
 

International Journal of Environmental Protection and Policy 
2013; 1(4): 50-58 
Published online October 20, 2013 (http://www.sciencepublishinggroup.com/j/ijepp) 
doi: 10.11648/j.ijepp.20130104.12 

 

Mapping Enugu city’s urban heat island  

Enete Ifeanyi Christian
1, *

, Okwu Virginia Ugoyibo
2
 

1Dept. of Geography & Meteorology, Nnamdi Azikiwe University, Awka 
2Dept.of Geography & Meteorology, ESUT 

Email address:  
ifeanyienete@yahoo.co.uk(E. I. Christian) 

To cite this article: 
Enete Ifeanyi Christian, Okwu Virginia Ugoyibo. Mapping Enugu City’s Urban Heat Island. International Journal of Environmental 

Protection and Policy. Vol. 1, No. 4, 2013, pp. 50-58. doi: 10.11648/j.ijepp.20130104.12 

 

Abstract: The presence of a city has a major impact on its local environment in terms of the heat and water balance of 

the area. In particular, it has been widely observed that the centre of the urban area tends to be of the order of 4 to 6oC 

warmer than its rural surroundings (the urban heat island effect). This paper applied remote sensing data to map UHI 

phenomenon in Enugu urban. The selected area covered Enugu North; Enugu South; and Enugu East with a total area of 

18704.25 hectares. The urban heat island was determined by using the land surface temperature (LST) information from 

thermal infrared band (Band 6) of landsat image with 120m pixel resolution. A subset of landsat TM acquired on October, 

2008 that covered Enugu city was used in this study. Erdas imagine 8.5 was the main software for image classification of 

urban land cover in 2008, while GIS-Grid calculator functions were used to derive land surface temperature. This study 

demonstrates the spatial variation of land surface temperature (LST) within urban blocks with temperature above 37o 

Celsius. Urban impervious areas, highly populated areas, and areas with more anthropogenic activities were recognized to 

be areas with highest number of UHI- related pixels. The result revealed the effectiveness of remote sensing data 

application in analyzing UHI- land surface temperature relationship in Enugu. 
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1. Introduction 

The future temperature change for Nigeria was projected 

by the analysis group at the University of Cape Town. The 

scenario suggests a warmer climate in the future. For 

instance, it projects a temperature increase of 0.04oC per 

year from now until 2046-2065 periods, rising to 0.08oC 

per year after 2050 (BNRCC, 2011). Apart from the 

changes in average temperature, the number, intensity and 

duration of heat waves, extreme precipitation events and 

drought is expected to increase. 

Urban areas in Nigeria will generally experience the 

same exposures to climate as their surrounding  Country 

side, the urban setting- its form and socio-economic 

activity can alter exposures as well as impacts at the local 

scale. Built-up areas in the cities create unique micro-

climate due to the replacement of natural vegetation with 

artificial surfaces. This affects air temperature, wind 

direction and precipitation patterns, amongst others. 

The impact of heat waves is particularly strong in cities 

and towns. Urban heat Island (UHI) can be defined as the 

increased temperature of the urban air compared to its rural 

surroundings. The temperature difference can be up to 10oC 

or more (Oke, 1982). The difference is particularly more at 

night. Even relatively small towns can experience a 

considerable UHI (Steenereld et al., 2011). Urban heat 

island magnitude of 2oC has been recorded for Enugu 

Urban (Adinna et al., 2009, Enete et al., 2012). 

The impacts of these changes will not be different in 

Enugu City, as climate change is expected to affect all of 

these components, exacerbating some of them and 

lessening others. This study, therefore, seeks to map out 

risk areas of urban heat island effects and heat waves in 

Enugu city; with the objective of determining the human 

health implications of UHI and heat waves. Climate change 

mitigation measures in our cities will limit the magnitude 

and rate of related events in the future, but they will not 

prevent them. As such, proactive adaptation to climate 

change in our urban centers become more imperative (EEA, 

2010a).
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Fig 1. Map of Enugu Urban(Source: Ministry of Lands Survey Enugu) 

2. Study Area 

Enugu State is one of the states in southeastern Nigeria. 

