis. 

3.5.2 Uses of DTM 

Digital terrain models are used in a number of applications in the earth, environmental 

and engineering sciences. Quddus et al (2004), listed five main application domains 

where DTMs are used. 

(i) Civil Engineering: Civil engineers are mainly interested in using DTMs for 

cut-and-fill problems involved with road design, site planning, and volumetric 

calculations in building dams, reservoirs etc 

(ii) Earth Science: The geo-scientific applications mainly centre on specific ' 

functions for modeling, analysis and interpretation of the unique terrain 

morphology. These include drainage basin network development and 
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delineation, hydrological runoff modeling, geomophological simulation and 

classilication, and gcological mapping. Generating slope and aspect maps, and 

slope -profiles for creating shad cd relief maps arc popular tasks pcrformed in thc 

earth sciences that employ IJTMs. 

(iii)J>lanning and Resource Management: This is a major grouping of diverse 

fields i nclud i ng rcmote scnsi ng, agriculturc, soi I SC lcnce, mctrcology, 

climatology, environmental and urban planning, forestry, whose central focus is 

thc managemcnt or natural rcsourccs. Applications that best clwracterii'.es this 

domain include site location, support for image classification and remotc 

sensing, the geometric and radiometric correction of remote sensing images, soil 

erosion potential models, crop suitability studies, »,ind flow and pollution 

dispersion modcls. 

(iv)Survcying and Photograml11ctry: One of the mam objectives of cmploying 

surveying and plwtogral1111letry is in building reliablc IJTMs, evaluating their 

accuracy towards finally producing high quality contours. 

(v) Military Applications: The need to understand terrain has always been an 

essential skill for the military commander. The Military Llsage of DTMs 

combines facets and methods of all civil application domains, awJ their enu 

objectives are very specialized and demanding. Examples of sLlch usage 

include: 

(a) Terrain analysis; battle field management involving tasks sllch as 

intervisibility and vehicles/tanks traficability. 
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(b) 3-dimensional display for missile/weapon guidance systems and 

planning of communication networks. 

(c) Advance visualization functions such as photorealistic scene display and 

animation for flight simulation and radar line-of-sight analysis 

(d) Site planning suitable for civil engineering purposes (sighting of field 

command base/post and other military in stallations especially during an 

operation) 

3.6 Topographic Map Data. 

The topographic map data used is that of Kaduna and environs, 1976. The map was on a 

scale of ,1; 25 ,000 with 50m contour interval. The contour information on the map was 

digitized with the 1L WIS software. There are three main methods or digitizing features 

from planimetric or topographic map. They include: 

I. Manual Digitizing method 

11. Semi-Automatic Digitizing method 

111. Fully automatic raster-scan digitizing method. 

The manual digitizing method was adopted for this study. The map was mounted on the 

digitizing table called tablet. Digitizing cursor traces the contour line in a continuos 

mode and the attribute data consisting of numerical values and feature code entered. 

The digitized map was transformed from digitizer coordinates to National grid 

coordinates and the scale distortions present in the original map minimised using affine 

transformation. The digital map data was stored after editing as a vector file. This 
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in/ormation was converted to a rastcr uSlIlg the rastcrisation option of the ILWIS 

software. Rasterisation involves assignin'g point line and polygon attribute values to 

raster cells that overlap with the point, linc or polygon. To avoid loss of data, the cell 

should be carefu lly chosen on the basis of the geometric resolution. A too large cell 

size may result in cells that cover parts of two or more objects, or in the displacement or 

even loss of objects. If the cell size is too small, the volume of the raster data can easily 

become too big. 

An important aspect is the selection of pixel size and area of the map. An increase in 

pixel size will lead to a smoother topography. Especially when the mapped changes in 

topography occur at distances smaller than the pixel size, the ~lope angles derived from 

thl! DTM may lead to ul1lkrestimuting the adual slopl! angles in the lick!. When too 

large a pixel size is chosen, ridges and small streams may be missed. For the map 

representation at a scale or I :25,000, a pixel size or the order 12.5 x 12.5 III was 

adopted. 

3.7 Preparation of Land use Map 

The satellite image data was used to prepare a land use map of the study area using the 

image-processing module of ILWIS 3.1 software. The following map layers were 

generated. This was achieved tlu·ough on screen digitisation module. 

