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Evaluation of county-level economic efficiency and
its spatiotemporal differentiation in Hohhot-
Baotou-Ordos-Yulin urban agglomeration in China
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There are many urban agglomerations in mainland China. Hohhot-Baotou-Ordos-Yulin urban

agglomeration is of great importance due to its economic scale and geographical location.

The Western part of China is a less-developed area with a lower level of social-economic

development. Therefore, it needs more attention from the central government and the aca-

demic world to win better opportunities for its development. This paper evaluates the eco-

nomic efficiency of 30 county units of this urban agglomeration. It finds where the counties

with lower efficiency locate and reveals the spatial and temporal pattern evolvement. The

Stochastic Frontier Model is used to measure the efficiency of each county unit in this urban

agglomeration and the spatial characteristics of which are visualized with ArcGIS. Then,

Moran’s Index is used to measure the spatial correlation of economic efficiency among these

county units, and the results are presented with a LISA chart. The results show that the

county’s economic efficiency has improved steadily during the period covered by this study,

and counties with high-efficiency levels have formed a pronounced agglomeration in the

eastern part of the study area, and there is a significant positive spatial correlation among

these counties. Furthermore, the economic linkage is significantly and positively associated

with the economic efficiency of a county; however, a county’s being the core area of a city

plays a negative role. The paper implies, based on its findings that the maintenance and

upgrading of a county’s transportation network, the improvement of a county’s compre-

hensive level of development, the expansion of the local market of a county, and the

reduction of government expenditure will probably improve the economic efficiency of a

county. The study also has implications for future research on economic efficiency. It could

contribute to the ongoing debates regarding what affects the economic efficiency of a county

and how to improve it.
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Introduction

In February 2018, the State Council of China formally in
principle approved and agreed with the “Hohhot-Baotou-
Ordos-Yulin (HBOY) urban agglomeration Development

Plan“1, which ushered in a unique development opportunity for
this new type of urban agglomeration centered on the energy
industry. This Plan will strengthen joint prevention and control
of severe pollution in the area, promote the construction of
Hong-Jian-Nao National Wetland Nature Reserve, and coordi-
nate efforts to comprehensively control soil erosion on the Loess
Plateau and accelerate the construction of a one-hour travel circle
in Hohhot-Baotou-Ordos, gradually improve the level of regional
aviation infrastructure construction, and deepen industrial
development cooperation. All these will certainly bring significant
opportunities for urban development in the region.

HBOY urban agglomeration is composed of Hohhot, the
capital city of Inner Mongolia; Baotou, a heavy industry base of
Inner Mongolia; Ordos, the resource-based city of Inner Mon-
golia, and Yulin in Shaanxi Province, known as the “Pearl of the
Forbidden City”. There are many urban agglomerations in
mainland China. The one we focused on is neither the largest nor
the first established one. However, it is still noteworthy due to its
economic scale and geographical location. HBOY urban
agglomeration covers an area of 175,000 square kilometers and
has a total population of nearly 12 million. In 2021, the total GDP
of the four cities exceeded 1.65 trillion Yuan, accounting for more
than 33% of the total economic output of the two provinces2.
Besides, HBOY is one of those urban agglomerations in China’s
western region. It locates in the strategic urbanization layout of
China’s “Two Horizontal and Three Vertical“3 and is the
northern end of the Bao-Kun Corridor on the horizontal axis of
the western region. It plays a vital role in the in-depth develop-
ment of the region, the formation of a new pattern of growth in
the area, and the promotion of the urbanization process.

The Western part of China is less-developed areas with lower
level of social-economic development, and needs more attention
from the central government and the academic world to win
better opportunities for its development. There are 1866 county
units in China, accounting for more than 90% of the country’s
total area, and 52.5% of the country’s total population. However,
the GDP generated by these counties is just accounted for 38.3%
of the whole country’s output4. The slow development of county
economy has always been a dragging force for China’s economic
development. The rises and falls of the county economy directly
determine the economic trend and growth quality of the whole
country. Accelerating the development of the county economy is
an inevitable choice for China’s future regional economic devel-
opment. Particularly, paying attention to the economic efficiency
of the county economy is of great significance to the economic
rise of the western region.

At the core of economics is the concept of efficiency. Economic
efficiency measures how well a market or the firms perform
(Leibenstein,1966; Qiu et al., 2016). To better understand why
HBOY’s level of regional economic development is lower than
many other parts of China, we need to distinguish the causes of
lacking input from those of low economic efficiency. The first
objective of this study is to find where the counties with lower
economic efficiency lie within HBOY urban agglomeration by
evaluating the economic efficiency of each county unit in this
area. The second aim is to reveal the pattern of these differences
in terms of economic efficiency by revealing and visualizing their
spatial and temporal pattern. Therefore, we can locate the areas
where improvement can be made to boost the economy of the
urban agglomeration, and hopefully, this will help balance Chi-
na’s national economy. This paper examines the economic effi-
ciency of an urban agglomeration based on data from the county

level. Analyzing small geographical areas will help us identify with
a higher level of resolution (compared to analyses at the city or
province level) the dragging areas. This study finds several sig-
nificant issues that should have attracted some attention to fully
understand the status quo of the development of HBOY urban
agglomeration and are vital for boosting the region’s economy in
the future.

Our study contributes to the existing literature by (i) paying
attention to the economic efficiency of counties from under-
developed areas and (ii) filling the research gap for studies
focusing on spatial distribution patterns for the economic effi-
ciency of HBOY urban agglomeration. The rest of the paper is
organized as follows. In section ‘Literature review’, we conduct a
literature review covering most existing studies on economic
efficiency. Section ‘An overview of HBOY urban agglomeration’
introduces the study area and the data used for this analysis.
Section ‘Model specification and variable selection’ presents a
simple Stochastic Frontier Model and introduces the selected
variables. In section ‘Results and discussion’, we evaluate the
economic efficiency of the counties within HBOY urban
agglomeration and then examine its temporal and spatial differ-
entiation characteristics. After that, we conduct a spatial corre-
lation analysis of the economic efficiency of these counties. We
conclude in section ‘Research conclusions and implications’.

Literature review
A well-known problem with growth accounting in development
economics is that it ignores some factors that may cause eco-
nomic growth. In standard regression analysis, to estimate the
average input-output relationship, a common approach is to filter
out the influence of core factors by introducing control variables
(such as factors of input, demographic, and geographic) to get as
“clean” a white noise as possible. Based on this method, all
deviations from the fitted curve are considered the contribution
of statistical errors. All Decision-Making Units (DMU) produc-
tion activities are usually assumed to be fully efficient or at the
edge of the Production Possibility Frontier (PPF). Such a perfect
efficiency assumption simplifies measurement’s complexity, but it
also brings some problems.

