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Abstract: The question of how to generate maximum socio-economic benefits while at the
same time minimizing input from urban land resources lies at the core of regional ecological
civilization construction. We apply stochastic frontier analysis (SFA) in this study to municipal
input-output data for the period between 2005 and 2014 to evaluate the urbanization effi-
ciency of 110 cities within the Yangtze River Economic Belt (YREB) and then further assess
the spatial association characteristics of these values. The results of this study initially reveal
that the urbanization efficiency of the YREB increased from 0.34 to 0.53 between 2005 and
2014, a significant growth at a cumulative rate of 54.07%. Data show that the efficiency
growth rate of cities within the upper reaches of the Yangtze River has been faster than that of
their counterparts in the middle and lower reaches, and that there is also a great deal of ad-
ditional potential for growth in urbanization efficiency across the whole area. Secondly, results
show that urbanization efficiency conforms to a “bar-like” distribution across the whole area,
gradually decreasing from the east to the west. This trend highlights great intra-provincial
differences, but also striking inter-provincial variation within the upper, middle, and lower
reaches of the Yangtze River. The total urbanization efficiency of cities within the lower
reaches of the river has been the highest, followed successively by those within the middle
and upper reaches. Finally, values for Moran’s / within this area remained higher than zero
over the study period and have increased annually; this result indicates a positive spatial
correlation between the urbanization efficiency of cities and annual increments in agglomera-
tion level. Our use of the local indicators of spatial association (LISA) statistic has enabled us
to quantify characteristics of “small agglomeration and large dispersion”. Thus, “high- high”

Received: 2018-01-18  Accepted: 2018-02-28
Foundation: National Natural Science Foundation of China, No.41501593, No.41601592; National Program on Key
Research Project, No.2016YFA0602500
Author: Jin Gui (1986-), Associate Professor, specialized in land resources evaluation and land management.
E-mail: jingui@igsnrr.ac.cn
“Corresponding author: Guo Baishu, E-mail: guobs1008@163.com

www.geogsci.com  www.springerlink.com/content/1009-637x



1114 Journal of Geographical Sciences

(H-H) agglomeration areas can be seen to have spread outwards from around Zhejiang
Province and the city of Shanghai, while areas characterized by “low-low” (L-L) patterns are
mainly concentrated in the north of Anhui Province and in Sichuan Province. The framework
and results of this research are of considerable significance to our understanding of both land
use sustainability and balanced development.

Keywords: urbanization efficiency; stochastic frontier analysis; spatial autocorrelation analysis; spatiotemporal
patterns; Yangtze River Economic Belt

