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Abstract
Photosynthesis has been the major phenomena of removing accumulated carbon dioxide from the 
atmosphere due to the presence of green plants. Deforestation has always served as an obstacle towards 
carbon dioxide sink. Analytical experiment of diurnal carbon dioxide measurement was conducted over some 
selected areas of Owerri metropolis that has no green plants, and was compared by a ground measurement 
at Uratta in Owerri North. Statistical analysis of variance and mean was carried out on the obtained data, 
and it was observed that Uratta has moderate temperature than Owerri. Owerri recorded a twelve months 
carbon dioxide, temperature and wind speed mean values of 583.42 ppm, 33.69 °C, and 1.31 m/s, while 
Uratta recorded mean values of 471.47 ppm, 23.67 °C and 2.21 m/s. From the experimental method, it 
can be deduced that the amount of heat energy added to the regions depends on the concentration of 
greenhouse gases in the atmosphere. However, urbanization reduces terrestrial sink. This activity introduce 
heat wave to the corresponding environments. The result of this study suggests need for urban greening for 
a good photosynthetic uptake.

Keywords
Deforestation, Vegetated surroundings, Seasonal variation, Photosynthesis, Urbanization

DOI: 10.35840/2631-5033/1858

[5] including the biophysical limitations [6]. This is 
observed towards the stomatal photo-conductance 
of regenerated trees. This generally showed that 
regenerated forested area stores less carbon 
dioxide. Also, regenerated trees show to have 
rapid carbon dioxide absorption, but have found 
to be at a lower percentage towards maturity and 
hence, can’t adequately serve as a good sink [7]. 
A good use of biomass energy could also reduce 
the rate of atmospheric CO2 increase [8]. In order 
to achieve proper carbon dioxide sink, harvested 
wood and/or trees must be turned into a long lived 
product or used as biomass energy in order to avoid 

Introduction
Mostly 90% significant estimation of carbon 

dioxide emissions as a result of anthropogenic 
contributions since 1850 has been attributed to 
deforestation [1]. This accumulation as reported 
by [2] is also as a result of 20% reduction of 
forested areas. This adequately suggested that 
deforestation has been on an increase and mostly 
in tropical countries [3]. [4] reported that this 
accumulation has been on a decrease in Europe 
and North America as the result of reforestation. 
Typically, several physiological limitations on the 
photosynthetic uptake of trees have been observed 
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excessive fossil fuel emissions [9]. Climate change 
is constantly posing heating of the atmosphere 
and the composition of heating experienced in any 
particular region is as the result of greenhouse gas 
concentration emitted at that region. Due to this, 
[10] reported that the Earth would experience a 
temperature increase of approximately 6 °C as 
a result of carbon dioxide (CO2) concentration 
replication. The greenhouse effect as a natural 
phenomenon causes the warming observed at the 
lower troposphere, as a result of greenhouse gases 
trapped and/or absorbed by the Earth’s surface 
through the long wave infrared radiation. This 
phenomenon was discovered by J. Fourier in 1827 
and first quantified by S. Arrhenius in 1896. These 
greenhouse gases are responsible for the Earth’s 
surface warming in order of 33 °C and they include 
carbon dioxide (CO2), water vapor, nitrous oxide 
(N2O), methane (CH4) and tropospheric ozone (O3) 
[9].

The atmosphere as dynamic system hosts large 
number of physical and/or chemical processes. 
Adequate understanding of atmospheric dynamics 
as well as the transport of pollutants could 
be achieved using atmospheric models. This 
atmospheric model simulates various processes 
occurring in atmosphere and their interactions. 
In order to make clear knowledge of this global 
warming and its trend is to engage on the direct 
measurement of these atmospheric greenhouse 
gas compositions and their effects. Though, 
there could be other forms of measurements like 
that of high tower measurement found in [11], 
satellite measurement found in [12]. In short, 
direct measurement adopted in this research is 
adequate method and has potential of measuring 
direct ambient CO2 concentration of any region and 
describing its spatial distribution across cities. This 
is because spatiotemporal variation of atmospheric 
gas concentration found in any region indicates (i) 
The spatial composition, as well as flux intensity 
of that region (ii) The factors contributing towards 
this distribution and its time variations (iii) The 
interactions and feedbacks of different processes 
and variables.

