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ABSTRACT

Urban flood is one of the most recurrent and devastating disasters affecting many cities of the
world including parts of Kano metropolis. In this study, investigation was carried out to identify
flood hazardscape and examine the spatio-temporal dynamics of its vulnerability with a view to
implementation of urban vulnerability and risk reduction policies and practice towards
sustainable urban development. Impervious surface data were extracted from Landsat images of
2000 and 2018 using example-based feature extraction tool in ENVI 5.3. This was overlaid with
reclassified digital elevation model (ASTER DEM 30m) to produce 3 flood vulnerability zones
(i.e critically vulnerable, vulnerable and low). World View image (2018) was used as a basemap
to depict the vulnerability dynamics. The result from analysis came up with flood hazardscape
and spatio-temporal vulnerability dynamics maps for the whole metropolis. There was
anincrease in urban flood vulnerability due to persistent increase in impervious surface area
(from 121.49 Km2 in 2000 to 238.42 Km2 in 2018) as a result of urban growth and rainfallwhich
corresponds to about 5km2 on critically vulnerable area, 50km2 on vulnerable and 64Km2 on low
vulnerable locations. Also, presently about 4% of the total impervious surface area (built-up)
within the core metropolitan area is critically vulnerable, 36% is liable to flooding depending on
rainfall duration and amount and about 60% is not floodable. It was concluded that urban flood
vulnerability has been dynamic and influenced by increase in impervious surface area and
rainfall. It is recommended that urban flood vulnerability and hazardscape should be considered
in planning and updating the city’s future plan for sustainable development.
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Introduction

Floods are among the most recurring and
devastating natural hazards which have
impacted negatively on human lives,
properties and environment (Khan et al.
2011, Omid et al. 2016, Jha, Watkins
&Traub, 2012). It is an overflowing or
irruption of water body over a land along
floodplains, sea shore or in a built-up area
not usually submerged (Jonkman &
Dawson, 2012). Floods occur due to rapid
accumulation and flow of runoff water from
highland towards a lower land with the
influence of slope and force of gravity
which is caused by heavy rainfall. Recently,
population growth and urbanization have
resulted into diffusion of settlements onto
hazardous areas within various cities of the
world. These have increased the impact of
urban flooding in many cities across the
globe and have equally affected sustainable
development (Winsemius et al. 2013).
Similarly, urban floods have recently caused
large economic and social losses, attributed
mainly to uncontrolled population density,
unplanned urbanization, and lack of
compliance to building codes and lack of
strictly inspecting and monitoring drainages
by authorities (Mundhe, 2017). Globally,
flood disaster accounted for more than 55%

of all fatalities with close to 2.5 billion
people affected and about 30% of global
economic loss from natural disasters (EM-
DAT, 2015). Based on the prevailing trends
and consequences of flood disaster, the need
to monitor and predict the future scenarios
becomes necessary especially using accurate
spatial and temporal information on the
potential hazards and risks of floods.
Projections have shown that especially due
to climate variability (heavy rains and river
discharge) and population growth, flood
risks and vulnerability will increase in the
future and flood intensity and frequency will
threaten many cities across the globe
(Jonkman & Dawson 2012, Dihn et al.
2014). Flood hazardscape and riskscape are
highly dynamic and directly related to the
settlement location, densities and diffusion
patterns over topographical area. Thus,
comprehensive flood management is very
vital (Markantonis et al. 2013).

Kano metropolis like many cities of the
world is faced with recurrent urban flooding
(especially during the rainy season) within
the recent decades, which have affected
several lives, properties and functioning of
many social and economic activities. Part of
the metropolis is susceptible to flooding
because the landscape is predominantly
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covered by pavement and impervious
surface which results into anthropogenically
induced seasonal flooding. Replacing
natural landscape (vegetation) with
pavement, impervious surfaces (built-up)
and tarred roads increased runoff to six
times more than it would normally occur
and temperature thereby creating circulation
of hot air locally referred to as “urban heat
island” (Etuonovbe, 2011; Adeoye et al.
2009; Apfm, 2008).

