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ABSTRACT

This work, titled “Mapping of Potentially Floodable Areas of Minna Environs using
Remote Sensing Data” was aimed at determining those areas on the outskirt of
Minna city that would, in the future, become susceptible to flooding. The
assumption was that since the built-up core region of the city is being
continuously paved, runoff in the main drainage channels on the outskirt is bound
to increase, arising from reduced infiltration upstream. This may lead to severe
problem of flooding and other forms of ecological problems in areas banking

these drainage channels.

Remotely-sensed satellite data of the study area was used to infer (through radiance
of thick vegetation) the most immediate areas along the drainage banks, that could
be affected by future flooding. SPOT 3 Multispectral data was used to determine
areas of thick vegetation and floodplains that reflect highly in the Near-Infrared band.
Another parameter, the Normalised Difference Vegetation Index (NDVI) was also
used in the analysis to single out those areas of thick, healthy green vegetation
along the banks of the drainage channels. Finally, surface data was produced,
through manual digitization of elevation map of the study area to create a Digital
Terrain Model (DTM), in which the analysed satellite image was draped on to have a
perspective view. Analyses results indicate that remotely-sensed data can be used
to map those areas bordering the main drainage channels on the outskirt of Minna
city, which could be liable to flooding in the future. The results also demonstrated the
potential for using remotely-sensed data for the analysis of large areas and/or

inaccessible environments.
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CHAPTER ONE

INTRODUCTION

1.1 Background to the Problem

Urbanization is accompanied by concreting of city surfaces. This leads to
decreased infiltration and the consequent increase in runoff volumes. Large
drains normally terminate around the outskirts of cities, which are then subjected
to serious erosion problems. The materials transported are deposited at locations
farther on the outskirt locations of the city, which are then consequently blocked,

leading to serious flooding.

The outskirts of the city, where the drainages terminate are consequently
affected by increased runoff, which tend to produce problems such as erosion
and flooding. But because cities (especially cities in the Developing World) are
constantly expanding, these areas on the outskirts would in the future be
inhabited areas plagued with severe problems of uncontrolled land degradation.
Minna (see Fig.1.1), the capital city of Niger State, is one of such cities affected

by land degradation around drainages on the city outskirts.

1.2 Problem Statement

With the completion of the Minna city main drainages (during the early 1990s),
severe environmental problems have increased around the outskirt areas. No

data are available to use for address this problem over a large part of the city
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¢ Derivation of Normalised Difference Vegetation Index (NDVI) image to

clearly highlight areas along the banks of the major drainage channels of

the study area, having thick, healthy vegetation only, being influenced by
mojsture 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.

s Displaying the result of the classified satellite image in three dimensions,
so as to better appreciate the morphology of the land, and especially to
view possible floodable areas along the drainage channels in an appealing
and realistic manner. This was achieved by generation of Digital Terrain
Model (DTM) of the study area, through manual digitization of elevations

from topographic map of the study area.

1.4 Justification

Environmental degradation problems of erosion and flood types lead to loss of
potentially viable lands such as agricultural lands, urban lands and roads. Minna,
the Capital of Niger State (like all other cities), is experiencing a rapid expansion
arising from the effect of rural-urban migration. The city center is being
continuously paved and the major drains are being modified. The outskirts, on

the other hand, are being degraded.

Flood and erosion have therefore reduced in the built-up areas while they
increased on the outskirts. It is therefore necessary to map areas on the outskirt
of Minna, which may continue to experience future hazards. This would serve as

a viable input to policy-makers in management of land degradation problems in
5



the study area. Fig. 1.3 is an Open Space Policy map enclosing the study area
showing sections bordering the banks of these major natural drainages, which
have been in the past reserved and projected for various future landuses, such
as Government Controlled Agriculture. Thus, increased flooding in the study area

would mean deterioration of reserved land potentially viable for future landuses.

1.5 Study Hypothesis

Remotely-sensed data and analytical techniques can be used efficiently in
mapping potentially floodable areas over large and/or inaccessible areas on the

autskirt of cities.

1.6 Study Area

Minna, the Capital of Niger State and Headquarters of Chanchaga Local
Government Area is located at 9°37' and 6 °33' (Niger State Government, 1980
and lloeje, 1981). It lies on a Basement Complex rock of mainly gneiss and
magmatite situated at the base of hills to the north and east in an undulating plain

(Lawal, 2000).
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The general morphology of the land shows steeply sloping rock outcrops forming
a physical constraint on the east side while a major drainage valley flows from
the center of the town southwestward with many minor drainage channels
feeding into it with storm water runoff from the hills to the east (Ibrahim, 2000).
The northeastern part of the town is covered by continuous steep outcrop of
granite limiting any significant urban development in that direction (Niger State
Government, 1980). Fig. 1.2 is a topographic map of Minna, showing the main
drainage networks. The area under study is between longitude 6°30° to 6°35",
and latitude 9°32" to 9°37°. Fig. 1.3 is an Open Space Policy map, showing areas

adjacent to the main drainage networks reserved for future landuses.

