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Abstract: This study aims to find the relationship between energy resource dependence and economic
growth in consideration of interprovincial heterogeneity. This paper first uses panel data from
14 provinces with rich energy resources in China between 2001 and 2016 as a whole to test the energy
resource curse hypothesis. It finds that there is no obvious resource curse from a general perspective.
It further makes time prediction and transmission channel analysis based on regressions of each
province and classifies them into four groups according to the different degrees of the resource curse.
It shows the different roles of resource dependencies in different groups. Twelve provinces are subject
to different degrees of the resource curse, among which, six provinces would eventually experience
negative economic growth if they increase the degree of resource dependence. Next, this study
discusses the mechanism of one particular group, “invisible energy resource curse”, which is when
energy resources directly promote but indirectly hinder economic growth. Finally, based on the
results, the present study offers policy suggestions according to provinces’ heterogeneous curse levels.

Keywords: energy resource curse; energy resource-abundant provinces; economic growth;
transmission channels; classification analysis; time prediction

1. Introduction

Since the abundance of natural resources can slow economic growth, resource-poor economies
often vastly outperform resource-rich economies in economic growth [1,2]. Known as the resource
curse theory, many studies have found empirical evidence to support it in recent years [3–6]. Economies
with rich natural resources tend to fall into the comparative advantage trap. If the developing countries
with rich resources focus on the exploitation of natural resources, the polarization of wealth between
owners of natural resources and the people lacking natural resources could increase. This would
generate a group of vested interest-takers. These interest-takers would, in turn, hinder technological
innovation and institutional reform in a variety of ways [7–9].

As an important part of natural resources, energy resource exploitation usually cannot optimize
the industrial structure of the whole region [10–12]. In other words, energy resource exploitation would
slow down their economic growth or even cause a stagnant economy in the long run. Researchers
have confirmed this conjecture in several studies on energy resource-dependent economies [13–17].

However, some studies also point out that some countries with rich energy resources are likely
to experience resource blessings. With the development of energy resource exploration and export,
some countries with rich resources will change their mode of economic development, improve the
investment in education, and accelerate human capital accumulation [1]. Some countries that are
plentiful in energy resources, like Malaysia and Indonesia, succeed in avoiding the resource curse [18].
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Most early literature focuses on identifying whether the energy resource curse exists in different
countries [19–21]. They discover that compared with energy resource blessing, the resource curse
is relatively more prevalent. Havranek et al. [22] note that approximately 40% of empirical studies
have found energy resource curse, while just 20% have found energy resource blessing. However,
most of these studies focus on the national level rather than the provincial level. The researches
based on the national level are too macroscopic to ensure the correctness of the research results.
Fleming-Muñoz et al. [23] suggest that the research results from a regional perspective could
significantly differ from those from the national perspective. By econometrically modeling economic
growth across nonmetropolitan sub-state regions of Australia, they find that in most cases, energy
resources have been a blessing for local economies, although negative effects have also been experienced
in parts of the country.

Because of this, many scholars begin to consider this problem from a more micro angle.
Most Chinese scholars believe that the phenomenon of the energy resource curse does exist at
the provincial level. They carry out detailed studies on possible transmission channels of the energy
resource curse. However, none of them have systematically studied the similarities and differences of
provinces that are endowed with rich energy resources in China. This study chooses provinces rich
in energy resources in China as a sample to study the resource curse. It tests the hypothesis of the
energy resource curse in 14 energy resource-rich provinces. Different from prior studies, this paper
studies their resource curse individually on the premise of the overall results. Using time prediction
and channel analysis, it could confirm the advent of “energy resource curse” at the provincial level.
Furthermore, it classifies 14 provinces into 4 categories and discusses each category.

Since the energy resource curse exists in energy resource-rich regions, this paper focuses on
14 provinces that are rich in energy resources in China to test the energy resource curse hypothesis.
The main contributions of this paper are as follows. First, the existence of the energy resource curse is
not detected in these 14 provinces while regarding them as a whole. However, it is observed while
investigating each province respectively, which indicates that the heterogeneous curse exists. Second,
this study recognizes the internal differentiation of the energy resource curse. By introducing the
time prediction model and the Sachs-Warner model (S-W model), it can classify 14 provinces into
specific groups based on the degree of the energy resource curse. This study shows that causes and
situations vary with groups. Based on this, we provide customized policy suggestions to different
groups. Third, this paper introduces the concept of the “invisible energy resource curse”, where energy
resources have a directly positive but indirectly negative effect on economic growth. We investigate
the mechanism of the “invisible energy resource curse” and give policy advice.

The remainder of this study is organized as follows: Section 2 reviews previous literature.
Section 3 presents the methodology, sample selection, as well as data information. Section 4 presents
the empirical results. Section 5 deals with conclusions and policy implications.

2. Literature Review

Some empirical studies confirm the existence of the energy resource curse, namely on the negative
correlation between energy endowments and economic growth. For example, Japan, South Korea,
Singapore, and Hong Kong, with relatively scarce energy resources, experienced fast economic
growth [18,24,25]. In stark contrast to this, countries endowed with rich energy resources, such as Latin
America [26], Kazakhstan [27], Nigeria [28], and Venezuela [29], are experiencing economic stagnation.
Auty [30], the founder of the resource curse theory, admits that energy resource abundance per se does
not necessarily culminate in the energy resource curse. Whether energy resources are a “curse” or a
“blessing” to the economic growth should be analyzed on a case-by-case basis.

In China, several scholars investigate the energy resource curse from different angles. From the
regional perspective, Xu et al. [31] demonstrate that a generalized “energy resource curse” emerges
owing to the excessive exploitation of energy resources and its related environmental pollution. It exists
in northeast and northwest China. Shao and Qi [32] suggest that the “energy resource curse” existed



Energies 2020, 13, 4383 3 of 25

in western China before the implementation of the national western development strategy, but the
curse’s effect is not obvious. However, after the western development, energy development began to
exert a significant negative impact on innovation and human capital investment, which aggravates the
“energy resource curse”.

From the provincial perspective, Xu and Hu [33] find that based on the relationship between
energy resources and economic growth, Dutch disease would pose a negative impact on Inner Mongolia
in the long run. However, the effects of the energy resource curse have been mitigated since the
Chinese government began to promote the development of the western regions and implement
environmental regulations. From the civic perspective, Sun and Ye [34] study the relationship between
energy resource dependence, geographical location, and economic growth in urban areas of China.
They find that energy resource endowments seem to be negatively correlated with economic growth.
Shao et al. [35] use the data of 220 cities in China between 1998 and 2010 to measure the efficiency
of economic growth. Their research shows that there is a significant parabolic correlation between
energy-dependent industries and the average growth rate of Gross Domestic Product (GDP) per capita.

From a more micro perspective, Ding et al. [36] also find the existence of an energy resource curse
at the level of villages in China. Energy resources could reduce the per capita income of residents
by crowding out local education investment, technological innovation, and reducing the quality of
institutions. Nevertheless, some studies show different results. Fang et al. [37] use cross-section data
concerning 95 cities in China and find that the resource curse hypothesis cannot hold water. This is
because a significantly negative correlation between resource abundance and economic growth cannot
be observed. Deng et al. [38] indicate that the problem of the resource curse is not so serious in China.
Sun and Si [39] use Chinese cross-sectional data from 1996 to 2008 and find that neither resource
abundance nor resource dependency display a significant relationship with regional economic growth.
Cao et al. [40] conclude that the “energy resource curse” is not significant at the municipal level in
China. Furthermore, Wang et al. [41] and Chen and Kung [42] find that the varied rates of cities’
economic growth are mainly due to cities’ divergent conditions. They include geographical, natural,
political, and demographic conditions.

