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Abstract. Gross domestic product (GDP) is a widely used economic indicator, but it does not
consider economy related to natural resources. It may not accurately reflect a country's economic
well-being. In this study, the potential of using "green GDP" (GGDP) and the GGDP index as primary
indicators of economic health with a focus on climate implications is explored. The article proposes
a new GGDP model and index that incorporate three key factors including environment, economy,
and society with four quantifiable indicators within each factor. The weights for the indicators are
calculated based on improved weight method containing entropy weight method and CRITIC method.
GGDP model places emphasis on climate mitigation and employs grey correlation analysis and
univariate linear regression. Furthermore, the GGDPGI model has been developed to assess the
feasibility of replacing GDP with GGDP as the primary measure of economic growth. Our results
suggest that using GGDP and the GGDP index as primary indicators is not only feasible but also
meaningful for evaluating a country’'s economic growth.

Keywords: Entropy weight method, CRITIC Method, K-means method, GGDP, GGDP index.

1. Introduction

1.1. Background

Gross Domestic Product (GDP) is the final product of production activities of all the resident units
in a country (or region) in a certain period of time. It is one of the most well-known and commonly
used measures of the health of a nation's economy. At the moment, a lot of countries boost their GDP
through the exploitation of oil, natural gas and coal resources. Some countries of having rich forests
or mineral resource boost their GDP by cutting trees or exploiting mineral resources without
abstinence[1]. The phenomenon leads to the loss of biodiversity, air and water pollution, land
desertification and other negative environmental impacts. This can not make countries and regions
develop sustainably[2].

However, there is a new measurement of the health of a nation's economy called Green GDP
(GGDP). GGDPI3] is an extension and improvement of GDP, which can take environmental and
sustainability perspectives and factors into consideration. GGDP may be a better way to measure the
health of a nation's economy[1]. Therefore it is important to establish an evaluation model to decide
which method is better in order to make a nation's economy boost in a healthier way.

1.2. Our Work

Our study aims to explore the feasibility of using global GGDP as a primary indicator for
measuring national economic health. To achieve this, we conducted the following steps:

Firstly, we prepared the models and collected data to select 30 countries and indicators.

Secondly, we used the improved weight method to calculate weights.

204



Highlights in Science, Engineering and Technology ERET 2023
Volume 59 (2023)

Thirdly, we established a GGDP model based on the results and measurable indicators such as
global temperature and forest area. Then we analyzed the impact of GGDP on climate mitigation
using the grey analysis method and univariate linear regression.

Next, we used the K-means clustering method to group the 30 selected countries into three
categories based on their GGDP index. We then utilized the grey prediction model to fit and estimate
the GGDP index variation from 1995 to 2025 in selected European countries. Additionally, we
predicted the potential impact of GGDP on the economy and examined the correlation between the
GGDP index and the sum of GDP and the average PPP for each country category.

Then, we analyzed the feasibility of the models and performed sensitivity analysis to demonstrate
their stability.

1.3. Arrangement

Section I involves the preparation of the models, we make assumptions and define the notations
in the chapter. Section 11 is methodology, explaining the method of establishing models. Section 111,
we arrange experiment as the third part of our paper to interpret the process of selecting indicators
and countries. Section 1V displays GGDP model and GGDPGI model.

2. Methodology

2.1. Weights

2.1.1 Entropy Weight Method

We used the EWM to determine index weights objectively based on the information contained in
each indicator's value[4]. A smaller entropy indicates greater variation in the index value and more
information, resulting in a higher weight in the comprehensive evaluation[5].

It is necessary to first convert them into relative values through standardization, as the units of
measurement for various indicators are not standardized.

Let:

Xii=x;; (1)
Then we solve the homogenization problem of different quality index values. we use different

algorithms for the data in the high and low indicators.
For positive indicators:

Xii-min(X1i,X2i,"Xpi)
X'i': [ U 1>74) n) (2)

U Imax(xyj, . Xpj)-min(x . Xp))

For negative indicator:

" max(xlj,xzj,‘“,xnj)-xij
i [max(xlj;“,an)-min(xlj;“,an)] )
Calculate the proportion of characteristics of each evaluation object under item j. Set the
standardized data of the jt"observation of the it" evaluation object, and calculate the feature weight
of the i**evaluation object under the jt* indicator:
Xl.]

pij DHERS

I (i=1,2,-",n,) (4)

ij
Calculate the weights and information entropy of each indicator, the information entropy of data
. . 1
is defined to be E; = —ln;2?=1pij Inp;; (E; =0)
__4
Wi %4y

j=1,..m (5)
d; equalsto 1-E; .
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2.1.2 Improved Weight Method

The new perspective of CRITIC(Criteria Importance Through Inter criteria Correlation) weighting
method[6-7] is to use two indicators, the comparative strength and the conflict indicator. The contrast
strength is expressed using standard deviation, and if the data standard deviation is larger, the
fluctuation is larger and the weight will be higher[7].

