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KEYWORDS ABSTRACT

Growth, Purpose: This paper aims to establish the impact of Growth on Sustainability in the world's Top
Development, five Economies according to Gross Domestic Product and validate a two-way causality between
Equality, growth and sustainability parameters.

Envirpnmgr)t, Methodology: The methodology involves Linear Regression, the ordinary least square method.
Sustainability Vector Auto regression model (VAR) followed by Granger causality Wald test (GC) to evaluate

the causality between GDP and Sustainability parameters.

Findings: The primary findings portray the impact of growth on the environment and equality is
both positive and negative which is country-specific. When estimating lagged relationships with
VAR, growth has an impact on equality and environment, and equality and environment have an
effect on growth hence there exists a two-way causality.

Practical Implications: Sustainability is an integral part of the development of countries and it
should be more independent in a country and eventually be self-driven. Findings provide a
comprehensive image of how growth has impacted sustainability parameters like equality and
environment in developed and developing countries that are among the top in the world. The
optimum lag length of 3 years found in vector autoregression also suggests the visible impact of
growth on sustainability parameters.

Originality: Unlike prior research on growth and development, the present work included the
added dimension of well-being through sustainability, equality, and the environment of countries
demonstrating massive growth in the world. It is contributing to the much debated and important
issue of development of countries along with growth.

1. INTRODUCTION

Experts have been thinking about sustainable development and growth for a long time. The concept of sustainability has
been discussed since Malthus in 1798, although the term "sustainability" has only lately gained traction. The major objective
of development is to raise the standard of living and income of people. Development that meets current needs without
sacrificing the ability of future generations to do the same is known as sustainable development.

Since the beginning of human history, achieving healthy growth has been the most often discussed issue and has always been
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of utmost importance to a nation. Every country's main concern is, and has always been, its economy's expansion and growth
(Mukherjee & Ahuja, 2018). While the fight for growth is far from over, advancement is now a must for a country to survive
and prosper in the world. The world's leaders are now primarily concerned with human development as the total development
of the inhabitants of those countries has not kept up with the nations' expansion.

The Sustainable Economic Development Assessment (Sustainable Economic Development Assessment) was developed in
2012 by the Boston Consulting Group (BCG) as a novel way to assess advancement and well-being. In essence, SEDA is an
objective metric that contrasts a nation's performance with that of the global population, specific peers, or groups. To provide
ten dimensions as generic well-being indicators, SEDA thinks of starting with three key elements. SEDA performs this for
about 143 countries across the globe, which are effectively frequently compared with peers. The widely held misconception
is that industrialized countries do not undergo rapid economic growth. The countries that are expanding quickly are also
growing at the same time (Mukherjee et al., 2020).

The three fundamental elements (dimensions) along with their sub dimensions are as follows:

e Economics — Income, Economic Stability and Employment
o Investment — Health, education and Infrastructure
e Sustainability — Equality, Civil Society, Governance and Environment

The study has taken an overall development value, expressed as SEDA ( Sustainable Economic Development Assessment)
by the BCG. Also we have used equality and environment as two sustainability parameters in our measurement.

Equality: Income distribution,Gini Index, Equality in Education and Life expectancy.

Environment: air quality, terrestrial and marine protected areas, carbon dioxide intensity and electricity production from
renewable sources.

The three elements are further divided to provide a clear description of the particular features, which in turn helps to show
the stage of development of a country. Understanding the function of dimensions in characterizing a country's developmental
state requires a thorough explanation of each component. The economy of a nation is a good indicator of its condition, and
SEDA attempts to quantify the important economic variables, such employment, income, and economic stability. However,
the Gross Domestic Product—which also determines income per capita—determines purchasing power. These variables are
given scores, and the outcomes indicate the nation's position with respect to that dimension (Income). The last criterion
describing a country's economy and assessed by SEDA is employment, which shows a country's rate of employment and
unemployment. Economic stability also includes inflation, GDP, and inflation volatility.

