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ABSTRACT 
The increasing frequency and losses associated with flooding has made it imperative to find ways of 
preventing flood hazards and its associated risk to the barest minimum. One important way of achieving 
this, is by obtaining the flood hazard map of the study area. Geographical Information System (GIS) and 
Remote Sensing techniques have been successfully applied all over the world for flood monitoring, 
vulnerability, management and control. This study therefore attempts to fill in the gap in traditional 
approach to flood risk management by mapping the flood hazardscape of the study area. Data from field 
work, topographical maps, Landsat Enhanced Thematic Mapper plus (Etm+ 2015) and Shuttle Radar 
Topographic Mission were used as base map for the GIS technique. A flood buffer was produced based 
on 30m, 50m, and 100m distance from the river and elevation height of 118m. The floodscape was zoned 
into high risk, medium risk and low risk zones. The findings of this study show that most of the buildings 
along the floodplains of Rivers Lamurde and Mayogwoi in Jalingo town falls within the high risk zone. 
The buildings are typical of low-cost informal settlements in urban areas. The findings show that, apart 
from heavy rainfall, encroachment of residential buildings on the floodplain constitute a major cause of 
flood hazard in the area. The medium risk zones are areas within 118meter above sea level. Beyond this 
height elevation are considered low risk zone. In other places within the centre of the town, lack of 
drainage network, small size of drainages and blockage of the drainage channels are the causes of 
flooding. The study recommends the need to limit floodplain development and enforcement of various 
legislative provisions on this and emergency planning such as forecasting, early warnings, evacuation 
plans and post flood recovery measures.  
Keyword: Buffer, Flood, Hazardscape, Jalingo and Vulnerability  

 

INTRODUCTION  
With an increasingly urbanizing world, flood disasters are reportedly increasing in urban areas and 
particularly negatively impacting on poor people (Alam et al, 2008) and urban development in general. 
Flood has historically been conceived of as large areas of land being inundated with water because of 
rivers overflowing (Benjamin, 2008). Flooding incidents have claimed many lives, rendered many others 
homeless and disrupted a wide range of environmental factors and socio-economic activities related to 
agriculture, vegetation and sustenance of human and wild life (Jeyaseelan, 1999; EC, 2007). One of the 
most common natural hazards in Jalingo metropolis is periodic flooding from the local stream, River 
Lamurde and its tributary, the Mayogwoi River. The increasing frequency and intensity of flood in 
Jalingo and other parts of Nigeria in the last decade, is an indication of staggering risk all over the world. 
Although different parts of Jalingo  Local Government Area (LGA) is exposed to flood almost every year, 
the 2005 and 2011 floods break all records of the past. The 2011 flood devastated three north eastern 
states of Borno, Bauchi and Taraba, washing away over 4000 farms and destroying over 5000 houses 
(Timothy, 2011). In Taraba state alone, the flood destroyed over 2,068 farms, 363 houses and partially 
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affected 1,562 houses. Over 6,213 persons were internally displaced and 1,420 families affected by the 
flood in 4 LGAs, Jalingo, Lau, Ardo Kola and Yorro (Timothy, 2011). The most exposed populations to 
the flood hazard are usually the most vulnerable which constitute the urban poor living in the informal 
settlements along the floodplain. They are more vulnerable because of their lack of social protection and 
poor economic situation. Over the years, the response of government and relief agencies to flood hazards 
in Jalingo and other parts of the country has been in the area of rescue and supply of relief materials to 
victims of flood (Hodo, 2011). Little or not much is done to ensure that the hazard is prevented and its 
associated risk reduced to the barest minimum (Jeb and Aggarwal, 2008). This makes it imperative to 
explore modern day techniques in developing measures that will help government and relief agencies in 
the identification and mapping of flood hazardscapes and in planning against flooding events in the 
future. Although most of the developed countries are well equipped with detailed flood hazard maps, up-
to-date flood insurance maps and post-disaster hazard mitigation technical support (FEMA, 2003), there 
is hardly any detailed spatial database for flood prevention and mitigation in the developing countries 
(Sanyal and Lu, 2005). 
Reduction of the impacts of flood hazards will depend largely on the amount of information available and 
knowledge of the areas that are prone to flood hazard (Hodo, 2011). Obtaining an overall picture of the 
flood hazardscape is therefore very essential in identifying areas at risk in the study area. This will help in 
building information infrastructure for emergency management in the area. Thus, one way to mitigate the 
effects of flood is to ensure that all areas that are vulnerable are identified and adequate precautionary 
measures taken to ensure adequate preparedness, effective response, quick recovery and effective 
prevention (Suleiman et al, 2014).  
Remote sensing and Geographical Information System (GIS) has emerged as an indispensable tool in the 
study of flood hazardscapes, particularly with its capacity to provide near real-time data, enabling 
mapping of the flood hazardscape. Several studies connected with floods (areal extent, zonation, 
damages) have been undertaken on the basis of Remote Sensing Techniques (Jain and Sinha, 2003; 
Sankhua, et al. 2005; Jain et al, 2005; Prasad, et al, 2006). GIS techniques have been successfully applied 
all over the world for flood monitoring, vulnerability, management and control (Ikusemoran, et al, 2013; 
Sanyal and Lu, 2003; Bapalu and Sinha, 2005; Kartic et al, 2012). GIS and remote sensing provides 
required information on important indices of flood hazardscape mapping such as elevation, slope 
orientation, proximity of buildings to rivers and floodplains, network of drains, presence of buffers, extent 
of flooding and altitudes among others. Hence, GIS and remote sensing were integrated in this study to 
examine and map the flood hazardscape in the study area. This will help in periodic monitoring of flood 
events in the study area and proffering of solutions. This study therefore attempts to fill in the gap in 
traditional approach to flood risk management by mapping the flood hazardscape, zones and the range of 
the flood hazard impact in the study area. This will involve determining the extent of flood inundations in 
the study area, mapping areas liable to flooding and creating flood risk zone based on distance from the 
river valley (30m, 50, 100) and height elevation of 118meter above sea level. 

