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Abstract  Generally, it is believed that change in
climate is driven by natural and human induced
disturbances of the earth energy balance. In Nigeria, the
perturbation of the earth energy balance is caused majorly
by human induced carbon dioxide. Carbon dioxide is an
important heat-trapping greenhouse gas, which is released
through human activities such as deforestation and burning
fossil fuels, as well as natural processes such as respiration.
The study examined the relative influence of XCO; on
climate variables and rice yield in Ohafia, Abia State,
Nigeria. The instrument used was the Greenhouse Gas
Observation Satellite (GOSAT), which uses the Thermal
and Near Infrared Sensor for Carbon Observation- Fourier
Transform  Spectrometer (TANSO-FTS). Transform
Spectrometer (FTS) exporter tool was used for scanning
XCO;. Regression model and forecast model were also
employed in the study. The results indicated that from 2009
to 2020, XCO; increased from 390.98 ppmv to 399.59
ppmv. Maximum temperature moved from 32.51°C to
33.23°C and minimum temperature fluxed between
17.38°C to 14.12°C. Radiation increased from 86.93 to
89.23 W/m? and albedo fluxed around 0.16 to 0.15.
Relative humidity decreased from 87.69% to 85.31% and
precipitation fluxed between 1,518.75 mm to 1,608.4 mm.

Rice yield fluxed between 19306 100g/ha to 26709 100g/ha.
The rice yield graph shows that rice yield from 2021 to
2030 is expected to be constant at 19,794.97 100g/ha if
XCO; continues to increase from 400 to 404.83 ppmv. This
means maximum temperature is expected to be constant at
32.59°C and minimum temperature may decrease from
17.05°C to 15.88°C. Radiation may increase from 89.59 to
99.3 and albedo is expected to remain at 0.16. Relative
humidity is expected to decrease from 85.64% to 84% and
precipitation is expected to be constant at 1,781.984 mm.
The study therefore recommended that an ambiguous
target of 30% reduction of carbon dioxide should be set to
reduce the level of carbon dioxide increase in the
atmosphere before 2025 or 2030.

Keywords Relative Influence, Carbon Dioxide, Rice
Yield, Climate Variables, Abia State

1. Introduction

Broadly accepted is the hypothesis that alterations in our
planet's climate are precipitated by natural phenomena and
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anthropogenic disturbances that upset the Earth's energy
equilibrium [1-3]. The primary source of energy for the
Earth and its atmosphere is solar radiation, of which our
planet intercepts a fraction, including the short-wave
visible spectrum [1,2]. Roughly a third of this energy is
reflected, while the remainder is absorbed by diverse
components of the climate system, such as the atmosphere,
ice, ocean, biota, and land [1,3,4]. The absorbed solar
radiation is offset by outgoing terrestrial radiation,
manifested as long-wave infrared energy, the magnitude of
which is contingent upon the temperature of the Earth-
atmosphere system [1,3,4]. These dynamics foster a
hospitable environment for life on Earth. As Earth
assimilates energy from the Sun, it is anticipated to emit an
equivalent quantity of energy into space. Radiative forcing
serves as a mechanism to quantify the energy imbalance
imposed on the climate system by solar radiation, with the
Earth's radiative forcing calculated as the disparity between
incoming and outgoing radiation [2,4,5]. Warming or
cooling of the Earth ensues when incoming energy
surpasses or is less than outgoing energy [2, 4, 6].

Multiple factors, both natural and human-induced, can
shift the balance between the energy absorbed by the Earth
and the emitted long-wave infrared radiation, thereby
impacting the Earth's radiative forcing on the climate
system. Anthropogenic factors primarily encompass the
rise in carbon dioxide levels. In contrast, natural factors
stem from solar variations like changes in the Sun's energy
output, explosive volcanic eruptions, and periodic
modifications in the Earth's orbital cycle [3,4,6,7]. Since
the advent of the industrial era, the Earth's radiation has
progressively increased, prompting a modest positive Earth
radiative forcing [3,4,7,8]. The amplification of radiative
forcing over the past 200 years is primarily attributable to
an escalation in carbon dioxide levels, accounting for
approximately 60% of the increase [1,4,6,8]. Carbon
dioxide is a significant greenhouse gas that traps heat, and
its release stems from human activities such as
deforestation and fossil fuel combustion, in addition to
natural processes like respiration and volcanic eruptions
[2,459]. The incremental rise in atmospheric
concentrations of carbon dioxide induces global warming
by capturing more heat. The surge in atmospheric carbon
dioxide concentrations, primarily due to the burning of
fossil fuels since the onset of the Industrial Revolution, has
led to a global average surface temperature increase of
about 1<C since 1900 [6]. This has prompted various
climate effects, such as ocean warming, sea-level rise, a
significant decline in Arctic Sea ice, and more frequent and
intense heat waves [4,6,7,9,10]. Continuous carbon dioxide
emissions could potentially exacerbate global warming and
alter local and regional climates, disrupting the Earth-
atmosphere system's radiative energy balance and leading
to temperature changes and other climatic perturbations
[7,9,11,12].

However, international entities and nations are
demonstrating their commitment to reducing carbon
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dioxide levels to mitigate these effects. Again, several
international agreements aim to combat climate change and
its impacts by establishing internationally binding and
differentiated emission reduction targets [9,12,13]. For
instance, the Kyoto Protocol of 1997 and the Doha
Amendment of 2012 have set emissions reduction targets,
which have been ratified by numerous parties [8,10,14].
The Paris Agreement of 2015 aims to limit the average
global temperature rise to below 2°C and preferably close
to 1.5<C in the current century [7,10,15]. These goals can
be achieved through nationally determined contributions
and regular carbon dioxide emission reports. Therefore,
given its significant role in climate change, it is urgent to
scrutinize carbon dioxide emissions across diverse
geographic locations. Climate alterations could jeopardize
ecosystems and biodiversity, affect water resources and
human settlements, and increase the frequency and
magnitude of extreme weather events, with profound
implications for food production, human welfare, socio-
economic activities, and economic output [8,10,16].
Moreso, while numerous studies have evaluated
atmospheric carbon dioxide levels in various locations [11-
24], a clear analysis of its concentration and influence on
temperature increase is still lacking. Therefore, this study
aims to address this gap by predicting the intensity of
carbon dioxide in the atmosphere in Abia State, Nigeria,
and contributing to knowledge on the column
concentration of atmospheric carbon dioxide. This research
will be of substantial importance to environmental
ministries, urban planners, and designers in Abia State,
Nigeria. It will assist the Carbon Management Board, and
policymakers in setting ambitious carbon reduction targets
for Abia State and its surroundings.

