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Abstract: As one of the largest energy consumers in the world, China’s total electricity consumption
has increased by 416.33% during the sample years of 2001 to 2019. In 2019, the top five provinces
in terms of power use were all located on the eastern coast. They have contributed 38.39% of the
total consumption, causing a power shortage of 594.5 billion kWh in the provinces, while the power
generation in the central and western regions have far exceeded their electricity consumption. In
order to alleviate the problem of the mismatch between the power resource centers and the load
centers in China, ultra-high voltage (UHV) projects, as one of the most important projects in recent
years, have bridged the resource gap between the regions and have improved the allocation efficiency
of the power resources. Although the cross-provincial transmission of electricity opens the pathway
for the consumption of resources, the causal effects of the project on the regions along the line have
not been accurately analyzed. Firstly, by constructing a quasi-natural experiment, this paper uses
county-level panel data during the period of 2000 to 2019 to analyze the economic benefits that are
generated by the inter-regional power transmission project. Secondly, the pathways of the economic
effects of UHV are also verified. Finally, this paper also analyzes the heterogeneous effect of power-
resource-rich provinces in the construction of the project. Through the pathways of local enterprise
dynamics, employment level, and industrial structure, the findings prove that cross-regional power
transmission has significantly enhanced the economic growth of the related regions and has played an
especially positive role for the power exporting provinces. This paper provides empirical evidence for
the effect of optimal resource allocation and the infrastructure development of developing countries
and supplies a policy reference for developing countries’ resource allocation optimization strategies.
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1. Introduction

With more than three quarters of coal, wind, solar, and hydro resources being dis-
tributed in the western region, and over 70% of power consumption being concentrated
in the eastern and central part, the distribution of China’s power resources and load are
mismatched or even reversed [1,2]. In addition, the distance of 1000 km to 4000 km from
the energy-rich areas to the power demand centers in China has resulted in the dilemma
of high power-supply costs, difficulties in wind and solar power consumption, severe
transmission losses, and bloated power investments in the Chinese power industry [3]. In
order to alleviate the reversed distribution of energy resources and demand, large-scale
and long-distance coal transmission has long been considered to be the main method to
reallocate the energy supply and demand in China [4]. However, the transportation by car
or train has great disadvantages in the perspectives of spatial accessibility, supply timeli-
ness, and transmission stability, which produces a series of negative externality effects on
society by raising the cost of electricity, inhibiting the efficiency of energy utilization, and
exacerbating the degree of air pollution [5,6]. Therefore, how to coordinate and optimize

Sustainability 2022, 14, 13402. https:/ /doi.org/10.3390/su142013402

https:/ /www.mdpi.com/journal/sustainability


https://doi.org/10.3390/su142013402
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0002-0682-7215
https://doi.org/10.3390/su142013402
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su142013402?type=check_update&version=1

Sustainability 2022, 14, 13402

20f13

the allocation of the power resources and the load distribution has become a key issue for
the low-carbon and sustainable development of the power industry and the economy [7,8].

One better solution to alleviate the dilemma of mismatching is to build a so-called
“power highway”, which is used as a metaphor for an ultra-high voltage (UHV) power
grid [9,10], which has been recently considered to be an infrastructure constructed to
resolve the problems of power development which is constrained by the coal transportation
capacity. Specifically, the UHV power transmission project is based on the development
of the extra-high voltage (EHV) transmission of an alternating current (AC) of 1000 KV,
a direct current (DC) of 800 KV, and the above voltage level transmission network [11].
Compared to the traditional transmission technology, the capacity of UHV transmission
can be enlarged by 3 times, the transmission distance can be extended by 2.5 times, the
transmission loss can be reduced by 45%, the width of the unit capacity line corridor can be
reduced by 30%, and the construction cost for the unit capacity can be reduced by 28%; all
of these factors help to allocate the electricity energy in a safer, more efficient, and more
environmentally friendly way. According to the calculation by the State Grid Corporation
of China, 60% of the land resources would be saved by using the 1000 KV transmission lines
instead of the 500 KV lines if the same volume of electricity is transferred, which means
that the adoption of UHV transmission technology will effectively extend the transmission
distance, increase the transmission capacity, reduce the transmission losses, lower the
transmission costs, and achieve a wider range of optimal resource allocation [12,13].

By 2020, the State Grid Corporation of China and the China Southern Power Grid,
which are the largest power grids in China, have completed the construction of 30 trans-
mission projects of UHV, with five projects approved and under construction. The total
length of the UHYV lines in operation has reached 48,000 km, with a transmission capacity
of 140 million kilowatts across the provinces and regions, and a cumulative power trans-
mission capacity of over 2.5 trillion kilowatt-hours, achieving a huge leap from the “initial
connection” to “linking into a network”.