Its capital is Enugu. The state was created in 1991 from the 

old Anambra State. Enugu state is located within latitude 

60.00’N and 70.00’N and longitude 70.00’E and 70.45’E.   

The state is called the Coal City State because of the 

discovery of coal in a commercial quantity in Enugu Urban 

in 1909. Enugu was then the capital of East Central State of 

Nigeria. Some of the important towns in the State are 

Enugu Urban, Oji, Udi and Nsukka Urban. The state shares 

borders with Abia State and Imo State to the south, Ebonyi 

State to the east, Benue State to the northeast, Kogi State to 

the northwest and Anambra State to the west. Enugu State 

is made up of 17 local government areas. Enugu Urban 

which is the study area is made up of Enugu East, Enugu 

North, and Enugu South (figure 1). Enugu Urban is located 

within latitude 6.240N and 6.300N and longitude 7.270E and 

7.320E. It is an hour's drive from Onitsha, one of the 

biggest commercial cities in Africa and 2 hours drive from 

Aba, another very large commercial city, both of which are 

trading centers in Nigeria.  Enugu Urban shares boundary 

with Igbo Etiti and Isi-Uzo Local Governments in the north, 

Udi local Governments in the west, Nkanu West Local 

Government in the south and part of Nkanu East Local 

Government Area in the east. There are 18 prominent 

residential areas in the Urban. These are Abakpa, Trans-

Ekulu, Nike, GRA, Ogui, Asata, New Heaven, Obiagu, 

Ogbete, Iva valley, Independence Layout, Achara Layout, 

Ugwuaji, Maryland, Awkanaw, Uwani, Agbani, and Coal 

Camp. Enugu Urban is the most developed urban area in 

Enugu state. 

The study area falls within the humid tropical rain forest 

belt of Southeastern Nigeria. It has two seasons, the raining 

season and the dry season. The rainy season which is 

characterized by heavy thunderstorms lasts from April to 

October with the South Westerly moisture accompanied by 

air mass moving northwards into the city. The turbulent 

runoff result in leaching, sheet erosion and eventually 

gullies (Akabuike, 1990). The mean temperature varies 

from about 20.30ºC to about 32.16ºC in the dry season and 

rainy season respectively, (Akabuike, 1990). During the dry 

season the humidity is lower than in the rainy season. 

Temperature is most often high during the day and low 

during the night. This results in high evaporation rate 

during the day. Harmatten which occurs between the 

months of November and February is always accompanied 

by poor visibility mostly at night and early in the morning. 

The rivers and streams which flow from the Udi hills 

dissect the study area into several sections. Thus there are 

rivers such as Ekulu, Idaw, Asata and Nyaba Rivers which 

separates Enugu South from Nkanu East. These rivers have 

many tributaries; the study area is generally marked by low 

land, slopping towards Enugu South Local Government 

Area and the Southern part of Enugu East Local 

Government Area. The elevations are between 182.88 

meters and 219.45 meters above the sea level 
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3. Literature Review 

