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Abstract Following the location of large parts of Niger State in low terrain and proximity to River Niger: the largest river
in Nigeria; coupled with the presence of three hydro Electric power stations in the state, Niger State has been confronted
annually by flood disaster that has destroyed many lives and properties. The focus of this paper is the application of remotely
sensed data and GIS techniques for terrain analysis for flood disaster vulnerability assessment of Niger State. Digital
Elevation Modeling (DEM) of the State was created and classified into four: Niger valley, plains, uplands and highlands area
using ArcGIS 9.3 software. It was revealed that the Niger valley and the plain terrain of the state which are classified as
“highly vulnerable” and “vulnerable” respectively to flood disaster collectively cover a land area of 58.43% of the state total
land area. Moreover, Katcha, Gbako, Bida, Agaei, Wushishi, Mokwa, Edati and Lapai were discovered to have their land area
almost completely located in the Niger valley that is highly vulnerable to flood, while Agwara, Borgu, Bosso, Lavun,
Magama and Mashegu have large portions of their lands located in the plains which were considered as vulnerable to flood.
Shiroro Wushishi, Bida, Lavun and Gbako LGAs were also found to be vulnerable to flood disaster because of their locations
at the downstream of Shiroro dam along River Kaduna. Some communities located at the downstream of Kainji, Jebba and
Shiroro dams were also assessed for flood vulnerability through the assessment of the spatial locations of each of the
communities within some specific buffer zones assed by spatial analysis of a generated database. It was recommended that
remotely sensed data and GIS techniques should be adopted in creating data banks and generation of master plan for flood
disaster in the state. Relocation of the communities in highly flood prone areas and pubic enlightenment on adherence to early
flood warning were also recommended.

Keywords DEM, Flood disaster, Floodplains, GIS, Terrain analysis

three dams are vulnerable to floods especially when the
1. Introduction spillways are opened to reduce water volumes in the dam so
as to avoid dam collapse
According to [3], historically, Nigerian floodplains have
always attracted settlements especially in the northern part of
Nigeria where the population is mostly agrarian. Those
involved in the fishing sector of the agrarian industry
normally settle along river banks and tributaries which are
naturally flood prone. Also due to desertification, the
segment of the population involved in livestock rearing
necessarily have to live along river banks so that they can
find enough water for their flocks. He stressed that the
strongest attraction factor to settlements along flood plains
especially in Nigeria is peoples’ strong affinity to flood
plains in a claimed reverence to their ancestral heritage as
this emotional attachment to ancestral areas of habitation is
fueled by the cultural/religious attachment to ancestors,
deities and sacred places including sacred lands. For instance,
[4] noted that in Gbako LGA of Niger State, most of the
princemayomi@yahoo.com (kusemoran Mayomi) communitieg that needed resettlements did not want to
Published online at http://journal.sapub.org/ajgis abandon their ancestral homes for other permanent places.
Copyright © 2014 Scientific & Academic Publishing. All Rights Reserved According to [5] the obvious reason for flooding especially

Niger state, no doubt was created to bring the government
nearer to the people and to meet the yearnings of the people
for common entity. However, since 1976 when the state was
created, flood disaster has been an annual environmental
hazard confronting the state [1]. The vulnerability of the state
to flood disaster could be attributed to two major factors, the
first being the location of large parts of the state in a lower
terrain (Niger valleys and Plains) along the largest river in
Nigeria, that is, River Niger, making the land and
communities that are located in this low terrain area be prone
to annual flooding. The second factor is the presence of the
three Hydro Electric Power (HEP) stations in the state; the
Kainji dam and Jebba dam on River Niger at Kainji and
Jebba towns respectively and the Shiroro dam on River
Kaduna. From the study of [2] the downstream of these
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in municipalities and coastal areas in Nigeria lies in the wide
distribution of low-lying coastal areas and river floodplains
and because these areas have fast become a long standing
attraction for human settlement, which [6] concluded that
this subsistence attraction has become a high risk factor in
most part of Nigerian floodplain regions. On the causes and
impacts of flood hazards, [6] asserted that flood hazards are
natural phenomenon, but the damages and losses from floods
are the consequences of human actions because it has been
known that floods can be caused by anthropogenic activities
and human interventions in the natural processes such as
increase in settlement areas, population growth and
economic assets over low-lying plains prone to flooding
which may lead to alterations in the natural drainage and
river basin patterns, deforestation and climate change.
Following the annual increase of flood disaster especially
the devastating 2012 flood hazards in Nigeria coupled with
improvement in the use of modern technologies for
environmental monitoring such as remote sensing and GIS,
the government of Nigeria and the relevant agencies have
recently put all hands on deck for environmental monitoring
and management especially flood disaster [7, 6] Flood
disaster monitoring and management involves several
processes and data generation, the terrain has to be studied,
the landuse and vegetation cover deeply assessed, while the
impact of the drainage and the hydrology of such areas must
also be analyzed. Comprehensive data on all these activities
and many more others have to be generated not only in good
time with less cost but must also be very reliable with
minimal human interference. [6] reported that there are
number of tested techniques that could be used singly or in
combination to map flood hazards and risks; which include
historical information on floods, soil maps, aerial
photographs, hydrological modeling of the major rivers, use
of national digital terrain model and water level and satellite
imageries. They concluded that geospatial technologies have
been effectively used globally in respects of flood and water
logging disaster monitoring and evaluation, water resources
and water environment investigation. Several studies have
been carried out by different authors on the use of geospatial

