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Curse or blessing: how does natural resource
dependence affect city-level economic
development in China?*

Xuan Xie®, Ke Li, Zhigiang Liu and Hongshan Ai®’

Based on the ‘resource curse’ theory, this study uses panel data for 256 prefecture-level
cities in China from 2003 to 2016 to test the relationship and mechanism between
natural resource dependence and economic development. The panel model and
instrumental variable regression results show that natural resources generally promote
economic development, but for 109 resource-based cities, the influence of natural
resources on economic development seems quite different. The panel threshold model
shows that in the resource-based cities, (i) resources have a ‘blessing effect’ on
economic development during economic prosperity (GDP growth rate is greater than
12.1 per cent); (ii) the relationship is not statistically significant when the GDP growth
rate is between 5 per cent and 12.1 per cent; and (iii) when the GDP growth rate is
lower than 5 per cent, natural resources have a ‘curse effect’” on economic
development. Furthermore, the results of the mediation effect model show that the
mediation effect of industrial diversification on the relationship between resource
dependence and economic development suppresses the promotion of natural resource
on economy. An excessive concentration of resource industries has a crowding-out
effect on non-resource industries in resource-based cities, which reduces the level of
industrial diversification and is not conducive to economic development.

Key words: mediation effect, natural resource dependence, resource curse, threshold
panel model.

1. Introduction

Early economic theories highlight the positive effects of natural resources on
economic growth (Murphy and Cummins 1989; Wright 1990). However,
since the middle and later periods of the 20th century, countries and
territories such as Japan, Taiwan, Singapore and Hong Kong have
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experienced rapid economic growth despite their scarcity of resources; by
contrast, economies with abundant resources such as Iran, Venezuela, Libya,
Iraq and Kuwait have been declining. This has forced economists to re-
examine the role of natural resources in the long-term economic growth
process. Auty and Warhurst (1993) observed that countries with abundant
natural resources grew more slowly than countries with relatively poor
natural resources, and therefore proposed the ‘resource curse’ hypothesis.
The conclusions in the literature on whether natural resources are a ‘curse’ or
a ‘blessing’ to economic growth are inconsistent. Generally, the relevant
research can be divided into three perspectives: natural resources are a
‘blessing” (Boyce and Emery 2011; Weber 2014; Smith 2015); natural
resources are a ‘curse’ (Moradbeigi and Law 2016; Badeeb and Lean 2017;
Kim and Lin 2017; Song et al. 2018); or resources are a ‘conditional curse’
(Corden and Neary 1982; Kim and Knaap 2001; Mehlum ez al. 2006;
Mehrara 2009; Shao and Yang 2014) to economic growth.

Obviously, natural resources themselves do not have a ‘curse’ effect on
human development. In order to unpack the black box of the ‘curse effect’ of
natural resources, researchers have investigated the causes and transmission
mechanisms of this phenomenon. Many scholars have revealed the reasons
for the ‘resource curse’ from related research into the ‘Dutch disease’. Corden
and Neary (1982) analysed the development of the coastal areas of the
Netherlands, showing that the large-scale excavations and exports of gas
fields led to a significant increase in the exchange rate, which in turn led to a
significant increase in imported products and ultimately caused a sharp
decline in the productivity of the manufacturing sector of the country and,
consequently, an unbalanced market economy. This reduced the ability of the
region to sustain economic development. This type of phenomenon is
therefore referred to as the ‘Dutch disease’ by scholars. Since then, Frankel
(2012), Beine et al. (2012) and Pegg (2010) have further verified these
mechanisms from different perspectives. The second economic channel
through which the resource curse may operate is the volatile nature of
natural resource prices in global markets. Economists have suggested that
this volatility reduces economic growth, quite apart from trends in
commodity prices (Davis and Tilton, 2005; Frankel, 2012).

In addition, government-related policy mechanisms play a crucial role in
determining whether natural resources can effectively promote regional
economic growth. If natural resources do not have clear property rights, it is
casy for the government to find a stable and reliable source of income, the so-
called rent-seeking phenomenon, which leads to a waste of resources.
Therefore, some scholars have explained the ‘resource curse’ from the
perspective of institutional quality and rent-seeking. The main representative
scholars are Van der Ploeg (2011) and Deacon (2011). People seek political
rents when they try to obtain benefits for themselves through their political
influence. Many economists, such as Halvor et al. (2006), Iimi (2007), Deacon
and Rode (2012), argue that in some countries, the windfall of resource
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revenues increases the power of elites, who have the capacity to widen income
inequalities.

Besides, scholars believe that the financial development is an efficient way
for natural resources to influence economic growth (Pradhan et al. 2016;
Nawaz et al., 2019). Specifically, Zaidi et al. (2019) adopted the continuously
updated fully modified ordinary least-squares (Cup-FMOLS) method to
study the relationship among natural resources, financial development and
economic growth. Khan ez al. (2020) used panel cointegration techniques to
test the ‘resource curse’ hypothesis in the case of China for the period of
1987-2017 and found that natural resource abundance is negatively linked
with financial development in China.

To a large extent, areas with richer natural resources will allocate more
labour into the resource industry sector. In the long run, the government and
the people will have the illusion that there is a market demand only for labour
with basic technical skills, thus ignoring regional educational development
and the improvement of science and technology, which will have a seriously
negative impact on the sustainable development of the economy in this
region; consequently, it has a ‘crowding-out effect’. Gylfason (2001) and
Walker (2013) believe that a huge endowment of natural resources leads to
overconfidence and the illusion of economic security, which will reduce the
enthusiasm of local residents to invest in education and will lead to
insufficient investment in human capital.

In addressing the ‘resource curse’, scholars have mainly discussed it from
the perspective of industrial diversification, but the conclusions are not
consistent. Dissart (2003) points out that if a region’s economy aims to
achieve steady growth, the basis is to have a relatively sound industrial
structure. Hanson (2001) believes that the speed of economic development
depends on the level of industrial diversification in this region. In contrast,
Gao (2004) concluded that diversified industries did not have any impact on
economic growth.

As for China, its economy has developed rapidly since the reform and
opening-up in 1978. However, the country also has a large population and its
per capita resources are scarce. In addition, the distribution of resources in
various regions of China is not related to their economic development level.
The uneven distribution of primary energy production is the most prominent
example. Specifically, the eastern region in China is scarce in natural
resources, while the western region enjoys an abundance. According to the
China Energy Statistical Yearbook, in 2016, primary energy production in
the eastern, central, north-eastern and western regions of China was 330, 860,
180 and 1800 million tons of coal equivalent, respectively, of which the total
output in the western region accounted for 56.9 per cent; with more than half
of the country’s output, it has the highest concentration of primary energy
distribution. In terms of primary energy production, coal, crude oil, natural
gas, electricity and others produced in the western region accounted for 57.1
per cent, 35.2 per cent, 90.8 per cent and 54.9 per cent of the corresponding
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national totals, respectively; the corresponding proportions in the eastern
region were 6.6 per cent, 37.7 per cent, 2.3 per cent and 30.0 per cent.
However, comparing the economic development measured by GDP per
capita, we found that the average per capita GDP of the eastern region and
western region is 84,000 Yuan and 44,000 Yuan, respectively. Whether there
is a ‘resource curse’ problem in the western regions of China is an issue
scholars have studied from different aspects (Fang et al. 2011; Shao et al.
2013; Li and Xu 2018). However, at the city level, do all cities in China face
the same resource curse? Are there different effects of natural resources on
economic development at various stages of economic cycle? Is the strategy for
developing diversified industries proposed by existing research effective in
resolving the ‘resource curse’ at the city-level in China? Existing research does
not lead to clear conclusions on the above issues.

