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ABSTRACT  
 
Flash floods occur due to rapid accumulation and release of runoff water from stream to downstream usually 
caused by very heavy rainfall. Calabar urban suffers from comparatively high flood risk because of changing 
population trends, diversity in and changing land use, obsolete drainage infrastructure and most significantly 
climate change effects. This paper examined the fragile geomorphic state of the city and thus its vulnerability 
to potential flood events. This enabled us to determine the spatial flooding situation and the degree of the 
city’s susceptibility to flooding using geographic information system. We therefore captured and integrated 
into a common geo-referenced model factors such as, sea level rise, increased annual precipitation and 
changes from previous vegetated surfaces, availability and non-availability of drainage infrastructures. The 
identified flooding indicators were represented as thematic layers which we subsequently simulated to 
generate flood vulnerability map. The statistics of the digital elevation model (DTM) showed that more than 
60% of the entire study area is on lowland flood plain (0 to 90 m), while about 40% is occupied by medium 
height of about 95 m up to about 160 for highest places. Rainfall data reveal highest maximum rainfall 
amount of 828.2 mm in July 2005 for the decade (2001 to 2011) and a general increasing trend from 
available data in the Calabar Meteorological Centre. This study revealed that the study area just like all 
floodplains is highly vulnerable to flash floods. There is therefore urgent need to manage the problem by 
identifying suitable water drainage channels and sites, particularly floodplain areas that are not suitable for 
locating physical infrastructures. Green infrastructure, water retention facilities like water plazas, swimming 
pools, canal system and enforcement of land use codes were recommended as effective flood management 
strategies. 
 
Keywords: Climate change, digital elevation model (DTM), geographic information system, flooding, 
vulnerability. 
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INTRODUCTION 
 
The risk of flash floods in Calabar (unlike dam failure, 
storm surge, or riverine flooding) during rainfall events is 
due to both poor infiltration rate of many urban land 
surfaces and climate change induced high intensity 
rainfall. This is evident in over concretization of most 
urban surface areas, including urban infrastructure, 
buildings, roads and associated transport facilities, and 
other paved surfaces for sports. On the other hand, there 
is also unusually high rainfall intensity. This over 
urbanisation obstructs the free flow of floodwater from 
natural channels thus necessitating the construction of 

drains known to facilitate more lateral flow than 
infiltration. Flash floods are dangerously fast moving 
water usually caused by large amount of heavy rainfall in 
a localized area. Because of rapid accumulation and 
release of runoff waters from upstream to downstream 
which can be caused by heavy rainfall, the likelihood of 
their occurrence can be very high. Due to their 
unpredictable nature and the strong currents which carry 
large concentrations of debris, discharge quickly reach a 
maximum and diminish almost as rapidly. This causes 
enormous   destruction    of    socio-economic    activities,  
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infrastructure, life and property. While predicting climate 
change and its impacts at a global scale is still highly 
uncertain, local effects of urbanization on the climate 
have long been documented (Landsberg, 1981). Surface 
and atmospheric changes associated with the 
construction and functioning of cities are profound. New 
surface materials, associated with buildings, roads, and 
other infrastructure, along with changes to the 
morphology of the surface, alter energy and water 
exchanges and airflow. Combined with direct 
anthropogenic emissions of heat, carbon dioxide and 
pollutants, these result in distinct urban climates 
(Landsberg, 1981; Oke, 1981). One of the best-known 
urban effects of such development is urban warming; 
globally cities are almost always warmer than the 
surrounding rural area (Oke, 1973). The magnitude of 
urban warming is highly variable over both time and 
space. On average, urban temperatures may be 1 to 3°C 
warmer, but under appropriate meteorological conditions 
(calm, cloudless nights in winter) air temperatures can be 
more than 10°C warmer than surrounding rural 
environments (Oke, 1981). However, in some regional 
settings, for example in arid environments, cities with 
large amounts of irrigated green space (parks, suburban 
vegetation) may actually be cooler than the surrounding 
dry areas as observed in Sacramento, California, USA 
(Grimmond et al., 1993). Urban climatologists commonly 
characterize the morphology of a city in terms of the 
height, width and density of buildings in which sky view 
factor can be defined. These properties, in combination, 
affect the loss of long wave radiation at night and 
therefore cooling rates, the solar access during the day 
and thus the diurnal pattern of heating, and airflow and 
wind speed at street level.  