The potential impacts of UHV transmission projects on the economy and the industry
of the relevant areas are mainly reflected in the following two aspects. First of all, UHV
is a win-win link between the western provinces and the eastern coastal areas. UHV
transmission helps the less developed areas, the ethnic areas, and the border areas in the
west to break the bottleneck of development and turn resource advantages into economic
advantages [10]. The maturity of UHV transmission technology tends to provide an
effective means for the resource-rich regions to develop diversified industries, to extend
industrial chains, and to develop value-added industries. For example, the construction
of large coal power bases and wind power bases in the western and northern regions not
only promotes the rational development and utilization of coal and wind resources, but
more importantly, it extends the coal development and utilization industry chain, promotes
the output of high value-added power products and the development of power-related
industries, increases the local tax revenue, drives employment, and strongly promotes the
economic development of western China. Accordingly, the function of UHV is usually
compared to the enhancement of “blood-making” in the less developed areas. For the
eastern region, as the price of electricity that is sent from the west is lower than the
feed-in tariff of local power plants that are built in the eastern provinces, the reduced
costs for energy consumption in the east and central regions helps to maintain the price
advantage of local products in both the domestic market and international competition, and
promotes the development of advantageous industries [14-17]. Moreover, the development
of UHV and a smart grid will also promote the development of electric vehicles, which
gives full play to the environmental benefits of clean energy and solves the effect of
urban environmental pollution [18]. As a landmark technology achievement of China’s
energy revolution, and a major breakthrough in the development of advanced productivity,
the UHV transmission project has become a “national weapon” to promote the energy
production and consumption revolution and to coordinate the sustainable development of
energy and the economy [19,20].
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Secondly, the construction of UHV AC/DC demonstration projects has promoted the
development of China’s power equipment industry [21,22]. The medium and long-term
economic benefits of the UHV power grid are significant, which will strongly drive the
power supply, the electrical equipment, the raw materials, and other upstream and down-
stream industries, promote the transformation and upgrade of the manufacturing industry,
and cultivate new growth points. By relying on the UHV project, the domestic power
equipment manufacturing industries have been achieving breakthroughs in UHV AC and
DC power transmission technology based on independent research and development, and
have mastered a large number of core technologies with independent intellectual property
rights, breaking the monopoly of multinational enterprises and competitive restrictions [21].
The success of UHV projects has led to the extension of the transmission and the distri-
bution industry chain, both upstream and downstream, leading to the transformation
and upgrade of industrial technology. Through the UHV project, a unique advantage
in international competition has been formed, and the international influence has been
significantly enhanced, which has strongly promoted the domestic enterprises to lay a solid
foundation for the sustainable development of the electric manufacturing industry [22-24].
UHYV is not only a new power transmission technology, but also a new resource allocation
platform and a new low-carbon development path [25,26].

Theoretically, breaking down the barriers to the flow of resources is conducive to
the optimal allocation of resources, thereby promoting economic growth [25]. With the
consideration of the cost, the economic benefits of the project construction have become
the focus of studies. The inter-regional transmission of electricity tends to bring higher
social welfare to the areas along the route, and the resource advantages in the western
region of China would be transformed into economic growth through resource exports.
Could the theoretical hypothesis be confirmed by the empirical experience in China?
An affirmative answer to this question may give more impetus to energy production
and industry development in the western resource-exporting regions, and an empirical
analysis could be conducted in order to produce supplementary evidence. The marginal
contribution of our research mainly includes the following three aspects.

Firstly, although academic studies have made efforts to confirm the economic impact
of new infrastructure projects, owing to the inevitable omission of variables, the reverse
causality, and other endogenous problems, conventional regression analyses only corrobo-
rate the correlation between the engineering projects and economic development, but not
the causality. In this paper, by constructing quasi-natural experiments, the causal effect
of the power transmission across the regions on regional development has been analyzed.
Secondly, based on the assessment of the economic effects that are generated by the con-
struction of UHV projects, this paper has further explored the possible pathway in which
the UHV connection affects the economic development and employment, which gives new
points of view in terms of regional economic enhancement. Thirdly, the heterogeneity of
the power exporter and importer have also been analyzed, which enhances the guiding
significance of the findings.

