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ABSTRACT 

The focus of this study is to identify the areas that are affected by flood in the study area. 

Regions that are vulnerable to flood will also be identified together with the impacts of flood on 

the people and environment of Numan Local Government Area and proffer possible solutions. 

The method of data collection employed in this study is the application of Geo-information 

techniques which involves the use of Global Positioning System (GPS) to capture the 

coordinates of 4 communities which cut across the seven LGAs located along the valleys of 

River Benue in Adamawa State. These communities were linked to a generated digital map of 

River Benue valley using ArcGIS software to assess each of the communities for flood 

vulnerability. The major findings revealed that all the 4 communities in the area were described 

as vulnerable to flood, that is, they are either highly vulnerable, vulnerable or not vulnerable. 

Escape routes and good sites for refugee camps during floods were also identified while database 

creation and analysis for flood vulnerability were also developed. It is therefore, recommended 

that all the settlements that were highly vulnerable be relocated to higher grounds to prevent 

future occurrence. 

Keywords: flood, vulnerability analysis, database creation, Geo-information techniques, digital 

map analysis and ArcGIS 

 

Word count: 297 words 

INTRODUCTION 

Flood can be defined as a body of water that inundates land that is infrequently submerged and in 

so doing cause or threaten to cause damage (Ward 1988). Flood has also been identified as a 

natural climatic hazard that cut across all countries of the world (Musa, 2004). Flooding has been 
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reported in many states of Nigeria and other countries of the world with their attendant 

devastating effects. For example, several flood events have been reported in Nigeria. These 

include Benin flood (Musa, 2001).  

 

The world has suffered from severe flooding over the last decennium. In recent years the huge 

impact of floods, which include river floods, flash floods, storm surge or tsunamis, have caused 

hundreds of thousands of deaths, destruction of infrastructure, disruption of economic activity 

and the loss of property worth billions of dollars. To give an example of the economic impact of 

the disastrous flood in the Elbe River basin in August 2002, rough cost estimates are 3 billion $ 

in the Czech Republic and more than 9 billion $ in Germany, the worst flood ever in Europe 

(Becker and Gr¨unewald, 2003). Worldwide flooding is probably the number one cause of losses 

from natural catastrophic events, and even though the spatial impact is mostly local, regional or 

sometimes national, the consequences are often global (Vanneuville et al., 2011). 

 

The United Nations/International Strategy for Disaster Reduction (2004) established that the risk 

to a particular system has two factors. One factor is the hazard itself, which is a potentially 

damaging physical event, phenomenon, or human activity; in our case floods that is 

characterized by its location, intensity, frequency, and probability. The second factor is the 

vulnerability of a system (e.g. an urban area), which denotes the relationship between the 

severity of the hazard and the degree of damage caused. Thus, risk results from the future 

interplay of a hazard and the various components defining vulnerability e.g. physical, 

demographic, social, economic, ecologic or political components (Taubenb¨ock et al., 2008). As 

flood risk is a function of the flood hazard, the exposed values and their vulnerability, the 

increase in flood losses must be attributed to changes in each of these aspects (Kron, 2003). 

 

Climate change and urbanization are arguably the most dramatic driving forces of global change. 

The clash of a climatologically driven increase of natural hazards with explosive, uncontrolled 

urban sprawl and changing urban patterns contains an increasing risk. On the one hand, statistics 

show a continuous increase of hydrological disaster events since 1980 (Munich Re Group, 2008). 

In 2008, the NatCatService of the Munich Re’s database documented 750 loss events, with 292 

of them floods and landslides. 

 

Konwea (2012) described the flood as the worst floods Nigeria has seen in at least half a century, 

which has led to the deaths of hundreds of Nigerians, displaced over a million people, and 

destruction of hundreds of thousands of hectares of farmland. Huge swathes of the country have 

been affected, particularly in central and south-eastern regions, with houses, bridges and roads 

devastated. Many refugee camps were overcrowded with little or no aid materials. Certain areas 

and cities now suffer from shortages of food staples, some predict the loss of farmlands will 

endanger Nigeria’s food security in the longer-term, while others fear waterborne diseases could 

spread to epidemic levels (Vanneuville et al., 2011).  