Although many economic models assume that decision-
making units are efficient, it is undeniable that there are usually
quite a few inefficiencies in the real world. For example, ineffi-
ciency is caused by information asymmetry or market incom-
pleteness in a broader sense (Greenwald & Stiglitz, 1986). To a
certain extent, inefficiency exists in almost every aspect of eco-
nomic activity. Owing to different management practices, ineffi-
ciencies vary in different enterprises, regions, or countries. These
differences might be caused by different degrees of information
asymmetry, cultural backgrounds, beliefs or traditions, or
expectations (Bénabou & Tirole, 2016).

For studies with interests in economic efficiency estimation, the
two methods that researchers most use are Data Envelopment
Analysis (DEA) and Stochastic Frontier Analysis (SFA). Both
methods evaluate efficiency by measuring the inefficiency of a
DMU, which is calculated as the distance from the actual per-
formance to the theoretically best practice that is considered
perfectly efficient. However, there are some differences between
these two methods. DEA is a nonparametric method that esti-
mates efficiency by comparing unobserved true frontier to
observed data and poses no assumption about the specific form of
the frontier (Simar & Wilson, 2007). The issue with DEA is that it
assumes no errors and deviations from the efficient frontier,
meaning those errors and deviations are entirely considered part
of the inefficiency. SFA models avoid some of the limitations of
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the DEA. Specifically, it allows the decomposition of deviations
from the efficient frontier into a random error term that embo-
dies statistical noise and a one-sided error term representing
inefficiency. However, SFA requires specifying a functional form
for the frontier (Newhouse, 1994).

Total Factor Productivity (TFP) is an important indicator to
reflect production activities’ input and output efficiency (Van
Beveren, 2012). It is used to express the part of the output that
cannot be explained by factor inputs and reflects the efficiency
and intensity of production activities using production factors. In
1977, scholars such as Aigner and Meeusen, respectively, pub-
lished their papers and proposed the Stochastic Frontier (SF)
model (Aigner et al., 1977). Since then, this model type has
become one of the most appreciated essential tools in the field of
efficiency analysis. SFA believes that the efficiency of all decision-
making units is an empirical question, which should be tested
based on statistical data, and the interference of random errors
should also be considered.

Most of the research using SFA to measure efficiency will
involve specific sectors or industries, such as ports, banks, energy,
agriculture, transportation, and land use. Otsuka used SFA to
measure the TFP of manufacturing in different regions of Japan
(Otsuka, 2017). The study found that the production efficiency in
regions where the manufacturing industry is concentrated is high.
Introducing international competition in the manufacturing
industry will improve local production efficiency. Choi et al. used
SFA and DEA methods to measure the efficiency of 1471 hos-
pitals in the United States. The study found that hospitals have a
significant Bowmer Effect. As labor costs increase, the operating
efficiency of hospitals has shown a downward trend (Choi et al.,
2017). Ding et al., based on U.S. banking data from 2001 to 2016,
used SFA to measure banks’ cost efficiency and further analyzed
the relationship between the bank’s capital structure, asset port-
folio risk level, and operating performance. The research found
that banks with high operating efficiency are more inclined to
increase capital, arrogate greater credit risk, and reduce their
holdings of risk-weighted assets (Ding & Sickles, 2018).

Domestic researchers from China mainly focus on the appli-
cation of the SFA method. Studies involve enterprises, uni-
versities, banks, land use, water resource use, foreign trade, etc.
(Gu & Liu, 2009; Fang et al., 2018; Dong, Xing, 2020; Liu et al.,
2020; Ye, 2015; Ren et al., 2018; Chai, 2018). In addition to
microeconomic decision-making units (which is not the focus of
our study), Chinese researchers have shown strong research
interest in the evaluation of regional economic efficiency (Li & Li,
2018; Nie & Li, 2016; Huang & Pu, 2010; Liu, 2013; Ehrl, 2013).
Some researchers established a three-factor stochastic frontier
model based on the Cobb-Douglas production function and used
maximum likelihood estimation to measure the production effi-
ciency of 34 prefecture-level cities in the three northeastern
provinces from 2000 to 2013 (Li & Li, 2018). They examined the
changing trends and determining factors of production efficiency,
holding government fiscal expenditures, industrial structure, and
infrastructure as the core factors affecting urban production effi-
ciency. Nie & Li (2016) used DEA to evaluate industrial circular
economy efficiency for 30 provinces in China from 2010 to 2013
and found a significant difference in economic efficiency. From a
provincial perspective, studies show that regional TFP has
noticeable spatial differences, and the economic efficiency is sig-
nificantly affected by a variety of factors, including migration
(Huang & Pu, 2010), foreign direct investment (Liu, 2013), eco-
nomic agglomeration (Ehrl, 2013), etc. For cities, studies show that
the economic performance of a city increases steadily over time, its
economic efficiency is significantly associated with its size (Yang &
Wang, 2002; Huang & Guo, 2020), spatial structure (Liu et al.,
2017), technological progress (Bergeaud et al., 2016), etc.

By comprehensively reviewing existing literature, we perceive
that the following two issues need to be addressed. Firstly,
although TFP has received wide attention from domestic scholars
in recent years, the studies are mainly based on two kinds of
spatial scale: one is to use data from provinces to evaluate their
economic efficiency and to analyze the determinants (Wang,
2010; Liu, 2013; Qiu et al., 2016; Nie & Li, 2016; Liu & Tsai,
2021)), the other is to study the differences in the economic
efficiency of different cities (Sun et al., 2015; Wang et al., 2016;
Huang & Guo, 2020; Xu & Jiang, 2021). Few studies focus on the
spatial scale of the county. All of these are based on data from
counties from developed provinces or moderately developed
provinces, like Jiangsu and Zhejiang provinces (Liu & Qin, 2009;
Yuan, 2010), Chongqing municipality (Huang & Gao, 2017) and
Henan province (Yuan et al., 2020), none of the researches ana-
lyze counties from under-developed areas. Existing studies paid
more attention to the economic efficiency of either micro
decision-making units (such as banks and universities) or pro-
vinces and cities. Less attention was paid to the economic effi-
ciency of counties, especially for those from under-developed
areas (Liu et al., 2009; Yuan, 2010; Huang & Gao, 2017; Yuan
et al., 2020). Secondly, though it has been common to use spatial
econometric techniques to investigate the role of location as a
determinant of economic performance (see Abreu et al., 2004 for
a survey), previous work on county economic efficiency, for some
reason, failed to address this spatial correlation problem. Thus, a
research gap exists for studies focusing on spatial distribution and
correlation patterns for county-level economic efficiency. Speci-
fically, there needs to be a study paying more attention to the
spatial correlation of county economic efficiency of HBOY urban
agglomeration. Hence, we conduct this research to make up for
the deficiencies of existing research and enrich the achievements
in the field of economic efficiency.