The CRITIC method calculates the weight of indicators around two aspects: contrast and
contradiction.

Information Capacity. Assume indicator i, information capacity C;, ¢ means the standard

deviation and f; magnitude of the contradiction between indicator j and the rest of the indicators.
Calculate Weights and Index

C.
WJ o anlj C: (7)

Differences between EWM and CRITIC are stability and flexibility. CRITIC is sensitive to data
instability, while EWM is relatively robust and stable. However, CRITIC can account for nonlinear
relationships and interactions between criteria. We calculate the average from these two models to
obtain a more accurate value [7].

. Al
_ Witw;

Wis—3 (8)

2.2. GGDP Index and GGDP
We calculate the comprehensive index of each country.
si= X Wip, )
x;j represents the value of the corresponding indicator. m means the amount of countries, which
equals to 30. Then, we get the value of GGDP of 30 countries.
GGDP=s;xGDP (10)
2.3. Grey Correlation Analysis

We used univariate linear regression model and grey correlation analysis to prove the measurable
impact of the global green GDP model. Gray correlation analysis[8] reflects the degree of correlation
between curves.We use Z-score normalization to standardize them. The specific formula is:

1 Xou
X 5 (11)

1 means the original data, § is Standard deviation of the original data. The grey correlation
analysis formula is used to calculate the correlation between each factor of each year and the total
amount of global GGDP.

mingming|xo (k) —x;(k) |+ prmaximaxi|xo (k) =xi (k)|

&i(k) = T o x + pemaxgmaileo (k)] (12)
We assume that the comprehensive grey correlation degree(CGCD) is y(x, x;), then
1
(X0, Xi) = = Xy ¥(Xo(k), xi(k)) (13)

2.4. Univariate Linear Regression

We perform a one-dimensional linear regression analysis[9] on forest cover area as an example to
further explore the influence of GGDP and climate in depth.
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We can accomplish the following task first assume such a univariate linear equation if you have n
independent observations (x1,y1)(X2,y2), «**,(Xn,Yn)

.= B, tPx;+g;, 1=1,2,...,n
yl B() B 12 (14)
Ee;=0,Dg;=c" and ¢, ¢,,...,&,
We can solve from the least squares method:
Bu =J'_’_/é|-f . i(’\.r‘ _"_‘)(y:_}_’]
oy =g —— 15
-2 St (1
1 n 1 n 1 n 1 n
X== X Y== 2y X2== DX Xy == DXV, (16)
Ny Ny 7 Nz Nz
For regression equation Significance testing of Y = £, + £,xboils down to the hypothesis
Ho:f =0;H, 1 p, 70 (17)

2.5. K-means Method

After we obtain GDP index, we can divide it into countries with low, medium, and high GDP index
using the K-means method [10].

Assigning object points to the cluster closest to the cluster center requires a nearest-neighbor
measurement strategy. We use the Euclidean distance considering the characteristics of the model,
which can be expressed as follows:

d(xy)= (xl-y1)2+(x2-y2)2+ "+(xn-yn)2=,/2?:1 (xi-yyz (18)

2.5.1 The calculation of the new clusters
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Figure 1. Process of K-means algorithm

The distance to the point with the minimum average distance within the cluster is calculated to
determine the centre for each of the £ clusters generated after classification. When the centre of each
cluster no longer changes, the K-means algorithm can be stopped. The process can be seen in Figure
1.

2.6. Grey Prediction Model

We selected gray prediction model GM(1,1)[11,12] as our analysis method to measure the change
of the selected countries in GGDP Index.
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d' (n)y=d’ (1 +d’ @)y+—+d"m) (19)

d'=d'(1),d'2),,d'(n)) (20)

wWhere d°(n) are original data, and d! are obtained by accumulating d°(n)

2(ny=ad’(n)+(1-a)d’(n-1) @0
The sequence obtained in this way is called a Proximate Sequence, and the parameter a is also
called the Proximate Coefficient.
After the processing, we have the initialized data to establish GM(1,1) Model, which means the
the first-order differential equation.
0
Y= k=23 (22)
We can obtain the first-order differential equation.
m(k)+az(k)=b
Where a is called the development coefficient, ¢ is called the background value, and b is called the
gray action in gray system theory. Whitening Model is shown in formula (23)

wWo (23)
5 +ad'(H=b

Ratio-to-difference can be calculated as well.
=2 (24)
Si
Where C is Ratio-to-difference and Si is variance of sequence d’(k), Sz is the variance of residual
of sequence d’(k). Model Accuracy Class is rather precise if C is smaller than 0.35.