 

Conceptual Framework 
Hazardscape have been used in recent times interchangeably with concepts such as, riskscape and 
disasterscape in the literature (Corson, 1999; Cutter et al., 2000; Gray, 2001; Mustafa, 2005; ODESC, 
2007; Kapur, 2010). Khan (2012) acknowledges that the three terms are related but finds them 
conceptually distinct and therefore have different methodologies for assessment and planning. Khan 
(2012) noted that while a hazardscape represents the existing and potential sources of threats (hazards), 
riskscape portrays potential damage (risks) and disasterscape demonstrates the actual damage (disasters). 
In this study, the term hazardscape is preferred and used to map the areas that are vulnerable to flooding 
in the study area.  
According to Khan (2012), the term “hazardscape” was first defined by Corson in 1999 with a focus on 
technological hazards. Hazardscape was defined by (Corson, 1999) as “the spatial distribution and 
attributes of human engineered facilities. . . that contain or emit substances harmful to humans and 
environment”. Khan (2012) observed that even though this definition is relevant to most technological 
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hazards, it does not fully apply to hazards in general or to natural hazards. Cutter et al, (2000) used the 
word “hazardscape” interchangeably with “riskscape” but they did not define the term. Gray (2001) used 
the word hazardscape to describe the collective areas of risks associated with hazards. This definition 
again interpreted the hazardscape in terms of risk rather than specifying its source (Khan, 2012). Mustafa 
(2005) described hazardscape as an integrative concept, and defined it as “both an analytical way of 
seeing that asserts power, and as a social environmental space where the gaze of power is contested and 
struggled against to produce a lived reality of a hazardous place”. Hazardscape according to Khan and 
Crozier (2009) can be defined as a dynamic scape, which reflects the physical susceptibility of a place and 
vulnerability of human life and assets to various hazards in a given human ecological system. 
Hazardscape refers to the knowledge we have of the intensity and frequency of hazardous event (Gray, 
2003). Hazardscape substitutes for the term natural hazards which alludes to some „„external nature as the 
key causative elements in the hazardous and vulnerability of life‟‟ (Benjamin, 2008).  From the above, it 
can be seen that hazardscape is the vulnerability of a particular place to any human and physical hazards 
and disaster. In this case, we look at flood hazardscape as all the areas that are vulnerable or at risk of 
flood hazards in Jalingo metropolis. The concept of flood hazardscape would be more appropriate to 
include localized flooding due to inadequate drainage, flooding from small streams in urban areas, 
flooding in urban areas located on major river banks and urban areas experiencing coastal flooding 
(Benjamin, 2008).    

Description of Study Area 
Jalingo LGA is roughly located between latitudes 8

o
 47‟ to 9

o
 01‟N and longitudes 11

o
 09‟ to 11

o
 30‟E. It 

is bounded to the north by Lau Local Government Area, to the east by Yorro Local Government Area, to 
the south and west by Ardo Kola Local Government Area. It has a total land area of about 195km

2
. 

