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Abstract 

This study seeks to use a multi-criteria decision analysis (MCDA) approach coupled with 

GIS to assess the spatial extent of flood vulnerability in the FCT. Thematic layers were 

created using Arc GIS 10.1. The data sets were integrated and using the analytical 

hierarchical process (AHP) of the MCDA, all the parameters were ranked and re-classified 

thematic layers were created. A 5×5 pair wise comparison matrix was created to determine 

the weights of parameters according to the AHP method. The consistency ratio of the pair 

wise comparison judgments was calculated CR=0.07988<0.10 which is acceptable. All 

parameters were converted to a raster grid with 50 x 50 m cells and raster calculator was 

used to multiply the parameters with the weights to create a composite flood vulnerability 

map. Further site visit for possible reasons was conducted and it was discovered that nature 

of terrain, non-availability and inadequacy of drains/culverts, blockage with refuse and 

polyethylene material, clogging of drains with silts and refuse coupled with the vulnerable 

nature of the area contribute to the flood problem of the FCT. It is obvious and one can 

conclude and rightly so, that the flood menace in the FCT is humanly induced and if all the 

anomalies in the built-up areas of the territory is checked, like provision of adequate 

amenities and infrastructures, good cultural practices by the residents, enforcement of 

building standards and codes, improved land use planning, vulnerability level not 

withstanding flood in the FCT can be a thing of the past. 
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Introduction 

Flooding is a global phenomenon 

which is among the most recurring and 

devastating natural hazards. There are 

various types of floods impacting upon 

human lives and causing severe damage 

and disruption to economic livelihoods, 

businesses, infrastructure, services and 

public health throughout the world (Ishaya 

et al., 2009; Abhas et al., 2012;  Odufuwa 

et al., Bongwa 2012; Ojigi  et al., 2013; 

Yashon and Ryutaro, 2014; Qi et al., 

2014). It was estimated that more than 

one-third of the world’s land area is flood 

prone; affecting some 82 percent of the 

world’s population (CGIAR, 2012).  
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About 196 million people in more than 90 

countries are exposed to catastrophic 

flooding, and that some 170,000 deaths 

were associated with floods worldwide 

between 1980 and 2000 (Karki, 2011). 

Over the past decades, the pattern of 

floods across all continents has been 

changing, becoming more frequent, 

intense and unpredictable for local 

communities (Douglas et al., 2008).  

Floods occurs when water overflows 

or inundates land that is normally dry or 

low- lying areas (National Geographic, 

2015). This can happen in a multitude of 

ways. Most common is when rivers or 

streams overflow their banks. Excessive 

rain, a ruptured dam or levee, rapid ice 

melting in the mountains, or even an 

unfortunately placed beaver dam can 

overwhelm a river and send it spreading 

over the adjacent land, called a floodplain 

(National Geographic, 2015). Aladelokun 

and Ajayi (2014), described floods as an 

incidence that normally occur when more 

rain falls than the soil and vegetation can 

absorb. That is, excess rain water run off 

the land in greater quantities than rivers, 

streams, ponds and wetlands can contain. 

Such heavy rains periodically cause rivers 

or streams to overflow their banks spilling 

onto the surrounding floodplains. 

According to scholars, there are three 

schools of thought about the 

preponderance of floods all over the globe 

especially in the tropics. Yashon and 

Ryutaro, (2014) posited that floods occur 

because of hydrological factors which 

cause rapid accumulation and release of 

runoff waters from upstream to 

downstream. Another causative factor of 

flood is social and economic development. 

This school of thought is of the view that 

there have been a lot of abuses heaped on 

the physical environment of man; and that 

the environment is only responding to the 

abuses heaped on it. This implies that 

pressure on land-use, and other activities 

through urbanization, environmental 

degradation, rapid urbanization, increased 

population densities, and their 

concentration on hazard prone areas is 

making the impact of this disaster even 

worse (Masaru, 2014; Yashon and 

Ryutaro, 2014; John-Nwagwu et al., 2014: 

Adetunji and Oyeleye, 2013). The third 

school has it that it is the combination of 

global warming, climate change, and the 

abuses of man on the environment that are 

the causes of prolonged and torrential 

showers of rains and the resultant runoff 

that lead to devastating floods in America, 

Europe and Africa - including Nigeria. 

The facts behind the three schools are yet 

to be thoroughly researched and 

confirmed, (Adetunji and Oyeleye, 2013). 

