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Abstract 
Flooding is one of the major natural hazards which disrupt the prosperity, 

safety and amenities of human settlements. The rates of population 

encroachment into flood plains will likely increase in Zaria as pressure for 

development increases. This study analyzed flood vulnerability in 

unplanned settlements along River Kubanni, in urban Zaria. The study 

identified and map out areas vulnerable to flooding and assess the causes 

of seasonal flood in the study area. The study made use of both primary and 

secondary data. Satellite images were sourced and used also questionnaire 

was administered to 400 systematically and randomly sampled respondents. 

Geographic Information System tool was used to classify the various land 

uses in the area as well as map out flood prone areas while primary data 

on causes of flood and analyzed descriptively. The study found that areas 

such as Gaskiya, Tudun Wada, GRA, Hanwa village and Zango were the 

major settlements at risk in the river Kubanni catchment area. Gaskiya and 

Tudun Wada were found to be on the high vulnerable areas and Hanwa 

village, Zango and GRA lie on the moderate vulnerable areas. It was 

revealed that most of the residents in settlements along the Kubanni River 

perceived intense rainfall (99.0%), lack of proper embankment protection 

(81.5%) and blockage of drainage channels (97.5%) as major causes of 

flood in the study area. The study therefore recommended that erection of 

sand bags and wall embankments should be encouraged to prevent flood. 
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International organization and development partners should provide funds 

and technical assistance to build the capacity of humanitarian-based 

organizations, as well as the affected people when disasters occur. 

 

Keywords: Flooding, Hazards, Vulnerability, Settlement and River 

 

Introduction 
Flooding is a general temporal 

condition of partial or complete 

inundation of normally dry areas from 

over flow of inland or tidal waters or 

from unusual and rapid accumulation 

or runoff (Jeb and Aggarwal, 2008). 

Hazard is the probability of 

occurrence of a potentially damaging 

event like flood within a given time 

period and area (Alaghmand, Bin 

Abdullah, Abustan and Vosoogh, 

2010).According to the Food and 

Agricultural Organization (FAO) 

(1987) flood is said to occur when 

significant amount of water stand at or 

inundates in a usually dry area and is 

unwanted for a long period of time. It 

involves the covering of dry land, 

settlement, crops, and infrastructure 

and so on, by large volume of water 

which leads to the destruction of lives 

and properties. Flood hazard 

comprises of many aspects which 

include structural and erosion damage, 

contamination of food and water, 

disruption of socio-economic 

activities including transport and 

communication as well as loss of lives 

and properties. Some of these casual 

factors of flood disasters in Nigeria 

include land inundation from heavy 

rainfall, blockage of drainages with 

refuse, urban land use change and 

climate change (Ismail and Sanyol, 

2012). But according to Ayoade 

(1988) floods in the tropics are partly 

or wholly climatologically in nature, 

and it is established that human 

interference in the hydrological 

relationship within the watershed can 

cause flooding which is increasingly 

becoming hazardous. 

Flood disasters are said to account for 

about a third of all natural catastrophes 

throughout the world (by number and 

economic losses) and are responsible 

for more than half of the facilities 

damage (Jeb and Aggarwal, 2008). It 

is also regarded as the costliest natural 

hazard in the world that account for 

about 31% of economic losses 

resulting from natural catastrophes 

(Jeb, 2012). In Nigeria, most floods 

occur because of excessive rainfall 

and dam failures. It has been estimated 

that more than 700, 000 hectares of 
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agricultural land and human settlements are rendered useless due to annual 

floods. In August 2001, destruction of useful lands and loss of lives in Kano 

and Jigawa states were caused by flooding of rivers Challawa and Kano. Also, 

eight hours heavy rainfall in Jalingo in August of 2005 was regarded as the 

heaviest and worst flood that occurred in 40 years (Jeb and Aggarwal, 2008).  

Flooding is one of the major natural hazards which disrupt the prosperity, safety 

and amenity of human settlements. Flooding occurs in a continuous process and 

in different magnitudes (Abdulhamid and Ibrahim, 2010; Jeb, 2012). Flooding 

along the flood plains of rivers Niger and Benue, Gongola and Kaduna has 

become annual event and causes severe damages in many parts of the country. 

