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Abstract: Emission-driven climate variability continues to receive great 
interest worldwide. Due to its negative impacts on human health and welfare, 
an accurate carbon dioxide (CO2) estimate is needed. There is a great need to 
control concentrations, and to monitor the environment and industrial processes 
of Owerri metropolis. This comparative study presents the measured 
concentration of CO2, relative humidity, temperature and wind speed.  
We concentrate on stations that have green plants and those of non-green plants 
over seven sites from January to April 2016. The results are compared with 
sixteen weeks of measurements from the suburb environment at Uratta in 
Owerri North LGA. Concentrations of CO2 were approximately 42.38 ppm 
higher during the rainy season than during the dry season over the non-green 
plant area. The results are representative of the biological surroundings and 
indicate the importance of intra-urban selection when characterising spatial and 
seasonal variation in surface characteristics of CO2. 

Keywords: metropolis; Nigeria; Owerri; seasonal variation; urban CO2; 
vegetated surroundings. 
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1 Introduction 

The rapid increase in atmospheric carbon dioxide (CO2) has prompted intense research 
efforts to explain and quantify the sources and sinks of CO2 (Conway et al., 1994).  
In particular, significant attention has been directed to CO2 concentration and its 
contribution to climate change. There are, however, large uncertainties in greenhouse gas  
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trends in suburban areas. These regions have great potential for contributing to global 
concentrations (Velasco et al., 2014). Similarly, seasonal variations of carbon dioxide in 
Tokyo have been reported (Imasu and Tanabe, 2018). 

Therefore, it is critical to improve suburban atmospheric greenhouse gas 
measurements. Some studies (Leemans et al., 1996; Edmonds et al., 1996; Ishitani et al., 
1996) have already attributed a good method in reducing carbon concentration. This 
agrees with Brown et al. (1996) and well captured in IPCC (1996). 

The monitoring and assessment of spatiotemporal concentration of carbon is critical. 
Doing so will help validate violations of air quality standards. Also, this knowledge will 
give a specific mitigation strategy (Oke, 1995). In this study, we compare urban and 
suburban carbon dioxide concentrations. Finally, we find a need to support city greening 
in order to mitigate carbon dioxide concentration. 

1.1 Atmospheric CO2 increase and consequences 

Ndoke et al. (2006) identified Kaduna and Abuja as high CO2 concentration areas due to 
traffic congestion. This prompted Osuntogun and Koku (2007) to carry out a feasibility 
study over Lagos, Ibadan, and Ado-Ekiti in validating urban transportation pattern. Their 
results exceeded the maximum of 450ppm recommended by the Federal Ministry of 
Environment. Also, a similar study was performed by Ndoke and Jimoh (2007) over 
Niger state and Calabar (Abam and Unachukwu, 2009). Their results were in agreement. 
In quantifying regional measurement with satellite, Kort et al. (2012) estimated satellite 
strength in validating urban CO2 concentrations. 

According to the IPCC TAR report in 2001, a depiction of the global carbon budget, 
consider anthropogenic as most CO2 release. This effect causes changes in land use. 
There is increasing interest now in applying atmospheric techniques to investigate 
questions of greenhouse gas concentration. The regional and local environment is not left 
out (Ciais et al., 2010). Air quality degradation towards CO2 concentration in the urban 
environment is increasing. This is a result of an increasing number of people. 
Additionally, seasonal amplitude of carbon dioxide has been noticed in semi-urban 
environment of India responding to increase in fossil fuel applications (Metya et al., 
2021). 

This effect has a significant impact on human health. Understanding regional carbon 
sources and sinks has a great potential to predict the future trend. The strategic action 
plan is using urban greening (Bulkeley, 2013; Rosenzweig et al., 2010; Pincetl et al., 
2012). Weissert et al. (2014) argued that the scientific absorption potentials of urban 
greening are uncertain, and have to be understood. 