The subsequent parts of this paper are organized as follows: Section 2 is a literature
review; Section 3 presents the data, the variables, the statistical facts, and the methodology;
Section 4 is the empirical results and the analysis; and Section 5 is the conclusions and
policy implications that have been proposed according to the empirical findings.

2. Literature Reviews
2.1. Economic Effect of UHV Power Transmission

With the continuous construction of China’s ecological civilization, the goals of “carbon
peaking” and “carbon neutral” have become keynotes of China’s economic development for
the coming decades [27,28]. While the electricity sector accounts for about 40% of the total
domestic energy emissions, the decarbonization of electricity is crucial for China to achieve
low-carbon development. Furthermore, expanding regional power grids and building
UHYV transmission projects are the major strategic methods to decarbonizes electricity [28].
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Studies have proposed evidence for the effects of UHV transmission projects from different
perspectives. For example, Li et al. studied the impacts of interregional transmission grids
on electricity decarbonization in terms of the energy structure, the economic efficiency,
and the environment, and concluded that cross-regional UHV transmission would reduce
carbon emissions and promote power generation efficiency under an appropriate dispatch
mechanism [29]. Li et al. quantitatively analyzed the economic and environmental impacts
of transmission on power importing provinces based on a computable general equilibrium
(CGE) model, and the results of the study illustrated that carbon emissions in power
importing provinces showed a significant downward trend [30]. From the study by Brown
and Botterud in the United States, the construction of interstate and cross-regional power
transmission projects have significantly reduced the decarbonization cost [31]. Wang et al.
proposed a calculation model for the cost of a regional power system power supply based
on the peak carbon target from a life-cycle perspective, and the path to achieve low-carbon
transition in the power industry was also confirmed from an economic perspective [32].
This optimal allocation of resources, and the promotion of equity, are not only reflected in
the connectivity effect within countries, but also in the flow of resources across borders [33-36].

2.2. The Role of Differences-in-Differences Model in Policy Evaluation

The differences-in-differences method (DID) was first invoked in economics in the late
1970s [37]. As it is an effective method, the DID model is favored by researchers and is
widely used to analyze policy effects. For example, Zheng et al. constructed a multi-stage
dynamic DID model based on the panel data of the Xin’an River Basin in China from 2009
to 2018 in order to systematically study the impact of ecological compensation mechanisms
on industrial structure upgrading [38]. The results indicate that the industrial structure
in the ecological compensation pilot areas tends to be reasonable and advanced, and the
study provides reference suggestions for the ecological industrial structure construction
policy. Taking Vietnam as an example, Trinh et al. found that stock liquidity affects the
expected default frequency of U.S. firms in the context of emerging markets through a DID
model, which leads to the conclusion that stock market liquidity promotes the sustainable
development of the emerging stock market [39]. Miller and Hyodo examined the impact of
the Panama Canal expansion on Latin American and Caribbean ports using a DID approach
based on data from 100 major ports and formal ports within three regions in Central and
South America, and the estimated results showed a significant increase in the average port
output [40]. Yan et al. selected 11 communities in the Xiqing district of Tianjin city as a
study case. Based on the drainage network data and information from 2010 to 2020, the
DID model was used in order to evaluate the effect of urban flood management after the
application of the data management model in 2016 [41]. The empirical results have shown
that the implementation of the data governance model had a positive effect on reducing
the vulnerability of urban drainage networks. Moreover, the DID method has also been
employed to study the impacts of policies on micro-data research, such as the enterprises
study [42].

Using panel data from all 2718 county-level administrative regions in China between
2000 and 2019, this study develops a quasi-natural test with treatment and control groups
in order to evaluate the economic impacts (GDP and GDP per capita) that are caused by
the construction of the UHV project on the regions along the routes, and to examine the
path and heterogeneity of the impacts. By applying the DID model, this study tries to
find the causal effects of the infrastructure on the economy; the underlying mechanisms
are also explored. Given the global energy transition, this paper provides an addition to
the literature.

3. Methodology and Data
3.1. Data and Variables

This paper selects the economic data of county-level administrative regions in China
during the period of 2000 to 2019 as a research sample and uses the time of service of the
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UHYV transmission lines during that period as an exogenous policy shock to construct a
quasi-natural experiment in order to analyze the economic impact of the opening of UHV
lines on the regions involved; the data used for the study mainly involve two dimensions.

