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ABSTRACT 

This study examined the effects of solid waste on urban warming in Warri metropolis. To achieve this, the study gener- 
ated data from field measurements of volume of waste generated and greenhouse gases. The data were collected from 
five (5) major waste dump sites in Warri metropolis. The data generated were analysed using bivariate correlation and 
multiple regression. Results obtained revealed that 25.1% of waste generated in Warri metropolis was found in the 
commercial areas of the metropolis while 4.3% of the waste generated was recorded in the low density Areas, 19.7% of 
the waste generated was found in the high density area (Okumagba, Ugborikoko, Enerhen village, Airport road and up- 
per/lower Eredjuwa) and the remaining 51.9% was generated in the industrial, traditional and fringe zones of Warri me- 
tropolis. Warri metropolis has an urban bias of 4.16˚C. There is a significant relationship between temperature and 
volume of waste generated at R value of 0.722. The temperature in Warri metropolis is significantly dependent on 
greenhouse gases emitted at P < 0.05. It is therefore, recommended that programmes to sensitize and sustain the waste 
management concepts among communities through media be established. 
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1. Introduction 

The waste generation scenario in Nigeria has been of 
great concern globally and locally [1]. An average Nige- 
rian in his household, institution and industry encounters 
some tones of solid waste yearly. Several Nigerians have 
considered it a cheap way of disposing off their solid 
waste by setting the mixed waste on fire in a little corner 
in their backyard or in a very open place resulting in the 
release of Greenhouse Gases (GHG) which is harmful to 
urban climate.  

The rate of waste generation is highly influenced by 
the income of the populace [1]. In Nigeria, over 25 mil- 
lion tonnes of municipal solid waste are generated annu- 
ally [2]. The role of methane in global atmospheric changes 
has received increasing attention recently. Methane from 
landfills contributes significantly to annual global emis- 
sions of (GHG) Greenhouse Gases. 

Agbola and Jinadu [3] estimated that each person in 
Nigeria generates an average of 0.0005 tonnes of waste 
daily. The amount of solid waste generation rates ranges 
from less than 0.1 tonnes per capita per year in low in- 
come countries to less than 0.8 tonnes per capital per 

year in high income industrialized countries [4]. 
In Warri metropolis, some of the dump sites are delib- 

erately set on fire by dump site managers, scavengers and 
individuals in order to reduce the volume of the waste, to 
allow more waste to be disposed there. The fire from the 
waste dump in turn pollutes the atmosphere, thereby in- 
creasing the concentration of carbon dioxide (CO2), 
methane (CH4) etc. in the area. The decomposition of 
organic materials produces methane, which can cause 
fire and explosions, and contributes to global warming. 

Fire is periodically set on by dump site manager in 
open dumps, generating smoke and contributing to air 
pollution. For example, in one of the waste dump sites at 
the Effurun-PTI express way, fire burned for over 3 days 
at the local open dump. This could lead to increased ur- 
ban temperatures in Warri. Furthermore, the waste dump 
sites in Warri destroy the beauty of the area, thus reduc- 
ing the aesthetic beauty. It is against this background that 
there is a need to study the ever increasing contribution 
of solid waste to urban warming. This paper examines 
the effects of solid waste generation on urban warming in 
Warri and environs, so as to provide necessary answers 
to the questions raised. 
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2. Study Area 

Warri metropolis is located between latitude 5˚30'N and 
5˚35'N and Longitude 5˚29'E and 5˚48'E. The areal ex- 
pansion of Warri during the past two decades has been 
remarkable. Warri has grown to cover the surrounding 
towns of Effurun, Ekpan, Enerhen, Edjeba, Ogunu, Jakpa, 
Ovwian-Aladja, Udu Road, etc. with an areal expansion 
of over 100 sqr.km [5]. This areal expansion has led to 
increase in temperature and precipitation in the area [6]. 