2. Materials and Methods

The Greenhouse Gas Observation Satellite (GOSAT)
serves as an Earth Observation Remote Sensing Satellite
stationed in the atmosphere to quantify the greenhouse
impact of carbon dioxide. As noted by the Japan Aerospace
Exploration Agency and National Institute for
Environmental Studies (JAEA) (NIES) [23-25], the
satellite was launched in 2009 into a sun-synchronous sub-
recurrent orbit at an approximate altitude of 666km [24-26].
Consequently, the GOSAT  Fourier  Transform
Spectrometer (FTS) utility was utilized to scan XCO;
[27,28]. Carbon dioxide analysis was performed at the
Mauna Loa Station, leveraging data from the National
Oceanic and Atmospheric Administration's Global
Monitoring Laboratory (NOAA GML) [27-29]. Various
meteorological variables, such as maximum and minimum
temperatures, radiation, albedo, relative humidity, and
precipitation, were sourced from the Power Data Access
viewer of the National Aeronautics and Space
Administration (NASA) [12,29,30]. Concurrently, data on
rice yield was obtained from the Food and Agricultural
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Organization Statistical Database (FAOSTAT) [30-32],
with the annual yield of rice cultivated under optimal
nutrient conditions [30-33].

3. Statistical Analysis

The examination of XCO,;, maximum temperature,
minimum temperature, radiation, albedo, relative humidity,
precipitation, and rice yield, the Statistical Package for
Social Sciences (SPSS), version 22, was employed. A
regression analysis and forecast modelling approach was
utilised for the investigation. Rice yield was the dependent
variable, with XCO,, maximum temperature, minimum
temperature, radiation, albedo, relative humidity, and
precipitation functioning as independent variables. A time-
series module was adopted, employing a decade-long
observation period from 2021 to 2030. Further, for the
researchers to draw comparisons between XCO; at Ohafia
and CO; at the Mauna Loa Station, the paired sample t-test
statistical methodology was employed.

4. Results

The map in Figure 1 shows XCO_using FTS exporter in
Ohafia, Abia State, Nigeria. Also illustrating observation
points, paths, and regions of interest. The Fourier
Transform Spectrometer (FTS) exporter is ingeniously

Relative Influence of XCO: on Climate Variables and Rice Yield in Ohafia, Abia State, Nigeria

engineered to transfer datasets from previously
downloaded FTS products in the input directory, and
generate an output file in the universally recognized CSV
format.

Table 1 illustrates a comprehensive dataset underscoring
the interplay between diverse climatic parameters and the
resultant rice yield for a span of 12 years (2009 to 2020) in
Ohafia, Abia. The table is meticulously organised into
eleven columns, each signifying a distinct variable that is
known to impact rice production. The 'Year' column
demarcates the chronological progression of the data,
allowing us to trace the temporal changes in the studied
parameters. Following this, the "XCO, (ppmv) Ohafia,
Abia' and 'CO, analyzer at Mauna Loa Station (ppm)'
columns offer a dichotomous view of CO; concentration,
portraying both a localised and a global perspective. These
columns highlight a rise in CO, concentration over time,
suggesting an escalating trend of greenhouse gas
accumulation at both local and global levels. In Table 1,
starting with the XCO; (ppmv) Ohafia, Abia and CO;
analyzer at Mauna Loa Station (ppm) columns, we observe
a steady upward trend. The CO, concentration at the local
site of Ohafia, Abia, increased from 390.98 ppmv in 2009
to 399.59 ppmv in 2020. This trend aligns with the global
trend recorded at the Mauna Loa Station, where the
concentration rose from 387.64 ppm to 414.24 ppm during
the same period.
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Figure 1. Map of XCO,using FTS exporter in Ohafia, Abia State, Nigeria
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The maximum temperature and minimum temperature
columns fluctuate across the years. For instance, the
maximum temperature peaked at 33.39°C in 2017 and fell
to its lowest at 31.62°C in 2011. Meanwhile, the minimum
temperature varied significantly, with the highest being
18.06°C in 2019 and the lowest at 13.01°C in 2015. In
terms of radiation, the figures vary slightly from a
minimum of 85.79 W/m? in 2015 to a maximum of 89.23
W/m? in 2020. This parameter, crucial for photosynthesis,
thus showed minor yearly fluctuations. The Albedo values
exhibited a minor fluctuation between 0.15 and 0.16 across
the years, indicating a relatively constant level of reflected
sunlight. The relative humidity showed a small range of

variation, from a low of 85.31% in 2020 to a peak of 88.38%

in 2013. Furthermore, precipitation displayed a noticeable
yearly variability, from the highest recorded at 2214.84 mm
in 2016 to the lowest at 1297.27 mm in 2014 (See Table 1).
In contrast, the rice yield exhibited substantial fluctuations,
ranging from a high of 26709 (100g/ha) in 2018 to a low of
16454 (100g/ha) in 2013. The impact of the studied climate
variables on this significant variation in rice yield would be
a prime area of investigation in understanding and
predicting agricultural productivity in the face of climate
change.

Table 2 presents a statistical analysis of climate variables
and their impact on rice yield. Notably, the variables
assessed include XCO;, CO,, maximum temperature,
minimum temperature, radiation, albedo, relative humidity,
and precipitation. In Table 2, it is clear that all variables
exhibit significant variations, which may suggest a
potentially complex relationship between these climate
variables and rice yield. The average CO- level, XCO2 and
COy, is approximately 400 parts per million (ppm). This is
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significant considering the critical role of carbon dioxide in
plant photosynthesis, which can have direct implications
for crop yield. Furthermore, temperature plays a vital role
in the life cycle of rice crops, with the mean maximum and
minimum temperatures being approximately 32.6°C and
15.9°C, respectively. This provides valuable insights into
the thermal conditions under which these crops are
cultivated and could be instrumental in predicting rice yield
under shifting climatic patterns. Moreover, the average
radiation was about 86.7 Watts per square metre (W/m?),
emphasising the influence of sunlight exposure on crop
growth and yield. Simultaneously, the albedo (the fraction
of solar energy reflected into space) was found to be 0.158,
which is significant considering the role of albedo in
determining the surface temperature and, thus, the growing
conditions for the crops. Also, in Table 2, the relative
humidity, which was approximately 86.9%, and
precipitation levels (mean value: 1781.98 mm) could
significantly influence the availability of water for the
crops, directly affecting their growth and yield. The
average rice yield was about 21,224.75 kg/ha, with a
standard deviation of 3,127.437 kg/ha. This significant
variation in rice yield could be linked to the variations in
the aforementioned climate variables. Conclusively, the
data in Table 2 underscores the multifaceted relationship
between various climatic variables and rice Yyield,
providing an empirical foundation for further study of
climate change's implications on rice cultivation. However,
further investigations involving regression analysis or more
complex statistical methods would help better understand
the degree and nature of each of these variables' impact on
rice yield.
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Table 1. Climate variables and rice yield

