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Abstract

Based on the “Five development Concepts”, this paper uses the entropy method to measure the economic
quality of 336 prefecture-level regions and above in China from 1991 to 2020, and uses Dagum Gini
coefficient, Kernel density estimation, spatial autocorrelation and standard deviation ellipse to explore
the spatio-temporal evolution characteristics of North-South economic quality differences. The main
conclusions are as follows: 1) From 1991 to 2020, the economic quality of the north and south continues
to grow, and the spatial distribution pattern shows a relatively significant feature of “the south is
relatively high, the north is relatively low” and “the coastal economic belt is relatively high, and the
inland city is relatively low”. 2) In the past 30 years, the relative difference between the north and south
regions has fluctuated and decreased, while the absolute difference has increased. 3) The economic
quality of southern cities has a more significant spatial agglomeration. HH agglomeration and LL
agglomeration are dominant in the south, while LL agglomeration is more inclined in the north. 4) The
economic mass center of gravity in the north and the south showed a migration trend of “northeast-north”
and “northwest-southwest” respectively.
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1. Introduction

Since the reform and opening up, China’s economic geography has changed dramatically, and regional
differences have become more and more serious, and transformed from the imbalance between the east,
central and west to the imbalance between the north and the south (Fan & Wang, 2019). In 2018, the
central government issued the Opinions on Establishing a New Mechanism for More Effective

Coordinated Regional Development, emphasizing “coordinating the new pattern of regional development
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in the domestic east”, west, central and southern north In 2018, the central government issued the
“Opinions on Establishing a New Mechanism for More Effective Coordinated Regional Development”,
which emphasizes “coordinating the new pattern of regional development in the East, West and North
and South of China”, and formally proposes that coordinated regional development should pay attention
to the gap between North and South. “The report of the 19th National Congress points out that the main
contradiction of our society has been transformed into the contradiction between people’s growing need
for a better life and unbalanced and insufficient development”, and the economy has shifted from the
stage of high-speed growth to the stage of high-quality development. The new development pattern of
the domestic cycle requires not only the cycle of the east and west, but also the cycle of the south and
north. Excessive economic disparity between the north and the south will not only lead to unreasonable
resource allocation and unequal development opportunities, but also jeopardize the harmonious
development of society (Wu, Yang, & Li, 2011). This requires us to explore more comprehensively the
spatial and temporal evolution characteristics of the economic quality of the South and the North, so as
to lay the foundation for the in-depth promotion of coordinated regional development, integrated
development of regional economic integration between the North and the South, and high-quality
development strategies.

The evolutionary pattern of regional economic differences is one of the core issues of academic concern
(Feng, Zeng, & Cui, 2015; Qin, 1997; Jian, Sachs, & Warner, 1996; Long, 1999; Zhao & Ying, 2014; Xu,
Lu, & Su, 2005). Tracing the spatial and temporal evolution of regional economic disparities by scholars
at home and abroad, we can see that the scale of foreign research has gradually changed from the large
scale of international (Costas, & Dimitrios, 2010) and national (Leonid, 2002; Barro & Sala-i-Martin,
1991). to the small and medium microscopic scale of “provinces and regions” (Park & Lee, 2013;
Masahisa & Dapeng, 2001), and the research methods have changed from the traditional regression
analysis (Martin, Kerstin, &Fredrik, 2011; Thomas, 2015) to spatial measurement and statistical analysis
(Sergio, 2001; Le, Ertur, & Baumont, 2003). Domestic scholars’ research mainly focuses on the
macroscopic scales of the three major regions in the East and West (Yang, 1994; Xu & Yang, 2001), the
provincial level (Li, Wei, & Xu, 2001; Zhao, Zhang, & Jiang, 2019), and the microscopic scales of cities
(Li, Wei, & Xu, 2001; Yan, Zhang, & Chen, 2019; Zeng, Yu, & Zuo, 2015)., counties (Li, Wei, & Xu,
2001; Zhou, Li, & Wu, 2014; Li & Qiao, 2001), and a specific region (Zhang & Zhang, n.d.; Zhang, Yu,
& Zhang, 2018; Wang, Yuan, & Meng, 2014), using indicator analysis methods (e.g., Gini coefficient
(Guo & Li, 2017), coefficient of variation (Li, Wei, & Xu, 2001; Yan, Zhang, & Chen, 2019; Zeng, Yu,
& Zuo, 2015; Zhou, Li, & Wu, 2014; Li & Qiao, 2001; Zhang & Zhang, n.d.; Zhang, Yu, & Zhang, 2018;
Wang, Yuan, & Meng, 2014; Guo & Li, 2017; Chen & Zhu, 2012), Thayer index (Guo & Li, 2017),
standard deviation (Li, Bai, & Luo, 2011), etc.) and integrated spatial data analysis (e.g., spatial Markov
model (Yan, Zhang, & Chen, 2019), exploratory spatial data analysis (Jin & Lu, 2009; Ren & Gu, 2018),
kernel density function (Li, Shi, & Jin, 2013, etc.) to react to the spatial and temporal evolution