The area is characterized by hydromorphic soils, which 
is a mixture of coarse alluvial and colluvial deposits. The 
indiscriminate dumping of waste on the soil enhances 
anaerobic processes more, leading to the release of (CH4) 
methane to the atmosphere resulting to urban warming. 

The area is characterized by tropical equatorial climate 
with mean annual temperature of 32.8˚C and annual 
rainfall amount of 2673.8 mm. Rainfall period ranges 
from January-December, with the minimum value of 8.2 
mm in January and over 536.6 mm in September. There 
are high temperatures of 36˚C and 37˚C in the heavily 
built up and traffic congested areas of Enerhen junction, 
Enerhen road area, Estate, Okere road areas, Jakpa junc- 
tion, Jakpa roads areas, Hausa quarters and Igbudu mar- 
ket areas respectively [7]. The temperature has led to an 
increase in urban micro heat island.  

Warri metropolis is one of the rapidly growing cities in 
Nigeria, with a population rising rapidly from 19,526 in 
1933, 55,256 in 1963, 280,000 in 1980, 500,000 in 1991 
to 536,023 in 2006 [5]. The population growth will lead 
to an increase in the amount of solid waste generated 
which will potentially escalate Methane emission from 
solid waste and further leads to urban warming  

3. Conceptual Issues 

The links between urbanization, waste and global climate 
change are complex [8]. The irregular dumping of waste 
will tend to increase temperatures in the city thus causing 
urban warming. One of the most well-known anthropo- 
genic climate modifications is the phenomenon of urban 
heat Island (see Figure 1). 

 

 

Figure 1. Urban heat island. 

The best-known urban effect of such development is 
urban warming; globally cities are almost always warmer 
than the surrounding rural area [9]. The magnitude of 
urban warming is highly variable over both time and 
space. According to Fuchs [10] the main cause of urban 
heat island is the modification of the land surface by ur- 
ban development, waste heat generated. The form and 
intensity of the UHI varies temporally and spatially de- 
pending on local/regional meteorological, geographical, 
and urban development characteristics [11] and is a com- 
plex function of many interacting variables [12]. 

Methane is the most significant greenhouse gas pro- 
duced in the disposal and treatment of municipal and 
industrial solid waste is methane [13]. Methane (CH4) is 
generated as a result of degradation of organic material 
under anaerobic conditions. Part of the CH4 generated is 
oxidised in the cover of the solid waste disposal sites, or 
can be recovered for energy or flaring. The CH4 actually 
emitted from the solid waste disposal sites will hence be 
smaller than the amount generated. 

The major factors affecting methane (CH4) emissions 
from municipal solid wastes are mainly, the amount of 
waste generated, the composition of the waste, the condi- 
tions under which the waste is disposed, and the climate 
of the region under study [14]. Moreso, all the factors, 
except the last, are dependent one way or the other on the 
socio-economic characteristics of the region.  

4. Methods and Materials 

The procedure adopted for the collection of data was full 
range of concurrent temperatures, GHG emissions and 
waste measurements. The temperature measurement was 
carried out at an intermediate standard observation hour 
of 900, 1200, 1500 and 1800 GMT. These hours select- 
ed for measurement is in line with the World Meteoro- 
logical Organisation standards [15]. The temperature 
reading was taken at 1.5 m above waste dumps at the 
four major waste dump sites for a period of two months 
(January and February) on a weekly basis in 2011. 

The greenhouse gases were measured during early hours 
of morning (7 am) and evenings (7 pm). This time dura- 
tion were selected as a result of the volatile nature of the 
gases. For the Hydrocarbons/volatile organic compounds 
(CxHy/VOC), Nitrogen Oxides (NOx), Sulphur Oxides 
(SOx) and Carbon Monoxide (CO) measurements, a Testo 
350 flue gas analyser was used. It performs automatic 
analysis of ambient air through the use of physical prop- 
erties, giving cyclic or continuous output signal. Air is 
continuously extracted from the atmosphere and the sam- 
ple is sent to the analyser for the determination of the 
pollutant gas of interest. 

