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ABSTRACT
The convergence of economic development and environmental protection stands as a global
imperative, spanning fields as diverse as human welfare, energy consumption, and
meteorology. Yet, the conventional Gross Domestic Product (GDP) metric, a primary gauge of
national economic health, exhibits notable limitations. Traditional GDP often conveys a
skewed economic picture, focusing on material and static conditions while sidelining critical
development issues. Moreover, it fails to account for sustainability, ignoring the impact of
energy consumption on factors like climate change, thereby jeopardizing long-term resource
sustainability and human well-being.
To address these shortcomings, the concept of Green Gross Domestic Product (Green GDP)
has emerged. Unlike its predecessor, Green GDP offers a more comprehensive and objective
evaluation of economic growth by considering factors such as resource consumption and
environmental impact. This holistic perspective underscores the interplay of economics,
resources, and the environment, offering a more nuanced view of societal effects.
Despite its promise, the implementation and promotion of Green GDP face multifaceted
challenges. Therefore, the development, validation, and universal applicability of a robust
accounting model for Green GDP are of paramount importance within the contemporary
global context.
Keywords: Green GDP, Economic Development, Environmental Protection, Sustainability,
Accounting Model

Introduction

Nowadays, economic development and environmental protection meeting each other halfway has
become a global concern in the fields of humanity, energy consumption and meteorology. However,
Gross Domestic Product (GDP), the most widely used measure of national economic health at
present, increasingly shows the following drawbacks: (1) Traditional GDP may be a misleading
economic indicator, which often reflects the material and static conditions, but tends to ignore the
problems in economic development [1]; (2) Traditional GDP lacks the measurement of sustainable
growth (for example, it ignores energy consumption in the process of economic development ,thus
causes climate change, etc. [2]). In this way, it is going to impede the sustainable development of
resources and cannot continuously benefit the well-being of mankind in the long run.

In order to deal with the problems mentioned above, the concept of green GDP comes into being
[35]. Compared with traditional GDP, the accounting method of green GDP not only considers the
economic growth rate but also pays attention to the factors, such as resource consumption,
environmental pollution and other aspects on society, so as to reflect the combined effect of
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economy, resources and environment more comprehensively and objectively, which is a larger
overall effect on the whole society [6-10]. Nevertheless, as a new concept, green GDP also faces
multiple challenges in its implementation and promotion. Therefore, the establishment, testing and
universality analysis of its accounting model are of great practical significance under the world
environment at that time.

1. The new model of GGDP analysis

2.1 Model Description

The collected data are divided into two dimensions, cross-section——country and time——
20082014, that is, cross-sectional data, so assume that the cross-section is ii = 1,2, . . ., nn, and the
hypothetical time is tt = 1,2, ..., TT, corresponding to 2008-2014. The basic model is:

yyiii = f(cXuiii, XXoiiity « « 5 XXkkiiii) + Ulkiiiiy 1= 1,2, ..., nn; tt =1,2,...,TT (D

Uliiii = adi + Adii + E€iiii (2)

In general, without considering the time effect, that is, the role of A4 is merged into egiiii . The
original basic model can be changed to:

YYiii = Qi + B B1xXuiii + [ B2XXziiit. . . +BLrkXXkkiii + E€iiii, 1l =1,2, ... ,nn;tt =1,2,...,TT  (3)
Since there are three basic models for processing cross-sectional data, namely mixed effect models,
fixed effect models, and random effects models, it is necessary to test the appropriate model, and
the following are the basic models of the three models and their solution methods. The model
structure is shown in Figure 1.
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Figure 1: The logic of model structure

2.1.1 Mixed-effects model

The basic assumption is that all cross-section individuals have the same intercept and slope at
different times.

The basic model is as follows:

YYiiii = ad + BP1xXuiii + BP2XXziiii+. . . +LBrkXXkkiiii + E€iii, i1 =1,2,...,nn;tt=12,...,TT (4)
The OLS method can be used directly for parameter estimation.

2.1.2 Fixed effect model

The basic assumption is that each cross-section individual has a different intercept term, but the
intercept and time of each cross-section individual are independent. General assumption:
cccccl(aaii, xxiii) # .0