Jalingo LGA has a population of 139,845 people according to the 2006 population census, with a 
projected growth rate of 3% per annum (Shawulu et al, 2008). Presently, it has a projected population of 
165,774 in 2014 (Oruonye, 2014). The relief of Jalingo LGA consists of undulating plain interspersed 
with mountain ranges. This compact massif of rock outcrops (mountains) extends  from  Kona  area 
through the border between Jalingo and Lau LGAs down to  Yorro  and  Ardo  Kola  LGAs  in  a  circular  
form  to Gongon  area,  thus  given  a  periscopic  semi-circle  shape that is almost like a shield to Jalingo 
town. Jalingo metropolis is drained by two major rivers Mayogwoi and Lamurde (Fig. 1), which  took 
their  source  from  the  mountain  ranges  in  Yorro LGA  and  emptied  there  content  into  the  Benue 
river system at  Tau village. The valley of River Lamurde is dotted with ox-bow lakes which is as a result 
of depositional activities. Jalingo LGA has tropical continental type of climate characterized by well-
marked wet and dry season. The wet season usually begins around April and ends in October. The dry 
season begins in November and ends in March. The LGA  has  a  mean  annual  rainfall  of  about  
1,200mm

3
 and  annual  mean  temperature  of  about  29

o
C.  Relative humidity ranges between 60-70 per 

cent during the wet season  to  about  35  –  45  per  cent  in  the  dry season. Vegetationally, Jalingo is 
located within the northern guinea savanna zone characterized by grasses interspersed with tall trees and 
shrubs. Some of the trees include locust bean, sheabutter, eucalyptus, baobab and silk cotton tree. The 
major ethnic groups of Jalingo LGA are the Fulani, Jibu Kona and Mumuye, while other ethnic groups 
such as Hausa, Jenjo, Wurkum and Nyandang are also found. Hausa language is widely spoken as a 
medium of communication for social and economic interactions. 
The  Rivers  Lamurde  and  Mayo  Gwoi  form  a  confluence  in  Jalingo  town around  Magami  ward.  
River  Lamurde  has  extensive  flood  plain  on  both  sides  of  the  river.  The northern  bank  of  the  
river  is  heavily  occupied  by  residential  settlements  despite  the  increasing devastating effects of 
recent floods in the area, while the southern bank is intensively cultivated.  The  farmers  in  the  area  
cultivate  the  land  three  times  per  year  through  irrigation (Oruonye, 2011).  With the construction of 
the new roads and bridges along these rivers and increasing urban population, the land uses along the 
floodplains of the river is fast changing (Oruonye, 2015). River Lamurde is the major source of recharge 
for underground water in the area with a typical minimum yield of 648,240m

3 
per year from the boreholes 

located within the flood plain of the river (Musa, 2002). The river has also over the years limited the 
growth of the town on the southern part for a long time. Hitherto, lands across the Lamurde River 
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remained open fallow land and generally reserved for rainfed agricultural use only. The construction of 
new roads and bridges along these rivers that bordered the town on the southern part (Fig. 1) has in recent 
times opened up the areas (including the river banks) for urban growth (Oruonye, 2013). These roads 
include the Jalingo byepass and the Nassarawa–Mile six roads, while the bridges include the second and 
third bridges along Mayogwoi River at Pantinapu and Nyabu Kaka (Nassarawa-Mile six road) and the 
new bridge across Lamurde river at Karofi (Jalingo  byepass road). These are some of the recent 
developments that are encouraging and stimulating urban growth and land use changes in the study area. 
These changes in land uses along the banks of the Lamurde River have resulted in large scale 
transformation of the landscape. The magnitude of this transformation of the landscapes resulting  from 
changes in  land uses along the  floodplains  of  the  river  has  been  a  matter  of  great  concern  because  
of  the  increase  in  the devastating effects of flooding in recent times in the area (Oruonye, 2012a,b). 
This makes it imperative to map the flood hazardscape of the area. 
 

 

Fig 1. Map of the study  

 

METHODOLOGY 
The data used in this study includes field generated data and data derived from topographical map as well 
as Landsat Enhanced Thematic Mapper plus (Etm+ 2015) and Shuttle Radar Topographic Mission 
(SRTM) data that was obtained from the United State Geological Survey (USGS) online open resources. 
The map of the study area was obtained from the Taraba State Bureau of Land and Survey. Satellite 
images of Landsat 8 were used as base map for the GIS technique. The images were retrieved on 15