3. Experiment

3.1. Factors and Indicators

We create the GGDP model which analyzes multiple green indicators to obtain the global average
GGDP index to measure a country's economic development[13]. The model comprises three primary
indicators and twelve secondary indicators, with each primary indicator including four secondary
indicators. These indicators consist of five positive and seven negative indicators, reflecting that a
country's economic health is determined not only by green sustainable development but also by
indicators related to resource consumption and environmental damage. GGDP factors and indicators
displays the selected indicators in Figure 2.
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Figure 2. Selected factors and indicators

Economy(Eco) We selected consumption of mineral resources (Ecol) and electricity production
from coal (Eco4) as secondary indicators to measure the impact of non- renewable resource
consumption on the green economy[14]. Fossil fuels have been the primary source of energy, but
their limited supply leads to increased energy prices, scarce resources, and increased greenhouse gas
emissions. Renewable energy generation (Eco2) can promote economic and social development while
conserving resources and protecting the environment[15]. The relationship between GNI growth
rate(Eco3) and the green economy is interactive. Achieving economic growth in a green way can
increase sustainability and achieve long-term economic and social development goals.

Society(Sco) We divide the factor into four secondary indicators. The employment rate (Socl) is
an indicator of an economy's ability to create job opportunities. Investment in education (Sco2) is an
investment in human resources, and the degree of investment determines the degree of income it
generates. The GINI coefficient[16] (Soc4) measures the degree of income or wealth inequality in a
society, with a range of values from 0 to 1. The level of healthcare is closely related to a country's
economic development, and the proportion of the population using healthcare services with safe
management (Sco3) assesses whether healthcare institutions have taken sufficient measures to ensure
the safety and quality of healthcare services.

Environment(Env)  Environment is chosen as another important indicator to measure
GGDP[17]. The Ecological Footprint Index(Envl) reflects the impact of human activities on
ecosystems and assesses the impact of human activities on Earth's resources and the sustainability of
ecosystems. Per capita carbon dioxide emission(Env2) is used to measure a country's resource and
environmental development and protection. Considering the importance of forest resources in global
climate change and economic development, we made net forest depletion as the third indicator(Env3).
In addition, outdoor air pollution mortality rate is selected as a secondary indicator(Env4) to measure
the impact of a country's industrial and economic development on people's health. The purpose of all
these indicators is to measure the impact of economic development on the environment and human
health, and to promote the sustainable development of the economy.

3.2. Country selection

We select thirty countries as samples to establish the model. The results are shown in Table 1. The
sign “*’ beside country names are developed countries .
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Table 1. 30 countries selection

Asia China Japan* India Saudi Arabia Philippines Pakistan Vietnam Israel*
Singapore*
Europe Russia United Kingdom* Turkey France* Germany* Romania Poland*
Nort_h United States* Canada* Mexico
America
SOUt.h Brazil Argentina Colombia Peru
America
Africa South Africa Egypt Sudan Nigeria Morocco Kenya
Oceania Australia* New Zealand*

3.3. Data collection

We obtain relevant indicator data from the World Bank and Our World in Data. However, we use
the latest available data for these factors from the time period of 2019-2021 as an approximation for
2020 data due to incomplete data on some countries' factors in 2021. Additionally, we evaluate 30
representative countries based on continent and development level, using data from 1995 to 2020,
with each five-year interval serving as a time node for recording information.

4. Result
4.1. Results of Weight

We get the following results of weights of each indicators and factors in Figure 3, Figure 4, Figure
5 and Figure 6.

The index weight ratio of Eco, Sco and Env

The proportion of the four
quantitative indicators under the Eco

Eco4 Ecol

13% 8%
24%

Eco3
30% Eco2

49%
24%

Figure 3. Weights of factors

The proportion of the four
quantitative indicators under the Sco

Sco

21% Sco

30%

Sco
27% Sco

22%

Figure 5. Weights of Sco

Figure 4. Weights of Eco

The proportion of the four
quantitative indicators under the Env

Env

22% Env

30%

Env
15%

Env
33%

Figure 6. Weights of Env
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Figure 7. GGDP index variation

4.2. GGDP Model

We obtain the results of GGDP index and total GGDP in Figure 7, Figure 8.
We obtained correlation coefficients between total green GDP and forest area, greenhouse gas

emissions as well as global average temperature data respectively for each five-year period from
1995-2020.
Then, we get grey correlation degree(CGCD) in Table 2.

Table 2. grey correlation degree

Greenhouse gas emissions | Global mean temperature
0.681 0.795

Figure 8. Average GGDP variation

Forest area
0.707

CGCD

We can draw some preliminary conclusions as follows. There are high correlations between GGDP
and global average temperature, forest cover, and greenhouse gas emissions with correlations of 0.795,
0.707 and 0.681 respectively. This indicating that there are strong correlations and positive
relationships between GGDP and global average temperature. The correlation between GGDP and
global average temperature is strong and positive.