Studies on the transmission channels of the energy resource curse in China appeared in the past
decade. Guo et al. [43] find that the total effect of energy resource dependency on economic output
would increase to 10 times the direct effect, if the indirect impacts of the transmission channels are
included. Through these channels, energy resources would decrease economic output. Li [44] points
out that the abundance of energy resources does not directly generate a negative impact on economic
growth at the provincial level. However, it indirectly hinders economic growth by reducing foreign
direct investment, education, and innovation, among which, foreign direct investment is the most
important transmission channel. Wang [45] selects 34 energy resource-based cities in China and devises
a conceptual model on transmission mechanisms, which consist of direct effect, crowding-out effect,
and institutional effect. Yang and Shao [46] find that human capital and energy resources play a
crucial role in the sustainable growth of energy-oriented regions. They suggest that the brain drain
could discourage social planners from accelerating human capital accumulation, thereby resulting in
increased risks of the energy resource curse in energy-oriented regions. Shao and Qi [32] suggest that
the exploitation of energy resources impedes economic growth through several transmission channels.
It will likely hinder the technical innovation and the accumulation of human capital, which causes
rent-seeking activities and widespread corruption in associated industries. Zuo and Schieffer [47]
further describe the crowding-out effect through aspects of education and research and development,
as opposed to the institutional explanation.
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3. Data and Method

3.1. Model Setting

The economic growth theory claims that economic growth, especially in the long run, is largely
based on the increase of inputs such as capital, labor, and land [48]. The increase in GDP per capita is
frequently introduced to measure economic growth, and the absolute convergence hypothesis, namely
that the GDP per capita in different regions within a country usually converges to a steady-state,
has been frequently applied in prior studies [49–52]. The hypothesis also suggests that, in a country,
a region’s initial GDP per capita in a given period negatively influences its growth rate (Figure 1).
Some early studies incorporate the initial GDP level into their economic growth regressions [19–21].
In this study, the previous year’s GDP is used in the regression to check the absolute convergence
hypothesis. We find that between the adjacent two years, the lower the previous year’s state GDP,
the higher the current year’s economic growth rate.
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Figure 1. Absolute convergence. Note: A and B denote two random times, respectively. The gross
provincial product growth rate on time A (tA) is higher than time B (tB), though tB is linked to a higher
gross provincial product. The growth rate decreases as the gross provincial product increases, and S
represents the final steady-state.

This paper uses the S-W model [19] for reference and sets the regression model as follows:

git = βi0 + βi1ln(gdpi,t−1) + βi2RDit + βi3Zit + εit (1)

In Equation (1), git denotes the per capita GDP growth rate of each province, ln(gdpt−1) represents
the per capita GDP of each province last year, RDit represents the energy resource dependency of the
province, Zit denotes five transmission channels: investment (INV), foreign direct investment (FDI),
level of nationalization (NAT), manufacturing output level (MAN), and level of education (EDU),
and εit represents the random disturbance term. In this study, the current year is coded as t and the
previous year is coded as t − 1. The footer i refers to the province.

git, an indicator of economic growth rate, measures the growth rate of gross provincial product
per capita of provinces:

git = ln
(

gdpit

gdpi,t−1

)
(2)

The logarithm of gdpit divided by the gdpi,t−1 enables us to examine the absolute convergence
hypothesis. We expect the coefficient β1 to be negative because the previous year’s gross provincial
product per capita can negatively influence the economic growth in the current year [32].
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RDit represents the energy resource dependency. Papyrakis and Gerlagh [21] use the proportion
of energy products in GDP to quantify RDit, while Sachs and Warner [20] use the percentage of energy
capital in total capital. Sun and Ye [34] use the percentage of energy exploitation employment in gross
employment. Zuo and Schieffer [47] employ three different proxies for RDit, including provincial
annual energy production per capita, provincial annual energy production, and the ratio of the regional
energy production over GDP.

This study uses the proportion of fixed-asset investment in energy resource exploitation to total
fixed-asset investment to quantify the extent of energy resource dependency. According to the statistical
standards in China, energy exploitation input levels depend unconditionally on the availability of
energy resources. In addition, the output value of the primary production sector is affected by the level
of regional economic development, resulting in endogeneity, and the use of an input level indicator
can avoid endogeneity to a large extent [53–55]. Therefore, it is a more appropriate proxy. We include
coal, crude oil, gas, and other fossil fuels as an approximation of all the energy resource industries.

βi2 measures the degree of contribution of the energy resources’ dependency on economic growth.
We expect βi2 to be negative, which means energy resource dependence impedes economic growth
directly. Zit refers collectively to the following variables: the crowding-out-effect variables and the
institutional variables.

Manufacturing is the growth engine of China’s economy, and it has been the main powerhouse
promoting economic growth. Thus, the effects of the exploitation of energy resources on manufacturing
need to be scrutinized [56]. The most well-known effect is ‘the Dutch disease’, which mainly refers
to the crowding-out effects on manufacturing caused by energy resource exploitation. Considering
this potential influence, our analysis includes MAN, which is measured by the proportion of the sales
value of the manufacturing industry above the scale to the total sales value of the industry. Since the
development in manufacturing usually boosts economic growth, we expect the coefficient of MAN to
be positive.

In China, the foreign direct investment and level of nationalization also play important roles in
economic growth [34,57]. INV, as well as EDU, also significantly contribute to the economic growth
according to prior studies, such as Papyrakis and Gerlagh’s study [21]. Therefore, variables that involve
the crowding-out effects include the INV, FDI, and EDU. INV and FDI are measured respectively
in terms of the total investment in fixed assets and foreign direct investment. EDU indicates the
proportion of the population with a college degree and higher in the total population aged 6 and above.
They are included in this model and their coefficients are expected to be positive. This is because
China has set a higher threshold for the entry of foreign capital. Moreover, provinces with a high
degree of resource dependence are located in remote areas and only have a weak ability to attract
foreign investment [58].

As for INV, dependence on energy resources reduces the need for savings and investments. It is
because energy resources provide a continuous stream of future wealth that is less dependent on the
transfer of man-made capital to future periods [59]. Furthermore, the prices of primary products are
often more volatile than those of manufactured commodities. This volatility, rather than the level
of energy resources’ prices, poses a negative effect on economic growth [60–62]. Therefore, a region
that is heavily dependent on energy resources would suffer more frequent economic fluctuations,
resulting in unstable investment markets [63]. For EDU, in the regions that are endowed with abundant
energy resources, the continuous economic growth brought by energy resources breeds laziness.
Since high-quality talents are not demanded by the primary sector, people find it unnecessary to receive
high education. Investment in human capital would slow down or even stop [19].

It is a significant issue to measure the institutional variables as there is no measurement standard
in the literature. This study uses NAT measured by the proportion of the sales value of state-owned
and state-holding industries to that of the society. In regions depending on energy resources,
some local governments tend to lower the investment threshold and blindly introduce energy-intensive
enterprises to boost the local economy. Some state-owned enterprises with backward technologies
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and administration still having the privilege of exploiting resources lead to low energy efficiency
and serious environmental pollution [64]. Consequently, it hinders the sustainable development and
economic growth of energy resource-rich regions [11,34].

To better reflect the relationship between energy resource dependence and economic growth,
this paper eliminates the effects of inflation by dividing several indicators by Consumer Price Index
(CPI). Indicators processed as above include MAN, INV, FDI, NAT, and GDP. As mentioned above,
this paper will focus on the interaction between the five channels and energy resource dependency.

