
Article

Not peer-reviewed version

Frequency-Based Flood Risk

Assessment and Mapping of a Densely

Populated Kano City in Sub-Saharan

Africa using MOVE Framework

Ali Aldrees , Abdulrasheed Mohammed , Salisu Dan’azumi 

*

 , Sani Isah Abba

Posted Date: 14 February 2024

doi: 10.20944/preprints202402.0791.v1

Keywords: Flood hazard; Social vulnerability; Flood risk; Flood mapping; Kano metropolis

Preprints.org is a free multidiscipline platform providing preprint service that

is dedicated to making early versions of research outputs permanently

available and citable. Preprints posted at Preprints.org appear in Web of

Science, Crossref, Google Scholar, Scilit, Europe PMC.

Copyright: This is an open access article distributed under the Creative Commons

Attribution License which permits unrestricted use, distribution, and reproduction in any

medium, provided the original work is properly cited.

https://sciprofiles.com/profile/1025895
https://sciprofiles.com/profile/2852142
https://sciprofiles.com/profile/239373


 

Article 

Frequency-Based Flood Risk Assessment and 

Mapping of a Densely Populated Kano City in 

Sub-Saharan Africa using MOVE Framework 

Ali Aldress 1, Abdulrasheed Mohammed 2, Salisu Dan’azumi 1,* and Sani I. Abba 3 

1 Department of Civil Engineering, College of Engineering at Al-kharj. Prince Sattam bin Abdulaziz 

University, Al-kharj, 11942, Saudi Arabia 
2 Department of Civil Engineering, Faculty of Engineering, Bayero University Kano, Nigeria 
3 Interdisciplinary Research Center for Membranes and Water Security, King Fahd University of Petroleum 

and Minerals, Dhahran 31261, Saudi Arabia 

* Correspondence: sdanazumi.civ@buk.edu.ng; Tel.: +9660597138132 

Abstract: Flooding is one major environmental problem facing urban cities causing varying degree 

of damages to properties and disruptions to socio-economic activities. Nigeria is the most 

populated African country and Kano metropolis is the second largest urban center in Nigeria and 

the most populated in Northern Nigeria. The aim of the paper is to conduct flood risk assessment 

of Kano metropolis. The city is divided into two hydrological basins; Challawa and Jakara Basins. 

Flood frequency analysis for 2 to 100-year return periods were carried out for both the basins using 

Log-Pearson Type III distribution and flood inundation and hazard mappings were carried out. 

Social vulnerability to flood of both basins were carried out using MOVE framework. Assessment 

of flood risk were carried out using map algebra spatial analyst tool in ArcGIS 10.7. The result 

shows that an area of 50.91 and 40.56 km2 were vulnerable to a 100-year flood. The flood risk map 

for the two basins show that 10.50 km2 and 14.23 km2 of land in Challawa and Jakara basins 

respectively are affected by the risk of a 100-year flood out of which 11.48 km2 are built-up area. As 

the city is densely populated, with a population density of well over 20,000 persons per square 

kilometer in the highly built-up locations, this means that much more than 230,000 persons will be 

affected by the flood risk in the two basins 

Keywords: flood hazard; social vulnerability; flood risk; flood mapping; Kano metropolis, 

 

1. Introduction 

In recent years, climate change and rapid urbanization of cities have caused significant urban 

flooding resulting in traffic disturbances, disruption of services, damage to properties and critical 

infrastructure, harm to vulnerable populations and sometimes loss of lives [1–3]. An important 

contribution to threats posed by floods is the generation of flood maps and the estimation of flood 

risk [4]. Generally, “risk” is defined as the potential consequences of a hazard and flood maps 

indicate the inundated areas based on the rising water levels, but flood maps alone are not adequate 

to assess risks to property, infrastructure and services due to flood events. Therefore, socio-economic 

factors are critical for flood risk assessment [5]. UNISDR [6] defined risk assessment as a process or 

application of a methodology for evaluating risk as defined by the geographic coverage of the 

hazard, the exposure of people, property and infrastructure to the hazard, and the vulnerability of 

people, property and infrastructure to the event. Flood risk assessment is a systematic procedure to 

identify, analyze and quantify the real and expected damage threats of flooding [7]. 

