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Abstract: This study utilizes a difference-in-difference (DID) regression model to evaluate the impact
of China’s “National Sustainable Development Plan of Resource-Based Cities (2013–2020)” on eco-
nomic growth in resource-based cities. The analysis is based on the data covering 329 Chinese cities
during 2006–2019. Economic growth is measured by the annual growth rate of gross domestic product
(GDP). It was found that the policy had a significantly negative impact on economic growth. Further
analysis suggests that the policy depressed innovation in resource-based cities, and these cities did
not expand their labor and capital inputs. These two phenomena can help explain why the policy’s
effect on economic growth was negative, rather than positive. Moreover, our study reports that the
effect of the policy was heterogeneous across different cities, depending on their development stages
and spatial locations. Overall, our study detects an undesirable effect of the policy. The research
findings call for more actions to promote macroeconomic growth during the process of economic
transformation in China’s resource-based cities.
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1. Introduction
1.1. Research Background

Like many other developing countries, China’s past economic development was
greatly supported by the industries in resource-based cities. A resource-based city refers to
a city that has formed or developed largely based on the exploitation and processing of
locally abundant natural resources (e.g., forests, minerals, oil, natural gas), where resource-
based industries play a pillar role in the local economy [1–4]. While resource-based cities
have made historical contributions to the whole country, their own development models
are not sustainable in the long run because their nonrenewable natural resources will be
exhausted [5–8]. In the past decade, along with rising international political and economic
uncertainty and instability, as well as the emergence of unbalanced and inharmonious
domestic economic dynamics, the sustainable development of China’s resource-based cities
has faced severe challenges. Numerous resource-based cities have suffered severe environ-
mental pollution, resource depletion, economic recession, and brain drain. Therefore, they
need to transform their development patterns and seek sustainable approaches [9–12].

In 2013, the State Council of China issued the “National Sustainable Development
Plan of Resource-Based Cities (2013–2020)”. This plan, henceforth referred to as SDPRC
policy for short, is essentially a governmental policy aiming to promote the economic and
social transformation of China’s resource-based cities during 2013–2020 and improve their
sustainable-development potential in the future. The SDPRC policy contains contents
related to several different aspects. Roughly speaking, the policy primarily emphasizes
four aspects. (1) The central government provides institutional, administrative, and mon-
etary support (e.g., fiscal transfers) to local governments to help them implement local
economic and social policies. (2) The central government imposes quantitative require-
ments on local governments regarding some development and transformation targets, for
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instance, regarding gross domestic product (GDP) growth, employment, energy-intensity
decrease, and pollution reduction. These targets contain four dimensions: economic de-
velopment, improvement in people’s livelihood, resource security, and protection of the
ecological environment. (3) Considering the disparities in resource security and sustainable-
development capabilities among different cities, the resource-based cities are classified into
four types: growing, mature, declining, and regenerative cities. The policy defines the
development direction and key duties of each category of cities. (4) The central government
provides suggestions about development models and instruments suitable for the local
regions, such as developing high-technology manufacturing industries, fostering tourism,
and constructing infrastructure. In the policy, five key tasks are proposed, in particular,
including orderly developing and comprehensively utilizing resources, constructing a
diversified industrial system, ensuring and improving people’s livelihood, strengthening
environmental governance and ecological protection, and enhancing support and guarantee
capability. A set of specific measures corresponding to these five key tasks are put forward.

The research purpose of this study is to evaluate the effects of the SDPRC policy from
the perspective of macroeconomic growth. As the major engine of the global economy,
China’s economic growth attracts much attention from both policy makers and academic
researchers. It is very important to understand the influencing factors of economic growth
in Chinese regions. Theoretically, it is unclear whether the SDPRC policy would have a
positive or negative effect on economic growth. On the one hand, as the SDPRC policy
explicitly imposed some requirements for regional GDP growth and residents’ income
increase in resource-based cities, local governments must make an effort (e.g., attract in-
vestment, encourage innovation, and reduce unemployment rates) to promote economic
growth. On the other hand, given that local governments had to make tradeoffs between
numerous different policy targets, such as economic expansion, urban renewal, and environ-
mental protection, they might be unable to stimulate economic growth sufficiently. Even worse,
they might struggle to achieve other important policy targets at the cost of macroeconomic
growth. In order to understand the actual impact of the SDPRC policy on economic growth,
we need to use rigorous empirical methods, as we will do in this study.

Before we formally assess the impact of the SDPRC policy, we use Figure 1, as below,
to provide a visible preliminary overview about the circumstances of economic growth in
China between 2006 and 2019. According to the name list provided by the official document
of the SDPRC policy, we group Chinese cities into two categories: resource- and non-resource-
based cities. We use the annual GDP growth rate as the indicator of economic growth.
As shown in the figure, during 2006–2012, the average annual economic growth rate in
resource-based cities was almost the same as that in non-resource-based cities. However,
since 2013, the average annual economic growth rate in resource-based cities has become
much smaller than that in non-resource-based cities. Therefore, we conjecture that the
implementation of the SDPRC policy in 2013 might have a negative impact on economic
growth in resource-based cities. To verify this conjecture, our study collected data and
utilized econometric regression models to quantify the impact of the SDPRC policy.