 

According to Adamawa State Government (2012), the 2012 Adamawa flood was believed to 

have resulted from the combination of Lagdo dam effect and rainfall intensity as evidenced by 

the satellite images in Plates 1a and 1b which show the narrow river valleys of Niger and Benue 

in Nigeria in October 2008 and the wide expansion of the river valleys in the same period in 

2012. According to Adamawa State Government (2012), it was this excessive water due to heavy 
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rains that forced the Cameroon government to open the spillways of Lagdo dam having sent 

warnings to Nigeria for the release of the water. Moreover, through the Flood Early Warning 

Centre, Nigeria’s Ministry of Environment (2012) issued a forecast of heavy rainfall in mid-

September and warned of potential flooding in some parts of the country (Adamawa State 

inclusive). 

 

Geographic Information System (GIS) has the capability of automatic data generation and 

decision making ability on spatial and non-spatial referenced features. During the past decades 

airborne and space borne Remote sensing technology along with Geographic Information 

systems (GIS) have become the key tool for flood monitoring (Brivio et al., 2002). This study 

therefore applies Remote Sensing and GIS technique for analysis of flood Vulnerability in 

Numan Local Government Area of Adamawa State. 

 

 

STATEMENT OF RESEARCH PROBLEM 
 

Flood displaced about 10,000 persons in Numan Local Government who were said to have 

moved to the nearby states, while other people were rendered homeless. In the affected areas, 

houses, property, farm produce and animals were destroyed by the flood which struck in the 

early hours of Saturday 11
th

 September, 2003. That resulted from the release of excess water 

from the Lagdo Dam Upstream River Benue in the Republic of Cameroun (Adamawa State 

Government, 2012). Similarly, Aderogba (2011) stated in his work that Nigeria is an expository 

of the poor planning of the physical environment of Lagos Metropolis and poor living habit of 

the residents as the resultant causes of floods. But the entire nation requires attention (Adeaga, 

2008) regarding flood monitoring and management (Aderogba et al., 2012).  Nwilo et al. (2012) 

conducted a study on the people’s perception of the causes of flood in Numan floodplains. Their 

findings revealed that 58% view the release of the Lagdo dam water as the main cause, while 

25% attributed it to the effect of rainfall intensity. Since the flood occurrence in 2012, the 

Federal Government through the National Emergency Management Authority (NEMA) has been 

planning resettlement of the affected communities in the study area to safer places (Federal 

Ministry of Environment, 2012). There is therefore the need to understand the areas affected by 

the flood as well as the areas vulnerable to flood in the area. The aim of this research is to 

conduct flood Vulnerability analysis of Numan LGA using Geographic Information System and 

Remote Sensing Techniques. This aim will be achieved through the following specific 

objectives: - 

i. To identify the areas that are affected by flood in the study area. 

ii. To identify areas that are Vulnerable to flood in the region. 

iii. To assess the impacts of flood on the people and environment in the area. 

iv. To proffer solutions to flooding in the study area. 

 

THE STUDY AREA 

Numan Local Government Area of Adamawa State, Nigeria covers an area of 2,193 km
2
 and a 

population of 117,702 at the 2006 (National Population Commission, 2009). This was projected 

to population of 353,106 in 2015.  
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Figure 1: Map of Study Area: Numan LGA. 