An overview of HBOY urban agglomeration
This paper takes the HBOY urban agglomeration as the research
object. This urban agglomeration covers an area of 175,000 square
kilometers and has a total population of nearly 12 million. In 2021,
the total GDP of the four cities exceeded 1.65 trillion Yuan.

The observations are 30 county-level units under the jurisdic-
tion of the urban agglomeration. These 30 decision-making units
(DMU) are shown in Fig. 1.

County-level economic growth. The economic growth of these
counties generates different patterns, as shown in Fig. 2. Gen-
erally speaking and on average, the county-level economy of
HBOY urban agglomeration has been growing for the period
covered by this study. Baotou District is dominantly the largest
economy among these 30 units, and the second and the third
largest are Hohhot District and Jungar Banner, respectively.

As for the growth rate, the fastest-growing counties are
obviously not the largest ones, Hengshan District’s GDP ranked
No. 9 in 2020, but it is almost seven times larger than it was in
2012. The second fastest-growing county is Fugu County, whose
GDP in 2020 is more than 5.8 times larger than in 2012.

County-level population and employment. The population is
the fundamental element for continued economic prosperity. 17
out of 30 Counties have experienced population growth from
2012 to 2020, as shown in Fig. 3. Ordos District, Hohhot District,
and Otok Banner are the top 3 growers in population growth,
among which Ordos District has shown an annual growth rate of
12.8%, 10.5% for Hohhot District, and 8.4% for Otok Banner. For
the other counties with positive growth, the annual rates are lower
than 5%.
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On the contrary, the rest 13 counties have shown negative growth
during the same period. The county with the fastest population
decline is Wuchuan, with a negative annual growth rate of 3.9%,
negative 3% for Qingshuihe County, negative 2.6% for Hangjin
Banner, negative 2.4% for Damao Banner, negative 1.2% for Tumed
Left Banner. As for the other counties with negative population
growth rates, their annual declining rates are less than 1%.

Figure 4 is based on data on employment. Hohhot District,
Baotou District, and Ordos District are the top 3 counties that

provide the most job opportunities. These three counties
accommodated more than 60% of all the employment opportu-
nities within HBOY urban agglomeration in 2020. As for the
annual growth rate of employment of these county units, Otok
Banner ranks first with an annual growth rate of 36.7%, Jungar
Banner ranks second with a rate of 29.8%, and Ordos District
ranks the third with a rate of 27.4%. Nine counties have
experienced negative employment growth. The fastest decline
happens in Helin County, with a negative rate of 7.8%, then

Fig. 1 Schematic diagram of HBOY urban agglomeration. Different color represents different city. Area in dark blue represents Baotou, light blue for
Hohhot, green for Ordos, and gray for Yulin.

Fig. 2 County-level GDP in selected years. County-level GDP in selected years shows the growth pattern of each county. The blue bar represents GDP in
2012, red for 2016, green for 2020.
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follows Wuchuan County, with a rate of negative 3.5%, and
Qingshuihe County, with a rate of negative 3%.

County-level fixed assets investment. County-level fixed assets
investment of HBOY urban agglomeration and its annual growth
rate are shown in Fig. 5. The fixed assets investment expenditure
is disproportionately concentrated in a few counties. The
investment in Baotou District accounts for almost one-fourth of
the total investment of the urban agglomeration in 2020.

Moreover, the investment expenditure of the five counties with
the most significant investment accounts for nearly 50% of the
total investment of the urban agglomeration.

As for growth rate, the top 5 counties with the fastest growth
rate in investment are all from Yulin City. The annual growth rate
of investment of Jia County is 148%, the second fastest grower in
investment is Suide County with an annual rate of 81%, then
comes Zizhou County with a rate of 76%, Qingjian County with a
rate of 55%, and Dingbian County with a rate of 50%. It is worth
noting that although these five counties’ investments have been

Fig. 3 Average county-level population growth from 2012 to 2020. 17 out of 30 counties have experienced positive population growth from 2012 to
2020, the rest counties have shown negative growth.

Fig. 4 Employment and average growth rate from 2012 to 2020. The ranking is arranged in descending order by the average employment growth rate of
each county from 2012 to 2020. The height of each blue bar represents the number of job opportunities provided by a specific county.

HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS | https://doi.org/10.1057/s41599-023-01568-3 ARTICLE

HUMANITIES AND SOCIAL SCIENCES COMMUNICATIONS |           (2023) 10:99 | https://doi.org/10.1057/s41599-023-01568-3 5



growing fast, they account for merely 5% of the total investment
of the urban agglomeration.

County-level retail sales. Total retail sales refer to the number of
physical goods directly sold to individuals by enterprises through
transactions and sold to social groups for non-production and
non-business purposes and the amount of expenditure spent for
catering services. It represents the market size vitality of a region.
As shown in Fig. 6, Hohhot District and Baotou District are the
top 2 county units with the largest retail market. These 2 regions’

retail sales account for two-thirds of the total retail sales in HBOY
urban agglomeration in 2020.

In terms of the growth rate of the size of the local market,
Hengshan District’s annual growth rate is 61%. The second fastest
grower is Yulin District, with an annual growth rate of 41%, and
the third one is Otokqian Banner, with an annual rate of 34%. It is
worth noting that Hohhot District and Baotou District have large
retail markets and have proliferated since 2012.

As shown above, these demographic and economic indicators
reflect the county-level development of HBOY urban agglomera-
tion over the past decade. The development of these county units

Fig. 5 Fixed assets investment and average growth rate from 2012 to 2020. The ranking is arranged in descending order by the fixed assets investment
of each county from 2012 to 2020. The red line represents its annual growth rate.