This paper makes three main contributions to the literature. First,
compared with previous studies, the city classification of this paper is more
accurate and the results are relatively more scientific. We take 256 prefecture-
level cities in China as the sample and divide them into 109 resource-based
cities (RBCs) and 147 non-resource-based cities (NRBCs) based on the
National Sustainable Development Plan for Resource-based Cities
(2013-2020) issued by the State Council of China; then, the relationship
between natural resource dependence and economic development is analysed
using panel data from 2003 to 2016. The results show that, in general,
dependence on natural resources has a positive effect on the development of
urban economies. However, for resource-based cities, this positive effect of
natural resources has been largely suppressed.

The second contribution of this paper is that we verify the existence of the
threshold effect between natural resource dependence and economic devel-
opment. Specifically, we discuss the effects of natural resource dependence on
economic development under different economic growth rates. The results
reveal that natural resources can be observed as having a ‘blessing effect’ or
‘curse effect” according to different GDP growth rates in the previous period.
Particularly, when the economy is at a low-speed growth stage (growth rate
less than 5 per cent for resource-based cities), natural resource dependence
has a ‘curse effect’.

Finally, this paper uses the mediation effect model to analyse the effect of
industrial diversification on the relationship between resource dependence
and economic development, and find that in the resource-based cities, the
indirect effect of industrial diversification is manifested as a suppression
effect. This is because abundant natural resources lead to excessive concen-
tration of resource industries, which has a crowding-out effect on non-
resource industries, thereby reducing industrial diversity and going against
economic development. This is the third contribution of this article.

The structure of this study is as follows. The second part is mainly
concerned with the study object and variable selection; the third part provides
the basic regression results and some robustness checks; the fourth part tests
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How does natural resource affect economic growth? 417

the economic cycle effect between natural resource dependence and economic
development; the fifth part tests the mediation effect of industrial diversifi-
cation; and finally, the sixth part provides the conclusion and countermea-
sures.

2. Study objects, variable selection and data sources

2.1 Study objects

According to the National Sustainable Development Plan for Resource-based
Cities (2013-2020) issued by the State Council of China, resource-based cities
are distributed across 24 provinces in China, including 110 prefecture-level
resource-based urban administrative regions. Figure 1 shows the distribution

Resource-based Cities

0

0 110 220 440 660 880
Miles

Figure 1 The distribution of resource-based cities.
Note: 1 represents RBCs, and 0 represents NRBCs. [Colour figure can be viewed at wileyonline
library.com]
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Table 1 Number of RBCs in each province

Province Number Province Number Province Number Province Number Province Number
Hebei 5 Shanxi 10 Neimenggu 5 Liaoning 6 Jilin 3
Jiangsu 2 Zhejiang 1 Heilongjiang 5 Anhui 9 Jiangxi 5
Shandong 7 Henan 7 Hubei 2 Hunan 4 Guangdong 2
Guangxi 3 Guizhou 3 Yunnan 5 Shaanxi 6 Gansu 7
Ningxia 1 Xinjiang 1 Fujian 3 Sichuan 8

of 110 prefecture-level resource-based cities across the country; Table 1
shows the number of the resource-based cities in each province. It can be seen
from Table 1 that 60 of the 110 resource-based cities are distributed in the
central region, accounting for 54.5 per cent; 31 are distributed in the western
region, accounting for 28.2 per cent; and 14 and 29 are distributed in the
eastern and north-eastern regions, respectively, accounting for 12.7 per cent
and 17.3 per cent of all resource-based cities.

To explore the relationship between natural resource dependence and
economic development in prefecture-level cities in China, this study divides
cities into resource-based cities (RBCs) and non-resource-based cities
(NRBCs). Specifically, there are 109 resource-based prefecture-level cities
(excluding Bijie due to missing data). For NRBCs, we select 147 prefecture-
level cities with complete data. Therefore, the paper selects 256 prefecture-
level cities” data as the research object, to analyse the relationship between
natural resource dependence and economic development.

2.2 Variable description

2.2.1 Natural resource dependence
The purpose of this paper was to explore the role of regional natural resource
dependence on economic development and its transmission mechanism.
Therefore, natural resource dependence is the core explanatory variable.

There are many indicators that can be used to measure natural resource
dependence. Ding et al. (2007) used the ratio of workers’ income in mining
industries to the total income of regional employees; and Shao and Qi (2008)
adopted the ratio of the output value of the energy industry to the total
industrial output value. These indicators are closely related to GDP. If the
GDP of urban areas grows at a faster rate, then this growth can easily be
considered to be related to the lack of natural resources. At the same time,
when we use variables related to GDP, such as GDP per capita and GDP
growth rate as explanatory variables, it is easy to frame problems as being
‘endogenous’ and to conclude that there is a ‘resource curse’.

Therefore, we use the ratio of the number of employees in the mining
industry to the number of people in the local population to measure natural
resource dependence. The mining industry contains many subsectors in the
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How does natural resource affect economic growth? 419

resource industry, which are closely related to natural resources. It can
relatively comprehensively cover many factors involved in natural resource
development and to a certain extent can reflect the existing state of the
resource. Since the total population of each urban area is generally stable, the
variable denominator we selected is the total size of the local population,
which can to a certain extent avoid possible endogeneity problems. The data
come from the China City Statistical Yearbook.

2.2.2 The variable of economic development

This paper measures economic development by real GDP per capita
(expressed as PGDP). The average annual growth rate of PGDP in
2003-2016 is adopted to measure the degree of regional economic growth;
its calculation formula is %lnﬁgg;};;zo'j. The data come from the China Urban
Statistical Yearbook.

Figure 2 shows the relationship between resource dependence and
economic growth. The black line represents the linear fit of all samples,
while the red line is the linear fit after removing the city with the highest
resource dependence (the resource dependency of Karamay City in Xinjiang
Province is 17.65 per cent). It can be seen from the figure that the natural
resource dependence of non-resource cities is basically between 0 per cent and
1 per cent, and most cities with relatively high natural resource dependence
are RBCs, indicating that RBCs are more inclined to develop resource-based
industries and thus have a relatively high natural resource dependence. In
addition, Figure 2 clearly shows that there is a significant negative relation-
ship between resource dependence and the growth rate of real GDP per
capita, which means that in 2003-2016, the economic growth rate of regions

15 20
1 1

Economic growth (%)
10
1

Karamay City *

0 5 10 15 20
Resource dependence (%)

Figure 2 The relationship between resource dependence and economic growth. Note: The

black points represent NRBCs, and the blue points represent RBCs. [Colour figure can be
viewed at wileyonlinelibrary.com]
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with high resource dependence is lower than that of low resource dependence
areas.

2.2.3 Control variables

In addition to the above-mentioned core variables affecting economic
development, the existing literature provides examples of seven variables
closely related to the ‘resource curse’, mentioned below as control variables.
In order to explore other transmission mechanism variables of the resource
curse, this paper mainly considers the impact of industrial diversification on
economic development. The relevant data sources for the following control
variables are the China City Statistical Yearbook.

Industrial diversification index (IDV). Browning and Singelmann (1975)
summarise the subsectors in the China City Statistical Yearbook into six
categories: primary industry, secondary industry, liquidity service industry,
social service industry, production service industry and consumer service
industry. Based on these six industrial categories, the Hirschman —Herfindahl
index (HH]I) is used to construct an industrial structure diversification index.
The HHI is derived from the proportion of the number of employed people in
each subsector of the region; its value is obtained by squaring this ratio, with
the calculation formula being HHI; =) jsé. To facilitate easier explanations,
this paper uses the reciprocal of the HHI to measure industrial diversification;
in other words, the industrial structure diversification index (D) of the i-th
region is calculated by the following formula:

1
=¥V a2
25

where s;; refers to the ratio of the labour of industry j of city i to the total
labour in the city. If the industrial intensities of all departments in a region
are high, they can be regarded as representing only one industrial sector and
the value of DI will at least be equal to 1. If the diversity level of a region is
higher, the value of DI is larger.