3.2. Sample Selection

Sachs and Warner [20] use the ratio of primary exports to GDP to represent energy resource
endowments. Stijns [65] argues that if a country’s structure of export is resource-intensive, it is not
necessary to indicate that it is a country with rich energy resources. Therefore, it is not accurate to
use an index like that. Indicators like resource production or resource reserve should be used instead.
Gylfason [66] adopts primary sector employment to total employment proportion as a representation
of the resource endowments. Papyrakis and Gerlagh [21] use primary sector output as a share of
GDP to replace the primary product exports to GDP ratio to study the correlation between energy
resource abundance and economic growth. This paper uses the proportion of energy exploitation
sector employment in total employment to represent the richness of energy resource endowments,
referring to Gylfason’s study [66]. We collected the data from 2000 to 2010, and the indicator serves as
a criterion to screen out provinces with rich energy resources in China.

Due to the availability of data, Hong Kong, Macao, and Taiwan are excluded in the data, namely
the region shown as not applicable (NA) in Figure 2. This paper divides the richness of energy
resources into three equal parts. The evolution of rank 1 to rank 3 indicates the increase of energy
resource richness. Therefore, we screened out 14 provinces with level 3 in 2000 and 2010 as our
objects to further explore the relationship between their energy resource richness and economic growth.
These 14 provinces include Guizhou, Hebei, Heilongjiang, Inner Mongolia, Jiangxi, Jilin, Liaoning,
Ningxia, Qinghai, Shaanxi, Shandong, and Shanxi.
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3.3. Data and Descriptive Statistics

This study uses data of 14 provinces from 2001 to 2016. Data are from the yearbooks of each province:
China Industrial Economic Statistical Yearbook, China Statistical Yearbook of Investment in Fixed
Assets, China Statistical Yearbook, China Foreign Economic Statistical Yearbook, China Population
and Employment Statistics Yearbook, China Statistical Yearbook for Regional Economy, and the
Compilation of Statistical Data for the Past 60 Years in China. Table 1 lists all the variables included in
the model.

Table 1. List of variables in the regressions.

Category Variable Abbreviation
or Acronym Definition Previous Studies

Using the Variable

Dependent
variable

Economic growth
rate git git = ln

(
gdpi,t

gdpi,t−1

)
[21]

Independent
variable

Log of gross
provincial product
per capita in last

term

ln
(
gdpi,t−1

) The logarithm of the real per
capita gross domestic product

of province i in last year
[21]

Independent
variable

Energy resource
dependency RDit

The proportion of investment
in energy resource

exploitation industry in total
fixed assets investment

[20,34]

Independent
variable

Fixed-asset
investment INVit Total fixed assets investment [21]

Independent
variable

Foreign direct
investment FDIit Foreign direct investment [34]

Independent
variable Educational level EDUit

The proportion of the
population aged 6 and above

who are junior college
graduates or above accounts

for the total population aged 6
and above

[21]
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Table 1. Cont.

Category Variable Abbreviation
or Acronym Definition Previous Studies

Using the Variable

Independent
variable

Manufacturing
output level MANit

The proportion of the sales
output value of the

manufacturing industry above
the scale in the total sales

output value of the industry

[56,67]

Independent
variable

Level of
nationalization NATit

The proportion of the sales
output value of state-holding
industries above the scale in

the total sales output value of
the industry

[34]

4. Empirical Analyses and Results

4.1. Whether the Energy Resource Curse Exists

This paper further discusses the existence of the resource curse in 14 provinces endowed with rich
energy resources.

4.1.1. General panel—Data Regressions

To find an appropriate regression method, it is necessary to identify characteristics of cross-sectional
independence, autocorrelation of residuals, and heteroscedasticity. This paper applied relevant tests
and Table 2 shows the results.

Table 2. Results of relevant tests.

Purpose Method Statistics Result

Cross-sectional
independence Pesaran’s test Pesaran’s statistics = 6.568

(p = 0.000)
Cross-sectionally

dependent

Autocorrelation Wooldridge test F = 22.478
(p = 0.0004) Autocorrelation

Heteroscedasticity Wald test χ2 = 191.76
(p = 0.000)

Heteroscedasticity

Fixed-effect or
random-effect

Hausman test with
auxiliary regression

F = 7.7 × 1014

(p = 0.000)
Fixed effect

Endogeneity Hausman test χ2 = 5.61
(p = 0.6914)

Exogenous

After applying the tests in Table 2 above, we find that the fixed-effect model should be used.
Since data present characteristics of contemporaneous correlation, autocorrelation of residuals,
and heteroscedasticity, this study chooses fixed effect regression models with Driscoll and Kraay
standard errors [68]. In the derivation of Driscoll and Kraay standard errors, the disturbance εit is
allowed to be autocorrelated, heteroskedastic, and cross-sectionally dependent, so the estimation is
well calibrated when spatial dependence exists [69]. We also applied the Hausman test to endogeneity
problems by using the value of energy reserves as an instrumental variable. It supports the null
hypothesis that the model is exogenous, and shows that the proxy variable RDit can avoid endogeneity
problems. The above model was applied to the estimation of Equation (1) for 14 provinces. Table 3 shows
the result.



Energies 2020, 13, 4383 9 of 25

Table 3. Regressions for Equation (1).

(1) (2) (3) (4) (5) (6)

g G g g g g

Lngdp −0.0421 *** −0.0544 *** −0.0392 *** −0.0392 *** −0.0467 *** −0.0635 ***
(0.011) (0.009) (0.012) (0.012) (0.012) (0.020)

RD 0.698 *** 0.466 * 0.352 ** 0.364 ** 0.340 ** 0.362 **
(0.229) (0.256) (0.144) (0.137) (0.133) (0.143)

MAN −0.236 *** −0.143 ** −0.136 ** −0.0985 * −0.0892
(0.055) (0.050) (0.053) (0.048) (0.056)

EDU −0.736 *** −0.653 ** −0.361 * −0.448 *
(0.178) (0.232) (0.195) (0.234)

NAT 0.0273 0.0697 * 0.100 ***
(0.044) (0.038) (0.033)

FDI 0.0210 *** 0.0208 ***
(0.006) (0.006)

INV 0.00168
(0.001)

CONS 0.0953 * 0.320 *** 0.268 *** 0.243 *** 0.176 ** 0.198 **
(0.045) (0.045) (0.045) (0.057) (0.063) (0.072)

N 224 224 224 224 224 224
R2 0.1257 0.1495 0.2144 0.2161 0.2693 0.2774

Standard errors in parentheses. ***, **, and * indicate a 1%, 5%, and 10% level of significance, respectively.
CONS refers to constant; N refers to number; R2 refer to R square.

In Table 3, ln(gdpi,t−1) has a negative and significant coefficient and it verifies the robustness of
the model. The coefficient of RDit is significantly positive, which means that the energy resources of
the 14 provinces as a whole seem to have a positive impact on economic growth. This conflicts with the
expectation. Additionally, Figure 3 suggests that most of the 14 provinces present a downward trend
in their dependence on energy resources. If “energy resource blessing” is a common phenomenon,
inevitably, there would be some provinces that succeed in achieving faster economic growth by
increasing the degree of energy resource dependence [70]. Thus, the significantly positive coefficient of
RDit could not directly denote the existence of “resources blessing” in each province. In other words,
the differences in energy resource dependence among the provinces conceal the actual relationship
between energy resources dependence and economic growth. It is necessary to adopt another method
which can accurately measure the coefficient of RDit for each province.
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4.1.2. Respective Regressions for Provinces

This study conducts regressions for each province and introduces the prediction model. It further
analyses the transmission channels in each province and uses Equation (1) for province estimation.
Equation (1) can be estimated equation-by-equation for each province using ordinary least squares
(OLS). Considering the correlation of stochastic disturbances of provinces, this study uses the
panel data seemingly unrelated estimation (SUR) method. The SUR method takes consideration of
heteroskedasticity and contemporaneous correlation in the errors across equations [71]. Compared with
the OLS method, this gains efficiency improvement under the hypothesis that stochastic disturbances
are highly correlated across equations and independent variables are not [72]. Table 4 shows the result.