When the other two components are discussed in more detail, almost all of the elements will be included as well, completing
the presentation of a complete picture of a nation's well-being. Following the economic component, three further aspects of
investment—nhealth, education, and infrastructure—also shed light on a nation's investment side. Water, sanitary conditions,
transportation, and ICT are all considered aspects of infrastructure. Health is the outcome of receiving medical care as well
as having access to it. Education also includes the means of obtaining education as well as its outcomes.

Sustainability, which includes civil society, the environment, governance, and income equality, is the last component.
Aspects of income equality include life expectancy, educational fairness, and income distribution. Gender equality, civic
society, intergroup cohesion, and interpersonal safety and trust are all interdependent. The environment also encompasses
property rights, the rule of law, accountability, corruption, stability, and carbon dioxide intensity protected areas. These
variables provide a clear picture of the development and state of well-being of a nation. The BCG's analysis of the SEDA to
present a comprehensive picture is a commendable attempt to honestly discuss the most basic elements of a nation, such
overall growth and other objective metrics.

We used the sustainability factors of equality and environment in our analysis. In order to establish causal relationships and
assess impact, we have also taken the gross domestic product into consideration in our analysis.
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Figure 1. Components and Dimensions of Sustainable Economic Development Assessment
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In every nation on the planet, growth and development have always been vital concerns that are given top attention. But now
that the focus has switched from growth to development and sustainability, it is critical to assess how well-positioned each
nation is to turn its wealth into well-being. The relationship that exists between sustainability and growth is critical to the
long-term well-being of economies, society, and the environment. They are often discussed in relation to a range of topics,
including social development, business, economics, and environmental preservation.

The consequences of economic expansion on development are a complex and multifaceted subject. Even though economic
growth is occasionally seen as a key driver of development, the effects of growth can differ significantly based on a variety
of factors, including the type of growth, how benefits are dispersed, and the context in which it occurs.

About Countries:

The United States continues to be the largest economy in the world and the richest nation, maintaining its dominant position
from 1960 to 2023. Its economy, which is driven by significant industries including manufacturing, services, finance, and
technology, has an impressive diversification. The US has a sizable consumer market, encourages creativity and
entrepreneurship, has a strong infrastructure, and offers favorable business environment.

China's economic growth has accelerated, as seen by its rise from the fourth position in 1960 to the second position in 2023.
The three main pillars of the Chinese economy are manufacturing, exports, and investment. It is pleased to have a large staff,
strong support from the government, modern infrastructure, and a rapidly growing consumer base.

Japan's economy is noteworthy due to its advanced technology, manufacturing capabilities, and service sector. Leading
industries include the automotive, electrical, mechanical, and finance sectors. In addition, Japan is known for its remarkable
exports of high-quality goods, innovative technical breakthroughs, and steadfast work ethic.

Germany is known for its accuracy in the engineering, automotive, chemical, and pharmaceutical industries, and its economy
is heavily focused on exports. It benefits from having a skilled workforce, strong R&D programs, and a strong commitment
to innovation promotion.

In terms of GDP, India is placed fifth in the world as of 2023. India's economy, which is driven by important industries
including manufacturing, services, information technology, and agriculture, is diverse and expanding quickly. The country
makes use of its sizable home market, a young, tech-savvy work population, and a growing middle class.

2. REVIEW OF LITERATURE:

The relatively new notion that various groups of countries should be assessed and examined based on their income and well-
being and how the countries are turning the first into the second proportionally has been investigated by a number of scholars.
The Boston Consulting Company has been researching numerous countries since 2012 using its Sustainable Economic
Development Assessment, according to a report by European Data Network Journalism dated October 2019.