However, the DI value is an absolute value. Considering that natural resource
dependence is a relative indicator, this paper constructs a relative industrial
diversification index (/D V) to compare the industrial structure of each region.
The calculation method is as follows:

DI;

S
Xilsi— sl

Here, s;; refers to the ratio of the labour of industry j of city 7 to the total
labour in the city; s; refers to the ratio of the labour of industry j to the total
labour nationwide.

IDV; =
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How does natural resource affect economic growth? 421

If the gap between different industries in a certain region is relatively small
and the distribution is relatively balanced, the industrial diversification of the
region will have a higher level; if the industries in the region are relatively
concentrated, the industrial gap will be large and industrial diversity will be at
a low level.

Investment in physical capital (PC). This study uses the ratio of fixed asset
investment to GDP to measure the investment in physical capital.

Scientific and technological level (ST). The ratio of the expenditure of
scientific undertakings in the local budget to GDP is used to measure S7.

Degree of government intervention (GI). The implementation of relevant
government policies plays a very important role in the economic development
of regions. In particular, prefecture-level governments often administer
significant resources; therefore, the government’s decisions will affect the
overall direction of the entire region’s economy. The government’s asset
investments will directly affect the demand and supply relationships under-
lying the region’s economic development, so here we use the ratio of fiscal
expenditure (after deducting education and science expenditures) to GDP to
measure G1.

Human capital level (HC). In general, average education years or educational
expenditures are measures applicable to HCs; considering the availability of
data, we use the ratio of the total number of primary, secondary and various
types of college teachers to the total local population to measure HC.

Private economy development level (PE). This paper uses the ratio of private

and individual business employees in the region to the total population of the
city to measure PE.

Table 2 Statistical description of the full-sample variables

Variables Obs Mean SD Min Max

PGDP 3584 27417.93 29636.72 1924.86 331115.2

RD 3584 0.7907 1.9119 0.0003 23.8976
DV 3584 1.2631 0.5148 -0.3772 3.4230
PC 3584 0.6356 0.2699 0.1022 2.1969
ST 3584 0.1623 0.2142 0.0015 6.3100
GI 3584 12.3786 6.9723 2.8058 145.5586
HC 3584 0.9051 0.2188 0.4397 2.7973
PE 3584 10.1342 12.3523 0.2725 173.0881
oP 3584 2.0458 2.3003 0.0012 37.6834
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422 X. Xie et al.

Table 3 Statistical description of resource-based cities sample variables

Variables Obs Mean SD Min Max

PGDP 1526 22481.06 21788.45 1924.86 168638.3
RD 1526 1.6187 2.6837 0.0013 23.8976
DV 1526 1.2160 0.4858 —0.0542 2.5452
PC 1526 0.6745 0.2909 0.1022 2.1969
ST 1526 0.1373 0.2221 0.0015 6.3100
GI 1526 13.5996 8.0521 2.8058 91.0967
HC 1526 0.8877 0.1431 0.4397 1.5363
PE 1526 7.6662 6.2032 0.2725 86.2978
OP 1526 1.4283 1.6189 0.0012 11.6142

Degree of regional openness (OP). Import and export values or foreign direct
investment are often used in the literature to measure openness. Due to the
lack of data on imports and exports in some prefecture-level cities in China,
this paper uses the ratio of foreign direct investment to GDP to measure OP.

2.2.4 Descriptive statistics

Table 2 shows the statistical description of the core variables and control
variables of the full sample. Table 3 shows the statistical description of the
core variables and control variables of the RBCs.

From Table 2 and Table 3, the real GDP per capita of RBCs is less than
the real GDP per capita of the full sample. That is, RBCs have richer natural
resources, but their average development level is lower than that of NRBCs.
The natural resource dependence of RBCs is higher than that of the full
sample, indicating that China’s RBCs are different from other regions in
terms of industrial structure, and RBCs with relatively abundant resources
rely more on natural resource industries. The industrial diversification of
RBCs is lower than that of the full sample, which may indicate that the
industrial sector is too concentrated in the RBCs, with the development of
natural resource departments being emphasised, while the coordinated
development of other economic sectors is neglected.

For regions with relatively low economic development level — supposing
that they have rich natural resources — if they increase the exploitation and
use of natural resources and increase the dependence of the region on natural
resources, they will indeed stimulate the rapid development of the regional
economy in the short term. However, in the long run, excessive dependence
on natural resources can easily lead to the ‘resource curse’ phenomenon.
However, as the dependence on natural resources changes in different
periods, the level of economic development will also change, and the
corresponding industrial diversification will be different. To maintain the
sustainable development of the regional economy, it is necessary to
accommodate the different stages of natural resource dependence. In this

© 2021 Australasian Agricultural and Resource Economics Society Inc.

IPUOD PUe SWR L 31 89S " [7202/70/9T] Uo ARIGITBUIUO ABIIM *A¥YHE1T NOSTIM 0LT YLOSINNIN 50 ALISHIAINN Ad €272 688-L97T/TTTT OT/I0p/L0d 8|1 Akeiq 1 putjuo//Sdny woj papeo|umod ‘2 ‘TZ0C ‘6878L9YT

Rl A

85UBD |7 SUOLILLIOD 9A RO ajqealjdde au Aq pausenob ale sap e O ‘8sn Jo sajni Joj AReJqi auljuO 43|\ Uo (suon



How does natural resource affect economic growth? 423

sense, it is necessary to analyse the ‘resource curse’ from the perspective of
industrial diversification and economic cycles.

3. Basic model and empirical results

3.1 Baseline regressions

We divide 256 prefecture-level cities into 109 prefecture-level RBCs and 147
prefecture-level NRBCs. According to National Sustainable Development
Plan for Resource-Based Cities (2013-2020), resource-based cities are defined
as cities in which the mining and processing of natural resources such as
minerals and forests in the region are the leading industries. Although RBCs
have a higher degree of natural resource dependence than NRBCs, this type
of city classification is not only related to the resource dependence, but also
related to the characteristics of the city’s industrial structure and so on. We
analyse the impact of resource dependence on the regional economic
development level in different types of city and construct the following
measurement models:

Iny,, =y +P 1 RD;+prZi*RD;; + Cy A +u; +n,+ & (1)

where y;, represents the real GDP per capita (PGDP) of year ¢ in city i, RD;;
represents the resource dependence of year ¢ in city i, and Z; is a dummy
variable with value 1 when the city i is a resource-based city and 0 for a non-
resource-based city; u; and 7, represent regional and time effects, respectively;
and Cj; is a matrix of control variables, including the six variables specified
above, namely PC, ST, GI, HC, PE and OP.

For the analysis of panel data, we generally have three choices: the fixed-
effects model, the random-effects model and the mixed regression model. The
appropriate choice for the corresponding data is directly related to the
accuracy of the empirical research. To check this, we generally verify the three
models through the F and Hausman tests. The value of the F-test is 48.23 (P-
value = 0.00), while the value of the Hausman test is 255.51 (P-value = 0.00).
The results show that the fixed-effects model is preferred. Therefore, we use
the fixed-effects method to estimate equation (1) and the empirical results are
shown in Panel A of Table 4.

