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This paper mainly tests the presence of threshold effect of financial development on energy
consumption structure (ECS) with respect to the level of economic development. Based on the
panel data of Chinese provinces from 1998 to 2017, the panel threshold regression (PTR)
model was adopted to estimate the nonlinear relationship between financial development and
the ECS. Two proxies in the scale and efficiency dimensions were designed, and the per-capita
GDP was taken as the threshold variable. The results show that the impacts of financial
development on the ECS have double threshold features; the correlation between financial
development and the ECS changes from negative to positive, with the growing level of

economic development. It was also found that economic development, R&D investment and
foreign direct investment all contribute greatly to the ECS optimization, while urbanization
and industrial development significantly suppresses the ECS quality. The research results
provide reference to the optimization of the ECS through financial means.

1. INTRODUCTION

Energy consumption, especially the consumption of fossil
energy, is the main source of greenhouse gases (GHGs). With
the degradation of global environment, governments around
the world are striving to build a greener energy consumption
structure (ECS), i.e. increase the proportion of clean energy in
the ECS. The ECS optimization is a critical way for
developing countries to realize sustainable development [1].
China, as the largest developing country and world’s leading
energy consumer, faces urgent task of optimizing the ECS.

Many scholars have probed into the factors of energy
consumption, namely, trade, urbanization, technical
innovation, economic growth, and financial development [2-
71. However, there is little report on the factors of the ECS.
The previous studies have shown that financial development,
an important driver of economic growth, has a significant
impact on energy demand [8-10]. It is possible that financial
development may affect the ECS. But the relationship between
financial development and the ECS is not yet clear. Thus, this
paper examines the impacts of financial development on the
ECS based on provincial data of China.

The ECS can be defined as the consumption of a type of
energy as a proportion to total energy consumption [11-13].
The resource endowment of China determines that the ECS in
the country is dominated by non-clean energies like coal and
oil, which emit a huge amount of air pollutants. Thus, the ECS
optimization has great environmental significance. To
measure the ECS improvement, this paper takes the
consumption of clean energies (e.g. natural gas, solar power
and nuclear power) as a proportion to total energy
consumption as an indicator of the ECS.
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Despite the lack of research into the relationship between
financial development and the ECS, much attention has been
paid to the correlation between financial development and
various types of energy. For example, Brunnschweiler [14]
proved that financial development has a positive effect on
renewable energy consumption in developing countries.
Focusing on aggregate energy, Sadorsky [15] discovered that
financial development contributes to energy consumption in
emerging economics. Many countries have been found to shift
from fossil fuels to renewable energies, creating a greener ECS,
with the growth in per-capita gross domestic product (GDP)
[16]. Best [17] pointed out that, in high-income countries,
financial development facilitates the transition from fossil
fuels to renewable energies, especially wind; in low-income
countries, financial development supports the change from
biomass to fossil fuels like coal.

Unlike previous studies, this paper discusses the
relationship between financial development and the ECS. The
nonlinear effect of financial development on the ECS was
investigated with panel threshold regression (PTR) model.
This approach helps to identify endogenously different
economy regimes defined by the level of economic
development, and gauge the varied impacts of financial
development on the ECS across the different identified
regimes. To the best of our knowledge, our research marks the
first attempt to implement a nonlinear panel framework in this
context.

The remainder of the paper is organized as follows: Section
2 introduces the theoretical bases and puts forward research
hypotheses; Section 3 explains the methodology and data
sources; Section 4 analyzes the empirical results; Section 5
draws the conclusions and presents several countermeasures.


https://crossmark.crossref.org/dialog/?doi=10.18280/ijsdp.150312&domain=pdf

2. THEORETICAL BASES AND HYPOTHESES

Financial development could affect the ECS through two
channels, namely, economic growth and technical innovation.
The ECS adjustment is the result of a mutual game between
the consumption of non-clean energies (i.e. fossil fuels like
coal and oil), and that of clean energies (i.e. non-fossil fuels
and natural gas). The two impact channels vary with the levels
of economic development.