1 Introduction

China has experienced a period of rapid urbanization over recent decades. The ever-increa-
sing area of urban construction land nationally has consumed other kinds of territory (e.g.,
cultivated and forested land) and has led to enhanced and marked contradictions between the
development of built-up areas, the protection of farmland, and ecological conservation (Zuo
et al., 2014; Fang et al., 2017). Extensive urban land-use patterns within cities and towns
lead to problems in territorial development including the irrational structuring of construc-
tion land as well as the scattered spatial distribution and low efficiency of land use (Fu et al.,
2014). As China has both a finite land area and a massive population, improving the effi-
ciency of urbanization has become a critical requirement for promoting both regional sus-
tainable development and national ecological civilization (Li et al., 2015). Key documents
published by the Chinese government in recent years have noted that inefficient and disor-
derly urban land use needs to be urgently managed; thus, the “13th Five-year Plan for Land
and Resources” (2016-2020) explicitly proposed the use of double-control measures to con-
trol both the quantity and intensity of land use as well as to strengthen controls on the utili-
zation of construction land (Jin ez al., 2015). As a result of rapid urbanization, the question
of how to obtain maximum socio-economic benefits with minimum input has gradually de-
veloped to become the focus of scientific research and national strategic decision-making. A
great deal of recent research on urbanization efficiency is available, concerning multiple
spatial scales and utilizing a range of methodologies. Most studies have emphasized the is-
sue of land use efficiency from different perspectives, including the efficiency of construc-
tion land and farmland productivity. Associations between land use and urbanization effi-
ciency have also been analyzed (Huang et al., 2016; Nguyen et al., 2017; Deilmann et al.,
2018) at all spatial scales (e.g., national and provincial as well as at the level of urban ag-
glomerations, watersheds and individual cities) (Wang et al., 2014; Rashidi et al., 2015).
Previous research has also highlighted the mechanisms underlying changes in urbanization
efficiency by analyzing drivers and spillover effects at different spatial scales (Wang et al.,
2015); thus, both parametric and non-parametric methods have been utilized in this area
(Battese et al., 1995; Jin et al., 2017), corresponding with the classic data envelopment
analysis (DEA) and stochastic frontier analysis (SFA) models, respectively. The first of these
two approaches employs the linear programming mathematical process to evaluate the rela-
tive efficiency of a decision-making unit within a fixed production frontier, while the latter
uses a production function to accurately simulate the absolute efficiency of an object being
evaluated while at the same time taking the impact of uncontrollable factors influencing ef-
ficiency into account. The latter approach has proven to be more pertinent than the former in
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the case of certain problems (Ghosh et al., 2016; Jin et al., 2017). Thus, in general, although
the SFA model has been widely applied in technical efficiency calculations involving do-
mestic and foreign economic or enterprise production activities, few empirical studies ad-
dressing land use, urbanization, and ecological efficiency within China have so far been
performed (Li et al., 2017; Jia et al., 2017). Current results have also normally been ana-
lyzed from economic or management perspectives in order to elaborate on the nature of this
phenomenon and to understand underlying mechanisms. An extremely limited number of
time-series expressions that encapsulate efficient geospatial morphologies have therefore
been undertaken.

The SFA model is introduced in this study alongside a spatial correlation approach to ur-
ban studies in order to emphasize urbanization efficiency from the joint perspectives of
avoiding uncontrollable factors and inefficiencies in calculations as well as to achieve an
appropriate geospatial morphological representation. The urbanization efficiencies of 110
cities within the Yangtze River Economic Belt (YREB) between 2005 and 2014 were there-
fore calculated and further analyzed in this study in order to enrich available case studies,
highlight the spatiotemporal evolution and spatial morphological characteristics of these
agglomerations, and to provide additional reference data for optimal land allocation in the
context of balanced regional development.

2 Study area

The YREB spans three major regions of China (i.e., Eastern China, Central China, and
Western China) and includes nine provinces (i.e., Jiangsu, Zhejiang, Anhui, Jiangxi, Hubei,
Hunan, Sichuan, Yunnan, and Guizhou) and two municipalities (i.e., Shanghai and
Chongqing) (Figure 1). Thus, as the YREB encapsulates a total area of approximately
2,050,000 km® and includes a population and gross domestic product (GDP) in excess of
40% of the whole country, this region comprises one of the most important strategic support
areas nationally. On the basis of differences in socioeconomic development between regions
and large variations in natural resources, the YREB is usually divided into three areas that
correspond with the upper, middle, and lower reaches of the river basin. The first of these
areas includes 33 cities within Guizhou, Yunnan, and Sichuan provinces as well as the mu-
nicipality of Chongqing, while the mid-
dle reaches encapsulates 36 cities within
Hunan, Hubei and Jiangxi provinces.
The lower reaches of the YREB in-
cludes 41 cities within Anhui, Zhejiang,
and Jiangsu provinces as well as the — (#EERE . S @R E
municipality of Shanghai. The overall
area of the YREB also includes three
major urban agglomerations within the
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the Cheng-Yu urban agglomerations and regional urban agglomerations including the Wan-
jiang urban belt as well as the central Guizhou and central Yunnan urban agglomerations).
The “13th Five-year Plan for Economic and Social Development of the People’s Republic of
China” (2016-2020) has identified YREB policy as one of three major regional development
strategies nationally; development within this region is intended to engender an ecological
civilization demonstration zone based on advanced ideas with global influence. However,
because of the rapid development of urbanization within China, contradictions between
ecological preservation, urbanization, and the protection of farmland within the YREB have
become increasingly marked. The use of large areas of farmland and ecological land for
construction has had a particularly marked negative impact on resources and the environ-
ment; coupled with the inefficient utilization of urban land resources, this phenomenon has,
to a large extent, restricted regional sustainable development. The YREB is therefore con-
sidered in this study as a typical case study region to explore the laws of urbanization effi-
ciency and their spatial differentiation, as well as to provide a scientific basis for the future
construction of regional ecological civilization and land-use optimization.