\. Settlement 

II. Road network 

I!l. Agriculture 

48 



, 

IV. Drainage. 

ILWIS software uses different types of objects, namely data objects and service objects 

as explained below: 

(i) Data objects: Raster maps, Polygon maps, Segment maps, Point maps, 

Tables and Columns. They contain the actual data. 

(ii) Service o{)jects: Service objects are used by data objects. They contain 

accessories that data objects need besides the data itself. Domains, 

representations, georeferences and coordinate systems are called service 

objects . 

The data structures were represented as follows during the on screen digitization: 

(i) Create point map 

(ii) Create segment map 

(iii) Create table 

~.8 Delineation of flood Prone Areas 

This was achieved by buffering from the riverbanks. Buffering generates zones within a given 

distance of a pre-specified set of data. In order to meet the strict environmental guidelines by 

Kaduna State Urban Planning Development Authority (KASUPDA), a distance of 500 metres 

was used as the buffer zone to delineate the flood prone area from the natural drainage . 
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CHAPTER FOUR 

DATA ANALYSIS AND DISCUSSION OF RESULT 

4.1 Image Enhancement and Interpretation. 

The main analyses carried out included image enhancement and Normalised 

Differences Vegetation Index (NOV!) image extraction of SPOT Multispectral data of 

the study area discussed in Section 3.3.3. The image enhancement procedures include 

spatial enhancement (inlage filtering) and spectral enhancement (linear contrast stretch 

method) . 

The main aim of the image enhancement operation was to highlight areas along the 

main natlfral drainage that may be susceptible to future flood . All the three bands of the 
.'" 

SPOT Multispectral image data were enhanced. The process was expected to highlight 

pixels covering thickly vegetated and riverine floodplain areas. 

The role of vegetation in this study is to eliminate the ~onfusion in the interpretation of 

data, since some areas may be covered by dry bare soils, which may be confused for 

thick vegetation (because of radiance similarities). Reflection of soil in the near infra 

red band is also moderately high. 

The SPOT Multispectral image data was imported into the ILWIS 3.1 software and both 

spatial and spectral enhancements were performed on all the bands. Fig. 4. 1 shows the 

Histogram of Band 1 of the original image before enhancement. The image histogram 

is simply a plot of pixel frequency (i .e. number of pixels) against the radiometric values 
I 

. 
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(digital numbers) with the frequency usually plotted along the ordinate axis while the 

digital number (ON) is plotted along the abscissa axis (Oyinloye, 1997). The range of 

the original image occupies a narrow stretch of 67 to 117. The enhancement operation 

of the IL WIS software carries out amplitude rescaling of each pixel resulting in the 

image data 'being linearly mapped over a new range from 0 to 255 as displayed in Fig. 

4.2 

Fig 4.3 is the colour composite of the SPOT image obtained by assigning Band 1 as 

Blue, Band 2 as Green and Band 3 as Red . The enhanced SPOT multispectral data was 

displayed in the red, green and blue colour planes. The NIR channel image data was 

displaY~9 as red colour plane while the red channel image data and the green channel 

image data were correspondingly displayed in the green and blue colour planes. The 

examination and interpretation of this colour composite shows vegetated areas 

appearing as red/bright red, water appearing as dark while bare soil was seen appearing 

as gray. Areas with cyan colour represented the built up areas. All these areas were 

inspected through field survey. The result obtained from the field exercise was in 

correspondence with the land cover interpretation from the satellite image. 
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SCALE :-1 :200,000 

g. 4.3 Colour Composite of the 3 Bands of SPOT XS Image of Kadtma Township 
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4.2 Normalised Difference Vegetation Index and Investigation. 

The NDVI is an indicator of the healthiness (thickness of vegetation canopy) in a 

particular area (Smith, 2000). The NOVl function computes the ratio of the difference 

to the sun of ncar infrared and rcd energies . And because the soil docs not ahsorb thc 

red energy, it would then be easy to distinguish between highly reflecting grounds and 

vegetation. 

The purposc here is to obtai n a new i magc channcl contai n i ng spcci lie in r(mnat ion 

about vegetation in the image. We know that the growing (or active) vegetation shows 

a very high reflectance in the near infrared (NIR) band in relation to its reflectance in 

the red (R) band. 