From sustainable development viewpoint,
monitoring flood hazardscape, vulnerability
and riskscape are essential for proper
disaster management, so as to prevent or
mitigate as much as possible the impact of
floods (Schober et al. 2015; Feng & Wang
2011and Esteves 2013). Areas vulnerable to
flooding can be dynamic in nature. With the
changing level of development, the nature
and degree of vulnerability also changes
(Jha et al. 2012). Flood vulnerability
increases mainly because of an increase
level of exposure of the elements under
threats. Flood vulnerability mapping is of
vital importance in identifying flood risk,
drawing up emergency plans as well as
projecting flood defense systems. Negative
consequences of flood have been examined
using independent and integrated (mixed)
methods of analysis (Masood & Takeuchi
2012; Jourde et al. 2014). For example, with

regards to assessing flood vulnerability,
indicator-based top down and geospatial
methods have been employed by many
researchers globally and locally. Some of
the studies include: Pradhan, 2009; Pradhan
et al. 2010; O’Brien et al. 2011;Nwilo et al.
2012; Ikusemoran et al. 2013; Ojigi,
Abdulkadir & Aderoju, 2013; Collins et al.
2014; Collins & MacDonald, 2014; Webster
et al. 2014; Nabegu, 2014; Agbonkhese et
al. 2014; Daffi, Okun & Ismail, 2014;
Ogwuche & Abah, 2014; Webster,
McGuigan, Collins & MacDonald, 2014;
Ejikeme et al. 2015; Oruonye, 2015;
Nkwunonwo 2015; Ilyasu, 2017; Azua et al.
2019 and Bamidele and Badiora 2019.
However, flood hazard mapping and
monitoring vulnerability dynamics on the
other hand is also a vital component for
appropriate land use planning in flood prone
areas (Forkuo, 2011). Most of the existing
studies have not adequately focused on
examining urban flood hazardscape pattern,
vulnerability dynamics (spatially and
temporally) and their influencing factors
especially using Remote Sensing and GIS
based techniques. As such, this study aimed
at identifying flood hazardscape pattern and
examining the spatio-temporal dynamics of
its vulnerability (within Kano metropolis)
with a view to influencing the
implementation and enforcement of urban
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vulnerability and risk reduction policies and
practices towards sustainable urban
development.

Study Area

Geography and Location

Kano metropolis is located between
longitudes 80 25’ E to 80 40’ E and latitude
110 50’ N and 120 10’ N. The metropolis
comprises of eight (8) local government
areas (Dala, Fagge, Gwale, Kano Municipal,

Nassarawa, Tarauni) and parts of Kumbotso
and Ungoggo (Maigari, 2016). It covers the
total built-up area of about 238.42km2 by
2018 (Fig1). The population of the
metropolis is projected to about 4, 008, 306
(populationstat.com, 2020). The area has in
few decades undergone rapid growth and
transformation which is accompanied by
increase in intensities of human activities,
landuse conversion, convergence and
dynamics of social and environmental risks
and disasters (Barau et al. 2015).

Fig1. Showing Kano Metropolis

Weather and Climate Kano metropolis is characterized by semi-
arid type of climate with daily mean
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temperature of about 300C. Lowest
temperatures (i.e 200C) are recorded
between December and February (Liman et
al., 2014). The climate is the tropical wet
and dry type coded as Aw by Koppen’s
classification of climate. Four seasons are
clearly identified which are determined by
the movements of the two air masses,
namely the South Westerlies and the North
Easyerlies. The former being a rain bearing
air mass is characterized by warmth and
moist conditions originating from the
Atlantic oceans and blowing inland towards
the north while the latter is Harmatan
bearing air masses that is characterized by
cool, dry, and dusty conditions originating
from the Sahara Desert blowing southwards.
During the rainy season, the places
experiencing warmth and moist conditions
are under the influence of the Westerlies,
while during the dry season, areas
experiencing dry and dusty conditions are
under the influence of the Easterlies (Tanko
and Momale, 2014).

Environmental Hazards and Disasters

Due to increase in the rate of rural-urban
migration, illegal and unplanned settlement,
built-up areas, there have been increase in
air and noise pollution, outbreaks of fire
disaster, biodiversity depletion,
contamination of wells and surface water

bodies, disappearing open spaces, recurring
of flooding, poor sanitation, and
modification of urban micro climate (Bichi,
2000; Maiwada, 2000; Barau 2007; Nabegu,
2010; Dankani, 2013; Ali and Young, 2014;
Maigari, 2014; Butu and Mshelia, 2014;
Isah, 2015). The menace of urban flooding
is a serious problem in the metropolis with
many homes and streets inundated with
water especially during the rainy season.
This makes efforts towards mitigating the
impact a major concern to urban planners,
policy makers, researchers and other
stakeholders.