An increase in the mortality rate is the most dramatic 

impact of heat waves. There will be greater mortality 

caused by heat stress, and a shift in tourist destinations 

(McCarthy et al., 2001). There will also be an increase in 

electric cooling demand reduced energy supply reliability, 

decreased cold- related human morbidity and mortality 

along with reduced heating energy demand, increased flood, 

landslide, avalanche, and mudslide damage. Increased 

flood runoff could increase recharge of some flood plain 

aquifers and turn increase pressure on government and 

private flood insurance systems and disaster relief. There 

will be more damage to build foundations caused by 

ground shrinkage, decreased water resource quality and 

quantity and increased risk of forest fire. There are also 

expected to be some indirect effects due to crop damage by 

heat, water or pests and increased migration pressure as 

people move to more climatologically acceptable regions 

(McCarthy et al., 2001). Exposure to hot weather can also 

have other negative impacts on human health and well-

being. Humans depend on the body’s capability to maintain 

internal temperature at around 37 oC. The principle 

mechanisms to prevent thermal stress are sweat production, 

increased cardiac output and redirection of blood flow to 

the skin (Hajat et al., 2010).Diminished or delayed 

physiological responses cause people to be extra sensitive 

to heat exposure. In particular, the elderly, young children 

and those using certain medication are sensitive to heat 

(Kovats and Hajat, 2008) as well as pregnant women. 

In addition, socio-economic and behavioral factors 

enhance sensitivity to heat at the community level. Such 

factors include gender, social isolation, homelessness, lack 

of mobility, alcohol use, inappropriate dressing, intensive 

outdoor labour and low income or poverty (Kovats and 

Hajat, 2008; Hajat et al., 2010; Wilhelmi and Hayden, 

2010). In many cases, in particular in cities, a number of 

those factors act together. For example, in low income 

groups people are more likely to be obese and have 

inadequate housing (Kovats and Hajat, 2008). Elderly 

people are more likely to be socially isolated, to be less 

mobile and to suffer from chronic disease while also having 

reduced physiological responses (Luber and McGeehin, 

2008; Martens, 1998; Hajat and Kosatky, 2009). 

People can, nevertheless acclimatize to heat to a certain 

extent. Initial physiological acclimatization is fairly fast 

and may occur after several days through increased 

sweating (Martens, 1998; Haines et al., 2006). However, 

even with more comprehensive and long term 

acclimatization and change of habits, temperature and 

humidity above certain local and individual thresholds can 

place stress on people with health implications. 

Since geographic location and average temperature are 

closely linked, mortality related to heat seems to be linked 

with geographic position (Keatinge et al., 2000; Baccini et 

al., 2008; Martiello and Giacchi; 2010). The comfort 

temperature or heat thresholds at which the mortality rate is 

minimal, is associated with the average temperature that 

communities experience (Marten; 1998) and is indeed high 

in areas closer to the equator (Baccini et al., 2008; Hajat 

and Kosatky; 2009). However, there is no clear relationship 

between geographic location and the rate of increase of 

mortality once the comfort temperature is exceeded. 

High temperatures during the night play a decisive role 

for the serious health effects during heat waves. Hot days 

without the relief of cool nights and subsequent exhaustion 

increase the effects of UHI (Grize et al., 2005; Kovats and 

Hajat, 2008; Dousset et al., 2011). Beyond the direct health 

impacts of thermal stress, other potential effects of heat on 

health, socio-economic and environmental impacts include: 

i. Impact on well-being (Psychological impact; 

increased violence and social unrest). 

ii. Impacts on water resources (water pollution caused 

by a combination of low water flow and heat; water 

shortage; changes in patterns of vector-borne 

diseases). 

iii. Impacts on economy and infrastructure (reduced 

productivity of workers in conditions of extreme 

heat; increased hospital admissions and pressure on 

care services, decreased demand for heating, failure 

of power supplies (Wilby, 2008; Schauser et al., 

2010; EEA; 2007;). 

iv. Changes in patterns of vector –bone diseases. 

4. Methodology 

The major variable needed for this research include; 

temperature to determine areas of higher temperature. 

Satellite imagery was used for this purpose. The first step in 

the analysis was to make the land-cover classification using 

the Erdas imagine. In the study, supervised classification 

was employed to categorize the imagery into built-up, 

vegetation, water body, bare soil, shrubs and paved surfaces. 

The classification result was used to provide the emissivity 

of the land-cover categories. Emissivity was then used to 

estimate the land surface temperature from brightness 

temperature value in the thermal band image.  Finally, the 

heat island impact was analyzed. 