The results of SUR regressions show that different channel variables have different impacts
on the economic growth of different provinces. MAN’s coefficients are significant in 10 provinces,
among which, 7 are significantly negative, indicating that the manufacturing industry has a significant
impact on most provinces. EDU’s coefficients of 4 provinces are significantly positive. However,
they are not significant or are even significantly negative in other provinces. NAT’s coefficients are
significantly positive in 8 provinces. FDI’s coefficients are significantly positive in 3 provinces and
negative in another 3 provinces. INV’s coefficients are significantly positive in 8 provinces and negative
in 3 provinces. It indicates that investment has different effects on the economy in different provinces.
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Table 4. Seemingly unrelated estimation (SUR) regressions for each province.

Guizhou Hebei Heilongjiang Inner Mongolia Jiangxi Jilin Liaoning

lngdp −0.6032 *** 0.1231 −0.8851 *** −0.4689 *** −0.7984 *** −0.105 −1.3088 ***
(0.1658) (0.0922) (0.0567) (0.1232) (0.0814) (0.1152) (0.2768)

RD 1.1946 * −0.1778 −2.5627 *** 0.4819 9.9568 *** −0.6175 1.6168 **
(0.66) (0.7938) (0.3372) (0.398) (3.0815) (1.4708) (0.7488)

MAN −0.2773 0.0670 * −1.5791 *** 0.3353 −0.2658 −1.0779 *** 0.5017 ***
(0.4198) (0.0396) (0.2801) (0.3675) (0.4454) (0.3707) (0.134)

EDU 0.3981 0.5793 −0.6885 ** 0.0314 0.1441 2.9109 ** −2.3315 ***
(0.5579) (0.5552) (0.2966) (0.4823) (1.0585) (1.2058) (0.3227)

NAT −0.3331 0.2948 ** 1.3058 *** 0.0003 0.9188 *** 0.6607 *** 0.0593
(0.3679) (0.1384) (0.2236) (0.2342) (0.1515) (0.1609) (0.208)

FDI 0.001 0.0339 * 0.0318 0.2695 *** 0.3983 *** 0.3763 −0.0072
(0.0185) (0.0191) (0.0302) (0.0909) (0.0876) (0.3868) (0.0063)

INV 0.0131 −0.0013 0.0368 *** 0.0082 ** −0.0005 0.0353 *** 0.0187 ***
(0.0119) (0.0014) (0.0052) (0.0034) (0.0215) (0.0119) (0.0023)

CONS 2.3398 *** −0.6973 * 3.2495 *** 0.9181 1.8274 *** 0.3677 5.2157 ***
(0.7705) (0.359) (0.313) (0.6773) (0.4848) (0.58) (1.2465)

Ningxia Qinghai Shaanxi Shandong Shanxi Xinjiang Yunnan

lngdp −0.1244 *** −0.1035 −0.0113 −0.3335 *** −0.2538 −1.2393 *** −1.1953 ***
(0.0398) (0.0633) (0.0546) (0.0395) (0.1584) (0.08) (0.0726)

RD 0.2971 1.5658 *** −1.1960 *** 0.6988 1.9737 *** 2.6450 *** 8.7009 ***
(0.4213) (0.2263) (0.3404) (0.6543) (0.3965) (0.1947) (1.1314)

MAN −2.2052 *** −0.2765 *** −1.5960 *** −0.3371 *** 2.0167 *** 0.0142 −3.6497 ***
(0.2469) (0.0326) (0.1757) (0.0489) (0.7251) (0.163) (0.3889)

EDU 4.6619 *** 0.2714 −0.005 −0.2639 1.8149 *** 1.4490 *** −6.4311 ***
(0.8919) (0.2055) (0.1943) (0.3403) (0.6348) (0.1562) (0.8099)

NAT −0.0188 −0.1303 −0.3261 *** 3.3748 *** 0.6943 * 0.6609 *** 4.5236 ***
(0.2243) (0.1497) (0.0923) (0.2859) (0.3552) (0.0969) (0.4365)

FDI −0.3880 *** −0.4756 *** 0.0009 −0.0091 ** −0.001 0.014 0.9018 ***
(0.0666) (0.1372) (0.0025) (0.0045) (0.0078) (0.0272) (0.1755)

INV −0.0021 −0.0219 * −0.0047 ** 0.0278 *** 0.0115 * 0.0405 *** −0.0470 ***
(0.0032) (0.0133) (0.002) (0.0029) (0.0061) (0.003) (0.0171)

CONS 1.9152 *** 0.3789 ** 1.5202 *** 0.7603 *** −1.2683 3.6804 *** 3.9790 ***
(0.3238) (0.1707) (0.2236) (0.1506) (1.0085) (0.2805) (0.2917)

Standard errors in parentheses. ***, **, and * indicate a 1%, 5%, and 10% level of significance, respectively. CONS refers to constant.
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4.1.3. Time Prediction

In a highly energy-dependent economy, energy resources’ exploitation would even cause declination
in GDP in the long run [13]. To identity whether reliance on energy resources will lead to the economic
recession, this paper introduces the time prediction method. It can also provide a criterion for further
classification analysis. This paper derives the prediction model from Equation (1) based on the above
SUR estimation results. The derivation process is as follows. First, we rewrite Equation (1):

ln(Yi1) − ln(Yi0) = βi0 + βi1ln(Yi0) + βi2RDi + βi3Zi + εi (3)

ln(Yi1) = βi0 + (βi1 + 1)ln(Yi0) + βi2RDi + βi3Zi + εi (4)

where Yit represents the GDP of each province in year t. To assess the long-term effects of RD and Z on
economic growth, we assume that RD and Z are both increased by a standard deviation in the base
period. Thus, we have:

E(∆ln(Y1,i)) = βi2∆RDi + βi3∆Zi (5)

After two periods, the income gap is equal to:

E(∆ln(Y2,i)) = (βi1 + 2)(βi2∆RDi + βi3∆Zi) (6)

E(∆ln(Y2,i)/Y2,i) = exp((βi1 + 2)(βi2∆RDi + βi3∆Zi)) − 1 (7)

After three periods, we have:

E(∆ln(Y3,i)) = (1 + (βi1 + 1) + (βi1 + 1)2)(βi2∆RDi + βi3∆Zi) (8)

E(∆ln(Y3,i)/Y3,i) = exp
(
(1 + (βi1 + 1) + (βi1 + 1)2)(βi2∆RDi + βi3∆Zi)

)
− 1 (9)

Since −1 < βi1 + 1 < 1, as t approaches infinity, the first term on the right-hand side converges to:

lim
t→∞

(1 + (βi1 + 1) + (βi1 + 1)2 + . . .+ (βi1 + 1)t−1) = −1/βi1 (10)

Then we have:

E∆ln(Yi,∞) = −

(
βi2

βi1

)
∆RD−

(
βi3

βi1

)
∆Z (11)

Taking exponentials on both sides, we can calculate the change in long-term GDP percentage:

E
(

∆Yi,∞

Yi,∞

)
= exp

[
−

(
βi2

βi1

)
∆RD−

(
βi3

βi1

)
∆Z

]
− 1 (12)

−

( βi2
βi1

)
and −

( βi3
βi1

)
respectively reflect the long-term income effect caused by the change of resource

dependence and the income effect caused by the change of other explanatory variables. This model
means that, all other things being equal, if the degree of resource dependence is increased by
one standard deviation in the base period, how much change of GDP percentage will be caused.
Table 5 shows the result of the time prediction.