1.2. Contributions to the Literature

This study contributes to the literature in two aspects. (1) This study helps us un-
derstand more about the influencing factors of the regional economic growth in China.
The previous literature has analyzed numerous varied factors such as infrastructure con-
struction, financial openness, international trade, environmental quality, industrial struc-
ture, political institution, fiscal and monetary policies, and so on. However, the previous
literature did not sufficiently examine the effect of the government’s reform and develop-
ment policies specifically related to resource-based cities. As resource-based cities have
faced numerous economic, social, and ecological problems, it is questionable whether they
can maintain sustainable growth in the future. In our study, we concentrate on the impact
of the SDPRC policy on the economic growth in resource-based cities and report a statis-
tically significant effect. (2) This study provides a new insight into the evaluation of the
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SDPRC policy. Previous policy-assessment studies mostly discussed the SDPRC policy’s
beneficial impacts on industrial structure transformation and industrial pollution reduction.
However, rare studies have examined its impact on aggregate macroeconomic performance.
Our research reported that the policy actually had an adverse influence from the perspec-
tive of economic growth. Our finding calls for future actions to promote sustainable growth
in China’s resource-based cities during their economic and social transitions.

Figure 1. Average annual growth rate of real gross domestic product (GDP) in resource- and non-
resource-based cities in China during 2006–2019. Data source: author’s own calculation and the EPS
China Data.

The rest of this article is organized as follows. Section 2 provides a brief literature
review. Section 3 describes the empirical methodology, variables, and data used in this
study. The main regression results are reported in Section 4. Then, Section 5 provides further
analysis regarding the underlying mechanism and heterogeneities among different cities.
Finally, Section 6 concludes and discusses the policy implications.

2. Literature Review

This study is closely relevant to two streams of literature. The first is about the
influencing factors of economic growth in China. The second is about the impacts of the
SDPRC policy.

Regarding the influencing factors of China’s regional economic growth, the previ-
ous literature has analyzed many different aspects, such as the construction of infrastruc-
ture [13,14], domestic financial development [15,16], foreign direct investment [17,18], trade
openness [19,20], political and administrative institution [21], and the government’s fiscal
and monetary policies [22,23]. Among the different places in China, resource-based cities
should be specially studied because their resource-dependent economic system is not sustain-
able in the long run, and many of them faced severe development problems as described by
previous studies on the “Dutch disease” [5–7,11,12] and “resource curse” [9,24–26].

Among the various policies aimed to promote the sustainable development of resource-
based cities, the SDPRC project was one of the most important policies conducted by
China’s central government in the past decade. Therefore, it is necessary to appraise its
policy effects thoroughly. Several previous studies have assessed the impacts of the SDPRC
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policy, primarily from the perspective of industrial structure transformation and industrial
pollutant emission. Fan and Zhang [1] and Li et al. [2] reported that the policy significantly
reduced the share of the secondary industry and raised the share of the tertiary industry
in the economies of resource-based cities. Zhou and Gu [27] reported that the policy
evidently reduced the scale of sulfur dioxide (SO2) emissions from industrial production.
Meng et al. [28] confirmed this finding by examining a pollutant emission index that
covers air pollution, water pollution, and solid-waste pollution in the secondary industry.
Zhang et al. [29] and Zheng and Ge [30] reported that the SDPRC policy reduced the
amount of total CO2 emitted in resource-based cities. These above-mentioned studies
demonstrated the beneficial effects of the SDPRC policy in terms of industrial structure
transformation and pollution reduction. However, these beneficial effects of the policy did
not necessarily lead to stronger macroeconomic growth in resource-based cities. The existing
literature has not provided explicit evidence about the net impact of the policy on regional
economic growth.

In our study, we examine whether the SDPRC policy decreased or increased annual
GDP growth rate in China’s resource-based cities. Our research intends to provide new
knowledge about the determinants of China’s economic growth and the macroeconomic
consequences of the SDPRC policy.

3. Empirical Methodology and Data
3.1. Regression Model

Our analysis is based on the panel data for China’s prefecture-level and province-
level cities. These cities are classified into the treatment group and the control group.
The treatment group includes 126 prefecture-level cities that have implemented the SDPRC
policy since 2013. The control group includes other cities that did not implement the
policy. We use a standard difference-in-difference (DID) approach to measure the treatment
effect of the SDPRC policy. DID is a quasi-experimental design that is typically used to
estimate the effect of a specific intervention, policy or treatment. This method utilizes
panel data from treatment and control groups to construct an appropriate counterfactual
to identify a causal effect. DID compares the changes in outcomes over time between the
treatment group and the control group. The DID approach requires several important
assumptions about some features of the treatment and the outcome variables. Otherwise,
this method should not be used. The so-called “parallel-trends assumption” is the most
critical assumption to ensure internal validity of a DID model. We will test this assumption
later. A standard DID model has the form of a traditional panel data econometric regression
equation, and thus can be estimated conveniently.

The DID model used in this study is expressed by the following two-way fixed-effects
regression equation:

EconomicGrowthit = α + βPolicyit + X′itγ + ui + vt + εit, (1)

where the dependent variable EconomicGrowthit represents the economic growth in city i
during year t, which is measured by the annual GDP growth rate. The core explanatory
variable of interest, Policyit, is an indicator of the SDPRC policy. Policyit = 1 for treated
cities if t ≥ 2013, and Policyit = 0 otherwise. Xit is a vector of control variables. ui is
the city-fixed effect, and vt is the year-fixed effect. εit is the error term. α, β, and γ are
parameters that were estimated. We particularly focus on the value of β, which captures the
average impact of the policy on economic growth in resource-based cities. The variables in
Equation (1) are described in detail below.
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3.2. Variables
3.2.1. Dependent Variable

In Equation (1), the dependent variable is EconomicGrowthit, which is the annual GDP
growth rate in city i in year t. To eliminate the influence of inflation, GDP is deflated based on
a constant price level. Accordingly, the GDP used in our empirical analysis is the “real GDP”.