techniques for flood assessment in the floodplains of Nigeria.

For instance [8] used GIS and cellular framework approach
for flood modeling and vulnerability of the floodplains of
Adamawa State [7] used GIS based techniques to investigate
flood vulnerability of the floodplains of the Benue basin, [6]
applied geospatial techniques to the mapping and analysis of
the 2012 flood disaster in the central parts of Nigeria. While
[2] assessed flood vulnerability of River Kaduna
downstream of the Shiroro dam using remote sensing and
GIS techniques. In this study, a combination of remotely
sensed data and GIS techniques was adopted to the analysis
of the terrain of Niger State for flood vulnerability
assessment.

The use of SRTM data has recently become a pillar for
terrain analysis, map referencing and accuracy assessment as
well as for the study of vegetation cover, tsunami and
geomorphology. For instance, [9] reported that since SRTM
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data became widely available, many studies utilized them for
applications in topography (Falorni et al., 2005; Koch &
Lohmann, 2000), geomorphology (Guth, 2003; Stock et al.,
2002), vegetation cover studies (Kellndorfer et al., 2004),
tsunami assessment (Blumberg et al., 2005), and urban
studies (Gamba et al., 2002). SRTM data verification was
performed using various altimetry data (Helm et al., 2002;
Sun et al., 2003) and digital elevation models (Jarvis et al.,
2004; Muller, 2005; Smith & Sandwell, 2003). On the
importance of SRTM data, [9] reported that it is the first set
of continuos data covering most part of the earth’s surface, it
overcomes the deficiencies of conventional maps that have a
variety of scales and levels of precision around the world, as
well as overcoming the problems associated with ellipsoid
and coordinate systems and the problems that occur at
natural boundaries and even the general lack of data.
Therefore in this paper, SRTM data was used to analyze the
terrain of Niger state, Nigeria for flood vulnerability
assessment.

1.1. Aim and Objectives

The aim of this study is to analyze the terrain of Niger
State in order to assess the vulnerability of the land and the
communities to flood disaster. The main objectives include:

(i) To generate, classify and assess the quantity (in km?) of
the classes of the terrain that are vulnerable to flood
disaster in each LGA of Niger State

(ii) To assess the vulnerability of some selected
communities downstream of Kainji and Jebba dams
along River Niger, and Shiroro dam along River
Kaduna

(iii) To create database on flood vulnerability of some
communities and demonstrate spatial analysis of such
communities to flood vulnerability