A flood hazard is a potentially damaging phenomenon which may cause loss of life or injury, 

property damage, social and economic disruption or environmental degradation [8]. Flood hazards 

have increased in recent years due to climate change, fast socio-economic development, population 
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growth and inefficient use of land. Urban flood hazard assessment is important for the mitigation of 

floods and a necessary step for government policies on urban planning worldwide [4]. They help the 

planners manage better the sites for urban development and recognise areas that probably need 

stormwater runoff infrastructure [8]. Flood hazards have increased in recent years because of 

different factors, such as climate change, subsidence, fast socio-economic development, population 

growth, inefficient use of land and urbanization resulting in increased impervious surfaces [9,10]. 

Generally, flood hazard assessment and mapping are used to identify areas at risk of flooding, and 

consequently to improve flood risk management. The assessments and maps typically look at the 

expected extent and depth of flooding corresponding to various return periods [11]. In the context of 

Kano city, Temitope [12] generated unit hydrograph for River Jakara in Kano Metropolis using 

rainfall data. Abaje et al. [13] investigated the changing rainfall pattern in Kano over a period of 6 

decades. Mohammed et al. [14] examined rainfall dynamics and climate change in Kano using 100 

years of rainfall data and Mohammed et al. [15] examined gaps between climate change and 

urbanization in Kano city. No study known to the researcher considered flood hazard assessment for 

Kano city using flood frequency analysis. The lack of such a study on flood hazard estimation for the 

whole city makes it difficult to determine the possible areas that are prone to flood with a view to 

propose mitigation measures. 

According to the Intergovernmental Panel on Climate Change [16], vulnerability is defined as 

“the degree to which a system is susceptible to, and unable to cope with, adverse effects of climate 

change, including climate variability and extremes”. Vulnerability determines how people will be 

affected and where they are spatially located [17]. Vulnerability is a multi-faceted concept with 

varying characteristics or dimension in nature. It is a set of multiple stressors that act together to 

determine the vulnerability of an area. These stressors include geographical location, exposure of 

population and infrastructure, socio- economic and cultural conditions, political and institutional 

structures as well as coping and adaptive capacity that differentiate the impacts on people and the 

human system [18]. This means also, that an area may be highly exposed to a hazard such as flood, 

but less vulnerable if it has adequate means to adapt to the flood. Vulnerability is therefore not a 

matter of only exposure, but rather a combination of exposure with local socio-economic factors [18]. 

Flanagan et al. [19] argued that social vulnerability refers to the socioeconomic and demographic 

factors that affect the resilience of communities. Social vulnerability can have multiple forms: it can 

be the state of the system before the event, the likelihood of outcomes in terms of economic losses 

and life lost, and it can also be the lack of capacities or weaknesses to face and recover quickly when 

the disaster strikes. A better understanding of the level of vulnerability and how the susceptible 

population is distributed can be beneficial for better management of flood risk [20]. There are 

numerous studies that have considered the vulnerabilities of social, economic and environmental 

systems to flooding [21–25]. Action aid [26] investigated vulnerability of six African cities on the 

basis of key management criteria including local people’s perceptions of the causes of flooding, 

adaptation and the community’s social coping capacity. Nabegu [24] assessed the vulnerability of 

households in the study area, to flood disaster, using questionnaires survey on infrastructure 

analysis and flood impact information. Social vulnerability refers to the characteristics of a person or 

group in terms of their capacity to anticipate, cope with, resist, and recover from the impact of a 

natural hazard [27]. Social vulnerability is related to gender, class, race, age, poverty and many more 

[28]. In this study, social vulnerability was considered because the study area is an urban center with 

significant population and valuable assets. 