CO, analyzer at Maximum Minimum Radiation . o Rice yield
S/N Year éﬁgﬁ;‘fgz) Mauna Loa Station Temperature Temperature (°C) (W/m?) alit;sgssionless) Ejrlsltg:g/ %) (Pr:]erf]l)pltatlon (100g/ha)
(ppm) o (FAO,
Q®)
1 2009 390.98 387.64 3251 17.38 86.93 0.16 87.69 1518.75 19306
2 2010 390.6 390.1 33.14 16.39 86.94 0.16 87.38 1945.9 18386
3 2011 392.19 391.85 31.62 14.93 85.93 0.16 86.75 2114.65 20325
4 2012 395.56 394.06 317 16.9 86.12 0.16 87.88 2199.02 18971
5 2013 395.83 396.74 31.87 15.43 85.8 0.16 88.38 1761.33 16454
6 2014 396.32 398.81 32.58 17.44 86.45 0.16 86.75 1297.27 21473
7 2015 396.77 401.01 325 13.01 85.79 0.16 86.56 1771.88 23022
8 2016 397.76 404.41 33.24 15.53 86.04 0.16 86.38 2214.84 25643
9 2017 397.91 406.76 33.39 17.87 86.11 0.16 87.19 2019.73 24488
10 2018 398.56 408.72 33.08 13.65 87.76 0.15 86.12 1550.39 26709
11 2019 399.25 411.66 3221 18.06 87.23 0.15 86.06 1381.64 20441
12 2020 399.59 414.24 33.23 14.12 89.23 0.16 85.31 1608.4 19479
Table 2. Statistics of Climate variables and rice yield
XCO, CO, Maximurm Minimurm Radiation Albedo ReIaFiye Precipitation Rice yield
Temperature Temperature humidity
N Valid 12 12 12 12 12 12 12 12 12
Missing 0 0 0 0 0 0 0 0 0
Mean 395.9433 400.5 32.5892 15.8925 86.6942 0.1583 86.8708 1781.983 21224.75
Std. Deviation 3.11164 8.75145 0.63426 1.71171 1.01485 0.00389 0.87138 316.8241 3127.437
Variance 9.682 76.588 0.402 2.93 1.03 0 0.759 100377.5 9780861
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The paired sample statistics of the standard deviation of
XCO; at Ohafia indicated 3.11164 ppmv, mean CO;
concentration at Mauna Loa Station shows 8.75154 ppm
(see Table 3). Table 4 indicates the paired sample
correlation (r=0.943, p<0.05). From the Table, the results
reveal that there is significant relationship between XCO,
at Ohofia and CO; at Mauna Loa Station. While Table 5
further illustrates the comparative samples T-Test of XCO,
at Ohafia and CO, at Mauna Loa Station. The results in the
Table reveal (t=-2.672, p<0.05), this means that the paired
sample test has significant differences between XCO; in
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Ohofia and CO, at Mauna Loa Station. The deviance
between XCO; and CO; variables was 5.9085 ppm.

Table 6 shows the model summary of XCO; and climate
variables. The model summary indicated that R = 80.2%,
R-Square = 89.6% and adjusted R-square 45.7%. This
suggests that the regression model has a good fit. Even
though the model fit looks positive, the coefficients table
shows that there are too many predictors in the model. The
non-significant coefficients, indicate that these variables do
not contribute much to the underperformance of rice yield
in the model.

Table 3. Paired Samples Statistics of XCO, at Ohafia and CO, at Mauna Loa Station

Mean N Std. Deviation Std. Error Mean
XCO, 395.9433 12 3.11164 .89825
Pair 1
CO, 400.5000 12 8.75145 2.52633
Table 4. Paired Samples Correlations of XCO, at Ohafia and CO, at Mauna Loa Station
N Correlation Sig.
Pair 1 XCO, & CO, 12 .943 .0001
Table 5. Comparative Samples T-Test of XCO, at Ohafia and CO, at Mauna Loa Station
Paired Differences
95% Confidence Interval of the . .
Std. Std. Error Difference t df Slg (2-talled)
Mean -
Deviation Mean
Lower Upper
Pair 1 | XCO, - CO; | -4.55667 5.90854 1.70565 -8.31078 -.80256 -2.672 11 .022
Table 6. Model Summary® of XCO, on climate variables and rice yield
Model R R Square Adjusted R Square Std. Error of the Estimate
1 .896° .802 457 2305.47610
a. Predictors: (Constant), Precipitation, MaximumTem, MinimumTem, XCO,, Albedo, Radiation, Relativehumidity
b. Dependent Variable: Riceyield
Table 7. Coefficients® of XCO, on climate variables and rice yield
Unstandardized Coefficients Standardized Coefficients
Model t Sig.
B Std. Error Beta
(Constant) 281276.125 248049.546 1.134 .320
XCO, 68.909 294.736 .690 234 .052
Maximum Temperature 3151.177 1329.900 .639 2.369 .047
Minimum Temperature -236.043 459.181 -.129 -.514 .634
1
Radiation -2260.022 1028.339 733 -2.198 .033
Albedo -341733.731 227717.632 -.425 -1.501 .208
Relative humidity -1588.892 1350.558 -.443 1.176 .305
Precipitation 1.004 2.766 102 .363 735

a. Dependent Variable: Rice yield
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In order to determine the relative importance of the
significant predictors, look at the standardized coefficients.
XCO2, maximum temperature and radiation contributed
more to the underperformance of rice yield in the model,
because it has a larger absolute standardized coefficient,
and also contributed significantly to trapping heat energy
in the environment. The predictors influencers were XCO,
(0.690), maximum temperature 0.639 and radiation 0.733
(refer to Table 7). This means XCO; maximum
temperature and radiation  contributed to the
underperformance of rice yield in Ohafia. Although,
precipitation coefficient was (0.102). This means that
precipitation loaded very strongly and contributed more to
rice yield in the study area. This also implies that in every
unit increase in XCO; (0.690), maximum temperature
0.639 and radiation 0.733 (see Table 7), there was
underperformance of rice yield cultivated with optimum
nutrient.