To calculate NOVl values, a map scale function NOVI (a, b) is required as discussed in 

section 3.4. The function performs the map calculation using two satellite bands. 

Vegetation Index (VI) = (b - a)/ (a + b) 

Where "a" is the band with the red values and "b" is the band with the near infrared 

values of the SPOT imagery. 

On investigation the output map Veglnd contains NOVI range from -\ to + 1 and that 

a) Vegetation areas yielded high value because of their relatively high near inli·ared 

reflectance and low visible re1lectance. 

b) In contrast, water and clouds have larger visible reflectance than near infrared 

reflectance. Thus, these features yield negative index values. 
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c) Rock and bare soil arc as have similar reflectance in the two banus allu results ill 

vegetation indices ncar zero. 

rig 4.4 is the NOVI image extracted from band 2 (lnu 3 of the SPOT image or the study an.:a. 

From the figure areas adjacent to the natural drainage have high values indicating thick 

vegetation cover and appear linear. A field survey conuucted shows that the area with thick 

vegetation tallies with the floodplain. Thus the resultant NDVI image used to support the 

analysis carried out has proved to be useful for mapping of possible noodable areas The arcus 

portrayed as thickly vegetated area were associatcd with moisture supplies from the relatively 

moist natural drainage channels 

4.3 Generation of a Topographic Map. 

By overlaying and matching the polygon maps, point maps unu segment maps or diflcn.:nt 

entities covering the project area; a digital topographic map was obtained. This is produced as 

Fig 4.5. The graphic clatabase provides the location ancl relationship information of the 

geographic entities at the feature level. The attribute database provides the runctional 

description for the geographic entities. The ILWIS software uses data ohjects and service 

objects as ueseribed in section 3.7. During the 011 screen uigitizatioll or the colour cOlllposite 

image, the data structures were represented as follows: 

(i) Create point map 

(ii) Create segment Illap 

(iii) Create table 
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Fig. 4.4 NDVI Image Extracted of Bands 2 & 3 of the XS Data 
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Fig. 4.5 Digital Topographic Map of Study Area 



The topographic map was used in conjunction with the delineated flood prone area maps to 

generate GIS queries to show the built up areas affected by. flood and the area covered in square 

metres. 

4.4 Delineation of Flood Prone Areas. 

The delineation of the flood prone area was achieved by polygonising the natural drainage of 
i>P 

the segment map " friver". A r~ster map " friver" was then generated and butTered. Buffering 

.!. 

generates zones within a given distance of a pre-specified set of data. In ordirfu meet the strict 
~ , 

environmental guidelines by Kaduna State Urban Planning Development Authority 

(KASUPDA), a di~tance of 500 metres was used as the buffer zone to delineate the flood prone 

from the natural drainage. The flood prone area is shown as Fig. 4.6 

The drainage network was edited for several reasons to eliminate gaps, insert centerlines for 

lakes and braided channels, eliminate loops and create a less dense stream centerline. Presence 

of gaps in the natural drainage network can lead to a significant decrease in the area draining 

into the river. Gaps are eliminated, by extending one river segment to another. 

A query was generated to overlay the map obtained with that of the built up area map of the 

digital topographic map. The result of the query is displayed as Table 4.1 

.' 
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Table 4.1 Attribute Table of Arrected Area (500 Metre Burler Zone) 

Polygon l T rikania . 2362994 l 3 1 429135 ! 

Ij!;jl! I ~;I~~~oj~:ta l ill!III I !! l i!II!! ! 
Polygon i Barnawa/Hara i 14E;68871 i 41 i 1083848 i 

::~?!}I:~:~i~::: : :U~;~ ~,~·~~? ::::: : :: : ::::::::::::r::::::: : :: : :::: : :: : ::: :: :~:~j::~:~:~:t: r:::::::::::::::: : ::: : ::::~~I::::: : :::::~:?:I~:g:~:?J 
Pol',lqon i Kabala D oki i 71 05355 i . 52 i 1 616007 i ........ :': .. ~ ........... : ..................................... ..;. .. .... ............... ..... ....................... : .................................. ..;. ................................ : 
Pol'mon i Kabala ·v.,l est i 1650449 i 54 i 802058 i ......... ~ .. ":": ........... : ..................................... ? .................... ....... .... ......... .. ..... . ; ... .. ....... ....... .... ... ... ..... (. ...... ... .. ........... .......... : 
Polygon i Badarawa i 2945074 : 56 i 398224 i 