2.4 Theoretical Basis of the study

The choice for the major determinants of
flood vulnerability (i.e impervious surfaces
and elevation) in Kano metropolis is based
on Hazard of Place model. Cutter et al.
(2003) states that the vulnerability of a place
is based on geographic context and social
fabric of an environment (i.e physical
location and social environment), and that
the two together determine a place‘s
vulnerability. This theory combines
biophysical vulnerability (focuses on the
environmental processes which create
hazardous conditions and understands
vulnerability as a preexisting condition) and
social vulnerability theory (argues that
patterns of vulnerability are influenced by
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factors such as development, urbanization,
social relations and political power,
indicators of which may include gender,
race, age and income variables, socio-
economic activities) Cutter, 1996; Wu et al.
2002; Rygel et al. 2005; Blaikie et al. 1994.
According to Cutter et al. 2003, the primary
method for measuring biophysical
vulnerability is through proximity to the
hazard itself. Merging of these two theories
creates an understanding of vulnerability
that is both dependent upon the physical
features that are specific to the area, as well
as the social, political and economic
processes occurring at local scale.

Cutter et al. (2000) noted that this explicit
focus on place allows the researcher to
"examine some of the underlying social and
biophysical elements that contribute to
vulnerability, as well as to assess their
interaction and intersection". It is on this
basis that this study purposively selected
physical aspects (elevation and rainfall)
which are directly related to flood hazard

and a social factors (impervious surface as a
result of urban growth) to determine flood
vulnerability and its dynamics over time in
Kano metropolis. Since Mohammed, Hassan
and Badamasi, 2019 have extensively
studied the trend and pattern of rainfall
within the study area and have identified
persistent increase in annual rainfall amount
and intensity throughout the study period,
this study in addition to rainfall as a factor
focuses on integrating elevation (physical
factor) and impervious surface (social
factor) in flood hazardscape mapping and
monitoring vulnerability dynamics.

Methodology

This section focuses specifically on the
sources, types of data and methods used for
data collection, processing, manipulation
and analysis for examining flood
hazardscape and vulnerability dynamics in
the study area. Figure 2 shows step-by-step
procedure of the methodology adopted for
the study.
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Fig 2: Methodological Flowchart

3.1 Data Types and Sources

The data types used for examining the
spatio-temporal pattern of impervious
surface and the dynamics of flood
vulnerability within the study area includes:

Satellite images: Landsat 7 and 8 (OLI) of
year 2000 and 2018 respectively were
obtained from the official website of United
State Geological Survey (USGS).
http://www.earthexplorer.usgs.gov/. The
choice for two decade interval is to depict
clearly the macro vulnerability dynamics

due to clear change (increase) in impervious
surface area

Impervious surface data: Pavement and
impervious surfaces were extracted (based
on example-based feature extraction) from
the images of 2000 and 2018 in order to
enable examining the distribution pattern
and the geometries.

ASTER Digital Elevation Model (DEM)
with 30m spatial resolution was downloaded
from the official website of United State
Geological Survey (USGS).
http://www.earthexplorer.usgs.gov/.
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World View image (2018) with spatial
resolution of 30 centimeter covering Kano
metropolis was obtained from Kano
Geographic Information System (KanGIS)
and used as background for validation and
vulnerability map display.

3.2 Data Processing and Manipulation

All Landsat images were enhanced through
contrast stretching technique to improve the
visual quality using ENVI 5.3 software prior
to analysis. This was done in order to enable
interpretation and analysis of features on the
images. Additionally, the images were
clipped out based on a defined boundary of
the study area and impervious surfaces
within the built-up area of the metropolis
(for 2000 and 2018) were extracted through
the use of example-based feature extraction
technique in ENVI 5.3. This was based on
the spatial, spectral, and texture
characteristics of the impervious surfaces.
The extracted surfaces (in raster format)
were then converted to vector data format in
order to enable calculation and comparing
the geometries (area) of the results for the
different years.

Due to the influence of elevation in
determining floodable places, Digital
Elevation Model (ASTER DEM, 30m
spatial resolution) covering the study area

was clipped and reclassified in to 3 elevation
zones (ranging from 293-512m) based on
natural breakings using Arcmap 10.2
software. These three elevation zones were
hierarchically ranked and tagged as the flood
hazard zones based on elevation (i.e the
lowest area is the most vulnerable zone and
the highest area is seen as less vulnerable
zone). Finally, the World View image was
then used as a background to identify,
validate and display vulnerability dynamics.