3 Data and methods
3.1 Data sources and processing

Urban construction land, capital stock, and non-agricultural labor were chosen as the input
indicators used in this analysis, while non-agricultural output was utilized to comprehen-
sively reflect the level of urban economic development. The use of these variables is based
on the classic production functions of labor, capital, and land as three basic input indicators
alongside economic output. The use of these indicators is appropriate based on an under-
standing of urban land use characteristics such that specific variables should adequately re-
flect the characteristics of non-agricultural production activities (Wang et al., 2015; Deil-
mann et al., 2016; Chen et al., 2016).

Socio-economic data was used as the basis of a SFA model implemented to measure effi-
ciency (Shabani ef al., 2015; Yang et al., 2016). Thus, relevant land, capital, and labor force
data were extracted for this study from China’s Urban Statistical Yearbook (2005-2014), the
China’s Regional Economic Statistical Yearbook (2005-2014), and the Provincial (Munici-
palities) Statistical Yearbook (2005-2014), alongside consumer price index (CPI) data pro-
vided by the National Bureau of Statistics. Urban non-agricultural output was estimated on a
yearly basis using the GDP deflator based on statistical yearbook data, while urban con-
struction land was defined as the sum of this land use type within a city and surrounding
suburbs. Our use of capital refers to fiscal expenditure and capital stock; the first of these
variables was reduced at the beginning of the study period using the CPI, while capital stock
was estimated by adopting the perpetual inventory method (PIM). This approach involves
the selection of current investment indicators, a yearly capital stock calculation, the selection
of a depreciation rate, and an investment calculation (Guan et al., 2015; Lin et al., 2017).
Our use of the concept of labor force refers to non-agricultural workforce, a unit encom-
passing practitioners, private, and individual employees. All YREB data were organized into
city-level panels encompassing the period between 2005 and 2014.
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3.2 Methods

3.2.1 SFA model

The SFA method was proposed in the same year by Aigner et al. (1977) and Meeusen ef al.
(1977) and is considered an effective tool to measure efficiency. In later work, Battese and
Coelli (1995) proposed the use of an improved model for panel data and added a
time-variant coefficient for settings. This approach has subsequently been widely applied
(Reinhard et al., 1999), in particular as an econometric method for analyzing multiple inputs
and single output. The SFA method can be used to verify its own internal parameters and
applicability, effectively distinguish statistical and management errors, and mitigate the in-
fluence of uncontrollable factors on inefficiency, all characteristics that make the results of
these analyses more realistic.

The input of land elements is reflected in this study in the form of labor force and capital
per unit area, while the input-output equation utilized fully incorporates both random im-
pacts and technological inefficiencies. Thus, building on the Cobb-Douglas production func-
tion logarithm, the empirical input-output SFA model utilized in this study on the basis of
unit area is as follows:

In(y;,) = By, + B In(Ly,) + By, (K ) + B, In(Fy) + vy, — €]
where y;; denotes the non-agricultural outputs per unit area (10,000 yuan per km?) of city i in
year ¢, while L;, denotes the non-agricultural labor force per unit area (people per km?), K,
denotes the capital stock per unit area (10,000 yuan per km?), F;, refers to financial expendi-
ture per unit area (10,000 yuan per kmz), and p is a constant. Thus, S, f, and S5 denote the
output elasticity coefficients of labor force, capital stock, and fiscal expenditure, respectively,
while v;, and y;, are error terms. The term v;, is considered to be independent, identically dis-
tributed, and normally distributed in this study, an assumption which incorporates unpre-
dictable random impacts (e.g., major natural disasters, extreme weather, and important social
events), while y;, is considered to be independent, identically distributed, and subject to
nonnegative truncated normal distribution; this latter assumption incorporates the inefficient
urbanization component of unit 7 of time ¢, and denotes the distance between the unit under
evaluation and the production frontier.