::~?!}I:~:?:;~I::::rt:I~:~:I~!: :y·:(~:~:~::::::I::::: ::::: :: : : ::::::: :: : :¢.:?:~:?T~:~::l:::::::::::::::::::: : : :: :::~!:I:::::::: :::I~):+$.f:1 

4.5 Generation of Digital Terrain Model (DTM) 

The creation of a DTM from the contour segment map "[contour" was done with the contour 

interpolation operation. The operation works in two steps: 

I. The segment map "fcontour" was converted to raster usmg the segment to raster 

conversion module of ILWIS 3. I 

II. A linear interpolation was made between the pixels with attitude values to obtain the 

elevation of the undefined values in between the rasterised contour lines. The output 

of this contour interpolation was a raster map "fcontour" in which each pixel in the 

map has a value. 

The digital elevation model was visualized in 3 Dimension using a georeferencing 3D. 

The view created is shown as rig. 4.7. The river network was overlayed on the IJI ': M 10 

illustrate the configuration or the terrain. 
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SCALE:- 1 :100000 

g. 4.7 Digital Terrain Model (DTM) 

Source: SPOT XS Image 1996 
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4.6 Delineating Flood Zones. 

A social survey was conducted at Kabala Doki, Kawo, Rigassa, Barnawa , Malali , Angwan 

Rimi, Angwan Tcli'Visioll ,1I1d Tudun Wmla mca or the study area, to ascertain the distance 

from the bank of the river to area covered by nood at pcak and olT peak period or heavy railll~t11 

and discharge from the rivers many tributarics. The average distances obtained wcre 

approximated to 300 metres and 150 metres respectively. Thcse distances were buffcred frolll 

thc rivcrbanks and show as Fig 4.8. Thc rcsultant ligurc was overlaycd with the built up areas 

of the digital topographic map. The rcsult of the query is indicated as Tables 4.2 and 4. 3. The 

area covered by flood in each settlcment area wherc Dooding occurs as shown in thc tahlcs can 

be used Cor risk assessment. 

The 3 maps were overlayed and the result is the flood hazard map of the study area shown as 

Fig. 4.9 with the following representations; .Zonc I is the Very I ligh Risk Area, Zone 2 is the 

Medium Risk Area and Zone 3 is the Low Risk Area. This map produced identified the 

communities that are particularly susceptible to damage or destruction by relating risk to 

human settlements and their structures. It showed areas likely to be covered by water during 

/loods of given magnitude. 

62 



324000 332000 334000 

+ + + 

+ + 

+ + + 

+ + + + + 
,r-

+ + + 

+ + 

1160000 

+ + 

+ 

+ 1152000 

SCALE:- 1 :100000 
Source: SPOT XS Image 1996 

Fig. 4.8 Delineated Flood Zones and Drainage Pattern 



Table 4.2 Attribute Table of Affected Area (300 Metre Buffer Zone) 

f¥'4lC1Fj!!,ji~,j ,~ s1.pe =~NamC=-~ 
- - -: .. : .- .- -"-,- 4 i ~ : 1 1=:1 - ~Ir: : Polygon : T flkanla l ::::.3b::::d8 l ..:l l ~ ::J..JCl l 

::f.:~? !~':~:'~'h::::rp.:~~f~;~:::::::::: : ::::::::::r:::::::::::::::::::::::::~:¢.:?:$.j::4:~: r::::::::::: :: ::: : ::::::::HI::::::::::::::~f?:~:~::i 
Pol','clon i t~abala Costa ! 873870 ! 1 2 ! 2621 52 ! 

...... ... "': .. ":": .... ....... : ............................. ········t·················································;····························· ·····t·············· ...... ............ : 
Poll,lclon : t-,'1alali l 3524716 : 22 l 142576 : ......... "': .. ~ ........... : .............. .. ..................... ? ................................................ : .................................. ? .............. ................ . ; 
POll,llJon : U nq R omi: 1 831854 : 38 ! 258743 ! 