(1) County-level data

Compared with the provincial and city-level data, economic data from the county
level are more helpful in portraying the policy effects that are brought about by exogenous
shocks and provide a richer research perspective. This paper selects the annual economic
data of 2718 county-level administrative regions in China from 2000 to 2019 as the study
sample, covering 31 provinces, autonomous regions, and municipalities directly under
the central government (excluding county-level regions with missing data). The source
of data is the China Statistical Yearbook (County-Level), and the indicators that were
selected for this paper’s study include the following: gdp-gross regional product, gdp_per-
per capita gross regional product, popu-population, area_farm-arable land area, finance-local
fiscal revenue, constru-revenue of construction, K-fixed asset investment in the baseline
regression, firm-the number of industrial companies, labor-the number of people employed,
gdp_ter-the gross regional product of tertiary industry, and structure-the ratio of gdp_ter to
gdp. The descriptive statistics of the main variables are listed in Table 1.

Table 1. Descriptive statistics of the main variables.

Variables Obs Mean SD Min Median Max
In_gdp 34,891 2.221 1.401 —5.838 2.274 9.279
In_gdp_per 31,357 3.209 1.169 —3.944 3.214 11.038
In_popu 34,709 —1.003 0.874 —6.645 —0.882 2.424
In_area_farm 29,074 10.083 1.427 —0.562 10.289 13.471
In_finance 26,745 —0.708 1.536 —9.646 —0.773 5.086
In_constru 11,621 —0.481 2.245 —9.249 —0.479 6.861
In_K 33,731 1.063 1.595 —7.331 1.260 6.180
In_firm 19,223 3.785 1.326 0.000 3.807 8.214
In_labor 15,805 —1.504 1.013 —7.013 —1.317 1.196
In_gdp_tertiary 34,475 1.142 1.480 —6.812 1.142 8.067
In_stru 34,548 —1.067 0.371 —6.083 —1.058 6.197

(2) UHYV transmission project data

From the viewpoint of data availability, excluding Hong Kong, Macau, Taiwan, and
Tibet, we identified the treated group by tracing where UHV projects are in operation,
which includes the following 21 provinces and municipalities: Shanxi, Henan, Hubei,
Yunnan, Guangdong, Sichuan, Shanghai, Jiangsu, Anhui, Zhejiang, Xinjiang, Fujian, Inner
Mongolia, Hebei, Beijing, Tianjin, Shandong, Ningxia, Gansu, Hunan, and Shaanxi. The
remaining 10 provinces and municipalities are included in the control group. Considering
that the UHV DC transmission line is a “point-to-point” power transmission, and the
converter station is set in the middle of the AC line, the provincial administrative regions
where the terminals of the DC lines and both the terminal converter stations of the AC lines
are identified as the treated group. The details of the UHV lines are listed in Table 2.

Table 2. The connecting time of UHV transmission projects during the sample period.

Time for Service Name of UHV Line Provinces Involved
January 2009 South-eastern Shanxi-Nanyang-Jingmen 1000 KV (AC) Shanxi, Henan, Hubei
June 2010 Yunnan-Guangzhou 4800 KV (DC) Yunnan, Guangdong
July 2010 Xiangjiaba-Shanghai £800 KV (DC) Sichuan, Shanghai
December 2012 Jinping-Southern Jiangsu £800 KV (DC) Sichuan, Jiangsu
September 2013 Huainan-Northern Zhejiang-Shanghai 1000 KV (AC) Anhui, Zhejiang, Jiangsu, Shanghai
September 2013 Pu’er-Jiangmen £800 KV (DC) Yunnan, Guangdong
January 2014 Southern Hami-Zhengzhou £800 KV (DC) Xinjiang, Henan
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Table 2. Cont.

Time for Service Name of UHV Line Provinces Involved
July 2014 Xiluodu-Western Zhejiang +800 KV (DC) Sichuan, Zhejiang
December 2014 Northern Zhejiang-Fuzhou 1000 KV (AC) Zhejiang, Fujian
May 2015 Nuozadu-Guangdong +800 KV (DC) Yunnan, Guangdong
July 2016 Ximeng-Shandong 1000 KV (AC) Inner Mongolia, Hebei, Beijing, Tianjin, Shandong
September 2016 Ningdong-Zhejiang +800 KV (DC) Ningxia, Zhejiang
November 2016 Huainan-Nanjing-Shanghai 1000 KV (AC) Anhui, Jiangsu, Shanghai
November 2016 Western Inner Mongolia-Southern Tianjin 1000 KV (AC) Inner Mongolia, Shanxi, Hebei, Tianjin
June 2017 Jiuquan-Hunan 4800 KV (DC) Gansu, Hunan
June 2017 Northern Shanxi-Nanjing +800 KV (DC) Shanxi, Jiangsu
August 2017 Yuheng-Weifang 1000 KV (AC) Shaanxi, Shanxi, Hebei, Shandong
August 2017 Ximeng-Shengli 1000 KV (AC) Inner Mongolia
October 2017 Ximeng-Taizhou +800 KV (DC) Inner Mongolia, Jiangsu
December 2017 Zhalute-Qingzhou £800 KV (DC) Inner Mongolia, Shandong
May 2018 Northwestern Yunnan-Guangdong £800 KV (DC) Yunnan, Guangdong
January 2019 Shanghai Temple-Linyi 4800 KV (DC) Inner Mongolia, Shandong
June 2019 Western Beijing-Shijiazhuang 1000 KV (AC) Beijing, Hebei