In order to estimate the strength of emission 
factor, adequate knowledge of atmospheric 
transport is needed through atmospheric 
concentration measurement. This method, which 
is referred to “atmospheric inversion” has been in 
practice over two decades now [13].

[14] suggested better approach to address 
continental atmospheric gas measurements and 
adequate step to overcome problem associated 
with them through CO2 and other gas measurements 
from tall towers. In order to deduce regional fluxes, 
it is advisible to take measurement close to surface, 
where proximity to sources and sinks results in large 
signals with high temporal resolution. However, 
measuring atmospheric gases at a good height, 
which is a few hundred meters, the resolution will 
indicate a good flux footprint of order 500-1000 
km [15]. Hence, sampling from a different height 
continuously above the ground permits a clear 
result which separates the local from regional fluxes 
[16]. A considerable CO2 measurement in urban 
environments has been carried out, with the aim 
which focuses on the diurnal variation of CO2 and 
its relationship with the planetary boundary layer 
and emissions [17]. A recent example has started 
to attempt, which specifically attributes emissions 
[18] and performs trend detection over the time 
[19]. These studies suggested that acknowledgment 
and trend detection with atmospheric observations 
are possible, and need to consider planting green 
plants for Carbon dioxide mitigation. Though, 
effect of extensive deforestation, changes in land 
use, as well as urban development has attributed 
too much storing of carbon dioxide into the 
atmosphere, that could lead to temporal increase 
of CO2 concentration globally.

Carbon dioxide is a greenhouse gas that accounts 
presently in the atmosphere due to anthropogenic 
contributions. Its concentration is closely related 
to the biogeochemical carbon cycle that involves 
a direct exchange with the terrestrial biosphere, 
ocean, as well as the marine biosphere. An 
estimation using different method have shown that, 
over the decades, carbon dioxide released into the 
atmosphere has been absorbed by the biosphere 
and oceans in a comparable proportion [20-23]. In 
a longer point of view, urban measurement made 
on continuous basis can provide useful information 
that could be used in monitoring changes in carbon 
emission in response to local, national, as well as 
globally. With a great objective aimed towards 
reduction of greenhouse gas emission from 
anthropogenic sources.

A few research study in order to quantify the 
influence of carbon dioxide has been done at 
urban sites, including a suburb area of Chicago 
[24], central Edinburgh [25] and Marseille, France 
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of CO2 are measured during the night and in the 
morning. An early morning maximum is associated 
with the morning rush hour. Measurements in 
Essen, Germany determined that 71% of the near 
surface CO2 is affected most by traffic density 
and atmospheric stability [30]. Different weekend 
effects are observed with lesser concentrations 
during the weekend in Baltimore but the greatest 
concentrations in Mexico City are observed on 
Saturday, which also corresponds to the selected 
locations of Owerri metropolis.

The original aim of monitoring CO2  was to 
evaluate its global background concentration and 
rate of increase [31,32]. Recently, CO2  datasets 
have also been used for other purposes, such as 
the study of net ecosystem exchanges [33], and of 
the latitudinal and seasonal patterns of sources and 
sinks and their magnitudes [13,34]. The long term 
CO2 record has been used to evaluate interannual 
and decadal changes in the atmospheric 
CO2  concentration gradient in Europe [35] and to 
validate atmospheric greenhouse gas models [36] 
and inverse source receptor models [37].

The mathematical description of carbon dioxide 
concentration profile from different chemical 
compounds in the atmosphere is one of the 
applications of atmospheric models [38,39]. The 
description used in this research detects trends 
in carbon dioxide emission from localized source 
region, like that of [40]. Also, there are other models 
like high resolution transport model REMO, coarser 
resolution model LMDZ, which resolves the spatial 
gradients caused by carbon dioxide emissions [41]. 
The problem which the description tackles is to 
calculate the spatial and temporal concentration of 
air pollutants under specific emission conditions. As 
might be expected, in order to solve this problem, 
it is necessary to have a detailed description of 
the pollutant emissions, the land topography, 
the reactivity of the pollutants and the transport 
conditions in the atmosphere [42].