The rates of population encroachment into flood plains will likely increase in 

Zaria as pressure for development increases. The possibility of flooding is also 

increasing since River kubanni is gradually losing its flood plain to urban 

development (Benedine and Ahmad, 2007). 

Annual floods occur along rivers Niger and Benue causing severe damages in 

parts of Niger, Adamawa, Benue, Kogi and other states. Due to this, 

Government spends huge sums of money on compensation and rehabilitation, 

yet the problems are unabated. Also, rapid urban expansion and encroachment 

of settlements into the areas liable to flood is continuing rapidly and unabated 

(Jeb, 2012). Due to the repeated occurrence of flood disasters globally that 

affects people and their properties irrespective of their age, sex, occupation and 

status, several researches has been carried out on flooding. Samarasinghe, 

Nandalalb, Weliwitiyac, Fowzed and Hazarikad (2010) combined satellite, 

meteorological, field survey and census data for the hazard and vulnerability 

analyses of Kalu – Ganga river of Sri Lanka. Based on these, the flood risk 

analysis was carried out to assess the population vulnerability and physical 

vulnerability of the administrative division subjected to floods in the area. The 

study revealed areas at high risk with respect to population and buildings and 

predicted 100yr return period flood event.  

Urbanization results into conversion of agricultural land, natural vegetation, 

wetlands and flood plains into built-up environments; and construction on 

natural drainages, flood plains and river beds, thereby making the population of 

those areas vulnerable to flood (Adeoye, Ayanlade, Babatimehin, 2009) as 

experienced in Zaria. Also part of the settlements along river Kubanni is flooded 
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seasonally resulting in disruption of economic activities and loss of properties. 

Thus, it is upon this backdrop that the study seeks to analyze flood vulnerability 

in unplanned settlements along River Kubanni, in urban Zaria. The specific 

objectives are to identify and map out areas vulnerable to flooding and find out 

the causes of seasonal flood in the area.  

 

Study Area 

Zaria urban area is located approximately between Latitude 11o 40' 00" N to 

11o 10' 00" N and Longitude 7o 38' 00" E to 7o 46' 00" E (see figure 1). It is 

the second largest town in Kaduna state. It covers a total land mass of about 61 

kilometers square. It is a nodal point in terms of road and rail transport (Yusuf, 

2013). The settlement extends north ward to Tudun Wada and much later Sabon 

Gari in the northeast. Samaru village in northwest, Panladan and Basawa in the 

northwest, Wusasa, Tukur-tukur and Gwargwaje are in the north of Zaria. The 

area is at an average height of about 600m above sea level, a characteristic 

attributed to the bedrock of metamorphic rocks of the basement complex rocks 

(Mortimore, 1970). 

Zaria has a characteristic tropical continental climate, marked by distinct wet 

and dry seasons. Generally, Kaduna northern area has a relatively low 

precipitation with average annual rainfall of about 1500mm which last from 

May-October conniving with cool dry (harmattan) season and high temperature 

from November-March respectively. The drainage system of Zaria region 

focuses on the river Galma which is a major tributary of river Kaduna. The 

Galma River and its tributaries comprising of Kubanni, Shika, Saye, and Yashi 

Rivers are mostly intermittent or seasonal in character. The soil of Zaria is 

classified as leached ferruginous tropical soil layer, which is mostly formed 

from crystalline Basement Complex rock.  

The River Kubanni has its source from the Kampagi hill, in Shika near Zaria. It 

flows in southeast direction through A.B.U. Zaria. It has four tributaries (Yusuf, 

2006). The economic activities in the study area reflect the commercial, 

services, administrative, industrial, transport and professional needs of the state 

and northern Nigeria. The study area has a rapid and dynamic physical, 

economic and social transformation of the town (Moses, 2014). 
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Material and Methods 

The data used for this study was obtained from primary and secondary sources 

(Table 1). Literature materials were obtained from related books, journals, 

published papers, magazines, articles, related ministries and agencies. Software 

used for the flood Vulnerability assessment in the study area includes ERDAS 

IMAGINE for Land Use Land Cover map, ArcGIS for digitizing and Flood 

analysis and Microsoft Excel for tables, charts etc. 
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Table 1: Types and Sources of Data  

Types of data Source Purpose 

Shuttle Radar Topographic 

Mission SRTM-30 

Global Land Cover Facilities, 

University of Maryland 

Website 

For Digital Elevation Model (DEM) 

and Slope Map  

 