However, the land surface temperature is influenced by 

the geographic conditions such as the climate and weather 

at the time in the area, so it is difficult to compel the 

temperature itself to indicate the heat island impact within 

the city. The normalized surface temperature was prepared 

using the following steps as outlined by (Weng, (2003): 

Step. I : Conversion of Digital number (DN) to spectral 

radiance (Lx) 

Lx = (Lmax – Lmin) (Qcalmax – Qcalmin)* (Qcal. – 

Qcalmin) + Lmin 

Where Q Calmin = 1 

Qcalmax = 255 

Qcal = DN (built-up1 = 81, built-up 2 = 89, forest 1 = 58, 

Forest 2 = 54, Farmland = 69). 

Lmin and Lmax are the spectral radiance for band 6 at 

DN 1 and 255 respectively. 
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Stept: 2 Conversion of the spectral Radiance to 

temperature using the following formula: 

T = K2/ ln ( K1/ Lx + 1) 

Where: T = Effective as satellite 

temperature in Kelvin 

K1 = Calibration Constant + 1 in Watts  (666.09) 

K2 = Calibration Constant + 2 in K (1283.7) 

Lx = Spectral radiance in watts 

Step 3: Computation of the emissivity corrected surface 

temperature using the formula: 

Ts  T/{ 1 + (٨t/ α) InE} 

Note that: 

(a) Thermal infrared band of land sat/ETM is 

(10.44-12.42NM) = 11.43 

(b) Spatial resolution of 60m 

5. Result and Discussions 

Urbanization and human activities essentially alter the 

balance between the energy from the sun, absorbed by the 

surface, then stored in the building mass and later released 

to the surrounding air. The outstanding features of urban 

area are that cooling effect of vegetated surface is replaced 

by the storage of heat in surfaces such as concrete, asphalt 

and stores. The effect of this alteration is clearly visible in 

figures 2 to 7, which reveals areas with higher temperatures 

in Enugu city. 

 

Fig 2. Imagery of  Enugu Urban 

 

Fig 3. Temperature ranges for Enugu 
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Fig4. Isotherm 

 

Fig5: Chloroplet 
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To show the spatial variation of the temperature across 

the city. Figure 5 shows the result using the adjusted 

temperature (altitude and temporal) and inverse distance 

weighted option within ArcGIS. The dark red areas are 37oC 

and above, and the yellow areas 33oC with the grey areas 

grading in between. 

 

Fig6: Digital Elevation Model ( DEM) 1 

 

Fig7: Digital Elevation Model (DEM)2 
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The intensity of UHI in towns and cities is influenced by 

the urban fabric and design (Oke, 1982; Airfield, 2003; 

Wilhelmi et al., 2004). Since the urban fabric shows large 

amounts of variation, the intensity of the UHI would reflect 

this. This can cause spatial variations of heat effects within 

cities as well as between cities (Smargiassi et al., 2009; 

Heusinkveld et al., 2010, Dousset et al., 2011; Knight et al., 

2010). The hottest parts in cities and towns are generally 

those with numerous tall buildings, without green spaces 

and including areas generating large amounts of 

anthropogenic heat (EEA, 2006; Adinna et al., 2009; Enete 

et al., 2012). 

It is evident from figures 2 to 7 that a thermal gradient 

progressed from the Central Business District (CBD) out 

into the Country side. Some hot spots or urban heat island 

can be easily identified. The most extensive UHI occurred 

in the Central part of the CBD, comprising Ogbete market, 

Ogui Road, Zik’s Avenue, Okpara Avenue and Presidential 

Road. There were also many smaller UHI hot spots along 

highways (Enugu- Onitsha expressways, Enugu-Port-

Harcourt expressway) as well as residential Layouts of 

New Layout, New Heaven Abakpa, Emene, Uwani Coal- 

Camp and Achara Layouts. These hot spots are prone to 

more UHI and heat wave effects. 