The case wise diagnostics prediction value of the
regression model reports underperformed period from
2009-2020. In 2010, there was under performance of
-2319.28, 2013 -1638.53331, 2015 -616.74678, 2019
-1828.41440 and -439.96154 in 2020 respectively (see
Table 8). The residual statistics predicted value of the
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regression model indicates a minimum rice yield of
17613.8086 and maximum radiation of 25609.6445 from
2009-2020 (refer to Table 9).

In furtherance from above, Figures 2 to 10 are
representation of the linear graph plot for XCO,, CO; at
Mauna Loa Station, maximum temperature, minimum
temperature, radiation, albedo, relative humidity,
precipitation and rice yield. The linear plots were as
follows XCO, (y=0.196x, R?=0.382), CO, (y = 0.198x, R=
0.157), maximum temperature (y = 0.016x, R== 0.072),
minimum temperature (y = 0.007x, R=2= -0.00), radiation
(y = 0.043x, R==0.131), albedo (y = 8E-05x, R==-0.08),
relative humidity (y = 0.043x, R==-0.30), precipitation (y
=0.884x, R==-0.00) and rice yield (y = 10.53x, R==0.011).
From 2009 to 2020 it was discovered that XCO; increased
from 390.98ppmv to 399.59 ppmv. Maximum temperature
moved from 32.51°C to 33.23°C and minimum temperature
fluxed between 17.38°C to 14.12°C. Radiation increased
from 86.93 to 89.23 W/m? and albedo fluxed around 0.16
to 0.15. Relative humidity decreased from 87.69% to
85.31% and precipitation fluxed between 1,518.75mm to
1,608.4 mm. Rice yield fluxed between 19306 100g/ha to
26709 100g/ha (See Figures 2-10).

Table 8. Casewise Diagnosticsa prediction of the regression model of XCO, on climate variables and rice yield

Case Number Std. Residual Rice yield Predicted Value Residual
2009 734 19306.00 17613.8080 1692.19203
2010 -1.006 18386.00 20705.2736 -2319.27356
2011 .218 20325.00 19822.6851 502.31487
2012 551 18971.00 17701.8345 1269.16550
2013 -711 16454.00 18092.5333 -1638.53331
2014 403 21473.00 20544.2484 928.75160
2015 -.268 23022.00 23638.7468 -616.74678
2016 .014 25643.00 25609.6452 33.35480
2017 .255 24488.00 23899.2636 588.73639
2018 793 26709.00 24880.5856 1828.41440
2019 -793 20441.00 22269.4144 -1828.41440
2020 -191 19479.00 19918.9615 -439.96154

a. Dependent Variable: Rice yield

Table 9. Residuals Statisticsa of the regression model of XCO; on climate variables and rice yield

Minimum Maximum Mean Std. Deviation N

Predicted Value 17613.8086 25609.6445 21224.7500 2801.43781 12
Residual -2319.27368 1828.41443 .00000 1390.25440 12

Std. Predicted Value -1.289 1.565 .000 1.000 12
Std. Residual -1.006 793 .000 .603 12

a. Dependent Variable: Rice yield
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The findings presented in this study, visually
encapsulated in Figure 11, emanate from a comprehensive
predictive modelling framework that embraces a broad
spectrum of climatic variables. The model integrates these
variables with the anticipated rice yield over an expanse of
ten years, specifically from 2021 to 2030. This assumption
has multiple downstream implications for other parameters
considered in the model (see Figure 11). Primarily, the
maximum temperature is predicted to retain consistency at
32.59°C. Conversely, the minimum temperature is
anticipated to follow a declining trajectory, receding from
an initial 17.05°C to a lower 15.88°C. Another outcome of
the projected escalation in XCO, concentration is an uptick
in radiation levels. The forecast anticipates a rise from
89.59 to 99.3 in this parameter. The model also predicts a
constancy in the albedo, estimated to remain at 0.16, thus
suggesting that an increased proportion of heat will be
absorbed. In the context of atmospheric humidity, a
decrease from 85.64% to 84% is projected. This reduction
signifies a potential loss in moisture content in the
atmosphere over the study period. Meanwhile,
precipitation levels are envisaged to remain steady,
specifically at 1,781.984 mm, indicating no significant
changes in rainfall patterns over the forecast period (refer
to Figure 11).

Table 10 depicts the forecasted impact of XCO, on
various climate variables and rice yield from 2021 to 2030.
This data has been analysed using eight separate models,
each focusing on different climate variables and rice yields.
Model 1 focuses on rice yield, with a forecast remaining
constant at 19,794.96 kg/ha through 2030. The upper
control limit (UCL) shows an increasing trend, starting
from 26,137.17 kg/ha in 2021 and reaching 36,925.67
kg/ha in 2030. On the contrary, the lower control limit
(LCL) depicts a decreasing trend, from 13,452.75 kg/ha in
2021 down to 2,664.25 kg/ha in 2030. This broad range
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suggests substantial uncertainty in the rice yield predictions.
Model 2 focuses on XCO; levels, with forecasts indicating
a gradual increase from 400.11 ppm in 2021 to 404.83 ppm
in 2030. The UCL and LCL suggest this trend will be
steady, with a very slight divergence between the two limits
over the period. Models 3 and 4 forecast maximum and
minimum temperatures, respectively. The maximum
temperature is expected to remain constant at 32.59°C
throughout the period, while the minimum temperature
shows variability, ranging from 15.15°C to 17.06°C.

Radiation levels, according to Model 5, are forecasted to
increase gradually from 89.58 W/m? in 2021 to 99.3 W/m?
in 2030, reflecting potential trends in solar irradiance. The
albedo (Model 6) is forecast to remain constant at 0.16,
indicating no significant changes in the earth's reflectivity
are expected over this period. The relative humidity (Model
7) is predicted to decrease slightly from 85.64% in 2021 to
84% in 2030, which could have implications for rice
cultivation. Model 8, predicting precipitation levels,
suggests no change in precipitation with an average of
1781.98 mm across the period. Thus, these models indicate
a degree of stability in many climate variables, but also
highlight potential areas of change. This information in
Table 10 could be valuable in future planning and decision-
making processes related to rice cultivation under changing
climatic conditions. The uncertainties in these forecasts, as
evidenced by the wide control limits for some variables,
highlight the need for ongoing research and monitoring.
Notably, this predictive model exhibits an R-square value
of 44.5% (see Table 11), a statistically significant value that
underpins the robustness of the model fit. Our analyses
suggest that, given the scenario where the atmospheric
concentration of XCO, escalates from 400 to 404.83 ppmv
by 2030, a stabilisation of rice yield is projected at a point
of 19,794.97 100g/ha.
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Figure 11. Forecast graph of XCO, on climate variables and rice yield
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Table 10. Forecast model of XCO, on climate variables and rice yield