Annual rainfall for Minna is about 1334mm (52 inches). The highest mean
monthly rainfall occur in September with almost 300mm (11.7 inches). The rainy
season starts on average between the 11"-20" April and lasts between 190-200
days. The mean monthly temperature is highest in March at 30.5°C (87°F) and

lowest in August at 25.1°C (77°F).

The present town drains into the River Suka, which runs from northeast,
traversing the city center, and then towards the southwestern outskirt of the city,
picking up tributary drainage watercourses (see Fig. 1.3). The minor drainage
channels feed River Suka with storm water runoff from the hills to the east. In
many places, these streams form large areas of floodland. Lands beyond the

presently developed strip is suitable for development but needs careful planning



to keep engineering cost of culverting, bridges, embankments and drainage
works as reasonable as possible (Niger State Government, 1980).

N

1.7 Scope and Limitations

This project was limited to the southern outskirts of Minna, due to the fact that the
topography of Minna indicates a general sloping towards the southern part of the
city, and the urban drainages have been modified through the construction of
efficient drains. The satellite data used for the dry season period was only for
December period, as no other data was available for a much drier date (such as
from January to April) in order to provide better contrast between the evergreen
vegetation along drains and areas away. Also, the SPOT data format used in this
analysis does not have a digital elevation model (DEM). Therefore, a topographic
map of the study area was manually digitized and used to supplement the DEM

data.

1.8 Structure of Thesis

The thesis is structured in the following order: Chapter One forms the
introductory chapter. Chapter Two centers on literature survey conducted for the
work. Chapter Three discusses data used and the methods employed in the
analysis of the data. Chapter Four centers on the analysis carried out and
interpretation of results. Lastly, Chapter Five discusses the conclusions reached

and the recommendations for further possible work to be done.



CHAPTER TWO

LITERATURE REVIEW

2.1 Drainage Channel Changes

Rivers, lakes and other hydrographic features are very important in studying the
hydrography of a specific geographic area. These elements of the physical
landscape are in some instances the only relatively permanent exterior

geographical features on many maps.

The flow of water and associated sediments and contaminants in lowland
channels is as a result of complex geometry and the seasonal effects of
vegetation growth on the bed and banks interacting with changing discharges.
Three dimensional variations in channel shape and vegetation characteristics
may have an important effect on flow and transport processes by creating zones
of increased shear stress at the bed or bank, or ‘dead zones’ separated from the

main flow by localized lines of lateral shear (Carling & Petts, 1992).

Man also contributes significantly to changes in channel morphology. Floods are
caused not only by rain but also by human activities on the surface of the earth,
such as farming, deforestation and urbanization. These actions increase the
runoff from rains; thus storms that previously would have caused no flooding
today inundate vast areas (Humanity Development Library, 2000). Two broad

types of man-induced changes can be identified: those changes brought about

10



by direct modification to the channel itself, which often take the form of
engineering works designed to alleviate the effect of flooding, erosion or
deposition; indirect changes resulting from activity in extra-channel areas which

modify discharge and load in the stream and ultimately result in stream channel

response (Knighton, 1993).

Another factor for man-induced changes on stream channel morphology is land
use changes. This has to do with determination of the alteration of runoff and
erosion conditions in extra-channel areas to produce a given type and amount of
stream channel adjustment. Major similar landuse changes include: forest

clearance for cultivation or grazing and urbanization.

Forest clearance leads to accelerated erosion on hill slopes and consequent
increased sedimentation. Urbanization represents a more localized change in
land use, but its effect may nevertheless be profound downstream. The creation
of impervious surfaces and installation of more efficient drainage systems in
urban areas increase both the volume of runoff for a given rainfall and the

magnitude of flood discharges (Knighton, 1993).

