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ABSTRACT

This paper attempts to contribute to the literature on the growth-environment nexus by asking: What is the effect of growth on Indonesia’s CO, emissions,
controlling for energy consumption and urbanization? To that end, an autogressive distributed lag approach to cointegration is applied to annual data
for the period 1971-2013. Results show that income growth tends to increase CO, emissions monotonically in Indonesia. It is also found that there is
strong evidence that energy consumption increases CO, emissions and little evidence that urbanization causes significant environmental degradation.
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I. INTRODUCTION

Since a range of economic reforms was implemented in the late
1980s, Indonesia has been one of the fast-growing emerging
economies in Asia. During the period 1990-2016 (except for the
Asian financial crisis in 1998-1999), for example, the Indonesian
economy has recorded an average annual economic growth rate
of approximately 6%. As a result, Indonesia has been ranked as
the largest economy in Southeast Asia and the sixteenth largest
economy in the world. However, Indonesia’s fast-expanding
economy over almost three decades has led to pollution and
environmental degradation because of the rapid growth of
industrial sector. During the period 1990-2016, for example,
carbon dioxide (CO,) emissions have increased by more than 150%
in Indonesia. As a result, Indonesia currently ranks the world’s
eighth largest emitter of CO, emissions. Thus, one of interesting
research questions to ask about Indonesia would be: What is the
effect of growth on Indonesia’s environment?

A large body of literature in empirical economics has attempted
to assess the impact growth has on a country’s environment
in the environmental Kuznets curve (EKC) framework — an
inverted U-shaped relationship between growth and certain types
of pollutants. Early literature examines the growth-environment
nexus using pure cross-sectional or cross-sectional time-series
(panel) data. Examples include, but are not limited to, Shafik
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and Bandyopadhyay (1992), Panayotou (1993), Holtz-Eakin and
Selden (1995), Moomaw and Unruh (1997), Roberts and Grimes
(1997), Heil and Selden (2001), Harbaugh et al. (2002), Liu (2005),
Frankel and Rose (2005), Shahbaz et al. (2015), Al-mulali and
Ozturk (2015), Zambrano-Monserrate et al. (2016), (Gill et al.,
2017; Anastacio; 2017). These authors have provided conflicting
results for the growth impact on the environment. Moomaw and
Unruh (1997), for example, report little evidence of the EKC
for CO, emissions in 16 developed countries. Frankel and Rose
(2005), on the other hand, confirm the EKC hypothesis for various
air pollutants in 40 countries. Recently, however, a growing body
of research contends that early studies may suffer from aggregated
bias of data (e.g., Back and Kim, 2011; Baek, 2015); that is, when
cross-sectional and panel data models are adopted in examining
the growth-environment nexus, a significant growth effect with
one country is likely to be dominated by insignificant growth
impacts with other countries, thereby providing little evidence of
the EKC, or vice versa. The latest studies thus further argue that in
order to deal with aggregation bias effectively, time series models
would be deemed because they can be used to analyze data at the
individual country level. Examples include, but are not limited to,
Soytas and Sari (2009) for Turkey, Jalil and Mahmud (2009) for
China, Halicioglu (2009) for Turkey, Iwata et al. (2010) for France,
Baek and Kim (2011; 2013) for Korea, Shahbaz et al. (2013) for
Romania, and Baek (2015) for seven Arctic countries (Canada,
Finland, Denmark, Iceland, Norway, Sweden and the United
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States). These authors generally provide supportive evidence of
the EKC. Halicioglu (2009), for example, reports the existence of
the EKC for CO, emissions in Turkey. Iwata et al. (2010) provide
supportive evidence for the EKC hypothesis in France. Up until
now, however, their attention of empirical analysis has been
limited to individual countries in East Asia and Europe. There
thus remains an additional room to contribute to the literature in
the latest group by investigating the growth-environment nexus in
countries other than East Asia and Europe. This observation has
motivated the present study.

The main objective of this study is to examine the effect of
growth on the environment for Indonesia, Southeast Asia’s biggest
economy, controlling for other relevant factors such as energy
consumption and urbanization. The widely used autoregressive
distributed lag (ARDL) modeling approach to cointegration
(referred to here as ARDL model) proposed by Pesaran et al.
(2001) is employed to achieve the objective. For this purpose, in
section Il we present our empirical model along with an application
of an ARDL model. In section III, we discuss the empirical results.
Section IV provides our summary and conclusion. Discussion on
data is presented in the Appendix.

