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Abstract: Climate change is emerging as one of the major
challenges to the existence of life on the Earth. Most
scientists believe that if the GHG (greenhouse gas)
concentration doubles, temperature would increase by 3°C
by the end of the century and this would resultin economic
loss. Countries across the world are showing their concern
to reduce GHG emissions in the form of the Paris
agreement. Indian participation in the Paris Agreement
demonstrated its commitment to reduce GHG emissions by
half the amount of GHG produced for every dollar of
economic activity by increasing the proportion of non-
fossil fuels in power generation capacity up to 40 percent
of total capacity, thereby reducing the emissions intensity
of the economy by 33 percent to 35 percent; The aim of the
present study is to investigate the past and current trends
of GHG emissions in India and to forecast the emissions of
GHG for future Years. Forecasting GHG emissions over
the coming decade will help to know the level of GHG
emissions in the forecasted period of the next 10 years.
Data-driven intelligent time-series predicting approach,
ARIMA (Auto-Regressive Integrated Moving Average) is
applied for forecasting GHG emissions. ARIMA (0, 2, 1,)
model is used for forecasting, which showed an increasing
trend of emissions of GHG. This Projection will help the
policymakers to take actions to reduce GHG emissions and
achieve the target setin the Paris agreement and minimize
the economic loss due to climate change. The forecasted
value of GHG emissions over the decade can help the
government to plan its future course of action.

Keywords: ARIMA; Forecasting; Paris agreement on
climate change; ADF; ACF; PACF; GHG.

L. Introduction

Climate change states to the continuing variations in the
environment that emerge over years or extended.
Climate change is instigated by fast-growing GHG
(greenhouse gas) emissions in the Earth’s atmosphere.
GHG emissions in the Earth's atmosphere have risen
dramatically since the beginning of the industrial
revolution due to pollution from fossil fuels,
deforestation, and other human activities. As a result,
the earth's atmosphere's heat-trapping capacity has
considerably multiplied, and the globe is warming at a
higher speed than in the previous 10,000 years. The
Intergovernmental Panel on Climate Change (IPCC) and
the National Academy of Science have both concluded
that the increase in earth temperature, human activity,
and the warming trend are all likely to intensify in the
upocoming years and becoming major cause for GHG
emissions [1].

In the past couple of years, temperatures have increased
in the World’s climate. Over the previous 100 years, the
temperature of the earth increased by .6° C, and if the
earth's atmospheric GHG concentration doubles, most
scientists believe that the temperature would increase by
3°C by the expiration of the 21% century [2], [3].
Emissions of GHG at the current emission rate or above
would cause a further increase in global heat and mid
26" C to 48" C [4]. This transformation is impacting
native weather all around the world.
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India is the third-largest emitter of GHG and emitted
2307.78 Metric tons (Mt) Carbon Dioxide (CO2e), an
increase of 335.33% from 1990 [5]. India releases about
3 gigatonnes (Gt) CO,cq of GHG every year which is 7%
of the global emissions and about 2 tons per individual,
which is nearly half of the world average.

Climate change and global warming are posing threats
to economic development and in the case of India; the
social cost of carbon is the highest. India may miss
somewhere around 3% to 10% of its Gross domestic
product per annum by the end of this century and its
poverty rate may rise by 3.5% in the year 2040 owing to
climate change (Report of overseas development
institute). As per the report “The Costs of Climate
Change in India," if the Earth's temperature is enclosed
to 2°C, India can lose 2.6% of its Gross domestic
product annually, and if the Earth's temperature will
increase to 3°C degrees Celsius, this damage will
magnify to 13.4%per annum. Increased levels of GHG
emissions and an adverse climate change will adversely
affect and intensify human fitness, arrangémcnt, fdrestry
and farming, sources of fresh water supplies, shorelines,
and maritime systems. These changes would lead to
economic challenges in the form of a decrease in Gross
domestic product (GDP) growth rate and an increase in
the level of poverty.