3.2.2. Core Explanatory Variable of Interest

The core explanatory variable of interest in our study is Policyit, which is a binary
dummy variable denoting whether the SDPRC policy was implemented in city i in year t.
Policyit = 1 if city i was included in the “National Sustainable Development Plan of
Resource-Based Cities (2013–2020)” and t ≥ 2013. Otherwise, Policyit = 0.

3.2.3. Control Variables

The control variable vector Xit contains the following eight city-level variables that may
affect economic growth: Populationit, Medical In f rastructureit, TransportIn f rastructureit,
GovernmentSizeit, FinancialDevelopmentit, FinancialOpennessit, TradeOpennessit, and
IndustrialStructureit.

Populationit is the logarithmic value of the population, namely, the number of local
residents (thousand persons). Although, keeping other factors unchanged, an increase in
population would lead to an expansion in aggregate economic scale, the agglomeration
of population might bring about some social and management problems (e.g., crime and
pollution) that inhibit economic growth.

Medical In f rastructureit is an indicator of the abundance of medical infrastructure.
It is proxied by the logarithmic value of the number of hospital beds per thousand residents.
An improvement in medical infrastructure can promote the health and human capital of
local residents, and, thus, facilitate economic growth.

TransportIn f rastructureit is an indicator of the transport infrastructure, proxied by
a binary dummy variable denoting whether the city was connected to the national high-
speed railway network. TransportIn f rastructureit = 1 if city i had at least one high-speed
railway station in year t, and TransportIn f rastructureit = 0 otherwise. On the one hand,
the availability of transport infrastructure is a foundation for economic development.
On the other hand, if transport infrasturcture is already sufficient, the overinvestment in
infrastructure would be a waste of money and fail to boost economic growth.

GovernmentSizeit is the government size, measured by the ratio of local government
spending to GDP. This variable is used to capture the influence of the local government, as
the government plays a crucial role in local economic development. Government size may
be either positively or negatively correlated with the GDP growth rate, contingent on the
specific behaviors of the public sector.

FinancialDevelopmentit is the level of financial development, measured by the ratio
of bank credits to GDP. FinancialOpennessit is the degree of financial openness, proxied
by the ratio of foreign direct investments to GDP. TradeOpennessit is the trade openness,
measured by the ratio of international trade volume to GDP. IndustrialStructureit refers
to the industrial structure, indicated by the share of non-agricultural value added in GDP.
These four variables describe the general structural characteristics of the local economy.
Transitions in economic structure will cause changes in GDP growth.

3.3. Data

The variable Policy is constructed according to the name list of resource-based cities,
which was published on the website of China’s central government (http://www.gov.
cn/zwgk/2013-12/03/content_2540070.htm, accessed on 1 March 2022). The data of
other variables were obtained from the database of the EPS China Data (http://www.
epschinadata.com, accessed on 1 March 2022).

Our available data ended in 2019. As the SDPRC policy was implemented in 2013,
we have the data of 7 years, during 2013–2019, to analyze the after-policy circumstance.

http://www.gov.cn/zwgk/2013-12/03/content_2540070.htm
http://www.gov.cn/zwgk/2013-12/03/content_2540070.htm
http://www.epschinadata.com
http://www.epschinadata.com
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For symmetry, we collected the data of 7 years during 2006–2012 to analyze the before-
policy situation. Thus, in the time dimension, our sample period covered 14 years, between
2006 and 2019. In the geographical dimension, we collected the data of 329 Chinese cities,
including 325 prefecture-level and 4 province-level cities (i.e., Beijing, Tianjin, Shanghai,
and Chongqing). In the sample, 126 prefecture-level cities have implemented the SDPRC
policy since 2013; and 203 cities have never implemented the policy. The sample covers
almost all regions in Mainland China. The data for several cities in some years were missing.
Our final sample is a slightly unbalanced panel containing 4475 observations. In order to
exclude the possible bias caused by outliers, we winsorized all continuous variables at their
top and bottom 0.5% quantiles. The descriptive statistics of variables used in our study are
reported in Table 1.

Table 1. Descriptive statistics of variables.

Variable Definition Obs Mean SD Min Max

EconomicGrowth Economic growth rate, measured by the annual growth rate (%) of
real GDP (i.e., GDP calculated based on a constant price level). 4475 10.714 4.143 −4.600 22.600

Policy
Dummy variable for the policy of “National Sustainable Development
Plan of Resource-Based Cities (2013–2020)”, which equals 1 for
resource-based cities after 2013, and 0 otherwise.

4475 0.188 0.391 0.000 1.000

Population Logarithmic value of population (thousand persons). 4475 8.049 0.807 5.182 10.045

Medical In f rastructure Medical infrastructure, proxied by the logarithmic value of the
number of hospital beds per thousand residents. 4475 1.391 0.427 0.205 2.364

TransportIn f rastructure
Transport infrastructure, proxied by a dummy variable for
high-speed rail, which equals 1 if the city has at least one
high-speed railway station, and 0 otherwise.