2. THE MODELS AND METHODS

In examining the growth-environment nexus, the extant
literature (e.g., Iwata et al., 2010; Back, 2015) commonly relies
on an empirical model in which a measure of environmental
quality is related to a measure of gross domestic product
(GDP) per capita (as a proxy for growth) and other relevant
variables - energy consumption and such a demographic factor
as urbanization. Since CO, is considered one of the primary
greenhouse gases (GHG) (accounting for approximately 72%
of the totally emitted GHG) causing global warming and has
been the most widely used measure of environmental quality in
the literature, our long-run model specifies CO, emissions (c,)
as function of GDP per capita (y ), energy consumption (en,)
and urbanization (urb,):

¢, =By + By, +Boyi +Bsen, +Byurb, +u, (1)

Where, all variables are in natural logarithm. The coefficients
of primary interest in the current study are B, and ,. When §,>0
and B,<0, the quadratic has a parabolic shape, thereby providing
supportive evidence for the EKC hypothesis: Growth has a
diminishing effect on CO, emissions after a certain (per capita)
income turning point. If a rise in energy consumption results in
increasing CO, emissions, we would expect $,>0. Finally, if an
increase in the urbanization tends to reduce CO, emissions, we
would expect 3,<0.

Equation (1) is clearly a long-run specification and Pesaran
et al. (2001) recommend that in order to obtain stable long-run
estimates, the short-run dynamic adjustment process among
the variables be incorporated into the modeling process. Thus,
Equation (1) is reformulated as an error-correction format as in
Equation (2):
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Equation (2) follows Pesaran et al. (2001) who include the linear
combination of lagged level variables (c_,, y,_,, y,2_1, en,_, ,and
urb ) rather than lagged error term from Equation (1). They then
demonstrate that the standard F-test can be applied to establish joint
significance of lagged level variables as evidence of a cointegration
relationship among the variables. For this, they tabulate new two
(upper and lower) critical values for the F-test that account for
integrating properties of all variables such as integrated of order
zero, 1(0) and integrated of order one, I(1); hence, the pre-unit root
testing is not necessary in the ARDL approach. For cointegration the
calculated F-statistic must be above the upper critical value. Once
cointegration is identified, the long-run coefficient estimates are
derived by normalizing o, and rearranging the estimates of 6 —o,.
The short-run effects are obtained by the estimates of coefficients
attached to first-differenced variables.

3. THE RESULTS

In this section, we estimate the ARDL model outlined by Equation (2)
using annual data for the period 1971-2013'. While descriptive
statistics for our data is reported in Table 1, data sources from
which we construct our variables are presented in the Appendix. To
estimate Equation (2), we impose three as the maximum lag length
on cach of the first-differenced variables and using the Akaike
information criterion, the ARDL (3, 2, 3, 2, 3) equation is determined
as the optimal specification. We then report the long- and short-run
results from the optimal model in Tables 2 and 3. Given that the
environmental impacts of growth are generally regarded as a long-run
phenomenon (Baek, 2015), our presentation in this section focuses
on the results from the long-run analysis.

The long-run estimates reported in Table 2 reveal that the
coefficient on the income is significantly positive and the quadratic
term is significantly negative, implying that after the so-called
turning point income, the income effect turns negative, and
the quadratic shape means that the elasticity of CO, emissions
with respect to income is decreasing as income increases. The
estimated coefficients on the income and the quadratic term, for
example, are +4.921 and —0.265, indicating that before (after) an
income threshold, a 1% increase in income results in an increase
(decrease) in CO, emissions by 4.921% (0.265%). Thus, this
finding seems to be supportive of the EKC hypothesis for CO,
emissions in Indonesia. When calculating the turning point income,
however, it turns out to lie outside the sample period and hence
the quadratic to the right of the value can be ignored?. In other

1 This time span is chosen due to availability of the data for all the variables
in Equtaion (2).

2 While the calculated turning point of real income is found to be $12,840 in
2011 USD, the highest value in our sample is $9,452 in 2011 USD.
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Table 1: Descriptive statistics

CO, emissions 0.960+0.589 0.199 2.417
(metric ton)

Income 3,419.411+2,076.937  1,037.087  9,452.952
($2011USD)

Energy 571.461+198.583 297.201 877.878
consumption (kg)

Urbanization (%) 33.656+11.304 17.3 52.3

Table 2: Results of estimated long-run coefficients

Income 4921 7.220%*
(Income)? —0.265 —6.754%*
Energy consumption 0.719 3.609%*
Urbanization —0.078 —0.280
Constant -26.413 —10.273%**
F-statistic 11.435%%*

All variables are in natural logarithms. *** denote significance at the 5% and 10%
levels, respectively. The upper critical bound value of the F-statistic at the 5%
significance level is 4.532, which are computed by stochastic simulations using 20,000
replications

words, CO, emissions in fact have monotonically increased with
growth in Indonesia.