Climate change has the potential to increase flooding 
risks in cities in three ways: from the sea (higher sea 
levels and storm surges); from rainfall-for instance by 
heavier rainfall or rainfall that is more prolonged than in 
the past; and from changes that increase river flows-for 
instance through increased glacial melt. The IPCC 
Working Group II noted that ‘heavy precipitation events 
are very likely to increase in frequency and will augment 
flood risk and the growing evidence of increased runoff 
and earlier spring-peak discharges in many glacier- and 
snow-fed rivers’ (Parry, 2007). In addition to flood 
hazards, more extreme rainfall events associated with 
climate change will also generate increased hazard from 
landslides in many urban centres. The IPCC also noted 
the dramatic impacts on water supplies that are likely 
under extremes of weather that could arise as a result of 
climate change. Water supply abstraction and treatment 
works are sited beside rivers and are often the first items 
of infrastructure to be affected by floods. Electrical 
switchgear and pump motors are particularly at risk. In 
severe riverine floods with high flow velocities, pipelines 
may be damaged (Wilbanks et al., 2007). Sanitation can 
also be affected when flooding damages  pit  latrines  and  
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floodwaters are usually contaminated by the overflow 
from pit latrines, septic tanks or sewers. Toilets linked to 
sewers become unusable without a water supply. But 
most urban centres in sub-Saharan Africa and in Asia 
have no sewers-or if they do, these serve only a very 
small proportion of the population (Hardoy et al., 2014). 
As the IPCC noted, the main significance of sanitation 
here is that sanitation infrastructures (or the lack of them) 
are the main determinant of the contamination of urban 
floodwater with faecal material, presenting a substantial 
threat of enteric diseases (Ahern and Horn, 2005). 
Therefore, using GIS, this study focussed on analysis of 
flood risk in Calabar. Its main objective is to estimate 
local vulnerability to potential climate change impacts and 
provide the context for local government decision makers 
to develop local climate change adaptation and mitigation 
plans. 
 
 
Background of the study area 
 
Calabar is a coastal city which is barely 60 kilometres 
from the Atlantic Ocean and encompassed by numerous 
creeks and rivers that drain the alluvial poorly drained 
lithology. The city is located on longitudes 8°15′ E and 
8°22′ E and latitudes 5°55′ N and 5°58′ N. It has lowland 
terrain with highest and lowest points are about 100 m 
and 2 m above mean sea level respectively. It is drained 
by two major rivers such as the Calabar and Qua Rivers 
and the Atlantic ocean down south. The exposure of the 
city to frequent seasonal inundations is due, in part, to its 
configuration and also to changes in mean sea level and 
high rainfall amounts which experts believe are effects of 
climate change (Ogba et al., 2009). Other causes include 
changes in land uses characterised by massive 
concretization of urban landscape and careless depletion 
of urban vegetation. This aggravates the influx of ocean 
water into coastal communities due largely to 
unprecedented depletion of the mangrove vegetation. 
Changing urban composition due to population growth 
and resulting change in land use pattern without 
commensurate drainage infrastructure development 
further exacerbates flood challenges. For example, the 
1991 and 2006 population figures for Calabar metropolis 
were 310,893 and 371,022 respectively, and projected to 
over 400,000 in 2014 (NPC, 2008). 

Urbanisation and urban expansion have been 
enhanced by the increasing trend of industrial activities 
with inadequate capacity to ameliorate related 
environmental consequences such as flooding and solid 
waste. The consequences of lack of physical planning 
have assumed worrisome proportion in the city. Ogba 
and Utang (2007) corroborated the environmental 
challenges of the study area when they highlighted the 
extent of vulnerability of the coastal city of the region 
around the Niger Delta to flood and ocean surges. They 
further identified the poor as the most vulnerable, lacking  



 
 
 
 
basic infrastructure and alternative livelihood support 
system. 
 
 
LITERATURE REVIEW 
 
There are growing problems of severe floods in many 
African cities. The urban poor is the most vulnerable of 
this flood events. Douglas et al. (2008) observed such 
local factors as ‘growing occupation of floodplains, 
increased runoff from hard surfaces, inadequate waste 
management and silted-up drainage’ as factors. These 
factors according to them exacerbate climate change 
induced storm intensity and increased frequency.  