Note: The statistical year ends on 1 July 2019. UHV transmission projects that were opened into service after
1 July are counted in the following year.

3.2. Methodology

The difference-in-difference (DID) model is widely applied in the effect evaluation of
exogenous shocks by dividing samples into a treated group that is affected by the shock
and a control group that is not affected to form a quasi-experiment. The advantage of this
approach is that the endogeneity problem can be largely avoided; policies are generally
exogenous to microeconomic agents and, thus, there is no reverse causality. Moreover, the
use of fixed-effects estimation also alleviates the problem of omitted variable bias to some
extent. The difficulty lies in the need to satisfy a series of assumptions, such as parallel
trend tests.

In the DID model, D;; = UHV; x T;;, which means that the coefficient of Dj; is the
average treatment effect of the UHV transmission lines.

We then set UHV — {1, if country i is treated by the exogenous shock } and

0, if city i belongs to the control group
T, — {1, if years t is after the year of operation in county i
710, if year t is before the year of operation in county i
should be expressed as follows:

}, and the specified equation

Yit = a+ B X Dip + 1 Zit + uy + 0 + jt + €i

where y;; denotes the GDP and per capita GDP as explanatory variables in our study; Z;; is
the vector of control variables, including population, arable land area, local fiscal revenue,
revenue of construction, and fixed asset investment; u, v;, and Vit denote the year fixed
effect, individual effect of a county, and year-province interaction, respectively; and ¢;; is
the usual idiosyncratic error term. In addition, the coefficient of Dj;, B captures the effect of
UHYV service on the economic development, and a positive value of 8 indicates a promoting
effect of the project on the treated groups.

4. Results and Discussion
4.1. The Economic Effect of UHV

The results of baseline regression by using OLS are listed in Table 3. Among them,
columns (1) and (5) only include the regression coefficients of the exogenous shock Dit;
columns (2), (3), (6), and (7) include the population total, the fixed asset investment, the local
fiscal revenue, the arable land area, and the revenue of construction as control variables
in this order to minimize the errors that are caused by the omitted variables; columns (4)
and (7) include the control variables, controlling for the double fixed effects of the year and
the province. The fixed effects of the county-level administrative units and year have been
controlled in the above regressions.
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Table 3. The causal effect of UHV on economic development.

1 (2) (3) @ (5) (6) (7) 8
gdp gdp gdp gdp gdp_per gdp_per gdp_per gdp_per
Dit 0.058 ***  0.023**  (0.159 *** 0.788 *** 0.012 ** 0.023 *** 0.159 **= 0.788 ***
(10.47) (4.30) (15.14) (13.32) (2.03) (4.30) (15.14) (13.32)
In_popu 0.064 *** 0.015 0.051 *** —0.936 *** —0.985 *** —0.949 ***
(5.62) (0.87) (3.86) (—82.79) (—55.22) (—71.93)
In_K 0.103 ***  0.144 *** 0.148 *** 0.103 *** 0.144 *** 0.148 ***
(33.21) (21.97) (26.76) (33.21) (21.97) (26.76)
In_finance 0.218**  (0.092 *** 0.144 *** 0.218 *** 0.092 *** 0.144 ***
(54.88) (15.34) (25.68) (54.88) (15.34) (25.68)
In_area_farm —0.002 —0.015* —0.002 —0.015*
(—0.30) (—1.85) (—0.30) (—1.85)
In_constru 0.044 ***  0.022 *** 0.044 *** 0.022 ***
(12.82) (7.80) (12.82) (7.80)
_cons 0.544 *** 1.496 *** 1.175 *** 0.457 *** 1.700 *** 1.496 *** 1.175 *** 0.457 ***
(48.23) (84.45) (13.47) (3.53) (133.91) (84.45) (13.47) (3.53)
FE-Year yes yes yes yes yes yes yes yes
FE-County yes yes yes yes yes yes yes yes
Year x Province no no no yes no no no yes
N 34,891 21,854 8395 8395 31,357 21,854 8395 8395
12 0.894 0.923 0.895 0.945 0.872 0.920 0.893 0.944
r2_a 0.89 0.92 0.89 0.94 0.86 091 0.88 0.94

Notes: t statistics in parentheses; * p < 0.1, ** p < 0.05, *** p < 0.01.