Source: Adapted from the Administrative Map of Adamawa State 

 

The study area lies between latitude 9
0 

10 and 9
0
 39 N of the equator and between longitudes 10

0
 

24 and 12
0
 55 E of the Greenwich Meridian (Fig. 1 Map of Study Area). The geology of the 

study area is predominantly igneous rocks of the Nigerian Basement complex consisting of 

granites, with outcrop at different section. The topography is highly undulating and varied in 

heights. Isolated hills of over 600m are common while valley in between can get as low as 400m, 

the undulating hills are made up of terrains that dominated by schist and gneiss. Generally, the 

soils are typically well drained, shallow to moderately deep. The colour varies from very dark 

grayish-brown to dark or strong brown to yellow-red. The soils of Numan catchment areas 

derived it name from the pre-existing Precambrian basement complex rock consisting of gneiss, 

granite, amphiboles and schist (Federal Ministry of Environment, 2012). 

 

The study area experiences a typical continental climate with distinct seasonal regimes 

oscillating between cool to hot dry and humid to wet. These two seasons reflect the influences of 

tropical continental and equatorial maritime air masses, which cover the entire country. 

However, at a local scale, the study area experiences four distinct seasons; a hot dry season from 

February to May followed by a rainy season from April to August, then heavy rainfall (peaks 

fall) from August to September; lastly, the Harmattan season from October to February. The 

town being under the influence of the North Easterlies has a mean monthly minimum and a mean 

monthly maximum temperature of about 17
0
C and 37.5 

0
C respectively with the range being 
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about 20.5
0
C (Adamawa Hydrological Station, 2010). The spatial and temporal distribution of 

the rain varies between 1100mm in the north to 1600mm in the southern part of the area; annual 

rainfall averages about 1,350mm, occurring seasonally between May and September. The 

general relief is an undulating plain at an elevation of between 582m to 640m above sea level. 

Numan is located along the downstream of River Benue, one of the principal tributaries. It 

source is from the Lagdo dam upstream River Benue in the Republic of Cameroun. The regime 

of the river is characterized by the occurrence of wet and dry seasons. River Benue, Lagdo dam 

are the major tributaries in the vicinity of the study area (Adamawa Hydrological Station, 2010) 

 

The vegetation of the study area lies within Northern Guinea Savannah with patches of few 

woodlands mainly trees with shrubs and tall grasses. The trees are short, broad leaved with 

height up to 16.5m while the grasses are between 1.5m-3.5m high. The tress shed their leaves 

during the dry season in order to minimized water loss by perspiration. The grasses have durable 

rooting systems which remain underground even when the shoots (tops) have been burnt after 

dry season fires. They regenerate again after the onset of the first rain the following year (Federal 

Ministry of Environment, 2012). 

 

MATERIALS AND METHODS 

The method used by Isma’il and Sannyol (2013) was adopted for the study and demonstrated by 

the use of topographic data, remotely sensed imagery, digital elevation modeling and the area of 

study, the integrated approach of remote sensing and GIS techniques in flood management. High 

resolution imagery will be required for a clear depiction of the extent of vulnerability. High 

resolution imagery will be gotten from the Google Earth application and analysis will then be 

performed using ARCGIS 9.3 software suite.   

 

The first thing, is the delineation of the study area in Google earth, the longitude and latitude 

coordinates of the extreme corners will be tabulated in a Microsoft excel spread sheet and 

combine with an exported image of the study area also from Google earth application. Several 

points within the study area will be marked within Google earth and their coordinates and 

elevations also will be recorded in an excel spreadsheet. This data will be imported into ARCGIS 

as X, Y and Z data. Interpolation process will be performed using the spatial analyst tool to 

create a digital terrain model. There is also the need for a flow accumulation model to be created 

using the DEM. The DEM will be reclassified into high risk, moderate risk and low risk using 

equal interval of separation based on elevation. This will be overlaid on the map of the study area 

to produce a vulnerability map of the area. 

 

 

DATA COLLECTION 

 

A reconnaissance survey was carried out with the help of staff from the Local Government 

Secretariat Numan. A transect through Numan was conducted with a few household heads and 

stakeholders in the communities. Identification of these stakeholders was made possible through 

the help of Agricultural department at the local government secretariat. Also, a visit was made to 

flood areas to get abreast with recent flood hazards in the catchment areas downstream of the 

lagdo dam. Interview was conducted with members of the population within the study area to aid 
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in reaching adequate conclusions and making decisions. The interview will consist of 50 

respondents drawn from 5 flood prone areas in the study area namely; Vulpi, Shelleng, Numan, 

Bodwai, and Bakta. Using a structured guideline, inhabitants of the areas of Numan city prone to 

flood disaster from River Benue Basin were interviewed. 

