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Comparative study between real data and theoretical results calculated by ARIMA
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Abstract: In this article, we have predicted and calculated by a statistical process called ARIMA model C02 emissions in
Algeria during the period from 1963 to 2019, the data used here is a time series of the evolution of pollution caused by
emissions of CO2. Our approach is based on four essential steps; the first is the identification of the model, the estimation of
the parameters, the validation step and finally the forecast of certain future values. in Algeria from 1963 to 2019. Generally
this can be done through four essential steps, the first is the identification of the model, the estimation of the parameters, the
validation step and finally the forecast of certain future values.

The R software enables us exploit the theoretical results. It is found that ARIMA(1, 1, 2) model appears suitable for
predicting future values of CO2 emissions.
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1. Introduction

Every government, public and private corporations, and even an individual have usually been interested in
the future. The ARIMA model takes an important place in predicting problems leading to decision making (Bosq,
1998). Modeling and forecasting is the most powerful tool now, this can be done by one of the statistical
approach referred to as a Time series analysis. (Brockwell and Davis, 1996). The R software enables us exploit
the theoretical outcomes obtained in this analysis. In this paper, we will focus on building an appropriate ARIMA
model of the time series of the evolution of pollution caused by CO2 emission in Algeria. Then we discuss the
validity of the fitted model and used it to forecast five future values.

In this study, we used the data collected by the World Bank (World Bank, 2020), on annual carbon
dioxide emissions (in kilotons) in Algeria from 1963 to 2019. Everyone knows that the main culprit behind the
greenhouse effect is CO2, due to the excessive emission of greenhouse gases by humans. The Earth traps too
much gas in the atmosphere, which gradually warms it up. Carbon dioxide contributes to air pollution and traps
radiation at ground level. This atmospheric layer prevents the earth from cooling down at night. The result is a
warming of ocean waters. CO2 is considered a pollutant when associated with large amounts of different
resources such as cars, airplanes, power plants and other human activities involving the combustion of fossil
fuels such as gasoline and gas natural. They cause climate change and also contribute to respiratory diseases,
extreme weather conditions and increased forest fires are other effects of climate change caused by CO2
emissions. We note in this study that the ARIMA model (1, 1, 2) appears suitable for predicting future values of
CO2 emissions. We also found an upward trend for these shows.

The ARIMA modelling has been successfully applied in In China, (Sun 2009) studied CO2 emission. In
Iran, (Lotfalipour et al2013) modeled and predicted CO2 emissions using Grey and ARIMA models over the
period 1965 to 2010 . In Bangladesh, (Rahman & Hasan 2017), uses annual ARIMA models, who is the
optimal model for modeling on CO2 emissions from 1972 - 2015 based on. In Thailand using VARIMAX,
(Pruethsan 2017)[ test CO2 emissions the 2000 - 2015 and _nd that the VARIMAX (2, 1, 2) and VARIMAX (2,
1, 3) models are optimal models for modeling CO2 emissions in Thailand. In this work will make use of the
ARIMA model for compared between real data and theoretical as a result forecasting CO2 emissions in

289



Dr. M.BELAIDI, Dr. A.belguerna, Dr. O.ALAMI

Algeria.2. ARIMA Process

The time series analysis theory and its applications have become more and more important in various
domains. A model that explains the pattern or variation in an actual time series data is known as a time series
model. The stationary process is a process where the statistical parameters do not change with time (Challis and
Kitney, 1991). An autocorrelation coefficient measures the correlation between successive observations of time
series data at lag k denoted by pk and defined by the equation (2.1) below:
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The ARIMA(p, d, q) given by the equation (2.2)
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Where i is indexes time, p is the mean term, B is the backward shift operator, ¢(B) is the autoregressive
operator and p is their order, 6(B) is the moving average operator q is their order, d is the number of necessary
differentiation to make the process stationary, and &; is the independent error with mean 0 and variance o?2.

Us we said before, we focuses on the (Box-Jenkins, 1976) approach to identification, estimation,
diagnostic and forecasting a univariate time series models. We start the analysis of time series by plotting and
describing the data by using standard plots and summary statistics to see the behavior of the data. Draw the
autocorrelogram and the partial autocorrelogram to see the stationary of the data, if not, stationary can be made
by taking the d differences of data values.