In Panel B of Table 4, we employed the panel cointegration tests to check
whether the relationship between natural resource dependence and economic
development revealed by the panel fixed-effects models is credible in the long
term. The cross-section dependence test and panel unit root tests (shown in
Table Al and Table A2 in Appendix) indicate all the variables are integrated
of order one (i.e. I(1)). Then, two panel cointegration tests proposed by
Pedroni (1999, 2004) and Westerlund (2005) were adopted. The results in
Panel B of Table 4 indicate that the null hypothesis, that is there is no
cointegration relationship among variables, can be strongly rejected. These
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How does natural resource affect economic growth? 425

Table 5 The differences in the relationship between natural resource dependence and
economic development between NRBCs and RBCs

NRBCs (Z = 0) RBCs (Z =1)
(©)] (10) an 12)
RD 0.048%** 0.053%** —0.001 —0.005
(3.18) (3.74) (—0.40) (—1.64)
Control variables None All None All
Year Yes Yes Yes Yes
Region Yes Yes Yes Yes
N 2058 2058 1526 1526

Note: The values in parentheses are ¢ values, and *, ** and *** represent significance levels of 10 per cent, 5
per cent and 1 per cent, respectively.

results confirm the consistency of estimator by using the ordinary least-
squares (OLS) method (Saboori and Sulaiman 2013; Hdom and Fuinhas
2020). Therefore, the results in Panel A reveal a credible long-term
relationship, rather than a spurious regression.

According to Table 4, if the city types are not distinguished, the coefficient
of RD is not significant (see Column (8)), indicating that the impact of RD on
economic development is not clear in the full sample. However, after using
the dummy variable Z to distinguish the city types, no matter what control
strategy we adopt, the estimated coefficients of the variables RD and Z*RD
are significant at the 5 per cent level, indicating that the above estimation
results are robust. Specifically, all the estimated coefficients of the RD
variable are positive, indicating that natural resource dependence has a
positive effect on the economy development in NRBCs; all the estimated
coefficients of the Z*RD variable are negative, indicating that in RBCs, the
positive impact of resource dependence on economic development is much
smaller than that in NRBCs. However, the absolute values of estimated
coefficients of the variables RD and Z*RD are not much different, so it is
difficult to judge the sign of the influence of RD on economic development in
RBCs. Therefore, we performed regressions on RBCs and NRBCs, respec-
tively (see Table 5). The results also show that for NRBCs, RD has a positive
effect on economic development, while for RBCs, this effect is negative but
not significant.

The above results imply that the impact of resource dependence on
economic development may have different mechanisms between different
types of cities. In NRBCs, natural resources are not abundant, and economic
development does not rely on resource-based industries. As production
factors, natural resources are conducive to the economic growth and
development of NRBCs. Therefore, natural resources play a ‘blessing effect’
on economic development. For RBCs, although natural resources can still
play the role of production factor to promote economic development, if they
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426 X. Xie et al.

rely excessively on natural resources, it is easy to contract the ‘Dutch disease’,
which makes the resource-based industrial sector over-concentrated and
shrinks the manufacturing industry, thereby offsetting the positive impact of
natural resources on economic development, and even causing a ‘curse effect’.

3.2 Endogeneity issue

3.2.1 IV regressions
The key explanatory variable of this analysis is natural resource dependence,
which is endogenous to economic development to a certain extent, so when
studying the relationship between resource dependence and economic
development, it cannot be regarded as an exogenous variable (Wright and
Czelusta 2004; Shao and Yang 2014). In addition, the dummy variable Z that
distinguishes city categories in this analysis comes from the central govern-
ment’s definition of resource-based cities, and is also affected by factors such
as the level of regional economic development, so it cannot fully meet the
exogenous requirements. Therefore, we use the instrumental variable
estimation method to solve the endogeneity problem, thereby verifying the
impact of resource dependence on economic development.

We have selected three variables as the instrumental variables (IV) of RD
and Z*RD, namely coal reserves, number of employees in the mining industry
and number of mining accidents.

Coal reserves. Coal reserves are natural resource endowments and are usually
regarded as exogenous variables. Coal resources are widely distributed in
China and are suitable as a representative of natural resources. Generally, the
richer the resource reserves, the higher the local resource dependence. Since
there is no coal reserve data for prefecture-level cities, we use the data of the
province where the prefecture-level city is located instead. The data come
from China Statistical Yearbook.

Number of employees in the mining industry (2002). The variable of employee
number before the sample period can satisfy the exogeneity condition. The
more people employed in the mining industry, the higher the natural resource
dependence. The data come from China City Statistical Yearbook.

Number of mining accidents. We choose the average number of mining
accidents in each region from 1995 to 1998. The number of mining accidents
that occurred before the sample interval is exogenous from our regression
model system. In addition, more mining accidents may indicate that the city’s
natural resources are abundant and resource dependence is high. The data
come from China Labour Statistical Yearbook.

In order to comprehensively analyse the impact of RD on economic
development in different types of cities, we conducted three instrumental
variable regressions. The results are shown in Table 6. In IV regression (1),
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428 X. Xie et al.

Z = 1 refers to RBCs, so the coefficient of RD represents the impact of RD on
economic development in NRBCs, and the coefficient of Z* RD represents the
difference between this impact in RBCs and that in NRBCs. In IV regression
(2), Z° = 1 denotes NRBC:s, so the coefficient of RD represents the impact of
RD on economic development in RBCs, and the coefficient of Z’*RD
represents the difference between this impact in NRBCs and that in RBCs. In
IV regression (3), without adding city type variables, the coefficient of RD
represents the impact of RD on economic development in the full sample. In
IV regression (1) and IV regression (2), we use all three IVs to perform two-
stage least-squares estimation and GMM estimation. In IV regression (3),
because there is only one endogenous explanatory variable — RD, in order to
prevent the problem of over-identification, only two instrumental variables —
coal reserves and number of employees (2002) — are used.

Table 6 reports the results of both 2SLS and GMM estimations of the
three IV regression models. In fact, IV regression (1) and IV regression (2)
represent the same regression model. As shown in the table, in the first-stage
regression of these three models, the coefficients of all IVs are significant at 1
per cent level, which means the IVs are strongly correlated with the
endogenous explanatory variables. The minimum eigenvalue statistics are all
much greater than 10, indicating the I'Vs all pass the weak IV test. The Sargan
test results (or Hansen’s J Statistics) show that all IVs are valid and
exogenous at least at 10 per cent significance level.

According to the results of second-stage regressions, in the full sample, RD
has a positive impact on economic development (0.029, significant at 1 per
cent level). In the NRBCs, this positive effect (0.896) is much greater than
that in the full sample. In the RBCs, the impact of RD on economic
development is still negative and not significant. The results of GMM
estimation are very similar to those of 2SLS estimation. Thus, after using IV
regression to address the endogeneity problems, the relationships between RD
and economic development both in RBCs and in NRBCs are found to be
robust.

3.2.2 Dynamic regressions

In the baseline regressions, we adopted a static analysis without considering
the dynamic nature of each variable, especially the dependent variable,
economic development, which is highly correlated with its lagged term.
Moreover, there are concerns that static panel estimators may not adequately
account for potential endogeneity concerns in the relationships between
natural resource dependence and economic development (Mawejje 2019).
Therefore, we re-estimate the models following the dynamic panel generalised
methods of moment (GMM) estimators. The empirical dynamic model that
we estimate is provided in equation (2).
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Iny,, =po+plny;,_1 +p1RDi+ prZi*RD;; + Cyy A +u; + € 2

where y;,_, is the lagged term of y;,, and it represents the real GDP per capita
(PGDP) of year ¢-1 in city i. The other variables and parameters are the same
as those in equation (1).