The result shows that if the energy resource dependence degree is increased by one standard
deviation in the base period, the economy of provinces will eventually experience negative growth.
Such provinces are Heilongjiang, Liaoning, Ningxia, Qinghai, Shaanxi, and Xinjiang.

To test the reliability of the model, this study increases the resource dependence by 0.5 standard
deviation and 2 standard deviation respectively, by controlling other conditions. The results show
that the provinces that would eventually experience negative economic growth are still Heilongjiang,
Liaoning, Ningxia, Qinghai, Shaanxi, and Xinjiang. This verifies the reliability of the model.
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Table 5. The time prediction.

∆Y/Y Guizhou Hebei Heilongjiang Inner Mongolia Yunnan Jilin Liaoning

T = 1 0.0198 0.0525 0.4084 0.0326 0.9336 22.8355 2355.8774
T = 2 0.0157 0.1140 0.0819 0.0346 1.8838 290.8977 0.9917
T = 3 0.0167 0.2044 1.0421 0.0246 1.0000 925.5098 2.42 × 1022
T =∞ + + − + + + −

∆Y/Y Ningxia Qinghai Shaanxi Shandong Shanxi Xinjiang Jiangxi

T = 1 0.9687 0.1621 0.0270 0.0626 5.4949 0.9505 0.0423
T = 2 0.9977 0.2718 0.0541 0.0826 15.3185 3.2149 0.0169
T = 3 0.9991 0.3182 0.0803 0.0626 10.2904 1.0000 0.0664
T =∞ − − − + + − +

Note: “+” represents a standard deviation increase of RD that will boost the economy in the long term. “−”
represents that the economy will suffer from recession in the long term.

4.2. Transmission Channels of the Energy Resource Curse

4.2.1. Regressions for Five Transmission Variables

In the overall regression, we believe that the inconsistency between the regression results and the
reality is due to the heterogeneity of provinces. To further explore the specific situation, this study
analyzes whether the energy resource dependence has an impact on economic development through
indirect transmission channels. The coefficient of RD in Equation (1) only reflects the direct impact of
energy resource dependence on the economic growth of provinces. The following part proceeds to
evaluate possible indirect impacts by two steps. The first step is to evaluate Equation (13) to find the
relationships between energy resources and five control variables (INV, FDI, NAT, MAN, and EDU).
For the second step, we calculate the overall impact of energy resources on economic growth by
substituting Equation (13) into (1).

Equation (13) shows the specification of the relationship between all the control variables on
RD. In this equation, Zit represents the five control variables and α1 is the impact of energy resource
dependence on Zit. Through this equation, we can investigate the indirect impact of energy resource
dependency on economic growth through five transmission channels:

Zit = αi0 + αi1RDit + εit (13)

Given the potential crowding-out effects, the coefficients of INV, EDU, MAN, and FDI in Equation (13)
are expected to be negative. In addition, a high level of nationalization usually restrains economic
growth. The energy resource dependence can raise the levels of nationalization and exacerbate
nationalization’s negative impact on economic growth. The energy resources curse can be realized
indirectly. Therefore, NAT’s coefficient in Equation (13) is also expected to be negative. Table 6 shows
the results of Equation (13).
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Table 6. Regressions for transmission channels.

Guizhou Hebei Heilongjiang Inner Mongolia Jiangxi Jilin Liaoning

Coefficients of RD

MAN −1.3333 *** −1.581 −2.5863 *** −0.5561 *** −2.5590 *** −2.8196 *** −2.8565 ***
(0.098) (1.3577) (0.1576) (0.0966) (0.7387) (0.2693) (0.4332)

INV 17.2957 *** −5.9578 −9.3884 *** 81.8762 *** 60.7413 *** 31.5536 *** −179.3170 ***
(2.5392) (11.0408) (2.4879) (4.9927) (5.0383) (4.4188) (31.5321)

NAT −0.5839 *** −0.6205 *** 3.9820 *** −1.9672 *** −10.9548 *** 6.1432 *** 5.9867 ***
(0.0741) (0.1106) (0.1314) (0.1721) (0.4127) (0.3963) (0.3462)

FDI 0.2982 1.4364 * 2.5821 *** 4.5964 *** −16.0394 *** −0.4227 * 82.9098 ***
(1.0605) (0.8262) (0.4856) (0.0857) (1.9162) (0.2233) (7.9436)

EDU −0.0187 −1.3897 *** −0.9344 *** 0.0373 −0.1428 −1.3246 *** −2.7461 ***
(0.0317) (0.0576) (0.0432) (0.0486) (0.1681) (0.1565) (0.2313)

Ningxia Qinghai Shaanxi Shandong Shanxi Xinjiang Yunnan

Coefficients of RD

MAN −0.4166 *** −1.6240 *** −1.4795 *** −7.1750 *** −0.6118 *** −0.8643 *** 1.0184 ***
(0.1152) (0.5458) (0.1523) (0.3296) (0.0675) (0.0662) (0.254)

INV −60.4498 *** −26.3971 *** −21.2090 *** 49.8928 *** 28.2422 *** −39.4177 *** 35.3213 ***
(6.8834) (2.2788) (6.7456) (4.2262) (1.3609) (1.8962) (5.4782)

NAT −0.6788 *** 3.3701 *** 1.4192 *** 1.1068 *** −0.6542 *** 1.5628 *** −1.3251 ***
(0.0614) (0.1178) (0.2634) (0.0708) (0.0361) (0.0705) (0.1522)

FDI −1.4520 *** 1.8067 *** 15.9627 ** 61.7851 *** 2.5709 5.4621 *** −1.0416 *
(0.3967) (0.0687) (7.6268) (4.2314) (3.3508) (0.3823) (0.6083)

EDU −0.1347 *** −0.4757 *** −0.1379 * −1.1306 *** 0.0503 * −0.2268 *** 0.4678 ***
(0.022) (0.0462) (0.0788) (0.0475) (0.0265) (0.0271) (0.0544)

Standard errors in parentheses. ***, **, and * indicate a 1%, 5%, and 10% level of significance, respectively.
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The above results show that RD does have a certain impact on all five variables, but the levels of
significance are various in different provinces. To explain the regression results in detail, this study
takes these five-channel variables as benchmarks for analysis.

When considering the impact of RD on MAN, the coefficients of RD in most provinces are
significantly positive. Specifically, the coefficient of RD in Hebei province is the only one which is not
significant, while the coefficient of RD in other provinces is significant and negative. Among those
being significant, only RD’s coefficient of Yunnan province is positive. This confirms the previous
hypothesis that energy resource dependence would have a crowding-out effect on the manufacturing
industry. This effect is quite common in energy resource-abundant provinces in China. It is probably
because the relatively heavy investment of the exploitation industry limits the input of other industries,
and such transfer of capital and labor between industries weakens the manufacturing and related
technical service industries. Since those industries are the cradle of technological innovation and
entrepreneurial growth in industrialization, their decline inevitably causes a fatal blow to economic
growth [73]. Thus, dependence on energy resources can trigger the resource curse by inhibiting the
development of manufacturing, which often hinders economic development, eventually.

When considering the impact of RD on INV, the coefficient of RD in most provinces is significant,
but the signs of the coefficients blur. INV is quite similar to MAN in terms of significance, except that
the coefficient of RD in Hebei province is not significant. Among the 14 significant coefficients, 6 of
them are negative and the other 8 are positive. This shows that variable RD has different impacts on
INV in different provinces. Dependency on energy resources theoretically has a crowding-out effect
on investment, but the abundance of energy resources can also attract investment. The interaction
between the two forces in opposite directions would produce different results in various provinces.