Model 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030
Rice yield-Model_1 Forecast 19794.96 19794.96 19794.96 19794.96 19794.96 19794.96 19794.96 19794.96 19794.96 19794.96
UCL 26137.17 28063.04 29618.33 30959.01 32155.12 33245.28 34253.47 35195.81 36083.72 36925.67
LCL 13452.75 11526.88 9971.59 8630.91 7434.8 6344.64 5336.45 4394.11 3506.2 2664.25
XCO,-Model_2 Forecast 400.11 400.64 401.16 401.69 402.21 402.73 403.26 403.78 404.31 404.83
UCL 400.48 401.15 401.79 402.41 403.02 403.63 404.22 404.81 405.4 405.98
LCL 399.75 400.12 400.53 400.96 401.4 401.84 402.3 402.75 403.21 403.68
MaximumTemperature- Forecast 32.59 32.59 32.59 32.59 32.59 32.59 32.59 32.59 32.59 32.59
Model_3 UCL 33.99 33.99 33.99 33.99 33.99 33.99 33.99 33.99 33.99 33.99
LCL 31.19 31.19 31.19 31.19 31.19 31.19 31.19 31.19 31.19 31.19
MinimumTemperature- Forecast 17.06 15.15 16.39 15.59 16.11 15.77 15.99 15.85 15.94 15.88
Model_4 UCL 20.1 18.78 20.24 19.52 20.08 19.76 19.98 19.84 19.94 19.88
LCL 14.01 11.52 12.54 11.65 12.13 11.78 11.99 11.85 11.94 11.88
Radiation-Model_5 Forecast 89.58 90.66 91.74 92.82 93.9 94.98 96.06 97.14 98.22 99.3
UCL 91.26 92.81 94.68 96.8 99.1 101.56 104.14 106.84 109.64 112.55
LCL 87.9 88.51 88.8 88.84 88.69 88.4 87.98 87.44 86.79 86.05
Albedo-Model_6 Forecast 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16
ucL 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16
LCL 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16 0.16
Relative humidity-Model_7 | Forecast 85.64 85.46 85.28 85.1 84.92 84.73 84.55 84.37 84.19 84
ucCL 87.06 86.88 86.7 86.53 86.35 86.18 86 85.83 85.65 85.48
LCL 84.23 84.04 83.86 83.67 83.48 83.29 83.1 82.91 82.72 82.53
Precipitation-Model_8 Forecast 1781.98 1781.98 1781.98 1781.98 1781.98 1781.98 1781.98 1781.98 1781.98 1781.98
UCL 2479.31 2479.31 2479.31 2479.31 2479.31 2479.31 2479.31 2479.31 2479.31 2479.31
LCL 1084.66 1084.66 1084.66 1084.66 1084.66 1084.66 1084.66 1084.66 1084.66 1084.66
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Table 11. Forecast Model Fit of XCO, on climate variables and rice yield
Percentile

Fit Statistic Mean SE Minimum Maximum 5 10 25 50 75 90 95
Stationary R-squared 484 436 2.998E-15 1.000 2.998E-15 2.998E-15 .006 .555 .926 1.000 1.000
R-squared 445 .398 2.998E-15 1.000 2.998E-15 2.998E-15 .038 446 .878 1.000 1.000
RMSE 400.241 1008.681 1.996E-9 2881.531 1.996E-9 1.996E-9 274 .693 237.968 2881.531 2881.531
MAPE 4.489 5.925 4.687E-7 15.465 4.687E-7 4.687E-7 142 1.082 9.806 15.465 15.465
MaxAPE 10.919 14.682 2.661E-6 37.364 2.661E-6 2.661E-6 434 2.419 25.372 37.364 37.364
MAE 315.163 789.071 7.257E-10 2254.625 7.257E-10 7.257E-10 182 .504 198.305 2254.625 2254.625
MaxAE 801.687 2075.986 3.991E-9 5922.388 3.991E-9 3.991E-9 433 1.460 364.097 5922.388 5922.388
Normalized BIC -1.836 16.623 -39.411 16.139 -39.411 -39.411 -2.329 -.327 9.065 16.139 16.139
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5. Discussion

Table 1 underscores the interplay of various climatic
parameters and the resulting rice yield over a period of 12
years (2009-2020) in Ohafia, Abia. The recorded data
presents an opportunity to scrutinise the possible influences
of these climate variables on rice production, a topic that
has been the subject of numerous studies. The increasing
trend of CO; concentration, both at the local site in Ohafia,
Abia and at the global Mauna Loa Station, as shown in
Table 1, corresponds with the rising CO; levels reported in
climate studies [1-4,5]. This increase in greenhouse gases
has been linked with climate changes that may affect crop
yields [5.8.10] However, our data contradicts the assertion
of a positive correlation between increased CO, and crop
yield, as reported by some earlier studies [12,16,19], given
that the increase in CO; has not resulted in a consistent rise
in rice yields in our dataset. The fluctuations in maximum
and minimum temperatures, evident in Table 1, are in
contrast with the study by [6-9], which postulated a stable
temperature trend in agricultural regions. Additionally, the
variance in our minimum temperature data contradicts
findings by [1-7], who reported detrimental impacts on rice
yield with increased night-time temperatures. The radiation
data in Table 1, despite showing marginal annual
fluctuations, contrasts with the expectation of stable
radiation levels asserted by [1.5.8]. The precipitation data,
displaying considerable variability, contradicts the uniform
precipitation patterns suggested in some regional climate
models [1,6,9,13]. This variability in precipitation, as
indicated in Table 1, emphasises the potential impact of
fluctuating rainfall on rice yield, in line with findings from
[12,13,19]. Therefore, the substantial fluctuation in rice
yield, as observed in Table 1, reaffirms the complex nature
of agricultural productivity, reflecting the myriad of
climatic factors that affect it. While a consistent positive
trend in yield was expected as per [14-18], our data presents
a contradictory narrative, suggesting a more nuanced
interplay between climatic variables and rice yield. In
essence, the comprehensive data set in Table 1 offers a
vantage point for a nuanced understanding of climate
change impacts on agriculture, presenting a scope to revisit
assumptions and stimulate new research trajectories.