The notion of sustainable economic growth is yet frightening, but Kruja, Alba (2013) claims that sustainability is largely
considered as a synthesis of environmental, social, and economic performance. The degree of development is assessed using
the population's distribution of economic advancement. The concept of economic development became widely accepted in
modern culture in the twenty-first century.
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Mukherjee and Ahuja (2018) attempt to highlight the most recent efforts to evaluate how successfully a nation translates
GDP growth to well-being in terms of Sustainable Economic Development Assessment scores (SEDA) in their study paper
from 2017. India's ranking as a high Sustainable Economic Development Assessment progress score, and our country support
one of the top economies in the world has made significant strides in several BCG-measured indicators for measuring
sustainable development. In July 2019, Y. Joao, Enrique, Lang, and Chin made this discovery. A variety of structural factors,
such as the rapid speed of technological advancement and its conceivable connection to the source of inequality, pose threats
to the world. Policymakers must now more than ever adopt and implement measures to account for this disturbance and work
to enhance people's lives.

Objective:

The primary objective of the study is to assess the impact of growth on equality and environment of top five countries of the
world in terms of GDP nominal. The study also aims to validate the existence of two-way causality between sustainability
parameters and growth.The study also aims to find the existance of two gay causality between growth and development
(Sustainable Economic Development Assessment) in the top five nations of the world.

Research Methodology:

The study is divided into three parts. The first part caters to finding the impact of growth on two sustainability parameters
such as Equality and environment. Multivariate regression analysis is used to detect the impact with robust standard error
and hence we rule out to test for heteroscedasticity. Ordinary least square estimation is used to evaluate the incidence;
however, the estimation is robust with bias correction (n/n-k). The proxy of growth taken is Gross Domestic Product per
capita.

In the second part vector autoregression has been used, after estimating the suitable lag length to estimate the impact of
individual sustainability variables like equality and environment on growth and that of growth on the sustainability variables.
Vector autoregression is followed by Granger Causality Wald Test to see the existence of 2-way causality between the
variables. In the third part, vector autoregression has been used after estimating the suitable lag length to estimate the impact
of development on growth and that of growth on development. Vector autoregression is followed by the Granger Causality
Wald Test to see the existence of a two-way causality between the variables.

The reason for incorporating lagged models in this test is to establish the well-known fact that while assessing the impact of
growth on development and that of development and growth, it is better to consider the role of time lags to establish a
significant relationship and impact. Data on sustainability has been taken from the Boston Consultant Group (BCG) SEDA
(Sustainable Economic Development Assessment) statistics. Data on GDP has been taken from the World Bank. As the BCG
has published data for the time period 2008 to 2020, our analysis has been done accordingly.

Model 1: Multivariate Regression

Equality;, Environment; = o + p1GDPperCap: +
Modified Model:

Equality:, Environment; = Bo + B1 Ln GDPperCap; + U
Model 2: Vector Autoregression and Granger Causality
Equality: = Bo + B1Equality:j + B2Growthyj + pt

Growth; = o + BaGrowthe; + BoEqualityrj + pt
Environment; = Bo + B1Environment.; + B2Growthe +
Growth; = Bo + BiGrowthe; + B2Environmentyj +
Model 3: Vector Autoregression and Granger Causality
Development; = o + BiDevelopmentyj + B2Growthej +
Growth; = Bo + B1Growthe; + BoDevelopmenty; +

Here t-j indicates the optimal lag that is considered in the vector autoregression model and then establishes two-way causality
by granger causality wald test.

Data Analysis

Initially the multivariate model with two independent variables as equality and environment was considered and the
regression was run accordingly. Moreover significant impacts were found. For better result the modified version of model 1
was used and the result declared was significant.
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The modified model has used log linear of the growth model and the result is significant. In case of USA, the impact of

Table 1: Multivariate model for 5 top countries

Multivariate (Indp GDP per cap) : USA Multivariate (Indp GDP per cap) : China
Dependent Coeff | RobustStdEr | P Dependent Coeff Robust Std Er P
Equality -0.0004 0.0003 0 Equality 0.002 0.0003 0
Environment 0.0006 0.00006 0 | Environment | 0.0002 0.0001 0.21
R sq 0.9 R sq 0.73
Multivariate (Indp GDP per cap) : Japan Multivariate (Indp GDP per cap) : Germany
Dependent Coeff | RobustStdEr | P Dependent Coeff Robust Std Er P
Equality 0.0007 0.0002 0 Equality -0.0002 0.0002 0.31
Environment 0.0006 0.0006 0 Environment | 0.0001 0.0001 0.91
R sq 0.55 R sq 0.09
Multivariate (Indp GDP per cap) : India
Dependent Coeff | RobustStdEr | P
Equality 0.007 0.004 0.13
Environment -0.002 0.002 0.02
R sq 0.9

growth on equality is negative and that on environment is positive. The result is significant. In case of China , Impact of
growth on equality is positive and significant, however the impact of growth on environment is not significant. In Japan, the
impact of growth on equality and environment is positive. The impact on Germany is not significant. In case of India the
impact of growth on equality is insignificant, but that on environment is negative and significant.