2. The Study Area

Though Niger State was created in 1976, but in 1991, the
then Borgu LGA of Kwara State was merged with the
present Niger State making the state to become the second
largest state in terms of area landmass (72,200.14km?) after
Borno State (74.83km?). Niger State shares international
boundary with the Republic of Benin in the west and also
shares state boundaries with Kebbi and Zamfara states in the
north, Kaduna and FCT in the east, and Kogi and Kwara in
the south. Niger state is located between latitudes 8.02°N and
10.20°N and longitudes 3.38°E and 7.03°E (Fig. 1). The 2006
National Population and Housing Census [10] put the total
population of the state as 3, 954,772. Niger State with a total
land area of 72,200.14km’ has the Niger valley terrain
covering 18,007.38km® (24.94%), the plains covering
24,181.04km? (33.49%), upland covering 20616.09 (28.55%)
while the remaining 9593.3km” (13.01%) are made up of
highlands (Table 1). The climate, vegetation and the soil of
Niger State as described by [11], reported that the state
experiences two distinct seasons the dry and wet seasons.
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The annual rainfall varies from about 1,600mm in the south
to 1,200mm in the north. The duration of the rainy season
ranges from 150 to 210 days or more from the north to the
south. Mean maximum temperature remains high throughout
the year; however, the lowest minimum temperatures occur
usually between December and January when most parts of
the state come under the influence of the tropical continental
air mass which blows from the north. The Southern Guinea
Savannah vegetation covers the entire landscape of the state.
Like in other states of similar vegetation, it is characterized
by woodlands and tall grasses interspersed with tall dense
species. Three major soils types can be found in the State.
These include the ferruginous tropical soils, hydromorphic
soils and ferrosols. The most predominant soil type is the
ferruginous tropical soils which are basically derived from
the Basement Complex rocks, as well as from old
sedimentary rocks. Such ferruginous tropical soils are ideal
for the cultivation of guinea corn, maize, millet and
groundnut. Hydromorphic or waterlogged soils are largely
found in the extensive flood plain of the Niger River.
Ferosols which developed on sandstone formations can be
found within the Niger trough.

3. Materials and Methods

3.1. Materials
The materials that were acquired for this study include:

(i) Digital FElevation Dataset from Shuttle Radar
Topographical Mission (SRTM).

(i1) Germin 72 Global Positioning System for acquisition
of spatial locations of some communities in Niger State

(iii) Thematic map of Niger State

(iv) The 2006 Population and Housing Census Data

(v) ArcGIS 9.3 and CorelDraw 12 software
3.2. Methods

3.2.1. Generation and Classifications of Digital Elevation
Models (DEM) of Niger State

Since the study dwells much on terrain analysis, the terrain
of the state was achieved through the generation of DEM
images of the state. In this study, the DEM creation module
of ArcGIS 9.3 was used to create the DEM of Niger State
from Digital Elevation Dataset of Shuttle Radar
Topographical Mission (SRTM). According to [9, 12] the
shuttle Endeavour conducted the SRTM from an eleven day
flight in February, 2000 which generated topography data
between latitudes 56°N and 60°S. This SRTM data are of
two types: the one arc second popularly known as SRTM1
which is mainly for USA and the three arc seconds known as
SRTM3 for the rest of the world (11). Therefore the SRTM3
which has a spatial resolution of 90m was used in this study.
The acquired dataset was vectorized using the raster polygon
module of ArcGIS, while the output polygon map was
classified into four major classes of:

(i) Niger valley/basin which are found along River Niger
with heights between 0 and 172m above the sea level
(Fig. 2) and was classified as “highly vulnerable” to
flood

(ii) The plain with heights ranging from 172-267m (Fig. 2)
above sea level which was classified as “vulnerable” to
flood.

(ii1) The upland areas with a range of 267-382m above sea
level (Fig. 2) was classified as “marginally vulnerable”

(iv) The highland areas with their heights between 383
and 744m (the highest point in the state) above sea level
as “not vulnerable” (Fig. 2).
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Figure 2. DEM of Niger State

3.3. Creation of Buffer Zones along the Two Main Rivers
in the State

Previous flood experiences along River Niger [13, 14]
revealed that during normal flood, an average of five
kilometers at both sides of the river is affected. However,
during excessive floods when the spillways of the dams are
opened, an average of 10 kilometers of land at both sides of
the river is affected. Meanwhile Skm and 3km buffer are said
to be flooded on River Kaduna during normal flooding
periods and when the spillway of Shiroro dam is opened
respectively [2]. It is against this information that buffer
zones of 5 and 10 kilometers were generated on river Niger
at the downstream of the dams and 3 and 5 kilometers buffer
on River Kaduna at the downstream of Shiroro dam using the
multiple buffer module of ArcGIS software. It must however
be noted here that considering the general terrain of the
valleys of Rivers Niger and Kaduna (Fig.6), major parts of
the valleys are located on either the Niger Basin or the plains
with little areas especially the valley of River Kaduna close
to Shiroro dam that are located in uplands. Therefore, since
the heights of both the Niger basin and the plains are less
than 267m, such topography are expected to be vulnerable to
serious floods with little or no differences if the altitudes of
the places are put into considerations. The little parts that are
on the upland areas close to Shiroro dam may also be
seriously affected by floods at both sides due to the large

volume of water that are released from the dam especially
when the spillways are opened, hence an altitude of less than
382m may not necessarily be a serious barrier. Hence, the
use of equal meters for buffering both sides of the rivers.