Multi Criteria Decision Analysis 

(MCDA) is used to analyze a series of 

alternatives or objectives with a view to 

ranking them from the most preferable to 

the least preferable using a structured 

approach. It gives a logical, well-

structured process to follow so different 

factors can be clearly identified and 

prioritized. It allows the alternative 

solutions being considered to be ranked in 

order of suitability (Musungu et al., 2012). 

Yahaya et al. (2014) opines that 

Geographical Information System (GIS) 

when integrated with Multi-criteria 

Decision Analysis (MCDA) provides 

more flexible and more accurate decisions 

to the decision makers in order to evaluate 

the effective factors. 

The Federal Capital Territory had 

been experiencing development and 

growth since its inception, along this 

wake, are attendant problems that goes 

with a development of this nature.  There 

had been reported cases and instances of 

floods causing damages to lives and 
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properties within the territory. In recent 

times, the spate of such occurrences had 

increased and this is quite worrisome. 

According to reports, there had been 

incidence of floods all over the territory in 

different magnitude and with different 

level of destruction since the inception of 

the FCT (Sambo, 2014). Flood incidence 

of 2009 in Kubwa, one of the satellite 

towns in the FCT, was with exceptionally 

heavy rains, which lasted about three days, 

it swept away farm lands while the flood 

waters also destroyed a good number of 

homes, washed away crops and depleted 

livestock and other household assets, 

leaving a lot of families homeless (Chung, 

2010). Umoru, (2009) also reported that 

tragedy struck in Kubwa and Gwagwalada 

communities of the Federal Capital 

Territory as thousands of people were 

rendered homeless and property worth 

millions of naira destroyed following 

heavy flooding in the areas. There were 

also reports of flooding in Kwali, Kuje 

area councils. In 2012, when Nigeria was 

hit by a large wave of flood which was 

probably the biggest and most deadly 

flood disaster in Nigeria’s history, the 

FCT too had a fair share of the disaster 

(Information Nigeria, 2015). There had 

been reports of flood incidences along 

roads, in neighbourhoods and residential 

areas. Information Nigeria, (2015) 

reported an incident in 2014 where no 

fewer than 50 houses were flooded at the 

Trade more Estate, along Airport Road in 

Abuja. This study is an innovative attempt 

to incorporate a Multi-criteria Decision 

Analysis (MCDA) with Geographical 

Information Systems (GIS) to produce a 

Vulnerability map which will aid decision 

makers in order to evaluate the effective 

factors with respect to flooding in the 

FCT.  

Study Area 
The Federal Capital Territory of 

Nigeria established by Decree No. 6 of 

1976, and it lies between latitude 8o25' and 

9o25' North of the equator and longitude 6o 

45' and 7o 45' East of Greenwich. The 

territory covers an area of 8,000km2 

(Balogun, 2001; Yahaya et al., 2014). The 

Territory is currently made up of six area 

councils. These Area Councils are; Abaji 

Area council, Abuja Municipal Area 

Council (AMAC), Bwari Area Council, 

Gwagwalada Area Council, Kuje Area 

Council and Kwali Area Council (figure 

1).  
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Fig. 1: The map of the FCT showing the six area councils and the administrative map 
Source: OSGOF, Abuja 1991 and laboratory Analysis, 2017 

 

According to Balogun (2001), the FCT 

is an area of hilly and dissected terrains 

and undulating plains and characterized 

by varying degrees of ruggedness. On the 

other hand, the eastern, central and south-

eastern parts are the most rugged, while 

the sandstone belt in the south-west is 

moderately so. The highest part of the 

FCT is in the north-eastern “pan-handle” 

side. This is situated within Bwari area 

council, where there are many peaks that 

are 760 meters above sea level. 

The rock formations and geological 

materials present in the territory have 

some characteristics that variously 

influence the nature of the local soils. This 

explains the predominance of sandy soils 

with characteristic stoniness (Balogun, 

2001). Ojigi et al. (2012) added that the 

FCT is predominantly of a thin soil 

structure therefore its basin hydrology has 

high runoff potential. The texture of FCT 

soil is generally stony sand to gravelly 

sand with smaller occurrences of loam 

(Ojigi et al., 2012). The type of 

Precipitation that is prevalent in the FCT 

according to Adakayi, (2000) like 

elsewhere in the tropics the climate of the 

FCT consists almost entirely of rainfall. It 

is the most variable element of tropical 

climate. The most important quantitative 

indicator in this area is the annual total 

which differs from year to year and place 

to place widely. Other rainfall 

characteristics, such as its seasonal and 

diurnal distribution, intensity, duration 

and frequency of rain-days also show 

important differences in both place and 

time within the FCT.  
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Methodology 