Table 2: Multivariate model (modified) for 5 top countries

Multivariate (Indp LnGDP per cap) : USA

Multivariate (Indp LnGDP per cap) : China

Dependent Coeff Robust Std Er | P Dependent Coeff Robust Std Er | P
Equality -23.27 1.87 0 Equality 12.5 3.04 0
Environment | 35.4 3.63 0 Environment 1.38 1.1 0.29
R sq 0.93 R sq 0.6

Multivariate (Indp LnGDP per cap) : Japan Multivariate (Indp LnGDP per cap) : Germany
Dependent Coeff Robust Std Er | P Dependent Coeff Robust Std Er | P
Equality 30.18 11.1 0 Equality -10.8 10.3 0.32
Environment | 27.06 7.05 0 Environment 0.84 6.9 0.9
R sq 0.57 R sq 0.09

Multivariate (Indp LnGDP per cap) : India

Dependent Coeff Robust Std Er | P

Equality 10.4 7.55 0.19

Environment | -4.2 1.7 0.03

R sq 0.35

The above analysis has given a base for further research and we have moved on to the second model.

Table 3: Vector Autoregressive model and Granger Causality for USA

VAR & Granger Causality Wald Test Equality & | VAR & Granger Causality Wald Test Environment &
Growth (TWO WAY CAUSALITY) Growth (TWO WAY CAUSALITY)
Variable R-sq chi-sg | p>chi-sq | Variable R-sq chi-sq p>chi-sq
1 Sq”a“t 088 |7491 |0 1 Et”""o”me 095 | 2029 0
2 Growth | 0.95 206.48 | O 2 Growth 0.098 | 839.6 0
Vector Auto Regression Vector Auto Regression
(Dep  variable) | (Dep variable) (Dep variable) .
Equality Growth Environment (EEpventiag 3) Eronin
Lag3 Equalit | Growt | Equalit Growth Lag3 Environme | Growt | Environme Growth
y h y nt h nt
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ﬁtoeff'c'e 3.4 001 |-29.76 |09 Coefficient | 0.68 495 | -0.011 1.52
Granger Causality Wald Test Granger Causality Wald Test
. Prob>Ch . Prob>Ch
Chisq | df i-sq Chisq | df i-sq
Equality |GDP | 285 |3 0 Et”"'m”me GDP 29.94 |3 0
GDP Sq”a"t 2332 |3 0 GDP SIVITONME | 9947 | 3 0

Equality: = Bo + 3.4 Equalityr.s - .01 Growth.s + s
Growth; = o +.9 Growth..; — 29.7 Equalityr.s +

e Environment; = o + .68 Environment.s + 49.5 Growth.s +
e Growth=po + 1.52 Growths - .011 Environment;s +

There exists a two-way causality between equality and growth and environment and growth. Also, there is a negative impact
of growth on equality and positive impact of equality on growth. There is a positive impact of growth on environment and
positive impact of environment on growth. Also the model is strong with high rates of r square

Table 4: Vector Autoregressive model and Granger Causality for Japan

VAR & Granger Causality Wald Test Equality &
Growth (TWO WAY CAUSALITY)

VAR & Granger Causality Wald Test Environment &
Growth (TWO WAY CAUSALITY)

Variable R-sq | chi-sq | p>chi-sq | Variable R-sq | chi-sq §q>ch|-
1 Eq”a"t 097 | 45445 |0 1 EIVIONTE | 067 | 206 0
2 Growth | 099 | 373 |0 2 Growth | 0.99 | 8495 0
Vector Auto Regression | Vector Auto Regression