 

 

PRIMARY SOURCES OF DATA 

 

For the purpose of this study, the following were used. 

1) An imagery of the study area was obtained from Google earth showing flood vulnerable 

areas. 

2) Response gotten from the people been interviewed were analyzed to determine the 

vulnerability and effects of flooding in the study area. 

 

 

SECONDARY SOURCES OF DATA 

 

The secondary sources of data will be used to supplement the primary data. These include: 

1) Textbooks, lecture notes, past projects, Geographic journals, Books of proceedings and 

conference materials. 

2) Rainfall data (July-September) from 2012-2014 were sourced from the hydrological 

station. 

3) Demographic data was obtained from National Population Commission, Adamawa State. 

 

 

SAMPLING 

Sampling frames both random and systematic were employed to generate the sample of the 

study area and households interviewed. Random sampling involves the selection of some 

communities randomly. These communities will comprise those that are located on the 

floodplain, but closest to the river and those that are situated some distance away from the river, 

but located within the floodplain. This was used as a comparison between these communities, 

facilitating understanding of the flood impact on the livelihood, perceptions of flood events and 

their specific determinants of adaptive capacity. While the systematic sampling was employed 

in selecting some number of household units for interview from the study area selected. This 

involved the selection of every 5
th

 household units. 

 

 

SAMPLING SIZE 

The estimated population of Numan is 117,702 (NPC, 2006). Therefore, the sample size will be 

represented by the formula: 

 

S =
𝑁

𝑛
 

Where S= Sample size, N= Entire Population and n= Sample 
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In the study, 50 people were interviewed and used as the sample size; they are mostly people 

living within and around areas that are vulnerable to flood in the study area. 

 

 

INSTRUMENTS USED FOR DATA COLLECTION 
 

In order to achieve the aim and objectives of this study, requisite data and techniques of data 

analysis will be employed as outlined below.  

 

 

SOFTWARE AND PROCEDURE USED 

 

To meet the aim of the study, ERDAS imagine software will be used to import the imagery to 

its work environment for geometric and radiometric distortions. Subsequently, the image will be 

rectified, restored, enhanced and classified into land use land cover map which will be finally 

projected and converted to a format compatible to the GIS software. However, to classify an 

image, you start by launching the ERDAS imagine software, click session there is a drop-down 

dialog box, you now click on configuration to effect the correction; click on preference editor 

add raster and then choose unsupervised classification after which you click on export. In the 

export dialog box click the format compatible to your GIS software and saved in a folder. 

 

The Archview 9.2 version software will be used for geo-referencing the Google earth image. To 

geo-reference, click on the main menu, click coordinate system, and type in coordinates of the 

flood area. Click the coordinate system projection and double click on universal transverse 

Mercator (UTM). Click on datum and scroll down. Then select Nigeria since the flood area is in 

Nigerian. The geo-referenced data is then linked with the coordinate system created which 

automatically fits into it. On displaying the flood area in the GIS environment, select the 

segment that needs to be digitized and start digitizing. Pick the digitizing tool on the task bar 

and start picking the details one after the other. If you finished, double click to stop. Repeat 

same process for the entire domain. And after all this is done, click on save the click on exit 

icon. 

 

RESULTS AND DISCUSSION 

THE AREAS AFFECTED BY FLOOD IN 2012 AND 2014 

The delineation of the study area in Google earth, the longitude and latitude coordinates of the 

extreme corners will be tabulated in a Microsoft excel spread sheet and combine with an 

exported image of the study area also from Google earth application. Several points within the 

study area will be marked within Google earth and their coordinates and elevations also will be 

recorded in an excel spreadsheet. This data will be imported into ARCGIS as X, Y and Z data. 