The impact via economic growth is called the scale effect.
With the growing economy, financial development pushes up
energy production and consumption, boosting the
consumption of non-clean and clean energies at the same time.
However, the scale effect changes with the levels of economic
development, causing changes to the ECS. Komal and Abbas
[18] argued that, if the economic development is on low levels,
economic growth depends on industrial development. It is
known that all that industrial development needs to consume a
huge amount of coal and oil for many years. During this period,
the non-clean energy consumption is promoted far more
evidently than clean energy consumption by the scale effect of
financial development. Therefore, the ECS may undergo
limited changes at a low level of economic development. If the
economic development is on high levels, Mittlefehldt [19] held
that the government will release many favorable policies for
clean energy industry, due to the increase of income and
growing desire for a better life. In this case, the region
becomes less dependent on coal and oil, with the economic
development. As a result, financial development exerts a
greater impact on clean energy consumption than on coal and
oil. Therefore, the ECS may change to the better direction at a
high level of economic development.

The impact via technical innovation is known as the
substitution effect. The innovation of energy technologies is
the key to addressing climate change and catalyzing the global
transformation of the ECS. Dogan and Seker [20] believed that
technical innovation requires a large amount of long-term
capital investment, which is available in a prosperous financial
market. Technical innovation improves production efficiency,
while reducing the consumption of non-clean energy.
Mundaca et al. [21] demonstrated that technical innovation can
solve technical difficulties in clean energy production. Hsu et
al. [22] noticed that, whichever the level of economic
development, financial development always has a positive
impact on the ECS via technical innovation, but the impact
magnitude varies with the levels of economic development.
Under a good environment of technical innovation, the
economy will grow and the infrastructure will be improved.
Then, the same investment on technical innovation will yield
more results. Hence, the substitution effect is more prominent
at higher levels of economic development.

With the changing levels of economic development, the
magnitude and direction could vary for both scale and
substitution effects. If the economic development is on low
levels, the government tends to over-emphasize economic
growth. Then, the financial capital mostly flows to industries
of traditional energies (e.g. coal and oil). In this case, the scale
effect is greater than substitution effect. Once the economic
development reaches high levels, the industry structure is
optimized, and the environmental awareness increases. Thus,
the clean energy industry will start to attract more financial
capital. In this case, the scale effect is smaller than the
substitution effect.

Through the above analysis, the following hypotheses were
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put forward:

H1: There exists a threshold effect in the relationship
between financial development and the ECS with respect to
the level of economic development.

H2: Financial development has a negative impact on the
ECS at low levels of economic development, and a positive
impact on the latter at high levels of economic development.

3. METHODOLOGY AND DATA SOURCES
3.1 Methodology

To begin with, it is assumed that financial development is
linearly correlated with the ECS. Then, various panel
regressions were conducted to derive the baseline results. The
basic econometric benchmark model can be expressed as:

esy = + BTy + A%, + 44 + & (1)
where, i is the region; t is the time; es is the ECS; fd is the
proxy variables of financial development; x is a set of control
variables; i is the fixed effects of region i; & is the error term;
ao is the intercept.

Inspired by Hansen [23], a PTR model was established to
disclose how the impact of financial development on the ECS

varies with levels of economic development. The single-
threshold model can be defined as:

€S;; :ﬂlfditl(qit 37)"‘:82 fditl(qit >7/) @)

+A % + 4+ &
where, I(*) is the indicator function; g, is the threshold variable
(the level of economic development) that divides the
observations into two regimes; f; and £, are two different
regression slopes; x; is the vector of exogenous regressors. For
simplicity, x; is assumed to have the same impact in both
regimes. The individual-specific effects are eliminated
through standard fixed-effects transformation implying for the
identification of #; and f>.

For a given threshold y, the slope coefficients £; and f can
be estimated by ordinary least squares (OLS) using the data
after the fixed-effects transformation. To estimate the value of
y, it is necessary to search over a subset of the threshold
variable ¢;. The estimator of y is the value that minimizes the
residual sum of squares (RSS):

7=argminS, (7) 3)

where, S;(y) is the RSS obtained through the estimation by
formula (2) for threshold y. Moreover, unbiased estimates of
p1 and f>, which are crucial for the significance test of a
threshold, can be described by the following linear constraint:

Hy: fi=p:.