Thus, urbanization efficiency was calculated based on formula (1), as follows:

UE,, =exp(—; ) ()

where UE denotes urbanization efficiency and u;;> 0, 0 < UE; < 1.

We further quantified the effect of time on L, urbanization inefficiency, as follows:
ty = ) 1 3)
B@®) =exp{-n-(t-T)} )
where 7 denotes the time-variable coefficient to be estimated, reflecting the rate of change in
urbanization efficiency. Thus, if # > 0, f(f) decreases with increase in ¢, and urbanization
efficiency increases, but if # < 0, then f(¢) increases with the increase in #, and urbanization
efficiency decreases. Similarly, if # = 0, urbanization efficiency remains unchanged over
time.

A final hypothesis test was also performed to assess the feasibility and validity of SFA in
this analysis, as follows:
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A==2[LR(H,)-LR(H,)] Q)

where 4 denotes the log-likelihood ratio statistic, while LR(Hy) and LR(H,) refer to the sto-
chastic frontier models given the null hypothesis, H, (absence of technical inefficiency) and
alternative hypothesis, H; (presence of technical inefficiency), respectively. Thus, if the null
hypothesis is assumed to be correct, then statistics will conform to a mixed chi-square dis-
tribution, as follows:

2
o

__C%u
T2 (6)
0'”+0'V
where y is used to quantitatively analyze the structure of the model error term; thus, the
closer this value is to 1, the greater the technical inefficiency proportion in terms of the dif-
ference between observed and maximum feasible output.

3.2.2 Spatial autocorrelation analysis

Spatial autocorrelation analysis is an important index-based approach that can be used to test
whether, or not, a value of a certain element is significantly associated with the attribute
value of an adjacent spatial point. This class of analyses encompasses global spatial auto-
correlation and local indicators of spatial association (LISA) (Anselin, 1995), with the first
approach used to analyze the distributional characteristics of a research object in global
space. The overall degree of urbanization efficiency global spatial correlation is measured
using Moran’s [ statistic (Jin ef al., 2016), calculated as follows:

W3S Wy (3~ ), )
7o =L 7

Zn:Zn:Wyi(xi _f)z

i=l j=1 =l

where / denotes the global Moran index, while x; and x; are the observed values of urbaniza-
tion efficiency in areas i and j, respectively, X is the average urbanization efficiency of the
overall study area, and J; denotes the spatial relationship between urban 7 and j (i.e., adja-
cent to 1, not adjacent to zero). A value of Moran’s / greater than zero means that attributes
between cities are positively spatially correlated; in contrast, if this value is less than zero,
then attributes are negatively spatially correlated.

The Moran’s / statistic cannot be used to precisely indicate the specific spatial location of
an agglomeration or anomaly, however, and so spatial autocorrelation must be applied for
further analyses, emphasizing local spatial associations of urbanization efficiency in some
localities. The LISA index /; is therefore introduced in this paper as a partial form of Mo-
ran’s / that can be used to test agglomeration and dispersion effects within local areas and to
reveal spatial autocorrelation between the urbanization efficiency levels of each city and
neighboring units. This index was calculated as follows:

nx, — B3, (3, — )
I = I

’ 3 (x -%)

®)
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4 Results and analysis
4.1 Model estimation and parameter testing

We estimated the urbanization efficiency of 100 cities within the YREB using input-output
panel data for the period between 2005 and 2014. As discussed, we applied the SFA model
in the form of “per unit area” by formulas (1)—(6). The test results are as follows (Table 1).
We assumed that the likelihood ratio test of one-sided effects conforms with a mixed
chi-square distribution as well as a technical efficiency term with a significance level of 0.01
and a value of y of 0.841. Results reveal that technical inefficiencies encompass a large
proportion of error terms; the fact that T-test values of parametric coefficients are all above
the critical significance level of 0.01 indicates that parameter estimation is accurate at the
99% confidence level. The results of this study therefore demonstrate that it is both appro-
priate and scientifically valid to introduce a SFA model to estimate urbanization efficiency.
In addition, the fact that the n parameter equals 0.061 indicates that the influence of the time
factor on P(t) decreases at an increasing rate; in other words, urbanization inefficiency
components of cities will decrease with time. Calculated output elasticity values for labor,
capital, and financial expenditure (i.e., B; = 0.171, B, = 0.362, B; = 0.221) also all suggest
that non-agricultural labor force, capital stock, and financial expenditure per unit area will
increase by 1%, respectively. These changes will lead to corresponding increases in
non-agricultural output per unit area of 0.17%, 0.36%, and 0.22%, respectively.

