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Abstract. Sustainable development is one of the goals of ASEAN as a UN cooperation partner.
The high level of CO, emissions as one indicator of the decline in environmental quality in
several ASEAN member countries, requiring an appropriate policy in order to achieve
sustainable development targets. Based on previous research, the relationship between CO»
emissions, income, and health expenditure is not only simultancous but also dynamic (changes
in a variable spread to the current period and future periods). The relationship between these
variables can be described in a system of dynamic simultaneous equations. The ten ASEAN
country panel data for eight years (2008-2015) will be used by applying a simultaneous dynamic
data panel model. GMM-System Estimator and GMM Arellano-Bond are used to estimate the
parameters of dynamic models. Based on the accuracy of the sign with economic theory as well
as from the standard error estimator produced, estimates from the GMM-System Estimator are
considered better. The resulting estimates indicate a significant simultaneous influence between
health expenditure and per capita income and between health expenditure and CO, emissions.
Per capita income growth affects the growth of CO, emissions indirectly through per capita
health expenditure. In addition, the lag of each variable, namely per capita income, per capita
health expenditure, and CO, emission has a positive and significant effect that indicates a long-
run multiplier effect.

Keywords: GMM, Simultaneous Equation, Dynamic Panel, CO, Emissions

1. Introduction

The development in the macroeconomic sector has several targets, one of the targets is high economic
growth. In the future, economic development is expected to be accompanied by sustainable aspects.
Sustainable economic development is a development to improve the quality of life of the people without
compromising the ability of future generations while maintaining environmental aspects. The need for
environmentally friendly development in anticipation of extreme climate change is also in line with one
of the objectives of SDG’s (Sustainable Development Goals). All countries in the world need to work
together to implement sustainable development targets in accordance with the agreement on the 2030
agenda adopted in September 2015 at the UN building. ASEAN (Association of Southeast Asian
Nations) as a forum for cooperation in countries in Southeast Asia to collaborate with the United Nations
for the achievement of sustainable development targets. This has been stated in the ASEAN 2025 vision
that has been aligned with SDG's goals.
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Environment and economic growth are related to each other (Kuznet's environmental curve). The
environmental curve theory of Kuznet explains the relationship between degradation of environmental
quality and economic growth [1]. Degradation of environmental quality can be assessed from several
indicators of environmental pollution, one of which is carbon dioxide (CO») emissions. CO, emissions
are still a big problem both at the world level and in ASEAN countries. Total CO emissions produced
in 2016 in Indonesia and Thailand are ranked 13 and 20 respectively from all countries in the world.
While per capita CO, emissions in Brunei Darussalam and Singapore in the same year amounted to
23.70 and 11.14 tons per capita, far exceeding the per capita CO; emissions of the world which was only
4.8 tons per capita [2].

The close relationship between CO, emissions and economic growth are not only based on existing
economic theory but also from empirical research. The research by [3] and [4] produced a two-way
relationship between CO; emissions and economic growth. In addition, it also found a long-term
relationship between the two variables. High CO, emissions result in decreased environmental quality
and affect health and will ultimately affect the amount of health expenditure. The relationship between
decreasing environmental quality and health expenditure has been empirically proven [5]. On the other
hand, optimal health expenditure can improve the quality of public health and labor productivity which
will ultimately have an impact on economic growth. [6] and [7] found a two-way relationship between
economic growth and health expenditure. Besides the two-way relationship, the dynamic relationship
between variables is also interesting to study, so in its development [8] examined the causality and
dynamic relationships using Granger tests and co-integration error correction models resulting in health
spending and health costs affecting Malaysia's income in the short term. While in the long run, income,
health costs, and health expenditures have a two-way relationship.