The variability of surface cover and roughness in urban areas poses particular 
challenges to carry out studies. The choice of spatial and vertical sites of the 
measurement equipment affects measurements. This prompted researchers to often use 
multiple urban sites to cover variations in spatial and vertical sites (Offerle et al., 2006). 
Evidence of urbanisation alters ecosystem function by regulating biogeochemical  
cycles and driving forces like temperature, carbon, and precipitation (Koerner and 
Klopatek, 2002). This, in turn, affects the city air quality and energy balance at large  
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(Forster et al., 2007). The temperature of the city varies both spatially and temporally 
(Oke and Maxwell, 1975). The temporal variation is dependent on minimum temperature 
(Brazel et al., 2000) and carbon concentration (Neftel et al., 1994; Keeling and Whorf, 
2005; Barnola et al., 2003; Trenberth et al., 2007). 

2 Data and method 

The field monitoring of atmospheric carbon dioxide, temperature, wind speed, and 
relative humidity was undertaken daily and diurnally, from January to April 2016. The 
measurement covers Nigeria’s wet and dry seasons. The data on ambient air quality and 
meteorological parameters were monitored at the seven selected remote sites of Owerri 
metropolis. Also, a correlation on control measurement at seven selected sites within 
Uratta, Owerri North, was further applied to the analysis. 

This idea is to investigate the transportation modes of carbon dioxide concentrations 
between these environments. The correlation analysis was used to give information about 
the independent variables of pollutant distribution. In situ measurements were maintained 
diurnally and compared. 

A measurement error was limited by optimising the analyser to avoid any interference 
with the measured properties and exhalation from the nostril. Measurements always begin 
by 8 am and 4 pm in the seven selected sites of Owerri, as well as in control. The main 
scope of pollutant transportation was obtained with a statistical time series diagram 
(IPCC, 2001). Several statistical tools were also applied to find the characteristics  
of transportation mode between the two environments. These include standardised 
anomalies, test statics, skewness, correlation analysis, average factor, and root mean 
square error described in Tables 1–8. 

Table 1 Summary of the study locations and description (Owerri) 

S/N Station Latitude (N) 
Longitude 

(E) 
Altitude 

(m) Site description 
1 IMSU junction 05°30′26.6″ 007°02′16.6″ 78 CO2 prone site 

2 IMSU gate 05°30′29.6″ 007°02′32.4″ 87 Less 
concentration 
station 

3 Rockview 
roundabout 

05°29′35.0″ 007°01′57.8″ 68 Minimal sink 
station 

4 MCC junction 05°29′09.7″ 007°02′24.4″ 73 Low 
concentration site 

5 Mbaise roundabout 05°28′53.6″ 007°01′59.9″ 72 Industrious 
station 

6 New market plaza 05°28′29.4″ 007°02′04.6″ 80 High 
concentration 

7 Ekeonuwa plaza 05°29′04.5″ 007°01′55.6″ 89 CO2 prone station 
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Table 2 Summary of the locations (Uratta) 

S/N Station Latitude (N) Longitude (E) Altitude (m) 
1 Toronto junction 05°29′47.0″ 007°05′09.0″ 121 

2 Factory junction 05°29′29.1″ 007°05′04.8″ 123 

3 27 Casmir ibest. 05°29′24.6″ 007°04′49.8″ 125 

4 Factory 05°29′16.0″ 007°04′41.2″ 132 

5 1 Casmir ibest. 05°29′28.5″ 007°04′56.2″ 125 

6 Umuchima uratta 05°29′54.2″ 007°05′11.2″ 132 

7 Mechanic new road 05°29′47.0″ 007°04′52.7″ 128 

Table 3 Daily average CO2, water vapour, temperature and wind speed for January 2016 