Fig. 6 Retail sales and average growth rate from 2012 to 2020. The ranking is arranged in descending order by the retail sales of each county from 2012
to 2020. The red line represents its annual growth rate.
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during this period needed to be balanced. Some regions grew
faster, and some regions grew slower. This unbalanced develop-
ment was shown in the output, population, employment,
investment, and consumption. More importantly, these statistical
data suggest that the difference in economic growth among these
county units is not only caused by the scale of input but also
caused by the change in input-output efficiency. Hengshan
District is a typical example. During the period covered by this
study, the output growth of the Hengshan District was the fastest.
However, when we pay attention to the growth of its population,
employment, and investment, we unexpectedly find that the
growth of factor input of Hengshan District could be faster. The
slow growth of factor input has brought about the relatively fast
growth of output, probably due to the improvement of its
economic efficiency.

Model specification and variable selection
Model specification. We refer to the stochastic frontier produc-
tion function that Battese and Coelli proposed (Zhang et al.,
2004), assuming that regional effects follow a truncated normal
distribution and allow time-varying effects to exist. The basic
settings of the model are as follows:

Yit ¼ Xit � βþ vit � uit
� �

; i ¼ 1; ¼ ;N; t ¼ 1; ¼ ;T ð1Þ
where, Yit represents the logarithmic form of the output of area i
in year t; Xit is a k × 1 vector representing the logarithmic form of
the inputs of area i in year t; β represents a set of unknown
parameters; vit is a random disturbance term, which is mutually
independent and follows a normal distribution N 0; σ2v

� �
, and is

independent of uit. uit is a non-negative random variable, repre-
senting the degree of technical inefficiency of the local produc-
tion, it is assumed to be mutually independent of each other and
follows a truncated normal distribution N μ; σ2u

� �
at the point 0,

where:

μit ¼ Zit � δ ð2Þ
where, Zit is a p × 1 vector of variables, which may influence the
efficiency of a DMU; and δ is an 1 × p vector of parameters to be
estimated. Based on the above model setting, the economic effi-
ciency of area i in year t could be defined as:

TEit ¼
Yit

Xit � βj þ vit
ð3Þ

Input-output variable for production function. We adopt a
logarithmic C-D production function according to the previous
model setting. Many researchers use a two-factor C-D production
function to evaluate the TFP(Pires & Garcia, 2012; Reynès, 2019;
Ishikawa, 2021; Liu & Tsai, 2021). We select an augmented three-
factor C-D production function to fit the real economy better,
meaning three inputs and one output. The logarithmic function
has a variety of advantages. It can conveniently represent large
and small numbers, making it possible to calculate ratios by
simple addition and subtraction (Griffin et al., 1987). Logarithmic
specification of production functions is trendy in the empirical
analysis found in economic journals (Kozo & Mario, 2010).

Those three inputs are Land Usage, Labor Force, and Capital
Stock, and the output is the annual GDP of each county unit5.
The original data used for the empirical analysis of this article
comes from the “Inner Mongolia Statistical Yearbook”, “Shaanxi
Statistical Yearbook” and the official statistical data of the
corresponding local statistical departments.The processing meth-
ods of each variable are described as follows:

(1) Land Usage. Owing to the lack of data on each county’s
built-up area, the study uses each county’s land coverage area,

which can be found in the Statistical Yearbook, as a substitute for
Land Usage, the raw data for land input is calculated by “square
kilometer”.

(2) Labor force. The labor force is defined as the number of
employed persons in each county. The number of employed
persons can also be found in the Statistical Yearbook and is
calculated by “person”.

(3) Capital Stock. There are no official capital stock statistics,
meaning they need to be estimated. The data on capital stock
involved in this study is calculated by Perpetual Inventory
Method (PIM)6. The initial value of capital stock adopts the
calculation results of China’s provinces, autonomous regions, and
municipalities by Zhang Jun et al. The province-level capital stock
is allocated proportionately to each county according to each
county’s share of GDP. The depreciation rate is assumed to be
5%. Capital Stock is calculated by “ten thousand RMB”.

(4) Regional GDP. Each year’s real GDP is used as the only
output in our evaluation, and the data is directly obtained in the
Statistical Yearbook, which is calculated by “ten thousand RMB”.

Independent variable for inefficiency model. Following the
specification of Battese & Coelli (1992), we choose the following
four variables, which may influence the technical efficiency
of a DMU.

(1) Economic Linkage. There are interdependencies across
places, so what happens in one region has implications for this
location and other regions. Economic linkage is an index that
represents this kind of economic interdependence among these
county units. It is calculated with an augmented gravity model
proposed by Miao, Zeng (2020), as shown in Eq. (4). Data for this
index were calculated with the same method.

Gij ¼
IiIj
T2
ij

ð4Þ

where, Gij represents the economic linkage between county i and
county j; Ii and Ij represents the comprehensive level
of development of county i and j, respectively7; Tij is the shortest
time required for one way driving between two counties.

(2) Government Involvement. Government involvement in the
economic system may generate spillover benefits or costs since
the market is not perfect, and government intervention is
required to minimize the distortions, which result from market
failure. We use government expenditure as a proxy for
government involvement. The data for this variable came from
the statistical yearbook. Each county’s government expenditure
per capita is used as raw data and is calculated by “RMB/capita”.

(3) Market Size. The relationship between efficiency and the
size of a specific region (like cities) has been recognized and
studied for a long time (Alonso, 1971; Prud’homme & Lee, 1999;
Meijers et al., 2016). We introduce market size as a proxy variable
to capture the effects of the “size” of a county on its efficiency.
The data for this variable was represented by each county’s retail
scale per capita and are calculated by “RMB/capita”.

(4) Core Area or not. We introduce a dummy variable
indicating whether a county is the so-called core area of a city. for
example, Hohhot District is the core area of Huhhot City.
Descriptive statistics of all dependent and independent variables
are shown in Table 1.

Results and discussion
Regression results. In the application of Frontier 4.1, the Max-
imum Likelihood Estimation (MLE) is obtained from estimation
using Ordinary Least Square (OLS) and second phase grid search.
Then it is estimated to find the Stochastic Frontier function using
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MLE. Table 2 shows the final estimation results of MLE with
Frontier 4.1.

For the production function estimation, as we can see in Table 2,
coefficient β1 shows a value of 0.3393, which indicates that every
1% increase in labor will increase the output by 0.3393% ceteris
paribus. The t-value of β1 is 5.0525, meaning there is a significant
influence of labor on output. The estimated value of coefficient β2
is 0.0538, and its t-value shows that the influence of land on output
is not significant. The estimation for coefficient β3 is 0.5136, which
means every 1% increase in capital will cause an increase in output
by 0.5163%, and this influence of capital on output is significant at
the level of 1%.