The close relationship between variables of economic growth, decreasing environmental quality, and
health expenditures is interesting to study. The research described above uses a single equation to
explain the relationship between variables, and only see the relationship between two of the three related
variables. Single equations ignore the interdependence between economic variables, so the need for a
system of equations that will be able to better capture the relationships between variables. Existing two-
way relationships (simultaneous) between variables can be solved by a simultaneous equation as done
by [9]. While long-term and short-term (dynamic) relationships have also been applied to other previous
studies including [10], [11], and [12]. From those previous studies, it was developed a method that
combines simultaneity and dynamic relationship in a system of equation [13], [14], [15], [16], and [17].
In solving dynamic equations, the GMM-System Estimator and GMM-Arellano Bond methods. The
estimator both has an unbiased and consistent nature. In this study, we will see how the performance of
the two estimators are from statistical theory and economic theory to illustrate the relationship between
economic growth, environmental degradation, and health expenditure in ten ASEAN countries.
Therefore, the purpose of this study is to find out the best model from those two estimators.

2. Review Literature

2.1. GMM Arellano-Bond

Arellano-Bond [18] estimated dynamic panel models with GMM by using linear moments and the
assumption that there are no serial correlations on errors and the existence of individual effects. In order
to eliminate individual effects on dynamic panel data, it is done first-difference [19].

(yi,t - yi,t—l) = 5()’i,t—1 - }’i,t—z) + (vi,t - vi,t—l); i=12,.,.N;t=12,..,T 1)
The model of the above equation if written in the form of matrix vectors is as follows:
Ayt = 6Ay; g + AV ;i =12,...,N (2)
SO
Avie = Ayir — 84y ®3)

In equation (2) it can be seen that Ay;, ; correlated with Av;, so it needs instrumental variable.
In the GMM Arellano and Bond method, the order instrument matrix used is the extension of the
Anderson and Hsiao instrument matrices, namely:
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Where Zg; ¢ has ordo size (T — 2) X E (T —2)(T — 1)]
Parameter estimates by Arellano and Bond use the GMM principle to get consistent estimates. Estimates
GMM for 8 is an estimator of (&) that will minimize J ().
N
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Estimator & is a consistent estimator without depending on the selection of W. The selection of W
will not affect the consistency of estimates, but by choosing an optimal W will produce efficient
estimates. Arellano dan Bond [18] propose optimal weight W as follows: W = A™1 with 4 =
N=IYN | ZiAv,Av]Z;

And the estimator will be named as two -step efﬁcient GMM estimator Arellano- Bond'

(4)

§=|N ZAylt 1 ZZAylt 1 ZAth 1 ZZA% ®)
Exogenous Varlables in the dynamlc model will change the estlmator ineq (5) mto
) _
(E.) (Aylt 1, Ax; ) Z; ! ZZ’(A}’M 1, Ax; )]
v (6)
(8yie1,0%,) 2, 371 Z Zipyi,
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With variance:
~ N N -1
4 (g) =|N"! E(Ayi,t—ll Ax;)Z;| A7t [N~ z Zi(Ayi-1, Axi)] (7)
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2.2. System GMM
Blundell and Bond [20] propose two estimators which are considered capable of increasing the precision
of the first difference GMM estimator. The first estimator proposed is to combine moment level and the
first difference in a linear equation. While the second estimator is obtained by estimating the error of
the GLS component.

System Model as a combination of first difference model and level model is as follow:

(Ay") =65 (Ayi—l) + (A”l) i=12,..,N (3)
Vi Yi-1 U;
So E(Zy;;Av;) = 0 and E(Zj,,Au;) = 0 for i = 1,2,++,N, s0 E(Zyy5q;) = 0 fori = 1,2,-,N
. Av; ¢
with q; = ( U,'; ).

(s (39) - o[ (52) - (22)) -5 o) -0

. Av; Ay Ayit_q
W1thUi*=< l);e- =( ')ande —( )
t U; nt Vit Le-1 Yit-1
This estimator uses the instrument variable matrix in the form of moment condition level and first

difference. The variable instrument in level conditions are as follows:
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So the instrument matrix in Sys-GMM is a combination of the instrument in level conditions and in the
first different:
Zo = [Z‘”f 0 ] (11)
sys — 14
0 4 level
Where Z7, _is non-redundant subset from Z¢pe;.