The estimated effect of the energy consumption on CO,
emissions is positive and highly significant, indicating that
CO, emissions increase as energy consumption increases.
When energy consumption increases by 1%, for example, CO,
emissions increase by approximately 0.719%, holding income and
urbanization fixed. The estimated coefficient on the urbanization
is found to be negative, suggesting that CO, emissions decrease
with high urbanization rates. Statistically, however, it is not
significant. Notice that from the short-run estimates reported in
Table 3 (Panel A), it is clear that there is at least one significant
coefficient obtained for all the variables, indicating that income,
energy consumption and urbanization have short-run impacts on
CO, emissions in Indonesia.

One important question remaining now is whether the long-run
estimates are statistically meaningful. In other words, is there a
long-run/cointegration relationship among the variables? This
question can be answered by comparing the calculated F-statistic
with the upper critical value tabulated by Pesaran et al. (2001).
The result shows that the calculated F-statistic is 11.435 (Table 2),
which far exceeds the 5% upper critical value of 4.532, thereby
supporting cointegration. To further check for cointegration, we
conduct an alternative test. In this alternative test, we use the
normalized long-run estimates and Equation (1) to generate an
error term, EC . We then replace the linear combination of lagged
level variables in Equation (2) by EC , and estimate this new
specification after imposing the same optimum lags. A significantly
negative coefficient obtained for EC _, will support cointegration.
Note that the t-statistic used to judge significance of EC , has a
non-standard distribution for which Banerjee et al. (1989) tabulate
critical values based on the number of observations and the number
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Table 3: Results of estimated short-run coefficients

Panel A: Short-run coefficient estimates

A(CO, emissions) 0.784 0.533
(3.204)** (2.726)**

A(Income) —2.794 —5.565

(—0.975) (—2.271)**
A(Income)? 0.186 0.321 —0.069

(1.060)  (2.082)**  (—4.696)**
A(Energy 0.246 —0.543
consumption) (1.091) (—2.375)**
A(Urbanization) —4.371 —0.636 —12.042

(—0.863) (—1.165) (—2.513)*
Panel B: Diagnostic
statistics
EC,, LM RESET  CUS(CUS?» AdjR?
—-1.315 0.013 1.242 Stable 0.668
(—5.340)**

All variables are in natural logarithms. Numbers inside the parentheses are t-statistics.
LM and RESET are the Lagrange multiplier test of serial correlation and Ramsey’s

test for functional form, which has a y? distribution with one degree of freedom. The
critical values at the 5% and 10% significance levels are 3.84 and 2.71, respectively.
CUS and CUS? represent the cumulative sum and cumulative sum of squares tests. EC _
represents an error-correction term. ** and * denote significance at the 5% and 10%
levels, respectively

1

of independent variables. Given the critical value of —4.05 at the
5% level, the t-statistic on EC_, of —5.34 in our model is highly
significant, thereby confirming cointegration (Panel B in Table 3).

We finally report additional diagnostic statistics (Panel B in
Table 3). First, in order to test for serial correlation, we utilize
the Lagrange Multiplier test that has a y* distribution with one
degree of freedom. This statistic is found to be insignificant,
indicating that there is no evidence of serial correlation in the CO,
emissions model. Second, we also report the Ramsey’s regression
specification error test result that also has y? distribution with
one degree of freedom. This statistic is found to be insignificant,
supporting a correctly specified optimum model. Finally, in order
to test for stability of short-run and long-run coefficient estimates,
the cumulative sum and cumulative sum of squares tests are
applied to the residual of our optimum model. Apparently, all
estimates are stable.

4. SUMMARY AND CONCLUDING
REMARKS

In this short paper, the effects of growth on CO, emissions,
controlling for energy consumption and urbanization, in Indonesia
are investigated using the ARDL cointegration framework. Our
results spanning 43 years over 1971-2013 show that income
growth appears to increase CO, emissions monotonically. The
same is true of energy consumption, suggesting that higher energy
consumption has an adverse effect on reducing CO, emissions.
Urbanization, on the other hand, does not seem to have a significant
effect on CO, emissions.
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One of important policy implications that can be derived from our
finding is that, given the monotonous increase in CO, emissions
with income growth, government policies to move towards a
low-carbon economy through a more use of renewable energy
and energy efficiency improvements could lead to mitigate CO,
emissions while growing GDP in Indonesia. Another important
implication is that, considering income growth generally hand in
hand with increasing energy consumption, any policy decision
made by the Indonesian government directed at promoting
economic growth tends to accelerate growth of CO, emissions.
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APPENDIX

Appendix: Data Definition and Sources

Annual data during the period 1971-2013 are used d to conduct the empirical analysis. The data sources are as follows:
a. World Development Indicators of the World Bank (www.worldbank.org).

b. Penn World Tables (http://cid.econ.ucdavis.edu/pwt.html).

Variables
¢=CO, emissions per capita measured in metric ton (source a).
y=Real GDP per capita measured in 2011 U.S. dollar (source b).

en=Energy consumption measured in kg of oil equivalent per capita (source a).

urb=Percentage of urban population (source a).
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