•••• ••••• "': •• '7. •••••••• ••• : ••••• •••• ::' •••••• • ••• ••• •••••• ·······t··· .. ···· .. ··················· .... ···············; .... .............................. 1' ............. ......... .. ...... .. ; 

Poll,'IJon j Industrial E ! 4669523 ! 40 : 327 ! 
......... ~ •• 7: .... ....... : . . . .... . .......... . ..... ..... ..... . .. t ............. ........ .. ............ .............. ; .................................. !' ...... .. ............. ........... : 

Poll,'qon ! Barnav,,'alNara ! 14E;68B71 ! 41 ! 3E;3585 ! 
....... . :: •• 7: • . ••.•••••• ; ................... .... .. . ... . . .. ·· ·· t··· .. ······ .. ····· ···· .. ··················· .... ··;· .. ·· ········ ·· ······ .. ···········t············· .. ···· ·· .. ··· · ... .. ; 
Poll,llJon ! kalNO ! 5618657 ! 44! 164708 ! 

. . ....... ": •• 7: .......... . : ....... .. ...... . .... . ......... . ... . .. '~ .... . . ................................ ... . ....... : .... . ......... . ...... .. ... . .. . .. . . -:- .................... . ........... ; 

Poll,lqon : Kabala Doki l 7105355 ! 52 ! 886310 ! ......... ~ . ::: ........... : ........................... ... .. ..... ; ................... ... ....... ........... ........... : ... ..... ... ... .................... , .................................. : 
Poll,llJon ! Kabala \,I,/est ! 11350448 ! 54! 481521 i 

~~:i~;t , ~:.1t'~,%~da l~~:~~~H~Hn;~~~ i 

Table 4.3 Attribute Table of Affected Area (150 Metre l3uncr Zone) 

Poll,llJon ! T rikania ! 23629~34 ! 3 ! 71 1 4 ! 
• •••• ; ••• :-•• :7 . •••• ~ ••••• y" .~ .. ~ ..... ~ .. '~"' :':: .: ... : .. ~ ..... ~" " """" "" "" " """" ;':; ~:.:.; ;.:.;:.:: .... ! .............................. ~;. ~ ................ ':." :.:.;:.:.; :':'; :~ '1 

F OI'r'Clot I : k,jb,jl,j Lu~J,j : Co / .XI/ (I : 1 L : 1IJ:I..J.:I.:1 : ......... :-.. :-:-..... .. .... + ..................................... : ................................................. ? ................................. : ................. .. ..... .... .. .. ~ 
POI','Clon : t,,'1alali : 3524716: 22 ~ 2740E; : 

••••••• •• :-.. :-:-.•••. .••••• '?' ............ ............... ..... ..... ; ................................... ........ ...... t······················· ···········:·············· ·· ·· .............. ~ 
F'oll,lclon : UncI F:omi : 1 :::31954 i 39 : 40222 : 
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CHAPTER FIVE 

SUMMARY, CONCLUSION AND RECOMMENDATION 

5.1 Summary 

The study was aimed at delineating flood prone areas and creating a flood hazard map showing 

the various degree of vulnerability of the study area . Serious flooding in our communities 

always leads to massive loss demeans of livelihoods and in some cases human lives. 

The remotely sensed data used for the analysis was the SPOT Multispectral image dry season 

of December 1996, The chosen SPOT image was able to distinguish the contrast between areas 

bordering the nC}tural drainage riverine floodplain s and areas away from the natural drainage 

that have little or no moisture cover at dry season . In addition the image was also able to 

display this contrast. 

Computer hardware and software were used for the analysis. The ILWIS 3.1 image processing 

software was used for the analysis. The satellite image and the Digital Terrain Model (DTM) 

data obtained from a topographic map of the study area were imported into the IL WIS 

software, analysed 'and the resulting images were queried and the result printed with the text 

report . 

The SPOT Multispectral image data was enhanced using both spatial and spectral methods. 

The median filter and the linear contrast stretching method were adopted. This was to highlight 
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those areas along the natural drainage that may be susceptible to future flood . The process was 

expected to highlight pixels covering thickly vegetated and riverine floodplain areas. 

In order to complil~ent the satellite data derive information for proper interpretation of 

analysed results, points along the natural drainage were arbitrarily selected and groundtruthing 

was done . The groundtruthing involved a field survey carried out in order to compare radiances 

on the satellite image with information on the ground . 