3.3 Data Analysis

Flood hazardscape map was derived through
conversion of Digital Elevation Model
(DEM) to Digital Terrain Model (DTM).
Three elevation classes (based on natural
breakings of elevation within the area) were
used to define flood hazardscape pattern.
These classes were defined based on
floodability and are referred to as critically
floodable (293-441m), floodable (441-
462m) and none-floodable areas (462m and
above). Overlay analysis was conducted
which integrated the impervious surface data
with the classified elevation model. Raster
calculator tool (Arc tool box) was used to
extract areas of intersection between the
impervious surface and elevation classes in
order to clip out vulnerability areas from the
images of 2000 and 2018. Simple query
analysis was used to retrieve areas of the
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intersections defining vulnerabilities at
various levels. In this study, in order to
ascertain the dynamics of flood hazardscape,
the geometries of the impervious surfaces
(built-up) in relation to each of the
vulnerability classes were identified as
critically vulnerable, vulnerable and low
vulnerability. The result from this analysis
(as presented in table 1)shows the maps of
dynamics of impervious surfaces and
vulnerability patterns of 2000 and 2018.

3.4 Results and Discussion

The results from the analysis are presented
under the following subheadings: urban
flood hazardscape pattern, impervious
surface dynamics and urban flood
vulnerability dynamics.

Urban Flood Hazardscape Pattern

Flood hazardscape pattern was derived from
the elevation and terrain models (figures 3
and 4) of the study area based on the three
major natural breakings. The breakings were
categorized into the lowest elevation area
(critically floodable), moderate elevation
(floodable) and highest elevation (none-
floodable areas). The terrain model
describes further the topography of the each

of the elevation zone.  The pattern indicated
a ridge-like feature oriented diagonally from
north-western part of the city towards south-
east. The lowest elevation (293m-441m)
which are the most hazardous areas are
found within the low lands on the either
sides of the ridge around Northeastern,
Southwest and South-southern parts of the
metropolis. On the other hand, the less
hazardous areas are the highest elevation
zones (462m-512m) found within the ridge-
like feature at the central part of the area
which cuts across from the Northwestern
part to the southeastern region of the
metropolis. This by implication signifies that
built-up areas within the central parts of the
city area less vulnerable to flooding due to
elevation. But however can still be
vulnerable due to combined
anthropogenically induced factors. Flood
hazardscape within Kano metropolis is
strictly defined by the elevation and terrain
patterns. Distribution of built-up areas (in
form of impervious areas) varies and
changes over time within the identified flood
hazardscape pattern. The fact that the
distribution of built-up areas changes with
time across vulnerability zones makes urban
flood vulnerability to be dynamic in nature

.
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Figure 3 and 4: Digital Elevation and Terrain Models showing flood hazardscape pattern in Kano
Metropolis

Impervious Surface and Urban Flood Vulnerability Dynamics

Rapid transformation of other land covers into impervious surfaces due to urbanization and other
factors between the two decades of study was identified as one of the major factor influencing
urban flooding. The growth according to Mohammed et al. 2019 is more than six times the
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extent in 1986. Metrological data specifically precipitation, reveals significant increase in both
total annual rainfall from 1990s to date (Mohammed et al. 2015). The dynamics of the
impervious surfaces between 2000 and 2018 is presented fig 5.

Fig5: Impervious surface Dynamics in Kano metropolis (2000 and 2018)

The extent of impervious surface areas in 2000 and 2018 were computed, and vulnerability
dynamics with corresponding total area coverage were calculated and presented in table 2. This
is to enable depicting the dynamic pattern of vulnerability to flooding within the study area.

Table 2: Impervious surface and vulnerability dynamics (2000-2018)

SN Impervious Dynamics
Area
(Km2)

Level and Extent of vulnerability (Km2)

Critical Vulnerable Low vulnerability

1 Impervious Surface (2000) 121.49 4.43 37.28 79.78

2 Impervious Surface (2018) 238.42 9.43 85.53 143.46



Confluence Journal of Environmental Studies Vol 13 (Issue 2), 2020

www.confluencejournal.com.ng

ISSN : 15975827

Sulaiman Y. and Muzammil A. K. (2020): Urban Flood Hazardscape Pattern and Vulnerability Dynamics in Kano Metropolis, Kano State,
Nigeria.