Interpolation process will be performed using the spatial analyst tool to create a digital terrain 

model. The quantitative of the area affected by flood and other land use/land cover classes in 

2012 and 2014 is shown on table 1.1, while the same area affected by flood is shown on figures 

2.1.  
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Table 1:1 Areas Affected by Flood in 2012 and 2014 

Areas affected by 

flood 

Areas in hectare % Ranking 

Numan 199 60.12 1
st 

Nzuruwel 59 17.82 2
nd 

Njanjen 55 16.62 3
rd 

Imburu 18 5.44 4
th 

TOTAL 331 100  

Source: Laboratory Analysis (2014) 

 
Source: Author’s Analysis (2014) 

Fig 2.1: The Areas affected by flood and Other Landuse/Landcover of Numan LGA                                             

(2014) 
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 Flow accumulation model was created using the DEM.  The DEM will be reclassified into high 

risk, moderate risk and low risk using equal interval of separation based on elevation. This will 

be overlaid on the map of the study area to produce a vulnerability map of the area. The land 

use/land cover was digitized showing water body, areas at risk, built-up areas and floodplain.  

As shown on table 1.1, the flood affect Numan occupying an area of 199hectare (60.12%) of the 

landmass. Nzuruwel was affected by the flood covering an area of 59hectare (17.82%) of the 

landmass. The effect of flood on the community of Njanjen is 55hectare (16.62%). The flood 

affecting Imburu community covers an area of 18hectare (5.44%) in 2014. Figures 2.1 shows the 

extent of areas affected by flood and other land uses from classified image.  

Figure 3.1 shows the areas affected by flood graphically. 

 

 
Source: Author’s Analysis, (2014) 

Fig 3.1: Graph showing the Areas affected in the study area 

 

THE AREAS THAT ARE VULNERABLE TO FLOOD  

The extent of vulnerability is described by how a settlement is situated around the rive rain areas. 

In the study area, it is observed that most of the settlements located in the low land areas are 

vulnerable to flood. There is also the need for a flow accumulation model to be created using the 

DEM.  The DEM will be reclassified into high risk, moderate risk and low risk using equal 

interval of separation based on elevation. This will be overlaid on the map of the study area to 

produce a vulnerability map of the area. 
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Source: Author’s Analysis, (2014) 

Fig 4.1: areas that are vulnerable to flood 

Source: Author’s Analysis, (2014) 

Figure 5.1 Topographic Map of the Study Areas 
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Areas where the contour lines are close to each other are highland areas and flood cannot easily 

be experience in those areas because of the terrain. From fig 4.1, and figure 5.1 at the far left 

close to the river, which extends to the right end of the river is coloured blue, simply indicate that 

it is a low land areas and flood can be experience if settlement is built on it. The flood that can be 

experience in those areas is extremely high. It is therefore advisable that location of settlement 

should not build on it.  

 

THE IMPACT OF FLOOD ON THE PEOPLE AND THE ENVIRONMENT 

The researcher employed the used of interviewer to assess the impact of flood on the people and 

the Environment. Most of the people that were affected by the flood are mostly farmers and 

fishermen. They were believed to settle in those areas because of the fishing and farming 

activities. This is also the major occupation of the people in the affected regions.  

Table 1:2 show the Impact of Flood on the People and the Environment 

IMPACTS OF FLOODING 

 

 

 

NUMBER OF 

RESPONDENTS       

%  RANKING 

Death 

 

03 6.00 1
st 

Health 

 

05 12.00 3
th 

Erosion 

 

13 14.00 4
th 

Damage to crops 

 

09 24.00 7
th 

Destruction of settlements 

 

08 18.00 6
th 

Migration 

 

04 10.00 2
nd 

Price Hike/Hunger 

 

08 16.00 5
th 

Total 

 

50 100.00  

Source: Field Work, (2014) 