3.4. Linking of Some Communities to the DEM and the
Buffer Zone Maps

Germin 72 Global Positioning System (GPS) was used to
acquire the coordinates of some selected communities in
order to link the communities to the appropriate positions in
the state. The communities that were linked to the map were
selected in the following ways:

(i) 30 communities were selected from those that are
located at the downstream of Kainji and Jebba dams on
River Niger. The selection of the communities were not
based on particular numbers from each LGA or terrain
types but based on all the communities that were
identified and accessed. The specific locations of all the
communities were derived by using GPS to obtain the
coordinates of each of the locations of the 30 selected
communities which were linked to the map through the
“add xy data” module of ArcGIS. The essence of this
procedure was to be able to identify the communities
that lie in each of the two buffer zones of 10 and Skm.
The select by attribute module of ArcGIS was then used
to identify and generate the information in Fig 5 and
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Table 3

(1) 37 communities were also selected from the numerous
communities along the valleys of River Kaduna
downstream of Shiroro dam using the same processes in
3.3i. The information in Table 4 were derived from this
step

(iii) In order to have clear assessments of the actual
locations of each of the communities in the classified
DEM map, that is, to know where among the four
classified DEM of River valley, plains, uplands and
highlands a community is located, all the communities
in the state are linked to the DEM map. However,
considering the cost and time of obtaining the
coordinates of all the settlements in the State, Lavun
LGA was selected using random sampling technique.
The coordinates of 21 communities were obtained in
the LGA using the same procedure in 3.3i to generate
the information in Fig.3

3.5. Identifications of the LGAs and the Communities
that are Vulnerable to Flood

On the generated DEM and the buffer maps and with the
superimposition of LGA boundary lines on the DEM map,
the following criteria were used to classify flood
vulnerability of each of the LGAs in the state:

(1) All the LGAs that are located in the River Niger valley
terrain. The eight LGAs in this category as revealed in
Table 2 include: Katcha (95.97%), Gbako (95.22%),
Bida (93.25%), Agaie ((0.06%), Wushishi (83.23%),
Edati (64.09%) and Lapai (62.98%).

(i1) All the LGAs that are located in the plain terrain. The
LGAs in this category include: Agwara (99.7%), Lavun
(98.52%), Chanchaga (75.58%), Mashegu (70.46%),
Bosso (68.71%), Borgu 61.42%) and Magama
(52.21%)

(iii) All the LGAs that are located in the downstream of
the three HEP dams in the state, that is, Mashegu in the
downstream of Kainji dam, Mokwa, Bida, Katcha,
Agaie and Lapai LGAs in the downstream of Kainji and
Jebba dams and Shiroro, Rafi, Wushishi, Lavun, Gbako,
Edati and Bida at the downstream of Shiroro dam.

(iv) All the communities within 5 and 3 kilometers buffer
along the valleys of River Niger and River Kaduna
respectively are expected to be more prone to floods
than those within 10 and 5 kilometers on Rivers Niger
and Kaduna respectively

3.6. Flood Vulnerability Mapping

Flood vulnerability map was generated from the generated
DEM map, the buffer maps and the locations of the
communities. Flood vulnerability of the terrain and the
communities based on their locations was classified into the
following:

(i) Highly vulnerable: All the land and communities
within the 5 and 3 buffer zone on Niger and Kaduna
rivers respectively and those located within the Niger

valley of the terrain.

(i1) Vulnerable: All the land and communities located in
the plains as well as those within 10 and 5 kilometers
buffer along Rivers Niger and Kaduna respectively.

(i) Marginally vulnerable: All the land and
communities located in the Upland areas of the terrain

(iv) Not vulnerable: All the land and communities
located in the highland areas.

3.7. Development of Geo-database and Spatial Query for
Decision Making

Database of the selected communities that are located
along Rivers Niger and Kaduna as well as those that are
found in the sampled LGA, that is, Lavun LGA were
generated. The database was subsequently queried in order
to generate some information that could be used for decision
making. For instance, the by attribute module of ArcGIS was
used to select in a single map all the communities that meet
the following conditions: all the communities located within
Skm buffer along River Niger, all the communities located
within Skm buffer along River Kaduna and finally, all the
communities located in Niger valley of the terrain of the
State. The output map is presented in Fig 6.