Umoh (2000), reported on the problems of Niger River Basin as related to
Climate Change, that urbanization has compounded flood and erosion problems,
through alteration of soil cover of woodland savannah, built-up slopes and

valleys. As indicated, the sloping landscapes in the Niger River Basin suffer from

11



erosion and wash-off (of topsoils) while the flat bottom terrains are perennially
flooded. The report also added that Minna city itself was in the past ravaged by
occasional seasonal floods. The study, gave account of the 1986 flood disaster
that destr.;)yed lives and livelihoods in the mostly highly urbanized sections of the
city, but no account was given for the suburb areas, and especially, sections

downstream of the points where the artificial drainage systems terminate.

The outskirt areas are vulnerable to flooding, and therefore, need to be
assessed. The aim of vulnerability assessment is to provide decision-makers with
information as to where and when interventions should be made, and in what
form. Such assessment should also provide indication as to what risks for
development exist in specific locations within a watershed basin. In other words,
vulnerability assessment should produce information for specific target areas,
thus providing an early warning system to alert people to potential dangers from

flooding (UN-Habitat, 2001).

2.2 Floods along Drainage Channels

Flood can be defined simply as a flow which overtops the stream banks. Floods
affect the ecology of a stream by rearranging streambed habitats, scouring away
aquatic or riparian plants and increase the drift of aquatic insects (Gordon et al.,

1993).

12



According to Lillesand and Kiefer (1994), river floodplains are as a result of
stream adjustments to its environment in order to carry its load efficiently. They
are primarily from deposition of fine sediments on the floodplain at any time flood
occurs. ;’his sediment deposition leads to siltation where the stream flows at
higher elevation, thereby leading to possible overflowing of the riverbank. Also,
Umoh (2000) added that floodplain flooding occurs when excessive discharge

cannot be contained within the confines of river channel particularly between the

months of July and September in the Niger Basin area.

Knighton (1993) has shown that socioeconomic and anthropogenic activities
have been found to induce or intensify flood condition in our environment.
Through land use, the basins of streams traversing cities are now made
impervious by the roof of buildings, paved surroundings and tarring of roads. In

addition, the built-up areas have also increased in most cities.

The result of increased built-up areas is a greater and increased concentration of
storm water in river and stream channels and a greater high stream flow. Building
and farming activities within a basin lead to increased sediment yield (as a result
of erosion of the exposed slopes). Floods can also damage human settlements,
force evacuations, damage certain crops (especially tubers), damage food
stocks, strip farmland, wash away irrigation systems, erode large areas of land or
make them otherwise unusable, and may change the course of streams and

rivers (Humanity Development Library, 2000).

13



2.3 Remote Sensing Image Data for Mapping Floodable areas

Flooding'\is a major hydrological hazard with a high frequency of occurrence, with
an average of about 100 serious floods each year around the world. These
significant rise in water level range from severely overflowing streams, lakes or
reservoirs to major ocean-driven disasters in exposed coastal regions (ESA,

1998).

Access to better information is paramount, as it is not always possible to map
extensively flooded areas quickly enough or homogenously enough using
traditional means such as ground-based measurements (ESA, 1998). Satellite
data, therefore, provide the best alternative data source for flood monitoring. The
Herault Floods in France in January 1996, for example, caused major flooding
and heavily inundated the Orb Valley all the way down to the Mediterranean Sea.
During the flooding event, an ERS-1 SAR (radar) image of the area was acquired

and used to map out areas being submerged by the flood.

Baba (1998) reported the work done on the application of Landsat data in terrain
analysis and floodplain delineation of the Sokoto-Rima river system in
northwestern Nigeria and shows how floodplains could be easily delineated for a
large part of the river system. The report demonstrated that radiances from
different landcover types could be easily identified, providing opportunity for

accurate delineations over large and inaccessible areas.
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Elukpo (1998) reports on the landuse configuration study of Goronyo, Sokoto
State, using Landsat MSS imagery. The result of the study indicated that
remotely-sensed satellite data provides a viable option for landuse studies,

compared to conventional field surveys over large areas, and by the speed of

data analysis.

According to Howard (1992), the topography of floodplain is poorly analysed and
could be investigated profitably using Remote Sensing techniques. Floodplain
topography is enormous, but little studied, due to lack of adequate spatial
coverage on conventional field surveys. Studies conducted using Landsat scenes
by different researchers also highlight the potential of using remotely-sensed
data for identification of flood-prone and potentially floodable areas. As shown by
Gammon and Carter (1979), which reported on the use of aerial data in
vegetation mapping with seasonal colour infrared photographs, data obtained
within the Near Infrared portion of the electromagnetic radiation could be used in

mapping inaccessible wetlands with great success.