However, there was no extensive UHI in the North- West 

as well as in the South- East of the city, except for a few 

smaller ones. Apparently, forestry and urban agricultural 

land uses in these areas prevented the   development of 

UHI. The result shows clearly that commercial and 

industrial land uses exhibited the highest temperature was 

observed in forested areas, followed by residential land. 

The lowest temperature was observed in forested areas, 

followed by agricultural lands and pasture. This implies 

that urban development increased the temperature by 

replacing natural environment (forest, water and pasture) 

with non-evaporating, non-transpiration surfaces such as 

stone, metal and concrete surface. 

6. How Can Cities Adapt to Heat Stress? 

6.1. The Use of Grey Infrastructure 

Due to the expected increase in the number of hot days 

and heat waves, it is anticipated that demand for air 

conditioning will increase. However, an increase in the use 

of air conditioners produces additional heat outside 

buildings and generates more greenhouse gases. Therefore, 

passive measures to provide cool spaces should be 

considered first – building designs that keep rooms cool via 

insulation (thick and well- designed walls, small windows, 

double glazing and the correct choice of materials) or 

blends and public space providing shade and natural 

ventilation. However, in the event that active cooling of 

building continues to be necessary, the most energy 

efficient air condition systems should be used and 

promoted through the Eco labeling Directive (EC, 2009) 

and awareness raising campaigns. 

6.2. The Use of Green Infrastructure 

Conservation and improvement in existing green and 

blue areas in cities and the creation of new spaces to 

ameliorate the urban heat island effect is hugely important 

and can have a number of additional benefits such as 

creating areas for recreation, biodiversity, filtering air and 

draining and storing water. Vegetation provides cooling 

through shading and enhanced evapotranspiration. Parks 

and open water areas are essential. Green and blue roofs 

lower temperature during dry seasons through insulation 

and enhancing evapotranspiration. Vegetation areas have a 

significant effect on the local climate as they incite the 

production of fresh and cold air, particularly at night, and 

have a thermally balancing effect during the day due to a 

high percentage of tress (EEA, 2013). Above all, this smart 

and integrated approach to spatial planning ensures that 

cities limited land is turned into areas capable of providing 

multiple functions for nature and society (EC, 2012a). 

6.3. Awareness and Behavior Change 

Awareness of the local population regarding effects of 

excessive heat on human health coupled with information 

on simple measures to prevent excessive heat stress 

enhances preparedness. Such measures can reduce 

sensitivity to heat exposure at the individual and 

community level. Simple heat warning advices from ‘avoid 

drinking alcohol to’ wear a hat can be very effective. 

6.4. Health Warning Systems and Heat Action Plans 

Awareness rising is usually one of the components of so 

called heat action or heat warning plans (Ebi et al., 2004: 

Hajat et al., 2010). The World Health organization Europe 

(WHO Europe) has published guidance on how to develop 

such plans (Barredo, 2009; Mathies et al., 2008). The 

development of a Heat Health Watch Warning System 

(HHWWS) can be considered as a long term option to 

address heat waves and other high temperature events. 

6.5. Stakeholder Involvement 

All relevant municipal stakeholders eg, Municipal 

departments, public health services, meteorological 

services, hospitals and other medical institutions have their 

own protocol of activities and the mandate to carry out 

these activities in the event of a heat wave.   These 

stakeholders should meet regularly to assess how the 

changing climate could directly affect their constituents and 

to provide input on what is needed now to protect services 

and people in the future (NCVO,2012). 

7. Conclusion 

It is observed in this study that temperature and land use 
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information can be directly derived from remotely sensed 

data, which provides a powerful way to monitor urban 

environment and human activities. This can effectively 

replace the traditional analogue system of urban studies. 

The present study explored the effects of urban heat Island 

and heat waves by mapping the risk areas in Enugu city and 

reviewing the human health impacts. 

The use of grey infrastructure, awareness and behavior 

changes; and creation of health warning systems and heat 

action plans were advocated mitigation measures. 
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