If there are multiple thresholds, i.e. multiple regimes, the
model should be fitted sequentially. The double-threshold
model can be defined as:

ESit :ﬂlFDitI (qit < 71)+/82FDit| (7/1 <@y = 7/2)

, 4)
+BFD, | (qit > 72)+ﬂ Xig + 44 + &



where, y; and y; are the thresholds that divide the equation into
three regimes with coefficients f;, >, and f3. The thresholds
can be estimated as follows:

Step 1. Fit the single-threshold model to obtain the threshold
estimator y; and the RSS S, (7,).

Step 2. Based on the obtained ¥, value, the second threshold
can be obtained by:

7,=argmin$, (7,),

72
S, =S {min(7,,7,)max(7,.7,)} .

Step 3. Since 7, is efficient but #; is not, the first threshold
can be re-estimated by:

7, =argminS, (7).,
n

51(7’1): S{min(%:?;z)max(?/lvl ?2)}

The threshold-effect test is sequential, that is, if the null
hypothesis is rejected in a single-threshold model, then it must
be tested by the double-threshold model.

The process is similar for models with more than two
threshold parameters. Chan [24] proved that dependence of the
estimation and inference of § on the threshold estimate is not
of first-order asymptotic importance. Thus, the inference of
can be proceed because the y value is given.

3.2 Data sources

The research dataset is a balanced panel of the annual ECS
and financial development of 30 provincial administrative
regions (hereinafter referred to as provinces) in China over 20
years from 1998 to 2017.

The ECS was measured by the clean energy consumption as
a proportion to total energy consumption (es). The term clean
energy refers to the energy sources that bring low pollution

(e.g. natural gas and nuclear energy) or no pollution (e.g. solar
power, wind, biomass, terrestrial heat and other renewable
energies). These consumption data were extracted from the
China Energy Statistical Yearbooks.

Drawing on relevant literature, two proxies from two
dimensions were adopted to measure financial development.
In the scale dimension, the size of financial sector was
described by the assets of deposit money banks (DMBs) as a
proportion of GDP (scale) [15, 25]; in the efficiency
dimension, the quality of financial services was depicted by
the private domestic credit issued by the DMBs as a proportion
of GDP (efficiency) [26, 27], because this proxy focuses on
credit issued to the private sector. These financial data were
obtained from the China Statistical Yearbooks and the
Almanac of China’s Finance and Banking.

The following control variables were employed to isolate
the effects from other influencing factors on the ECS:

(1) Industry structure (industry): added value of secondary
industry as a proportion of regional GDP;

(2) Foreign direct investment (fdi): the actual amount of
foreign direct investment as a proportion of regional GDP;

(3) R&D investment (rd): internal expenditure on R&D
investment as a proportion of regional GDP;

(4) Urbanization (urban): urban population as a proportion
of total population;

(5) Level of economic development (ed): per-capita GDP
(this control variable is also the indicator of the threshold
variable).

The data on the control variables were mostly collected
from the China Statistical Yearbooks, and the data on R&D
investment were partly obtained from the China Statistical
Yearbooks of Science and Technology.

The descriptive statistics of our data are listed in Table 1
below.

Table 1. Descriptive statistics of various variables

Variables Unit Sample size Mean Standard deviation  Minimum  Maximum
es % 600 16.571 14.212 0.061 62.024
scale % 600 1.112 0.381 0.553 4.172
efficiency % 600 0.654 0.294 0.091 2.736
industry % 600 38.521 8.083 11.926 53.154
fdi % 600 0.327 0.415 0.032 3.135
rd % 600 0.286 0.514 0.072 3.055
urban % 600 46.735 16.935 0.934 89.658

ed yuan per capita 600 26,974.464 22,750.537 2,364.032  118,198.300

4. RESULTS ANALYSIS The coefficient of scale is significantly positive at the 5%

4.1 Baseline results

The results of fixed-effects and random-effects models were
compared to identify the relationship between financial
development and the ECS under linear assumption. The
original data were corrected by natural logarithms to eliminate
potential heteroscedasticity and dimensional difference
between series. The corrected data are listed in Table 1. The
Hausman specification test was conducted to decide between
fixed-effects and random-effects estimates, under the full set
of random-effects assumptions. The test results invalidated the
random-effects assumptions. Therefore, the fixed-effects
estimates were adopted for subsequent analysis.