Table 1 Summary of the SFA production function results

Parameter Coefficient Standard deviation T-value
Bo 3917 0.282 13.91
B 0.171° 0.021 8.25
B 0.362"" 0.024 15.04
B 0.221™ 0.016 14.07
c’ 0.095™ 0.011 9.95
Y 0.8417" 0.014 62.12
n 0.566™" 0.025 23.03
0.061°" 0.003 22.39
Log likelihood function 52131 Likelihood ratio test of 1,494.07

one-sided effects

Abbreviations: *P < 0.1; **P < 0.05; ***P < 0.01; 5> = 0'3 + 0',21-

4.2 Urbanization efficiency analysis

We calculated urbanization efficiency values for 110 cities within the YREB between 2005
and 2014 based on our model validity test results. Values for urbanization efficiency were
then divided into four categories from high to low (Figure 2) by applying the natural breaks
method; this enabled us to analyze the spatiotemporal characteristics of urbanization effi-
ciency within the YREB.

Analytical results show that from a temporal perspective, mean urbanization efficiency
values for the YREB in 2005, 2008, 2011, and 2014 were 0.344, 0.407, 0.469, and 0.53, re-
spectively. These data reveal a clear increasing trend at a cumulative rate of 54.07 %. Re-
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sults also show that four cities had urbanization efficiencies higher than 0.59 (class 1) in
2005, mainly within the Yangtze River Delta region, and that this number had slightly in-
creased to eight in 2008. A total of 19 cities had reached efficiency class 1 by 2009, mainly
distributed within the Yangtze River Delta urban agglomeration as well as within the middle
reaches of the Yangtze River. Areas characterized by this highest level of efficiency (class 1)
increased over time and spread outwards from certain metropolises such as Shanghai and
Wuhan; the total number of cities at class 1 in 2014 was 32, 29.09% of the total. However,
despite this obvious year-on-year growth rate, many cities still have the potential for upward
growth; data show that those characterized by rapid urbanization efficiency growth between
2005 and 2014 were mainly located in Yunnan and Anhui provinces. The cardinality of ur-
banization efficiency within upper and middle reach cities remained small over the time pe-
riod of this analysis, further highlighting significant potential for improvement. In contrast,
cities characterized by slow urbanization growth efficiency were concentrated in Jiangsu and
Zhejiang provinces; indeed, the urbanization efficiency of almost eastern cities has been
slower than that of their counterparts elsewhere.

(a) 2005 (b) 2006 (c) 2007

No data

I Class 1 (>0.59)
[ Class 2 (0.47-0.59) Class 4 (0-0.35) 0  500km

Class 3 (0.35-0.47)

Figure 2 Spatiotemporal patterns of urbanization efficiency in the YREB

Cumulative urbanization efficiency growth rates within the upper, middle, and lower
reaches of the YREB between 2005 and 2014 were 65.54%, 56.53% and 45.82%, respec-
tively, a gradual reduction over time. This result is noteworthy because it differs from the
conclusions of other recent studies that have addressed the phenomena of economic restruc-
turing and urbanization in China (i.e., increasing regional differences in urbanization effi-
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ciency). The indicators (e.g., GDP and urbanization rate) considered in this study suggest
that differences in the upper, middle, and lower reaches of the YREB are gradually expand-
ing and while spatial heterogeneity in urbanization efficiency remains significant, distribu-
tional differences have tended to widen over time. There are a number of plausible explana-
tions for this trend, including the fact that urbanization efficiency does not include
non-observable factors that might influence economic development but rather reflects the
inherent contribution due to the investment of land resources in urban development. At the
same time, the extensive growth of various kinds of cities has not yet been completely
transformational, resulting in a narrowing of discrepancies between the urbanization effi-
ciency values of different agglomerations under sub-optimal conditions despite the effective
constraints imposed by geographical conditions and land management policies.