In most urban centres in Africa, Asia and Latin 
America, a significant proportion of the population is not 
served by solid-waste collection services. In cities or 
neighbourhoods with inadequate solid-waste 
management or drain maintenance, garbage and plant 
growth can quickly clog drains, leading to localized 
flooding with even light rainfall. There is also a growing 
documentation on the inadequacies in drainage and flood 
protection for urban centres in Africa and Asia and of the 
trend towards increased numbers of deaths and injuries 
from flooding in urban areas. There are also many case 
studies highlighting the vulnerability of certain cities to 
floods and/or sea level rise including Alexandria (El-
Raey, 1997), Cotonou (Dossou and Glehouenou-Dossou, 
2007), Dhaka (Alam and Rabbani, 2007), Banjul (Jallow 
et al., 1999) and Port Harcourt (Abam et al., 2000). A 
recent study documents the lack of provision in six 
African cities for reducing flood risks or for managing 
floods when they happen (Douglas et al., 2008). Floods 
are already having very large impacts on cities and 
smaller urban centres in many African nations - for 
instance the floods in Mozambique in 2000 which 
included heavy floods in Maputo, the floods in Algiers in 
2001 (with around 900 people killed, and 45,000 
affected); heavy rains in East Africa in 2002 that brought 
floods and mudslides forcing tens of thousands to leave 
their homes in Rwanda, Kenya, Burundi, Tanzania and 
Uganda, and the very serious floods in Port Harcourt and 
in Addis Ababa in 2006 (Douglas et al., 2008; Un-Habitat, 
2008). Most recently (specifically in November 2011), 
flood ravaged the city of Calabar causing destruction 
worth thousands of dollars and three incidents of death. 
Residents in both formal and informal settlements in 
many cities indicated that flooding is more frequent and 
intense and often occurring in locations previously not at 
risk. They also showed how little local government was 
doing to address these issues (Douglas et al., 2008). 

Urban flooding is not necessarily caused by heavy 
rainfall and extreme climatic events in most cities in 
developing countries, but also land use development, 
which is consequent of urbanisation processes. This has 
the tendency to increase built-up areas and 
concretisation   of   surfaces   with   attendant   effects   of  
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obstructing both natural and artificial drainage channels 
in urbanising cities. In South Africa for example, there is 
large scale occupation of flood plain by the urban poor 
population in Soweto-on-sea near Port Elizabeth and 
Alexandra in Johannesburg (Viljoen and Booysen, 2006). 
These emerging urban land surface modifications are 
impacted by effects of climate change. This is even as 
moderate storms result in flood events due to high 
surface flow and silting of drainage channels especially 
when buildings are too close to the channels 
(McGranahan et al., 2007). 

Gupta and Ahmad (1999) further revealed that most 
rainstorms in Africa are often highly localised covering 
less than 10 sq. km and are characteristically intense and 
of short duration (usually less than an hour) with 
possibility of about 90 mm of rain in just 30 min. The 
result is that the carrying capacity of existing drainage 
facilities is compromised. This is more so that the 
resulting flash floods according to Gruntfest and 
Handmer (2001), are sudden in nature, ‘with little lead 
time for warning’, violently fast moving and with great 
threat to life, property and infrastructure. In terms of their 
impact, they are generally small in scale. 

There is however, a consensus, from existing literature 
on the variability of climate change in Africa. This is 
based on analysis of long term rainfall records which 
indicates great measure of daily, monthly or annual 
variability (Conway, 2005; Jackson, 1989). The resulting 
localised thunder storms that produce a heavy downpour 
may extend over as little as 2.5 sq. km (Jackson, 1989). 
This isolated occurrence of rainfall events in patches 
especially in east Africa makes it difficult to forecast 
rainfall variability from data on rainfall trend. This is in 
addition to some irregularities from instruments and often 
relocation of climate stations (Mason et al., 1999). However, 
Olaniran and Babatolu (1996) had discussed the role of 
changes in rainfall pattern in Ondo, southern Nigeria. 