For dynamic panel data, because the explanatory variable is related to the
disturbance term, the general within-group estimator (fixed-effects estimate)
is also inconsistent. This phenomenon is called ‘dynamic panel bias’. In order
to solve this kind of bias, the differential GMM method (Arellano and Bond
1991) and the system GMM method (Blundell and Bond 1998) can be used to
estimate the dynamic panel equation. In this study, we adopt the two-stage
system GMM method (Windmeijer 2005) to estimate equation (2), and the
results are shown in Table 7.

Table 7 shows that the lagged economic development (Iny;_,) has high
persistence, ranging from 0.935 to 0.954, which is statistically significant at
the 1 per cent level. The parameters of RD and Z*RD in Table 6 are
consistent with Table 4. In the full sample (see Column (dS8)), the impact of
natural resource dependence on economic development is negative but not
significant. However, in the other seven models, the coefficients of RD are all
positive and the coefficients of Z*RD are all negative at 5 per cent significance
level. The results show that from the perspective of dynamic changes, in
NRBCs, natural resources have a significant positive impact on the level of
economic development, while for RBCs, this positive impact is greatly
reduced. This is consistent with Section 3.1, indicating the robustness of this
conclusion: in the non-resource-based cities, the natural resource is a
‘blessing’ for economic development, while in resource-based cities, this
‘blessing effect” has gone.

4. Analysis of the threshold effect of natural resource dependence on economic
development

The above conclusions only reflect the overall impact of natural resource
dependence on economic development, and unfortunately, it is still not clear
how resource dependence affects economic development in resource-based
cities. In fact, the relationship between natural resource dependence and
urban economic development is not linear, but is affected by many factors
(Halvor et al. 2006; Boschini and Roine 2007). These factors will affect
whether natural resources cause the ‘blessing effect’ or the ‘curse effect’, and
include institutional factors, manufacturing level and marketisation degree.

Regional economic growth rates will also affect the impact of natural
resource dependence on economic development. For example, in the 2000s,
when China’s economic growth rate was quite high, typical resource-based
cities were always in the news with their amazing wealth, while after the
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slowdown of China’s economic growth in recent years, the topic of how to
transform resource-based cities has begun to attract attention again.

The economic growth rate reflects the region’s stage of the economic cycle.
In the short term, the impact of resource dependence on the economy will
vary greatly in different stages of the economic cycle. In order to explore the
influence of resource dependence on cities’ economic development under
different economic growth rates, this paper uses the panel threshold model for
further analysis.

4.1 Setting and estimation method of the threshold panel model

Based on the above theoretical analysis, this paper discusses the possible
nonlinear relationship between natural resource dependence and economic
development. In order to prevent errors caused by subjectivity, we refer to the
panel threshold model proposed by Hansen (1999), which can better explore
the regular characteristics of the data and then scientifically and rationally
distinguish the stages. The basic panel threshold regression model can be
expressed as follows:

Iny;, =u; +ﬂ1RDi11(‘]it < 7’) +ﬂ2RDitl(‘]it >7) +60' x4 € 3)

Here, i refers to different regions; ¢ refers to time; Iny,andRD;; refer to per
capita real GDP and natural resource dependence; x;; refers to a set of control
variables that have an impact on the level of economic development,
including PC, HC, ST, PE, OP and GI; & refers to the coefficient vector; g,
refers to the threshold variable in the model; y refers to an estimated
threshold, which divides the equation into two regimes with coefficients f;
and f,; I(*) refers to a indicator function; u; refers to fixed effects in each
prefecture-level city; and &, ~ iidN(0,6?) refers to a random interference term.

In fact, if the influence of the threshold variable on the relationship
between RD and economic development is more complicated, then there may
be more than one threshold in the model. Taking two thresholds as an
example, the corresponding model is constructed as follows:

Iny;, = p;+ P RDid(q;, <y1) +PrRDil(y <q;; <v2) + B3 RDid(q;,>7,) + 6 Xy + €0t

(4)

Here, y, and y, are the thresholds that divide the equation into three regimes
with coefficients f,, #, and f;. The estimation of the double-threshold value
should be based on a single-threshold model; we need to fix the previously
estimated ¥, and assume it is known, and then calculate the second threshold
value y,, thereby obtaining the desired result. The expression is as follows:
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S — <S(771,7’2)lﬁl <72) 5)
? S(r2,71)ifr2 <71
¥ =argminS5(y,) ©)

72

Bai (1997) tests that 7} is a progressively effective value and further evaluates

1. After repeated searching, we can calculate a valid estimated 7}, which is
better in establishing a more precise double-threshold model.

The choice of threshold variable is the focus of this section. Our purpose is
to explore the impact of the region’s stage of economic cycle on the effect of
RD, so naturally, we first consider whether the real GDP growth rate
(denoted as GGDP, or g for short) can be used as a threshold variable. But,
Hansen (1999) requires the threshold variable to be exogenous, that is the
variable is not affected by the explained variable, per capita real GDP
(PGDP), but the current GGDP(g;,) cannot meet this condition. Therefore,
we use the lagged GGDP (g;,_,) as the threshold variable. The current PGDP
cannot affect the real GDP growth rate of the previous period. In other
words, g;,_; is a predetermined variable. This approach can solve the
endogeneity problem to a certain extent.

In order to further reduce the endogeneity of the threshold variable, we will
use the lagged economic growth rate of the province where the city is located
(denoted as provg;,_,) as the threshold variable to verify the robustness of the
model.

4.2 Results and analysis

According to the conclusions of Section 3, in different types of cities, natural
resource dependence has different effects on economic development. There-
fore, we perform panel threshold regression on the full sample, RBCs and
NRBCs, respectively.

First, we need to clarify the number of thresholds in order to further
determine the appropriate model. After estimating the possible threshold
values, we obtain the test results in Table 8. Based on these results, we can see
that for the full sample and RBC sample, the null hypothesis that there is no
threshold and only one threshold can be rejected at the 5 per cent significance
level, and the null hypothesis that there are two thresholds cannot be rejected,
so we establish a double threshold model for parameter estimation. For
NRBC samples, the null hypothesis without threshold can be rejected, but the
null hypothesis with only one threshold cannot be rejected, so we build a
single threshold model for it.
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Table 8 Threshold effect test of GDP growth rate

Threshold Full sample RBCs NRBCs

effect test

HO H1 Fvalue  Accept or  Fvalue  Acceptor  Fvalue  Accept or
[P-value]  reject HO  [P-value] reject HO  [P-value]  reject HO

None  Single 172.60™" Reject 128.52"""  Reject 68.37""  Reject
[0.000] [0.000] [0.003]

Single  Double 46.97°" Reject 26317 Reject 14.57 Accept
[0.003] [0.033] [0.130]

Double Triple 30.46 Accept 18.80 Accept
[0.873] [0.547]

Note: The values in brackets are P-values, and *, ** and *** represent significance levels of 10 per cent, 5
per cent and 1 per cent, respectively.

Table 9 Threshold estimation results

Full sample RBCs NRBCs

Estimation 95% CI  Estimation 95% CI  Estimation 95% CI

First threshold 6.81 [6.36, 5.00 [4.37, 8.90 [8.88,
parameter 7} 6.90] 8.55] 8.95]
Second 12.10 [12.00, 12.10 [12.02,
threshold 12.13] 12.11]

parameter 75

Note: CI, denotes confidence interval.

Table 9 presents the estimated values for the thresholds and the 95 per cent
confidence intervals. Figure 3 is the likelihood ratio function diagram of the
full sample and presents the construction process of corresponding values.
The dotted line parallel to the horizontal axis in the figure corresponds to the
critical value of LR = 7.35, so that it is more intuitively presented on the
confidence interval. From the results, the first and second threshold estimates
in the double-threshold model are 6.81 and 12.10. The diagrams of RBC
sample and NRBC sample are omitted for simplicity.