4. Discussion of Results

4.1. Analysis of the Terrain of Niger State for Flood
Vulnerability

The coverage and vulnerability of each classes of the
terrain, that is, the Niger valley, the plains, the uplands and
the highland areas as generated in Fig 2, is presented in
Table 1.

Table 1 revealed that plain terrain cover larger area (33%)
than the other terrain types in Niger State. However, more
than half (58.43%) of the land area of Niger State are located
in either Niger valley or plains which are classified as
“highly vulnerable” and “vulnerable” to flood disaster
respectively (Fig 2). Therefore, the terrain of Niger state has
made it prone to floods and its associated hazards as reported
by [4] that though the Niger valley and the plains of Niger
State may aggravate flood disaster occurrence, research has
revealed that such areas are also beneficiary for agricultural
development. For instance, [11] reported that Niger State
contains extensive flood plains of the River Niger and this
has made the state to be one of the largest and most fertile
agricultural lands in the country. It also provides the best
area for rice growing in Nigeria. Perhaps this may account
for the location of the National Cereals Research Institute at
Badeggi in the State.

Having known the general impact of the terrain on flood
disaster vulnerability in the State, efforts were also made to
analyze the terrain of each of the twenty five LGAs in the
State for assessments of their vulnerability to flood. The
results are presented in Table 2 which revealed that in terms
of the terrain, the following LGAs are “highly vulnerable” to
flood disaster: Katcha, Gbako, Bida, Agaei, Wushishi,
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Mokwa, Edati and Lapai. While Agwara, Borgu, Bosso,
Lavun, Magama and Mashegu are considered to be
“vulnerable”. The remaining LGAs can be said to be free
from flood occurrence if only the terrain factor is put into
consideration. Previous reports on flood disaster occurrence
in Niger State have proved the vulnerability of these LGAs to
flood disaster. For instance, [15] reported that according to
the Director General, Niger State Emergency Management
Agency, Alhaji Mohammed Shaba, 10 out of the 25 LGAs of
the state were affected by the 2012 flood: the 10 LGAs are,

Mokwa, Lavun, Edati, Chanchaga, Shiroro, Borgu, Bida,
Table 1. Terrain Cl
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Bosso, Munya and Wushishi. Moreover, [4] reported that the
Gbako Local Government Area of Niger State commenced
the arrangements to relocate over 40 communities that are
prone to flood disaster as over 45 per cent of the land mass of
the council was prone to flood because of the topography of
most of the communities. While [16] reported that thirty
communities in Lapai LGAs of Niger state have called on the
state government to immediately resettle them out of the
plains of River Niger following the menace of annual floods

that have continued to ravage the area.

