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SUMMARY

In this study, we tried to calculate Iran’s green growth index and compare it with four selected OECD countries in

the continent of Asia, Turkey, Japan, Korea, and Israel in 2015 by applying the Green Index, and Technique for Order

of Preference by Similarity to Ideal Solution. Our research provides a new methodology to rank different countries

based on green growth indicators. Applying both methods, Iran ranked fourth among the selected countries. Iran, in

comparison to Turkey, Japan, and Korea, is behind in developing sustainability and green economy indices.
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INTRODUCTION

Green economy concerns how to continue developing
the economy without any damage to the environment.
It is created to solve environmental challenges to have
sustainable development in different aspects. All the
important international organizations including the
United Nation Environment Programme (UNEP),
Organization for Economic Co-operation and
Development (OECD), World Bank, and International
Monetary Fund (IMF), and also most governments
support and try to follow the concept of the green
economy (Tothné 2014). Accordingly, some
researchers are dedicated to this vital and challenging
topic.

What is a green economy? This is a question that
researchers have tried to answer and most of them
refer to UNEP’s definition. According to UNEP, “a
green economy is defined as low carbon, resource-
efficient and socially inclusive”. Moreover, “UNEP

defines a green economy as one that results in
improved human well-being and social equity, while
significantly reducing environmental risks and
ecological scarcities” (UNEP 2011, p. 2). Therefore,
generally, it can be concluded that a green economy is
an economy with the notable consideration of
reducing environmental hazards in implementing
policies. It does not mean that growth in the economy
should not be considered. It means that growth should
be in the context of ensuring mitigating damage to
natural resources and the environment.

According to OECD (2017), being sustainable in
the long-term is related to the ability to reduce
dependence on natural resources, reduce pollution,
and develop the quality of physical and human capital.
However, in developing the living standards of
people, the usage of natural resources and ‘heavily
polluting technology’ increases. Reliance on these
resources to increase the living standards can be
effective in the short run. In the long-term,
governments should find some new and sustainable
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resources. Implementing a green economy can be
costly in short term. Politicians mostly are not willing
to spend on the short-term cost, although they know it
will save general costs in the long term (Sachs 2010).
However, according to Gupta et al. (2019) referred to
Gharaei et al. (2019), Hao et al. (2018), and Rabbani
etal. (2019), because of the knowledge and awareness
of people and the world community about
environmental issues and regulatory mandates, there
is considerable pressure on private and public sectors
to take a responsible look at environmental aspects of
production and their supply chains.

The green economy’s issues in Iran motivated us to
seek the place of Iran in comparison with Asian
OECD countries (Japan, South Korea, Turkey and
Israel) based on green growth indices. In Iran, the
general policies for developing and implementing
green economy were that introduced in 2015 are
focused on the following areas (Zistonline, 2019):

1. Low carbon industry, usage of clean energy,
healthy and organic agriculture products, and the
management of waste and effluents by utilizing
economic, social, natural, and environmental
capacities.

2. Modify the production pattern in various
economic and social sectors and optimize the
pattern of water, resources, food, materials, and
energy consumption, especially promoting
environmentally friendly fuels.

3. Development of green public transport,
including electrical ones and generally
increasing public transport, especially in
metropolitan areas.

In the following of decisions to improve the
environmental condition in Iran, in April 2016, the
High Representative of the Union for Foreign Affairs
and Security Policy and Vice-President (HRVP)
Mogherini and Mohammad Javad Zarif (Iran’s foreign
minister) reached an agreement on closer cooperation
of Iran and EU to develop Iran’s green situation by
supporting Iran in the areas of prosperity, planet, and
people. Moreover, Iran's sixth national development
plan (2016-2021) emphasizes market-based reforms
and environmental issues to build a resilient economy
(European Commission Statement 2016).