(Dep  variable) | (Dep variable) (Dep variable) q

Equality Growth Environment (B3P UaITE) EEhi
Lag3 Equalit | Growt | Equalit Growth Lag3 Environme | Growt | Environme Growth

y h y nt h nt
Et"e‘cf'c'e 15 518 |-007 |0.85 Coefficient | -.705 -33.99 | -0.019 31
Granger Causality Wald Test | Granger Causality Wald Test

Chisq | df Plitlaeln Chisq | df Prob>C
i-sq hi-sq

Equality | GDP | 88.33 |3 0 Et“‘”m”me GDP 1595 |3 0
GDP 5q”a"t 19.74 | 3 0 GDP Et”"'m“me 63.25 |3 0

Equality: = Bo + .15 Equalityr.s — 51.8 Growthi.s + i
Growth = o + .85 Growth.s -.007 Equalitys.s +

e Environment; = o -.705 Environment.z -33.9 Growths +
e Growth; = fo - .31 Growthys - .019 Environment.s +

There exists two-way causality between equality and growth and environment and growth. There exists a negative impact of
growth on equality with a high coefficient and negative impact of equality on growth. However there exists a negative impact
of growth on environment with a high coefficient and negative impact of environment on growth. The optimum lag length
is 3 years. Also the model is strongly established.

Table 5: Vector Autoregressive model and Granger Causality for Japan

VAR & Granger Causality Wald Test Equality &
Growth (TWO WAY CAUSALITY)

VAR & Granger Causality Wald Test Environment & Growth

(TWO WAY CAUSALITY)

Variable

| R-sq

| chi-sq

| p>chi-sq

Variable

| R-sq

| chi-sq

| p>chi-sq
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1 Equality | 0.78 37.38 0 1 Environment | 0.93 152.19 0
2 Growth | 0.85 57.78 0 2 Growth 0.92 126.83 0
Vector Auto Regression Vector Auto Regression

(Dep variable) | (Dep variable) (Dep variable) .

Equality Growth Environment (OEp e ) Eronlt
Lag3 Equality | Growth | Equality | Growth Lag3 Environment | Growth | Environment | Growth
Coefficient | -1.608 42.32 .02 0.98 Coefficient 1.45 34.03 .018 -.97
Granger Causality Wald Test Granger Causality Wald Test

Chisq | df Prob>Chi- Chisq | df Prob>Chi-
sq sq

Equality GDP 15.005 0 Environment | GDP 53.98 0
GDP Equality | 14.56 GDP Environment | 39.58

Equality: = Bo + .1.6 Equalitys + 42.32 Growthis +
Growtht = o + .98 Growthes +.02 Equalityis + pt

e Environment; = o +1.45 Environment.s — 40.7 Growth.s +
o Growth;= o - .97 Growthy.s + .018 Environment.s + p

There exists two way causality between equality and growth and environment and growth. The impact of growth on equality
in Japan is significant, strong and positive , however the impact of equality on growth is positive too. The impact of growth
on environment is positive, but the impact of environment on growth is positive. The optimum lag length is 3 years. Model
is strongly established as well

Table 6: Vector Autoregressive model and Granger Causality for Germany

VAR & Granger Causality Wald Test Equality &
Growth (TWO WAY CAUSALITY)

VAR & Granger Causality Wald Test Environment &

Growth (TWO WAY CAUSALITY)

Variable R-sq chi-sg | p>chi-sq | Variable R-sq chi-sq p>chi-sq
1 Eq“a"t 095 | 2209 |0 1 EIVIONME | 034 | 518 52
2 Growth | 0.28 4.04 0.67 2 Growth 0.46 8.51 1
Vector Auto Regression Vector Auto Regression
. (Dep variable) (Dep variable)
(2 . WEATELS G Growth Environment (Dep variable) Growth
Equality L L
(insignificant) (insignificant
Lag3 Equalit | Growt | Equalit Growth Lag3 Environme | Growt | Environme Growth
y h y nt h nt
ﬁtoeff'c'e 98 45 |[-01 |-086 Coefficient | .79 42 | .03 -.07
Granger Causality Wald Test Granger Causality Wald Test
Chisq | df Oy Chisq | df Prob>Ch
i-sq i-sq
Equality |GDP |753 |3 0.05 Et“‘”m”me GDP 135 |3 71
GDP 5q”a"t 252 |3 47 GDP sovironme | g5 | 3 0.09