The principle of parameter estimation using System GMM is to minimize J(§) with weighted W which
a positive definite matrix with size LxL, where L = TI=2) g,
v Sae| o

2
ZO: 1Zsys|W 29; 1Z;
The optimal welght W that has been proposed [20] is as follows: W P! with ¢ =

N~1 N Z;yse ,te/ftzsys
And the estlmator will be named as two -step efﬁcient System GMM:

sys

Z o l (13)
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With variance:

2.3. Simultaneous Equation Model

The simultaneous equation model is a model where the dependent variable in an equation can be an
independent variable in another equation. The number of equations is the same as the number of
variables that are worth explaining. The variables that are valued to be explained are called endogenous
variables. Other variables are variables that contribute to explaining the model, this variable is called
the predetermined variable. Identification of a simultaneous equation with the order conditions rule gives
information on an equation identified correctly (just identified/exactly identified) or overidentified. If
K — k = m — 1, it is said that the equation is an accurately identified equation (just identified /
exactly identified), if K — k > m — 1 then it is said that the equation is an overidentified equation.
Endogenous variables in simultaneous equations correlate with disturbances, the OLS estimator will
produce a biased and inconsistent estimator. Another alternative estimation method is needed, called the
Two Stage Least Square method (2 SLS).

(A)’ i t)
sys
-1

Ayi,t—l: Axi,t—l) (15)
Sys(}’i,t—b Xit-1

3. Methodology and data

The main data sources used are secondary data from the world bank database website and the global
carbon atlas website for data on 10 ASEAN countries (Brunei Darussalam, Philippines, Indonesia,
Cambodia, Laos, Malaysia, Myanmar, Singapore, Thailand, and Vietnam) from 2008-2015. The
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specification of the model built on the Cobb-Douglas production function with several other exogenous
variables added, which consists of three models namely the model of economic growth, health
expenditure and CO, emissions [13]. The three models are used as references in this study. The
relationship among those variables can be seen in figure 1.

K }( Y >_> POP
Y1 I HSi 4

3 <

TO Ceq URB

Figure 1. Flow Chart of the Dynamic Simultaneous Model of the Relationship between Economic
Growth, CO, Emissions, and Health Expenditures.

The flow chart in Figure. 1 can be written in a model as follows:
(i) In(Yi) =Po + PrIn(Yie—1) + P2 In(Kye) + B3 In(HSy) + Baln(Cip) + &

Hypothesis: 81, B2,83 > 0; B, <0

(i) m(HS;) =vo +v1 In(HSje—1) + v, In(Yye) +v3In(Cit) +vaIn(POPy) + &t

Hypothesis: y1,¥2,¥3,¥4 > 0

(iii) In(Cye) = po + p1In(Cir—1) + p2 (Vi) + p3 In(HS;) + ps IN(URBy) + ps In(TO) + &

Y

HS

C
K

Hypothesis: py, p2, p3, P4, p5s > 0

: GDP per capita POP: Percentage of population aging 65+
: Health Expenditure per capita URB: Percentage of urban people
: CO; Emission per capita TO: Ratio of export and import to GDP

: Gross Fixed Capital Formation

To get a dynamic panel simultaneous data equation model, the steps to be taken are as follows:

1.
2.
3.

Identify equations using order conditions with the K — k > m — 1 rule.

Check whether there is a simultaneous relationship between equations in the model.

Estimate system parameters for simultaneous equations using the 2SLS principle which consists of

two stages, namely:

a. Look for reduced forms from each structural equation. Then estimate the parameters in the
reduced form with GMM Arellano-Bond and GMM-System Estimator. From the results of the
first stage of regression, the value of ¥ it is obtained which has no correlation with the error.

b. Next substitute the ¥;; value on ¥;; which is on the right side in each structural equation,
followed by estimation parameters with GMM Arellano-Bond and GMM-System Estimator.

Test the Arellano-Bond specification (AB Test) and the Sargan Test after the parameters in the

simultaneous equation system model are obtained.

Formation of estimation models with GMM Arellano-Bond and GMM-System Estimator

Evaluation of the goodness of the model and deciding the best model, it will continue to interpret

the model and conclusions.