 

Quick Bird Imagery (2012) 

with spatial resolution of 1m 

 

National Space Research 

and Development Agency 

(NARSDA) 

 

For feature extraction and 

Visualization  

 

Landsat 8 Imagery of 2015  

(30m Spatial Resolution)  

 

Causes mitigation of flood 

 

United State Geological 

Surveys (USGS) website 

 

Questionnaire 

 

For Land use/Land cover Mapping 

 

For control and management of 

flood 

Source: Author’s work, 2015 

 

Based on the prior knowledge of the area and reconnaissance survey, a 

classification scheme after Anderson, Hardey, Roach and Witmer (1976) was 

adopted for this study as shown in Table 2. 

A combination of Random and Systematic sampling technique were used in 

selecting 400 individual respondent in the study area. The questionnaire was 

administered to the residents aged 18+years of the area and also the staffs of 

related agencies were interviewed. Data was analyzed using vulnerability map 

and by means of descriptive statistics. The analyzed data was summarized and 

presented in tables, charts and maps. 

 

Table 2:  Land use classification scheme 

Land use/land cover classes Description 

Build-up land Land use for settlement and building of urban infrastructures such 

as schools, roads, etc. 

Vegetated land Land covered with natural vegetation such as grasses, shrubs, grass 

like-plants and natural forest. 

Agricultural land Land used as cropland, agricultural farmland etc. 
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Water body Rivers, streams, ponds and dams. 

Barren ground Land devoid of vegetation cover and exposed soils. 

Source: Modified from Anderson, Hardey, Roach and Witmer, (1976). 

Results and Discussions 

 

Socio-economic characteristics of respondents 

The socio-economic characteristics considered include; sex, age, marital status, 

educational qualification occupation of respondents and housing quality index. 

 
Fig. 2: Sex of Respondents 

Source: Field Survey, 2016 

 

Figure 2 shows the distribution of respondents based on sex. It reveals that most 

(72.5%) of the respondents were males. This result could be a function of 

questionnaire administration because most of the respondents encountered were 

household heads, who were engaged in outdoor work during the survey period. 

Male, 72.5

Female, 27.5



 

60  africanscholarpublications@gmail.com                                                                               

 2020 

 

Table 3: Respondents Sex, Age, Marital Status, Education and Occupation 

Age Frequency Percentage (%) 

18-27 59 14.8 

28-37 80 20 

38-47 151 37.8 

48-57 77 19.2 

58 and above 33 8.2 

Total 400 100 

Marital status 
  

Single 76 19.0 

Married  287 71.8 

Divorced  18 4.5 

Widowed  19 4.8 

Total 400 100 

Highest level of 

Education 

  

No formal 

education 

59 14.8 

Primary 53 13.2 

Secondary 110 27.5 

Vocational 59 14.8 

Tertiary 94 23.5 

Qur’anic 25 6.2 

Total 400 100 

Occupation   

Farming 90 22.5 

Trading 99 24.8 

Civil Service 115 28.8 

Artisan 65 16.2 

Others 31 7.8 

Total 400 100 

Source: Field Survey, 2016 

 

The age of 15-44 years constituted the highest proportion of respondents with 

72.6% as indicated in Table 3 This result could be a function of questionnaire 
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administration because most of the respondents encountered were younger aged 

household heads, who were engaged in outdoor work during the survey period. 

This implies that majority of the reached population in the study area were 

within the productive ages of 18-60years as postulated by NPC (2006). Table 3 

also indicates that about 72% of the respondents were married which forms the 

majority, while the rest have never being married, widowed, separated and 

divorced. This result is not surprising as culture still influences marital activities 

of the area and going by that, there is the prevalence  of early marriage in the 

northern part of Nigeria as a whole as found by NDHS (2005) in which the area 

of study is found the region. 

Educational attainment sometimes reflects the nature of occupation and in turn 

may influence an individual’s ideology and commitment on disaster prevention 

and preparedness. It is shown in Table 3 that a high percentage of the 

respondents have attended one form of formal education or the other. This 

implies that information such as methods of flood prevention, both through 

public education and enforcement of community leaders and government 

authorities could easily be comprehended. 