The estimation results in columns (1) and (5) show that the mean treatment effect Dit
coefficient is significantly positive at the 1% level. From the estimation results in column (2),
the coefficient of the average treatment effect Dit increases slightly with the further inclusion
of control variables and remains significantly positive at the 1% level of significance. This
indicates that, regardless of whether the total gdp or gdp_per is selected as the study object,
the construction of the UHV projects has a significant positive impact on the economic
level of the county. From the estimated coefficients of the control variables, the higher
the fixed asset investment, local fiscal revenue, and construction industry, the higher the
GDP of the county, which indicates that the increased local investment in infrastructure
construction helps to improve the economic level. In contrast, the arable land area and the
economic growth show a significant negative relationship (columns (4) and (7)), but the
coefficients are small, indicating that arable land area affects the economic growth, but is
not the main cause.

4.2. Parallel Trend Test and Dynamic Effect Estimation

Figure 1 shows the dynamic impact of UHV on the gdp and the gdp_per. As can
be seen from Figure 1 the sample data are consistent with the parallel trend hypothesis,
indicating a reasonable model setup. Figure 1 shows the dynamic effects of the relative
effects of the UHV transmission project on the gdp and the gdp_per of the experimental and
control groups. The coefficients of the dummy variables in each period are not significantly
different from O in the six years before the treatment, indicating that the parallel trend
hypothesis has been met. After the implementation of the policy, the gdp and the gdp_per
show a significant increase, indicating that there is an immediate effect of UHV connectivity
on the sample areas in the treatment group, and this treatment effect also increases year by
year. A sustained effect can still be observed five years after the completion of the project,
indicating that the economic benefits that are brought by the construction of UHV are
long lasting.
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Figure 1. The impact of UHV connection on GDP and GDP per capita. Notes: (a,b) represent the
impact of UHV connection on GDP and GDP per capita respectively.

4.3. Mechanism Analysis

Combined with empirical studies, we illustrate that the GDP and the GDP per capita of
the county-level administrative regions that enter the cross-provincial power transmission
network through the UHV project are significantly affected by the completion of the
project construction. In order to analyze the realization path of the treatment effect, we
have explored the possible mechanisms and have concluded that the construction of the
UHYV project could potentially realize its impact on the economy of the areas along the
route by increasing the following three aspects: the number of enterprises, the amount of
employment, and the industrial structure of the areas along the route. We selected a total of
four proxy variables, including the number of local enterprises, the amount of employment,
the GDP of three industries, and the industrial structure, in order to examine the impact of
regional UHV project construction on the local economic development, and the results of
the mechanism analysis are listed in Table 4.

(1) The number of enterprises. The medium and long-term economic benefits of UHV
power grids are significant, which strongly drives upstream and downstream industries,
such as power supply, electrical equipment, and energy-using equipment, and raw mate-
rials promote the transformation and upgrade of the equipment manufacturing industry,
cultivate new growth points, and form new dynamic energy. The estimation results in
columns (1) and (2) of Table 4 show that the construction of UHV projects has increased the
number of enterprises in the county. This indicates that the construction of UHV projects
provides an opportunity for the vitality of enterprises to burst out, increasing the number
of enterprises, improving the market vitality, and guiding more market investment to these
enterprises through policies, thus fostering long-term economic growth;

(2) Employment. The employment of the working population is the source of the
economy, the basis of peoples’ livelihoods, and the foundation of society. The rate of
economic growth has an important impact on employment growth. Table 4 shows that the
construction of UHV projects brings more employment opportunities, thus increasing the
number of employed people in the county;

(3) The GDP of tertiary industry and industrial structure. The adjustment of the
industrial structure in the process of industrialization in China is closely related to the
regional economic growth, and the upgrade of leading industries is the main driving force
for the upgrade of the overall industrial structure in the region. The technological progress
promotes the continuous development of the industrial structure to an advanced level, and
the maturity of UHV transmission technology will develop diversified industries, extend
the industrial chains, and develop value-added industries for the resource-rich regions. In
columns (5) and (6) of Table 4, the estimation results show that the construction of UHV
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projects improves the proportion of the tertiary industry GDP, since promoting the upgrade
of the industrial structure and the adjustment and optimization of the industrial structure
are conducive to the development of the regional economy.