For the 6 provinces with negative coefficients of RD, energy resource dependency has a crowding-
out effect on investment. The availability of abundant energy resources provides a stable source of
energy resource income and reduces the economy’s dependence on manufacturing capital and demand
for investment. Moreover, energy resources have a higher elasticity of demand and lower elasticity of
supply, which means that they can be easily replaced. Their high price volatility increases investment
risk and deters domestic and international private investors.

The coefficients of RD for NAT in all observed provinces are significant, but the signs of the
coefficients are not uniform. This means a close relationship between energy resources and the
state-owned economy. In China, governments usually allocate energy resources and favor state-owned
enterprises. Compared with private enterprises, state-owned enterprises tend to have advantages
in competing for the rights of energy resource exploitation [74]. However, the results show that the
coefficient of RD is significantly positive in 7 provinces and significantly negative in the other 7 provinces.
Those negative coefficients are due to these provinces having many state-owned exploitation enterprises
in areas where energy resources are exhausted. These state-owned enterprises having limited energy
resources for exploitation and have to dismiss large numbers of employees. This would seriously
cripple the economic growth [10,75].

In terms of the volume of FDI, the coefficient of RD in all provinces except Guizhou and
Shanxi is significant, but the signs of the coefficients blur. Those negative coefficients show that the
energy exploitation industries in Guizhou and Shanxi provinces do exclude foreign direct investment.
Among the 12 provinces with significant coefficients, the RD’s coefficients of 4 provinces are significantly
negative. According to the Negative List of China’s Access to Foreign Investment 2018, those negative
coefficients are due to the state’s vigilance and restrictions on foreign capital in the exploitation industry.
By contrast, the coefficients of RD in the other 8 provinces are significantly positive. It indicates that
the energy exploitation industries in these provinces attract foreign direct investment.

In terms of the influence of RD on EDU, the EDU’s coefficients of 9 provinces are significant,
and the signs of them are all negative, except that of Yunnan. The negative coefficients indicate that
energy resource dependency has a common crowding-out effect on talents [76,77]. Sachs and Warner
suggest that dependence on energy resources would generate overconfidence because coming to be
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rich easily leads to laziness [19]. Primary industries such as energy exploitation do not need a very
well-educated labor force. Hence, the government has little incentive to strengthen education.

4.2.2. Classification Analysis

As stated above, energy resource abundance explains variation in different transmission channel
variables. To evaluate the direct and indirect impact of energy resources on economic growth, we substitute
Equation (13) into (1) and obtain Equation (14):

git = (βi0 + αi0βi3) + βi1ln(gdpi,t−1) + (βi2 + αi1βi3)RDit + βi3εit + εit (14)

where βi2RDit is the direct impact of RD on economic growth, αi1βi3RDit represents the indirect impact
of RD on economic growth through transmission channels, and (βi2 + αi1βi3)RDit measures the overall
impact of energy resources on economic growth.

By assessing the effects of each channel variable in the observed provinces on economic growth,
we could measure the overall effects of energy resources on economic development in each province.
Table 7 includes the results.

Table 7. The relative importance of transmission channels.

Province Transmission Channel α1 β3 α1β3 + β2 Relative Contribution

Guizhou RD 1.1946 100.00%
TOTAL 1.1946 100.00%

Hebei ** RD −0.1778 −34.50%
MAN −1.5810 0.0670 −0.1059 −20.55%
NAT −0.6205 0.2948 −0.1829 −35.50%
FDI 1.4364 0.0339 0.0487 9.45%

TOTAL −0.4180 100.00%
Heilongjiang *** RD −2.5627 −19.97%

MAN −2.5863 −1.5791 4.0840 31.82%
EDU −0.9344 −0.6885 0.6433 5.01%
NAT 3.9820 1.3058 5.1997 40.51%
INV −9.3884 0.0368 −0.3455 −2.69%

TOTAL 7.0189 100.00%
Inner Mongolia FDI 4.5964 0.2695 1.2387 64.85%

INV 81.8762 0.0082 0.6714 35.15%
TOTAL 1.9101 100.00%

Jiangxi * RD 9.9568 37.70%
NAT −10.9548 0.9188 −10.0653 −38.11%
FDI −16.0394 0.3983 −6.3885 −24.19%

TOTAL −6.4970 100.00%
Jilin * MAN −2.8196 −1.0779 3.0392 25.19%

EDU −1.3246 2.9109 −3.8558 −31.95%
NAT 6.1432 0.6607 4.0588 33.63%
INV 31.5536 0.0353 1.1138 9.23%

TOTAL 4.3561 100.00%
Liaoning *** RD 1.6168 12.63%

MAN −2.8565 0.5017 −1.4331 −11.19%
EDU −2.7461 −2.3315 6.4025 50.00%
INV −179.3170 0.0187 −3.3532 −26.19%

TOTAL 3.2330 100.00%
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Table 7. Cont.

Province Transmission Channel α1 β3 β2 + α1β3 Relative Contribution

Ningxia *** MAN −0.4166 −2.2052 0.9187 43.54%
EDU −0.1347 4.6619 −0.6280 −29.76%
FDI −1.4520 −0.3880 0.5634 26.70%

TOTAL 0.8541 100.00%
Qinghai *** RD 1.5658 45.36%

MAN −1.6240 −0.2765 0.4490 13.01%
FDI 1.8067 −0.4756 −0.8593 −24.89%
INV −26.3971 −0.0219 0.5781 16.75%

TOTAL 1.7337 100.00%
Shaanxi *** RD −1.1960 −29.03%

MAN −1.4795 −1.5960 2.3613 57.32%
NAT 1.4192 −0.3261 −0.4628 −11.23%
INV −21.2090 −0.0047 0.0997 2.42%

TOTAL 0.8022 100.00%
Shandong * MAN −7.1750 −0.3371 2.4187 29.85%

NAT 1.1068 3.3748 3.7352 46.10%
FDI 61.7851 −0.0091 −0.5622 −6.94%
INV 49.8928 0.0278 1.3870 17.12%

TOTAL 6.9787 100.00%
Shanxi * RD 1.9737 48.40%

MAN −0.6118 2.0167 −1.2338 −30.26%
EDU 0.0503 1.8149 0.0913 2.24%
NAT −0.6542 0.6943 −0.4542 −11.14%
INV 28.2422 0.0115 0.3248 7.96%

TOTAL 0.7017 100.00%
Xinjiang *** RD 2.6450 62.56%

EDU −0.2268 1.4490 −0.3286 −7.77%
NAT 1.5628 0.6609 1.0329 24.43%
INV 5.4621 0.0405 0.2212 5.23%

TOTAL 3.5704 100.00%
Yunnan * RD 8.7009 36.22%

MAN 1.0184 −3.6497 −3.7169 −15.47%
EDU 0.4678 −6.4311 −3.0085 −12.52%
NAT −1.3251 4.5236 −5.9942 −24.96%
FDI −1.0416 0.9018 −0.9393 −3.91%
INV 35.3213 −0.0470 −1.6601 −6.91%

TOTAL −6.6181 100.00%

Note: *** represents a reduction in the predicted Y. ** represents the situation where the coefficient of RD and the
indicator TOTAL are negative, and the majority of coefficients of channel variables are negative. * represents the
case where the coefficient of RD is positive, some coefficients of channel variables are negative, and the value of the
indicator TOTAL is uncertain. The absence of * indicates that the province is in the energy resource blessing period.