The very nature of the urbanisation history of Africa 
further exacerbates this climate related flood events 
(Mabogunje, 1968; Oyesiku, 2010; Pacione, 2005; Sule, 
2005). This urbanisation trend is reflective of the 
colonialism even though the continent had a rich history 
of pre-colonial urbanisation. Many fastest growing cities 
in Africa are located along the coast to serve once upon a 
time colonial interest and therefore Pacione (2005) 
further revealed four major ways African cities have 
changed, to include, growth in size; deteriorating 
infrastructure to accommodate growth; change in urban 
labour market; and changes in the form of the city due to 
the above changes. The United Nations Centre for 
Human Settlement reports that firms invest as much as 
10 to 35% of their operational cost in power generation 
due to poor public power situation in Lagos, Nigeria 
(UNCHS, 1996).  

Furthermore, Singh et al. (1999) observed that ‘more 
than one-quarter of Africa’s population, resides within 100 
km of coastal sea’. This include 12% of urban  population  
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Figure 1. a) Detailed contour map of Calabar showing physiography. b) Contour Map of Calabar showing heights in metres 
above sea level. 

 
 
 
which live within the low elevation coastal zone area 
capable of been affected by a potential 10 m sea rise 
(Gruntfest and Handmer, 2001). In many of these cities, 
the urban population reside in former swamp areas with 
dwellings built on flood plains or tidewater areas. 
According to Sachs (2008), ‘38-cm mean global sea-level 
rise in 2080’ has a potential impact of displacing one 
million in 1990 to 25 million by 2050 in Africa, when 
scientifically modelled. There is a possible worst case 
scenario whose impact can be 70 million in 2080 
according to Nicholls et al. (1999).  

Also, Abam et al. (2000) observed the vulnerability of 
coastal lowland cities like Lagos and Port Harcourt, 
Nigeria. This is because parts of Lagos is located in 
lowland areas of about 2 m above mean sea level, while 
physical infrastructure like the Patani-Warri highway was 
observed as a major constraint to natural drainage often 
leading to major flood event like that of 14 July, 2006, 
where over 10,000 residents of port Harcourt were 
sacked. Similar examples exist in Egypt (Jallow et al., 
1999), east African coastal settlements (El-Raey et al., 
2004) and so on. Essentially therefore, this paper is 
aimed at providing a methodological approach towards 
modelling climate change-flood events using elevation 
data to predict the vulnerability or otherwise of 
settlements in Calabar and other coastal cities in Africa. 
 
 
METHODOLOGY 
 
The method adopted for this study is typical of a geo-information 
technique where secondary data from the topomap of Calabar 
added value to the data set. Using ILWIS- (Integrated Land and 
Water Information System), contour and point maps were 
generated from a toposheet of the study area. We thereafter carried 

out a contour interpolation using nearest neighbour algorithm to 
allocate height value to every available pixel within the study area 
(Figure 1). The use of smoothing effect interpolation enhanced 
exact interpolation and preserved the values at the sampled data 
points based on the values in the nearest neighbourhood. Mitas 
and Mitasova (1999) have shown that the quality of a Digital 
Elevation Model (Guttenplan et al., 2003) depends on how good its 
smoothness and tension describe and how good are the streams 
and ridges incorporated. They have earlier suggested the 
regularised splines with tension algorithm (Mitas and Mitasova, 
1999) as an optimal DEM interpolator. On the interpolated raster, a 
DEM was carried out to express the configuration of the map whose 
statistics revealed a relative area of different landforms (layers). 
However, these layers were not overlaid or crossed because they 
had different geo-reference system but consequently were put side 
by side and compared. Nigeria Meteorological Agency also offered 
useful data on both daily/annual rainfall amounts and temperature 
for the past decade (2000 to 2011). 
 
 
RESULTS 
 
Digital elevation model of Calabar 
 
Digital elevation model of the study area showed well 
graphically distributed landform and terrain in Figure 2. 
The statistic of the digital terrain model revealed more 
than 60% of the entire study area has been low land 
(flood plain) of about 0 to 90 m above mean sea level. 
The city itself is sandwiched in between two major rivers, 
Calabar River to the left and Kwa River to the right that 
drains into a 24 km wide estuary at the mouth of the 
Atlantic Ocean (south of Calabar). This corresponds to 
high density residential neighbourhoods of Anangtigha, 
New Airport Afokang, Mbukpa, Jebs, Atamuno, Palms, 
Edibe-Edibe, Beecroft, Marina, Duke Town, Henshaw 
Town, Ekorinim, and Atimbo, located in the south  of  the 
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 Figure 2. Digital elevation model of Calabar. 