th
 

March 2015 and the projection type is UTM and spheroid is WGS 1984. The datum is the Minna datum, 
UTM zone 32N and the pixel size is 15 meter. Flood hazardscape mapping of the study area was based on 
the integrated use of remote sensing and GIS technique. The flood hazardscape mapping of the study area 
was prepared using geo-coded data and verified with survey of Jalingo toposheets. The toposheets and 
satellite data were geometrically rectified and georeferenced to World space coordinate system using 
ERDAS IMAGINE 9.2 software package.  
The major type of flood in the study area is flash flood resulting from heavy rainfall and overflow of river 
bank in the area. Hence, vulnerability to flood hazards largely depends on proximity to Rivers Lamurde 
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and Mayogwoi in the study area and blockage of the urban drains. This makes it necessary to generate the 
terrain map of the area. Digital Elevation Model (DEM) creation package of ArcGIS software, using 
Digital Elevation Dataset from Shuttle Radar Topographical Mission (SRTM) was used. This tool 
automatically shows the topography and the heights of each of the components of the terrain as well as 
the proximity to the Rivers and floodplain. The extraction of the buildings on the floodplains and 
communities along the Lamurde Rivers was carried out by the use of the extraction module of ArcGIS so 
as to have the specific area of interest instead of working on the whole basin. Buffers along River 
Lamurde were created based on distance of 30m, 50m, and 100m from the river. Another buffer was 
created based on elevation height of 118m.a.s.l. on the floodplain. After determination of height elevation 
and 30m, 50m and 100m buffer areas, the next major step was the addition of these two resultant layers in 
the raster calculator to produce a new layer showing three risk zones: 

i.  High risk zone - areas within the floodplain buffer 30m, 50m, and 100m distance from the 
stream line. 

ii.  Medium risk zone - areas within the floodplain buffer on elevation height of 118m above sea 
level.  

iii.  Low risk zone - areas outside the above buffer zones (30m, 50m, 100m and 118m.a.s.l). 
The communities/building layer, town layer and stream network layers were overlaid with the risk zones 
layer to create flood hazardscape maps (Fig. 1, 2 and 3) showing areas within the study area that are in the 
different risk zones. 
Apart from the secondary data and literature on flood hazardscape, few findings of this study are also 
supported by the interviews conducted to assess local response to various flood hazards with officials of 
the State Emergency Management Agency and Ministry of Environment. 

 

RESULT OF FINDINGS 

Flood Hazardscape 
The flood hazardscape is zone into three; high risk, medium risk and low risk zones. The high risk zone is 
the area that is buffered at 30m, 50m and 100m distance from the river valley. The findings of the study 
show that the vulnerability of any part of the town depends on the proximity of its location to the river 
valley, height elevation, size and availability of drainage networks. The high flood risk zone are the 
places that are located close to the river valleys and are low lying. They are the most vulnerable to flood 
hazards. As soon as there is heavy rainfall and the river valley is filled, it overflows its banks and these 
areas are submerged by flood. There are places also that are located almost at the edge of the river valley 
but on higher elevated grounds. These areas, despite their close proximity to the river valley are less 
vulnerable to flooding. However, they fall under the medium risk zone and can be flooded with increase 
in the height of the flood water.       
The medium risk zone are the areas lying below 118m height elevation. These are areas that may be 
located some distance away from the river valley but are vulnerable to flooding because of their low lying 
elevation. River Lamurde has a wide floodplain that ranges between 500m to 1km or more in some 
places. Areas lying below 118m.a.s.l. are under this zone. They may not be affected by the annual 
periodic floods that result from the overflow of the river banks, but are very vulnerable to major flood 
incident in the study area. This is particularly for areas around Magami (confluence point of the rivers) 
and water board. Their low lying altitude makes them more vulnerable to major flood incidence in the 
area.  
Low risk zone are the areas that are above 118m.a.s.l.  Some of the areas located in the city centre are 
only vulnerable to flood after very heavy rainfall and blockage of the urban drainage channels. After few 
hours of such heavy rainfall, the flood water slowly drains away. The damages caused by this type of 
flood is very minimal when compared with that which result from the overflow of the river banks.     
The flood hazardscape takes on localized forms of riverine-type flooding that are experienced by 
households. These localized forms of the flood hazardscape, although naturally triggered by heavy 
rainfall, are influenced by the natural environment, as well as political (e.g. poor planning), collective and 
individual action (e.g. dumping of household waste, site location, building practices) (Mustafa, 2005). 
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Furthermore, technological factors (housing, road and storm water design) also contribute to shaping the 
flood hazardscape (Mustafa, 2005). These technological factors are influenced by the physical 
environment, political, collective and individual action. Out of 10 wards of the LGA, 6 wards in the town 
are affected by flooding from the Lamurde and Mayogwoi Rivers. Using GIS generated maps, 
neighboring wards that may be affected due to further rise in the height of flood water were indicated 
(Fig. 2). Very high precipitation over a short period of time has been observed to be the most important 
factor responsible for triggering devastating floods in Jalingo metropolis (2012a,b and 2013). 