S/N  CO2 (ppm) 
Temperature 

(°C) 
Relative 

humidity (%) 
Wind speed  

(ms–1) 
1 IMSU junction 484.33 33.14 29.14 1.54 
2 IMSU gate 499.75 32.52 29.29 1.09 
3 Rockview rd. 489.75 32.15 30.68 1.08 
4 MCC junction 496.16 31.33 31.07 1.05 
5 Mbaise rd. 501.75 31.84 30.34 1.07 
6 New market 

plz. 
491.10 31.67 30.32 1.29 

7 Ekeonuwa plz. 543.25 31.60 30.50 1.05 

Table 4 Statistical characteristics of observed CO2 variance with elevation in January 2016 
over the selected stations 

Station oA  oσ  oZ  oZ  oϒ  RMSE  R  
1 IMSU junction 484.33 27.86 –3.02 23.64 1.26 20.39 0.60 
2 IMSU gate 499.75 35.47 –2.79 21.79 1.19 27.74 0.10 
3 Rockview roundabout 489.75 23.69 –3.78 29.58 0.94 22.34 0.60 
4 MCC junction 496.16 24.89 –3.86 30.17 0.71 25.47 0.46 
5 Mbaise road 

roundabout 
501.75 31.67 –3.21 25.09 0.43 25.41 0.47 

6 New Market Plaza 491.12 33.97 –2.68 20.94 1.68 28.16 0.26 
7 Ekeonuwa Plaza 543.25 66.57 –2.15 16.80 1.20 28.02 0.17 

oA  = average, oσ  = standard deviation, oZ  = standardised anomalies, oZ  = test statistic, 
oϒ  = skewness, RMSE  = root mean square error between observation and stipulated,  

R  = correlation coefficient between observation and stipulated. 
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Table 5 Statistical characteristics of observed CO2 over February 2016 for the selected stations 

Station oA  oσ  oZ  oZ  oϒ  RMSE  R  
1 IMSU junction 505.37 55.99 –1.88 14.33 2.58 20.28 0.17 
2 IMSU gate 498.39 25.63 –3.83 29.23 1.19 21.88 0.26 
3 Rockview 

roundabout 
512.44 37.04 –3.03 23.11 1.32 23.78 0.14 

4 MCC junction 513.22 42.82 –2.64 20.13 1.91 26.92 0.004 
5 Mbaise road 

roundabout 
527.36 41.74 –3.05 23.23 1.89 22.84 0.42 

6 New Market Plaza 499.20 31.77 –3.12 23.77 2.07 26.14 0.10 
7 Ekeonuwa Plaza 646.89 156.86 –1.57 11.98 1.49 24.07 0.06 

Table 6 Statistical characteristics of observed CO2 in March 2016 for the selected stations 

Station oA  oσ  oZ  oZ  oϒ  RMSE  R  
1 IMSU junction 540.70 73.34 –1.91 14.98 3.03 14.35 0.06 
2 IMSU gate 544.56 56.33 –2.56 20.04 2.25 15.14 0.37 
3 Rockview 

roundabout 
574.02 85.93 –2.71 15.81 1.27 14.35 0.26 

4 MCC junction 578.05 83.69 –2.12 16.61 1.47 17.32 0.10 
5 Mbaise road 

roundabout 
569.37 60.43 –2.80 21.88 1.86 15.53 0.44 

6 New Market Plaza 560.62 60.51 –2.65 20.73 1.35 16.19 0.22 
7 Ekeonuwa Plaza 756.94 131.59 –2.71 21.18 –0.112 15.25 0.10 

Table 7 Statistical characteristics of observed CO2 in April 2016 for the selected stations 

Station oA  oσ  oZ  oZ  oϒ  RMSE  R  
1 IMSU junction 530.55 61.72 –2.11 16.38 3.99 15.02 0.14 
2 IMSU gate 544.50 50.63 –2.85 22.10 2.97 14.40 0.20 
3 Rockview 

roundabout 
558.91 50.55 –3.14 24.35 3.51 14.47 0.04 

4 MCC junction 574.55 61.76 –2.82 21.89 2.46 13.69 0.14 
5 Mbaise road 

roundabout 
585.48 70.20 –2.64 20.46 3.19 14.53 0.14 

6 New Market Plaza 573.83 95.70 –1.81 14.06 2.72 15.49 0.01 
7 Ekeonuwa Plaza 702.18 118.17 –2.55 19.80 0.23 13.45 0.22 

 
 