There are some challenges to solve or even
improving the green economy situation in Iran,
According to the Deputy of production and
infrastructure research (2017), the challenges include:
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1. The lack of environmental protection culture:
environment protection is seen as a luxury and
non-priority issue;

2. Policymaking is person-oriented: changing the
approach to the environment by changing the
policymakers;

3.  Weakness and inefficiency of green civil society
organizations: limited numbers and small role of
social organizations;

4. High energy consumption and high pollution
production: because of the energy subsidies,
low-cost access to fuel may cause excessive
consumption and produce pollution;

5. The cheap sale of foreign and domestic resources
has fueled unnecessary consumption and
destruction of natural resources;

6. The dependence of the economy on natural raw
materials: the growth and cycle of economic
activities in Iran have historically been based on
the extraction of natural raw materials such as
oil.

The goals of our study are, firstly, to compare Iran
with selected OECD countries based on green growth
indices in 2015 by using the green index (GI) method,
and secondly, applying the Technique for Order
Preference by Similarity to Ideal Solution (TOPSIS)
as a practical method to rank the countries. In our
study, we considered all the green growth indicators
and sub-indicators to compare and rank the countries.
Firstly, the countries are ranked based on the green
index formula provided by Téthné (2013; 2014).
Then, TOPSIS, which is a form of Multi-Criteria
Decision-Making technique (MCDM), is used to
categorize the countries based on green growth
indices. Although there are many different MCDM
techniques, TOPSIS was chosen in this paper. In
comparison to the other MCDM techniques like the
Analytical Hierarchy Process, there is no restriction on
the number of criteria and alternatives in TOPSIS. In
this study, we considered more than 50 sub-criteria of
green growth indices.

Calculation procedures in TOPSIS are rather
similar to the green index formula except for two
considerable differences. In TOPSIS the type (positive
or negative) of criterion/index should be determined,
while in the green index all the criteria/indices are
considered the same type. Also, in TOPSIS the weight
of each criterion/index will be calculated while in the
green index criteria are not weighted. The weights
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may influence the final results. We selected 2015 as
the focus year in our study because 2015 was the latest
year for which all the required data was available.

To the best of our knowledge, no studies have tried
to rank countries based on the green index by applying
TOPSIS, although previous studies have been carried
out applying multi-criteria decision-making methods,
including TOPSIS, in various aspects related to green
economies. Some of the studies are as follows. Gupta
et al. (2019) applied multi-criteria decision-making
(MCDM) for the evaluation of green supplier selection
in the Indian automotive industry. Moghadas et al.
(2019) applied the TOPSIS technique, not directly for
the green economy, to to rank different districts of
urban Tehran in the context of resilience levels. A
calculation approach is applied based on a composite
index (social, economic, institutional, infrastructural
and community capital, and environmental factors of
community flood resilience). Barari et al. (2019),
using different multi-criteria decision-making models
(Decision Making Trial and Evaluation Laboratory
(DEMATEL), fuzzy and TOPSIS), evaluated the
sustainability indicators of urban transport by the
green economy approach in Sari, a city in Iran. A
study in Brazil written by Dos Santos et al. (2019)
proposed a methodology to evaluate and select the
green suppliers with the best environmental
performance for the Brazilian furniture industry. For
this purpose, they used a hybrid Entropy-TOPSIS-F
framework based on the defined criteria. Rashidi &
Cullinane (2019) applied fuzzy data envelopment
analysis (DEA) and fuzzy TOPSIS to identify the most
preferred sustainable supplier. They used a dataset of
logistics service providers in Sweden. Azimifard et al.
(2018) used the analytical hierarchy process (AHP) to
determine the weights of sustainability criteria and
then applied TOPSIS to evaluate sustainable suppliers
for Iran’s steel industry. Rostamzadeh et al. (2015)
developed an evaluation model to compute the
uncertainty of green supply chain management
activities. They wused the Vlsekriterijumska
Optimizacija I Kompromisno Resenje (VIKOR)
method to solve a green multi-criteria decision-
making problem. Freeman and Chen (2015) used an
AHP-Entropy-TOPSIS framework to focus on the
development of a green supplier selection model.

They used a Chinese-based electronic machinery
manufacturer as their case company. In the following,
we will discuss green indices in Section 2 and
methodology in Section 3. Results are explained in
Section 4 and finally our conclusions and limitations
of the study are presented in Section 5.