4475 0.338 0.473 0.000 1.000

GovernmentSize Government size, measured by the ratio of government spending to
GDP. 4475 0.213 0.163 0.059 1.535

FinancialDevelopment Financial development, measured by the ratio of bank credits
to GDP. 4475 0.847 0.496 0.156 3.200

FinancialOpenness Financial openness, measured by the ratio of foreign direct
investments to GDP. 4475 0.025 0.088 0.000 1.031

TradeOpenness Trade openness, measured by the ratio of international trade
volume to GDP. 4475 0.197 0.349 0.000 2.374

IndustrialStructure Industrial structure, measured by the share of non-agricultural
value added in GDP. 4475 0.859 0.089 0.530 0.997

Abbreviations: GDP (gross domestic product), Max (maximum), Min (minimum), Obs (observations),
SD (standard deviation).

4. Regression Results

This section presents the core empirical results in this study. We report the detailed esti-
mation results of Equation (1) and some robustness checks in Sections 4.1 and 4.2, respectively.
Then, in Section 4.3, we test the parallel-trend assumption, which is the prerequisite for
using the difference-in-difference model.

4.1. Main Result

Table 2 reports the estimated impact of the SDPRC policy on economic growth rate.
The estimation result of Equation (1) is demonstrated in column (i) of the table. The co-
efficient of Policy is −0.615, which is statistically significant at the 5% level. The coef-
ficient indicates that, on average, the SDPRC policy reduced the GDP growth rate in
resource-based cities by 0.615 percentage points. This is an undesirable policy effect.
If the 0.615-percentage-point decrease in GDP growth rate can be prevented, a substantial
economic benefit would be obtained, given the large size of the Chinese economy. For in-
stance, in 2019, the aggregate nominal GDP in all resource-based cities was CNY 43 trillion.
A 0.615-percentage-point change in annual GDP growth rate would cause a change in the
scale of annual GDP by CNY 0.264 (= 43 × 0.615%) trillion, which is approximately USD
39 billion. This size is even larger than the economic scale of many countries, such as
Cambodia, Paraguay, and Uganda.
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The control variables contained in Equation (1) also affected the economic growth rate.
The expansion of population and improvement in medical infrastructure substantially
increased the GDP growth rate. The expansion of bank credits demonstrated a significant
negative effect. The degree of financial openness and the share of non-agricultural industry
in the economy were positively related to economic growth. The operation of high-speed
railway, government size, and trade openness did not show a significant effect.

Table 2. Estimated impact of the SDPRC policy on economic growth rate.

Variable

Robustness Checks

Main Estimation
Result

Use Growth Rate of
GDP per Capita as
Dependent Variable

Eliminate Sample
Cities Containing
Resource-Based
Counties

Use PSM-DID
Estimation

Use Dynamic
Panel Model

(i) (ii) (iii) (iv) (v)

Policy −0.615 ** −2.094 *** −0.802 *** −0.713 ** −1.015 ***
[0.277] [0.607] [0.282] [0.283] [0.269]

Population 4.103 *** 10.56 *** 3.360 *** 4.059 *** 0.814 *
[1.176] [2.946] [1.187] [1.233] [0.421]

Medical In f rastructure 1.413 ** −0.299 1.251 * 1.449 ** 0.914
[0.595] [1.451] [0.671] [0.608] [0.937]

TransportIn f rastructure −0.117 0.274 −0.134 −0.106 −0.345
[0.209] [0.464] [0.224] [0.211] [0.210]

GovernmentSize 0.619 −5.834 ** 0.538 0.342 3.187 **
[1.215] [2.261] [1.326] [1.202] [1.280]

FinancialDevelopment −1.095 *** −3.271 *** −1.352 *** −0.954 ** −1.186 **
[0.397] [1.000] [0.462] [0.379] [0.525]

FinancialOpenness 8.954 ** 13.51 *** 7.589 ** 23.52 *** 0.738
[3.817] [5.171] [3.620] [6.331] [3.439]

TradeOpenness −0.457 −4.515 *** −0.447 −0.274 −1.297
[0.387] [1.021] [0.424] [0.397] [0.874]

IndustrialStructure 20.52 *** 48.67 *** 18.92 *** 20.27 *** 9.182 *
[3.202] [6.946] [3.236] [3.197] [4.737]

EconomicGrowtht−1 - - - - 0.187 ***
- - - - [0.049]

City-fixed effect Yes Yes Yes Yes Yes
Year-fixed effect Yes Yes Yes Yes Yes

Number of cities 329 329 257 327 329
Number of observations 4475 4475 3505 4412 4419
R2 0.665 0.295 0.671 0.666 -

Note: *, ** and *** represent the statistical significance levels of 10%, 5% and 1%, respectively. The values in
brackets are heteroscedasticity-robust standard errors.

4.2. Robustness Checks

In this subsection, we conduct four robustness checks to examine whether our result
reported in column (i) of Table 2 is sensitive to the selection of the indicator for economic
growth, the existence of possible outliers, and the selection of the estimation method.

First, we check whether our main result holds if we use alternative indicators of
economic growth. Previously, we used the annual GDP growth rate to measure economic
growth. Now, we take the annual growth rate of GDP per capita as the dependent vari-
able in Equation (1) and re-estimate the regression coefficients. The estimation result is
reported in column (ii) of Table 2. The coefficient of the SDPRC policy is −2.094, which
is significant at the 1% level. Our main finding about the adverse effect of the policy
still holds. In addition, we tried to use the annual growth rate of night lights to measure
economic growth, with the remote-sensing-night-light data from the CNRDS database
(https://www.cnrds.com, accessed on 1 March 2022). The estimated coefficient of the SD-
PRC policy is also significantly negative, although the corresponding regression result is
not reported here to save space.