For the estimation of the inefficiency model, coefficient δ1 gets
a value of −0.3374 at the significance level of 1%. This negative
value of estimation indicates that every 1% increase in a county’s
economic linkage with the other counties within the urban
agglomeration will lower the economic inefficiency of this county
by 0.3374%. As for government involvement, its coefficient δ2 is
0.1426, which means government involvement increases 1%, and
the economic inefficiency will increase by 0.1426%, meaning the
economic efficiency will decrease by the same percentage.
However, this coefficient is not significantly different from 0,
even at the significant level of 10%. As for market size, its
coefficient δ3 is −0.1663, which indicates that every 1% increase
in market size will cause the economic inefficiency drops by
0.1663%, meaning the economic efficiency will increase with the
same percentage, but this estimation is only significant at 10%
level. Lastly, the estimated value for coefficient δ4 is positive and
significant at 1% level, and this result indicates that if a county is
the core area of a city, its inefficiency will increase, which means
that being a core area of a city will lower its efficiency.

It seems counter-intuitive that being the core area of a city and
government involvement will lower the economic efficiency of a
county. However, because government intervention may also
result in inefficiency rather than efficiency in resource allocation,
our findings about the core area and government involvement
will bring adverse effects to a county’s economic efficiency and
start to make sense. Being a core area of a region naturally attracts
more attention and, therefore, more expenditure from the
government. It is probably true that the local government has
already spent disproportionately too much in the core area of a
city, which exceeds a certain critical level and generates some
adverse effects on its efficiency.

Evaluation of economic efficiency of county units in HBOY
urban agglomeration. We use the stochastic frontier model to
calculate the economic efficiency of each county within HBOY

urban agglomeration in the years 2012, 2016, and 2020, respec-
tively. The results are shown in Table 3.

Generally speaking, the economic efficiency of these 30 county
units has increased steadily in those selected years. The overall
average efficiency level of HBOY urban agglomeration has
increased from 0.505 in 2012 to 0.641 in 2016 and 0.753 in
2020. From the perspective of the economic efficiency of the four
prefecture-level cities, Baotou has consistently ranked at the top,
followed by Ordos, Hohhot in the third place, and Yulin in the
last place of the four cities. The order has stayed the same in the
period concerned in this paper. In 2020, Baotou, Ordos, and
Hohhot’s economic efficiency were 0.829, 0.815, and 0.804,
respectively, with little difference between the three. In the same
year, the economic efficiency of Yulin was only 0.662, which was
significantly lower than that of the other three cities.

Regarding efficiency improvement, the three county units with
the most apparent improvement are Hengshan District, Wushen
Banner, and Helin County. Among them, Hengshan District
experienced the fastest growth. Compared with 2012, the
economic efficiency of Hengshan District in 2020 increased by
102.39%, and the economic operation efficiency of Wushen
Banner and Helin County increased by 95.14% and 90.24%,
respectively. These three county units are the only areas with
more than 90% efficiency improvement among the 30 county
units. For the improvement of the economic efficiency of these
three county units, we can find some clues in the previous
analysis in section ‘An overview of HBOY urban agglomeration’.
As for Hengshan District, for those 8 years covered by this study,
its employment annual growth rate is only 1.1%, and its annual
fixed assets investment annual growth rate is a moderate 8.5%.
However, its GDP in 2020 is almost seven times larger than it was
in 2012, which means a nominal annual growth rate of 87.4%.
Increases in inputs cannot explain this unusually fast growth rate
but probably come from economic efficiency improvements.

Those three county units with the slowest efficiency improve-
ment are Jia County of Yulin city, Hohhot district, and Baotou
District. Compared with 2012, the economic efficiency of the
three regions increased by 12.63%, 15.06%, and 18.01%
individually in 2020, all lower than 20%. Among them, the

Table 2 Regression results.

Coefficient Standard-
error

t-ratio

Production function
Constant (β0) 3.8611*** 1.0182 3.7922
Labor Force (β1) 0.3393*** 0.0671 5.0525
Land Usage (β2) 0.0538 0.0611 0.8795
Capital Stock (β3) 0.5163*** 0.0728 7.0931

Inefficiency model
Constant (δ0) 3.0162*** 0.9717 3.1040
Economic Linkage (δ1) −0.3374*** 0.0636 −5.3038
Government Involvement
(δ2)

0.1426 0.1033 1.3812

Market Size (δ3) −0.1663* 0.0993 −1.6742
Core Area or Not (δ4) 0.6522*** 0.2100 3.1064

Sigma-squared 0.1224*** 0.0196 6.2485
Gamma 0.0226 0.1206 0.1876
Log likelihood function −33.0822
LR test of the one-sided error 30.9575
Number of cross-sections 30
Number of time periods 3
Total number of observations 90

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

Table 1 Descriptive statistics of variables.

Unit Mean Max Min SD

Regional GDP (log) 10,000 RMB 14.37 17.29 11.25 1.30
Labor Force (log) Person 9.90 13.24 8.43 1.06
Land Usage (log) Kilometer-

Squared
8.31 9.95 6.04 0.88

Capital Stock (log) 10,000 RMB 15.67 19.02 12.25 1.40
Economic
Linkage (log)

N/A 6.99 10.20 4.65 1.22

Government
Involvement (log)

RMB/Person 9.13 10.86 7.67 0.69

Market Size (log) RMB/Person 9.34 11.52 7.17 0.95
Core Area or Not
(Yes= 1, No= 0)

N/A 0.13 1.00 0.00 0.34
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efficiency improvement of Hohhot district and Baotou District is
not evident because their efficiency levels are very close to the
production frontier. In 2020, the efficiency levels of the two
regions reached 0.992 and 0.993 sequentially. In contrast, the
efficiency value of Jia County was only 0.32 in 2012 and slightly
increased to 0.36 in 2020. Within years covered in this paper, the
economic efficiency of Jia County shows two prominent
characteristics: one is the low level of efficiency, and the other
is the slow growth rate. This evaluation result makes sense when
we look at the raw data of Jia County. During those 8 years
covered by this study, Jia County’s fixed assets investment has
grown by an average rate of 147.8% annually. However, this
considerable input does not generate rapid output growth.
Besides, this differs from the cases of Hohhot District and
Baotou District. Jia County’s slow economic efficiency growth
does not mean its efficiency value is close to the production
frontier. Because in the past decade, a vast amount of investment
was made into areas that do not create value in terms of GDP,
such as planting trees, strengthening dams, building nursing
homes, and returning farmland to forests.