Moreso, measurement of waste volumes was carried 
out at the five major waste dump sites in 25 neighbour- 
hoods on weekly basis for two (2) months. The five (5)  
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wastes dump sites are as follows; Igbudu market, Orhu- 
whorun, Iyara, Army barracks and Okuokoko. To ensure 
adequate measurement the quadrat technique was adopted 
where a quadrat of 1 m × 1 m is thrown on the waste at 
each sample sites, thus making a total of 1458 quadrats in 
all (see Table 1). 

Before this was done, the area of waste occupancy was 
measured using a measuring tape. After which, the waste 
in the selected quadrat area was scooped and further 
placed into a trash bin whose weight has been measured 
already. This was done so as to anticipate the actual 
volume of the waste scooped. In doing so the trash bin 
was suspended on a spring balance instrument, so as to 
get the volume of the waste. Thereafter, the volume of 
the trash bin was subtracted, so as to get the net volume 
of the waste. Furthermore, the net volume was multiplied 
by the number of quadrat squares in the area occupied by 
waste. Thereafter, the sample was used to multiply the 
number of quadrat squares in the study site to get the 
total volume of waste generated. 

The waste scooped into the waste bin was further seg- 
regated to identify the various waste categories using 
alphabetical notation such as follows: A = Leaves, B = 
Paper, C = Metals, D = Glass, E = Rags, F = Plastics, G 
= Dust, H = Wood, I = Moisture (Organic waste). These 
alphabetical notations were used based on convenience 
and as the typical nature of solid waste in Nigerian cities 
[16]. After the segregation and separation of the waste, it 
was further measured so as to get the volume of the 
various waste categories. To ensure an adequate study on 
the distribution of waste in Warri metropolis, waste bins 
were placed in a household in each of the twenty-five (25) 
neighbourhoods. These waste bins were measured on a 
weekly basis for two months and the net volume of the 
waste were measured and recorded.  

Data on temperature and volume of waste were ana- 
lysed using the bivariate correlation analysis. While the 
data on temperature and greenhouse gases emitted were 
analysed using the multiple regression analysis. These 
data was entered in Statistical Package for Social Sciences 
(SPSS) version 19 and double checked before analysis. 

5. Results and Discussion 

Table 2 shows the household waste generated in Warri 
metropolis. 

 
Table 1. Land size occupied by waste at the varying dump 
site. 

Dump Site Length (m) Width (m) Area (m2) No quadrat
Igbudu market 
Orhuwhorun 

Iyara 
Army barrack 

Okuokoko 

18 
26 
15 
24 
8 

13 
21 
10 
19 
9 

234 
546 
150 
456 
72 

234 
546 
150 
456 
72 

Source: Field work, 2011. 

Table 2. Neighbourhood waste generation volume in Kg. 

S/N Neighbourhoods Waste Generated % 

1 Jakpa Road 202 4.6 

2 Okumagba L/O 218 4.9 

3 Airport Road 146 3.3 

4 Upper/Lower Eredjuwa 199 4.5 

5 Enerhren/Udu Rd. 141 3.2 

6 DSC Town 179 4.1 

7 GRA Warri 95 2.2 

8 GRA Effurun 93 2.1 

9 PTI road 103 2.3 

10 NNPC 132 3.0 

11 SPDC 159 3.6 

12 DBS Express rd 153 3.5 

13 Effurun Mkt 293 6.7 

14 Warri Mkt 298 6.8 

15 Pessu Mkt 188 4.3 

16 Igbudu Mkt 321 7.3 

17 Edjeba 167 3.8 

18 Ugborikoko 160 3.6 

19 Enerhen Village 154 3.5 

20 Ekpan village 150 3.4 

21 Osubi 255 5.8 

22 Ubeji 136 3.1 

23 Aladja 147 3.3 

24 Orhworun 157 3.6 

25 Ugbomro 149 3.4 

 Total 4395 100 

Source: Fieldwork, 2011. 