Second, it is notable that a few of the non-resource-based cities contain some resource-
based counties. These resource-based counties were also covered by the SDPRC policy.

https://www.cnrds.com
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In most cases, those resource-based counties only accounted for a small part of the non-
resource-based cities to which they belong. That is why we did not consider them in
the previous analysis. Now we examine whether our main research finding still holds if
those non-resource-based cities containing resource-based counties are eliminated from
our sample. The regression result is reported in column (iii) of Table 2, which gives a
coefficient of −0.802 for Policy. This coefficient is significant statistically.

Third, the resource- and non-resource-based cities might have substantial hetero-
geneities and these two types of cities might not be sufficiently comparable for conducting
a standard DID analysis. To mitigate this concern, a widely used approach is to employ
the PSM-DID (propensity score matching difference-in-difference) method. We use the
PSM-DID to estimate the effect of the SDPRC policy. As reported in column (iv) of Table 2,
the variable Policy has a significantly negative coefficient of −0.713.

Fourth, considering that a region’s economic growth might be persistent, we expect
the GDP growth rate in one year to be correlated with its value in the previous year.
Hence, we construct a dynamic panel model as follows: EconomicGrowthit = α + β1
EconomicGrowthit−1 + β2Policyit + X′itγ + ui + vt + εit, where the coefficient β1 captures
the influence of the economic growth in the last year. This dynamic panel model is estimated
using the System-GMM (generalized method of moments). This time, as reported in column
(v) of Table 2, the estimated coefficient of Policy becomes −1.015, which is also significantly
negative.

In addition, we also realize that some other city-specific policies might also affect the
economic growth at the city level. Thus, we conducted extra robustness checks by adding
the dummy variables for several other policies into Equation (1). The policies we took into
account include the resource-exhausted city support policy in 2008, 2009 and 2012 [31],
the low-carbon city pilot project in 2010, 2012 and 2017 [32,33], the smart-city pilot project
in 2013 and 2015 [34], the clean-winter-heating plan in Northern China in 2017 [35], and
the real-estate-purchase restriction policy in different years [36]. After adding the dummy
variables of these policies separately or simultaneously into Equation (1), the estimated impact
of the SDPRC policy is still significantly negative and very close to our baseline estimate. In
order to save space, the detailed regression results are not reported here.

Overall, a series of robustness checks provide evident support to our main finding,
that the SDPRC policy reduced the macroeconomic growth in resource-based cities.

4.3. Test for Parallel Trend

A core premise for using the different-in-difference model is the parallel-trend as-
sumption. This assumption means that, in the absence of treatment, the average outcome
variables in the treated and control groups would have followed parallel trends over time.
If the parallel-trend assumption is violated, our previous regression analyses would be
unreliable. In this subsection, we use a regression-based method to test the validity of the
parallel-trend assumption. This method estimates the pre-treatment differences in trends
between the treated and control groups. In our research, the test is based on the following
regression equation:

EconomicGrowthit = α +
6

∑
k=−7

βkPolicyit,k + X′itγ + ui + vt + εit, (2)

where the indicator variable Policyit,k = 1 if the SDPRC policy was at its k-th year of imple-
mentation at the resource-based city i in year t, and Policyit,k = 0 otherwise. For example,
Policyit,−1 = 1 for a resource-based city in the year 2012 (i.e., one year before the policy
implementation); and Policyit,2 = 0 for a non-resource-based city in the year 2015 (i.e., two
years after the policy implementation). Other variables in Equation (2) are the same as those
in Equation (1). The coefficients βk (k = −7, −4, · · · , 6) measure the difference in economic
growth rate between resource- and non-resource-based cities in various years, after we control
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other potential factors that influence the economic growth. If the parallel-trend assumption
holds, the estimated values of βk for k < 0 should not be significantly different from 0.

Figure 2 demonstrates the result of the parallel-trend test. The estimated values of βk
with the corresponding 95% confidence interval are plotted in the graph. The coefficient
β−1 is not displayed because the year 2012 is taken as the base period. As shown clearly in
the figure, the coefficients β−7, β−6, β−5, β−4, β−3, and β−2 are all not significantly different
from 0. This indicates that, before the policy implementation in 2013, the GDP growth rates
in resource- and non-resource-based cities had no significant difference, if other influencing
factors of economic growth are controlled. In other words, the parallel-trend assumption is
satisfied, and, hence, we can use the DID model to identify the causal effect of the policy
on economic growth.

Figure 2. Test for parallel trend. Note: The dashed lines in the graph show the 95% confidence
interval of the estimated coefficients βk (k = −7, −6,· · · , 6) in Equation (2).

In addition, the figure shows that, after 2013, the relative economic growth rate
in resource-based cities compared to that in non-resource-based cities became signifi-
cantly lower. This implies that the SDPRC policy carried out in 2013 significantly de-
pressed resource-based cities’ economic growth. This is consistent with our main find-
ing reported in Table 2. From the figure, we can also observe the dynamic effects of the
policy in different years. In 2013, the initial year of the policy, the impact was already
significant statistically. Between 2013 and 2015, the policy effect became stronger with the
passage of time. The policy’s effect in 2016 was weaker than that in 2015. After 2017, the
policy effect was still negative, but not significant statistically.