Data show that spatial patterns in urbanization efficiency conform to a “bar-like” distribu-
tion, decreasing gradually from the east to the west. These variations do not just encapsulate
large intra- and inter-provincial differences, but also occur between the upper, middle, and
lower reaches of the YREB. The efficiencies of the eastern cities of Shanghai and Suzhou
are the highest within the study area because of the relatively appropriate input of capital
and labor allocation within these regions as well as highly intensive land use. The central
regions of Wuhan, Changsha, Changde, and Xiangyang are also among the top performers in
terms of central region urbanization efficiency; these cities are all regional centers that boast
abundant labor, adequate capital, and favorable economic land use benefits. In contrast, the
urbanization efficiencies of western cities (i.e., Chengdu and Chongqing) within the YREB
lags behind those at the same level in central and eastern regions, suggesting that investment
levels for the development of urban stock-building land should be enhanced. The average
urbanization efficiencies of all cities across the YREB remain lower than those of the ag-
glomerations within the lower reaches of this river basin, and slightly higher than values for
the upper and middle reaches. Similarly, average urbanization efficiency values for cities
within the lower reaches of the YREB have always been higher than for their counterparts
within the upper and middle reaches; the data in Figure 3 show the results of a coupled

0.60 1 3 Total non-agricultural output in upper reaches +17.5
22 Total non-agricultural output in lower reaches
0.55 - -o— Mean value of efficiency in upper reaches

-~ Mean value of efficiency in lower reaches - 15.0
Total non-agricultural output in middle reaches
050 4 ¢ Mean value of efficiency in whole region

-+ Mean value of efficiency in middle reaches

- 12.5

0,45 b L 10-0

0.40 75

Urbanization efficiency

WSS
WSS
RARRNN

Non-agricultural output (trillion yuan)

%727
15527 :
. 15552 £
0.35 5772, 5% 5.0
12522 595
2922 12952
2272 12575
2272 47
15592 95551
e (52771 KA
1£5757] 5527 155521
55551 2927 129521
u 229%%] kA 12227 -
.. 22227 12227 12227 .
7%7%7] 2277 12957
2%9%%] 12972 12952
759771 12592 19952
759521 % 55551
755571 % 15952
£55%%] % 15552
755% A (5257
#22%%] A 12952
0.25 T T T T T T T 0

T : - T -
2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

Figure 3 Urbanization efficiency and non-agricultural outputs within the YREB between 2005 and 2014
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analysis of the urbanization efficiency and non-agricultural outputs for cities within the up-
per, middle, and lower reaches of the YREB and show that values are also high for agglom-
erations with high non-agricultural outputs. Cities at all four levels of efficiency are also
seen within the upper and middle reaches of the YREB, a result that reflects poor develop-
mental coordination in these areas. The Yangtze River Delta agglomeration was character-
ized by the highest level of urbanization efficiency across this region in 2014, attaining a
value of 0.624, while those in urban agglomerations of Chengdu and Chongqing ranked
second with average values of 0.521. The urban agglomeration within the middle reaches of
the Yangtze River had the lowest average efficiency in 2014, just 0.484.

Data reveal a marked overall gap between actual and potential outputs of labor force as
well as with capital and construction land inputs in different cities under certain input and
technical conditions. This has resulted in spatial differences in urbanization efficiency and
the irrational allocation of input elements leading to urban land resource wastage. At the
same time, however, it is clear that there is also great potential for improvement in the
YREB urbanization efficiency. Future work should further highlight the geospatial mor-
phology of urbanization efficiency as well as its spatial correlation characteristics in order to
provide a reference for the construction of a policy system supporting regional development.