It is learned that the two proxies of financial development
(i.e. scale and efficiency) have opposite effects on the ECS.
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level, while the coefficient of efficiency is negative. These
results challenge the linear assumption, and reflect the
following situation: In recent years, the asset scale of financial
institutions is continuously expanding in every province, but
the quality of financial services is not satisfactory; private
firms have difficulty in financing, especially in
underdeveloped provinces. Thus, a nonlinear panel framework
was implemented to analyze the effect of financial
development on the ECS.

As for control variables, the estimated coefficients of In ed,
rd and fdi are significantly positive at the 5% level, reflecting
that economic development, R&D investment and foreign
direct investment contribute greatly to the ECS optimization.
By contrast, the estimated coefficients of urban and industry
are negative; the coefficient of industry is significantly
negative at the 5% level. This is attributable to the long-term



dominance of coal in the ECS, as determined by China’s
resource endowment; the rapid urbanization and industrial

growth are at the expense of resource depletion and

environmental damages.

Table 2. The baseline results

Financial development: scale dimension

Financial development: efficiency dimension

Fixed-effects estimates

Random-effects estimates

Fixed-effects estimates

Random-effects estimates

fd
Ined
urban
rd
industry
fdi
_cons
Hausman test
p_value

R2
N

0.794%*
(0.316)
0.074%*
(0.033)
-0.025
(0.749)
0.338%*
(0.133)

-0.706%**

(0.203)

0.215%**

(0.052)
1.839*
(1.075)

0.645
600

31.961%%*
[0.000]

0.831%%*
(0.320)
0.127%%*
(0.049)
-0.035
(0.657)
0.327%*
(0.128)
-0.740%**
(0.242)
0.164%%*
(0.061)
1.752%
(0.986)

0.578
600

20.034 -0.028
(0.258) (0.203)
0.213%%+ 0.272%%x
(0.061) (0.064)
-0.015 -0.024
(0.851) (0.764)
0.327%%+ 0.318%*
(0.112) (0.132)
-1.240%%* 1.272%%x
(0.313) (0.353)
0.203%++ 0.154%%x
(0.063) (0.057)
2.580%* 2.458%*
(1.015) (1.017)

27.746%%%
[0.003]
0.664 0.503
600 600

Note: The numbers in parentheses and square brackets are standard errors and p-values, respectively; *, ** and *** refer to the significance levels of 10%, 5% and

1%, respectively.

Table 3. The threshold effects between financial development and the ECS

Financial development variables Threshold effect F p-value Threshold value 95% confidence interval
Single 40.198%** 0.006 9.513 [9.380, 9.971]
scale Double 28.017%** 0.032 11.069 [10.736, 11.347]
Triple 7.651 0.106 11.351 [11.014, 11.423]
Single 77.667*** 0.000 9.196 [9.163,9.373]
efficiency Double 18.574%* 0.048 11.230 [9.367, 11.349]
Triple 4.346 0.170 11.364 [10.612, 11.524]

Note: F-statistics and p-values were obtained by repeating the bootstrap procedures 500 times for each of the three bootstrap tests; *, ** and *** refer to the

significance levels of 10%, 5% and 1%, respectively.

4.2 Results of the PTR model

Table 4. The estimated coefficients of each variable with

double-threshold model

Financial Financial
development: development:
scale dimension  efficiency dimension
fd (Ined< 1) -0.388%** -0.880%**
(0.195) (0.254)
fd (1 <ln ed<
V2) 0.207 0.211
(0.216) (0.247)
fd (Ined> 7,) 1.431%** 2.150%**
(0.428) (0.451)
ed 0.127%** 0.200%**
(0.046) (0.058)
urban 0.080 0.019
(0.691) 0.797)
rd 0.308** 0.304**
(0.129) (0.127)
industry -0.377%%* -0.338**
(0.115) (0.161)
fdi 0.193%** 0.241%**
(0.068) (0.067)
_cons 1.151%%* 1.864%**
(0.579) (0.685)
N 600 600

Note: The numbers in parentheses are standard errors; *, ** and *** refer to
the significance levels of 10%, 5% and 1%, respectively.
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During the PTR, the first step is to test whether there is a
threshold. If the null hypothesis is rejected, then the threshold
effect does exist. Here, a bootstrap method is applied to
approximate the F-statistics and then calculate the p-values.