5. Mechanism Analysis and Heterogeneities

In this section, we explore the mechanism through which the SDPRC policy reduced
the economic growth in resource-based cities, and we analyze whether the impact of the
SDPRC policy on economic growth had heterogeneities across different regions. We find
that the SDPRC policy substantially dampened technological advancement, while it did
not have an evident impact on the production inputs in resource-based cities. These two
phenomena can, at least partially, explain why the policy actually lowered the economic
growth rate.
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5.1. Mechanism Analysis

The regression results reported in Section 4 demonstrated robust evidence that the SD-
PRC policy decreased the economic growth rate in resource-based cities. The policy might take
effect through many various channels, as the policy was associated with numerous different
governmental measures influencing economic, social, technical and ecological aspects. We
conjecture that the degree of technological advancement and variation in production inputs
were two important mediating factors between the SDPRC policy and economic growth.

5.1.1. Technological Advancement

Technological advancement plays an important role in affecting economic growth.
An increase in regional innovation and technology level can stimulate economic growth,
because innovation and technological advancement can improve productivity and create
more efficient ways of production [37–41]. On the contrary, a decrease in innovation and
technology level will cause the economic growth rate to decline. Theoretically, the impact
of the SDPRC policy on technological advancement is ambiguous. On the one hand, the
government might take actions to encourage local R&D, innovation, and technological ad-
vancement, in order to improve the productivity and efficiency of firms. On the other hand,
as the government imposed additional requirements and regulations on firms in order to
achieve multiple policy objectives, firms’ production costs probably increased and it became
more difficult for them to invest in R&D activities and improve their technology levels.

To examine the impact of the SDPRC policy on technological advancement, we use the
indicators of technological advancement to replace the dependent variable in Equation (1),
and formulate the following regression equation:

TechnologicalAdvancementit = α + βPolicyit + X′itγ + ui + vt + εit, (3)

where TechnologicalAdvancementit is an indicator of technological advancement in city i in
year t, and other variables are the same as those in Equation (1).

We analyze four different variables associated with technological advancement and
use each of them as the dependent variable in Equation (3) one by one. The effects of the
SDPRC policy on these four dependent variables are estimated, respectively. Estimation re-
sults are reported in Table 3. (1) We take the number of annual new-patent applications
per unit of GDP (billion CNY) to measure the innovation ability of each city, with the
patent data from the CNRDS database. As reported in column (i) of Table 3, the estimated
coefficient of Policy is −6.973 and it is statistically significant, indicating that the SDPRC
policy depressed the innovation ability of resource-based cities. (2) We use the number
of employees in scientific research and technology services per million local residents to
measure the proportion of R&D personnel in the population. As reported in column (ii)
of Table 3, the estimated coefficient of Policy is −0.0754. This implies that the proportion
of R&D personnel decreased after the implementation of the policy. (3) We also examine
whether the local government provided more fiscal support for local scientific and tech-
nological activities. We calculate the ratio of local governmental spending for scientific
and technological affairs to GDP and use this ratio to measure the degree of governmental
support. As shown in column (iii) of Table 3, Policy has a significantly negative coefficient
of −0.0371. Local governments’ fiscal support for science and technology declined after
the implementation of the policy. (4) Informatization has played a crucial role in China’s
technological advancement during the past two decades. We use the share of internet users
in the population to proxy the informatization level. The estimated coefficient of Policy is
−0.0162, as reported in column (iv) of Table 3. The informatization level was reduced as a
result of the policy.

In a nutshell, we inspect the impact of the SDPRC policy on the technological ad-
vancement in resource-based cities from various aspects. We derive the finding that local
technological advancement was depressed by the policy.
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Table 3. Mechanism analysis: impact of the SDPRC policy on technological advancement.

Variable
Patent R&D Personnel

Government Support
for Science and
Technology

Informatization

(i) (ii) (iii) (iv)

Policy −6.973 *** −0.0754 *** −0.0371 * −0.0162 *
[1.935] [0.012] [0.019] [0.010]

Control variables Yes Yes Yes Yes
City-fixed effect Yes Yes Yes Yes
Year-fixed effect Yes Yes Yes Yes

Number of cities 329 293 292 293
Number of observations 4475 3976 3977 3946
R2 0.553 0.262 0.23 0.521

Note: * and *** represent the statistical significance levels of 10% and 1%, respectively. The values in brackets are
heteroscedasticity-robust standard errors. To save space, the estimated coefficients of control variables are not
reported in the table.

5.1.2. Production Input

Given the existing technology level, growth in economies requires the expansion of
production inputs. Labor and capital are two most important kinds of production inputs.
If the SDPRC policy can increase labor input and capital investment, the GDP in resource-
based cities would grow. However, it is theoretically unclear whether the policy enlarges
production inputs or not. On the one hand, as the targets of the SDPRC policy covered
some contents about GDP growth and income increase, local governments probably took
effective actions to encourage the expansion of production inputs, in order to achieve the
economic-growth-relevant policy targets. On the other hand, the production inputs might
not be significantly expanded because the governments possibly prioritized some other
important policy goals such as industrial structure transition and environmental quality
improvement, rather than regional GDP growth.

To examine the effect of the SDPRC policy on production inputs, we use the indicators
of production inputs to replace the dependent variable in Equation (1), and construct the
following regression equation:

ProductionInputit = α + βPolicyit + X′itγ + ui + vt + εit, (4)

where ProductionInputit is an indicator of labor or capital input in city i in year t, and other
variables are the same as those in Equation (1).