Equality: = Bo + .98 Equality.s -4.5 Growthes +

Growth; = o -.06 Growths-.01 Equality:s + u: (Insignificant)
Environment; = Bo +.79 Environment.s — 4.2 Growth:.s + p: (Insignificant)
Growthy = Bo - .07 Growthy.s +.036 Environment.s + L

Impact of growth on equality is significant, but impact of equality on growth is not established. So with lag length of 3 years,
we could not establish a two way causality between equality and growth in Germany. The model to establish the impact of
equality on growth is weak. Impact of environment on growth could be established, but we could not establish an impact of
growth on environment at lag length 3. So, there does not exist a to way causality between environment a growth. Impact of
environment on growth positive and impact of growth on equality is found to be negative in Germany.
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Table 7: Vector Autoregressive model and Granger Causality for India

VAR & Granger Causality Wald Test Equality & | VAR & Granger Causality Wald Test Environment &
Growth (TWO WAY CAUSALITY) Growth (TWO WAY CAUSALITY)
Variable R-sq chi-sg | p>chi-sq | Variable R-sq chi-sq p>chi-sq
1 Sq”a“t 081 |4362 |0 1 ETVIONTE 1 093 | 135.78 0
2 Growth | 0.95 23539 | O 2 Growth 0.93 149.43 0
Vector Auto Regression Vector Auto Regression
(Dep  variable) | (Dep variable) (Dep variable) .
Equality Growth Environment (Tapwanlians) Cronin
Lag3 Equalit | Growt | Equalit Growth Lag3 Environme | Growt | Environme Growth
y h y nt h nt
ﬁtoeff'c'e 406 |-84 |-015 |0.98 Coefficient | -.39 -16.32 | -.03 -5
Granger Causality Wald Test Granger Causality Wald Test
Chisq | df kel Chisq | df Pleth
i-sq i-sq
Equality | GDP |14.31 |3 0 Et”‘”m”me GDP 981 |3 0
GDP 5q”a"t 2231 |3 0 GDP EIVIONME | 10.99 | 3 0.01

o Equality; = o + 4.06 Equalitys - 8.4 Growthe.s +

o Growth;= g +.98 Growthis—0.15 Equalityts +

e Environment; = fo -.39 Environment.s — 16.32 Growthes +
e Growth; = fo - .5 Growth.s - .03 Environment:.s + i

There exists a two-way causality between equality and growth and environment and growth. The model is strong and
significant. Moreover, the impact of growth on equality and that of equality on growth is negative. The impact of growth on
environment is negative and strong. The impact of environment on growth is also found to be negative.

Model 3
Development; = o + BiDevelopmentyj + B2Growthej +
Growth; = o + BaGrowthe; + BoDevelopment.; +

The values of the models established have been found to have significant r square values. Also the values of coefficients has
been expressed in form of separate country equations. The main model 3 equation has been substituted with the country
values and expressed below.

USA:

Development; = o + 1.24 Development.s + 10.04 Growthes +
Growth; = o + 2.63 Growthys - .04 Development;s +
China:

Development; = Bo + .48 Development.s + 11.16 Growthis +
Growthy = o + .45 Growthes + .07 Development.s +

Japan:

Development; = o + .41 Development;s -5.58 Growth.z +
Growth = Bo + .94 Growths - .73 Development.s +
Germany:

Development; = o + .75 Development.z + 17.41 Growthes + pu
Growth; = o + .97 Growth.s - .07 Developmenty.s + i

India:

Development; = Bo + .87 Development:.s + 6.67 Growthi. + i
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Growth; = o + .98 Growthis + .10 Developmentt.s +