Data and Model
Twelve months ground based measurements 

of Carbon dioxide, Temperature, and wind speed 
made at Owerri metropolis were compared by a 
measurement made at Uratta Owerri North. These 
meteorological in-situ measurements exhibit large 
diurnal (Morning and Evening) period of January to 
December 2016. The aim of the measurement is to 

[24], and suburban areas of Copenhagen [26], 
Tokyo [27], and Basel [28]. Long-term field project 
comparison of carbon dioxide and temperature is 
currently underway in Baltimore [24], but there 
are relatively few such studies. Therefore, we have 
observed in this study, urban and rural areas of 
Owerri and Uratta region to estimate concentration 
of carbon dioxide and contribution of greening.

Urbanization influence and diffusion
The influence of urbanization tends to make 

low the sink of atmospheric carbon dioxide gas 
emission. Additionally, introduces major CO2 sources through combustion of fossil fuels. Without 
adequate knowledge of urban CO2 

fluxes and 
controls, significant carbon budget scenario will be 
lacking.

Recognizing potential global climate change 
problem, World Meteorological Organization 
(WMO) as well as the United Nations Environment 
Programme (UNEP) established in 1988 the 
Intergovernmental Panel on Climate Change (IPCC) 
with the mission to assess the scientific, technical 
and socio- economic information that is relevant for 
the understanding of climate change, its potential 
impact and option for adaptation and mitigation 
[19].

In order to create a reliable and complete 
data network of CO2 and other greenhouse 
gas concentrations, the World Meteorological 
Organization (WMO) established the Global 
Atmosphere Watch (GAW) program in 1991, 
which actually involves about 80 countries. As 
part of the GAW program, the World Data Centre 
for Greenhouse Gases (WDCGG), hosted by the 
Japanese Meteorological Agency, collects and 
distributes greenhouse gas concentration data. 
The GAW program has the aim of providing data 
and information on the chemical composition 
of the atmosphere, as well as improving the 
understanding of the changes in concentration of 
natural and anthropogenic gases and the mutual 
interactions between atmosphere, oceans and 
biosphere.

Monitoring of the atmospheric concentration 
of CO2 was started in 1958 by C.D Keeling from 
the Scripps Institution of Oceanography (SIO) at 
Mauna Loa observatory Hawaii, which is in the 
present the longest and continuous atmospheric 
CO2 record [29]. The greatest concentrations 
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In Eq. (3) the advective equation of the transport 
was generated by considering C, which is the 
pollutant concentration and S as the emission 
source,

 
iu  is the ith velocity component then effv  

and dv
 
are the effective kinematic viscosity and 

diffusion coefficient. It is observed from the analysis 
that the diffusion coefficient is on the increase.

In order to address the issue of how local CO2 
concentrations are affected by human activities in 
arid, urban environment, this experimental research 
focuses on conducting a carbon source study 
evaluating anthropogenic carbon sources and action 
of wind contribution. There is no globally definition of 
“urban” as each country has its own definition.

The accurate determination of the factors 
which control the concentration of pollutants in 
the ambient air such as the emission sources, the 
pollutant transport and the surface topography 
define how realistic is the solution of the problem. 
Several categories of models have been used such 
as deterministic, statistical and stochastic for the 
solution of problems for pollutant dispersion in 
the atmosphere [13]. Numerical and analytical 
methods have been applied to deterministic model, 
by evaluating the obtained data in order to check 

compare carbon dioxide sink in urban areas that 
does not support city greening and rural areas that 
has green plants. Nigeria is located in West Africa 
on the Gulf of Guinea and has a total covering area 
of 923, 768 Km2. The far south Eastern region, 
which lies Owerri (lat 5.48 N, long 7.03 E), Imo State 
is defined by its tropical rainforest climate, where 
annual rainfall is 1524 to 2032 mm per year. The 
map (Figure 1) shows the location of the state.