The basic model:
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YYiiii = aii + BL1xXuiii + LB2xXziiii+. . . +BBkkXXkkiui + E€uii, Il =1,2, ... ,nn;tt=1,2,...,TT (5)
Parameter estimation—Least squares dummy variable estimation LSDV.
Since fixed-effect models assume 'individual effects', each cross-sectional individual has its own
individual intercept term. It is equivalent to introducing n-1 dummy variables to represent different
individuals by addition in the classical linear regression model. If the constant term o of the model
is omitted, n dummy variables are introduced.
If the unary fixed-effect model is set to:
VViiii = aii + B B1XXiiii + EEiii (6)
Assuming there are intercept terms, n-1 dummy variables can be introduced, in which case the
dummy variable model is:
Vyiiii = Qi + [L1xXiiii + YY1DD1+ yy2DDa+. . . +YYnn-1DDnn-1 + €¢iiii (7)
Performing OLS regression on the above equation yields the LSDV estimator 8 1.
F test can be used to test whether to choose a blended regression model or a fixed-effects model.
Using the constrained regression model and the F-test, the constraint is yy1= yy2=... = yym-1= 0.
If you accept the null hypothesis, choose a blended regression model. If the null hypothesis is
rejected, a fixedeffect model is chosen.
2.1.3 Random-effects model
Basic assumptions: CCCCC(aaii, xxiiii)) = CCCCCC(CCii, xXiiii) = O
Basic model:
YYiiii = aii + B B1xXuiii + BP2XXiiii+. . .+ BrkXXkkiiii + EE€iiii, 1l =1,2, ..., nn; tt=1,2,...,TT (8) aaiis
a random variable,EE(aai) = aa.
The random-effects model classifies the individual heterogeneity of the fixed-effect model into the
random error term, and the random error term that meets the basic assumptions needs to be
constructed through transformation. Therefore, GLS is used for parameter estimation.
Still taking the univariate random-effects model as an example:
yyiii = BBo+ BBixXiii + Ulliii (9)
Suppose the model contains intercept terms, let uwiii = CCii + €€uii be the non-observed error of the
model
Define:1 =1 - J%;)_’i = %E'{':l Yier X = %ZI:I Vit (10)

ci+Tos
Make the following transformations:
VYiiii —AAYYi = BBo(1 —AA) + BL1(xxuii —AAxXi) + Uliiii —AAUwi (11)
You can verify that there is no sequence correlation for the random error term at this
time:CCCCC(uuiii —
AAutdii, uwii —AAuui) = 0. OLS regression of the transformed equation yields GLS estimator BfB1,ree,
also known as the random-effects estimator.
The random-effects estimator is valid when hypothesis E(uw.ii|xx:i;) = 0is satisfied.
2.2 Model selection
2.2.1 F test
First, the F test is carried out to determine whether to choose a fixed-effect model or a mixed-effect
model, the theory is derived from LSDV, and the test results are shown in Table 1:
Table 1: F test for individual effects
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statistical measure value

F df1 18.639
5.000

df2 31.000

p-value 1.569e-08

The null hypothesis was rejected and a fixed-effect model was selected.

Secondly, the Hausman test is carried out to determine whether to choose a fixed-effect model or a
random-effects model, and the theoretical sources are as follows:

2.2.2 Hausman test

Here the Haussmann test is not an endogenous test, but a random-effects test. The basic idea of the
test is:

If ccccC(aaii, xxiiii) # 0, the GLS estimator is biased and non-consistent, but the fixed-effect
estimator is unbiased and consistent, so if the heterogeneity of the model is orthogonal to the
explanatory variables, the model should be set to a random-effects model, otherwise it should be set
to a fixed-effect model. Here orthogonal is: if E(XXXX) = 0, then the random variables X and Y are
said to be orthogonal

Ho: Individual heterogeneity is not correlated with xxi.

H:: Individual heterogeneity is associated with xxiiii.

Construct the Wald statistic:

WW = (BB free —BB rree) TVVVVVV (BB free~BB rree) 1 (BB free —BB rree) ~xx>(kk) (12)

where k is the number of explanatory variables.

The Haussmann test was carried out and the following results were obtained and shown in Table 2:
Table 2: Result of Hausman test

statistical measure value

chisq df 10.377
4.000

p-value 0.345

The null hypothesis was rejected and a random-effects model was selected.

3. Results

3.1 The establishment of simulation model

3.1.1 Data Collection

This data comes from the World Bank's GDP, coal, natural gas and nuclear power station ratio, and
per capita power generation and population in 26 countries from 2008 to 2014, estimates the GGDP
of each year of the above countries, and estimates the power generation of coal, natural gas and
nuclear respectively. Based on this data, model building and analysis are carried out.