There are a number of multi-criteria evaluation concepts that are being used in assessing social 

vulnerability such as Analytical Hierarchy Process [29,30] and Method for the Improvement of 

Vulnerability in Europe (MOVE) framework [18]. In MOVE framework, characterization of 

vulnerability is done through three key factors, namely, 1) exposure, 2) susceptibility, and 3) lack of 

resilience [18]. MOVE framework was developed as a vulnerability assessment framework, arising 

from the MOVE project carried out from 2008–2011 in Europe. It was developed based on past 

vulnerability projects in Europe, but the concept is used worldwide [27]. Lianxiao and Morimoto 

[27] used MOVE framework and Information Entropy Method to carry out spatial analysis of social 
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vulnerability to floods in Katsushika Ward, Tokyo, Japan. Williams and Muhammad [31] applied 

the MOVE framework with GIS to assess social vulnerability to malaria in Katsina-Ala, Benue State, 

Nigeria. Kablan et al. [18] used MOVE framework to assess social vulnerability to floods in Urban 

Côte d’Ivoire and Sane et al. [32] applied MOVE framework to assess social vulnerability to flood in 

Medina Gounass Dakar, Togo. The present study employed MOVE framework in assessing social 

vulnerability to floods Additionally, the study is the first to use flood frequency analysis to estimate 

floods hazards and then integrates flood hazard with flood vulnerability assessments to determine 

the flood risk in Kano metropolis. 

2. Materials and Methods 

2.1. The Study Area 

Kano Metropolis is located in North-western Nigeria. The city’s nucleus is located on latitude 

11.75oN and longitude 12.52oE. The metropolis covers total area of 499 km2 with a total population of 

about 3,931,300 inhabitants (as projected from the last 2006 Census figure). It is the second largest 

industrial center in Nigeria and the most populated city in Northern Nigeria. The population density 

of Kano is well over 20,000 per square kilometer in many locations [15]. The city experiences a mean 

annual rainfall of about 800 mm with wet season occurring mainly from June to September. Great 

temporal variation occurs in the amount of rainfall received and no two consecutive years record the 

same amount [33]. Figure 1 shows the administrative map of Kano metropolis. The city is drained by 

two river basins; Challawa and Jakara. 

 

Figure 1. Map of Kano metropolis. 

2.2. Determination of Flood Hazard 

The hydrology of Kano city is divided into two main basins; Challawa and Jakara basins which 

serge as main receptacles of runoff from the city. Challawa was delineated into (15) subbasins with 

total drainage area of 105 km2 whereas, Jakara basin was delineated into (17) subbasins with a total 

drainage area of 110 km2 using Archydro tool and HEC-GeoHMS extentions in ArcGIS 10.7. 

Streamflow for the basins were generated using HEC-HMS rainfall-runoff transformation using 

maximum daily rainfall data collected for the area [34]. Goodness-of-fit test was carried on the flow 

data using Easyfit 5.0 and Log-Pearson Type III distribution was found to fit well. The flood 

frequency analysis and the corresponding flood inundation and hazard assessments were carried 

out for 2, 5, 10, 50 and 100-years floods using HEC-GeoRAS extension in ArcGIS 10.7 and hydraulic 

modelling in HEC-RAS 5.0. Flood hazard was classified using water depth and flood velocity as 

presented in Table 1 [35–37]. For example, a moderate sized person begins to lose stability in 0.9 m 

deep water flowing at 0.6 m/s. Deep inundation and high velocity of flood are classified as 

destructive while deep inundation with low velocity is classified as less destructive [38]. 
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Table 1. Hazard as a function of flood water depth and velocity [35]. 

Hazard Classification Flood Depth (m) Flood Velocity (m/s) 

High > 1.4  > 2 

Medium 1 - 1.4 1 – 2  

Low 0 – 1 0 – 1 

2.3. Determination of Social Vulnerability 

Population figures from the immediate past census year (2006) was obtained from the National 

Population Commission and was projected using Equation (1). 