In carrying out this study, the Multi-

criteria Decision Analysis (MCDA) which 

incorporated the Geographic Information 

Systems (GIS) in the production of flood 

vulnerability map in guiding decision 

making on flood reduction and prevention 

within the FCT was used. Some of the 

indexes considered here are the terrain of 

the area, annual rainfall, drainage density, 

drainage/culvert availability and capacity 

and flouting of building codes. The study 

objectively generated Digital Elevation 

Models (DEM) of the FCT; classified the 

topographical characteristics of the 

different area councils using digital 

elevation model, the thematic parameters 

were ranked and used to produce a 

reclassified thematic map. All parameters 

were converted to a raster grid with 50 x 

50 cells and the raster calculator in 

ARCGIS was used to produce a flood 

vulnerability map of the FCT. 

Data 
The data utilized for this study were 

collected from primary and secondary 

sources and they were analyzed to produce 

the final output maps.  

 

Table 1: Data used for this research, included the following 
Data Type Date Scale/ Resolution Duration Acquisition Source 

Topographic 

Map of Abuja 

Nov. 1991 1:200,000          - Land, Survey and Planning Dept. FCDA, 

Abuja 

Administrative 

Map of Abuja 

Nov. 1991 1:200,000           - OSGOF, Abuja 

ASTER GDEM  90m          - NASA Reverb 

Rainfall data May 2016 5km 1981-

2015 

CHIRPS Data 

Drainage 

Capacities 

Field work 

2017/ 2018 

  Project Site 

Hand-Held 

GPS 

                                                                     for ground truthing and verification 

 

Data Analysis and Manipulations  
The following methods of data 

analysis were adopted for this Study: 

Creation of Digital Elevation model 

(Elevation). 

Creation of all thematic layers using 

ArcGIS 10.1 (Drainage Density, Slope, 

Rainfall, Landuse landcover. 

Data Integration 

MCDA (AHP) 

Reclassification of all thematic layers 

Weighted overlay 

Creation of the Flood Vulnerability Map. 

Further Site Visit for possible reasons. 

Determining Parameters Weight  
In the study, the AHP method was 

applied to determine the weight of each 

factor. In the construction of a pair-wise 

comparison matrix, each factor is rated 

against the other by assigning a relative 

dominant value between 1 and 9 (Table 2).  
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Table 2: Intensity of Importance 

Intensity of Importance Definition  

1 Equal importance 

3 Moderate prevalence of one over another 

5 Strong or essential prevalence 

7 Very strong or demonstrated prevalence 

9 Extremely high prevalence  

2,4,6,8 Intermediate values 

Reciprocal  For inverse comparison  
Source: Saaty and Vargas, (1991)  

 

In AHP, an index of consistency, 

known as the consistency ratio (CR), is 

used to indicate the probability that the 

matrix judgments were randomly 

generated (Saaty, 1980). 

CR = CI / RI 

Where RI (Random Index) is the average 

of the resulting consistency index 

depending on the order of the matrix given 

by Saaty, (1980) and CI is the consistency 

index and can be expressed as; 

RI = (λmax –n) / (n–1) 

Where λ max is the largest or principal 

eigen value of the matrix and be easily 

calculated from the matrix, and n is the 

order of the matrix. 

 

 

Table 3: Random Consistency Index (RI) 
N 1 2 3 4 5 6 7 8 9 

RI 0.00 0.00 0.58 0.90 1.12 1.24 1.32 1.41 1.45 

Source:  Saaty (1980) 

 

Determination of Weight of Each factor 
Solving a problem using AHP, a 5×5 

pairwise comparison matrix was created 

to determine the weights of parameters 

according to the AHP method (Table 4). 

The pairwise comparison matrix 

judgments (relative levels of importance 

of the parameters) were determined by 

consulting the opinions of stakeholders 

and experts, including engineers, 

hydrologist and review of literatures and 

textbooks. 