Table 10 shows the number of cities in the different growth intervals for
each year. It shows that before 2011, the economic growth rate was higher
than 6.81 per cent in most prefecture-level cities. After 2012, most of the
growth rates fell into the interval below 12.10 per cent. The resource-based
cities show the characteristics of greater changes in growth rate: when the
general economic growth rate of cities is relatively high, the proportion of
RBCs falling into the high-speed growth zone is very high, even higher than
that of NRBCs; but when the economic growth rate slowed down, quite a lot
of RBC:s fell into the low-speed growth zone, and the proportion of cities still
able to maintain high-speed growth was much smaller than that of NRBCs.
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Figure 3 The threshold estimates and confidence interval in the double-threshold model (for
full sample). [Colour figure can be viewed at wileyonlinelibrary.com]

Table 10 Number of cities in each growth interval in different years

Growth interval

Year gi15681% 6.81%<g;_; <12.10% g1 212.10%

Full sample RBCs Full sample RBCs Full sample RBCs

2004 13 5 106 50 137 54
2005 0 0 53 21 203 88
2006 2 1 55 21 199 87
2007 1 1 45 21 210 87
2008 0 0 19 15 237 94
2009 6 5 68 31 182 73
2010 10 6 72 34 174 69
2011 0 0 25 13 231 96
2012 5 4 64 21 187 84
2013 6 3 146 60 104 46
2014 52 38 149 49 55 22
2015 54 34 194 73 8 2
2016 62 41 189 67 5 1

The results of the parameter estimation of the model are presented in
Table 11. For the full sample, when the economic growth rate of the previous
year was less than 6.81 per cent, every 1 per cent increase in RD would reduce
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Table 11 Parameter estimation of the panel threshold model (threshold variable: g;,_;)

Variable Full sample RBCs NRBCs
71=681,7,=12.10 71=75.00,7,=12.10 71=7,=28.90

RDyI(g; 1 <7,) -0.0150""" -0.0187"" —0.0094
(=4.13) (=4.65) (=0.44)

RD;I(y,<giy 1 <75) 0.0026 0.0009
0.81) (0.26)

RD;I(g;_1>7>) 0.0161"" 0.0125"" 0.0962"""
(4.67) (3.24) (5.92)

PC 0.0492""" —0.0254 0.1101""
4.75) (-1.57) (8.54)

oP 0.0010 0.0013 —0.0005
0.77) (0.53) (=0.35)

GI —-0.0015"" —0.0018"" —-0.0011"
(=3.60) (=2.66) (-2.43)

PE —0.0007""" 0.0002 —0.0009""
(=3.07) (0.25) (=3.90)

HC 0.0219 0.3167"" —-0.1115""
0.91) (7.35) (=4.05)

ST —-0.0201"" 0.0123 —0.0688"""
(=2.15) (1.00) (~4.67)

Constant 9.1300""" 8.7388""" 9.3256
(393.13) (219.58) (341.09)

Time effect Yes Yes Yes

Obs 3328 1417 1911

Note:: The values in parentheses are ¢ values, and *, ** and *** represent significance levels of 10 per cent,
S per cent and 1 per cent, respectively.

per capita real GDP (PGDP) by 0.015 per cent; when the economic growth
rate of the previous year was greater than 12.1 per cent, every 1 per cent
increase in RD would increase PGDP by 0.016 per cent; and when the growth
rate was between 6.81 per cent and 12.1 per cent, the impact of RD on the
economic level was not significant. Next, we analyse the results in detail
according to different city types.

In the RBCs, the results show that when the GDP growth rate of the
previous year is less than 5 per cent, that is, when the economy is in the low-
speed growth zone, the estimated coefficient is —0.019 (significant at 1 per
cent level). This shows that resource dependence has inhibited economic
development, indicating that natural resource dependence has a ‘curse effect’.
When the GDP growth rate of the previous year is between 5 per cent and
12.1 per cent, that is, when the economy is in the medium-speed growth zone,
the estimated coefficient is not significant, indicating that natural resource
dependence has no significant impact on economic development. Natural
resource dependence does not have ‘blessing effect’ or ‘curse effect’. When the
GDP growth rate of the previous year is greater than 12.10 per cent, that is,
when the economy is in the high-speed growth zone, the estimated coefficient
is 0.013 and significant at the 1 per cent level. In general, natural resource
dependence plays a significant role in promoting economic development,
indicating that it has a ‘blessing effect’.
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Table 12 Parameter estimation of the panel threshold model (threshold variable: provg;_,)

Variable Full sample RBCs NRBCs
71 =4.90,7, =10.70 71 =4.90,7,=10.20 71=7>,=09.10

RD; I(provg;, , <7)) -0.0522"" -0.0502"" -0.0155
(-9.78) (—8.49) (—0.70)

RD I(y, <provg,_; <7,) —0.0048 -0.0095""
(-1.39) (—2.49)

RD I(provg;,_,>7,) 0.0123"" 0.0080 " 0.0843"""
(3.88) (2.27) (5.14)

Control variables All All All

Time effect Yes Yes Yes

Obs 3328 1417 1911

Note: The values in parentheses are 7 values, and *, ** and *** represent significance levels of 10 per cent, 5
per cent and 1 per cent, respectively.

In the NRBCs, the only threshold divides the sample into two parts. When
the economic growth rate is relatively low (g;,_; <8.9%), the impact of RD on
economic development is small and statistically insignificant; when the
economic growth rate is relatively high (g;,_;>8.9%), RD can significantly
promote economic development, every 1 per cent increase in RD would
increase PGDP by 0.096 per cent. Therefore, in general, in non-resource-
based cities, natural resource dependence has a ‘blessing effect’ on economic
development.

In order to test the robustness of the results, we use the one-period lagging
economic growth rate of the province where the city is located (denoted as
provg;,_;) as the threshold variable to re-estimate the above three panel
threshold models. The numbers of thresholds are the same as the previous
results. In the full sample, RBC sample and NRBC sample, they are double
threshold, double threshold and single threshold, respectively. The specific
regression results are shown in Table 12. The results are similar to Table 11,
and the signs of the main variables are exactly the same, indicating that the
above results are robust.

Based on the above results, the following inferences can be made: when the
economy grows rapidly, that is, when the economy is in a boom stage, the
manufacturing and construction industries develop quickly, so the demand
for natural resources increases, the growth rate of the resource industry will
be faster, and the returns of the resource sector will increase. At this time,
cities with high resource dependence can obtain more economic growth
dividends, so that resource dependence can promote their economic
development. However, when the economic growth rate slows down, the
demand for natural resources begins to decline from the peak, and the returns
of the resource sector are greatly reduced. If the RBCs are too dependent on
resources, they cannot transform from resource-based industries to other
industries such as manufacturing in time, then they will inevitably pay a
greater price during economic recession, and resource dependence will have a
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High speed Blessing effect
growth phase
Natural resource N Medium speed No effect N Economic
dependence growth phase development
Low speed Curse effect
growth phase

Figure 4 The impact of natural resource dependence on economic development at different
stages of economic growth (for RBCs).

negative impact on economic development. For NRBCs, their dependence on
natural resources is much lower than that of RBCs, so during economic
recession this ‘resource curse effect’” is much smaller, while during an
economic boom, with a balanced industrial structure, abundant natural
resource can greatly support economic development.