A corresponding model adopted from [38] was 
used to study the diffusion pattern of the study 
area Eqs. (1-3). [43] coupled Weather Research 
and Forecasting Model (WRFC) with Vegetation 
Photosynthesis and Respiration Model (VPRM) 
in order to understand the full effect of transport 
over atmospheric CO2 distributions. Also, Carbon 
Tracker model (CT) which describes the variation 
relationship of CO2 concentration with spatial 
coverage [44], and TM5 (Tracer model version 5) 
developed by National Oceanic and Atmospheric 
Administration [45]. The prevailing wind speed and 
pattern that was responsible for the advection and 
diffusion of pollutants were analyzed and depicted. 
The data set used in this model was collected on 
a ground based maintaining a diurnal pattern. The 
station recorded high concentration of CO2 peaks. 
These peaks can originate from local effects and/or 
from synoptic scale transport [46].

0j

j

U
X

∂
=

∂
 					      (Eq.1)

Figure 1: Map showing the location of study.
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sample mean. We calculated weekly epoch and this 
was adopted from [47] Let bth measurement of ath 
population is denoted by Xab. Z being the number of 
observations in each sample and I being the number 
of populations (epochs); the meteorological total 
data consist of IZ observation 1 2, ..... aX X X .

1
.

Z
b ab

a
XX

Z
=Σ

= 				     (Eq.4)

Where 1,2,3.....,a I=

The average is given by 

1 1
..

I Z
a b abXX

IZ
= =Σ Σ

= 			   (Eq.5)

The variance of the in situ sample mean of the 
measurement is

2
2 1

1X
SS

Z
=

−
				                    (Eq.6)

the concentration rate of carbon dioxide emissions 
between Owerri and Uratta in a continuous range 
of twelve months. Numerical solutions in terms of 
using the data have been used widely, but require 
extensive input data and computational time.

Data Analysis
Statistical analyses of Carbon dioxide, 

temperature and wind speed obtained through 
measured area of Owerri and Uratta were 
subjected to Epoch analysis. Epoch analysis is 
an essential tool in running analysis and to solve 
atmospheric physics problems. It has been fast 
procedure to determine statistical impact of 
experimental results [39]. Before evaluating the 
significance of meteorological data sets obtained 
from the measurement, procedures for data 
transformations were obtained without affecting 
the sample average by using the filtering epoch 

Table 1: Owerri statistical results over Carbon dioxide, temperature and wind speed.

X  (CO2) X  (Temp) X  (Wind) 2
XS  (CO2) 

2
XS  (Temp) 2

XS  (Wind) σ  (CO2) σ  (Temp) σ  (Wind)

583.42 33.69 1.31 33.81 1.51 0.91 1215.4 0.9 0.18
S/N Station Latitude (N) Longitude (E) Altitude (m)
1. IMSU junction 05°30’26.6’’ 007°02’16.6’’ 78

2. IMSU gate                       05°30’29.6’’ 007°02’32.4’’ 87

3. Rockview roundabout     05°29’35.0’’ 007°01’57.8’’ 68

4. MCC junction                  05°29’09.7’’ 007°02’24.4’’ 73

5. Mbaise rd roundabout     05°28’53.6’’ 007°01’59.9’’ 72

6. New market plaza            05°28’29.4’’ 007°02’04.6’’ 80

7. Ekeonuwa plaza               05°29’04.5’’ 007°01’55.6’’ 89

Table 2: Uratta statistical results over Carbon dioxide, temperature and wind speed.