 

Table 4: Pair-wise Comparison Matrix 
 Landuse Drainage Slope Elevation Rainfall 

land use 1 0.2 0.33 0.2 0.14 

Drainage 5 1 0.33 0.33 0.2 

Slope 3 3 1 1 0.33 

Elevation 5 3 1 1 0.33 

Rainfall 7 5 3 3 1 

TOTAL 21 12.2 5.67 5.53 2.0 

 

Weights or priorities are determined by normalizing the pairwise comparison matrix. This 

was achieved by summing up the row element in the matrix and the total value divided by the 

number of elements in the row (Table 5).  
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Table 5: Normalization Matrix 
 Landuse  Drainage  Slope  Elevation  Rainfall  Weight     

       MAX CI CR 

Landuse  0.04762 0.016393 0.0588235 0.036144578 0.071090047 0.046014 0.966297   

Drainage  0.2381 0.081967 0.0588235 0.060240964 0.099526066 0.107731 1.314313   

Slope  0.14286 0.245902 0.1764706 0.180722892 0.165876777 0.182366 1.033406   

Elevation  0.2381 0.245902 0.1764706 0.180722892 0.165876777 0.201413 1.114488   

Rainfall  0.33333 0.409836 0.5294118 0.542168675 0.497630332 0.462476 0.929357   

TOTAL 1 1 1 1 1 1 5.357861 0.089465 0.07988 

The consistency ratio of the pairwise comparison judgments was calculated as: 

Max. Eigenvalue (λmax) = 5.357860532,    n = 5 

CI = (λmax-n)/(n-1) = 0.08946 

CR = CI/RI = 0.089465/1.12 = 0.07988CR = 0.07988<0.10 (Acceptable) 

The consistency ratio of the pairwise comparison judgments was; 0.065 

The parameters were ranked and used for further analysis 

 

Results and Discussion 

Figure 2 gives an overview of the 

elevation model of the Federal Capital 

Territory, Abuja. The FCT generally is 

characterized by diverse topography. The 

highest point is about 864m above sea 

level while the lowest elevations are found 

in the extreme south-west, in floodplains 

of River Gurara with an elevation of a 

mere 65 metres above sea level.  Elevation 

is significant in the overflow direction 

movement and depth of flood (Stieglitz et 

al., 1997).

 
Fig. 2:  Digital Elevation Model (DEM) of the FCT 
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Slope is the rate of maximum change 

in z-value from each cell. Slopes are 

generally calculated in percentage or 

degrees. Slope plays an important role in 

determining surface runoff velocity and 

vertical percolation, and thus affecting 

flood susceptibility (Omid et al., 2016).  

The lower the slope values are the gentle 

or flatter the terrain; while the higher the 

slope value, the steeper the terrain. The 

slope in the study area is steep southwards 

eastward and gentle in the central and 

western part. 

Most of the settlements, localities, 

affected mostly by flood whenever it 

occurs within the study area, are nestled 

within the undulating hills or at the foot of 

the hills, in flat flood plains surrounded by 

hills and dissected terrains. Large-scale 

urbanization and population increases 

have led to large numbers of people, 

especially the poor, settling and living on 

flood plains and vulnerable areas in and 

around urban areas exposing them to 

severe flood events (Adelekan, 2010: 

John-Nwagwu et al., 2014).   

Land cover is the physical and 

biological cover of the surface (Mueller 

and Zeller, 2002). Built environment (or 

impervious surfaces) and how land is put 

to use are important in determining flood 

risk. Vegetated areas have low potential to 

flooding due to the negative relationship 

between flooding and vegetation density. 

On the other hand, impervious surface 

(built-up) have high potential to flooding 

(Tehrany et al., 2014). In the LULC map, 

land use land cover classes were 

identified: built-up, Trees cover areas, 

open water, cropland, bare areas, 

grassland, Sparse Vegetation, and Shrubs 

cover areas. 

All the parameters were ranked and 

reclassified using 5, 4, 3, 2, and 1 as very 

high, high, moderate, low and very low 

respectively since the higher values are 

indication of risk, and indeed reflecting 

the level of vulnerability.  (Table 5) and 

Figure 3a, 3b, 3c, 3d and 3e is hereby 

presented as the re-classified maps and 

labeled.  

The flood vulnerability map 

constitutes a simple multi-criteria analysis 

methodology that can be used as a 

decision support tool, allowing 

quantitative rating and comparison 

between critical flood prone zones. The 

map can be useful in the hierarchy of 

interventions and justification of public 

investments, and in the quantitative 

comparison of solutions or scenarios for 

the same region, hence allowing 

estimating the impacts of future urban 

development or aiding the elaboration of 

drainage master plans, among other 

applications. The indicators obtained for 

the different areas were weighted using 

the weighted tool in ArcGIS which 

provides the ability to weight and combine 

multiple inputs to create an integrated 

analysis.
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a. Slope of the FCT     b. Elevation of the FCT 

                        

c. Drainage Density of the FCT   d. Rainfall of the FCT 

 

e.   Land cover of the FCT. 