4. Result and Discussion
The model built in this study aims to determine whether there is a relationship between per capita
income, per capita health expenditure, and per capita CO, emissions in ten ASEAN countries. To work
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on a simultaneous equation, it will be preceded by the identification of the order of each equation in the
system that was built. The results of the identification of generating orders are overidentified for all three
equations in the system. With these results, 2SLS (Two Stage Least Square) can be applied to solve the
equation. Hausman test is done first to determine whether there is simultaneity.

Table 1. Simultaneous Testing Summary (Hausman Test)

Structural Reduce GMM Arellano-Bond Svstem GMM
Equation  Form(residual) P-Value Conclusion P-Value Conclusion
InY InHS 0.001***  Simultaneous 0.071**  Simultaneous
InC 0.025***  Simultaneous 0.894 Bias Simultaneous
InHS Iny 0.001***  Simultaneous 0.118* Simultaneous
InC 0.048***  Simultaneous 0.066**  Simultaneous
InC InY 0.117* Simultaneous 0.108* Simultaneous
InHS 0.077** Simultaneous 0.090**  Simultaneous

This Hausman test will use o of 15% with the results as shown in table 1 which is slightly different
between estimates using GMM Arellano-Bond and GMM System. The estimation using GMM
Arellano-Bond found a simultaneous relationship between per capita CO, emissions and per capita
health expenditure with per capita income. Whereas in the estimation using the GMM System it was
found that there was only a simultaneous relationship between health expenditure per capita and income
per capita. While the simultaneous relationship on CO, emissions with per capita income per capita is
not significant. As for the results of the other two structural equations, the same conclusion is made,
namely per capita income and CO; emissions having a simultaneous influence on per capita health
expenditure. For the structural equation for CO, emissions per capita, we find the results of the
simultaneous relationship between per capita income and per capita health expenditure with per capita
CO; emissions. After testing the relationship of simultaneity, it was followed by the estimation of
structural equations with GMM Arellano-Bond and GMM System.

The per capita income structural equation and per capita health expenditure only uses the second lag
of endogenous variables as the instrument. Whereas in the structural equation CO; per capita emissions
only use the third lag of endogenous variables as the instrument. This is because, if all lags are used, the
number of instrument variables used will be very large. A large number of instruments compared to N
(number of countries) will cause the value of the Sargan test to weaken

From the results in Table 2, the best results will be chosen based on several evaluation criteria of the
model, which are a priori economic criteria, statistical criteria, and econometric criteria [21]. In the per
capita income equation using the GMM Arellano-Bond estimation and System GMM, the coefficients
for each significant predetermined variable are in accordance with the economic rules where all are
positive (only for the significant). Whereas for the AB test both m; and m, for the two estimates are
appropriate, which is to reject Hy in m4 and fail to reject Hy in m,. As for the exogenous test results of
the instruments used, two tests were used, namely the Hansen Test and Test. The Hansen test appears
when two-step estimation is used and is more suitable for panel data with fewer countries number.
Therefore, the estimation of using GMM Arellano-Bond has met but has not been fulfilled in the GMM
System.

For the health expenditure structural equation using the Arellano-Bond GMM estimation, the health
expenditure lag coefficient is negative. This will be difficult to interpret for short-run and long-run
coefficients. In addition, the sign on the coefficient of CO, emissions is also negative and significant.
This is contrary to the economic concept where CO, emissions should be positively related to health
expenditure. Slightly different results are generated in estimates using the GMM System. For significant
coefficients, the resulting mark is in accordance with economic rules, as well as the assumption that the
AB Test is appropriate. The Sargan test also failed to reject HO so that it was appropriate. In the structural
equation CO; emissions generated by the Arellano-Bond estimation have a negative sign on a significant
coefficient which is on per capita income (supposed to be positive). The assumptions on the AB test
also cannot be fulfilled by failing to reject Hy onm, and m,. While the Sargan and Hansen tests resulted
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in failing to reject HO in both tests. Whereas in the System GMM estimation results, the results obtained
are in accordance with the theory for all significant variable coefficients. The m; and m, tests are also
in accordance with the assumption, which is to reject HO in m1 and fail to reject Hy in m,. For the
Sargan test it turned out that H, still refused, but the Hansen test was satisfactory, which failed to reject
H,.