GREEN INDICES

In the previous sections, we discussed the context of
the green economy and its importance. To work on
developing green situations in a country, the first step
is to find out the ranking of the country based on green
economy standards. Then, it would be necessary to
determine how green economy indices should be
measured. The green economy can be measured in
different ways. Here we introduce only two green
indices, the Environmental Performance Index (EPI)
and Green Index (GI). We are explaining EPI because
most of the previous studies about Iran's green
economy situation are described by EPI. Then, in
Sections 2.2, we shortly explain Green Index.

EPI

To show Iran’s green economy situation, the
Environmental Performance Index (EPI) could be a
good example. “The 2018 Environmental
Performance Index (EPI) ranks 180 countries based on
24 performance indicators across ten issue categories
covering environmental health and ecosystem
vitality” (Wendling et al. 2018, p.vi). As we discussed
in the introduction, the general policies for developing
and implementing a green economy in Iran were
introduced in late 2015. Iran’s EPI ranking (2006-
2018) is shown in Figure 1. The higher the EPI
ranking, the worse the situation of the country in the
green economy. In another word, a lower number
indicates a better ranking place. As is shown in Figure
1, the EPI index was very high in 2016, but
fortunately, the rank fell from 105 to 80 in two years
(2016-2018). It may show that the implementation of
this policy had been successful between 2016 and
2018. However, Iran’s situation in the green economy
is not satisfying in general.
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Source: Deputy of production and infrastructure research (2017); Wendling et al. (2018).
Figure 1: EPI ranking for Iran, 2006-2018

most critical categories are heavy metals, air pollution,
climate and energy, biodiversity and habitat, and

To identify in which category Iran needs to work
on more, it might be a good idea to look at the issue

categories of the EPI Index in 2018, as shown in

finally ecosystem vitality.

Figure 2. Based on the ranking in the figure, the five
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Figure 2. EPI Index for Iran by issue categories, 2018
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Green Index (GI)

Tothné (2014, p. 62), presents an index which is
called the Green Index (GI) to means to “measure,
express and at the same time compare the state and
progress of countries toward green economy”.
According to Téthné (2018), the ability to compare
across countries is one important advantage of this
index. To calculate the green index for a country, the
authors used a group of indices that are introduced in
the OECD as green growth indicators (the calculation
for the Green Index is given in Section 3.3). They
calculated this index for OECD countries and
compared the countries with each other. Interestingly,
in their research, they found that although OECD
countries are on the way to reaching a green economy,
they are still quite far from the ideal.

METHODOLOGY

In this study, the green index proposed by Toéthné
(2013; 2014), is calculated for Iran and four OECD
selected countries: Japan, South Korea, Turkey, and
Israel. Then, the TOPSIS technique is applied to find
Iran’s place among the selected countries. Finally, the
results of these two methodologies are compared.

Due to the large number of indices in this study 53
(X) , before the calculation of green growth indicators
with the help of the min-max statistics model, all the
variables in a category are merged into one variable.
For example, variables like production-based CO,
productivity, production-based CO, intensity, and
production-based CO, emissions are merged into one
variable, CO, productivity. Before merging the
variables, all the variables should be normalized by
applying an eigenvector. Then the geometric mean is
used to calculate and to merge indicators in a category
for one country. After that, both calculation methods
(GI and TOPSIS) are applied to rank Iran and OECD
selected countries in the green economy.

(Iran, Korea, Japan, Turkey, Ismael) -2015
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Figure 3. The methodology of calculation of Gl in this study
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The eigenvector method

To normalize the indicators and reach a unique unit for
all indicators, we applied an eigenvector. For example,
the unit of production-based CO; intensity and energy-
related CO, per capita is tonnes but the unit of
renewable energy supply is percentage (OECD 2015).
Saaty’s eigenvector method, which is known also as
the linear normalization method, is a technique to
generate weights and normalization of a vector. The
eigenvector gives us the final weights (Wj). The
weights are the average of all possible ways to
compare the alternatives. The calculation of the
eigenvector is shown in Equation (1).