 (1) 

where P and Po = future and current population, r = growth rate, t = time in years. 

The population density was obtained using Equation (2). 

 (2) 

where P = Number of people and A = land area 

Social vulnerability to flood was carried out using MOVE framework [39]. Characterization of 

vulnerability was done through three key factors, namely, 1) exposure, 2) susceptibility, and 3) lack 

of resilience. These indicators are presented in Table 2. 

Table 2. Indicators selected for social vulnerability assessment [18]. 

Components Symbol Indicator Explanation 
Functional 

relationship  

Exposure 

 

 

 

 

 

E1  

 

E2 

 

E4 

Population density 

 

Elevation  

 

Inundated areas 

The higher the population, the   

higher the exposure. 

The lower the elevation, the higher 

the exposure. 

The larger the flood inundated areas, 

the more exposed. 

+ 

 

+ 

 

+ 

Susceptibility 

S1 

 

S2 

 

S3 

 

S4 

 

Children under 5 

 

Elderly above 60 

 

Disable people  

 

Women 

 

Fragile health and difficulty for 

evacuation process. 

Fragile health and difficulty for 

evacuation process. 

Difficulty for evacuation process.  

 

The higher the number, the higher 

the susceptibility of affected people. 

+ 

 

+ 

 

+ 

 

+ 

 

  Resilience  

LoR1 

 

 

LoR2 

 

LoR3      

Literacy 

 

 

Unemployment 

 

Poverty 

The higher the rate, the higher the 

capacity to understand early 

warning systems. 

 

Jobless people have difficulties to 

recover from flood damages. 

The higher the poverty rate, the 

difficult it is to recover from flood 

damage 

- 

 

 

+ 

 

+ 

 

Note: “+” = Increasing Vulnerability and “-“ = Decreasing Vulnerability. 
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The normalized value of the indicators were computed using either Equations (3) or (4) [32]. 

When the indicators are related positively with the vulnerability, the normalized value of the 

indicator is computed using Equation (3): 

  (3) 

When the indicators are related negatively with the vulnerability, the normalized value of the 

indicator is computed using Equation (4): 

 (4) 

where, Xij is the normalized value of the indicator i of the component j; xij, is the value of the 

indicator i; max(xij) and min (xij) are respectively the maximum and minimum values of the 

indicators i of the component j. 

The weights to the individual indicator (wj) were assigned using a weighting method 

developed by [40] as reported in [18] and presented as Equation (5): 

wj =  
(5) 

where c is the normalized constant given by Equation (6) 

c =  (6) 

The normalized indicators were aggregated using Equation (7) 

(E, S, LoR) =  (7) 

where w (0 < w < 1 and ) are the weights. Finally, the three components that is E, S, LoR were 

aggregated into final composite indicator of social vulnerability using Equation (8) [32]. 

V =  (8) 

where V = vulnerability index, m = number of components, wj = weights for domain j and xj = index of 

component J (E, S, LoR). Therefore, the vulnerability weights were assigned for each category with 1 

as the maximum in each case. 

The results of social vulnerability index was saved in ArcGIS and was joined with flood 

inundation polygon for each scenario using the Join tool in ArcGIS 10.7. The Conversion tool was then 

used to produce raster maps of social vulnerability category. The vulnerability maps were 

reclassified with vulnerability weights estimated using Reclassify spatial analysts tool in ArcGIS 10.7 

and finally, the reclassified vulnerability maps were then integrated to produce the final flood 

vulnerability map for each scenario. This was done using the Weighted sum tool in ArGIS 10.7. The 

maps were classified into five urban flood vulnerability classes as presented in Table 3: 

Table 3. Urban flood vulnerability classification (Source: [41]). 