Table 2. Estimation Result on Structural Equation using GMM Arellano-Bond and System GMM

GMM Arellano-Bond System GMM
Estimated Standard Estimated Standard

Coefficients Error P-Value Coefficients Error P-Value
1. InY
InY;_, 0.765 0.086 0.000***  0.950 0.022 0.000%**
InC 0.084 0.023 0.005***  -0.007 0.006 0.205
InHS 0.059 0.020 0.015***  (0.043 0.018 0.020%**
InK 0.026 0.034 0.449 0.010 0.004 0.01 1%**
Arellano Bond m, 0.097** 0.028%**
Arellano Bond m, 0.452 0.864
Sargan Test 0.000%** 0.004***
Hansen Test 0.425
2. InHS
InHS,_; -0.781 0.306 0.029%**  0.736 0.059 0.000%**
InY 2.578 0.708 0.005***  0.157 0.029 0.000%**
InC -0.031 0.124 0.808 0.048 0.022 0.048***
InPop 1.915 0.874 0.053%%* 0.036 0.040 0.385
Arellano Bond m, 0.772 0.233
Arellano Bond m, 0.551 0.506
Sargan Test 0.031** 0.684
Hansen Test 0.152 0.835
3. InC
InCy_4 1.024 0.475 0.056** 0.775 0.121 0.000%***
InY -5.305 2.490 0.059%** 0.217 0.180 0.256
InHS 1.116 0.533 0.063** 0.244 0.114 0.059%**
InURB 6.928 2.354 0.015***  .0.547 0.359 0.158
InTO 0.664 0.205 0.009***  .0.159 0.119 0.210
Arellano Bond m, 0.225 0.023%**
Arellano Bond m, 0.258 0.168
Sargan Test 0.870 0.006%**
Hansen Test 0.271 0.826

The significance of the coefficients generated in the table above uses a partial test, namely the T-test
which is preceded by a simultaneous test using the F test. The test can be applied if the assumption of
normality is fulfilled. Therefore, normality test is carried out on the residuals produced in each structural
equation. The results of the normality test for the three structural equations in the estimation using GMM
Arellano-Bond did not meet the normality assumption. This causes the level of significance produced
cannot be applied. While the results of the System GMM estimation fulfilled the normality assumption.

Apart from the aspect of signs in economic theory, it can be seen that from the overall coefficients
in the three structural equations, the estimation results from the GMM System produce a smaller
standard error value. This shows that the results of the GM System are more efficient. These results are
in line with the results from [20]. With the results described above, then according to the best model
assessment criteria, the model with the estimated GMM System is chosen as the best model, although
there are still violations of assumptions on the structural system of per capita income. However, this
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violation can be overcome by the addition of T which will result in a conclusion failing to reject HO in
the Sargan test [4].

Estimated results from the GMM System have been chosen as the best model to describe the
relationship of the three endogenous variables in the 2008-2015 data period. For different periods and
on the same data a similar model will be tried so that general decision is expected to be obtained and
valid for all periods. The model will be applied in two different periods, 2008-2012 and 2011-2015.
From these results, both the significance and the sign produced from the coefficients of the independent
variables vary from the two periods used. These different results occurred in both estimates (using GMM
Arellano-Bond and GMM System). With these results indicate that the sign and significance generated
from the two estimators for this data with different periods are not consistent (stable). It can be concluded
that the decision to choose the best estimator between the two estimators is an option that is not absolute.
But there are things that consistent is the magnitude of the standard error value produced. In the
estimation results for models with data from 2008-2012 as well as 2011-2015 data, the coefficients
produced from the GMM System mostly have smaller error standards than the GMM Arellano-Bond
estimators. It can be concluded that the estimates produced by the GMM System are more efficient than
the GMM results of Arellano-Bond.

Table 3. Results of Short-run Multiplier and Long-run Multiplier Calculations on Significant
Coefficients in a Dynamic Simultaneous Equation System using System GMM

Short-Run Long-Run
Endogenous Exogenous . .