 
 
 



   

 

   

   
 

   

   

 

   

    Spatial and seasonal variation of CO2 concentration 27    
 

    
 
 

   

   
 

   

   

 

   

       
 

Table 8 Sixteen weeks of statistical characteristics of observed CO2 variance in Uratta 

Station oA  oσ  oZ  oZ  oϒ  RMSE  R  
1 Toronto junction 523.64 44.15 –2.80 4.03 0.95 52.31 0.17 
2 Factory junction 498.28 30.19 –3.25 1.22 0.45 24.03 0.09 
3 27 Casmir ibest. 485.71 29.16 –2.93 2.35 1.34 27.06 0.75 
4 Factory 491.85 32.07 –2.86 1.48 1.09 33.15 0.83 
5 1 Casmir ibest 502.42 34.46 –2.97 2.57 0.57 19.32 0.86 
6 Umuchima Uratta 491.28 36.96 –2.46 1.23 1.65 34.99 0.22 
7 Mechanic new road 489.14 24.06 –3.70 1.16 1.63 29.13 0.10 

oA  = average, oσ  = standard deviation, oZ  = standardised anomalies, oZ  = test statistic, 
oϒ  = skewness, RMSE  = root mean square error between observation and stipulated,  

R  = correlation coefficient between observation and stipulated. 

The concentrations of atmospheric pollutants were examined from a variety of sources, 
including anthropogenic and biogenic sources. A specific method for the calculation and 
understanding of carbon dioxide concentrations is presented together with examples and 
applications. In situ measurements over the selected areas offer valuable information. 
This knowledge provided specific processes and depicts the atmosphere’s characteristics 
and air composition at specific space and time intervals. 

2.1 Regional description 

Nigeria in West Africa covers an area of 923,768 km2. In the far South Eastern region of 
Nigeria is located Owerri, Imo State, defined by a tropical rainforest climate. The annual 
rainfall ranging from 2032 mm to 1524 mm per year. Nigeria's rainy season begins in 
March and lasts until the end of July with a peak in June. The second phase of the rainy 
season has its peak in October. This rainy season is followed by a short dry break in 
August and lasts for two to three weeks. 

The selected locations aimed to compare the non-point source to point source 
pollutants. Field campaign observations of atmospheric CO2, wind speed, temperature, 
and relative humidity were carried out at seven selected sites in Owerri metropolis  
(Table 1) and were compared with a control measurement at seven selected sites at Uratta 
Owerri North (Table 2). These meteorological in-situ measurements show diurnal 
(Morning and Afternoon) January, February, March and April 2016. 

3 Results and discussion 

The result highlights the value of greening in residential areas towards mitigating local 
CO2 concentrations. Vehicles are the largest contributor to carbon dioxide documented 
from the presented results (Tables 3–7). A different result was observed in the suburb 
(Table 8). The possible method of counteracting urban CO2 concentrations is adopting 
greening by urban planners. Further research is recommended on quantifying the  
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photosynthetic CO2 uptake potential of tree species. This will certainly validate species 
choice for climate change mitigation (Bakwin et al., 1995). Great consequences arise 
from the unplanned city as detailed in Koerner and Klopatek (2002). Also, Lv et al. 
(2020) reported using vegetation dynamics to control variations observed in carbon 
dioxide. 

The results in Table 3–8 shows the analysis performed on the seven selected 
locations. The table examines carbon dioxide, wind speed, temperature, and relative 
humidity. Average analyses were performed on the dataset, and it was observed that the 
selected measurement of urban locations has more CO2 concentrations with minimal 
wind speed due to clustering settlement. This confirms that wind speed is a major 
dispersal of anthropogenic gas concentration. As urban areas grow, urban planners need 
to consider the importance of urban greening to counteract urban CO2 concentrations. 