 
It is revealed that 25.1% of waste generated was re- 

corded in the market areas of the metropolis while 4.3% 
of the waste generated was recorded in the Government 
Reserved Areas. Moreso, 19.7% of waste were generated 
in the (Okumagba, Ugorikoko, Enerhen village, Airport 
road and upper/lower Eredjuwa) core areas. The residen- 
tial neighbourhoods around the market areas tend to 
generate more waste as compared to other areas; this is 
because of the large commercial activities taking place in 
the various market squares. The Residents within areas of 
GRA, Jakpa road, PTI road, NNPC etc. generate a smaller 
quantity of waste owing to the low population distribu- 
tion of these areas. 

Table 3 shows the volume of waste generated at the 
various waste dump sites in Warri and environs. More 
waste is deposited in Army barracks dump site than the 
other dump sites. This is as a result of the increased ac- 
tivities of waste scavengers and waste disposal agencies 
that come there to deposit waste. 

Table 4 reveals that in the high density residential ar- 
eas, represented by Jakpa road, Okumagba layout, Air- 
port Road, Upper/Lower Erejuwa, Enerhen/Udu Road etc, 
metals, wood, glass, and plastics constitute the largest 
components of solid waste generated by the people. They 
constitute 30.3%, 14%, 11.4 and 10.3% respectively, while  
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Table 3. Volume of waste generated in the major dump 
sites. 

Waste dump sites Volume of waste (Kg) 

Igbudu 
Orhuwhorun 

Iyara 
Army Barrack 

Okuokoko 

12058.8 
7523.8 
4389 

17309.8 
1484 

Total 42765.4 

Source: Fieldwork, 2011. 
 

Table 4. Household waste categorization in Warri Metropo- 
lis in volume (Kg). 

Waste categories A B C D E F Total %

Rags 95 40 21 109 62 82 409 10.2

Metals 268 102 164 195 247 243 1219 30.3

Glass 98 41 84 104 45 93 465 11.4

Papers 102 42 46 81 30 40 341 8.5

Wood 146 61 30 83 106 137 563 14

Plastics 79 35 50 117 65 69 415 10.3

Organic waste 33 17 17 61 24 30 182 4.5

Dust 43 21 16 46 16 24 166 4.1

Leaves 42 18 16 106 36 50 268 6.7

Total 906 377 444 902 631 768 4028 100

Source: Field work, 2011. A—High-density residential areas, B—Low 
den-sity residential areas, C—Industrial areas, D—Commercial zones, E— 
Traditional residential areas, F—Fringe Zone. 

 
leaves, rags, papers, dust and organic waste amounted to 
only 44% of the total waste generated. However, the low 
density area represented by Delta Steel Town, G.R.A at 
Warri and Effurun, PTI Road etc, Metal waste constitutes 
the largest components of solid waste generated by the 
people. While leaves, metals, plastics, dust, wood and 
organic waste amounted to only 29.1% of the total waste 
generated. The analysis of the solid waste data reveals 
that there is a high percentage of metal waste generated 
which is evident at 30.3%. This high waste generation 
can be likened to socio-economic characteristics and 
household factors in the area. 

Table 5 shows that the volume of waste correlated 
positively with temperature at R = 0.722. This implies 
that 72% of waste generated is associated to an increase 
in temperature. If the waste generation in Warri metropo- 
lis increases, there will be a corresponding increase also 
in the temperature. Waste generation triggers temperature 
increase [17]. 

Table 6 revealed that ambient temperature of 33.6˚C is 
the highest in the study area and this is observed in the 
high density areas (Jakpa road, Okumagba layout, Air- 
port Road, Upper/Lower Erejuwa, Enerhen/Udu Road) 
while in the fringe areas (Osubi, Ubeji, Aladja, Orhow- 
horun and Ugbomro) has a temperature of 31.3˚C. With 
this observation, it can be stated that the core areas of 
Warri metropolis have higher temperatures more than the 
exterior areas because of its socio-economic activities. 