The above results are summarised in Figure 4. The results show that for
resource-based cities, although resource dependence can bring ‘blessing effect’
to economic development during economic prosperity, for the sustainable
development of cities, local economies cannot be overly dependent on the
natural resource industrial sector. Instead, we should seize the opportunity of
rapid growth to promote the transformation of the economy to non-resource
industries as soon as possible, so as to avoid the ‘resource curse’ that may
arise when the overall economic growth slows down.

5. The mediation effect of industrial diversification on the relationship between
natural resource dependence and economic development

Studies have shown that simplification of the industrial structure is the main
reason for RBCs to fall into the ‘resource curse’ condition (Glaeser et al.
1992; Liang et al. 2016). This section takes the diversification of industrial
structure (IDV) as a mediating variable and uses the mediation effect model
to explore how industrial diversification affects the relationship between
natural resource dependence and economic development.

5.1 Setting and testing of the mediation effect model

To a large extent, the role of the mediator variable is to explain the
interaction between the explanatory variable and the interpreted variable via
a mechanism of conduction. To put it simply, if there is an independent
variable X, a dependent variable Y, and one other variable M, we need to
analyse the effect of X on Y. If X can impact on Y by means of M, then we
consider M to be an mediating variable.
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Thus, if X has some effect on Y by means of M, we use M as a mediator for
X to influence Y. In a simple mediation model, the relationship between
variables can be expressed as follows:

Y=cX+e; 7
M=aX+e (®)
Y= X+bM+es 9)

where the coefficient c is the total effect of X on Y; the coefficient a is the effect
of X on M; the coefficient b is the effect of the mediating variable M on Y
after controlling the influence of X; ¢’ is the direct effect X on Y after

Test coefficient C

Significant lNot significant

1T \ A ' PTTTTTTTTTTTTTTTTTommToommmmmmmeen

! Basedonthe | Based on the |

i mediating effect ! suppression effect ;

e v e

Check coefficients a
All are significant and b in turn l At least one is not significant
Report ab
confidence ! Test ab by bootstrap method
______ interval | Significant
Not significant
If the indirect effect is significant, test Indirect effect is not
coefficient ¢’ significant
Not significant Significant
4 v
If direct effect is not significant, If direct effect is significant, there
only a mediating effect may be other intermediaries
ab and ¢ have same sign ab and ¢ have opposite signs
A v

oo : partial | Interoret
! Interpret results by ! mediation effect suppression effect | i P :
: .. < , i results by !
i mediation effect | report ab/c report | ab/c’ | : - :
; ‘ {_Suppression

Figure 5 Mediation effect inspection process.
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controlling the mediating variable M; and e;, e,, and e; are random
disturbance terms.

The mediation effect we are talking about is the indirect effect (ab) presented
in the above model. In the model, there is an equation describing the
relationship between ab, ¢ and ¢’. The expression is as follows:

c=c+ab (10)

The mediation effect test procedure used in this paper refers to the approach
of Wen and Ye (2014). The specific steps are as follows (the corresponding
flow chart is shown in Figure 5:

1. The coefficient c is tested first. If the null hypothesis of ¢ =0 is rejected, it
1s considered to have a mediation effect; otherwise, it is considered to have
a suppression effect, which indicates that the effect of the independent
variable on the dependent variable is suppressed due to the influence of
the mediating variable. From the perspective of the model equation, after
adding the mediating variable, the regression coefficient between the
independent variable and the dependent variable will become larger
(MacKinnon et al. 2000). Next steps continue regardless of the result.

2. Check the coefficients a and b, respectively. If both the two null
hypotheses (a =0 and »=0) can be rejected, it means there is an indirect
effect, then we jump directly to the fourth step; if we cannot reject the
both of the null hypotheses, we should carry out the third step test.

3. The coefficient product is directly tested by the bootstrap method. If the
null hypothesis ab =0 can be rejected, which means indirect effect exists,
we will carry out the fourth step test; otherwise, it means there is no
indirect effect, and the test should be terminated.

4. After testing the coefficient ¢’, if the null hypothesis of ¢’ = 0 cannot be
rejected, it means there is no direct effect, indicating that there is only
mediation effect. Otherwise, it indicates that there is a direct effect and we
carry out the fifth step test.

5. First, we compare the sign of the product ab and the coefficient ¢’; if they
have the same sign, there is a partial mediation effect; if they have
contrary signs, it is considered that there is a suppression effect.

Based on the above analysis, the relationship between natural resource
dependence and urban economic development level may be mediated by
industrial diversification. Therefore, the relationship can be expressed as
follows:

Iny;, = cRDj;+ Wp+u,+ A +ei (11)

IDVii=aRD;+WB+u,+ 1 +er; (12)
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InJ/it:C/RDit+bIDViz+ WB+u;+ A +esi (13)

Here, RD is natural resource dependence; y means real GDP per capita
(PGDP); IDV is industrial diversification; W denotes the control variables
mentioned above (including PC, ST, GI, HC, PE and OP); ¢ denotes the
direct impact of resource dependence on economic development; a indicates
the influence coefficient of resource dependence on industrial diversification; b
is the influence coefficient of industrial diversification on economic develop-
ment after controlling the influence of resource dependence; and ¢’ is the
influence coefficient of natural resource dependence on economic develop-
ment after controlling the industrial diversification.

5.2 Results and analysis

Table 13 shows the results of the mediation effect of the city’s industrial
diversification on the impact of natural resource dependence on economic
development. Since RD has different effects on economic development in
RBCs and NRBCs, the results of the mediation effect of industrial
diversification are also represented by different types of cities. According to
the model results after adding other control variables (shown in Columns (2),
(4) and (6)), in general, in the full sample and RBCs, IDV operates as a
suppressor in the process of natural resource dependence affecting economic
development; in NRBCs, ID}V has no mediation effect on the relationship
between RD and economic development.

In the full-sample mediation model, considering the impact of industrial
diversification, the direct effect of RD on economic development is 0.0538
(significant at 1 per cent level). However, because RD decreases IDV of the
city (coefficient a is significantly negative), and IDV has a positive impact on
economic development, the indirect effect of RD on economic development
through IDV is —0.0064 (ab, significant at 1 per cent level through the Sobel
test). Without considering the impact of industrial diversification, the total
effect of RD on economic development is 0.0474 (significant at 1 per cent
level). Since the total effect is suppressed by the opposite signs of direct and
indirect effects, the absolute value of the total effect is lower than expected.
Specifically, the positive impact of RD on economic development is offset by
11.85 per cent through IDV. That is to say, viewed from the full sample,
industrial diversification plays a suppression role in the impact of resource
dependence on economic development. However, this influence mechanism
differs between RBCs and NRBCs.

For RBCs, as is shown in column (4) of Table 13, the increase in resource
dependence inhibits industrial diversification (a = —0.0342, significant at 1
per cent level), meanwhile industrial diversification is conducive to economic
development (b = 0.1877, significant at 1 per cent level), which leads to the
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negative indirect effect of RD on economic development (ab = —0.0064,
significant at 1 per cent level). The indirect effect through industrial
diversification offsets parts of the direct effect of natural resource dependence
on economic development (¢’ = 0.0268, significant at 5 per cent level),
resulting in a non-significant total effect of RD on economic development
(0.0204, P = 0.1295). In general, the mediation effect of /D } limits the impact
of RD on economic development by 23.94 per cent, indicating that IDV is a
suppressor between RD and economic development in RBCs.

For NRBCs, as is shown in column (6) of Table 13, the impact of RD on
IDV is positive but not significant (0.0563, P = 0.2539), therefore, although
IDV still has a positive influence on economic development (0.1798,
significant at 1 per cent level), the indirect effect of RD on economic
development through IDV is not significant (0.0101, P = 0.2564). Both the
direct and total effect are positive, and their values are very close (0.0831 and
0.0932, respectively). In this case, the mediation effect of ID}V on the
relationship between RD and economic development does not exist, that is
IDV is not one of the channels for RD to influence economic development in
NRBCs.