VV;'j:aij/Z a,-j i= 1,2,..., m j:],Z,..., n

(1)

where a;; represents the numerical value of
criterion i for alternative j (Saaty and Vargas
1984).

Geometric mean

The geometric mean is determined as the n™ root of
the values. The calculation of the geometric mean for
a data set like {x; x2,..., x »} is shown in Eq. (2)
(Yousefi and Carranza 2015).

Ga(X1, X2, o0, Xu) = (H?zlx,-)l/n =4/x1. Xp. e Xy,
)
where n is the total number of values.

The geometric mean has been employed in
different articles. In the study of Dong et al. (2010),
decision-makers applied the weighted geometric mean
technique to sum individual judgment matrices. To
reach the values in the consensus matrix in the Fuzzy
Analytical Hierarchy Process (FAHP) computations
procedure Anojkumar et al. (2014) applied the
geometric mean. Another study in 2019 stated that the
geometric mean is applied to integrate a comparison
matrix of criteria for all decision-makers under a fuzzy
environment (Gupta et al. 2019). Wu et al. (2010) also
applied geometric mean to sum evaluators’ values up.
In another study, authors utilized geometric average to
combine individuals’ judgments to reach a group
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judgment for integrating answers coming from the
decision-making group (Liu et al. 2019).

After computing the eigenvector to normalize all
indices and applying the geometric mean to merge the
indices in each variable category, the green index can
be calculated as follows.

Calculation of the green index

To calculate different countries’ indicator indices,

firstly the OECD green growth indicators should be

applied. For this purpose, the “minimum-maximum

statistics model” is used (T6thné 2013; 2014).

I = (X i Xmin)/(X max ~ Xmin)

where:

I; : the index of the different indicator (/-n);

X : the selected indicators;

Xuin: the minimum value of the selected indicator in

the selected countries (in a specified year).

Xnae: the maximum value of the selected indicator in

the selected countries (in a specified year).

Secondly, the average of the different indicator indices

should be calculated to gain the Green Index (GI).
GI= Sy I /n 3)

TOPSIS (Technique for Order Preference by
Similarity to Ideal Solution) Method

TOPSIS is one of the most commonly used multi-
criteria  decision-making methods presented(Zby
Hwang and Yoon (1981) that use simple logic. This
method makes an ideal alternative and an anti-ideal
alternative. In this method, based on the lowest
interval from the ideal alternative and the most
interval from the anti-ideal alternative, all alternatives
are ranked. It is a fast and relatively easy method with
an organized procedure (Shanian and Savadogo 2006;
Irfan and Nilsen 2009; Wang and Chang 2007; Wang
and Elhag 2006).

To solve an MCDM problem, some scholars have
proposed the TOPSIS. A combination of TOPSIS and
AHP logical procedure is proposed by Rao and Davim
(2008) for engineering design. Applying TOPSIS is
proposed by Ho et al. (2010) to evaluate and select an
ideal supplier. To evaluate the performance of
groundwater quality, Peiyue et al. (2011) used
TOPSIS based on entropy weight. Rouhani et al.
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(2012) approached fuzzy TOPSIS to assess the
business systems.

There is an important advantage in applying
TOPSIS in comparison to the other MCDM methods
like AHP. There is no limitation to the number of
criteria and alternatives in TOPSIS, while in other
techniques like AHP, there is a limitation. Too many
criteria and alternatives in other MCDM techniques
like AHP make the problem overly complex and
sometimes it would be hard to solve such problems.

The reason that we applied TOPSIS in this study is
not only the advantage of this method’s unlimited
number of criteria and alternatives, but the fact that
this method has not been applied in prioritizing
countries based on their green growth indices.

In our research, the green growth indicators are
considered as criteria. Iran and the selected OECD
countries are taken into account as alternatives.
Therefore, applying TOPSIS as an MCDM technique
for ranking countries based on green growth indicators
is reasonable.

The TOPSIS technique steps are described below
(Ajripour et al., 2019).