4.3 Spatial correlation characteristics of urbanization efficiency

In order to reveal the dominant morphological characteristics of urbanization efficiency
within the YREB, we utilized the software GeoDa to reveal spatial patterns within ten years
of data and to quantify the relationship between the relative efficiencies of urban units ver-
sus their neighbors. A Moran scatterplot for these data is presented in Figure 4; results show
that values for Moran’s / range between —1 and 1, and that those closer to the former are
indicative of stronger negative correlations. Similarly, values closer to 1 indicate a stronger
positive correlation, while a value of zero indicates no spatial aggregation. Quadrants I and
IIT in Figure 5 represent “high-high” (H-H) and “low-low” (L-L) agglomerations, respec-
tively, while quadrants II and IV represent “high-low” (H-L) and “low-high” (L-H) outliers.
Results show that Moran’s / values for urbanization efficiency across the YREB remained
above zero and increased year-on-year between 2005 and 2014 indicating a positive spatial
correlation between the urbanization efficiency of cities and annual correlation clustering
characteristics. Numerous points fall within quadrant I and quadrant III, indicating that the
efficiency values of the YREB mainly exhibit H-H and L-L aggregation characteristics. In
other words, cities within this region that have similar urbanization efficiencies also have a
high probability of spatial clustering. The number of points that fall into quadrant II and qu-
adrant IV is lower than those in the other two, indicating a lower occurrence of significant
differences between the urbanization efficiencies of cities and those of their neighbors.

The Moran’s [ statistic is a global spatial autocorrelation index that reflects the average
degree of association between units and their surrounding counterparts. We used local indi-
cators of spatial association to analyze these patterns in detail to determine the locations of
spatial agglomerations or anomalies in urbanization efficiency. A LISA cluster map of ur-
banization efficiencies at the 0.05 significance level is shown in Figure 5; due to the long
time series included in this analysis as well as the increasing degree of spatial correlation of
urbanization efficiencies across the YREB, we chose to just evaluate changes in local spatial
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correlation characteristics between 2005 and 2014.
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Figure 4 Scatter plot of Moran’s / values for urbanization efficiency in the YREB between 2005 and 2014
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Figure 5 LISA cluster map showing urbanization efficiencies in the YREB between 2005 and 2014

Results show that at the 0.05 significance level, H-H regions mainly encompass the city
of Shanghai City as well as Jiangsu and Zhejiang provinces within the lower reaches of the
Yangtze River. Urbanization efficiency within the Yangtze River Delta has been raised over
time because of excellent infrastructural conditions, surplus capital, a more than sufficient
non-agricultural labor force, and a high level of economic development. Indeed, urbaniza-
tion efficiency values for the cities within this delta and across the surrounding area are con-
sistently high with slight differences, illustrating a significant positive influence across the
Yangtze River Delta. It is important to note that an H-H agglomeration area has been known
to occur within Yunnan Province over the last ten years; this area includes spatial agglom-
eration features shared between the city of Kunming (with a high urbanization efficiency
value) and surrounding agglomerations, a fact that has often been overlooked in previous
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analyses. There are several possible explanations for the formation of an H-H agglomeration
in this region, including the fact that Kunming and surrounding cities are all reasonably en-
dowed with labor and capital sufficient to promote economic capacity close to the produc-
tion frontier. In addition, as a demonstration case for the construction of mountain cities
within China, the development of Kunming and surrounding agglomerations has relied less
on the input of construction land but can still guarantee a certain level of economic outputs.
Results also show that the H-H agglomeration range of urbanization efficiency has slightly
expanded over time within the lower reaches of the YREB, while no obvious changes have
occurred in other areas. Similarly, the range of L-L agglomeration has extended slightly;
these areas are located around inland cities within Anhui, Sichuan, and Yunnan provinces
and tend to be in relatively poor locations characterized by irrational employment structures,
poor industrial economic benefits, and low economic outputs per unit of construction land.
There is a positive correlation between the urbanization efficiency of cities and their sur-
rounding agglomerations within this region; H-L agglomeration has occurred in the city of
Zunyi in Guizhou Province, for example, where a large difference in efficiency was present
between this higher-level agglomeration and its surrounding lower-level counterparts. Simi-
larly, L-H agglomeration has occurred within the city of Xuancheng in Anhui Province, in-
dicating that this region has low urbanization efficiency while surrounding areas have higher
values. Data also show that the range of H-L and L-H aggregations have not changed sig-
nificantly over the last ten years (2005-2014); in general, local correlations in urbanization
efficiency within the YREB tend to conform with the phenomenon of “small agglomeration
and large dispersion”. This result means that a balanced level of development within the
middle and lower reaches of this economic region needs to be further strengthened, and ar-
eas of newly-added urban construction land should be strictly controlled in the follow-up
YREB development plan to alter the current “sharing the pie” approach. Administrators
should also act to positively excavate land for urban stock construction, enhance coordinated
development amongst cities, and demonstrate the leading role played by these agglomera-
tions in promoting effective and coordinated YREB development.