 

 

Fig. 2  Areas liable to flooding in Jalingo Metropolis  
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Fig. 3. Flood hazardscape Map of Jalingo town based on Terrain elevation (118m.a.s.l.) 

 

 

   Figure 4.  30m, 50m and 100m Buffer Distance along Drainage Lines  
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Encroachment of Flood Plain  
This is any action or development within the limits of the floodplain that could obstruct flood flows, such 
as fill, a bridge, or a building (Nwagwu et al, 2014). Study by Oruonye (2015) shows that the land use on 
the floodplain has changed drastically over the years despite repeated incidence of flooding in the area. 
Greater part of the floodplain has been encroached by human settlements. This was observed to be one of 
the contributing factors to flood hazards in the study area. This observation was in agreement with similar 
studies by Ishaya et al, (2009) in Kubwa area of the FCT, Nigeria. During the field work, the researcher 
observed that buildings were erected at the edge of the river bank, vegetation surrounding the river is 
cleared for fuelwood and illegal building purposes. Some buildings were found to be on the floodplain 
and natural water ways as observed by Nwagwu et al, (2014) and Ishaya et al, 2009) in similar studies. 
The floodplain and the floodway can be characterized as that part of the flood-prone area having high 
velocities, high potential for erosion, and high exposure to significant flow of debris. No structures, other 
than critical infrastructure such as bridges, are allowed in these areas (Nwagwu et al, 2014). In essence, 
the floodplain is reserved for the river, not for humans. The floodplain represents a unique area of 
interaction between terrestrial and aquatic ecosystems and may improve water quality, reduce wind 
energy, modify microclimate, enhance habitat, reduce flood water levels and erosion and reduce hazards 
(Masoud et al, 2011). The floodplain can reduce public costs by serving as utility corridors and protecting 
high risk flood prone areas from development. The buffer can be likened to be a prohibited area if one is 
staying or carrying out any activity close to a river (Nwagwu et al, 2014). In most urban areas, it is 
regarded as green belt or „no development area‟. Any  breech  of  this  rule, should  be  seen  as  moving  
out  of  one‟s  protective  zone  to danger.  Areas  within  the  30m, 50m and 100m  buffering  falls  
within  the  floodway  and  floodplain of  this study  area,  and  they  are  the  most  vulnerable  areas, 
while areas  other  than  these  are  free  from  flood  threat.  

 

CONCLUSION 
This study has examined the flood hazardscape and mapped the flood vulnerability zones of Jalingo 
metropolis. Data from field work, topographical maps, Landsat Enhanced Thematic Mapper plus (Etm+ 
2015) and Shuttle Radar Topographic Mission were used as base map for the GIS technique. A flood risk 
zone was produced based on 30m, 50m, and 100m distance from the river and elevation height of 118m. 
The floodscape was zoned into high risk, medium risk and low risk zones. The findings of the study show 
that the vulnerability of any part of the town depends on the proximity of its location to the river valley, 
height elevation, size and availability of drainage networks. The findings of this study also show that 
most of the buildings along the floodplains of Rivers Lamurde and Mayogwoi in Jalingo town falls within 
the high risk zone. The buildings on the floodplains are typical of low-cost informal settlements in urban 
areas. The findings show that apart from heavy rainfall, encroachment of residential buildings on the 
floodplain constitute a major cause of flood hazard in the area. The medium risk zone are areas within 
118meter above sea level. Beyond this height elevation is considered low risk zone. In other places within 
the centre of the town, lack of drainage network, small size of drainages and blockage of the drainage 
channels are the causes of flooding.   

 

RECOMMENDATIONS  
Based on the findings of this study, the following recommendations are suggested; 

i.  Limiting flood plain development and enforcing the various legislative provisions prohibiting 
this. Balancing between ecological integrity of the area and the needs of private and 
commercial landowners would be necessary to sustainable development in urbanizing rural 
floodplain.  

ii.  There is need to construct more drainage networks in the study area because of increase in 
urbanization in recent times. Some of the older drainages in the town are now too small to 
handle the volume of surface runoff generated in the town and will require expansion in the 
size of the drainages and culverts.  
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iii.  Since several effort by the government to evacuate and relocate the residents of the floodplain 
over the years have failed, there is need to increase people‟s coping capacities by making 
information on flood incidence available at their disposal. 

iv.  Emergency planning such as forecasting, warnings, evacuation plans and post flood recovery, 
compensation and insurance schemes.  
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