Index value. Classification 

< 0.01 Very small vulnerability to floods 

0.01 - 0.25 Small vulnerability to floods 

0.25 - 0.5 Vulnerability to floods 

0.50 - 0.75 High vulnerability to floods 

0.75 – 1 Very high vulnerability to floods 

3.2. Determination of Flood Risk 

The flood risk map was produced as a product of hazard map and vulnerability map using 

Raster calculation in Map algebra spatial analyst tool in ArcGIS 10.7. The flood risk map for each 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 February 2024                   doi:10.20944/preprints202402.0791.v1

https://doi.org/10.20944/preprints202402.0791.v1


 6 

 

scenario was produced and classified into four risk zones as High, Moderate, Low and No risk 

(Table 4). 

Table 4. Flood risk classification (Source: [42]). 

Risk Index Risk classification 

> 4 High 

2 – 4 Moderate 

0.2 – 1.99 Low 

0 No risk 

3. Results 

3.1. Flood Hazard 

Tables 5 and 6 show the Challawa and Jakara catchment areas flood hazard classification for 

different return periods. It is seen that, for Challawa basin, a 2-year flood cover a total area of 9.71 

km2, while a 100-year flood covers a total area of 12.13 km2. Likewise, a 2-year flood covers a total 

area of 14.35 km2 while a 100-year flood covers a total area of 17.35 km2 for Jakara basin. Low hazard 

covered majority of the floodplain. 

Table 5. Challawa basin flood hazard classification. 

Hazard Class 2-year 5-year 10-year 25-year 50-year 100-year 

Low hazard (km2) 4.20 4.31 4.33 4.36 4.39 4.43 

Medium hazard (km2) 2.66 2.70 2.71 3.37 3.96 4.48 

High hazard (km2) 2.85 3.01 3.07 3.14 3.18 3.22 

Total 9.71 10.02 10.11 10.87 11.53 12.13 

Table 6. Jakara basin flood hazard classification. 

Hazard  2-year 5-year 10-year 25-year 50-year 100-year 

Low hazard (km2) 7.14 7.66 7.83 8.14 8.28 8.50 

Medium hazard (km2) 4.12 4.11 4.16 4.06 4.07 3.97 

High hazard (km2) 3.08 3.55 3.86 4.27 4.59 4.89 

Total 14.35 15.31 15.85 16.47 16.94 17.36 

The maps of the flood hazard for 100-year return periods were produced for Challawa and 

Jakara basins as shown in Figures 2 and 3 according to the classifications earlier described in Table 1. 

However, for all the return periods, the high hazard areas are located along the channel, but Jakara 

catchment is more prone to flood than Challawa due to higher land-use-land-cover. 

 

Figure 2. 100-year flood hazard map for Challawa basin. 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 14 February 2024                   doi:10.20944/preprints202402.0791.v1

https://doi.org/10.20944/preprints202402.0791.v1


 7 

 

 

Figure 3. 100-year flood hazard map for Jakara basin. 

3.2. Flood Vulnerability 

The flood vulnerability maps of 100, 50, 25, 10, 5 and 2-year floods were obtained for Challawa 

basin, but only the 100-year return period is shown in Figure 4. 

 

Figure 4. 100-year flood vulnerability map for Challawa basin. 

From the 100-year flood vulnerability map, the wards with high vulnerability to flood (HVF) 

are mainly in Kumbotso Local Government Area of Kano State. The wards that fall within the class 

of small vulnerability to flood (SVF) are in Municipal and Tarauni Local Government Area, while 

the remaining wards are classified as moderate vulnerability to flood (MVF) and there are no wards 

that are classified under very high vulnerability to flood (VHVF). Carefully examining the 

remaining flood scenarios that is, 50, 25, 10, 5, and 2-years flood vulnerability maps, it could be 

observed that, the majority of the areas fall within the class of MVF 

Detail flood vulnerability classifications for Challawa basin corresponding to 100, 50, 25, 10, 5 

and 2-year floods are presented in Table 7. It could be observed that, the vulnerability extent and 

severity increase with an increase in return periods. MVF covered an area which ranges between 

19.37 to 41.23 km2 for 100 to 2-year return periods, whereas, HVF covered an area of 27.53 to 0 km2 

for 100 to 2-year return periods. There was no area under VHVF for all the scenarios considered. 
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Table 7. Flood vulnerability extent for Challawa basin. 