5 Discussion and conclusions

We constructed a SFA model in this study that is based on the “per unit area” form and cal-
culated the urbanization efficiency of the YREB over one decade, between 2005 and 2014.
Our approach was based on the comprehensive consideration of stochastic impacts and ur-
banization inefficiencies in order to establish a spatial correlation model to make long-term
geospatial morphological representation of urbanization efficiency, present new findings,
and enrich current empirical studies of this process within the YREB.

The results of this analysis clearly demonstrate that our SFA approach can be validated by
testing both its parameters and the overall model, proving the feasibility of our research
methodology. Indeed, compared with the use of non-parametric models, the effects of ran-
dom impact (v;) and technical inefficiency (u;) are fully considered in our approach to re-
duce estimation errors and to enable an absolute value of urbanization efficiency to be cal-
culated which is both more objective and inter-regionally comparable. Second, results show
that the urbanization efficiencies of 110 Chinese cities within the YREB increased
year-on-year between 2005 and 2014 at a cumulative average rate of 54.07%. A great deal of
potential room for improvement nevertheless remains as cities with lower urbanization effi-



JIN Gui et al.: Spatiotemporal patterns in urbanization efficiency within the Yangtze River Economic Belt 1125

ciencies tend to also have faster growth rates. We also show that urbanization efficiency
gradually decreases from east to west and that this trend possesses “bar-like” morphological
characteristics. Significant differences are also present between the upper and lower reaches
of the YREB in terms of both intra- and inter-provincial urbanization efficiencies. Third, we
show that Moran’s / values for urbanization efficiency are spatially correlated and that clus-
tering characteristics have increased year-on-year. The LISA cluster map generated as part of
this analysis reveals “small agglomeration and large dispersion” morphological characteris-
tics; the degree of overall agglomeration amongst cities remains low while local characteris-
tics have not changed significantly from a temporal perspective.

Data show that overall differences in urbanization efficiency have been gradually shrink-
ing within the YREB over the last ten years (2005-2014). This conclusion is important be-
cause it is different from the findings of previous studies that have addressed Chinese eco-
nomic restructuring and urbanization. It is clear that China has experienced marked differ-
ences in urbanization efficiency over recent years; indeed, from the perspective of economic
indicators (e.g., GDP), discrepancies within the upper, middle, and lower reaches of the
YREB have been gradually expanding. Although the spatial heterogeneity of urbanization
efficiency remains significant, distributional differences have not been widened further un-
der basic geographical conditions and land management policy constraints. Similarly, the
phenomena of H-H aggregation in Kunming and its surrounding cities, which have high ur-
banization efficiency in Yunnan Province for a long time, also has not been noted previously.
In addition to a significant optimized labor force and high allocation of capital, the city of
Kunming and surrounds (the main “town mountain” areas of southwestern China) tend to
have higher outputs per unit area compared to other regions, factors that have all promoted
the formation of H-H agglomeration areas alongside limited urban expansion.

The YREB has key theoretical and practical research value as it is the first and most im-
portant example of an innovation-driven region within China that comprises a belt of coor-
dinated development for national ecological civilization construction. We have therefore
attempted to scientifically evaluate levels of urbanization efficiency within this region and
reveal their geospatial morphological characteristics over the decade between 2005 and 2014.
The efficiency of urban construction land, ecological elements, and the productivity of cul-
tivated land are all essential contents of regional coordinated development in this context, in
addition to urbanization efficiency. The research results and related conclusions presented in
this paper highlight the trade-offs between these three types of efficiency and have enabled
us to clarify the mechanisms that underlie their spatiotemporal couplings. This research
therefore presents a comprehensive reference analysis that will facilitate future land use de-
cision-making, optimal allocation, and balanced regional development.
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