We consider four different indicators of production inputs, including two variables
about labor input and two variables about capital investment. (1) The first variable is
the annual population growth rate. (2) The second variable is the unemployment rate.
(3) The third variable is the annual investment growth rate, where the investment refers to
the amount of fixed capital formation measured in a constant price level. (4) The fourth
variable is the capital formation rate, which is the ratio of fixed capital formation to GDP.

We estimate the effects of the SDPRC policy on the four different indicators of pro-
duction inputs, respectively. Estimation results are demonstrated in Table 4. As shown in
columns (i)–(iv), the impacts of the SDPRC policy on the population growth rate, unemploy-
ment rate, investment growth rate, and capital formation rate, are all not significant statistically.
On the whole, we do not detect any beneficial influence of the SDPRC policy on the expan-
sion of production inputs.
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Table 4. Mechanism analysis: impact of the SDPRC policy on labor input and capital investment.

Variable
Population Growth
Rate Unemployment Rate Investment Growth

Rate Capital Formation Rate

(i) (ii) (iii) (iv)

Policy 0.0193 0.0647 −0.026 0.0606
[0.015] [0.056] [0.024] [0.041]

Control variables Yes Yes Yes Yes
City-fixed effect Yes Yes Yes Yes
Year-fixed effect Yes Yes Yes Yes

Number of cities 329 322 329 329
Number of observations 4475 2224 2582 2589
R2 0.297 0.219 0.279 0.492

Note: The values in brackets are heteroscedasticity-robust standard errors. To save space, the estimated coefficients
of control variables are not reported in the table.

5.2. Heterogeneity Analysis

Our previous analysis took all resource-based cities together and estimated the average
treatment effect of the SDPRC policy on GDP growth rate. In this subsection, we analyze
whether the impact of the SDPRC policy is homogeneous for all cities. We divide the
sample cities into several groups based on some classification criteria. Then, we utilize
Equation (5) to examine the possible heterogeneities across different kinds of cities:

EconomicGrowthit = α + ∑
k

ηkPolicyit × Dk
i + X′itγ + ui + vt + εit, (5)

where Dk
i is a binary dummy variable that indicates the group into which city i is classified.

The detailed definition of Dk
i will be explained later. The effect of the policy in cities that

belong to group k is measured by the coefficient ηk. Other variables in Equation (5) are the
same as those in Equation (1).

5.2.1. Development-Stage Heterogeneity

The official document of the SDPRC policy classified the resource-based cities into four
types according to their development stages: growing, mature, declining, and regenerative
resource-based cities. We set four dummy variables, Dgrowing, Dmature, Ddeclining, and
Dregenerative, for these four types. For instance, Dgrowing = 1 if the city is a growing resource-
based city, and Dgrowing = 0 otherwise. The dummy variables Dmature, Ddeclining, and
Dregenerative are defined in similar ways.

The estimation result is reported in column (i) of Table 5. It is shown that the policy
had significantly negative effects in declining and regenerative resource-based cities, while
the effects in growing and mature cities were not significant. The policy had no significant
impact in growing and mature cities probably because these two kinds of cities had rel-
atively strong economic vitality and had sufficient innovation and capability to avoid a
decline in economic growth rate.

5.2.2. Spatial Heterogeneity

Spatially, Mainland China can be classified into three large regions: the eastern,
central, and western parts. Compared to the central and western districts, the eastern
area has the highest economic development level, urbanization rate, and economic vitality.
We set two dummy variables: Deast and Dcenter&west. Deast = 1 and Dcenter&west = 0 if the city
is located in the eastern region. Deast = 0 and Dcenter&west = 1 if the city is located in the
central or western region.
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Table 5. Heterogeneities across different kinds of cities.

Variable
Development-Stage Heterogeneity Spatial Heterogeneity

(i) (ii)

Policy× Dgrowing −0.904 -
[0.705] -

Policy× Dmature −0.0347 -
[0.299] -

Policy× Ddeclining −1.843 *** -
[0.602] -

Policy× Dregenerative −1.052 * -
[0.563] -

Policy× Deast - −0.548
- [0.425]

Policy× Dcenter&west - −0.632 **
- [0.308]

Control variables Yes Yes
City-fixed effect Yes Yes
Year-fixed effect Yes Yes

Number of cities 329 329
Number of observations 4475 4475
R2 0.668 0.665

Note: *, ** and *** represent the statistical significance levels of 10%, 5% and 1%, respectively. The values in
brackets are heteroscedasticity-robust standard errors. To save space, the estimated coefficients of control variables
are not reported in the table.

The estimation result is reported in column (ii) of Table 5, and shows that the policy
had significantly negative effects in central and western resource-based cities, while the
effect in eastern cities was insignificant. The policy did not significantly affect the economic
growth in the eastern region, probably because the eastern region most actively adopted
new technologies and improved its efficiencies, and, thus, could more easily avoid the
decline in economic growth caused by the SDPRC policy.

The analysis of the circumstances across different kinds of cities shows that the impact of
the SDPRC policy was heterogeneous, depending on a city’s specific development stage and
spatial location. The policy’s impact on economic growth was statistically significant in some
cities, but not significant in some other cities, though the estimated effect was always negative.