According to the outcome in Tables 5 and 7, four groups can be defined. Group one, named as
level-three energy resource curse, means the provinces in which increasing RD by one standard
deviation would lead to the declination of GDP in the long term. Although the GDP of the remaining
provinces would grow after increasing RD by one standard deviation, most of them are negatively
affected by energy resource dependence. Given this, it is necessary to classify the rest of the provinces.

Group two are provinces whose coefficients of RD are significantly negative. It indicates that the
effects of energy resources on the economy through transmission channels are negative, and values
of TOTAL are negative. This is a level-two resource curse. Group three represents provinces whose
coefficients of RD are positive or not significant but the effects of resource dependence on some
transmission channels are negative. They fall under the level-one resource course. Group four
includes provinces whose coefficients of RD are positive and significant, indicating that they are under
“resource blessing”.

There is a serious resource curse in the provinces that belong to the level-three and the level-two
resource curse. The provinces of the level-three resource curse are Heilongjiang, Liaoning, Ningxia,
Qinghai, Shaanxi, and Xinjiang. If these provinces increase resource dependences by one standard
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deviation, their high dependences on energy resources would lead to an economic recession in the
future. Hebei belongs to the category of the level-two resource curse. Table 7 shows that energy
resources have a significant direct and indirect negative impact on the economy in Hebei province.
Among the indirect channels, 56.05% is the negative effect of energy resources through the two
significant channels, MAN and NAT. By contrast, energy resources only contribute 9.45% to economic
growth through FDI.

The level-one energy resource curse represents an “invisible energy resource curse”, or minor
resource curse. In this case, energy resources directly promote but indirectly hinder economic
growth. Jiangxi, Jilin, Shandong, Shanxi, and Yunnan are the provinces that fall under the level-one
resource curse.

Group four represents energy resource blessing. Provinces in group four are Guizhou and Inner
Mongolia. In Guizhou, energy resources have a direct positive impact on economic growth and the
coefficients of transmission channel variables are insignificant. In Inner Mongolia, although there is no
evidence that energy resources have a significant impact on economic growth, they have an indirect
positive impact on the economy through FDI and INV. Inner Mongolia is China’s most important
producer of rare earth. China dominates the global production of rare earth, accounting for more than
95% of the global supply before 2006 [78]. Due to the implementation of the registration and licensing
system for the exploration and mining of rare earth mines in China [79], rent-seeking behavior is likely
to occur, which may generate the resource curse. However, the state has taken a series of measures
to restrict the mining and trade of rare earth (Interim Provisions on the Administration of Foreign
Investment in Rare Earth Industry, 2002; Several Opinions of the State Council on Promoting the
Sustainable and Healthy Development of the Rare Earth Industry, 2011). They alleviate the resource
curse of rare earth to some extent. Inner Mongolia has a vast territory and abundant resources and
there is resource blessing in Inner Mongolia in general. Table 8 lists the levels of energy resource curse
and provinces are classified accordingly.

Table 8. Energy resource curse level and corresponding provinces.

Level of the Energy
Resource Curse Characteristics Provinces

The level-three energy
resource curse

Increasing RD by one standard
deviation would lead to the

declination of GDP in the long term

Heilongjiang, Liaoning,
Ningxia, Qinghai, Shaanxi,

and Xinjiang

The level-two energy
resource curse

The effects of energy resources on the
economy through transmission

channels are negative, and values of
TOTAL are negative

Hebei

The level-one energy
resource curse

Energy resources directly promote but
indirectly hinder economic growth

Jiangxi, Jilin, Shandong,
Shanxi, and Yunnan

“Energy resource blessing” Energy resources have a positive
impact on economic growth Guizhou and Inner Mongolia

The four groups cover China’s resource curse situations. When a province first discovers abundant
local energy resources, related industries would develop rapidly and thus accelerate economic
growth. It is a so-called resource blessing. When the economic development reaches a cut-off

point, the dependence on energy resources starts to have a negative indirect impact on the economy.
This is consistent with the characteristics of the level-one resource curse. When dependence on
energy resources becomes more severe, it would directly and indirectly hinder economic growth.
It is consistent with the characteristics of the level-two resource curse. At its worst, a higher degree of
reliance on energy resources in the future could lead to an economic recession. This situation is in line
with the characteristics of the level-three resource curse.



Energies 2020, 13, 4383 19 of 25

4.2.3. Analysis of Invisible Energy Resource Curse

Since the level-one energy resource curse is regarded as an “invisible energy resource curse”, it is
necessary to investigate the mechanism of the energy resource curse in these provinces.

In Jiangxi, the development of the state-owned economy and the introduction of foreign direct
investment act as stimulators to economic development. However, the dependence on energy resources
slows them both down. That is how the resource curse comes into existence.

For Jilin, the manufacturing industry with a simple structure is not conducive to economic
development. Education, state-owned economy, and social fixed asset investment are beneficial to
the economy. The energy resource dependence of Jilin province has a crowding-out effect on the
manufacturing industry and high-quality labor force. While promoting state-owned economy and
social fixed asset investment, these two opposing forces cancel each other out and the final result is
that energy resource dependency is beneficial for economic growth.

In Shandong province, the dependence on energy resources has a crowding-out effect on the
low-end manufacturing industry, and it also promotes the growth of the state-owned economy, foreign
direct investment, and social fixed asset investment. Therefore, Shandong’s energy resources and
resource exploitations bring about economic growth. The booming energy industry plays a key role in
transforming the Shandong economy from agriculture to modern industry. It allows Shandong to take
full advantage of its abundant energy resources [80].

Shanxi’s dependence on energy resources has a crowding-out effect on the manufacturing industry.
It is also detrimental to the development of the state-owned economy, and because the manufacturing
industry and the state-owned economy seem to affect economic growth positively, the overall impact
on economic growth is negative. This indicates that the strategy of Central China Development had a
limited impact on the development of the coal resource economy in Shanxi Province. It needs more
time to exert a substantive impact on the economy. For example, Shanxi Province implemented the
coal resource integration strategy in 2008. It reduces the coal resource use intensity, which might affect
the local economy in the short term but would inevitably improve the efficiency of utilization of coal
resources in the long term and bring about economic growth. Therefore, we believe that the Shanxi
economy could eventually break the “energy resource curse”. In addition, there is an increasingly
positive influence of institutional variables on the economic development of Shanxi Province, as can be
seen from the results.

For Yunnan province, manufacturing, education level, and investment have negative effects on
economic development. State-owned economy and foreign direct investment would promote economic
growth. Yunnan’s dependence on energy resources could crowd out foreign direct investment and the
development of the state-owned economy. Therefore, the development of Yunnan’s resource industry
would hinder economic growth through indirect negative effects.

4.3. Energy Types and Resource Curse

Among the many types of natural energy resources, coal, crude oil, and natural gas occupy an
important position. To investigate whether different types of energy have different effects on the level
of the resource curse, this paper researches the above three types of energy, respectively. According
to China’s Industrial Classification for National Economic Activities (1994, 2002, 2011), the mining
industry is subdivided into multiple industries, such as coal mining and washing, and oil and natural
gas mining. Oil mining and natural gas mining belong to the same industry. This paper defines
RD1it as the proportion of fixed asset investment in the coal mining and washing industry in the total
fixed-asset investment, and we define RD2it as the proportion of fixed asset investment in oil and
natural gas mining in the total fixed-asset investment. These two variables represent the dependence
on coal resources and the dependence on oil and natural gas resources, respectively. This paper
replaces RDit with RD1it and RD2it, and substitutes them respectively into Equations (1)–(14) to obtain
the resource curse level of each province. Table 9 shows the results.
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Table 9. Energy resource curse level of different resource types.