Figure 1 shows the concentration of CO2 when compared with atmospheric 
constituents over the measurement sites. The concentrations were investigated 
maintaining strong wet (March and April) and dry (January and February) seasons. It is 
observed that the concentration deeply depends on seasons. Additionally, more 
concentrations are observed during morning hours over urban areas, indicating action of 
transportation. It is seen that wind speed are major pollution dispersal, but the distribution 
of wind speed depicts a lower variation observed in Ekeonuwa plaza. This simply 
indicated that it wasn't well planned during construction. Table 4 shows the statistical 
results of the analyses over January for the selected station. The standard deviation, 
average and test statistic results indicated that there are more concentrations in Ekeonuwa 
plaza. CO2 concentration at Ekeonuwa plaza has mean concentration of 543.25 ppm. 

Figure 1 Carbon dioxide concentration over urban study areas and interactions with 
meteorological parameters. (a) IMSU, (b) IMSU gate, (c) Rockview, (d) Mbaise,  
(e) New market and (f) Ekeonuwa (see online version for colours) 
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The standard deviation represents the dispersion and concentration over the 31 days at a 
given time. The day time concentrations show little variability with the coefficient of 
variation as low as 0.56%. The low temporal variability suggests that the range of 
atmospheric and meteorological conditions meet throughout the measurements have only 
a minor influence on the CO2 concentrations. The carbon dioxide variation over the 
month of February over Newmarket plaza shows high daily concentrations. From the 
data, a peak concentration of carbon dioxide occurs from February 5th to 21st. This may 
be caused by the fact that there is more activity in the market as people buy gifts for the 
event known as the ‘Lovers Day’ celebration that usually occurs annually on February 
14th. During this activity, occupants of shops make use of generator sets, indicating more 
concentration of carbon dioxide. This result indicates an increase in carbon dioxide 
through rise in temperature, indicating no carbon sink. This clearly shows a non-
photosynthetic process as already discussed and calls for urban greening. 

The results depicted in Table 6 shows the statistical analyses of CO2. The results 
indicated high precipitation during March 2016 in Owerri. Ekeonuwa plaza has a 
correlation coefficient of 0.10 over wind speed and indicates a high concentration of 
carbon loading. In Table 7, Ekeonuwa plaza has a correlation coefficient of 0.22, most 
mean of 702.18 ppm and a least mean of 530.55 ppm. The result signifies settlement 
clustering at Ekeonuwa plaza. It is observed that traffic from Douglas road also 
contributes towards the high records of CO2 trends and being trapped due to poor air 
convention. The Douglas road is a popular road mainly for transportation and always 
busy. 

In Table 8, a clear statistical result depicts the characteristics of carbon dioxide 
concentration over Uratta. From the analyses, a significant result is observed from  
Tables 3–7. The study location has trees all over the surroundings which enables low 
retrieval of carbon dioxide despite the traffic at Toronto Junction. The values obtained are 
significant such that a lower outcome is recorded mostly in all the locations other than 
that obtained at urban sites. Photosynthesis is the process by which green plants, in the 
presence of light combine water and carbon dioxide to form carbohydrates. The 
concentrations of carbon dioxide in 27 Casmir show low values in this region. Unlike the 
results obtained at the measurement sites in urban environs. This is the fact that human 
activities like deforestation raise concerns about imbalances in the carbon concentrations 
and their implications. The drift confirms the month as dry season and more carbon sink 
due to the presence of green plants. 

In Figure 2, there are low concentrations of carbon dioxide which varies with sites. 
The estimation of concentrations was focused on diverse space of dense green sites and 
less dense sites. The results of concentrations differ from that of urban sites. The 
concentration of relative humidity indicated high values showing much moisture in the 
measurement sites. This clearly indicated low values of temperature making the areas 
conducive. At the Factory measurement site, there is a still moderate concentration of 
carbon dioxide in the site. The factory is still under construction, and a generator set 
being mounted outside. 