Table 3 further revealed that most (28.8%) of the respondents were civil 

servants. However, majority of the people were in the informal sector, and with 

probably low incomes as reflected in the employment types where about 24.8% 

were traders while farmers constituted about 22.5% and a smaller proportion of 

16.2% consisted of skilled and unskilled artisans composed of carpenters, 

mechanics shop owners, fishermen and vegetable vendors. The respondents 

might have been lacking reliable source of funds from either government or the 

community to support practices in disaster prevention and preparedness at the 

community level. These circumstances may affect their afford ability to respond 

appropriately to flood hazards as well as their capacity to participate in flood 

management at both household and community levels. 

 

Areas Vulnerable to Flood in the Study Area 

In order to determine the areas vulnerable to flood in the study area, the element 

at risk was extracted from the Lands at imagery by supervised classification and 

the flood vulnerable area was derived from the DEM and classified in High 

vulnerability, moderate vulnerability and low vulnerability which is equivalent 

to the flood plain areas. 
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Fig. 3: Land Use of River Kubanni Catchment Area 

Source: Author’s Analysis, 2016 

 

Table 4: Land Use Map of River Kubanni Catchment Area 

Land Use Area In Sq. Km % 

Water body 0.5 1.6 

Built-Up Land 7.2 23.4 

Irrigation Land 9.3 30.2 

Agricultural Land 13.8 44.8 

Total 30.8 100 

Source: Author’s Analysis, 2016 

 

Four major land cover types (i.e. element at risk) were identified in the river 

Kubanni catchment area, they include the water body, irrigation land, 

agricultural land and the urban built-up land. The result shown in Figure 3 and 
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table 4 reveals that 1.6% (0.5sq. km) constitute of water body, 23.4% (7.2 sq. 

km) is the built-up land, 30.2% (9.3sq. km) was found to irrigation land. The 

highest is the agricultural land covering about 44.8% (13.8sq. km). These 

element at risk are found within the settlement of Gaskiya, Tudun Wada, GRA, 

Hanwa village and Zango Shanu. The vulnerability of the river Kubanni 

catchment is presented in Figure 4. 

Fig. 4: Flood Vulnerability of River Kubanni Catchment Area 

Source: Author’s Analysis, 2016 

 

The flood vulnerability map of river Kubanni was classified into three 

vulnerability and they include the high vulnerability (blue), the moderate 

(green) and the low vulnerability (red). Figure 4 shows that Gaskiya and Tudun 

Wada are within the areas of high flood vulnerability while G.R.A., Hanwa 

village and Zango are within the areas of moderate vulnerability. 

The flood plain was also delineated from the DEM and the land use overlaid on 

it in order to identify the land use that encroached the flood plain. The overlay 
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of the land use on flood plain is shown in figure 5 and area coverage the element 

at risk is shown in table 5. 

 
Fig. 5: Flood Plain Encroachment of River Kubanni Catchment Area 

Source: Author’s Analysis, 2016 

 

Table 5: Flood Plain Encroachment of Kubanni River 

Element at Risk Area in Sq. Km % 

Built-up Land 3.7 29.1 

Irrigation Land 6.8 53.5 

Agricultural Land 2.2 17.3 

Total 12.7 100 

Source: Author’s Analysis, 2016 

 

The elements at risk that have encroached into the floodplain was found to cover 

area extent of 12.7 square kilometers of which the irrigation land dominates 

covering an area of 53.5% (6.8 sq. km), built-up land is next with about 29.1% 

(3.7 sq. km) and agricultural land encroachment is least with 17.3% (2.2 sq. 

km).The result of this shows that there is reasonable level of encroachment 
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within the floodplain of river Kubanni. IPCC, (2014) stated that with the issue 

of climate change in view, extreme hazards events and the continuous growing 

exposures through urbanization are expected to increase the level of 

vulnerability in many cities on the world, Nigeria inclusive and this is the case 

observed from the result of the study. 

 

People’s Perceptions on Causes of Flood 

The causes of flood in the study area as perceived by the respondents are 

computed in Table 6, where four parameters under natural causes and six 

parameters under manmade totaling ten causes, were considered and ranked 

from major to minor causes as it applies to the respondents according to their 

level of agreement during the survey. Other related variables deliberated include 

the recurrence of flood hazard and its associated impacts, where both associated 

human casualtiesand impacts on properties were identified within the study 

area. 