Table 4. The results of mechanism analysis.

oy vl 3) @ (5 (6) @ ®)
firm firm labor labor gdp_ter gdp_ter structure structure
Dit —0.086 1.037 *** 0.376 *** 0.305 *** 1.939 *** 2.067 *** 0.431 *** 0.433 ***
(—1.08) (6.02) (8.40) (5.67) (48.52) (23.03) (16.87) (6.09)
In_popu —0.079 ** 0.023 0.032 *** 0.038 *** 0.041 ** 0.070 *** 0.031 *** 0.019 *
(—2.57) (0.85) (3.66) (4.56) (2.22) (4.95) (2.67) (1.68)
In_area_farm 0.066 *** 0.016 0.007 —0.003 —0.002 —0.008 —0.007 0.006
(5.05) (0.97) (0.96) (—0.39) (—0.22) (—0.98) (—1.46) (0.95)
In_finance —0.021 0.015 0.021 *** 0.019 *** 0.090 *** 0.135 *** —0.005 —0.009 *
(—1.53) (1.06) (4.39) (3.85) (14.59) (22.59) (—1.35) (—1.86)
In_constru 0.021 *** —0.009 —0.012 *** —0.001 0.050 *** 0.022 *** 0.006 ** —0.001
(3.47) (—1.53) (—5.81) (—0.11) (14.00) (7.29) (2.43) (—0.04)
In_K 0.100 *** 0.044 *** —0.003 0.027 *** 0.135 *** 0.127 **= —0.005 —0.021 ***
_cons 3.074 2.699 *** —1.858 ***  —1.756 *** 0.089 0.065 —1.144 % —1.265***
(19.85) (11.36) (—22.63) (—19.27) (0.99) (0.53) (—19.97) (—13.01)
FE-Year yes yes yes yes yes yes yes yes
FE-County yes yes yes yes yes yes yes yes
Year x Province no yes no yes no yes no yes
N 7319 7319 4786 4786 8395 8395 8395 8395
r2 0.099 0.315 0.372 0.445 0.910 0.949 0.453 0.525
r2_a 0.02 0.25 0.31 0.38 0.90 0.94 0.41 0.48

Notes: t statistics in parentheses; * p < 0.1, ** p < 0.05, ** p < 0.01.

4.4. Heterogeneity Discussion

Studies have shown that the economic impact of the resources that are generated
on the production side versus the consumption side is asymmetric. For electricity as a
production input factor, most of the literature argues that the inter-regional transmission
of electricity tends to generate higher economic value for the input location, thus raising
the question that the inter-regional transmission of electricity may widen the economic
gap between the east and the west of China. In order to further analyze the economic
impact of UHV as a highway for power transmission on the output provinces, this paper
adds a third differential, setting the exporting provinces as one and the other provinces as
zero, in order to discuss the economic impact of UHV on the power output provinces. The
results of the study have shown that the coefficient of the treatment effect is significantly
positive, indicating that the construction of UHV has a greater economic stimulation effect
on the power exporting provinces, indicating that UHV improves the economic strength of
the western power resource provinces and provides effective assistance in converting the
power resources into economic advantages. The analysis of the results of the heterogeneity
on the power exporting provinces are listed in Table 5.

Table 5. Heterogeneity discussion on the power exporting provinces.

gdp gdp gdp_per gdp_per

Dit 1.697 *** 1.825 *** 1.697 ** 1.825
(64.33) (20.93) (64.33) (20.93)

In_popu 0.103 *** 0.064 *** —0.897 ** —0.936 **

(7.53) (4.74) (—65.42) (—68.94)

In_K 0.090 *** 0.128 *** 0.090 *** 0.128 ***
(20.13) (18.20) (20.13) (18.20)

In_finance 0.194 *** 0.112 ** 0.194 *** 0.112 **

(37.91) (17.38) (37.91) (17.38)
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Table 5. Cont.
gdp gdp gdp_per gdp_per
In_area_farm —0.001 —0.001
(—0.03) (—0.03)
In_constru 0.019 *** 0.019 ***
(5.27) (5.27)
_cons 1.245 *** 0.988 *** 1.245 *** 0.988 ***
(45.48) (7.08) (45.48) (7.08)
N 11,408 4581 11,408 4581
r2 0.910 0.948 0.908 0.950
r2_a 0.90 0.94 0.90 0.94

Notes: t statistics in parentheses; *** p < 0.01.