Return period Vulnerability Class Extent (km2)  

Total  VSVF SVF MVF HVF VHVF 

100 0.34 3.67 19.37 27.53 0 50.91 

50 0.32 3.60 34.42 11.56 0 49.90 

25 0.32 3.60 37.79 8.19 0 49.90 

10 0.32 4.23 38.87 6.48 0 49.90 

5 0.32 8.18 34.92 6.48 0 49.90 

2 0.32 8.34 41.23 0 0 49.90 

VSVF = Very small vulnerability to floods, SVF = Small vulnerability to floods, MVF = Moderate vulnerability to 

floods, HVF = High vulnerability to floods, VHVF = Very high vulnerability to floods. 

Figure 5 shows the 100-year flood vulnerability map for Jakara basin. It is observed that areas 

that fall in the region of HVF included some parts of Municipal and Fagge Local Government Areas 

while the areas classified under SVF included some parts of Gwale as well as Municipal and Fagge 

Local Government Areas. Observing the remaining flood scenarios that is 50, 25, 10, 5, and 2-years 

flood vulnerability maps, it could be observed that, the majority of the remaining areas fall within 

the class of MVF. Detail Jakara flood vulnerability classifications and the extent of each class for the 

100, 50, 25, 10, 5 and 2-year return periods are presented in Table 8. 

 

Figure 5. 100-year flood vulnerability map for Jakara basin. 

Table 8. Flood vulnerability extent for Jakara basin. 

Return period Vulnerability Class extent (km2)  

Total  VSVF SVF MVF HVF VHVF 

100 0.23 3.04 14.43 22.86 0 40.56 

50 0.23 3.13 17.31 19.89 0 40.56 

25 0.23 5.36 17.82 17.15 0 40.56 

10 0.23 8.50 30.16 1.67 0 40.56 

5 0.23 9.96 29.48 0.89 0 40.56 

2 0.23 11.54 28.79 0 0 40.56 

Table 8 shows the flood vulnerability information for Jakara basin. It could be seen that VSVF 

covered 0.23 km2 for all the return periods. MVF regions covered an area of 14.43, 17.31, 17.82, 30.16, 

29.48, and 28.79 km2 for 100, 50, 25, 10, 5, and 2-year return periods respectively. While HVF regions 

covered an area of 22.86, 19.89, 17.15, 1.67, 0.89 and 0 km2 for 100, 50, 25, 10, 5, and 2-year return 
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periods respectively. There was no VHVF region for all the return periods. The MOVE framework, 

used in this research, has provided information on the areas that need most intervention and facors 

that need to be given attention to effectively reduce existing susceptibility and increase resilience to 

flood exposure 

3.3. Flood Risk 

The area covered by each flood risk category for all the return periods is presented in Table 9 for 

Challawa basin. The table shows that the area affected by floods also increases as the return period 

increases. For a 2-year flow, low, medium and high-risk floods covered an area of 4.44, 2.57, and 0.55 

km2 respectively while for 100-year flood, low, medium and high-risk areas covered 5.43, 3.85 and 

1.22 km2 respectively. It is observed that, large percentage of the area affected by floods are mainly of 

low and moderate risks. The high flood risk zones are mostly areas lying along the channels. 

The maps of flood risk were also obtained, but only that of 100-year flood is presented as Figure 

6. It could be observed that Challawa basin has mainly two categories of risk zones (moderate and 

low risk zones) for all the return periods, but the high-risk zones in the catchment are very small. 

Table 9. Area covered by risk classification for Challawa basin. 