Through the above analysis, it can be found that in this case study, for
RBCs, resource dependence inhibits its positive impact on economic
development through the indirect effect of industrial diversification, while
in NRBCs, this indirect effect does not exist. This explains the conclusion of
Section 3 to a certain extent: the impact of RD on economic development is
positive in NRBCs, but not significant in RBCs. Obviously, the diversifica-
tion of the industrial structure is conducive to the economic development of
the city. In NRBCs, resource-based industries are not local advantageous
industries, so the natural resource dependence will not inhibit the diversifi-
cation of the industrial structure, while in RBCs, abundant natural resources
increase the returns of resource-based industries, so the local government and
enterprises have the motivation to give priority to the resource-based
industries, which will crowd out non-resource-based industries in terms of
human capital, technological innovation and other aspects, thereby reducing
the diversification of the industrial structure and having a negative impact on
economic development (Sachs and Warner 2001; Papyrakis and Gerlagh
2007). The impact mechanism of resource dependence on economic devel-
opment through industrial diversification in RBCs is concluded and shown in
Figure 6. Therefore, for RBCs, corresponding strategies should be adopted to
reduce the crowding-out effect caused by natural resource dependence,
appropriately improve the diversification level of industries and let economic
development enter a virtuous circle and maintain the sustainable economic
development of the region.
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Figure 6 The impact mechanism of resource dependence on economic development through
industrial diversification in RBCs.

6. Conclusions

This paper takes 256 prefecture-level cities (109 resource-based cities and 147
non-resource-based cities) as the research object, uses panel data from 2003 to
2016 to analyse empirically the relationship between natural resource
dependence and economic development, and adopts dynamic model and
instrumental variable methods to verify the robustness Then, by using the
panel threshold model, we discuss the influence of natural resource
dependence on economic development under different economic growth
rates. Finally, the mediation effect model is used to analyse the mediation
effect of industrial diversification. It turns out that the impact of natural
resource dependence on economic development shows completely different
characteristics in resource-based cities and non-resource-based cities. There-
fore, our research needs to be carried out separately for different types of
cities.

The following conclusions are drawn: for non-resource-based cities,
generally, their resource dependence is very low, and natural resources have
a significant ‘blessing effect’ on economic development. According to the
results of the panel threshold model, even in a period of relatively slow
economic growth (GDP growth rate is less than 8.9 per cent), resource
dependence will not restrict the economic development of non-resource-based
cities; in a period of economic prosperity (GDP growth rate is greater than
8.9 per cent), natural resources can greatly promote economic development.
However, the mediation effect of industrial diversification on the relationship
between resource dependence and economic development is not obvious. The
resource dependence of non-resource-based cities will not affect the level of
industrial diversification.

For resource-based cities, even after controlling the endogeneity of
variables by the instrumental variable method, the overall effect of natural
resource dependence on economic development is still not significant.
However, through threshold regression, we find that in the economic
prosperity stage (GDP growth rate is greater than 12.1 per cent), dependence
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on natural resources can promote the economic development of cities, but
when the economy is in recession (GDP growth rate is less than 5 per cent),
natural resources have a ‘curse effect’ on economic development; when
economic growth rate is at a medium-speed growth stage (between 5 per cent
and 12.15 per cent), the effect of natural resource dependence is insignificant.
Next, through the mediation effect model, we found that an important reason
for the insignificant effect of resource dependence on economic development
is the suppression effect of industrial diversification. The excessive concen-
tration of resource industries has a crowding-out effect on non-resource-
based industries, thereby reducing the level of industrial diversification and
restraining economic development.

Currently, under the new normal of China’s economy, many cities with
rapid development before 2012 have gradually entered the stage of
medium-low-speed development, indicating that the natural resource depen-
dence will have a ‘curse effect’” on economic development in the resource-
based cities according to the above conclusions. Therefore, we should pay
more attention to the negative effects of excessive resource dependence on the
economy. According to the mediation effect of industrial diversification, the
resource-based cities should reduce the crowding-out effect caused by natural
resource dependence, the central and local governments should increase
support for related manufacturing, private enterprises and innovative
enterprises, improve the diversification of industries and realise the common
development of multiple industry sectors.

Finally, there are some limitations in this study. In the empirical analysis,
taking the economic growth rate as the threshold variable, this paper only
considers the relationship between resource dependence and economic
development in different economic growth stages and does not investigate
or analyse other possible thresholds. In addition, based on the existing
research, the diversification of industry can be decomposed into related and
irrelevant diversification. This paper does not decompose the industrial
diversification and only roughly considers the impact of industrial diversi-
fication between resource dependence and economic development. We will try
to develop these aspects in our further research.
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Appendix
Cross-section dependence test and Panel unit root tests

In order to check the stationarity of the variables in our panel data, we first
adopt the cross-section dependence test proposed by Pesaran (2006). The
results are shown in Table Al. The null hypothesis of cross-section
independence is strongly rejected for all the variables, which implies that
the cross-section dependence should be considered in the panel unit root tests.

Table A2 presents the results of panel unit root tests by both Im et al.
(2003) (referred as IPS) and Pesaran (2007) (referred as CIPS). The results
show that, when the cross-section dependence is considered, all the variables
are integrated of order one (I-1).

Table A1 Cross-section dependence test

Variable CD test P-value Corr abs(corr)
Iny 667.83" " 0.0000 0.988 0.988
RD 41.54™" 0.0000 0.061 0.398
14 11.04° 0.0000 0.016 0.42
PC 388.74" 0.0000 0.575 0.664
ST 496.87"" 0.0000 0.735 0.736
GI 507.28""" 0.0000 0.75 0.772
HC 21.65°" 0.0000 0.032 0.456
PE 264.7" 0.0000 0.392 0.501
OP 13.12"" 0.0000 0.019 0.403

Note: Under the null hypothesis of cross-sectional independence, the CD statistic is distributed as a two-
tailed standard normal. Results are based on the test of Pesaran (2006). The P-values are for a one-sided
test based on the normal distribution. Correlation and absolute (correlation) are the average (absolute)
value of the off-diagonal elements of the cross-sectional correlation matrix of residuals. ¥***P < 1 per cent.

Table A2 Panel unit root tests of variables

IPS CIPS

Levels Diff Levels Diff

W-t-bar  P-value  W-t-bar  P-value Zt-bar P-value Zt-bar P-value

Iny 21.84 1.000 —-6.54"" 0.000 544  1.000 -1.93""  0.027
RD -13.79""  0.000 —23.34""  0.000 0.76  0.776  —17.36""  0.000
1% 3.43 1.000  —10.18""  0.000 269  0.996 -7.05""  0.000
PC 3.26 1.000 -7.017"  0.000 10.93  1.000 13247 0.000
ST 5.68 1.000 —11.107"  0.000 7.61  1.000 —4.28""  0.000
GI 3.88 1.000 —7.5770.000 7.05 1.000 -3.83""  0.000
HC 2.61 0.996 —8.14""  0.000 237 0991  —10.45""  0.000
PE 0.92 0.820 —10.55""  0.000 738  1.000 —10.87""  0.000

orP  —481™  0.000 -1549""  0.000 588  1.000 —11.38""  0.000

Note: Levels and Diff denote the panel unit root tests in levels and first differences, respectively. Boldface
values denote that time trend is*jr*lcluded in the test. The null hypotheses of IPS test and CIPS test are both:
All panels contain unit roots. P < 1 per cent.
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