Variable Variable Multiplier Multiplier

B B/ =6)
Iny InHS 0.043 0.856
6 =0.950 InK 0.010 0.199
InHS Iny 0.157 0.593
6 =0.736 InC 0.048 0.184

InC

5 0775 InHS 0.244 1.085

Table 3 shows the magnitude of the coefficient using System GMM estimator as the best model. We
can see that in the structural equation for per capita income, the lag variable per capita income (Y;_1),
per capita health expenditure, and gross fixed capital formation are positive and significantly affect per
capita income. The coefficient on the health expenditure variable of 0.04 means that in the short term,
an increase in per capita health expenditure of 1 percent will cause an increase in per capita income of
0.04 percent and in the long run it will increase by 0.86 percent. These results are in line with [22] that
health spending affects economic growth. While a 1 percent increase in the formation of gross fixed
capital, in the short term will cause a 0.01 percent increase in income per capita and 0.20 percent in the
long run. This condition will be fulfilled if the condition of the other variable is fixed (cateris paribus).
This results are in line with [23].

In the structural equation for health expenditures, significant variables are lags in health expenditure,
per capita income, and CO; emissions. From the coefficients produced, it can be concluded that an
increase of 1 percent of income per capita, in the short term will lead to an increase in health expenditures
by 0.31 percent and 0.56 percent in the long run. These results are consistent with [24]. Increasing per
capita income has a positive impact on public health through increasing health spending. The significant
per capita income coefficient in this equation also shows a significant simultaneous relationship between
per capita income and health expenditure. This is in line with the results [25]. While the increase in per
capita CO, emissions by 1 percent will lead to an increase in health spending by 0.16 percent in the short
term and 0.3 percent in the long term. This result is in line with [26].

For the third structural equation, namely CO, emissions, the variable that significantly affects is the
lag of CO, emissions per capita and per capita health expenditure. The increase in per capita health
expenditure by 1 percent will cause an increase in CO, emissions by 0.24 percent in the short term, and
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by 1.08 percent in the long term. The magnitude of this long-term coefficient needs to be warned that
increasing health spending will trigger high CO, emissions. It caused by the fact that the amount of
health expenditure as a result of increased income, so a policy or system change is needed so that income
increases are not always identical to the increase in CO, emissions.

Based on the estimation results in the whole system, the two-way relationship between per capita
income and per capita health expenditure is proven significantly, in line with the results of the study
[27]. Although per capita income has a result that does not significantly affect CO, emissions, it can be
said that per capita income has indirect influence through health expenditure. This is because health
spending will increase along with the increase in per capita income which will eventually lead to an
increase in CO; emissions. So that the income that is strived to be increased will have a negative impact
on the environment with the increase of CO, emissions.

5. Conclusion and recommendation
Some conclusions that can be drawn from the previous discussion are that based on economic theory
criteria and standard errors for each variable coefficient, estimates using the GMM System are better
than GMM Arellano-Bond to describe the relationship between per capita income, per capita health
expenditure, and per capita CO, emissions in ten ASEAN countries in 2008- 2015. The conclusion is
not absolute, because estimates with the same data but different periods show results that are inconsistent
in signs and significance. In terms of error standards, consistency of results was found where the GMM
System estimates were more efficient than GMM Arellano-Bond. From the best model, it can be
concluded that the increase in per capita income which triggers an increase in health expenditure so that
it can increase CO, emissions needs to be anticipated so that it does not worsen which can endanger
public health. It can be done by using technology and fuel that are environmentally friendly. With the
use of environmentally friendly materials, it is expected to boost the economy without exacerbating
levels of CO, emissions. In addition, the efficiency of energy use also needs to be implemented so that
it can minimize CO; emissions and the quality of the environment can be maintained. That is what will
later support the achievement of the goals of sustainable development (SDGs) where development does
not only aim at high income but also considers the environmental and public health aspects.

For further study, periods and number of countries can be added to increase the free degree and
increase the p-value of the Sargan Test and can apply fix effects and random effects to be able to see the
characteristics of each country.
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