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ABSTRACT 
Man’s activities often lead to changes in the Land Use/Land Cover (LULC), and these 
changes involve the modification, either directly or indirectly, of natural habitats and 
their impact on the ecology of the site. This study seeks to examine the impact of 
elevation and nearness to water body, which are the key surrogate variables that affect 
modifications on our climate by urbanization by assessing the impact of elevation and 
nearness to water body, on the cooling and warming rates of Onitsha metropolis. The 
study determined the elevation and nearness to water body of some selected sample 
points within the metropolis and analyzed them using the Google Earth 6.1 software. The 
cooling and warming rates were also derived from the mean diurnal temperature of the 
study area. The cooling and warming rates for the study area were also determined for 
three periods that showed its diurnal distribution. The study determined the elevation 
and nearness to water body of the area to vary from 33m to 134m and 823.66m to 
6295.90m, with a range of 101.00m and 5472.74m and a mean of 74.67m and 3237.58m 
respectively. The results from the analysis indicate that the relationship for elevation 
was moderate during the Sunrise period (09:00hrs), but weak during the Midday 
(14:00hrs) and Sunset (20:00hrs) periods. This was attributed to the nature of skyline, 
the surface morphology, building materials characteristics and nearness to water body. 
While the results for nearness to water body was moderate during the Sunrise period 
(09:00hrs), but weak during the Midday (14:00hrs) and Sunset (20:00hrs) periods. This 
study recommends better planning of our cities for better ventilation, as the 
accumulation of heat; especially during the morning period have a lot of health and 
climatological implications. These issues range from low level inversion, to production of 
photochemical smog. 
KEYWORDS: Elevation, Nearness to water body, UCHI, LULC, Cooling/Warming rates, 
Urbanization 
 

INTRODUCTION 
Urbanization has had a profound impact on 
our local, regional and even global climate, 
through the modification of the natural 
environment and replacing it with artificial 
surfaces, canyons and materials.  
Urbanization is one of such changes, since 
vegetation is removed and replaced with 
complex concrete structures. This process, 
therefore, involves significant rapid 
replacement of natural land surfaces with 
artificial surfaces. Thus, producing radical 
changes on the morphology and air 
composition of the built – up areas, resulting 
in perturbation of the radiation, energy, 
humidity and wind balances, and leading to a 
modification of the local climate (Wanner 
and Hertig, 1984; Hamid and Schayes 2008). 
Several studies in literature have sought 
several other variables that contribute to the 

development of Urban Canopy Heat 
Inland(UCHI) intensity and cooling/warming 
rates. Arnfield (2003), Roth (2007) and 
Stewart (2010) in their reviews pointed out 
that the most cited and researched surrogate 
variables were the Sky View Factor (SVF), 
cloud cover, wind, altitude and nearness to 
waterbody. For this research, two surrogate 
variables were chosen and analyses were 
carried out to determine the nature of their 
relationship to the cooling/warming rates 
within the study area. The variables include 
nearness to water body (River Niger) and 
altitude. The selection of these parameters is 
based on their role in small scale climate 
variations (Oke, 1988). And also based on 
their level of significance in previous 
researches (Balogun et al., 2009). 
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THE STUDY AREA 
Onitsha, a metropolis in Anambra state of 
Nigeria is located between Longitude 
06º05'28.90''N to 06º11'11.00''N, and Latitudes 
06º45'20.75''E to 06º50'48.95''E. It occupies 
the eastern bank of River Niger, covering 
some 50 square kilometres. Onitsha is 
strategically located and accessed through 
the east – west national main road from 
Lagos through Benin which links the eastern 
north – south route via the NigerBridge at 
Onitsha. Its location, which combines both 
road and waterway access points, makes it to 
be one of the four main potential industrial 
and commercial growth areas in Nigeria.  
As a result of its latitudinal location, the 
metropolis is located in the transitional zone 
between the sub-equatorial south and the 
tropical hinterland of Nigeria. The mean 

annual rainfall at Onitsha is about 1880mm 
with the season spanning from mid March to 
October. The mean annual temperature is 
32ºC, while the mean annual minimum 
temperature recorded is 23ºC.  
The land uses in Onitsha are dominated 
mainly by housing which are mostly of 
medium and high density developments 
everywhere in the metropolis and a clear 
distinction between various land uses is 
almost impossible. Basically, the Onitsha 
metropolis consists of four layouts, namely: 
Odoakpu, Inland town, Fegge, Government 
Reservation Area (GRA). The four areas have 
encroached and merged with neighbouring 
communities resulting in a mega city with 
abundant new layouts like Omagba, Awada, 
33, Odekpe (Iyiowa), Okpoko and Housing 
Estate (Figure 1).  