 

Table 6: People’s Perceptions on Causes of Flood 

Causes of Flood Major 

Cause 

Moderate 

Cause 

Minor 

Cause 

Total 

Man-Made  Causes Freq % Freq % Freq % Freq % 

Closeness to the river 10 2.50 50 12.5 340 85.0 400 100 

Lack of drainage 

channels 

286 71.5 80 20.0 34 8.50 400 100 

Lack of proper 

embankment 

326 81.5 62 15.5 12 3.0 400 100 

Building on water 

channels 

94 23.5 293 73.3 13 3.25 400 100 

Sand Mining 12 3.0 388 97.0 0 0.0 400 100 

Blockage of drainage 

channels 

390 97.5 5 1.25 5 1.25 400 100 

Natural Causes         

Heavy rainfall  396 99.0 3 0.75 1 0.25 400 100 

Overflow of stream 340 85.0 50 12.5 10 2.50 400 100 

Superstitions 4 1.0 120 30.0 276 69.0 400 100 

Topography 80 20.0 286 71.5 34 8.50 400 100 

Source: Field Survey, 2016  
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From Table 6, majority of the respondents (99.0%) ranked intense rainfall as 

one of the major causes of flooding in the study area. Rainfall intensity, duration 

and amount are generally believed to be the principal factors in most flood 

events in the tropics which are partly or wholly climatological in nature 

(Muhammad,2015).This agrees with Ocheri and Okele (2012), whose study 

revealed that flooding events in Makurdi town, Benue state, occur mostly at the 

event of rainfall intensity and amount. Additional major noticeable causes of 

flood were perceived as lack of proper embankment protection (81.5%) and 

blockage of drainage channels (97.5%) to protect and regulate the water level 

in the river channel which according to Butu (2011) flows towards the study 

area.  

The topographic configuration of the area partially influences the incident of 

flooding with 20.0% of the respondents attested to that. Likewise, the overflow 

of stream (85.0%) was another major constraint influencing flood in the area. 

Thus, the bridge along the river channel around Gaskiya has a steep-sided slope 

whose bank gets overtopped which in turn floods the adjoining settlements. 

Besides, Nott (2006) was of the opinion that, the most vulnerable landscapes 

for floods are low-lying parts of floodplains. Similarly, Odunola and Balogun 

(2015) discovered that, among the major causes of flood along Apete 

Community in Ibadan, were attributed to heavy rainfall, dam failure and narrow 

bridges. In this study, other factors such as lack of drainage networks, Building 

on water channels (73.3%) and sand mining (97.0%) only aided the incidence 

of flooding. This implies that flood factors are not independent of one another 

and flooding normally occurs as a result of a combination of one or more of 

these factors (Adeoye et al., 2009). 

This is consistent with the findings of Akuro, Gordon and Williams (2013), who 

revealed that nearly two-third of respondents in Bonny Island of Rivers State, 

agreed that flood coincides with the spring tides during the raining season which 

is responsible for its severity occasioned by other factors. However, 

deforestation (85.0%), and superstitions (69.0%) were ranked the minor causes 

responsible for flooding by the respondents. 
 

Conclusion 

The study revealed that Gaskiya, Tudun Wada, GRA, Hanwa village and Zango 

communities were the major settlements at risk of flooding in river Kubanni 

catchment area. Gaskiya and Tudun Wada were found to be on the high 

vulnerable areas and Hanwa village, Zango and GRA lies on the moderate 
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vulnerable areas. It can therefore be concluded that river Kubanni catchment 

area is vulnerable to flooding. This study also established that intense rainfall, 

lack of proper embankment protection and blockage of drainage channels were 

the major causes of flood in the study area. Furthermore, flooding was found to 

be experienced annually in the study area. This research presents a valuable tool 

that would help government agencies in planning towards flood managements 

in the study area. However this tool cannot be used in isolation and more 

information is needed for flood management. Therefore the study recommended 

that there should be development of capacity in the area of information 

technology and forecasting climatic conditions. Also, increase in awareness at 

all levels of community (local, state and national) on climate change, flood risks 

and appropriate mitigation strategies. Finally, there should be implementation 

of flood control policies, flood early warning systems and good governance. 
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