Provinces Resource
Levels of Coal

Curse Transmission
Channels of Coal

Resource Levels of
Crude Oil and

Natural Gas

Curse Transmission
Channels of Oil and

Natural Gas

Guizhou “Blessing” / Level-three Direct, MAN, NAT

Hebei ** “Blessing” / “Blessing” /

Heilongjiang *** Level-two direct Level-three INV

Inner Mongolia “Blessing” / Level-one MAN

Jiangxi * Level-three MAN, FDI, INV Level-one MAN, NAT

Jilin * Level-one NAT Level-three INV

Liaoning *** Level-three MAN, INV Level-three MAN, INV

Ningxia *** Level-three EDU Level-three MAN, FDI

Qinghai *** Level-one MAN, FDI “Blessing” /

Shaanxi *** Level-two direct, EDU Level-three NAT, INV

Shandong * Level-one FDI “Blessing” /

Shanxi * Level-one MAN, NAT Level-one MAN

Xinjiang *** Level-one MAN, NAT, FDI Level-three MAN, EDU, INV

Yunnan * Level-one MAN, EDU, NAT, FDI Level-one Direct, MAN

Note: *** represents a reduction in the predicted Y. ** represents the situation where the coefficient of RD and the
indicator TOTAL are negative, and the majority of coefficients of channel variables are negative. * represents the
case where the coefficient of RD is positive, some coefficients of channel variables are negative, and the value of the
indicator TOTAL is uncertain. The absence of * indicates that the province is in the energy resource blessing period.

Heilongjiang, Liaoning, Ningxia, Shaanxi, and Xinjiang, which are under the level-three resource
curse, still experience severe coal or oil–gas resource curses (level two or three). Surprisingly, Qinghai,
which suffers from the level-three resource curse, has a coal resource curse of level-one, and oil–gas
resource blessing. Similarly, Hebei, which experiences the level-two resource curse, is under coal
resource blessing and oil–gas blessing. The natural resource structure of the two provinces can explain
this phenomenon. Qinghai has a vast territory and rich types of mineral resources. By the end of 2016,
127 minerals had been discovered, of which, 55 mineral reserves were among the top 10 reserves in
China. Hebei has 59 kinds of mineral reserves in the top 10 in China. However, coal reserve in Hebei
only ranks 12 in China, and the ranks of crude oil and natural gas reserve are even lower. Therefore,
the resource curse of Qinghai and Hebei Province may be due to other mineral resources. It is also
worth noting that Guizhou Province, which is under resource blessing, has a level-three curse on
oil–gas resources. Guizhou’s oil and gas exploitation only accounts for a small part of its resource
exploitation. From 2001 to 2016, the average RD2it in Guizhou was only 0.5%, while the average
RDit reached 6.4%. Therefore, although Guizhou has a level-three oil-gas resource curse, in general,
Guizhou is still in the stage of resource blessing.

From the perspective of transmission channels, we have noticed that among the 11 provinces
cursed by coal resources, 6 are related to MAN, and among the 11 provinces cursed by oil–gas resources,
8 are related to MAN. It indicates that Dutch disease is a major feature of the resource curse.

5. Conclusions and Policy Implications

The present study investigated 14 resource-abundant provinces and conducted panel regressions
of the provinces’ energy resource dependency over the period from 2001 to 2016 to test the resource
curse hypothesis. It identified the relationships between their transmission channels and economic
growth. Then, it used SUR technology to make a regression analysis for each province and make
short-term and long-term predictions based on the time prediction model. It further analyzed the
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transmission channels of each province and classified them to explain the diversity of the energy
resource curse.

Regarding the energy-abundant provinces as a whole, there is no resource curse in these regions.
However, this is contrary to reality. Therefore, we analyzed the provinces respectively. This study
showed that the energy resource curse is mainly realized through five indirect channels, including
manufacturing, education level, nationalization, foreign direct investment, and social fixed asset
investment. In different provinces, energy resource dependence affects the economy through different
indirect channels. According to the outcome of time prediction, it finds that if the degree of energy
resource dependence of some provinces increases by one standard deviation, the dependence on energy
resources would lead to the economic recession.

Based on the analysis results of the provinces, this paper classified all the provinces into 4 groups
according to our criterion. Among the 14 provinces, only 2 of them (Guizhou and Inner Mongolia)
experience the energy resource blessing, 6 of them (Heilongjiang, Liaoning, Ningxia, Qinghai, Shanxi,
and Xinjiang) experience the level-three energy resource curse, 1 of them (Hebei) has the level-two
energy resource curse, and 5 of them (Jiangxi, Jilin, Shandong, Shaanxi, and Yunnan) fall under the
level-one energy resource curse.

For the provinces under the level-there energy resource curse or the level-two energy resource
curse, our policy prescription is to change the local industrial structure to reduce their dependence on
energy resources. For provinces blessed with energy resources, it is essential to utilize local energy
resources and develop the energy resource industry to promote economic development. At the same
time, the leading industry should still be attached with importance to prevent excessive dependence
on energy resources.

For provinces with a level-one resource curse, this paper provided a policy prescription that
the government should understand the economic impact of local energy resource industries and
limit the use of local energy resources. There is a diversity of indirect transmission mechanisms and
regional heterogeneity in the provinces. Hence, governments should fully investigate the impact of
energy resource industries on the local economy, especially the roles of indirect transmission channels.
Governments’ goal should be reducing dependence on energy resources through transforming
industrial structure. In this case, it is necessary to invest in human capital and develop high-grade
industries to completely avoid the “invisible energy resource curse”. Governments can also reform the
property system and build a more competitive energy market.

This paper proposed specific measures to alleviate the resource curse for different mechanisms.
First, optimizing the business environment to attract investment. Due to the state’s absolute control
over the mineral resources industry, the resource industry is prone to rent-seeking and corruption
problems [1]. It results in a poor rule of law and government environment, which is not conducive to
attracting capital inflows. Optimizing the business environment allows companies to devote more
resources to productivity instead of rent-seeking activities that generate excess profits [81]. Such a
legally regulated and transparent regulatory environment is conducive to attracting foreign investment,
thereby offsetting the negative impact of resource dependence.

Second, attaching importance to the role of human capital. The crowding-out effect of resource
dependence on talents requires us to increase education investment, attract and retain high-quality
talents, and promote the accumulation of human capital.

Third, encouraging industrial upgrading and diversification. A good example is the creation
of energy clusters based on mining companies. First of all, mining enterprise clusters can transform
the comparative advantage based on resource endowment into a competitive advantage based on
regional innovation capability. It greatly accelerates the technological innovation of enterprises in
the cluster. This is because the cluster of mineral resource-based enterprises provides support for
all stages of innovation of enterprises and makes the diffusion of technological innovation products
more rapid [82–84]. Technological innovation increases the attraction to talents, and the inflow of
talents further promotes technological innovation, thus alleviating the crowding-out effect of resource
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dependence on education and talents. Secondly, mining clusters promote the formation of a complete
industrial chain, including upstream equipment manufacturing, downstream chemical, mineral
processing, and other industries. It can reduce the crowding-out effect on manufacturing.

Finally, effective environmental regulation. An effective measure is the regulation of greenhouse
gas emissions. Studies show that an industrial structure weighted towards heavy industry leads to
China’s large carbon emissions [85–87]. The transformation of industrial structure, especially the
upgrading of the manufacturing industry, improves the efficiency of economic growth and reduces
carbon emissions [88–90]. Therefore, the need to reduce greenhouse gas emissions will force the
transformation and upgrading of the manufacturing structure, thus alleviating the Dutch disease.
Table 9 shows that manufacturing is a major channel of the resource curse, so it can lower the level of
the resource curse in most provinces.
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