4.5. Discussion

The study is conducted step by step as follows and the results of the regressions could
be summarized in four aspects.

Firstly, after controlling for the year and the province fixed effects and control variables,
the coefficient of the average treatment effect Dit remains positive at the 1% significance
level, indicating that the construction of UHV projects has a significant positive impact on
the economic level of counties, including the gross regional product and the gross regional
product per capita.

After that, through the parallel trend hypothesis, it can be found that the gross regional
product and the per capita gross regional product grow significantly after the construction
of the UHV project, and the economic promotion effect on the county is not only immediate
but also far-reaching.

Furthermore, from the perspective of promoting local economic development, a total
of four proxy variables, namely, the number of local enterprises, the amount of employ-
ment, the GDP of three industries, and the industrial structure are selected to analyze the
mechanism of the economic effects and are empirically confirmed as the pathways.

Finally, in order to explore the regional heterogeneity across western and eastern
China, the model of difference-in-difference-in-difference (DDD) is conducted. Through
the estimation, it is empirically confirmed that the inter-regional transmission of electricity
has a greater economic stimulating effect on the power exporting regions.

5. Conclusions and Policy Implications
5.1. Conclusions

Based on the panel data of 2718 county-level administrative regions in China from
2000 to 2019, this paper constructed a quasi-natural experiment with treatment and control
groups in order to evaluate the economic effects (the GDP and the GDP per capita) that
are generated by UHV project construction. On the basis of the results, the mechanism
and heterogeneity of the effects were further explored, and the main conclusions can be
summarized as follows:

(1) The economic development of the regions along the UHV project is confirmed by the
empirical data. This indicates that at this stage in China, the optimal allocation of the
energy resources is beneficial to economic growth on a national scale;

(2) The UHYV projects have both immediate and far-reaching impacts on economic devel-
opment. This shows that the construction and the integration of energy infrastructure
access has a significant and far-reaching impact on national development. Therefore,
when assessing the economic benefits of infrastructure development, a long-term
economic perspective is recommended to be considered;

(3) Enterprise development, employment enhancement, and economic structure changes
are possible pathways of the economic effects of UHV projects. This shows that the
construction of UHV provides sustainable power for the economic development of
the regions along the route and reflects the organic role of infrastructure construction;
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(4) The economic stimulus to the power exporting provinces is greater, which means that
the UHV construction is inductive to the western regions that are richer in power
resources in converting their resource endowments into economic advantages and,
thus, can promote economic development.

The data in Table 1 is selected from the China Statistical Yearbook (County-Level); the
information in Table 2 is originally from the government’s documents and was collected
and organized by the authors. The data in Tables 3-5 and Figure 1 are the regression results
that were estimated through the method of OLS by using Stata 16.

5.2. Policy Implications

The results provide important implications for policy makers in developing countries.
In short, we have offered the following four policy recommendations:

(1) Economic and social development in developing countries could be promoted through
infrastructure construction, which consists of different fields, such as energy, trans-
portation, and communication. The UHV project, which is the subject of this paper, is
just one example;

(2) When assessing the economic benefits of infrastructure construction, developing
countries are advised to consider the long-term economic perspective, to pay attention
to the long-term planning of infrastructure construction, and to increase the financial
support for the infrastructure construction in order to promote its steady development;

(3) When developing countries have a territorial resource mismatch, cross-regional re-
source transfer is a necessary measure to alleviate inter-regional resource supply and
demand conflicts. Through efficient energy-saving and labor-saving technological
innovations, cross-regional resource transfer will enable the resource-rich regions to
gain new economic growth points;

(4) This paper provides quantitative support for post-pandemic China to vigorously
develop new infrastructure construction. By allowing the infrastructure development
to accelerate upgrading, integration, and innovative optimization, economic devel-
opment could be stimulated and the problems of unemployment under the shadow
of the epidemic could be alleviated to some extent, which is an example for many
developing countries with slow economic growth after the epidemic of COVID-19.

5.3. Further Work and Limitations

The limitations of this study are as follows. Firstly, the data quality is yet to be
improved, owing to some missing data. If data with more detail are available later, it
will further verify the validity of the conclusions in this paper. Secondly, the study has
examined the economic effect of the UHV project using the GDP or the GDP per capita as the
measurement index. Given the complexity of economic development, more variables could
be added as explanatory variables in order to analyze other economic outputs. Considering
these limitations, we hope that future work will also collect more comprehensive and
well-developed data for further research. In addition, in order to explore more specific
economic effects on infrastructure, more details on micro-level mechanisms and evidence
could also be discussed.
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