The problem of climate change and its repercussions are
taken seriously by the govermnment of India which has
shown its sincere commitment to the reduction of GHG
emissions. India has set a target of reduction of 45% of
its emissions of GHG by 2030 in comparison to 33%-
35% earlier. The Intergovernmental Panel on Climate
Change (IPCC) set a goal of global net-zero, in which
no country will add any new level of emissions to the
overall amount of GHG in the atmosphere to retain the
temperature upsurge to 1.5 C by 2050. %
To meet the target, precise estimation of GHG
emissions is critical to improving policies and plans to
reduce emissions. There are numerous methods for
doing so. These methods are classified into two types:
data-driven predicting methods and deterministic
predicting methods [6]. Time-series methods that use
past data to predict future data are examples of data-
driven predicting approaches. Each method has
advantages and disadvantages; however, in the absence
of deterministic evidence, data-driven methods produce
more precise forecasts. Auto-Regressive Integrated
Moving Average (ARIMA) forecasting model is a data-

driven intelligent time-series predicting approach that
shows reasonable performance even from small samples
[7]. For policymakers and govemment, it is critical to
understand the factors that drive the fast emissions of
GHG, hence forecasting GHG emissions over a decade
will help to frame the policy accordingly. This research
has important implications over the existing literature
(1) forecasting of GHG emissions will help to estimate
the accurate value of GHG emissions in the case of
India and (2) to check the effectiveness of policies by
comparing the actual level of GHG emissions from the
forecasted value and possibilities of achieving the target
set in Paris agreement.

II. Literature Review

The study of relationship between the Country's GHG
emissions and its exposure to adverse effects of climate
change revealed that the highest GHG emissions
countries were least exposed to the negative effect of
climate change while the lowest GHG emissions
countries were acutely vulnerable to the negative impact
of future climate changes [8]. Huang et al. noticed a rise
in the earth’s temperature because of the warming of the
lower layers of the atmosphere and the accumulation
and emissions of GHG. Due to the increased
temperature of lower layers of the atmosphere, the air
temperature is greater than the prescribed limit and this
is leading to adverse climate change and global warming
[9]. To forecast the energy intake and GHG emissions
of Indian pig iron business organizations using the
ARIMA model, (1,0,0)and (0,1,1) were found as the
best-fit models to forecast energy consumption and
(0,1,4) and (0,1,1) were the best-fit models to forecast
GHG emissions. Selection of the accurate forecasting
model will help in accurate forecasting and -drafting
more impactful environmental policies [7]. Rahman &
Hasan used Time-series data of 44 years ranging from
1972-to 2015 using the ARIMA (0,2,1) model to
forecast carbon dioxide in Bangladesh and the results
seemed nearer to reality [10]. CO2 emissions using Box
Jenkins ARIMA methodology in Bangladesh from 1972
to 2013 study found ARIMA (12, 2, 12), (8, 1, 3), and
(5, 1, 5) as the best models to predict the CO2 emissions
from GFC, LFC, and SFC rather than other techniques
of projecting — HWNS and ANN models [11].

CO, is one of the key GHG which pollute the
environment and assessment and projection of CO, are

978-1-6654-9634-6/22/$31.00 ©2022 IEEE 319




Proceedings of the 7th International Conference on Communication and Electronics Systems ( ICCES 2022 )

DVD Part Number: CFP22AWO-DVD; ISBN: 978-1-6654-9633-9

very important for energy planning and environmental
strategy decisions. A multiple linear regression model
and PSO algorithms based on a nonlinear model were
used for forecasting CO, and the result showed an
increasing and alarming trend in CO, emissions in
India. It also reveals the PSO model could find an
extremely precise approximation linked to the MLR
model [12]. Time-series data to forecast the carbon
emissions in India using ARIMA (2,2,0) suggested that
an increasing trend can occur in carbon emissions in the
case of India and that can lead to more climate-related
challenges [13]. Hosseini et al. in their study tried to
forecast the CO, emissions in the light of the 6th
development plan using nultiple linear regressions
(MLR) and multiple polynomial regressions (MPR)
analysis. The results of the study proposed that Iran
would not be able to fulfill its promise to the Paris
agreement on CO, emissions [14]. Yusuf et al
concluded that economic growth in South African
OPEC (Organization of the Petroleum Exporting
Countries) countries contributed to an increase in the
level of GHG emissions. It explain economic growth
contributes to the increased emissions rate of all the
components of GHG [15]. The growth of emissions of
GHG emerged as a source of transferable and non-
infectious sicknesses. The average global temperature is
increasing significantly and the carbon absorption has
surpassed 400 ppm owing to an increase in GHG
emissions. Sensitivity analysis of the sources of GHG
indicates that emissions of anthropogenic CO2 from
people would reduce, while emissions from industry
would increase emissions and would increase the level
of GHG emissions [16]. GHG emissions were a major
area of concem in case of economic and health
conditions of the countries. Research discovered that the
transportation sector was a major source of GHG
emissions. Using coefficients of determination modified
R2 and R2 values of 89.46 percent and 91.8 percent,
respectively, research discovered that the Vehicle
Kilometer by Mode (VKM) and Number of
Transportation Vehicle (NTV) ratio for the various
modes of transportation have a substantial impact on
GHG emissions. These coefficients of determination
values showed a positive relationship between VKM
and NTV and it was a major source of growth in GHG
emissions [17]. Lamb et al. in their study related to
movements and drivers of GHG emissions found that
progress towards reducing the level of GHG is limited.
Modest decarbonization of energy systems was noticed