Figure 2 shows the urban heat island characteristics in 
Warri and environs. The study revealed that the Urban 
Heat Island has an increasing trend over the years with 
an increase rate of population. The increase in urban heat 
Island result in an increase in urban warming alongside 
with the rate of greenhouse gases (GHG) emitted. From 
the UHI trend, there has been an increase of 1.05˚C be- 
tween 1933 and 2006 and it was observed that Warri has 
a warm bias of 4.18˚C. 

Table 7 reveals that most greenhouse gases are emit-  
 

Table 5. Correlation model summary. 

 Waste Temperature

Pearson Correlation 1 0.722** 

Sig. (2-tailed)  0.012 Waste 

N 5 5 

Pearson Correlation 0.722** 1 

Sig. (2-tailed) 0.012  Temperature

N 5 5 
**Correlation is significant at the 0.05 level (2-tailed). 

 
Table 6. Ambient temperatures in the various areas in 
Warri and environs. 

Areas (˚C)

Jakpa road, Okumagba layout, Airport Road, Upper/Lower  
Erejuwa, Enerhen/Udu Road 

33.6

Delta Steel Town, G.R.A at Warri & Effurun 33.4

Nigerian National Petroleum Corporation Refinery (NNPC), 
Ogunu, DBS express Road 

33.6

Effurun Market, Warri Main Market, Pessu Market. 34.2

Edjeba, Ugborikoko and Enerhen Village, Ekpan Villages. 33.6

Osubi, Ubeji, Aladja Orhowhorun and Ugbomro 31.3

Source: Fieldwork, 2011. 

 

 

Figure 2. Urban heat island trend in Warri and environs. 
 

Table 7. Periodical mean volume of greenhouse gases (µ/m3) 
emitted in Warri. 

Periods SO2 NO2 NH4 CH4 CO2 

Morning 22.89 19.70 18.84 4.70 5.02 

Evening 20.64 18.02 19.06 3.58 4.69 

Source: Fieldwork, 2011. 
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ted during the morning period more as compared to the 
evening period. This is as a result of their volatile nature. 
However, more sulphur dioxide (SO2) gas is emitted dur- 
ing morning and evening periods than any other gas. Suc- 
cinctly, methane and carbon dioxide gases are least ob- 
served because of their high volatile rate. 

Table 8 reveals that sulphide (SO2) occupies 31.7% of 
the volume of greenhouse gases; while methane (CH4) 
occupies 6.0% of the volume of greenhouse gases. How- 
ever, methane (CH4) and carbon-dioxide gases are emit- 
ted more in the market areas (Igbudu and Iyara) that have 
more population and where more waste is generated. 

This growth in concentrations of greenhouse gases is 
caused by human activities, including burning of fossil 
fuels, industrial processes, livestock rearing, agriculture 
and waste disposal [13]. Thus, population growth has been 
one of the major factors in causing carbon emissions and 
GHGs in both developed and developing countries [18]. 

Table 9 reveals that there is a correlation with R = 
0.537 between temperature and the greenhouse gases 
emitted. However, the r2 value indicates 0.288 which 
implies that 28.8% of the temperature increase is attrib- 
uted to methane, carbon-dioxide, Ammonia, Nitrate and 
sulphide gases in Warri and environs. At P < 0.05, the 
model is significant and this implies that increase in 
temperature in Warri is significantly dependent on the 
greenhouse gases emitted. 