An analysis of respondents’ perception of flood impact in the study area indicates high damage 

to crops and farmlands is the most important effect. Destruction of settlements is the second most 

important effect. Where flood intensity was high, effects were perceived to very high and those 

who perceive the effects to be low are those who are still within the same flood prone areas but 

were not directly affected by the flood. Among other effects are hunger/price hike, erosion, 

health hazards such as cholera, malaria and typhoid outbreak. Proximity to hazards seems to be 

very important as people who live in risk zones are most likely to be aware of the effects (Eloho, 

2006). Most of the people that were living in the flood areas are mostly farmers and fishermen. 
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They were believed to settle in those areas because of the fishing and farming activities. This is 

also the major occupation of the people in the affected regions.  

 

Table 1:3 shows monthly average rainfall data Numan Local Government from 2012- 2014. 

 2012 2013 2014 

JAN 0 0 0 

FEB 0 0 0 

MAR 0 0 0 

APRIL 56 58.6 31.3 

MAY 116 118 99.4 

JUNE 234 145 166 

JULY 287 208 236 

AUG 231 352 215 

0SEPT 146 252 215 

OCT 98 187 57.6 

NOV 0 0 0 

DEC 0 0 0 

Total 1168 1321 1020 

 Source: Hydrological Station of Adamawa State, (2014) 

 

Analysis of the monthly average rainfall data of the peak period (July, August, and September) 

in the year under review corroborate the fact that heavy downpour is the major causes of flood in 

the study area. Similarly, the volume of rainfall recorded in July, 2012; August, 2013; and July, 

2014 (Table 1.3) conform to the flood hazards that occur in the study area as earlier reviewed in 

chapter two. On the contrary, the inability of the researchers to access discharge data from the 

hydrological station of Numan has made it practically difficult to model and simulate flood 

hazards in 3D view which makes it difficult to forecast possible prediction. Also this limitation 

encountered by the researcher is open to further research. 

 

SUMMARY 

The floodplain of Numan Local Government Area has been shown to be gradually encroached 

between 2012 and 2014 it has almost been completely covered. The researchers employed the 

use of Remote Sensing and GIS as a tool because it has great advantage and precision, making it 

a reliable decision making. Similarly, various literatures on flooding, effect, vulnerability and 

impact of flooding. The method and materials focus on the methodology adopted in the study 

and principal materials and techniques employed in conducting the research. 

 

 

CONCLUSION AND RECOMMENDATION 

In the study area, increase incidence of flood vulnerability cannot be overemphasized. Every 

year, state of untold hardship and calamities from flood are experienced in Numan, Adamawa 

state, Nigeria. The following are recommended, based on the researcher’s findings: 
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1. Adamawa state government should resettle the people who are living within the 

floodplain and relocate them to a better and safer area. The settlement should also be 

demolished after the evacuation since they are like death traps and unsafe for habitation. 

2. Nigeria government should through the various states enact a flood structures under 

National Emergency Management Agency in areas of high vulnerability. That means that 

there is a need to adopt Remote Sensing and GIS as rapid appraisal techniques by 

planners to monitor the changes on floodplains and land use/land cover in Nigeria 

constantly so as priority to early warning. 

 

3. Ignorance and illiteracy level of most the inhabitants of the floodplain in the study area 

have led to poor cultural practices and habits such as refuse dumping on water channels 

and physical development in floodplains which is leading to aggravation of flood. In this 

light, urban planners and Environmentalists both at state and local government level need 

to form partnership, policies and programs towards enlightening the masses residing at 

high vulnerable or risks zones. 

 

4. Application of Remote Sensing and GIS techniques should be applied for proper 

monitoring of such areas. Adamawa state Government should train and retrain staff of its 

State Emergency Agency; and Niger State Urban Development Board (NSUBD) to equip 

them with required tools in order to perform their functions effectively. 

 

5. Finally, Nigeria government must take into cognizance the causes of flood with a view of 

developing and implementing suitable policies aimed at mitigating flood across the 

country. 
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