Table 2 elucidates the statistical variation among
climatic variables such as XCO,, CO,, maximum and
minimum temperatures, radiation, albedo, relative
humidity, and precipitation and their subsequent effects on
rice yield. The variability in these climate variables
suggests a potentially intricate relationship with rice yield.
This pattern aligns with previous studies that underscore
the complex interaction of multiple climatic factors
impacting crop yield [1-7]. Contradictorily, some studies
posit that a single climatic variable, like temperature,
predominantly affects rice yield [1,7,19]. Nevertheless, our
data's multidimensionality emphasizes the necessity of a
comprehensive approach, considering the interplay of
several climatic variables, when investigating climate
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change's effects on crop vyield. Tables 3-5 show a
significant correlation between XCO; levels in Ohafia and
CO; levels at the Mauna Loa Station. Furthermore, a
notable difference between these variables is highlighted in
Table 5, revealing a deviance of 5.9085 ppm. This
difference points towards the significant influence of local
environmental factors on atmospheric CO; concentrations
following previous regional climate studies [8,12,15].
Nevertheless, this contradicts some research asserting
homogeneity in global atmospheric CO, concentrations
[12,16,19], thus underscoring the necessity for more
localized climate studies.

Table 6 model summary infers a robust fit of the
regression model, with an adjusted R-square of 45.7%,
supporting prior works highlighting climate variables'
substantial effect on crop yield [13,18,20]. However,
contrary studies suggest caution, arguing the importance of
socio-economic and technological factors that might also
significantly affect agricultural productivity [12.23.24].
Table 7 highlights XCO,, maximum temperature, and
radiation as the primary predictors contributing to the
underperformance of rice yield. This finding agrees with
previous works emphasising the detrimental effect of
increasing greenhouse gas concentrations and temperatures
on crop yield [11,13,15,17]. In contrast, some contradicting
studies argue that elevated CO, concentrations could
potentially enhance crop yield through the CO; fertilization
effect [12,16,17]. The projected trends from 2021 to 2030
(Figure 11) indicate fluctuating climatic changes with
potential implications for rice yield. The forecast predicts
consistency in maximum temperature and a decrease in
minimum temperature, aligned with global climate change
trends [10,12,14]. However, the anticipated constancy in
albedo and precipitation levels contradicts the projected
increase in extreme precipitation events and surface albedo
changes under global warming scenarios [17,18,20].
Collectively, these findings emphasize the crucial role of
diverse climatic factors on rice yield and the necessity for
further, comprehensive studies to improve climate change
predictions and develop sustainable agricultural practices.

Figures 2-10 delineate the intricate relationship between
climatic variables and rice yield from 2009-2020. The
increased XCO, and CO; levels (Figures 2 and 3)
corroborate globally recognized rising atmospheric carbon
dioxide patterns [15,19,23-25] whilst contrasting with
studies predicting lower CO; emissions in response to
climate change mitigation [12,14,16]. Escalation in
maximum temperature (Figure 4) corroborates global
warming trends [17-19], although contradicting minimum
temperature forecasts (Figure 5) predicting a universal
increment [12,13,16]. The radiation surge (Figure 6)
resonates with theories suggesting amplified global
radiation imbalance due to greenhouse emissions [17-29]
while contradicting research forecasting reduced surface
solar radiation due to aerosol accumulation [10-14].
Variations in albedo (Figure 7) coincide with studies
illustrating temporal and spatial albedo fluctuations due to
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land usage and surface changes [12-16,22], contrasting
those predicting albedo decline due to receding snow and
ice cover [3,5,7]. Reduced relative humidity (Figure 8)
aligns with predictions of a decrease in near-surface
humidity [7,9,12,15], while the fluctuating precipitation
(Figure 9) corresponds to global rainfall variability trends.
The undulating rice yield (Figure 10) corresponds with
research demonstrating the profound influence of climatic
elements [12,16,19] but contradicts forecasts of yield
reductions due to global warming [4,5,7,12]. These
findings underscore the multifaceted climate-rice yield
relationship, necessitating further study and modelling for
improved comprehension.

Findings in Table 10, and 11 are resonance with the
comprehensive research undertaken by [21-16], which
underscored the potential warming effect of increased CO,
concentrations. Contrarily, these conclusions significantly
deviate from the work of [19,21,24,26], who posited a
negligible contribution of CO, to global warming.
Moreover, our deliberations on the albedo's influence on
radiation absorption align with the findings of the seminal
work by [32-42]. Their studies posited that the albedo has
a significant role in modulating solar radiation absorption
levels. However, these conclusions contest the arguments
presented by [3,8,43-46] who suggested a less prominent
role for albedo in determining radiation absorption.
Furthermore, our study underlines the potential negative
impacts of increased temperature and radiation levels on
rice yield. This perspective is buttressed by the
comprehensive studies conducted by [1,6,9,47-49] which
highlighted the wvulnerability of rice production to
heightened heat stress. This understanding starkly
contradicts the arguments proposed by [11-15,19], who
posited that rice crops exhibit a substantial degree of
resilience to elevated temperatures. The confluence of
these findings, derived from an array of climate variables,
is crucial to providing a holistic understanding of the
intricate interplay between climatic shifts and rice
production. Such understanding is paramount in shaping
appropriate interventions and policy measures to mitigate
the impacts of climate change on rice yield, a critical
determinant of food security.

6. Conclusions

Perturbations in the Earth's energy balance, driven by
natural and anthropogenic factors, have led to significant
climatic changes. In Nigeria, these disruptions primarily
stem from human-induced carbon dioxide emissions, a
potent greenhouse gas released via activities such as
deforestation, fossil fuel combustion, and natural processes,
including respiration. The research unequivocally
highlights the profound influence exerted by XCO, on
climate variables and, consequently, its impact on rice yield.
An examination of the period from 2009 to 2020 revealed
an increase in XCO; from 390.98 ppmv to 399.59 ppmv,
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which correlated with alterations in numerous climate
variables. For instance, maximum temperature showed an
upward trend from 32.51°C to 33.23°C, and minimum
temperature fluctuated between 17.38°C and 14.12°C.
Additionally, radiation levels increased from 86.93 to
89.23 W/m=2and albedo varied from 0.16 to 0.15. Relative
humidity decreased from 87.69% to 85.31%, and
precipitation oscillated between 1,518.75mm and 1,608.4
mm. From 2021 to 2030, if XCO, continues to increase
from 400 to 404.83 ppmv, our model forecasts a stable rice
yield of 19,794.97 100g/ha. Thus, for sustainable
agricultural practices and efficient climate adaptation
strategies, we recommend the adoption of an ambitious
target of a 30% reduction in carbon dioxide emissions by
2025 or 2030 to mitigate the rising levels of carbon dioxide
in the atmosphere.

REFERENCES

[1] Inter-governmental Panel on Climate Change IPCC.
Climate Change the IPCC Scientific Assessment. (edited)
by J. T Houghton, G. J. Jenkins and J. J. Ephraums.
Cambridge University Press, Cambridge. New York Port
Chester Melbourne Sydney, 1990.