Waste Management 

Approaches to waste management through community 
structures should be encouraged at various levels: indi- 
vidual, household, community, LGA and State. The bio- 
degradable/organic solid wastes could be utilized for 
generation of energy depending upon their calorific value 
(energy content) and other relevant parameters. The solid 
wastes rich in organic matter could also be used for gen- 
eration of biogas by anaerobic digestion. Energy may 

also be recovered through incineration of solid wastes. 
Anaerobic digestion is a process of decomposition of 
organic wastes in the absence of oxygen. The organic 
wastes could be hydrolysed, liquefied and gasified. The 
gases can be used for fuel and lighting and the mineral- 
ized residue can be used as rich manure. There will be 
appreciable saving in recurring costs because of utiliza- 
tion of this biogas as manure and electricity. Engineering 
design, cost and environmental impact assessment are 
generally the deciding factors in site selection. The pa- 
rameters in selection of these disposal sites are to: 

1) Minimize health risks, 
2) Minimize adverse environmental impacts, 
3) Minimize cost and  
4) Maximize public acceptability.  
Certain specified areas are to be avoided for disposal 

of solid wastes and more particularly for hazardous wastes 
so as to minimize environmental impacts including con- 
tamination of surface and ground water. 

These are: Eco-sensitive areas, Existing zones of urban 
and rural, development, Prime agriculture land, Fresh wa- 
ter wetlands, Visual corridors of scenic rivers, Riverine 
and dam related areas. Shell Petroleum Development 
Company and Ministry of Environment in the new de- 
velopmental plan for Warri and environs has mapped out 
new waste dump sites (see Figure 3). 

6. Conclusion 

The study revealed an increased urban warming in Warri 
metropolis. It was observed that areas with increasing 
population and socio-economic activities tend to generate 
more waste which in turn leads to higher temperatures. 
The review of neighbourhood solid waste data in Warri 
and environs indicates that 25.1% of waste generated is 
from the commercial area while 4.3% of waste generated 
is from the low density areas and 19.7% of the waste 
generated is from the high density areas (Okumagba,  

 
Table 8. Mean volume of greenhouse gases (µ/m3) emitted in Warri and environs. 

 Igbudu Orhuwhorun Iyara Army Barracks Okuokoko Total % 

SO2 22.16 30.54 23.74 18.71 13.69 108.84 31.7 

NO2 18.44 22.66 18.16 22.57 12.46 94.29 27.5 

NH4 15.46 19.80 27.90 20.05 11.53 94.74 27.6 

CH4 9.08 3.36 3.87 3.06 1.35 20.72 6.0 

CO2 7.27 7.48 4.4 2.97 2.16 24.28 7.1 

Source: Fieldwork, 2011. 

 
Table 9. Correlation coefficient explaining the relationship between temperature increase and greenhouse gases. 

Change Statistics 
Model R R Square Adjusted R Square Std. Error of the Estimate

R Square Change F Change df1 df2 Sig. F Change

1 0.537a 0.288 0.183 0.55509 0.288 2.749 5 34 0.034 
aPredictors: (Constant), CO2, NH4, SO2, CH4, NO2. 
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Figure 3. Map of Warri metropolis showing proposed site for waste dump sites source: SPDC [18], 2005. 
 

Ugorikoko, Enerhen village, Airport road and upper/lower 
Eredjuwa). This is an indication that more waste is gen- 
erated in the high density areas as compared to other 
zones in the study area. Greenhouse gases are emitted 
more in the morning than in the evening and (SO2) occu- 
pies the largest volume of greenhouse gases; while meth- 
ane occupies the least volume of greenhouse gases. Meth- 
ane (CH4) and carbon-dioxide gases are emitted more in 
the commercial and market areas of the metropolis. These 
concentrations of methane (CH4) and carbon-dioxide (CO2) 
gases are believed to be caused by human activities, in- 
cluding industrial process and waste disposal [13]. Al- 
though, the results of the study may appear to be too far 
in the future for immediate action but they are useful for 
consideration in the climate planning and waste moni- 
toring. Thus, it is recommended that developmental pro- 
grammes to sensitize and sustain the waste management 
concepts among communities through media and estab- 
lished environment friendly technologies should be needed. 
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