X  (CO2) X  (Temp) X  (Wind) 2
XS  (CO2) 

2
XS  (Temp) 2

XS  (Wind) σ  (CO2) σ  (Temp) σ  (Wind)

471.47 23.67       2.21            502.32       13.32         0.61      18.31    2.98      0.34
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 ibe st.                    05°29’24.6’’           007°04’49.8’’ 125

4. Factory 05°29’16.0’’           007°04’41.2’’ 132

5. 1 Casmir ibe st.       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
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As urban areas expand, urban planners needs to 
consider importance of greening to offset urban 
CO2 emissions. While this study suggests favoring 
evergreen vegetation, additional work should 
be maintained to quantify photosynthetic CO2 
utilization potential of individual tree species. 
This will give routine in plant species selection for 
urban greening programs aimed at climate change 
mitigation. Also, the research result indicated 
that surface distributions and wind directions 
are the leading controls for CO2 variations [48]. 
This is because an environmental consequence of 
unplanned urban growth poses traffic congestion, 
air and water pollution, as well as improper solid 
waste disposal. Social consequences of unplanned 
urban settlement poses urban poverty, poor 
working conditions as well as low wages in the urban 
informal sector. However, conditions within cities 

Results and Discussion
Results obtained in this research indicated 

the implication of not practicing urban greening 
towards the urban region. In Table 1, statistical 
results depict characteristics of carbon dioxide 
emissions over Owerri and Uratta. From the 
analyses results, different result is observed in Table 
2. Results of carbon dioxide, temperature and wind 
speed measured in parts per million (ppm), degree 
celcius (°C) and meter-per-seconds (m/s) using 
epoch as described in Eqn 4 to Eqn 6 shows clear 
variations. In the rural area of Uratta, the measuring 
environment has trees all over the surroundings 
which enable low retrievals of carbon dioxide 
despite the traffic at Toronto Junction. The result 
highlights important actions of greening residential 
areas to mitigate local CO2 emissions, particularly 
in cities, to maintain high photosynthetic rate. 

Figure 2: Carbon flux at 27 Casmir street.

Figure 3: Temperature trend at 1 Casmir street.
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confirms the area as a temperate zone because 
more values range from 27.5 °C to 32.5 °C. This 
confirms the need for urban greening.

In Figure 4, shows temperature variation over 
location. The factory is still under construction, and 
a generator set been mounted outside. The trend 
depicts a clear linearity between carbon emissions 
with temperature. As already discussed in the 
literature, in order to obtain a good and accurate 
temperature measurement of any particular area, 
daily temperature variation of that particular area 
will not be accurate if observed at higher elevations. 
Therefore, the daily temperature variation is one 
of the main characteristics for the determination 
of the planetary boundary layer which happens to 
be the lower part of the atmosphere. The twelve 

or town often differ from one place to another, and 
where the poorest conditions occur in the informal 
sector, they are extremely difficult to measure. In 
Figure 2, measurements of carbon dioxide in 27 
Casmir show low concentrations in this region. 
Unlike the results obtained at the measurement 
sites done at urban environs, this is the fact that 
patterns of human activities like deforestation raise 
concerns about imbalances in the carbon cycle 
and their implications. The drift depicted confirms 
the month as dry seasonal month, and also more 
carbon sink due to the presence of green plants. 
Figure 3 Depicts temperature trends observed in 
1 Casmir. The thick black spot is values obtained 
during the morning measurements, while the star 
spot is evening retrievals. The thick black spot 

Figure 4: Temperature variance over factory.

Figure 5: Carbon cycle flow [49].
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in the carbon dioxide sinks are highly uncertain, but 
they could have a significant influence on future 
atmospheric CO2 levels, it is therefore crucial to 
reduce the uncertainties.

The results obtained from the statistical values 
shows that Uratta have a moderate climate due to 
the presence of green plants when compared with 
Owerri. This research work supports the need for 
urban greening. While this study suggests favoring 
of green vegetation, further research is required to 
quantify the photosynthetic CO2 uptake potential 
of individual tree species. This could aid species 
selection for urban tree planting. One global need 
for research communities, both international 
and national are fully understanding of pollutant 
characterization and mapping of urban systems, 
settlement site in general. An integrated advance 
to urbanization could result in reduced air pollution 
and greenhouse gas emissions, thus improving 
human and ecosystem health and meeting urban 
challenges. This will improve environmental 
concern and contribute to develop a strategic 
approach to address some of the key challenges 
facing urban development.
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