[2] National Research Council. Radiative Forcing of Climate
Change: Expanding the Concept and Addressing
Uncertainties. Washington, DC: The National Academies
Press. https://doi.org/10.17226/11175, 2005.

[3] Inter-governmental Panel on Climate Change. The Physical
Science Basis. Contribution of Working Group | to the
Fourth Assessment Report of the Intergovernmental Panel
on Climate Change [Solomon, S., D. Qin, M. Manning, Z.
Chen, M. Marquis, K. B. Averyt, M.Tignor and H. L. Miller
(eds.)]. Cambridge University Press, Cambridge, United
Kingdom and New York, NY, USA, 2007.

[4] | Wayan Yasa, Heri Sulistiyono, Yusron Saadi, Hartana,
"Spatial Climate Forecasting for Climatology Disaster
Mitigation," Environment and Ecology Research, Vol. 10,
No. 6, pp. 786 - 796, 2022. DOI: 10.13189/eer.2022.100613.

[5] The Physical Science Basis. Contribution of Working
Group | to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change [Solomon, S.,
D. Qin, M. Manning, Z. Chen, M. Marquis, K.B. Averyt,
M.Tignor and H.L. Miller (eds.)]. Cambridge University
Press, Cambridge, United Kingdom and New York, NY,
USA.

[6] National Aeronautics and Space Administration, NASA.
Global Climate Change. retrieved fromhttps://climate.nasa
.gov/vital-signs/carbon-dioxide/, 2020.

[7] Marcia M. & Venki R. Climate Change Evidence and
Causes. National Academy of Science & the Royal Society.
2020.

[8] Liu, H., Ye, Q., Simpson, K. J., Cui, E., & Xia, J. “Can
evolutionary history predict plant plastic responses to
climate change?”. New Phytologist, Vol. 235, No. 3,
pp.1260-1271, 2022.


https://doi.org/10.17226/11175
https://climate.nasa.gov/vital-signs/carbon-dioxide/
https://climate.nasa.gov/vital-signs/carbon-dioxide/

602

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

Relative Influence of XCO: on Climate Variables and Rice Yield in Ohafia, Abia State, Nigeria

Wani, O. A., Kumar, S. S., Hussain, N., Wani, A. I. A,
Subhash, B. A. B. U,, Parvej, A. L. A. M., Rashid, M.,
Popescu, S.M. & Mansoor, S. “Multi-scale processes
influencing global carbon storage and land-carbon-climate
nexus: A critical review”. Pedosphere, Vol. 33, No. 2, pp.
250-267, 2023

United State Environment Protection Agency. Report on the
Environment retrieved from https://www.epa.gov/report-
environment/greenhouse-gases, 2020.

Organization for Economic Co-operation Development,
Environment at a Glance: Climate change, Environment at
a Glance: Indicators, retrieved from www.oecd.org/enviro
nment/env-at-a-glance, 2020

Sustainable Development Goal. ransforming Our World,
the 2030 Agenda for Sustainable development retrieved
from https://sustainabledevelopment.un.org/post2015/trans
formingourworld, 2020

United Nation Framework Convention on Climate Change,
UNFCCC. What is the Kyoto Protocol? Retrieved from
https://unfccc.int/kyoto_protocol, 2020.

Gratani, L. & Varone, L. Daily and seasonal variation of
CO:z in the city of Rome in relationship with the traffic
volume. Atmospheric Environment, Vol. 39: pp. 2619-2624,
2005

Eneyo, V. B., Ushie, M. A., Akeh, L. B., Udonwa, R. E.,
Esuabana, S. B., Idika, D. O., Itu, P. O., & Antai, A. S.
Analysis of Geographical Distribution and Patronage of
Fast Food in Calabar Urban, Nigeria. African Journal of
Hospitality, Tourism and Leisure, Vol. 11, No. 6, pp. 1969-
1989, 2022,

Ukam, N. U., & Udonwa, R. E. Chemical Analysis of Soups
Prepared from Processed and Unprocessed Water-Leaf
(Talinium Triangulare) and Fluted Pumpkin (Teltaria
Ocidentalis) Vegetables. Journal of Home Economics
Research, pp. 11, 2020.

ldso, C. D., ldso, S. B. & Balling Jr., R. C. An intensive
two-week study of an urban COz dome. Atmospheric
Environment, Vol. 35: pp. 995-1000, 2001

Idso, S. B., ldso, C. D. & Balling Jr., R. C. Seasonal and
diurnal variations of near-surface atmospheric CO:2
concentrations within a residential sector of the urban CO2
dome of Phoenix, A. Z, USA. Atmospheric Environment36:
PP. 1655-1660, 2002

Lichtfouse, E., Lichtfouse, M. & Jaffrezic, A. 513C values
of grasses as a novel indicator of pollution by fossil-fuel-
derived greenhouse gas COz in urban areas. Environmental
Science and Technology Vol. 37: PP. 87-89, 2003.

Nasrallah, H. A., Balling Jr., R. C., Madi, S. M. & Al-Ansari,
L. Temporal variations in atmospheric CO2 concentrations
in Kuwait City, Kuwait with comparisons to Phoenix,
Arizona, USA. Environmental Pollution vol. 121: pp. 301-
305, 2003.

[21]

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

(32]

[33]

Effiom, V. A. Impact of Honeypot Development in the
Tourism Sector in Cross River State: A case study of
Calabar Metropolis. Journal of Tourism and Heritage
Studies, Vol. 3, No. 2, pp. 85-97, 2012.

Sri Listyarini, Lina Warlina, Aceng Sambas, "The Air
Quality Monitoring Tool Based on Internet of Things to
Monitor Pollution Emissions Continuously,” Environment
and Ecology Research, Vol. 10, No. 6, pp. 824 - 829, 2022.
DOI: 10.13189/eer.2022.100616

McMonigal, K., Larson, S., Hu, S., & Kramer, R.
“Historical Changes in Wind-Driven Ocean Circulation Can
Accelerate Global Warming”. Geophysical Research
Letters, Vol. 50, No.4, 2023, e2023GL.102846,

Soegaard, H. & Moller-Jensen, L. Towards a spatial CO2
budget of a metropolitan region based on textural image
classification and flux measurements. Remote Sensing of
Environment Vol. 87: pp. 283-294, 2003.

Zimnoch, M., Florkowski, T., Necki, J. M. & Neubert, R. E.
M. Diurnal variability of §*3C and §'80 of atmospheric CO>
in the urban atmosphere of Krakow, Poland. Isotopes in
Environmental and Health Studies Vol. 40: pp. 129-143,
2004

Velasco, E., Pressley, S., Allwine, E., Westberg, H. & Lamb,
B. Measurements of CO2 fluxes from the Mexico City urban
landscape. Atmospheric Environment Vol. 39: pp. 7433-
7446, 2005.