in the boundaries of North America and Europe,
inspired by fuel switching and the growing use of
renewables while in speedily industrializing areas,
fossil-based energy systems have uninterruptedly
extended to GHG emissions. Very recently a
decelerating trend in emissions of GHG was. noticed
[18]. Pradyot, Shunsuke & Babita developed a
multilayer artificial neural network model to estimate
carbon emissions by providing optimal weights for the
forecasters with a high level of estimation accuracy
[19]. Andi, Hari Krishnan proposed research is more
concemed with leveraging the precise forecast of
bitcoin prices through the normalization of a specific
dataset. That dataset has been trained using LSTM
machine leaming to provide a more accurate forecast of
the bitcoin price. [20]. Apache Storm is one of the most
extensively used platforms for data stream
processing.[21] The results of a stock market price
prediction experiment reveal that the ARIMA model
outperforms the DL models. [22]. In another study for
the semiconductor manufacturing process,
Karthigaiknmar, P. suggests an industrial quality
prediction system based on a mix of several Program
Component Analysis (PCA) and Decision Stump (DS)
algorithms for MMP quality prediction [23]. Li et al.
forecasted the emissions of GHG using a new
information priority generalized accumulative grey
model. The maximum value of the novel model was
found by the intelligent optimization algorithm [24].

According to most of the studies mentioned above, a
GHG emission is a considerable factor in climate
change. The rate of GHG emissions can impact the
Earth’s temperature and can lead to economic loss and
expansion of the economy. Few common research
issues observed from previous research are (1) most of
the research are related to factors contributing to
emission of GHG (2) traditional method of forecasting
like regression are used commonly used in forecasting
the value of GHG emission. To overcome the problem
related to traditional method of forecasting more
advanced data driven intelligent time series methods
(ARIMA) is used for forecasting in the study. The
Prediction of GHG emissions using time series data
analysis methods facilitated in projecting the rate of
GHG emissions. Utmost of the research discussed above
finds ARIMA an ideal and best precise technique for
projecting. Projection of GHG emissions in India can
give policymakers and the government a precise image
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of upcoming GHG emissions which will support
realizing the policies and actions to meet the target set
in the Paris climate agreement to reduce the GHG
emissions and Earth’s temperature.

III. Research Methodology

The objective of this research is to investigate the past
and current trends of GHG emissions in India and to
forecast the emissions of GHG for future Years. To
accomplish the intent of the research, the objectives of
the research are Vsplit into two (1) To find the most
suitable and best-fit ARIMA model to pfedict the GHG
emissions (2) To forecast the GHG emissions in the
upcoming decade in India. The purpose of this study is
to predict future GHG emissions in India by using
ARIMA for a period of 10 years, ranging from 2021-to
2030.
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Figure I Research Flow Chart

This research advocates the use of the secondary source
of data to study the level of GHG emissions for present
and upcoming periods in India and to forecast the future
emissions of GHG. A secondary data source, related to
GHG emissions is the database of the World Bank.
Evidence related to the current level of GHG emissions
in India are collected from reports in the World Bank
database. The time series technique ARIMA
(Autoregressive Integrated Moving Average) is applied
to anticipate GHG emissions in India. An Augmented
Dickey-Fuller (ADF) test is used to determine the
stability of the data series under consideration. In order
to complete the selection of an appropriate ARIMA
model, Autocorrelation function (ACF), and Partial

autocorrelation function (PACF) plots is used. In this
study, partial autocorrelation correlograms and
correlograms are used to establish ARIMA model
parameters (p, d, and q), and the validity of the ARIMA
model is assessed using the Auto.Arima function in R
software. Statistical tools such as R, E-Views, and
Microsoft Excel are used for data analysis and
forecasting.