 Return Period (Year) 

Risk class 2 5 10 25 50 100 

Low Risk (km2) 4.44 4.66 4.67 5.47 5.48 5.43 

Medium Risk (km2) 2.57 2.43 2.66 3.36 3.47 3.85 

High Risk (km2) 0.55 0.70 0.81 0.96 1.17 1.22 

Total (km2) 7.56 7.79 8.14 9.79 10.12 10.50 

 

Figure 6. 100-year flood risk map for Challawa basin. 

Table 10 shows the elements, based on LULC classification, at risk of flooding. It could be 

observed that the LULC at risk of 2-year flood are 3.99, 2.66, 0.88 and 0.03 km2 of built-up area, 

bare-land, vegetation and water body respectively. Likewise, LULC at risk of 100-year flood are 4.98, 

3.88, 1.54 and 0.10 km2 of built-up area, bare-land, vegetation and water body respectively. 

Table 10. Areal coverage of LULC at risk of flooding for Challawa basin. 

 Return period (Year) 

LULC 2 5 10 25 50 100 

Built up area (km2) 3.99 4.07 4.11 4.73 4.87 4.98 

Bare land (km2) 2.66 2.76 2.84 3.65 3.79 3.88 

Vegetation (km2) 0.88 0.90 1.12 1.32 1.36 1.54 

Water body (km2) 0.03 0.06 0.06 0.07 0.09 0.10 

Total 7.55 7.79 8.13 9.78 10.11 10.50 
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Table 11 shows the area covered by each flood risk category for Jakara basin. A 2-year flood, 

with low-risk, medium-risk and high-risk were covered by 5.60, 3.73 and 1.04 km2 respectively, 

while a 100-year flood with low-risk, medium-risk and high-risk were covered by areas of 7.76, 5.17, 

and 1.30 km2 respectively. It is also observed that, large percentage of the area affected by the floods 

are mainly of low and moderate risks. The high flood risk zones are mostly infrastructures built 

along the channels 

Table 11. Area covered by flood risk classification for Jakara basin. 

 Return Period (Year) 

Risk class 2 5 10 25 50 100 

Low Risk (km2) 5.60 5.71 6.75 7.07 7.61 7.76 

Medium Risk (km2) 3.73 4.59 4.74 4.96 5.02 5.17 

High Risk (km2) 1.04 1.01 1.08 1.11 1.17 1.30 

Total 10.37 11.31 12.57 13.14 13.80 14.23 

The maps of Jakara flood risks were obtained, but only that of 100-year flood is presented as 

Figure 7. It could be seen that Jakara basin has similar flood risk zone with Challawa basin. Table 12 

also shows the elements, based on LULC classification, at risk of flooding for Jakara basin. It could 

be observed that the LULC at risk of 2-year flood are 4.17, 3.75, 1.87 and 0.09 km2 of built-up area, 

bare-land, vegetation and water body respectively. Likewise, LULC at risk of 100-year flood are 6.50, 

4.85, 2.70 and 0.17 km2 of built-up area, bare-land, vegetation and water body respectively. The 

built-up area make-up the highest land cover class at risk of flooding followed by bare land. This is 

due to the urban nature of the basin with considerable infrastructures in place such as residential 

buildings, roads, schools, hospitals, etc. This agrees with findings of [42] Mukhtar (2018) who also 

attributed the flood in Kano to increased LULC. As the city’s population density is well over 20,000 

persons per square kilometer in the highly built-up locations, this means that much more than 

100,000 and 130,000 persons will be affected by flood risk in the Challawa and Jakara basins 

respectively. 

 

Figure 7. Jakara flood risk map for 100-year return period. 

Table 12. Areal coverage of LULC at risk of flooding for Jakara basin. 