Patrick and Abdulmalik (1989) reported on the use of aerial photographs and
questionnaire methods in studying the impact of dam construction on the
downstream morphology and agricultural productivity in Kano State, Nigeria. The

report shows that the aerial photographs were used efficiently to map and predict

15



floods, waterlogging and erosion. The report demonstrated that remotely-sensed

data is quite the best optional input for delineating different landcover types.

In the .;'eport of Olawale (1998), on the use of remotely-sensed (aerial
photographs and Landsat MSS image) data in studying the causes of river
flooding of River Osun in Ikere-Ekiti, Ekiti State, Nigeria, the study concluded that
areas prone to flooding could easily be determined. The report added that both
natural and unnatural causes are responsible for increased flooding in recent
times in the study area. The report also found that expansion in built-up areas
(especially towards the floodplains), the presence of large barren land, the
extension of agricultural practices at the upper course of the river and

deforestation are responsible.

Owolabi (2000) reported on a work done on water volume seasonal change
determination for the Kainji Lake, Nigeria, using SPOT XS satellite image and
climatic data. Estimations of water volume were done, using different dates of
different seasons of the year by analyzing the width changes of the reservoir
from satellite data, and gauge height and evaporation data from
hydrometeorological data. Results showed that the large area coverage of SPOT
satellite data provided a valuable input for the seasonal varying aerial extent of
the Kainji reservoir. Thus, remotely-sensed data serve as a potentially viable tool

for most environmental analyses.
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Ibrahim (2000) used remote sensing approach to study the transitionality of
Abuja vegetation for the period range 1976-1994, using Landsat MSS and SPOT
XS data. In the study, vegetation types were classified into four types: woodland,
mixed w'<\)odland, montane forest and riparian. The changes for the study period
indicated that many factors contributed to the destruction of vegetation, among
which were farming, animal grazing, fuelwood removal, road construction,
expansion of settlement and resettliement. The riparian vegetation for example,
consisting of trees growing along the bank of rivers in the study area, has
disappeared by 1994 and has been replaced mainly by cropland (with produce
like banana and plantain) and partly by transportation routes. The result
ilustrated the potential of using remotely-sensed data in efficient mapping of

different landcover types.

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 range 1962-1994, results indicated the forest
reserve was under serious stress of human threats, and projected to become
completely extinct by the year 2015 at the established model trend (Nwadialor,

2001).

17



2.4 SPOT Image Data

The SPOT satellite series are satellites that carry High Resolution sensors that
image in'\the optical band of the electromagnetic spectrum (Lillesand and Kiefer,
1994). The High Resolution Visible (HRV) operates in either of two modes of
sensing:
i. a 10m-resolution ‘panchromatic’ (gray) mode over the range 0.51 to
0.73um; or
ii. a 20m-resolution multispectral mode over the range 0.50 to 0.59um, 0.61
to 0.68um, and 0.79 to 0.89um.
Because the two HRV sensors are positioned to obtain data at off-nadir viewing
angles, it is therefore possible (with a suitable image processing software) to
view images stereoscopically. This three dimensional impression is useful in
studies related to the morphology of the land, such as in the field of major
drainage channel morphology studies. However, Lillesand and Kiefer (1994)
have shown that stereoscopic viewing is only possible with at least two revisit
scenes (stereopairs). Thus, single scenes cannot be used to produce

stereoscopic view of an area.

The two SPOT image formats (the panchromatic and the multispectral bands)
have their advantages and disadvantages over each other (depending on the
application to be used in). Van der Laan (1987) has shown that in some

applications the panchromatic band would best be used while in others the
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multispectral would do best. Table 2.1 illustrates the suitability of different sensor
products for particular land cover applications.

Table 2.1  Visibility of Topographic Features in Three Types of Satellite

\

Images.
FEATURE PAN cSHPchn-n ATIC SPOT-MSS | LANDSAT TM

Railways 100 100 100
Motorways 100 100 100
Main roads 100 100 80
Asphalted roads 90 70 50
Dirt roads in low-contrast environment 30 10 0

in high-contrast environment 100 100 40
Rivers 100 100 100
Canals (width 20m) 70 90 100
Canals (width 8m) 0 10 10
Hedgesrows (width 30m) 100 100 100
Hedgesrows (width 20m) 70 80 90
Hedgesrows (width 10m) 40 40 30
Countryside houses 90 90 100
Houses in built-up area 80 40 0

Source: Adopted from Van der Laan (1987)

From Table 2.1 above, it can easily be seen that for canals of different
dimensions, the three types of data (SPOT Panchromatic, SPOT Multispectral
and Landsat TM) differ in terms of how visible they could be. For canals of 20
meter width, Landsat MSS shows 