IV. Forecasting of GHG Emissions (KT OF
C02 EQUIVALENT) in India

4.1 Analysis and Discussion

In Figure 2, the plot of total GHG emissions showed
moving trends with minimal variations in recent years.
According to the graphic analysis of GHG emissions,
mean, variance, and covariance, measures of descriptive
statistics such do not follow a continuous trend and
change over the period, indicating that the GHG
emissions series for India do not follow stationary
pattemns. A visual examination of the time series of total
GHG emissions in figure 2 reveals a growing trend,
indicating that it is non-stationary.

Figure 2 Greenhouse gas emissions (KT of Co2 equivalent)
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Figure 3 Greenhouse gas emissions (KT of Co2 equivalent)
at the first order of differencing

The initial step in time series analysis is to test for
stationarity before applying any of the time series
models for forecasting. The ADF test is a fairly reliable
statistical test for determining the stationarity of data
series or the presence of a unit root in the series. The
Augmented Dickey-Fuller (ADF) test is applied to
India's total GHG emissions data set.
Table 1: Test statistics of ADF Test

At At
Level of [ At first second- -
Differencing Level order | order
Augmented Dickey-
Fuller test 3.45 -2.69 -10.31
P- Value 1.00 .083 .01

1% significance level | -3.61 -3.62 -3.62

5% significance level | -2.94 -2.94 -2.94

10% significance
level -2.60 -2.61 -2.61

The ADF test findings shown in table 1 represent the
value of value of ADF at original data series and
differenced data series at order 1, the value of the test is
more than the t-statistic at the 1%, 5%, and 10% levels
of significance, and the Probability (p) score is larger to
ideal value of .05, at level and 1st order of differencing,
indicating that the GHG emissions data series does not
appear to track a pattern of stationarity at level and 1st
order. The original data series relating to GHG
emissions are differenced at the second-order level to
convert the non-stationary.

4.2 Second-Order Difference

Time series data related to total GHG emissions in India
are differenced at a second-order level to transform the
original data series into a data series which follows the
stationary pattern.

GHG Emission
(KT OF G023 EGUIVALENT)
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Figure 4 Greenhouse gas emissions (KT of Co2 equivalent)
at second order of differencing

As shown in Figure 4, a time series plot created by
employing second-order differencing appears persistent
on the measures of descriptive statistics like (mean,
variance, and covariance), implying that the data of
GHG emissions in India follows a stationary pattem.
The ADF test is used to examine the nature of data
series (unit root) at level and at first order differenced
time series, and the test results in table 1 support the
null hypothesis of a non-stationary time series.

ADF test statistics in table 1 at the second level of
differencing, shows that the value of the ADF test is less
than the value of the t-test value at the 1% and 5% levels
of significance, and the Probability value is smaller than
.05, indicating that the original data series diverged at
the 2" order follows a stationary pattern. The results of
ADEF test approve the rejection of the null hypothesis of
non-stationary data series and confirmthe acceptance of
the alternative hypothesis of stationary time series and
confirm the stationarity pattern in time series. As a
result, the parameter d is 2 in the ARIMA model (p,d,q).

4.3 Partial Auto Correlogram and Correlogram

PACF and ACF plots can be used to find out the
parameters of the best fit ARIMA model. To find the

best suitable AR and MA (p & q) parameter value in the
ARIM
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Figure 5 ACF Plot at second order of differencing
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Figure 6 PACF Plot at second order of differencingA modei,
the PACF and ACF plots are examined

A visual view of PA Correlogram or PACF plot showed
that Auto regression (AR =p) equal to 0 as it dies down
quickly and cut off before lag 1 and all its bar are within
the boundary. A visual inspection of ACF plot suggest
the Moving average (MA =q) equals to 1 as it is
decreasing gradually with the lag length thus the value
of AR and MA (p & q) in ARIMA (p,d,q) is 0 and 1
correspondingly. Thus, the ARIMA model’s projected
parameters are AR =0, integrated =2, and moving
average =1. Henceforth results of PACF and ACF plots
suggest ARIMA (0,2,1) as the best fit model according
to the properties of the data series to forecast the value
of GHG emissions in India.