Greenhouse gases Observing Satellite (GOSAT). Retrieved
from https://www.gosat.nies.go.jp/en/. 2019.

Otuu F. C, Shu E. N, Maduka I. C, llouno L, Orjiocha S. I.
Vehicular Activities and Tailpipe Carbon (Il) Oxide
Emission at Osisioma-Aba, Abia State, Nigeria: A Potential
Public Health Hazard to Roadside Traders and Artisans. J
Med Toxicol Res vol. 1: pp. 2.2018.

Nwogu, F. U.1 & Umezuruike, S. O. Analysis of ambient
pollution concentration from vehicle emission in Umuahia
Abia State, Nigeria. Futo journal series Vol. 4. No. 2, pp.
114-127, 2018.

Google Earth Pro, Image Landsat/Copernicus map data,
Europa Technologies, 2021.

Japan Aerospace Exploration Agency & National Institute
for Environmental Studies (NIES). GOSAT/BUKI Data
User Handbook, 1%t edition, 2011.

National Institute for Environmental Studies, NIES,
GOSAT Tools Installation and Operation Manual, 2018.

lwara, A. ., Abua, M. A., Udonwa, R. E., Esuabana, S. B.,
Archibong, E. P., Idika, D. O., Bassey, I. E., Antai, A. S.,
Egbai, O. O., & Eneyo, V. B. "Relationships between
Erosional Losses and Vegetation in Fallows of Southern
Nigeria,"Environment and Ecology Research, Vol. 11, No.
3, pp. 483- 492, 2023. DOI: 10.13189/eer.2023.110308.


https://www.epa.gov/report-environment/greenhouse-gases
https://www.epa.gov/report-environment/greenhouse-gases
http://www.oecd.org/environment/env-at-a-glance
http://www.oecd.org/environment/env-at-a-glance
https://sustainabledevelopment.un.org/post2015/transformingourworld
https://sustainabledevelopment.un.org/post2015/transformingourworld
https://unfccc.int/kyoto_protocol
https://www.gosat.nies.go.jp/en/

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

Environment and Ecology Research 11(4): 586-603, 2023

Ferdushi, K. F., Hasan, M. N., & Kamil, A. A. "Agricultural
Challenges and Adaptation for Changing Climate: A Study
on Early Flash Flood-prone Areas in Bangladesh,"”
Environment and Ecology Research, Vol. 11, No. 2, pp. 274
- 283, 2023. DOI: 10.13189/eer.2023.110204.

Sulistiyono, H., Yasa, |. W., Saidah, H., Negara, I. D. G. J.,
Setiawan, E., "Impact of Climate Change and the EI Nifb —
Southern Oscillation on Extreme Rainfall," Environment
and Ecology Research, Vol. 11, No. 2, pp. 284 - 294, 2023.
DOI: 10.13189/eer.2023.110205.

Abdelhamid, H. N., Sultan, S., & Mathew, A. P. “Binder-
free Three-dimensional (3D) printing of Cellulose-ZIF8
(CelloZIF-8) for water treatment and carbon dioxide (COz)
adsorption”.  Chemical Engineering Journal, 468,
2023,143567.

National Institute for Environmental Studies, NIES, (2019).
GOSAT-2 Product Archive User Manual.1% edition.

Moriwaki, R., Kanda, M. & Nitta, H. Carbon dioxide build-
up within a suburban canopy layer in winter night.
Atmospheric Environment Vol. 40: pp. 1394-1407, 2006.

National Oceanic and Atmospheric Administration. Global
Monitoring Laboratory (GML) National Oceanic and
Atmospheric ~ Administration,  Global  Monitoring
Laboratory (GML) NOAA GML Data (NOAA-GML,
2023). Retrieved fromhttps://gml.noaa.gov/webdata/ccgg/t
rends/Co2/Co2_annmean_mlo.txt

Power Data Access viewer, Prediction of Worldwide
Energy Resources retrieved from https://power.larc.nasa.g
ov/data-access-viewer/, 2023

Food and Agricultural Organization of the United Nation.
Food and Agricultural Organization Statistical Databased
(FAOSTAT). https://www.fao.org/faostat/en/#data (NASA,
2023).

[42]

[43]

[44]

[45]

[46]

[47]

(48]

[49]

603

Paterson, W. S. B. The physics of glaciers. Third edition.
Oxford, etc., Elsevier Science Ltd, 1994.

Inah, E. O., Eneyo, V. B., Odey, S. A., Ushie, M. A,
Udonwa, R. E., Esuabana, S. B., Ekpo, E. E., Akintoye, O.
A., & Ajake, A. O. Anthropogenic Impacts on Water
Quality of Kedong Stream in Idomi, Yakurr, Nigeria.
Environment and Ecology Research, Vol. 10, No. 6, pp.
738-748, 2022. DOI: 10.13189/eer.2022.100609.

Sabin Shrestha, Janaki Mahat, Jenish Shrestha, Madhav
K.C. and Krishna Paudel. Influence of high-temperature
stress on rice growth and development. A review. Heliyon.
Vol. 8, No.12, 2022

Ajake, A. O., Eneyo, V. B., Ushie, M. A., Odey, S. A., Akeh,
L. B., Owan, J. E., & Udonwa, R. E. Assessing Disaster
Management Infrastructure and Strategies in South Eastern
Nigeria. Environment and Ecology Research, Vol. 10, No.
6, pp. 770 — 785, 2022. DOI: 10.13189/eer.2022.100612.

Jerry L. Hatfield & John H. Prueger, Edited in Module in
Earth Systems and Environmental Sciences, retrieved from
https://www.sciencedirect.com/topics/biochemistry- geneti
cs-and-molecular-biology/albedo,2022.

Lindzen, R. S. Can increasing carbon dioxide cause climate
change? Proceedings of the National Academy of Sciences,
vol. 94, No. 16, pp. 8335-8342, 1997.

Schwartz, S. E. Determination of Earth’s Transient and
Equilibrium Climate Sensitivities from Observations Over
the Twentieth Century: Strong Dependence on Assumed
Forcing. Surveys in Geophysics, vol. 33, No. 3-4, pp. 745—
777, 2012.

Cai, M., Huang, Y., Taeusch, D., & Yang, Y. Radiative
effect of all-sky longwave cloud radiative forcing derived
from CloudSat and CALIPSO observations. Journal of
Geophysical Research: Atmospheres, Vol. 119, No. 11, pp.
6533-6545, 2014.





