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ABSTRACT. It is discussed that economic development has an essential effect on
the country’s CO2 emission which plays an important role in global warming. In
this research well-known machine learning algorithm Extreme Learning Machine,
ELM, is used to investigate the relationship between CO2 emission and energy
intensity for countries in OECD. The results indicate a strong correlation and the
method perform well for estimation.

1. INTRODUCTION

The rising amount of Greenhouse gases in the atmosphere contribute one of the most
critical problems that we have today, global warming. Even though there are many
sources of greenhouse gases, CO; is heading with a contribution of more than 60%
in total [1]. For this reason, to concern global warming it is essential to reduce CO»
emission. Since pre-industrial revolution period, it is clear that CO, emission has
increased intensively [2], and correspondingly result in an increase in the global
temperature approximately 1.3 degrees [3].

The population of the world is also increasing. As a result, energy demand (mainly
produced from fossil sources), pollution, usage of natural sources and deforestation
(essential for the absorption of COy), is increasing. It is clearly discussed in [4] that
human activities have many effects on the environment.

Also, the development in the economy for many countries is rising. Besides, Gross
Domestic Product, (GDP), mostly used as a metric to measure this development, is
increasing. For this reason the studies which aim the relation of many factors, mostly
economic, with CO, emission has become popular in the last decades. In [6] it is
supposed that economic output is the main driving factor for CO, emission. The

Received by the editors: February 11, 2018; Accepted: May 24, 2019.
Key word and phrases: Extreme Learning Machine (ELM), Energy Intensity, CO2 emission.
© 2019 Ankara University
Communications Faculty of Sciences University of Ankara Series A2-A3: Physical Sciences and Engineering



ESTIMATING CO2 EMISSIONS BY USING ENERGY INTENSITY DATA OF OECD COUNTRIES 69

work [7] says that about half of the increase in CO; emission is due to economic
growth.

The total amount of CO; emission of the countries in Organisation for Economic
Co-operation and Development (OECD) in years from 1990 to 2015 is introduced
in Figure 1a. The data is taken from the World Data Bank [8]. The effect of strategies
which are taken by policymakers to decrease the CO2 emission is seen in the figure
since 2005.

CO2 Emission
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Figure 1. (a)Total CO2 emission values (b) Total Energy Intensity values, of OECD
Countries in the years between 1990 and 2015.

Both increasing energy usage/demand and economic development are considered as
main factors affecting the CO2 emission in the literature. Besides, in many countries,
there is an enormous effort to decrease the damage to the natural environment. For
this reason, to use energy as efficiently as possible a new metric can be considered
to measure the amount of unit energy per unit of GDP which defined as energy
intensity. High energy intensity value means the high cost for converting this energy
to GDP. Countries in (OECD) have been decreased energy intensity considerably in
the years between 1990 and 2015 which is an indication of a great effort to reduce
the CO, emission. Figure 1b shows the total energy intensity of OECD countries as
a function of years.

All in all such efforts are needed. The cause of emission mostly depend on national
sources of countries and therefore shows a great variety in different geographical
regions. Also, some costly and long-term investment is required. For this reason,
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OECD, EU, even governments are supposed to construct radical policies related to
the reduction of CO, emission.

For many reasons, such as advising to policymakers, for future planning, etc., in the
literature, there is an increasing amount of work which aims to find the effects and
also the relation between some parameters and CO, emissions, which are mainly
nonlinear. However, the lack of driving mechanisms of such a process forces to use
soft programming techniques to reach a significant result. Also increasing power
and advances in technology allow to generate and collect data at an incredible rate.
This situation results in having an extensive data set in size and dimension. This
truth has an important effect to build new and more efficient computational methods
than ever.

To that end in this work to investigate the CO, emission by considering the energy
intensity of OECD countries, machine learning algorithm ELM is used. In the next
section, the details of the method and the results obtained by using this method are
introduced.

2. MODEL

In this paper, it is aimed to find out the relationship between energy intensity and
the amount of CO; emission. In the literature conventional neural network algorithm
is frequently used in many research for estimation and building a correlation
between parameters of the systems [9 ]. Because of updating all parameters at every
iteration in the neural network algorithm, the time used for calculation is very high.
Also in many cases, there is no analytical approach to the driving mechanism of the
process. For this reason, soft computing techniques introduce a unique way to get
the solution. Therefore to find out the relation between the energy intensity and the
amount of CO2 emission, Extreme Learning Machine (ELM) [8] algorithm, based
on Single-Layer Neural Networks, is used in this work.
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Figure 2. A schematics representation of ELM.

ELM algorithm was first introduced in [8] for training Single-Layer Feed forward
Neural Networks (SLFN) and since used in many researches [10,11] because of its
success and fast learning speed. A schematic representation is given in Figure 2.

For N arbitrary distinct samples (x;,y;) the output of an SLFN which have M
hidden neurons can be mathematically modelled as,

M M
fulx) = Zﬁi gi(x;) = Zﬁig(wi X +b))=0;, j=1,.,N
i=1 =1
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Here b; is the threshold of the ith hidden nodes, w; = [Wj, Wig, ..., Win]T is the
weight vector between ith hidden node and input nodes, B; = [Bi1, Bizs --» Bin]” is
the weight vector between output and hidden nodes.

In its original article [8], these equations are written in an compact form as

HE =T
where
gwixy +by) - gwyxq + by)
H = : :
gwixy +by) - gwyxy +by)ly,
T t{
p=1: and T=|:
T T
ﬁM Mxm tM Nxm
g =H'T

H is called the hidden layer output matrix of the neural network.

In the calculations to understand how well future samples are likely to be predicted
by the model, the coefficient of determination is used which provides a measure.
Having n different samples, for the ith sample, if the true value of the variable is y;
and its predicted value is, the coefficient of determination is defined as,

oy 5.2
RZ(y’y) — 1 _ Z;:l(yl ZL)Z
i1 (i — yl-)
here y is

n
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The value of the coefficient of determination between 0 and 1 means that the
independent variable can be predicted, 0 means cannot be predicted and 1 means can
be predicted without error from the dependent variable.

For each estimation, we also calculated the mean absolute error, MAE, over n
sample, is defined in Equation below, which is a measure of the average of the
absolute errors

n
— 1
MAE,3) == |y =9
i=1

The results are introduced in the next section.

3. RESULTS AND DISCUSSION

In this work, ELM algorithm is used to estimate the amount of CO2 emission from
energy intensity values for OECD countries. The energy intensity value is used as
an input parameter and amount of CO2 emission is estimated as output. The results
including the coefficient of determinations and MAE are introduced in Table 1.

Table 1. Coefficient of determination and Mean Absolute Error for ELM.

Method R? Test R? Train Mean Absolute
Error
ELM 0.8891 0.9847 8947

As it is seen, the value of coefficient of determination indicates that energy intensity,
input value, is a suitable variable to estimate the CO, emission, output value, and
ELM algorithm perform well for this estimation. Fig.3  shows the graphical
representation of prediction of CO2 emission by considering the energy intensity
under ELM algorithm. In the graphic, the left figure shows the prediction and the
right one shows the residuals. The residuals, difference between the observed value
and the estimated value, are also considered in this work to have a sense of how
accurate our model is by relating the amount of CO2 emission with energy intensity.
The countries in OECD have two main behaviors about CO2 emission which is seen
clearly in Figure 3a that some have low-level emission, some have high but no
middle. For this reason, residual plot is affected this having lack of some data region
but still give good results.
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Figure 3. (a) Estimation of CO; emission by using ELM and (b) Residuals of

estimation.
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