Table 3 above presents the empirical results of the single-
threshold, double-threshold and triple-threshold tests. After
repeating the bootstrap procedures 500 times for the PTR tests,
the p-values of the two proxies of financial development (i.e.
scale and efficiency) are significant with the single-threshold
model and double-threshold model at the 5% level. However,
the test with triple-threshold model is statistically insignificant.
This confirms that our data can be sufficiently described with
a double-threshold model.

According to the estimated thresholds (71, 72)=(9.513,
11.069) for scale and those (71, 72)=(9.196, 11.230) for
efficiency, the levels of economic development, as measured
by the natural logarithm of per-capita GDP (logPCGDP), were
divided into three regimes: a low regime (logPCGDP<%), a
medium regime (7:1<logPCGDP<7%,), and a high regime
(logPCGDP>%).

Table 4 displays the results of double-threshold model on
the impacts of each variable on the ECS. In the scale
dimension, the coefficient of financial development was
negative when the logPCGDP was less than 9.513, and is
statistically significant at the 5% level. When the logPCGDP
surpassed the first threshold of 9.513, the coefficient of
financial development turned to be positive. The higher the



per-capita GDP, the greater the positive impact of financial
development on the ECS. When the logPCGDP was greater
than 11.069, the coefficient of financial development was
1.431, and is statistically significant at the 1% level.

In the efficiency dimension, the impact of financial
development on the ECS is similar to that in the scale
dimension. This impact is significantly negative, when the
logPCGDP was below the first threshold of 9.916. The impact
became positive from the low to the medium/high regime.
These results prove that the impact of financial development
on the ECS cannot be sufficiently described by the linear
regression model, but with a nonlinear panel framework. The
sign and significance of control variables are similar to those
in the former subsection.

4.3 Mechanism analysis

As mentioned before, financial development could affect
the ECS through scale and substitution effects. The overall
impact is the combination between the two effects. To further
clarify the impact mechanism of financial development on the
ECS, this subsection explores the two effects by static panel
data model with interaction terms.

Based on the threshold value, the samples were divided into
two groups: the low-level economic development group (q;; <
71 ) (low-level group) and the high-level economic
development group (q;; > ¥,) (high-level group).

According to Wooldridge (2015), the interaction term
mitigates the multicollinearity effect by removing mean
correction. The maximum value of the variance inflation factor
(VIF) was 8.17, which is lower than 10. This means the
multicollinearity effect has been eliminated.

Tables 5 and 6 provide the estimation results with scale and
efficiency as proxies, respectively. The results in Table 5 were
analyzed as follows: The estimation results of the model
without interaction terms (column 1) are consistent with the
results in Table 4. This means financial development has a
statistically significant, negative impact on the ECS at low-
levels of economic development, and a statistically significant,
positive impact on the ECS at high-levels of economic
development. The results also confirm that the impacts of
financial development on the ECS have threshold features for
different levels of economic development.

The estimation results of the model with interaction terms
are reported in column 2. At low-levels of economic
development, the coefficient of fdxIned was -0.855, and is
statistically significant at the 5% level; meanwhile, the
coefficient of fdxrd is 0.024, and is statistically significant at
the 5% level. Hence, the negative impact of financial
development on the ECS increased from 0.102 to 0.339,
indicating that the financial development exerts a significant
negative impact on the ECS via the scale effect, but a
significant positive impact via the substitution effect. At high-
levels of economic development, the coefficient of fdxIned
was 0.015, and is statistically significant at the 10%
significance level; meanwhile, the coefficient of fdxrd was
0.301, and is statistically significant at the 5% significance
level. Thus, the positive effect of financial development on the
ECS increased from 0.132 to 0.330, indicating that the
financial development exerts a significant negative impact on
the ECS via the substitution effect, but a significant positive
impact via the scale effect.