4.4 AUTO.ARIMA Function

Auto.Arima is an inbuilt function in R software which
suggestthe best fit ARIMA model on the basis of nature
of data series using the criteria of selection of best fit
ARIMA model (p.>d.q). Acceptability of selected
ARIMA (0,2,1,) model is tested using the “auto. arima”
inbuilt function in software R which advises the most
suitable and appropriate model according to the pattern
of data. We found a best-fit model using the "Auto.
Arima()" function to be ARIMA (0,2,1), which is same
as we found earlier using partial auto correlograms and
correlograms.

Table 2-Best-fit ARIMA Model

Series: greenhouse

ARIMA(0,2,1)

Coefficient:

mal

-0.7956

s.e. 0.0937

Sigma”2 estimated as 2.59¢+09: log likelihood =-453.48

AIC=910.96 AICc=911.31 BIC=914.18

The results of "auto.Arima()" are shown in table 2 as the
ARIMA (0,2,1) satisfies all investigative checks so we
applied it to the forecasting of GHG emissions in India.
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Figure 8 PACF Plot residuals at second order of
differencing

Figures 7 and 8 illustrate the residuals created by
ARIMA (0,2,1). Figure 7 shows an ACF plot of
residuals that is acceptable within the parameters that
recommend no autocorrelation. The PACF figure in
Figure 8 shows that the residual series' variance does not
change considerably over time. Finding of PACF plot
advises any change in the residual can be viewed as
lasting endless and the suggested ARIMA (0,2,1) fits
the data comectly and accurately. The ARIMA (0,2,1)
meets all of the diagnostic checks related to residual and
approves all the properties checks of ARIMA (0,2,1)
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Figure 9 The forecasted value of GHG emissions

ARIMA (0,2,1) model selected using PACF and ACF
plot and confirmed by AUTO.ARIMA function, after all
the diagnostic and property checks are used to forecast
the GHG emission for the next 10 years.
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The ARIMA (0,2,1) model forecasted value of GHG
emissions in India shows an increasing trend over the
next ten years. Table 3 and Figure 9 show the expected
values and GHG emissions. Figure 9 shows an
increasing trend in GHG emissions over ten years from
2021 to 2030. Figure 9's shaded area depicts the
predicted amount of GHG emissions at the level of
eighty percent and ninety five percent assurance levels.
The probable amount of GHG emissions correspond to
the past pattern of the GHG emissions. The projected
value of GHG emissions in India follows the same
rising patterns as in the past. Based on the findings
above, it can be predicted that GHG emissions in India
will continue to rise over the next ten years. '

BRSNS
;

V. CONCLUSION

Climate change is ‘a big threat to environmental
degradation and it has contributed to changing patterns
of the weather cycle, increase in earth's temperature,
global warming, and many more. 196 Countries across

the world have come forward in the form of the Paris
agreement to bound global heating below 2 preferably
to 1.5 degrees Celsius. To achieve the longstanding
temperature goal, member countries are taking
responsibility and aspiring efforts to fight against
climate change and adapt to its effects by economic and
social changes, based on the best available science. In
the 2020 summit on climate change, countries have
submitted their plans in the form of nationally
determined contributions to reduce their emissions of
GHG emissions to reach the targets of the Paris
agreement. India as a member of the Paris agreement
has set its target to reduce greenhouse gas emissions by
half the amount of GHG produced for every dollar of
economic activity by the end of the decade. Projection
of GHG emission using the projective technique will
project (annual emission) value of GHG emission and
this will guide the government and policy makers to
plan accordingly. It is anticipated that the projection of
GHG emissions in India will assist the government in
developing strategies and actions to reduce GHG
emissions and meet the Paris Agreement target by
increasing the share of non-fossil fuels in total power
generation capacity up to 40 percent, decreasing the
economy's emissions intensity by 33 to 35 percent
relative to 2005 levels and generating an additional 2.5
billion to 3 billion metric tonnes of carbon dioxide
equivalent in carbon sinks.
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