1. Convert all criteria into quantitative criteria after
making a decision matrix.

2. Normalize the decision matrix and name it Np.

3. Calculate the weight of all criteria by applying

Shannon entropy ().

4. Compute the weighted normalized decision-
making matrix (4) by multiplyW;. Np.
A1t Qin
P ] W,
Am1 " OQmn
5. Determine 4j" and 4y
Aj™= best positive value for each index in matrix A

(positive ideal solution)

Ay = best negative value for each index in matrix A

(negative ideal solution)

A=

In affirmative indicators, the best value is the highest
and the worst is the lowest, while in the indicators
which are not positive (negative indicators), the
best value is the lowest and the worst is the highest.

6. Calculate the distance of ajj from (4;") and (4;):

D = 2?:1(aij - Aj+)2
i=1,2,...m
D = [¥7.i(ai; — A7)?

i=1,2,...m
7. Compute the relatively short distance to the
affirmative ideal solution.
Cli = D7 /(D + D)

4

®)

(6)

The higher the Clf value, the higher the rank of
alternative.

To find out the rank of the countries by applying
the TOPSIS method and based on green growth
indices, firstly we have to make the decision matrix
(Table 1) based on the data we gathered from OECD
green growth indicators. Eight indicators or criteria
are considered (Cj, ..., Cs), to compare five countries
(A5, ..., 4s). You can see the criteria and alternatives
in Table 2. All the data are normalized by applying a
geometric mean (Np). Then the weight of each
criterion is computed by employing Shannon entropy
(W)). In the next step, the weight of each criterion
should be multiplied by the values in the decision
matrix (for example W;= (0.122 should be multiple to
all normalized data in column C;). Using Equations
(4) and (5), the positive ideal and negative ideal
solutions will be determined. Finally, applying
Equation (6), the countries are ranked based on green
growth indicators (Table 3).
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Table 1
Decision Matrix
= 8 9 8 a @ 8 g S
S S S S =] =] =) =)
Criteria
+ + + - + + +
Type
Ci C: Cs Cy Cs Cs C; Cs
Ay 0.18 0.15 0.18 0.13 0.28 0.03 0.06 0.15
A2 0.17 0.24 0.13 0.10 0.17 0.04 0.40 0.18
A3 0.21 0.15 0.22 0.15 0.11 0.25 0.21 0.21
Ay 0.24 0.20 0.12 0.1 0.00 0.30 0.14 0.16
As 0.12 0.12 0.10 0.20 0.11 0.08 0.19 0.17
> aijr2 0.2 0.2 0.1 0.1 0.1 0.2 0.3 0.2
\ 0.4 0.4 0.3 0.3 0.4 0.4 0.5 0.4

Source: Authors’ Calculation

(43 A2 >A4 >A1 >A5). Iran is ranked in fourth

RESULTS
place.
Applying GI, the greenest country among the selected
countries is Korea, and the least green country is Israel
Table 2

Iran and OECD selected countries ranking in terms of GI

Year 2015

Country . — . _
= E p S A2 = = v/ S Rz
B I - N L B L . [ A
<l | 4] <] < < | & <] <<

Variable Min | Max li

Envi tal :

nvironmental | Cr: €021 oo 619 | 021 | 024 | 012 | 012 | 024 | 056 | 0.45 | 078 | 1.00 | 0

and resource | Productivity

ductivit : E
proguctivity © "Y1 015 | 024 | 015 | 020 | 0.12 | 012 | 024 | 026 | 100 | 0.19 | 070 | 0

productivity

Natural - asset | Cs: Freshwater | e 1 o131 05 | 012 | 0.10 | 0.1 | 022 | 062 | 024 | 100 | 0.14 | 0
base resources

Cs Land
resources

0.13 | 0.10 | 0.15 | 0.08 | 0.20 | 0.08 | 0.2 | 0.46 | 0.20 | 0.59 | 0.00 1

Environmental | Cs: Exposure to

dimension  of | environmental
quality of life risks 0.28 | 0.17 | 0.11 | 0.00 | 0.11 0 0.28 1 0.61 | 0.40 | 0.00 | 0.40