asses of Niger State

S/N TERRAIN HEIGHTS AREA (KMZ) PERCENTAGE VULNERABILITY
1 Niger Valley 0-172 18007.38 24.94 Highly Vulnerable
2 Plains 172-267 24181.05 33.49 Vulnerable
3 Uplands 267-382 20616.09 28.55 Marginally Vulnerable
4 Highlands 382-744 9395.6 13.01 Not Vulnerable
TOTAL 72,200.14 100
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Table 2. Flood vulnerability of the terrain in each LGAs of Niger State
NIGER VALLEY UPLANDS HIGHLANDS
LAND (HIGHLY PLAINS (MARGINALLY (NoT
SIN LGA ARE;* VULNERABLE) (VULNERABLE) VULNERABLE) VULNERABLE)
() Km’ % Km’ % Km’ % Km’ %
1 Agaie 1930.85 1738.88 | 90.06 188.83 9.78 3.14 0.16 - -
2 Agwara 1940.98 442.62 2280 | 1492.57 76.90 5.77 0.30 - -
3 Bida 1088.5 1014.99 | 9325 67.47 6.20 6.04 0.55 - -
4 Borgu 10451 115169 | 11.02 | 5266.86 50.40 | 4029.67 | 38.56 2.78 0.03
5 Bosso 1578.73 290.87 18.42 793.95 50.29 490.27 31.05 3.64 0.23
6 Chanchang 76.87 - - 58.10 75.58 18.63 2424 0.14 0.18
7 Edati 808.23 518.01 64.09 231.97 28.70 5825 721 - -
8 Gbako 1802.74 1716.63 | 95.22 82.51 458 3.60 0.20 - -
9 Gurara 1148.68 - - 228.28 19.87 324.49 2825 595.91 51.88
10 Katcha 1634.85 1569.04 | 95.97 65.81 4.03 - - - -
11 Kotangora 2062.56 - - 165.08 8.00 1771.19 85.87 126.29 6.12
12 Lapai 3222.94 2029.90 | 62.98 | 1086.88 33.72 92.61 2.87 13.55 0.42
13 Lavun 2845.5 1226.00 | 43.09 | 1577.25 55.43 4225 1.45 - -
14 Magama 3723.64 273.80 7.35 1670.41 44.86 1772.80 | 47.61 6.63 0.18
15 Marga 5934.11 - - 688.51 11.60 | 225723 38.04 | 298837 50.36
16 Mashegu 9239.85 1412.03 | 1528 | 5098.61 55.18 | 272631 29.51 2.90 0.03
17 Muya 2314.73 - - 0.05 0.002 428.08 18.49 1886.60 81.63
18 Mokwa 4058.5 2841.88 | 70.02 | 1168.59 | 28.79 48.03 1.18 - -
19 Paikoro 2190.97 13.35 0.61 583.65 26.64 679.17 31.00 914.80 4175
20 Rafi 3461.62 128.82 3.72 1480.58 | 42.77 1305.95 37.73 546.27 15.78
21 Rijau 3231.95 - - 872.67 27.00 | 229834 | 71.11 60.94 1.89
22 Shiroro 5295.22 65.60 1.24 982.92 18.56 | 222087 | 4194 | 202583 38.26
23 Suleja 136.26 - - 17.60 12.92 28.19 20.69 90.47 66.40
24 Tafa 130.48 - - - - - - 130.48 100
25 Waushishi 1890.38 157327 | 83.23 311.9 16.50 5.21 0.28 - -
TOTAL 72,200.14 18007.38 | 24.94 | 24181.05 | 33.49 | 20616.09 | 28.55 9395.6 13.01

4.2. Assessment of the Communities and the Terrain to
Flood Vulnerability

If a vast land area is flooded without any negative impact
on human lives and properties, such area may just be
regarded as being “flooded” without seeing it as a ‘disaster”.
Therefore having classified the terrain of the state into
vulnerability classes, it is necessary to identify the
communities in each of the terrain classes so as to assess the
vulnerability of the communities to flood disaster. Therefore,
since it involves much time, energy and capital to generate
the actual locations of all the communities in the state for
flood vulnerability assessment, the coordinates of twenty one

communities were generated in Lavun LGA which is the
sampled LGA. The positions of each of the communities
were seen on the terrain map as presented in Fig 4. While
only nine communities are located within the Niger valley
terrain that is classified as “highly vulnerable”, the
remaining twelve communities are located in the plain that
has been classified as “vulnerable”. From this sample, it can
be concluded that most of the communities in Lavun LGa are
prone to floods as reported by [17] that Lavun LGA has been
one of the LGAs that are flood ravened. Moreover, Fig.4
revealed that Pizhi community is located on a plain terrain
which is safer than those communities in the Niger valley.
Therefore, the aspirations of Pelle, Rigido, Eda and Gbami to
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be relocated to Puzhin are not surprising as Pizhi is located
on a higher elevation (Fig.4). Therefore if the coordinates of
all the communities in the state are generated and linked to
the terrain image, one will be able to assess the vulnerability
of any of the communities to flood disaster: Niger Valley:
Kukunti, Bassagi, Debba, Gindi, Awodu Kinchi, Kudagi,
Kitcha, Kutiwengi and Edun. Plains: Pizhi, kwankuruzhi,
Nabagi, Tunga Munini, Muchiti, Dabiga, Betamegi,
Jakudosu, Dukunchi, Charati, Zulka and Dagidda

4.3. Assessment of Flood Vulnerability of the
Communities in the Downstream of Kainji, Jebba
and Shiroro Dams

According to [6] because of the huge agricultural and
natural resources potentials, the floodplains of the Niger has
become a long standing attraction areas for human
settlements and subsistence activities. Moreover the
population map of Niger State based on the 2006 Population
and Housing Census (Fig.5b) revealed that most of the LGAs
with high and moderate number of people are either located
along the Niger valley/plains or along the valleys of River
Kaduna (Fig 5a).