Fig. 3a-e: Thematic maps of the Parameters used 
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Drainages: Availability and Capacities: 
Subhashree, (2014) and Flooding Facts, 

(2009) attributed urban flooding 

specifically to a lack of drainage in an 

urban area. As there is little open soil that 

can be used for water storage nearly all the 

precipitation needs to be transported to 

surface water or the sewage system. High 

intensity rainfall can cause flooding when 

the city sewage system and draining 

canals do not have the necessary capacity 

to drain away the amounts of rain that are 

falling (Flooding Facts, 2009). 

During data gathering for this research, 

the following types of scenarios with 

respect to drainages were discovered and 

these are prevalent in the FCT. 

a) Inadequate drainage outlet and no 

drainages at all 

b) Clogged drainages by silt and refuse. 

 

Table 6: Dimensions of Drains in the Study Area 

 

 

 

 

 

 

 

 

 

 
Key: 1: Open drain (Good).    2: Partially filled Drain (Moderate) 3: Filled Up drain (Severe) 

 4: No drainage (Very Severe).  

 

Table 6 is a summary of status of 

drains in the sampled sections of the study 

area. Generally, the drainage systems in 

the sampled areas are bad. Of the Ninety-

eight points sampled in Bwari (Dutse 

Alhaji) to be precise, 71 points were 

without drainages. The houses in these 

areas are close to each other with about 1.0 

-1.5m distance between them. Weights 

were assigned here in increasing order of 

negative impact: from the least to the 

highest negative impact to flood 

inundation in the samples.  

Drainages/culverts of the study area 

contributed a lot to flood problems in the 

area. Most part of the FCT has drainages 

/culverts that are not adequate for the 

volume of water they are carrying, 

clogged with dirt’s and some silted. There 

were places with no drainages at all, and 

some with few drains, most of the ground 

highly compacted and pathways between 

dwellings become streams after heavy 

rain. It was also observed that some of the 

drainages were also blocked by debris 

such as polyethylene materials, because 

the slums lack adequate municipal 

garbage collection and cleaning services. 

This according to Mallo (2000) inhibits 

the infiltration of rain water into the soil 

while large volumes of surface runoff 

results.  

Also evident is the Flouting of 

Building Regulations in affected areas 

within the FCT. This  and non-compliance 

with planning regulations results in the 

erection of illegal structures on flood 

plains causing  the blockage of natural 

waterways thereby contributing to the 

occurrence of flood in the FCT. 

Location No of cases No of 

cases 

Silted 

“2” 

No of cases 

with filled up 

drains 

“3” 

No of cases 

with No 

drainage 

“4” 

AMAC   58 8 26 24 

Gwagwalada 77 1 37 39 

Bwari 98 3 24 71 

Abaji 45 - 17 28 

Kwali 20 - - 20 

Kuje 11 1 5 5 
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Fig 5a: Vulnerability Rating Map with drainages Fig. 5b: Rainfall Rating Map. 

 

Figure 5a is a map of the vulnerability 

rating based on the culvert assessment and 

the built-up aspect of the land use map, 

while figure 5b is that of rainfall rating.  

All parameter were converted to a raster 

grid with 50 x 50 m cells.  Raster 

calculator was used to multiply the 

parameters with the weights to create a 

composite flood vulnerability map.

  
 

Conclusion 
This research presented an empirical 

approach for mapping vulnerability to 

flooding in the FCT through the 

integration of MCDA and GIS techniques. 

From the study, it was discovered that 

there is inadequate infrastructural 

provision in virtually all the locations 

visited and where samples were studied, 

the drains/culverts were not adequate, 

drains and culverts were blockage with 

refuse and polyethylene material, some 

drains were clogged with silts and these 

affects the vulnerable nature of the area 
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and contributes to the flood problem of the 

FCT.  It is obvious and one can conclude 

and rightly so, that the flood menace in the 

FCT is humanly induced and if all of the 

anomalies in the built up of the territory is 

checked, natural factors not withstanding 

in form of topography; flood in the FCT 

can be a thing of the past. 
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