Spatiotemporal differentiation of county-level economic effi-
ciency in HBOY urban agglomeration. We use ArcGIS to
visualize the economic efficiency of county units within HBOY
urban agglomeration in 2012, 2016, and 2020 to intuitively expose

the temporal and spatial differences in the economic efficiency of
these 30 county units. The results are shown in Fig. 7.

In 2012, the overall input-output efficiency level of HBOY
urban agglomeration was low. The average efficiency value was
only 0.505. The District of Hohhot City had the highest efficiency
(0.863), and the Otokqian Banner of Ordos City had the lowest
efficiency (0.285). The efficiency values of 17 out of the 30 county
units are lower than 0.5. The efficiency values of 11 regions are
between 0.5 and 0.8. There are two county units with efficiency
values higher than 0.8.

In 2016, the overall economic efficiency of HBOY urban
agglomeration increased by a certain extent compared with 2012
and reached an average efficiency value of 0.641. Baotou District
replaced Hohhot district as the economic unit with the highest
economic efficiency (0.983), and Wubao County of Yulin City
(0.343) had the lowest efficiency level. The efficiency values of 8
out of the 30 county units are lower than 0.5. The efficiency
values of 15 county units lie between 0.5 and 0.8. There are three
county units whose efficiency values are between 0.8 and 0.9.
Baotou District, Dalat Banner, Hohhot District, and Jungar
Banner’s efficiency values exceed 0.95.

In 2020, the overall economic efficiency of HBOY urban
agglomeration was improved to an average efficiency value of
0.753. Baotou District ranked first with an efficiency value of
0.993. Dalat Banner still ranked second, with an efficiency value
of 0.992. Jia County of Yulin city ranked at the bottom of 30

Table 3 Economic efficiency of each county unit in HBOY urban agglomeration.

Time period\region 2012 2016 2020

Economic efficiency

City County County City County City County City

Hohhot Hohhot District 0.863 0.543 0.980 0.649 0.992 0.804
Tumed Left Banner 0.656 0.753 0.944
Toketo County 0.512 0.674 0.814
Helin County 0.483 0.590 0.917
Qingshuihe County 0.329 0.399 0.504
Wuchuan County 0.416 0.500 0.629

Baotou Baotou District 0.842 0.584 0.983 0.742 0.993 0.829
Tumed Right Banner 0.660 0.884 0.983
Guyang County 0.465 0.604 0.707
Damao Banner 0.368 0.495 0.631

Ordos Ordos District 0.567 0.535 0.751 0.700 0.953 0.815
Dalat Banner 0.785 0.982 0.992
Jungar Banner 0.779 0.960 0.987
Otokqian Banner 0.285 0.396 0.505
Otok Banner 0.447 0.581 0.681
Hangjin Banner 0.371 0.516 0.649
Wushen Banner 0.399 0.589 0.779
Yijinholo Banner 0.648 0.825 0.978

Yulin Yulin District 0.446 0.440 0.621 0.565 0.753 0.662
Shenmu County 0.645 0.832 0.865
Fugu County 0.521 0.729 0.958
Hengshan District 0.448 0.621 0.906
Jingbian County 0.556 0.735 0.894
Dingbian County 0.385 0.559 0.655
Suide County 0.577 0.654 0.719
Mizhi County 0.388 0.478 0.537
Jia County 0.320 0.360 0.360
Wubao County 0.290 0.343 0.372
Qingjian County 0.302 0.354 0.418
Zizhou County 0.404 0.487 0.501

Mean 0.505 0.641 0.753
Minimum 0.285 0.343 0.360
Maximum 0.863 0.983 0.993
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county units with an efficiency level of 0.350. Only 3 out of the 30
county units in the urban agglomeration had efficiency values
lower than 0.5, all belonging to Yulin City. The efficiency values
of 13 county units are between 0.5 and 0.8. There are three county
units whose efficiency values are between 0.8 and 0.9. It is worth
noting that in 2020, the economic efficiency of 11 county units in
the urban agglomeration exceeded 0.9, of which the efficiency
level of 5 county units exceeded 0.98, which is very close to the
production frontier.

As shown in Fig. 7, in terms of the spatial distribution of
efficiency, it can be concluded that in 2012, high-efficiency county
units were concentrated in the middle of the urban agglomera-
tion. Most county units in the north and southwest of the urban
agglomeration and Helin county and Qingshuihe County in the
east are low-efficiency areas. In 2016, high-efficiency county units
are still mainly concentrated in the middle and east of the urban
agglomeration, forming a gathering area of high-efficiency county
units around Baotou Municipal District, Dalat Banner, and
Jungar Banner. However, most county units in the north and
southwest of the urban agglomeration, as well as Helin County
and Qingshuihe County, are still low-efficiency areas. In 2020, the
high-efficiency units with an efficiency value of more than 0.9 are
mainly concentrated in the junction area of Huhhot, Baotou, and
Ordos, forming a contiguous high-efficiency area in the middle
and east of the urban agglomeration. This spatial distribution
pattern of high-efficiency counties of HBOY is similar to what
Luo Shasha has discovered in her study focusing on Fujian
Province: high-efficiency areas are expanding over time and
forming a spatial pattern in a continuous manner(Luo et al.,
2021). Our finding about the spatial pattern of high-efficiency
counties of HBOY is also consistent with the research conclusion
of LIU Jiang etc. (Liu et al., 2020). That is, high-efficiency areas
tend to form clusters. The southeast region of the urban
agglomeration forms a region where the low-efficiency county
units are concentrated. The four county units with the lowest
efficiency level belong to Yulin City and are concentrated in the
southeast region of the urban agglomeration.

Spatial correlation analysis of county-level economic efficiency
in HBOY urban agglomeration. The economic efficiency levels
of 30 county units in HBOY urban agglomeration may not be
independent. There may be spatial autocorrelation between the
economic efficiency levels of each county unit. Spatial auto-
correlation examines the spatial correlation of a variable among
observations (Lee & Li, 2017). When the values of a variable in
adjacent areas are close, it is called positive spatial autocorrela-
tion. Negative spatial autocorrelation is discovered when the
observed values of adjacent areas vary greatly.