The result from table 2 shows an increase in
impervious surface area within the core
metropolis (about 117km2) between 2000
and 2018. Also, with regards to dynamics in
vulnerability, between 2000 and 2018, not
less than 5km2 of impervious surface area
(usually urban) was built on critically
vulnerable areas, about 50km2 built on
vulnerable (floodable) areas and about
64km2 built on very low vulnerable
locations. This means that presently (in
2018), about 4% of the total impervious
surface area (built-up) within the core
metropolitan area is critically vulnerable to
flooding as against only 2% in 2000. Again,
about thirty six percent (36%) of the area is
presently liable to flooding depending on
rainfall duration, amount and anthropogenic
activities (as against 16% in 2000) and about
60% is not floodable today (against 33% in
2000). In summary, the result of impervious
surface mapping shows an increase from
121.49Km2 in 2000 to 238.42Km2 in 2018.
This increase in impervious surface area
together with a steady increase in rainfall
amount and intensity as found by
Mohammed, Hassan and Badamasi, 2019
are seen as the major factors among others
that contributes in accelerating the
occurrence of flooding within the
metropolis. This therefore requires the
attention of planners and policy makers in

identifying suitable and safe area for future
urban development in order to achieve
sustainable urban development.

Figures 6-8 presented flood vulnerability
maps and it dynamics (2000 and 2018) on
different parts of the city. The vulnerability
patterns were derived from the intersections
of impervious surfaces (built-up) and flood
hazardscape zones.
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Fig6: Urban Flood Vulnerability map (2000)   Fig7: Urban Flood Vulnerability map
(2018)

Fig8: Urban Flood Vulnerability map (2000 and 2018)

The result from the vulnerability maps
shows that the expansion of impervious
surfaces (built-up) was more rapid

especially on moderately floodable places
than within the critically vulnerable places.
Unlike in Kano metropolis, where increased
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rainfall, elevation and impervious surface
area are seen to be major factors influencing
the occurrence of flood, Adeyole and
Rustum (2011) indicated that climate change
(rainfall increase) is not the major culprit,
but anthropogenic factors. The study reveals
that contrary to the popular wisdom, climate

change or usually high rainfall is not the
primary cause of flooding problems in
Lagos. Rather, increased urbanization, lax
planning laws in relation to the erection of
building on flood plains and the adequacy of
storm drainage facilities in the city are to
blame.
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Fig9: Critically vulnerable area (2000) Fig10: Critically vulnerable area
(2018)

Figures 9, 10, compared the dynamics of critically vulnerable areas between 2000 and 2018 at
the northern part of the study area, some meters away from the Mallam Aminu Kano
International Airport. While figure 9 shows few critically vulnerable impervious surfaces close
to river Jakara in 2000, figure 10 shows more due to urban growth in 2018. On the southern part
of the area especially around the popularly known Sabon Titi flyover and underpass, the
critically vulnerable surfaces in 2000 (fig. 11) were very few as a result of very few scattered
buildings.
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Fig11: Critically vulnerable area (2000) Fig12: Critically vulnerable area (2018)

By 2018, the rapid growth of the neighboring settlements (Dorayi and Caranci) and the
construction of the flyover and underpass on critically vulnerable area (fig12) make more people
and infrastructure vulnerable to urban flooding recently more than ever in the history of the core
metropolitan Kano.
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Fig13: Vulnerable areas (2018) Fig14: Vulnerable areas (2000)

Figures 13 and 14 compared the dynamics of impervious surface area and also the vulnerability
to flooding. This by implications indicated increase in vulnerability to urban flooding as a result
of urban growth on areas classified as hazardous to flooding.

4.0 Conclusion and Recommendations

In this study, it was concluded that urban
flood hazardscape pattern and vulnerability
in Kano metropolis has been dynamic and
greatly influenced by the combination of
anthropogenic and natural factors (increase
in impervious surface area, elevation and
rainfall). Levels of vulnerability to urban
flooding vary according to the pattern of
hazardscape. Flood vulnerability dynamics
is critical, but can be influenced by the roles
of urban planners and policy makers through
formulation, updating, influencing and
enforcing proper planning and management
practices for sustainable urban development.
It is therefore recommends that:

The departments responsible for urban
development plan (KANUPDA) and
allocation of land should put into
consideration urban flood hazardscape in
updating future plan and land allocation for
sustainable urban development.

Where people must reside on vulnerable
areas, building codes should be enforced so
as to mitigate the impact of the flood.

Proper drainage system should be developed
to divert the excess run off water so as to
achieve safe and resilient urban area in line
with the Sustainable Development Goal.
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