The 16 weeks diurnal measurements were made at 5m distance apart. From the 
statistical result, mean carbon dioxide concentrations at the sites are 491.85 ppm. This 
show the benefits of greening when the result is compared with that of Mechanic new 
road and at urban sites. 
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Figure 2 Carbon dioxide concentration over suburban study areas and interactions with 
meteorological parameters (see online version for colours) 

 

4 Conclusion 

In this experimental research, spatial and seasonal variation of CO2 concentration over 
Owerri metropolis has been assessed. The surface CO2 concentration and rate of 
absorption by green plants were investigated by applying a comprehensive and 
consecutive field measurement method (FMM). The anthropogenic contributions to 
regulating the spatiotemporal distribution and seasonal patterns of atmospheric carbon 
dioxide load over seven selected locations of Owerri metropolis were addressed. 

The experimental results of the sensitivity experiment showed that anthropogenic 
concentration and increase are important in shaping spatial distributions of CO2 over 
Owerri metropolis (Oke, 1982). The contribution of anthropogenic CO2 imprint varies 
much due to season (Fan and Sailor, 2005; Imasu and Tanabe, 2018). However, some 
studies has also integrated CO2 concentrations with wind data and similar results has 
been obtained (Feng et al., 2016; Hirano et al., 2015). There shows an increasing level of 
CO2 during the wet season. The 584.61 ppm CO2 concentrations are observed in March 
and April. However, during the dry season, there is a great reduction of 8.33% obtaining 
486.50 ppm during January and February CO2 mean. Since there is a prediction for an 
increase in industrial production and economic growth in general, the concentrations of 
air pollutants in the atmosphere will increase. The results obtained suggested that urban 
cities which represent an area where there are more industrial activities, share towards 
climate change by burning of fossil fuel (Taha et al., 1991). This is indicated from the 
implications of the result in Tables 3–7. To mitigate local CO2 concentrations, 
particularly in cities, there is a need to adopt a plan to support high photosynthetic rates 
during the rainy season. Climate variability from the onset has been attributed to 
atmospheric CO2 concentrations. This has provided significant information from urban 
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settlement experimental analysis observed in this research work. It is seen from the 
results of this experimental statistics that cities contribute the most to anthropogenic 
global climate variability. 

4.1. Policy recommendations and economic implications 

i Climate variability through emissions of pollutants such as CO2 from fossil fuel 
combustion causes air pollution, which urban areas has continued to receive at great 
interest. There is great need to control these carbon emissions and monitor the 
environmental and individual processes of Owerri metropolis, because these 
pollutant emissions have negative impacts on human health and welfare. 

ii Since there is a prediction for an increase in industrial production and economic 
growth in general, the emissions of air pollutants in the atmosphere will increase. 
Therefore there is an urgent need for the study of air pollution characteristics and 
dynamics and its transport in the atmosphere at various spatial and time scales. 

iii The results of this study highlighted the importance of vegetation in residential areas 
to mitigate local CO2 emissions, particularly in cities with a climate that allows 
evergreen vegetation to maintain high photosynthetic rates over rainy season.  
As urban areas grow, urban planners need to consider the importance of urban 
greenspace to counteract urban CO2 emissions.. 

iv Planners and policymakers should take into account the potential and actual impacts 
of climate change on human settlements both at the national and local levels, and 
ensure the effective implementation of urban development plans and enforcement of 
rules and regulations. Capacity building and raising awareness among relevant 
stakeholders about the impact of climate change is also essential. 

v Local and municipal governments should create conducive environment for the 
urban population and industry to have access to clean and affordable energy. 
Strategies should therefore emphasise local and appropriate technologies, renewable 
energy, cost-effectiveness, and energy efficiency. 
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