Table 8: Vector Autoregressive model and Granger causality for 5 countries, Coefficients expressed

USA China Japan
Growthon Dev | 11.16 Growth on Dev | 10.04 Growth on Dev | -5.58
Dev on Growth | -0.04 Dev on Growth | 0.07 Dev on Growth | -.73
R 0.99 R 0.99 R 0.93
Germany India
Growth on Dev | 17.41 Growth on Dev 6.6
Dev on Growth | -.07 Dev on Growth 0.1
R 0.62 R 0.96

The strongest coefficient where impact of growth on development is expressed is that of Germany followed by USA, China
and India. The coefficient of China is found to be negative, might be because of the case that Japan does not have a strong
growth rate , but has significant development in the economy.

Impact of development on growth in developed economies like USA, Japan and Germany are found to be negative, because
the countries are already developed and their growth rates are not as high as the developing economies. The impact of
development on growth of China and India has been found to be significant and positive.

3. CONCLUSION:

The first section deals with determining how growth affects two sustainability characteristics, such as the environment and
equality. We do not test for heteroscedasticity since multivariate regression analysis is utilised to detect the impact with a
robust standard error. Growth has a beneficial and large influence on equality, but in the case of China, it has little effect on
the environment. Growth in Japan has a favourable effect on the environment and equality. Germany will not be significantly
affected. Growth in India has a negligible effect on equality but a substantial detrimental impact on the environment.

After determining the appropriate lag length, vector auto regression is utilized in the second section to assess the effects of
the sustainability factors—such as equality and the environment—on growth and growth's influence on the sustainability
variables. Granger Causality Wald Test is performed after vector auto regression to determine whether there is two-way
causality between the variables.

There is a two-way causal relationship in the USA between growth and environment and equality. Furthermore, equality has
a beneficial influence on growth and growth has a negative impact on equality. Growth has a beneficial influence on the
environment, and the environment has a positive influence on growth. The model has excellent r-squared rates and is robust
as well. Both the environment and growth and equality and growth are causally related in the case of China. There is a
negative correlation between equality and growth as well as a negative relationship between equality and growth.
Nonetheless, there is a large coefficient of negative growth-environment interaction as well as a negative environment-
growth interaction. A lag of three years is ideal. Furthermore, the model has a solid foundation. Both the environment and
growth and equality and growth are causally related in the case of Japan. In Japan, growth has a notable, robust, and beneficial
effect on equality; conversely, equality has a good impact on growth. The impact of growth on environment is positive, but
the impact of environment on growth is positive. The optimum lag length is 3 years. Model is strongly established as well.

Growth has a considerable influence on equality, but the opposite is not always true. Therefore, we were unable to
demonstrate a two-way causal relationship between growth and equality in Germany with a three-year lag. The model used
to determine how equality affects growth is inadequate. It was possible to demonstrate how the environment affected growth,
but at lag length three, we were unable to demonstrate how growth affected the environment. Therefore, there is no direct
causal relationship between development and environment. In Germany, it is discovered that expansion has a detrimental
influence on equality and a favorable impact on the environment.

Both the environment and growth and equality and growth are causally related in both directions. The model is substantial
and powerful. Furthermore, there is a negative relationship between equality and growth as well as growth and equality.
Growth has a significant and detrimental influence on the environment. It is also discovered that the environment has a
detrimental effect on development. After determining the appropriate lag duration, vector auto regression was employed in
the third section to assess the effects of growth and development on each other. Granger Causality Wald Test is performed
after vector auto regression to determine whether there is two-way causality between the variables.

Germany has the highest coefficient when expressing the influence of growth on development, followed by the United States,
China, and India. China's coefficient is discovered to be negative, which may be related to the fact that Japan's economy is
developing significantly while not having a large growth rate. Because mature economies like the United States, Japan, and
Germany are already developed and have slower growth rates than emerging economies, the impact of development on
growth in these economies is shown to be negative. It has been determined that development has a major and favourable
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effect on the expansion of China and India.
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