After that we use the method of univariate linear Regression and get the results of coefficients and
regression line. The results are shown in Table 3.

Table 3. Coefficients of univariate linear regression equation

Bo

by

Boconfidence interval

B, confidence interval

r2

F

1.1373

0.0474

(-2.9003,0.6257)

(0.0010,0.0937)

0.6684

8.0618

0.0469

y=1.1373x+0.0474
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Figure 9. Univariate linear regression line
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The equation (25) and Figure 9 indicate that the growth of GGDP will have some positive impact
on forest cover area, i.e., GGDP growth may promote the increase of forest cover area. An increase
in forest cover can help mitigate climate change by absorbing CO2. Therefore, the growth of GGDP

may have some positive impact on climate change mitigation.

4.3. GGDPGI Model

As depicted in Figure 10, we have categorized the 30 countries into three groups based on their
level of GGDP index. The green circle, blue square, and red pentagon respectively represent countries
with high, medium, and low GGDP index. We have conducted a brief statistical analysis to better
understand the distribution of GGDP and to gain insight into the current global equity situation. The
statistical data for all categories is presented in Table 4. Furthermore, we have selected six European
countries - including the high GGDP index countries of the United Kingdom and Germany, the
medium GGDP index country of France, and the low GGDP index countries of Romania, Poland, and
Russia to estimate the variation of GGDP index from 1995 to 2025. The results are shown in Figure
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Figure 10. Results of K-means

Table 4. Categories’ information based on K-means

Index level High Middle Low
Number of countries 4 8 18
Maximum GGDP Index | 7.28098 | 0.580918 0.492887
Minimum GGDP Index | 0.605189 | 0.506583 0.318340
Average GGDP Index | 0.649572 | 0.54148625 | 0.42949461
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Figure 11. Variation and estimation of GGDP index in selected countries

We conducted a data analysis to explore the viability of using GGDP as a substitute for GDP. We
employed the K-Means method of cluster analysis to classify countries into three groups based on
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their GGDP values and utilized the Grey Prediction model to predict the economic conditions of each
group. We selected two indicators, the total GDP and the average purchasing power parity (PPP), to
measure the economic status of the various country groups. If GGDP were to replace GDP, the impact
on countries with different GGDP values would differ. Our data analysis provides insights into how
different countries may be affected based on their GGDP values. We performed a level ratio test of
the sequence, and all level ratios fell within the admissible coverage interval, indicating the accuracy
of our modeling with GM(1,1). All data were sourced from the public data of the World Bank. Figure
12 illustrates the forecast data of the total GDP and purchasing power of the countries in 2025, 2030,
and 2035, with each indicator representing the country with the GGDP index from low to high,
respectively, from left to right.

Table 5. The predicted value of the sum of countries' GDP and Purchasing Power Parity

The sum of countries' GDP Purchasing Power Parity  (trillion International

Year -
(trillions of dollars) dollars)

Index Low Middle . .
level High Low Middle High
2025 34.29 40.10 46.97 10.03 12.27 15.08
2030 34.46 43.81 55.82 6.42 8.29 10.80
2035 17.93 24.27 32.66 2.36 3.16 4.31

Based on Table 5, we can see that the sum of green GDP and the average purchasing power parity
(PPP) for countries in each of the three categories with low, medium, and high GGDP values are
continually increasing. This suggests a positive trend for the future global economic development,
despite the initial state of the green economy. We observe that in some cases, the sum of DFP for
countries with medium GGDP values exceeded that of countries with high GGDP values after 2025.

5. Conclusion

In this paper, the article concentrates on a novel method for calculating Green Gross Domestic
Product (GGDP) and develops a model to assess its global climate impact. Our approach synthesizes
the advantages and limitations of previously proposed GGDP models, offering a more comprehensive
perspective on the subject.

The improved weight method is used to effectively weigh the various factors contributing to
GGDP, resulting in a more accurate and robust calculation. Furthermore, the article analyzes the
measurable impact of GGDP on global climate using grey relational analysis and univariate linear
regression. The article demonstrates a strong correlation between GGDP and global climate and the
positive influence of GGDP on climate change. Then, the K-means method is selected to categorize
30 typical countries into three groups based on their GGDP index, considering the three factors of
environment, society, and economy. Each factor contains four secondary indicators to measure the
impact of GGDP on the world.

Our study presents a novel method for calculating GGDP and a model for evaluating its global
climate impact. The correlation between GGDP and global climate, as well as the positive influence
of GGDP on climate change and the global economy are found in the article. Our results can inform
policy decisions and promote sustainable development.
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