A good model should have statistically significant coefficients and low AIC as compared to the other
fitted model. Finally a (Ljung and Box, 1978) test can be used to analyze the residuals.

3. DATA Analysis

The data used in this study are the annual CO2 emissions in Algeria were collected from the World Bank.
The data comprise 1 observation in each year from 1963 to 2019.

Fig.1. Figure CO2 emissions from 1963 to 2019 in Algeria
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3.1 Summary Statistics:
The summary statistics of the CO2 emissions time series are given in the table 1 by using the R software
with function “describe” from the ”psych” library.

Table 1. Summary statistics of the CO2 emissions

Siz Mean S.D Media S.E
e n
23721 14707 23223.
.24 .09 11 1948
57 Min Max Skewn Kurtosis
ess
3784. 55562
34 38 0.41 -0.75

3.2 The box plot

Visualization methods enhance our understanding on data and help us make comparisons. The box plot in
figure 2 is a simple but powerful graphing tool that can be used in place of histograms to address both goals. This
can be done by “box plot” function in R.

Fig.2. The box plot
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4. ARIMA Model selection and estimation of parameters

The "auto.arima" function from the "forecast” library in R Returns best ARIMA model for our time series
according to either AIC, AlCc or BIC value. The function conducts a search over a possible model within the
order constraints provided. The "auto.arima" function in R uses a variation of the Hyndman-Khandakar algorithm
(Hyndman & Khandakar, 2008), which combines unit root tests, minimization of the AICc and MLE to obtain an
ARIMA model. The arguments to "auto.arima" provide for many variations on the algorithm.
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Running the "auto.arima™ function in R, we get the best-selected model and parameters estimated, in the
table below,

Table 2. ARIMA model selected and its parameters estimation

The model @1 01 0, a*
AlR’ | 2!\)/|A(1, 3?573 s 04794 4905550
. ;2112 04183 04162
AIC AlCc BIC Iikelil;wc())%d
;229 1230- 1239' 509.64

4.1 Diagnosis of residuals and validation of the model

R has the function "tsdiag" from "timeseries" library, which produces a diagnostic plot of a fitted time
series model. The table 03 and the plots in figures 3 given below tell us the p-values for the Ljung-Box-Pierce
statistics for each lag up to 8. These statistics consider the accumulated residual autocorrelation from lag 1 up to
and including the lag on the horizontal axis. The dashed blue line is at 0.05. All p-values are above it. That’s a
good result. We want non-significant values for this statistic when checking the residuals process.

Table 3. Box-Ljung test

X-squared 11.841
df 1
value 0.5794
P e-3
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Fig.3. Residuals diagnosis
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4.2 Forecasting

If we compare the data with a forecast last all the years, in other words the difference between the theoretical
data of the deterministic in our model ARIMA with the parameters and the observed data. We find some
correlation represented in the following figures.

Fig.3. Plot of observed values against theoretical values
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Once the model has been identified, its parameters estimated and diagnoses were checked, the aim task
now is to forecast the future values of the time series. We can then use the fitted ARIMA model to make forecasts
for 5 future values of the time series in the table 4 below, using the "forecast"” function in the "forecast” library.

Table 4. Forecast 5 futures values

Year 250 2021 2022 2023 2024
Forecasted 57 57455 57998 58620 59299
values 020 .76 72 31 .58

The plot in figure 4 given below, gives us the observed values from 1963 to 2019, as well as the next 5
year forecasted values using our ARIMA (1, 1, 2) model, by typing the code "plot” in R

Fig.4. Plot of our time series including forecasted 5 futures values
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The results obtained in Figures 3 show that the statistical model used presents a correlation, between the
parameters and the data obtained, reached at 0.9, which confirms that our ARIMA model is very useful for giving
very appreciable forecasts and in good agreement perfect with experimental results.

5. CONCLUSION

We have shown in this study that our theoretical results are in very good agreement with the experimental data
available by the World Bank on CO2 emissions, which allows us to predict CO2 emissions until 2040 in order to
take the necessary measures in the useful time, these results confirm that our ARIMA model is very useful for
giving very appreciable forecasts and in good agreement with experimental results. This study can be very useful
in order to anticipate disasters that may be caused by an unexpected growth in CO2 emissions.
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