Similar conclusions can be drawn from the estimation
results in Table 6.

357

Table 5. The results for mechanism analysis with scale as the

proxy
Low-level group High-level group
1) 2) @) 2)
-0.155™ 0.115"
Jdxlned (0.064) (0.069)
. 0.064" 0.301°"
Jaxrd (0.027) (2.009)
P 20102 -0.339"*  0.132™"  0.330""
(0.036)  (0.098)  (0.041)  (0.126)
Ined -0.209" 0.371"
(0.074) (0.104)
o 0.385" 0.501"
(0.066) (0.098)
industry 0.516™  -0.156"  -0.358""  -0.513"
(0.063)  (0.088)  (0.097)  (0.128)
rban 0.108 0.134 0275  0.104"
(0.086)  (0.094)  (0.139)  (0.051)
i -0.102 -0.115 0.122* 0.126"
(0.066)  (0.073)  (0.071)  (0.069)
7.806%*%*%  2.486"  1.018™*  4.344™
—cons (1.032) (1321)  (0.254)  (0.635)
Observations 180 180 90 90

Note: The numbers in parentheses are standard errors; *, ** and *** refer to
the significance levels of 10%, 5% and 1%, respectively.

Table 6. The results for mechanism analysis with efficiency
as the proxy

Low-level group

High-level group

¢))] 2) €))] 2)
0.254" 0.105
JaxIned (0.061) (0.063)
0.244" 0.518"
Jaxrd (0.107) (0.243)
P 20.105  -0.119"™*  0.546"™  0.876™
: 0.049)  (0041)  (0.172)  (0.226)
Ined -0.186"* 0.096
(0.061) (0.064)
i 0.228" 0.232"
(0.088) (0.061)
industry -0.104 0.133  -0266"  -0.233"
(0.089)  (0.096)  (0.112)  (0.089)
" 0.201 0162  -0.152"  -0.242"
urban (0.129)  (0.114)  (0.071)  (0.119)
fdi
5156 2152 3745 .1.180"
—cons (0.896)  (0.757)  (1.239)  (0.459)
Observations 150 150 60 60

Note: The numbers in parentheses are standard errors; *, ** and *** refer to
the significance levels of 10%, 5% and 1%, respectively.

5. CONCLUSIONS

Based on the panel data of Chinese provinces from 1998 to

2017, the PTR model was adopted to estimate the nonlinear
relationship between financial development and the ECS. Both
scale and efficiency were taken as proxies for financial
development, and per-capita GDP as the threshold variable.
The estimation results attest to a double threshold effect in
the relationship between financial development and the ECS.
When the per-capita GDP is below the first threshold, the
coefficient of financial development is negative and
statistically significant, which means financial development
suppresses the share of clean energy in the energy portfolio.
When the per-capita GDP is between the two thresholds, the
coefficient of financial development is positive. When the per-



capita GDP is above the second threshold, the coefficient of
financial development is even greater and statistically
significant. These results indicate that, in medium and high
regimes, financial development can increase the share of clean
energy in the energy portfolio, thereby optimizing the ECS.

The results also show that economic development, R&D
investment and foreign direct investment all contribute greatly
to the ECS optimization, while urbanization and industrial
development significantly suppresses the ECS quality.

Based on these findings, three countermeasures were put
forward to promote green finance and the optimization of the
ECS:

(1) Attentions should be paid to the nonlinear relationship
between financial development and the ECS. The financial
development cannot promote the ECS optimization at low
levels of economic development. Therefore, it is important to
maintain stable and sustained economic development, and to
achieve a rapid increase in per-capita GDP.

(2) China should strive to improve the level of financial
development. The finance industry in China faces the problem
of low efficiency, as evidenced by the financing difficulty of
private firms. To encourage technical innovation, private firms,
especially high-tech private firms, should receive more
financial resources.

(3) More investments should be directed at innovation.
Commercial banks must provide technology innovation
projects with sufficient funds, and support the listing and
financing of technology innovation firms. In this way, the
financial resources will flow to developers of energy-saving
technologies and the industry of clean energy.
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