 Return Period (Year) 

LULC 2 5 10 25 50 100 

Built up area (km2) 4.67 5.18 5.59 5.87 6.28 6.50 

Bare land (km2) 3.75 3.93 4.45 4.58 4.69 4.85 

Vegetation (km2) 1.87 2.09 2.42 2.56 2.65 2.70 

Water body (km2) 0.09 0.10 0.11 0.14 0.17 0.17 

Total  10.38 11.30 12.57 13.15 13.79 14.23 
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4. Discussion 

Flood has been a major source of concern arising from the huge economic losses encountered. 

The type of flood in Kano is pluvial and usually occurs annually during rainy seasons and affect 

mainly the urban areas in Nigeria. Such floods which are arguably unprecedented in recent times are 

caused by more frequent and severe rainfall which overwhelms the capacity of drainage systems. 

Nkwunonwo [23] reported that flooding occurs annually during rainy seasons, between July and 

October, ravaging many cities in Nigeria. Presently, the occurrence of such floods due to poor urban 

planning is an important issue in flood risk mitigation. The pluvial flooding occurs when 

rainfall-runoff, which ought to be evacuated by the drainage system, remains on impermeable 

surfaces and flows overland or into local depressions and topographically low areas to create 

temporary ponds. It mostly occurs after a short, intense downpours which cannot be evacuated 

quickly enough by the drainage system or seeped into the ground [44]. Built environments generate 

higher surface runoff, in excess of local drainage capacity, thereby causing local floods [10,45]. 

Intense urbanization, rapid conversion of green spaces to residential and commercial areas and 

neglect to town-planning and landscape conservation has resulted into the emergence of urban 

slums in the city which has further aggravated flood risk [46]. 

Climate change impacts on urban drainage systems is also known to have severe impact on 

urban drainage. The climate change increases the intensity of rainfall events posing a major threat to 

stormwater infrastructure systems [47]. Higher rainfall intensities lead to more severe storms, with 

expected increases in damages to urban centers. Pluvial flooding has been predicted to become more 

frequent due to climate change and urbanization [48]. The Kano city is extremely overcrowded 

which constantly threatens the city’s infrastructural management systems. Due to the population 

size, the sewage and waste water management system is overburdened, the drainage network 

system is inadequate, and there are cases of dumping of household and commercial refuse in open 

landfills and direct discharges to the streams and drains. Integration of urban growth and climate 

change scenarios into flood risk management models as proposed by researchers [49,50] could go a 

long way in addressing flood issues in developing countries. In the absence of climate change 

prediction models, flood hazard mapping using flood frequency estimates coupled flood 

vulnerability can serve as viable tools to address flood problems in developing countries. 

5. Conclusions 

Flood frequency analysis for 2, 5, 10, 25, 50 and 100-year return periods were carried out using 

Log Pearson Type III distribution and flood hazard and inundation mappings for Challawa and 

Jakara basins of Kano metropolis were developed. For the 100-year return period floods, a total area 

of 12.13 km2 would be inundated for Challawa basin while a total area of 17.36 km2 would be 

inundated for Jakara basin. Generally, for both catchment areas it can be concluded that, most of the 

flood hazard areas fall within the category of low and medium hazards, but high hazard areas are 

also located along the channels and districts that are prone to flooding were identified. Social 

vulnerability was carried out and the districts that fall within the categories of VSVF, SVF, HVF, 

MVF and SVF were identified and classified for return periods of 2 to 100-year floods. A total area of 

50.91 and 40.56 km2 were found to be affected by the different categories of vulnerabilities for the 

100-year flood, but was no VHVF zone for all the return periods considered. The flood risk map for 

the two basins were developed, and 10.50 km2 of land was affected by the risk of a 100-year flood out 

of which 4.98 km2 is built-up area in Challawa basin. For Jakara basin, 14.23 km2 of land area was 

affected out of which 6.50 km2 is a built-up area. As the city is densely populated, with a population 

density of well over 20,000 persons per square kilometer in the highly built-up locations, this means 

that much more than 230,000 persons will be affected by flood risk in the two basins. 
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