This paper uses Moran’s Index to test the spatial autocorrela-
tion of economic efficiency of 30 county units in HBOY urban

agglomeration. Moran’s Index is an index used to test the global
correlation, and its calculation method is as follows:

I ¼ n
S0

∑i ∑j wij xi � �x
� �

xj � �x
� �

∑i xi � �x
� �2 ð5Þ

where, �x represents the mean value of economic efficiency of 30
county units, wij is the element in the spatial weight matrix, S0 is
the sum of all elements of the spatial weight matrix,
S0 ¼ ∑i ∑j wij. Moran’s I is usually between −1 and 1. A value
greater than 0 indicates positive spatial autocorrelation, and the
closer it is to 1, the stronger the positive correlation. Its value less
than 0 indicates negative spatial autocorrelation, and the closer it
is to −1, the stronger the negative correlation. Suppose its value is
equal to or very close to 0. In that case, it means the spatial
distribution of observed values is random, and there is no spatial
correlation between the economic efficiency of each county unit.

Table 4 shows the results of the overall Moran’s I of the
economic efficiency of the county units of HBOY urban
agglomeration. Regarding the robustness of the measurement
results, this paper adopts two kinds of spatial weight matrices,
namely the Queen adjacency matrix and the Euclidean distance
matrix. The results show that the Moran’s I value measured based
on the Queen adjacency matrix is slightly lower than that
measured based on the Euclidean distance matrix, but the
measurement results of the two consistently reflect that there is a
significant positive spatial autocorrelation between the economic
efficiency of each county unit of the urban agglomeration. Zhou
(2020) reached a similar conclusion that the county units have
shown a positive spatial correlation on the level of economic
development by calculating Moran’s I using data on GDP per
capita of counties from HBOY urban agglomeration. However,
the author did not pay attention to the economic efficiency of
county units. Except for the result in 2012 under the queen
adjacency matrix, which is only significant at the significance level
of 0.05, the Moran’s I values under the two spatial weight

Table 4 Moran’s I: Overall economic efficiency of county
units in HBOY urban agglomeration.

Year Queen Euclidean

Moran’s I P-value Z-value Moran’s I P-value Z-value

2012 0.232** 0.012 2.2451 0.306*** 0.009 2.6474
2016 0.288*** 0.002 2.8002 0.346*** 0.002 2.9592
2020 0.363*** 0.001 3.2421 0.391*** 0.001 3.3151

**significant at 5%; ***significant at 1%.

Fig. 7 County-level economic efficiency in HBOY urban agglomeration in selected years. The darker the color of a region, the higher its economic
efficiency is. The three maps from left to right illustrate the economic efficiency of each county unit in the year 2012, 2016, and 2020.
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matrices in other years are greater than zero and significant at the
significance level of 0.01.

The three spatial autocorrelation fitting lines shown in Fig. 8
are drawn based on the Queen Adjacency Matrix, from left to
right, respectively, in 2012, 2016, and 2020. The spatial
autocorrelation of the economic efficiency among county units
in the urban agglomeration has strengthened over time, and the
significance is also improving.

For robustness, the three fitting lines shown in Fig. 9 are drawn
based on the Euclidean distance matrix. The spatial correlation of
the efficiency calculated based on the Euclidean distance matrix is
stronger and more significant than the Queen adjacency matrix.

The Moran’s I value calculated above effectively describes the
global spatial correlation of unit economic efficiency of 30
counties in HBOY urban agglomeration. However, this method
cannot express the characteristics of local spatial correlation and
local spatial agglomeration of county unit economic efficiency. In
order to further reveal the temporal and spatial differentiation
characteristics of county unit economic efficiency in the urban
agglomeration, we use LISA diagram to visualize its feature in
terms of local spatial correlation (Anselin, 1995).

The types of spatial autocorrelation can be expressed as
geographical clusters and outliners. The former includes High-
High mode (H-H) and Low-Low mode (L-L), and the latter
includes Low-High mode (L-H) and High-Low mode (H-L). The
H-H mode is a case of high-value clustering, meaning the

observed value of a particular area is high, and the weighted
average of the observed value of the surrounding area is also high.
The L-L model is a case of low-value clustering, meaning the
observed value of a particular area is low, and the weighted
average of the observed value of the surrounding area is also low.
The L-H model is a low-value outliner, which means the observed
value in a particular area is low, but the weighted average of the
observed value in the surrounding area is high. The H-L model is
a case of a high-value outliner, which means the observed value in
a particular area is high, but the weighted average of the observed
value in the surrounding area is low.

As shown in Fig. 10, in 2012, 12 out of 30 county units’
economic efficiency showed significant spatial autocorrelation.
Among them are four county units belonging to the “H-H”
model, namely the Tumed Right Banner of Baotou City, Dalat
Banner of Ordos City, Ordos Municipal District, and Yijinholo
Banner of Ordos City. These four county units and their
surrounding counties belong to high-efficiency units. There are
five county units in the “L-L” mode, all located in the
administrative divisions of Yulin City, including Hengshan
District, Zizhou County, Mizhi County, Wubao County, and
Qingjian County. Two county units belong to the “L-H” mode,
namely Guyang County of Baotou City and Qingshuihe County
of Hohhot City. Only Suide County of Yulin City belongs to the
“H-L” mode. Regarding the significance of the local correlation,
the high-value agglomeration between Tumed Right Banner and

Fig. 8 Spatial autocorrelation fitting line based on Queen contiguity weights matrix. Scatter points in the graph are mainly distributed in the first and
third quadrants, representing a positive correlation. From left to right, the fitting line becomes steeper and steeper, representing the stronger spatial
correlation between the economic efficiency of each county unit.

Fig. 9 Spatial autocorrelation fitting line based on Euclidean distance weights matrix. Scatter points in the graph are mainly distributed in the first and
third quadrants, representing a positive correlation. From left to right, the fitting line becomes steeper and steeper, representing the stronger spatial
correlation between the economic efficiency of each county unit.
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Ordos Municipal District and the surrounding areas has reached
the significance level of 0.001. The high-value agglomeration in
Dalat Banner and the high-value outliner in Suide County is
significant at the significance level of 0.01; Other areas were
significant at the significance level of 0.05.