 
 
 
city and are liable to flooding. These are relatively low 
lying areas with high proximity of about 6 km to the ocean 
and vulnerable to flash floods, coastal erosion and other 
coastal related environmental challenges. However, 
about 20% is occupied by medium height of about 95 to 
160 m and comprises of Ishie Town, MCC, Timber 
Market, Asari-Eso, Ikot Ansa, Akai, Parliamentry village in 
north east of Calabar where flooding is mostly as a result 
of high rainfall amounts (Figure 3). The most devastating 
gullies and ravines in Calabar are located around this 
area that corresponds to Asari-Eso, Ikot Efa in the right 
flank and Ikot Ansa, Ikot Efagha in the left flank of the 
city. Highest points of about 160 to 200 m above sea 
level accounts for about 20% of the entire study location 
and correspond to such places as Mary Slessor, Akim, 
Marian, Eta-Agbo and so on. Suffix to say that 
irrespective of the distribution of heights to different 
places in the city, all areas in Calabar are liable to flash 
floods due largely to defective drainage infrastructure and 
high rainfall intensity as the next section revealed. 
 
 
Rainfall amounts in Calabar 
 
Calabar presents  a  clear  case  of  absolute  uncertainty  

with regards to rainfall intensity and frequency. In other 
words, rainfall in Calabar especially recently can be any 
time. Data in Table 1 reveal high rainfall amounts in 
2011, quite unusual from every other year. This can be 
explained by sudden changes in the weather and climatic 
elements of the city. The impact of these changes is 
made worse by increasing level of urbanisation in the 
city. For example, Figure 4 reveal maximum rainfall 
amount of 828.2 mm in July 2005 while traces of rainfall 
can be recorded for January 2011. For example, rainfall 
amounts for November totalled 325.2 mm and further 
analysis of the daily distribution of rainfall in that same 
month shows that historic 126.8 mm of rainfall was 
recorded in less than an hour on the 5th of November, 
2011. This represents about ¼ of the total rainfall for that 
month. The human, socio-economic and material loss 
associated with this violent storm amounted to several 
millions of naira. Therefore the consequences of these 
occurrences cannot be ignored. 
 
 
DISCUSSION AND CONCLUSION 
 
Some important findings can be found in the digital 
elevation  model  of  Calabar  for a clear understanding of  
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 Figure 3. Calabar metropolis showing localities. 

 
 
 
the topography of the city. This understanding has great 
implications in city planning for sustainable development. 
Important considerations for the location of land use and 
consequent management of flooding events are 
highlighted in this paper. The paper further employed 
geographical information system (GIS) in analysing real 
time data from contour map of the study area to show 
heights and low lying areas which are vulnerable to 
inundation during intense rainfall. The findings of this 
paper further suggests that adequate attention be 

directed at effective urban planning and development 
control measures to enhance the quality of the urban 
environment and protection of lives and property. Low 
lying areas of the city with high vulnerability to floods 
corresponds to Jebs, Ansa Ewa, Afokang, Atimbo, 
Marina, Beecroft, Spring, Ikot Ansa, Ekor, Idang, Edibe 
Edibe, Atamunu, and so on (Figure 3), require some form 
of adequate planning attention in form of a 
comprehensive flood management plan. Furthermore, 
high  intensity  rainfall   amounts   in  the  city  have  been  
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Table 1. Monthly rainfall data for Calabar (2001 to 2011) (mm). 
 