The necessity to assess the wvulnerability of the
communities in the floodplain of the Niger with high
population has called for the assessments of flood disaster
vulnerability of the communities in the downstream of the
three major dams (Kainji, Jebba and Shiroro) in the State and
the valleys of River Niger as shown in Fig. 6 In the River
Niger basin, out of the thirty sampled communities, eighteen
were discovered to be located within Skm buffer zone while

twelve were within 10km buffer zone as presented in Table 3.

Therefore, all the communities within the Skm zone are
expected to be more vulnerable to flood disaster during the
normal annual floods. For instance [18] reported that about
100 people have been displaced by flood water in old Awuru
(one of the communities within Skms buffer zone in Table 3)
of Borgu Local Government Area of Niger State where the
flood submerged about 38 houses, two mosques, farm lands
and the only market in the community. Those communities
within the 10kms zone are however only vulnerable when
the spillways of the dams are opened during the annual
floods when the lives and properties are in danger [13, 14].
Egba community which is one of the communities within
10kms buffer but further than Skms buffer was reported [16]
to be one of the 12 communities that were asking the
government to resettle them to Kolo Legba Junction in Binna
area of the state.

The vulnerability of some communities to flood in the
downstream of Shiroro dam on River Kaduna is presented in
Table 4 where twenty seven out of the thirty seven sample
communities are located within Skms buffer zone of R.
Kaduna, while the remaining ten communities are further
Skms but within 10kms buffer zone.

On the impacts of flood on the communities and land of
the downstream of Shiroro dam along the valleys of River
Kaduna, [3] commented that flood vulnerability of the
dwellings downstream of Shiroro dam decreases with
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increasing distance from the river channel as evidenced from
the 2012 flood disaster when dwellings nearer the river
experienced more flood damages than those further off both
sides of the river channel. He also reported that terrain
elevation was another factor as houses whose terrain levels
in relation to the river bed were higher did not also
experience much flood damages even if they are close to the
river bed. Therefore, Fig.6 revealed that right from the mouth
of the Shiroro dam to the confluence of River Kaduna to
River Niger, the terrain along the river channel is either plain
or Niger valleys, hence making all the communities along
river valley to be prone to flood disaster, though, depending
on the distance from the river. Shiroro Town one of the
communities within Skms buffer along R. Kaduna has been
rated as highly flood prone. For instance [3] reported that”
the flood change in the Shiroro community is an ever present
threat that will never go away” , though they concluded that
better water way management and improved dam
management will certainly reduce flood risk in Shiroro
community.

4.4. Spatial Analysis of Flood Vulnerability of the Land
and Communities of Niger State

One of the capabilities of GIS techniques which
distinguish it from other forms of spatial analysis is its ability
to be spatially referenced. In this paper, a simple database
was created using attribute data such as names of the
communities, the coordinates of each of the communities,
the terrain locations (Niger valley, plain, uplands and
highlands) of each of the communities and the buffer zones
locations (10, 5, and 3kms buffer) of each of the
communities within the buffer zones. In this paper, the select
by attribute module of ArcGIS was used to perform the
following operations on a single map.

(1) Identify and select all the settlements located within
Skms buffer among the sampled communities along River
Niger

(i) Identify and select all the settlements located within
Skms buffer among the sampled communities along River
Kaduna

(ii1) Identify and select all the settlements that are
located in the Niger Valleys among the sampled
communities in Lavun LGA

The result of the queries is presented in Fig. 7 (part of the
map is zoomed in so as to clearly see the output map and the
selected communities). The essence of this part of the study
is to demonstrate quick generation and extractions of simple
or complex information for decision making such as
selection of all the communities that are highly vulnerable to
flood disaster in the state, that is: those located in Niger
valley in Lavun LGA, those within Skms buffer along River
Niger and those located within 3kms buffer along River
Kaduna. The acquisition of these information may be very
difficult, costly, time consuming, unreliable (prone to errors)
and subject to human manipulations if manual methods are
applied. Hence vital decisions like resettlements of some
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communities, flood monitoring and management and data and GIS techniques are applied.
planning will surely be better achieved if remotely sensed
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Table 3. Flood Vulnerability of the communities downstream of Kainji and Jebba dams