Compared with 2012, the spatial correlation of county unit
economic efficiency of HBOY urban Agglomeration was
enhanced in 2016, and the economic efficiency of 15 county
units showed significant spatial autocorrelation. Among them, six
county units belong to the “H-H” mode. These six county units

Fig. 10 LISA: County-level economic efficiency in HBOY urban agglomeration. The patches with color on the left map represent specific types of spatial
autocorrelation, while the patches with different shades of green on the right map represent their corresponding significance.
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formed a prominent high-value agglomeration area of economic
efficiency. Six county units belonged to the “L-L” mode, all
located in the administrative divisions of Yulin City. The two
county units in the “L-H” mode were still Guyang County of
Baotou City and Qingshuihe County of Hohhot City. Suide
County still belonged in the “H-L” mode. Regarding significan-
ce,it increased in 2016, and the high-value agglomeration of
Tumed Right Banner, Dalat Banner, and Ordos Municipal
District and the high-value anomaly of Suide County reached
the significance level of 0.001. The significant level of spatial
correlation between Yijinholo Banner in Ordos City, Hengshan
District, Qingjian County, and Wubao County in Yulin City and
the surrounding areas increased from 0.05 to 0.01; Other regions
maintained significant spatial correlation at the level of 0.05.

Compared with 2016, the spatial correlation of county unit
economic efficiency in HBOY urban agglomeration did not
change significantly in 2020. The economic efficiency of 15 county
units showed significant spatial autocorrelation. The number of
county units with high-value agglomeration represented by the
“H-H” mode was consistent with that in 2016. The spatial
correlation between Guyang County and the surrounding county
units was no longer significant, and Wuchuan County and
Qingshuihe County showed the characteristics of “L-H” spatial
autocorrelation. Jiaxian County, Mizhi County, Zizhou County,
Suide County, Wubao County, and Qingjian County still belonged
to the “L-L” mode, forming the spatial pattern characteristics of
low-value agglomeration. Hengshan District broke away from the
original low-value agglomeration and showed a new “H-L” mode.

As far as we know, no previous studies are focusing on the local
spatial correlation among county units of HBOY urban agglomera-
tion from the angle of TFP measurement using stochastic frontier
analysis. Yu et al. (2012) conducted a similar study using data on
the economic development level (instead of indicators for economic
efficiency) of the county units of HBOY urban agglomeration to
examine the local spatial correlation. They identified the geogra-
phical clusters and outliners close to our research results in 2012,
but they did not report their study’s significance level.

Research conclusions and implications
Conclusions. Using data from the county units of HBOY urban
agglomeration, this article has sought to evaluate the economic
efficiency of 30 counties by adopting the Stochastic Frontier
Model. This paper contributes to the existing literature by con-
sidering the county-level economic efficiency of such an under-
developed area which attracts little attention previously, and
reaches the following conclusions:

In summary, the county-level economic efficiency of HBOY
urban agglomeration has steadily improved during the period
covered by this study. As far as prefecture-level cities are
concerned, the spatial pattern of economic efficiency has changed
slightly. Baotou has always been the city with the highest
efficiency level in HBOY urban agglomeration, while Yulin is the
one that stays at the bottom of the four cities. At the county level,
those county units with high efficiency have formed an apparent
cluster in the east of the urban agglomeration. Such spatial
structure characteristics were formed in 2012 and strengthened
over time. The economic efficiency among county units shows a
significant spatial correlation, indicating an apparent driving or
spillover effect meaning high-efficiency areas could drive the
surrounding areas to form high-efficiency agglomeration.

The county units with high efficiency have formed a
pronounced agglomeration in the eastern part of the study area.
From the perspective of spatial correlation, there is a significant
positive relationship among these county units. Regarding factors
that may affect economic efficiency, the empirical analysis

concluded that economic linkage is the main positive factor that
will increase the economic efficiency of a county. The market size
is another positive factor. On the contrary, some factors will
undermine the economic efficiency of a county, like its identity as
the core area and government involvement (not significant).

Implications. Premised on these findings that the paper recom-
mends, we come up with the following policy implications: First,
the length of commuting time between counties is one of the core
factors affecting the strength of intercounty economic linkage and
consequently affects economic efficiency. Establishing and con-
tinuously upgrading a convenient transportation network can
effectively shorten the “time distance” between these counties,
saving commuters time, reducing transportation costs for com-
modities and production factors, and effectively lowering the
transaction costs of various economic activities.

Second, a county’s “comprehensive level of development” is
determined by its economic volume and other factors such as
medical care, education technology, infrastructure, natural envir-
onment, and degree of openness. Therefore, the starting point for
strengthening the intercounty economic linkage strength is to
improve these counties’ “comprehensive level of development”.

Third, expanding the local market scale can improve economic
efficiency. The market scale is measured by the total retail sales,
which depends on the willingness and ability of residents to pay.
Therefore, stimulating residents’ consumption is an effective way
to improve economic efficiency.

Fourth, reducing government expenditure, especially for core
areas. Empirical analysis has found that government expenditure
harms economic efficiency. Excess government expenditure may
lead to low marginal output or severe crowding-out effects.
Therefore, appropriately reducing government participation may
improve economic efficiency.

Finally, our study’s findings also have implications for future
research on economic efficiency, focusing on the scale of the
county economy. The findings of our study show that economic
linkage is a significant determinant of county economic efficiency,
and any future research on county economic efficiency or
economic growth should incorporate this kind of variable in the
models. Our results indicate that being a region’s core area does
not necessarily gain advantages when economic efficiency is
concerned. Whatever the core area of a region is attracting from
the regional government or the market, it probably harms its
economic efficiency, and future studies may target finding out the
reasons behind this phenomenon.

Data availability
Data is available at: http://tj.nmg.gov.cn/files_pub/content/
PAGEPACK/83e5521da4e94d50ab45483b58e5fa7e/zk/indexch.
htm (accessed on 29 Jan. 2023) http://tjj.shaanxi.gov.cn/upload/
2021/zk/indexch.htm (accessed on 29 Jan. 2023).
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Notes
1 Reply of the State Council on the development planning of Hohhot-Baotou-Ordos-
Yulin Urban Agglomeration, State Letter [2018] No. 16.

2 Calculated by the authors according to official statistics.
3 First proposed in “The Central Conference for Urbanization” December 12–13, 2013.
4 “China County Development Potential Report 2022”.
5 Technology should have been the fourth production factor, however, considering our
study is conducted with such a samll scale of region, the technological differences
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between these counties could be ignored, this is the reason why technological progress
is not included in our model.

6 The calculation formula of the Perpetual Inventory Method is: .., where Kt denotes the
capital stock in year t, Kt−1 denotes the capital stock in year t–1, δ is the depreciation
rate, and It is the amount of fixed asset investment in year t.

7 For more details, please refer to: Miao H, Zeng B (2020) Analysis on intercounty
economic linkage in Hohhot-Baotou-Ordos-Yulin urban agglomeration and its
temporal-spatial evolution. Financial Theory and Teaching, (06),76–84.
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