Year Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec 
2001 0.0 11.6 151.7 371.8 419.4 390.5 268.5 457.0 455.7 381.0 217.1 5.7 
2002 0.0 13.5 154.6 383.3 301.3 344.6 274.1 623.5 284.3 285.8 126.0 6.8 
2003 26.7 103.2 226.6 283.0 315.3 202.2 327.4 398.6 399.2 224.1 148.5 2.9 
2004 9.9 19.9 73.5 278.4 270.2 308.0 303.5 391.9 335.5 196.4 168.3 0.6 
2005 33.8 35.5 295.7 299.9 263.9 615.6 828.2 634.4 230.4 279.8 182.3 71.5 
2006 84.7 57.1 323.0 166.1 430.8 227.7 484.9 273.4 536.0 175.3 134.4 0.1 
2007 0.0 51.1 181.0 265.9 384.2 583.2 492.7 415.5 561.7 197.4 262.1 33.1 
2008 15.1 1.0 108.1 216.9 286.8 437.0 597.7 509.2 217.9 315.0 105.1 77.1 
2009 89.7 38.5 87.5 150.5 308.9 218.4 577.4 507.3 273.9 148.1 126.9 0.0 
2010 31.8 88.2 63.6 130.4 306.5 611.3 384.0 406.7 451.3 269.6 272.1 56.2 
2011 TR 153.4 123.1 208.8 340.9 388.6 648.6 573.7 251.8 519.9 325.2 23.5 

 

Source: Nigeria Meteorological Agency, Calabar. 
 
 
 

 
 
 Figure 4. Annual distribution of rainfall amounts in the study area (2001 to 2011).  

 
 
 
revealed with implication to flood management. An 
emerging pattern of this intensity in the study area thus 
suggests climate change induced changes in rainfall 
amounts. Thus it is critical that cities and the drivers of 
urbanization are central to global environmental research. 
Urban areas and urban populations will continue to grow 
in size and number. Existing urban areas will experience 
redevelopment and refurbishment. The decisions made 
about how this will occur will impact upon the people 
living within the buildings, neighbourhoods and cities. The 
study among other things has attempted a 
methodological approach using GIS for integrated urban 
planning and management focused on ameliorating some 
environmental impacts in the study area, with wider 
applicability in many other cities of the world. 
 
 
RECOMMENDATIONS 
 
Flooding is regarded as one of the most destructive, 
challenging and frequent of all natural disasters in many 

coastal cities and indeed, Calabar. The frequency of its 
occurrence in Calabar is rapidly increasing. The study 
has revealed the vulnerability of Calabar using digital 
elevation model (DEM) and therefore the importance of 
the need for urban planning and strong community 
engagement. The paper recommends an introduction of 
GIS analytic techniques in providing solutions to flood 
incidences and general urban planning and management. 
This is expected to aid in the effective enforcement of 
development violation schemes aimed at restoring 
natural ecosystem and nature reserve areas that often 
served as water banks. The DEM can be helpful in 
relocation efforts of residential buildings from vulnerable 
areas liable to flooding by city planners and 
administrators.  

Early warning signals in areas liable to flooding such 
as, Efio-Ette, Mobil by Highway, Atekong Drive, Jebs, 
Ansa Ewa, Afokang, Atimbo, Marina, Beecroft, Spring, 
Ikot Ansa, Ekor, Idang and so on, may be helpful to 
ameliorate the impacts of flooding. Early warning signals 
when adopted  in  the study area is expected to  increase  



 
 
 
 
urban resilience by providing valuable lead time to 
prepare communities for incoming flood problems. City 
planners and managers, as well as community leaders 
can use information like lead time to reduce vulnerability 
and minimize expected losses based on effective 
implementation of disaster plans. Other important data 
from early warning systems such as real-time 
infrastructure on precipitation and water quality, water 
levels and flow rates, as much as there cannot reduce 
economic losses, can literally help in saving lives. The 
critical role of infrastructure planning and management 
therefore requires a combination of physical planners, 
surveyors, urban and regional planners, cartographers, 
geographic information system experts and so on. It is in 
this wise that the paper recommends a deliberate 
integration approach to development efforts in Calabar 
urban and elsewhere in Nigeria. 

The paper further recommends establishment of an 
effective disaster response agency in Calabar. This 
agency should be developed and properly equipped to 
address potential flood incidents which by their nature 
can be immediate, disruptive, destructive and in many 
cases even fatal.  

The need for an integrated and resilient drainage 
system for the city to cope with the onset of water pouring 
into streets, homes, commercial and industrial buildings 
is also advocated. Such systems may be powered by 
reliable and powerful pumps installed at 24/7 capacity to 
offer assistance to ‘dewater’ flooded areas of the city 
(Figure 3) in a quick manner during and after flood 
events. 
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