5KM BUFFER 10KM BUFFER
S/N COMMUNITIES LGA S/N COMMUNITIES LGA
1 Chekku Lapai 1 Egba Lapai
2 Dembor Lapai 2 Batoko Lapai
3 Kukoro Agaie 3 Baje Lapai
4 Baro Agaie 4 Nugmig Lapai
5 Usogba Agaie 5 Emu Lapai
6 Logyunwa Agaie 6 Segwa Agaie
7 Kataba Agaie 7 Suso Bida
8 Masalachi Bida 8 Baggi Bida
9 Fokpo Bida 9 Ganeji Edati
10 Okon Bida 10 Tenepa Mokwa
11 Danko Mokwa 11 Tsafa Mokwa
12 Mabi Edati 12 Kanye Mashegu
13 Guzan Mokwa
14 Gwadati Mokwa
15 Gani Mokwa
17 Chegu Mashegu
18 Awuru Mashegu
Table 4. Flood Vulnerability of the communities downstream of Shiroro dam
5KM BUFFER 10KM BUFFER
S/N COMMUNITIES LGA S/N COMMUNITIES LGA
1 Shaga Shiroro 1 Awolu Shiroro
2 Gusuru Shiroro 2 Dukuji Bida
3 Kwatagi Shiroro 3 Dakombi Gbako
4 Sumaila Shiroro 4 Wuya Suma Gbako
5 Bere Shiroro 5 Kutokuti Lavun
6 Benkago Shiroro 6 Bassagi Lavun
7 Guwa Shiroro 7 Matojia Gbako
8 Legi Shiroro 8 Kutungu Waushishi
9 Kami Shiroro 9 Shamki Shiroro
10 Marta Shiroro 10 Shaga Shiroro
11 Gunugu Shiroro
12 Akusu Waushishi
13 Zungeru Waushishi
14 Kann Waushishi
15 Gwanjiko Waushishi
17 Gwa Gbako
18 Wuya Gbako
19 Potun Gbako
20 Makun Gbako
21 Suntale Gbako
22 Okon Bida
23 Baggi Bida
24 Kpachita Bida
25 Zakogi Bida
26 Deuchitagi Bida
27 Shiroro Shiroro
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5. Summary and Conclusions

The use of remotely sensed data and GIS techniques for
terrain analysis of Niger State in order to assess the flood
disaster vulnerability of the state has been demonstrated in
this paper. The study revealed that the terrain of Katcha,
Gbako, Bida, Agaei, Wushishi, Mokwa, Edati and Lapai
LGAs were highly vulnerability while Agwara, Borgu,
Bosso, Lavun, Magama and Mashegu LGAs are considered
to be “vulnerable”. Shiroro, and Wushishi LGAs which are
though, not in highly vulnerable terrain but located at the
downstream of Shiroro dam were also considered highly
vulnerable to flood It has been reported that the basin of the
River Niger which is suitable for the cultivation of various
crops with all year available pastures for animal grazing
especially during the dry season with no seasonal water
scarcity for man and animals have made the river basin to be
conducive for human habitation, hence, making the area to
be more populated than the surrounding upland and
highlands area. The annual floods induced by spill-water
from dams across Rivers Niger and Kaduna along the
Niger-Benue trough have threatened the existence of the
inhabitants of this region for some decades, a situation that
heightened the establishment of Hydroelectricity Power
Producing Areas Development Commission (HPPPADEC).
In order to effectively tackle the menace of flood disaster,
there is the need for terrain analysis for proper landuse
assessment and planning, the need for automated data
gathering and analysis for generation of information that can
reliably be depended upon for decision making on the
estimation of Internally Displaced Persons (IDP), the
communities to be resettled and where they would be
resettled as well as compensation of persons and
communities that are victims to flood. All these require quick,
accurate, and cheap means of automated procedures which
remotely sensed data and GIS techniques is second to none in
spatially referenced data generation and analysis.

6. Recommendations

Based on the findings of this study, the following
recommendations are made to effectively minimize the
impacts of flood disaster in the State

(1) Automated mapping and analysis of the terrain of the
State so as to generate data bank and a kind of master
plan for flood disaster monitoring and management in
the state

(i1) Generation of a comprehensive data and periodical
reviews of all the communities that are vulnerable to
flood in the state for quick decision making especially
during flood disaster

(iii) Relocation of all the communities that are discovered
to be highly vulnerable to flood and discouragements of
future settlements in flood prone areas

(iv) Public enlightenments and awareness on flood early
warning and disaster and disengagement from cultural
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affinity to flood prone areas which should be
disseminated to the public in their own languages and
through media that the majority of the people have
access to

(v) HPPADEC should as a matter of urgency address the
myriad of perennial pains and hardship, born from the
existence and activities of the three hydro-electricity
dams of Kainji, Jebba and Shiroro
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