Economic Cs: Technology
opportunities and innovation: | 0.03 | 0.04 | 0.25 | 0.30 | 0.08 | 0.03 | 0.3 0 0.06 | 0.79 | 1.00 | 0.18
Patents

(22
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and policy | C7
responses Environmental o ¢ | 040 | 021 | 0.14 | 019 [ 0.06 | 04 | o | 1 | 044|025 040
taxes and
transfers
Cs: Socio-economic context 0.15 ] 0.18 | 0.21 | 0.16 | 0.17 | 0.15 | 0.21 0 0.54 1 0.16 | 0.2
GI | 036 | 0.51 | 0.65 | 0.40 | 0.28
Source: Authors’ Calculation
TOPSIS procedure, alternatives are ranked as follows:
A3 >A4 >A2 > Al > A5. Iran is placed in the fourth
Considering green growth indicators as criteria place.
and the selected countries as alternatives in the
Table 3

Iran and OECD selected countries ranking by using the TOPSIS method

Country (A Rank
A Iran 0.2897 4
Az Japan 0.2904 3
As Korea 0.651 1
A4 Turkey 0.480 2
As Israel 0.153 5

Source: Authors’ Calculation

COMPARISON OF TOPSIS AND GI
RANKING

Applying the methodology — the green index and
TOPSIS methods — Iran and selected OECD countries
can be ranked based on green growth indices in 2015.
The country ranking based on GI is as follows: Korea
> Japan > Turkey > Iran > Israel. The country
ranking based on TOPSIS is also Korea > Turkey >
Japan > Iran > Israel. Comparing the countries’ final
ranking based on the two methods, Iran ranked fourth
among the five countries. Korea and Israel are in the
first and fifth place, respectively. So, South Korea is
the greenest country among the five countries. It is
shown that both techniques provided almost the same

results; the only difference is the rank of Turkey and
Japan. It can be concluded that the TOPSIS could be a
reliable technique to calculate the ranking of countries
based on green growth indices.

Previously, in Section 2.1, we have shown that
generally, the rank of Iran in the green economy was
not satisfactory. The calculated result of our study also
shows Iran does not have a good situation in the green
economy, because it is ranked fourth among the five
selected countries.

CONCLUSION AND LIMITATION

Talking about the green economy brings a variety of
issues to the debate. Governments, especially in third
world countries, sometimes are not willing to put so
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much effort into this issue; they consider it as an
expensive plan. However, the Green Economy is
becoming one of the most critical issues in the world,
and governments should not avoid the issue.
Accordingly, it is vital to measure the place of each
country in the green growth economy situation. The
green economy can be measured in different ways. In
our study, two green indices, EPI and GI, are
explained. Based on the latest report of issue
categories of the EPI Index, Iran did not have a good
situation in the environmental performance index.
Also, the green index result represents that Iran needs
a great deal of effort to decrease its distance from the
greenest countries, like Korea in this study.

There are two main steps in our study, first: the
comparison of Iran and selected OECD countries
(Turkey, Japan, Korea, and Israel) based on green
growth indices in 2015 by using the GI method, and
second: applying TOPSIS as a practical method to
rank the countries. Calculation procedures in TOPSIS
are almost the same as the green index formula.
However, there are two considerable differences: (1)

in TOPSIS the type (positive or negative) of
criteria/indices should be determined, while in the
green index all the criteria/indices are considered the
same type, and (2) in TOPSIS the weight of each
criterion/index is calculated while in the green index
the weights of criteria are not considered.

Applying the methodology, countries are ranked
based on 53 green growth indices. Results represented
that Iran is not sustainable in green growth indices in
comparison to Korea, Turkey, and Japan.

The limitation of our research is the lack of data
for some indicators which are not recorded on the
OECD website in 2015. Also, the data for the years
after 2015 was not completely available for the
selected countries.

For future studies, we strongly suggest using some
other MCDM techniques such as AHP, ELECTRE,
and Fuzzy MCDM. Considering all of the green
growth indices in MCDM calculation methods may
take too much time, so screening some important
green growth indices to compare countries’ green
growth indices would be recommended.
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