6. Conclusions, Discussion, and Limitations
6.1. Conclusions

In summary, this study empirically analyzes the impact of China’s “Sustainable De-
velopment Plan of Resource-Based Cities” on local economic growth, based on the data
covering 329 cities during 2006–2019. A difference-in-difference regression model is used
for quantitative evaluation. It is found that the policy actually decreased economic growth,
which is measured by the annual real GDP growth rate. On average, the policy caused a
0.615-percentage-point reduction in the GDP growth rate in resource-based cities. More-
over, it is found that, after the policy was implemented, innovation and technological
advancement in resource-based cities declined, and the production inputs did not expand.
These findings help explain why the policy caused a reduction in economic growth rate.
The heterogeneity analysis indicates that the impact of the policy differed among different
cities. The policy’s adverse impact on economic growth was particularly strong in resource-
based cities at the declining and regenerative development stages, and in cities located in
the central and western regions. These cities should pay more attention to mitigating the
economic growth problem during the process of economic transformation.

6.2. Discussion

The findings in this study have the following implications for the economic management
practices. First, during the implementation of the sustainable-development policies for
resource-based cities, the government should pay attention to the economic growth problem.
Although resource-based cities might have transformed their industrial structures and
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reduced pollution by implementing the SDPRC policy, long-run sustainable development
cannot be ensured if resouced-based cities fail to maintain the economic growth. The
SDPRC policy has caused a substantial decline in economic growth rate, which implies
the occurence of large implicit economic losses. The local governments in resource-based
cities have to adjust some of their previous actions and the central government may need
to offer new policies to facilitate economic growth in the targeted cities. On the basis
of the existing industrial foundation of resource-based cities, the government should
formulate long-term plans for industrial updates, make full use of comparative advantages,
and enhance industrial competitiveness to construct a diversified economic system and
optimize resource utilization. It should be particularly emphasized that investments in
pillar industries need to follow the long-term orientation of the city, because governments’
short-term expectations may lead to a surplus of industrial capacity in resource-based
cities [42].

Second, as reported by our study, the SDPRC policy significantly inhibited techno-
logical advancement in resource-based cities. Technological advancement is a key to
promoting a sustainable economic-development pattern. For instance, as suggested by
Guo et al. [43], the government can attempt to transform the economies of coal and oil
resource-based cities through energy-technology innovation. The government has to
find effective ways to encourage R&D and innovative activities in resource-based cities.
Resource-based cities should implement innovation-driven development strategies, including
accelerating technological inventions, transforming and upgrading traditional industries with
high-tech and advanced applicable technologies, and encouraging scientific and technolog-
ical activities in both the private and public sectors [42]. Some favorable financial and fiscal
instruments could be employed to attract firms with high productivity and high efficiency.
In addition, the government may need to identify whether some previous policies or in-
stitutions had adverse impacts on local innovation and the adoption of new technologies.
For example, some literature suggested that policy uncertainty and administrative ineffi-
ciency of public sectors actually dampened private sectors’ intrinsic incentives for R&D [44,45].
Some reforms should be conducted to deal with these existing problems.

Third, our analysis points out that resource-based cities failed to expand more pro-
duction inputs after 2013, relative to non-resource-based cities. The government should
think about how to attract capital investments and high-quality labor and balance the
relationship between energy consumption, economic growth and various investment to
achieve high-quality economic development [46]. Along with the economic transformation
of resource-based cities, the scale of industries (e.g., lumbering, metallurgy, mining, and
petroleum extraction) that heavily rely on natural resources was largely reduced. Resource-
based cities should cultivate replacement industries such as the service and high-technology
manufacturing industries, in order to provide more space for the inflow of new labor and
investments. Local economic, political, and social environments should be ameliorated to
offer favorable business conditions for entrepreneurs and corporations.

Lastly, the SDPRC policy had heterogeneous effects in different cities. Policymakers should
adjust measures to local conditions and adopt different strategies because the determinants
that influence the development of each city are various [47]. Klopp and Petretta [48] and
Moreno Pires et al. [49] suggested that, to establish quantitative indicator targets about specific
tasks in each city, which can make the policy more implementable, goal achievement should
be presented clearly, and a reference provided for appropriate decision making and policies. A
more systematic and comprehensive perspective is helpful to better evaluate the development
of resource-based cities and explore the characteristics of each city.

6.3. Limitations

This research has some limitations that can be addressed in future studies. First, because
of the data availability issue, the sample period analyzed in this research ended in 2019.
Thus, it is uncertain whether the economic growth problem identified in our study still
existed after 2019. Future studies can collect the latest data and provide new information
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about resource-based cities in the current COVID-19-pandemic era. For instance, under the
impact of the COVID-19 pandemic, the ideas of green, low-carbon, and sustainable devel-
opment have become more popular globally. In this case, have the resource-based cities
clearly transformed their economic structures in response to the pandemic? Have they
adopted low-carbon and intelligent production modes more quickly? Have their economic
activities become more efficient and more environmentally friendly? These are all interest-
ing research questions. Second, our research considered each city as a whole economy and
did not distinguish different industrial sectors. In the future, it is worth exploring whether
the policy had different impacts on different categories of industries, in order to provide
specific suggestions for the corresponding sectors. Third, although our research provided
evidence that the SDRPC policy’s effect on the economic growth was negative, an important
question that remained unanswered is why the policy reduced the macroeconomic growth
in resource-based cities. Were there errors in the initial design of the policy, the process
of program implementation, or others? Researchers need to consider and investigate this
profoundly in the future.
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