3.1.2 Data preprocessing

Since the magnitude of each group of data is more than 10 to the power of 10, in order to reduce the
magnitude, all data are logged at the same time to ensure the reversibility in the next matrix
operation and improve the accuracy of model operation

3.2 Analysis of experimental results

The random-effects basic model can be used to obtain the following GGDP ~ GDP + coal + Ngas +

nuclear model:
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GGGGDDPPiiii = aaii + BPB1 *GGDDPPiiii + PBP2 *ccCCVVliii + PBPs *NNNNVVssiii + [P4
snnuuccllllVVVV + eeiiii, 1i = 1,2, ... nn, tt_
1,2...,TT (13)

The calculation results are shown in Table 3:

In the table, the first column of data, from top to bottom, represents the intercept term and the
estimated values of BB: —BB4. Taking the estimated value of 1 as an example, it represents the
average increase in the value of GGDP when GDP increases by one unit, while holding coal, Ngas,
and nuclear constant. The fourth column of data shows the p-values of this model. From the data in
the table, it can be inferred that the p-values are all small, indicating good model significance.
Table 3: Coefficients of the GGDP model

Estimate Std.Error Z-value Pr(>|z|)
Intercept -1.2936 0.2843 -4.5500 5.365e-06
GDP 1.0412 0.0137 75.8051 <2.2e-16
coal -0.0166 0.0059 -2.8175 0.0048
Ngas 0.0172 0.0070 2.4409 0.0146
nuclear 0.0032 0.0032 1.0035 0.3156

Hence, the available models are:

GGGGDDPPiiii = -1.2936 + 1.0412 *GGDDPPi;ii-0.0166 xccCCVV i + 0.0172 *xNNNNVV ssiiii + 0.0032
snnuuccllllVVVVii _1,2,...nn,tt=12...,TT (14)

4. Conclusions

On the surface of this model, GGDP is closely related to GDP and has a positive correlation, but it
has a negative correlation with coal use, and the correlation is strong, which is weak and positive
with natural gas using, and has little correlation with nuclear energy use. Since the current GGDP
algorithm is based on GDP to add factors related to environmental factors, GDP accounts for the
main body of GGDP, so there is a strong positive correlation; In the use of coal, because the mining
process will release a large amount of dust, and the mining process will destroy the local ecology,
and a large amount of smoke and CO2 will be generated in the combustion of power generation,
which will lead to air pollution, water pollution and greenhouse effect, etc., resulting in serious
environmental pollution, so coal has a strong negative correlation with GGDP; Natural gas is a clean
energy source, and the CO2 released is relatively small and easy to recover, so it has a weak positive
correlation with GGDP. Nuclear energy does not cause problems such as atmospheric and water
pollution and greenhouse effect, but nuclear leakage will cause a huge ecological disaster, but
because the probability is too low and the disaster is huge and irreversible, it is difficult to assess
whether it affects GGDP.

At present, GDP is still the world's mainstream indicator to measure a country's development level,
but it covers up the ecological problems behind each country, although the current GGDP algorithm
does not have a unified standard, but it can still be used as a reference indicator, and GDP together
as an indicator to measure a country's economic development level, gradually promoted, and
gradually persuaded countries to gradually adopt GGDP, after all, any emerging thing to replace the
old thing takes time, let people accept it and love the convenience it brings to comfort.

Klover Research Journal of Business and Management
5|Page



Klover Research Journal of Business and Management
Volume 11 Issue 2, April-June 2023

ISSN: 2995-4525

Impact Factor: 8.15
http://kloverjournals.org/journals/index.php/bm

References

WeiY, LiY, Liu X, et al. Sustainable development and green gross domestic product assessments in
megacities based on the emergy analysis method—A case study of Wuhan[J]. Sustainable
Development, 2020, 28(1): 294-307.

Tomic D. The perspective of Green GDP in growth modelling [J]. Economic and Social
Development: Book of Proceedings, 2020: 81-97.

Sonthi C, Harnphatananusorn S, Santipolvut S. Concepts and empirical calculation of the green
GDP for Thailand [J]. International Journal of Green Economics, 2019, 13(1): 68-85.

Skare M, Tomi¢ D, Stjepanovi¢ S. Energy Consumption and Green GDP in Europe: A Panel
Cointegration Analysis 2008-2016[J]. Acta Montanistica Slovaca, 2020, 25(1).

Haputta P, Bowonthumrongchai T, Puttanapong N, et al. Effects of Biofuel Crop Expansion on
Green Gross Domestic Product [J]. Sustainability, 2022, 14(6): 3369.

Wu S, Han H. Sectoral changing patterns of China’s green GDP considering climate change: An
investigation based on the economic input-output life cycle assessment model [J]. Journal of
Cleaner Production, 2020, 251: 119764.

Stjepanovi¢ S, Tomié D, Skare M. Green GDP: An analysis for developing and developed countries
[J]. 2019.

Jv Hoff, Mmb Rasmussen, Pb Sgrensen. Barriers and opportunities in developing and implementing
a Green GDP. Ecological Economics, 2021

Stjepanovic, D Tomic, M Skare. A new database on Green GDP; 1970-2019: a framework for
assessing the green economy. Oeconomia Copernicana, 2022

R Chen, X Ding, W Min. The Contributions of Education to the green GDP. Educational Research
in China. 2021

Klover Research Journal of Business and Management
6|Page