 

 
Figure 1 Onitsha Metropolis and the Layouts 
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METHODOLOGY 
The temperature data were measured and recorded by a digital temperature logger designed 
and manufactured by Maxim-ic, known as the thermochron iButton DS1921G –F5. The iButtons 
was mounted at 3m from the ground surface and 10m from the nearest standing object 
(house/tree) or the shadowing of the iButtons. The iButtons were programmed to log data at 
09:00hrs (Sunrise), 14:00hrs (Mid day) and 20:00hrs (Sunset) LAT for the duration of the study 
which was 28 days. The data were collected from 1 February to 28 February, 2010. A total of 
12 stations were used and they were based on the categorization scheme developed by 
Stewart and Oke (2009); see Nduka and Abdulhmamed (2011) for details on the categorization 
of the study area. 
Data on the altitude of the various sampling stations were collected using the GPS during the 
ground truthing and they were also cross-checked during the measurement period and 
corrected. The altitude was represented in meters. Data on the nearness to water body was 
collected using the Google earth online database, where the distance between the sample 
points and the River Niger was measured ‘as the crow flies’ to the nearest point on the river. 
The distance was measured in meters. 

 
RESULTS AND DISCUSSION 
Surrogate Variable Analysis 
Table 1 Results of the Surrogate variables Analysis  
Site  Elevation  Nearness to water body 

site 1 52 M 2785.78 M 

site2 47 M 1819.44 M 

site 3 45 M 1638.23 M 

site 4 39 M 6295.9 M 

site 5 102 M 4385.98 M 

site 6 114 M 6126.45 M 

site7 106 M 2363.41 M 

site8 48 M 823.66 M 

site 9 115 M 2878.16 M 

site 10 33 M 1784.41M 

site 11 61 M 3356.38 M 

site 12 134 M 4593.19M 
Mean  74.67 M                  3237.58M 
 
The results in Table 1 showed that the site 
with the highest elevation is Site 12, with a 
record of 134m,while the lowest record was 
at Site 4 which recorded 33m. The mean 
elevation for the study area is about 74.67 
m. Table 1 also shows that the site with the 
longest distance from the water body is Site 
4,with a record of 6295.90m, while the 
lowest record was at Site 4 which recorded 
33m.. The mean distance to the water body 
for the study area is about 3237.58m. 
Diurnal Warming/Cooling Rates 
Characteristics 
Figure 2 shows periodic distribution of 
warming/cooling rate it shows that for most 
of the sites (over 83%) i.e. 10 sites, the 

warming of the atmosphere coincide with the 
time of sunrise at 06:00hrs, except for site 1 
and 8, which started warming an hour before 
sunrise (05:00hrs). This warming trend 
continues until about 15:00hrs when 
significant cooling has been observed to have 
taken place. At 14:00hrs however, sites 11 
and 6 have started cooling, although their 
rates may not seem very significant at that 
time (0.375°C/hr and 0.054°C/hr 
respectively). At 20:00hrs, negative warming 
trend or a cooling trend was observed for 
most stations. Visual observation of Figure 18 
suggests that all the sites have fairly stable 
cooling rate as they all lie between -1.0°C/hr 
and -1.6°C/hr. 
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Figure 2 Periodic distributions of Warming/Cooling rates of the study area 
 

Relationship between SVF and cooling/warming rates at different time periods. 
 
Table 2 the relationship between SVF and cooling/warming rates. 

 Sunrise Midday Sunset 

Nearness to water body -0.195 -0.068 -0.537 

Elevation -0.567 0.033 -0.461 

 
The results indicated that elevation had two 
negative or inverse relationships and one 
unstable relationship (0.033), with the 
cooling and warming rates. This revealed 
that as the elevation increases, the 
cooling/warming rates decreases. The results 
also suggest only the cooling/warming rates 
recorded during the Sunrise and Sunset 
periods have relationships that were around 
average (-0.567 and -0.461 respectively), this 
implies that the impact of the elevation on 
the cooling/warming rates within the 
metropolis is felt most during these times. 
The results also indicate that nearness to 
water body has only negative or inverse 
relationship with the cooling and warming 
rates. This also means that as the elevation 
increases, the cooling/warming rates 
decreases. The results also suggest that only 
the cooling/warming rates recorded during 
the Sunset period had a relationship that was 
above average (-0.537), this implies that the 
impact of the elevation on the 
cooling/warming rates within the metropolis 

is felt only at this time. These results could 
be attributed to morphology of the study 
area and its surface characteristics. These 
results are similar to the results by Okpara 
(2002) and Chow and Roth (2006), who did 
similar works in Akure and Singapore 
respectively. 
 
CONCLUSION AND RECOMMENDATION 
In conclusion, the elevation was observed to 
be a moderate variable for explaining the 
cooling/warming rates during Sunrise and 
Sunset periods, but weak during the day. This 
is believed to be as a result of other variables 
that can influence the cooling/warming rates 
within and around the metropolis such as the 
SVF, nearness to a large water body (River 
Niger) and the nature of the building 
materials and skyline. While nearness to 
water body was observed to be a moderate 
variable for explaining the cooling/warming 
rates during Sunset period, but weak during 
the rest of the day.  
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This is believed to be as a result of other 
variables that can influence the 
cooling/warming rates within and around the 
metropolis such as the SVF, elevation and the 
nature of the building materials and skyline. 
This position is not same with results from 
developed countries in Europe and America. 
It is however recommended that future 
researches should include other variables 

that are known to affect cooling/warming 
rates of the study area.  
This study recommends better planning of 
our cities for better ventilation, as the 
accumulation of heat; especially during the 
morning period have a lot of health and 
climatological implications. These issues 
range from low level inversion, to production 
of photochemical smog. 
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