A digital topographic map was generated from the colour composite of the 3 bands of the 

SPOT's image data. The digital topographic map shows the settlement patterns, road networks 

and drainage sY..$tem. A field survey was carried out for field completion, which centred 

around collection of names for settlements, roads and rivers where possible. 

Analysis of the composite image shows that the area having a riparian vegetation throughout 

the seasons of the year are influenced by moisture supply from the natural drainage and 

therefore expected to become flood prone areas in future . 

A normalized differential Vegetation Index (NDVI) image was produced. The purpose was 

aimed at distinguishing areas that are covered by vegetation from those covered by baregrounds 

(which also show strong reflection property close to that of vegetated areas). These 

baregrounds in reality are neither floodplains or vegetated. The resultant image shows that the 

areas that are thickly vegetated along the main natural drainage runs from the west to the 

eastern sub regions 
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The floodplain was delineated using the Kaduna State Urban Development planning law for 

buffering. Field survey was carried out to delineate the other flood zones at peak and off peak 

periods of rainfall. An overlay of this flood zones was used to prepare a flood hazard map that 

was classified as very high risk, high risk and low risk areas. 

5.2 Conclusion 

It may be observed that Geographic Information System (GIS) provides a broad range of tools 

for determining area affected by floods and for forecasting areas that are likely to be flooded 

due to high water level in a river. Spatial data stored in the digital database of the GIS in the 

form of a digital elevation model (OEM) can be used to predict the future flood events. The 

GIS database m~.)' also contain agriculture, socio-economic, communication, population and 

infrastructural data. This can be used in conjunction with the flooding data to adopt an 

evaluation strategy, rehabilitation planning and damage assessment in case of critical flood 

situations. 

Remote sensing on the other hand as a tool can very effectively contribute towards 

identification of hazardous areas, monitor planet for its changes on a real time basis and give 

early warnings to many impending disasters. Satellite data can be used very effectively for 

mapping and monitoring the flood inundated areas, flood damage assessment, flood hazard 

zoning and past flood survey of river configuration and protection work. 

Terrain analysis plays a significant role in the understanding of the dynamic of the process 

resulting in flooding. It is also seen that a topographical map plays a significant role in this 
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direction. The use of traditional land surveying methods to produce a topographical map is 

time consuming. The best option to meet up with the challenge of threat posed by these 

phenomena is by embracing the use of aerial photographs / and satellite imageries. 

5.3 Recommendation 

In the present era of electronic communication, the Internet provides a useful platform for 

disaster mitigation communications. The government can launch a well-defined web site, 

which is a very cost effective means of making an intra-national and international presence felt. 

It provides a new and potentially revolutionary option for the rapid, automatic, and global 

dissemination of disaster information. A number of individuals and groups, including several 

national metrolqsical services, are experimenting with the Internet for real-time dissemination 

of weather observation, forecasts, satell ite and other data. In the most critical phase of flood 

disasters, electronic communications have provided the 1110st effective and in some instance 

perhaps the only means of communication with the outside world. 

The armed forces ~f the country can playa vital role during flood disasters emergencies 

providing prompt relief to the victims even in the most inaccessible and remote areas. The 

organizational strength of the armed forces with their disciplined and systematical approach, 

and even with their skills in technical and human resource management make them 

indispensable for such emergency situations. 

Natural disasters are huge economic burdens on developing economies such as Nigeria. It is 

absolutely necessary to create awareness amongst the public as well as decision makers for 
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allocating resources for appropriate investments in information technology (GIS and remote 

sensing). 

Any future studies should include the use of high spatial resolution images so that boundaries 

of potentially floodable areas would be easily seen and demarcated. To this, the SPOT 

Panchromatic data (having a 10 metre spatial resolution) can be used to improve details of 

surface features. Also, high-resolution image data sets like aerial photographs and those 

generated by other earth observation satellite like lkonos and .Quickbird provide data at ) metre 

(or less) resolution and can therefore be used to achieve a much improved and better results. 

For this study, the Digital Terrain Model (DTM) was derived from ~ topographic map of the 

study area. Future studies should include the use of data with satellite derived DTM files , for 

ease and convenience of DTM extraction and for better perspective display of results. Data 

format of the SPOTOrtho (from spot 4 and 5 satellite) image format provides elevation data for 

every pixel of the image. 
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