characteristics of regional economic differences.
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So far, studies on north-south differences have mainly focused on physical geography such as regional
division (Zhang, 2008), natural climate (Li, Yan, & Wu, 2019), disaster prevention and control (Li, Yang,
& Liu, 2015), and ecological protection (Zhang, 2019), but few studies on north-south economic
differences have been conducted, and the existing studies have only used single indicators such as GDP
per capital (Wu, 2001; Chen, 1999) or GDP (Li & Qin, 2002), without taking the approach of constructing
a comprehensive indicator evaluation system In this paper, we focus on “innovation, coordination,
coordination, and economic quality”. In this paper, 16 comprehensive evaluation indicators are
constructed from the five dimensions of “innovation, coordination, green, openness, and sharing”, using
year-by-year statistics of 336 prefecture-level and above regions from 1991 to 2020 to measure and
analyze their economic quality levels, and analyze the regional differences between the north and the
south and the spatial and temporal evolution characteristics from a more refined perspective. The analysis
reveals the change of the economic center of gravity between the north and the south, and ultimately
provides a reference for the structural optimization, spatial integration and high-quality development of

China’s regional economy.

2. Method

2.1 Entropy Value Method

The entropy method is a method of determining the weights of various indicators based on the magnitude
of the information provided by their data (Lin, 1997). The specific calculation methods are as follows:

(1) Normalization of the original data:

Positive indicators: y _ ¥; —min {Xii} (1
! max{Xij}—min{Xij}
Negative indicators:y. — max{x i } — Xy )
I max{xij - min{xij}
(2) Calculate the share of the j indicator for the i municipality:
Y.
2= o)
ZizlYij
(3) Calculate the information entropy of each index:
m 1
Pij =—kzi:l(Zij Xln Zij)’k :m (4)
(4) Determination of indicator weights:
F = i (5)

| Ziril(l_ PJ)

(5) Calculate the level of economic development of the i municipality
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W; = Zinzl F;Y;

(6)

Where: Y is the standardized data value; Xj represents the data value of the j indicator in the i

municipality; max{X;} and min{Xj} represent the maximum and minimum values of the j indicator in

the i municipality, respectively; Z;represents the weight of the j indicator in the i municipality; i = 1~m,

j = 1~n; Pj is the information entropy of each indicator; F; is the weight of each indicator; W; is the

economic development level of the i municipality.

Table 1. Comprehensive Measurement Index of High Quality Development Level

—_— . . . . . Indicator
Objectives  Dimension Indicators Explanation of Indicators d cag
Properties
Share of education
Education Investment Intensity expenditures in fiscal +
expenditures (%)
. Lo Share of science and
. Investment intensity in science .
Innovation and technolo technology expenditures +
gy in fiscal expenditures (%)
Number of patents
Number of patents granted per
granted per 10,000 people +
10,000 people .
(pieces)
Degree of industrial Value added of tertiary .
advancement industry/GDP (%)
Registered Urban Urban registered i
Coordinati Unemployment Rate unemployment rate (%)
on Proportion of residents’
- f i |
Engel Coefficient 0od expenditure to Fota i
personal consumption
. expenditure
Economic .
ualit Sewage treatment rate Urban domestic sewage +
qlevely g treatment rate (%)
Garbage Harmless Disposal Rate Harmless treatment rate of +
g P domestic garbage (%)
reen - . . Electrici nsumption
Gree Electricity consumption per unit ectricity co > ptio
of GDP of the whole society/GDP -
(kWh/yuan)
Industrial wastewater emission Industrial wastewater i
per unit GDP emission/GDP (ton/yuan)
Total import and
Tr Dependen +
Openness ade Dependence export/GDP (%)
P Intensity of foreign investment  Actual amount of foreign .
utilization capital utilized/GDP (%)
GDP per capital GDP per capital (Yuan) +
Average of annual
Sharing Nighttime lighting value nighttime Ilghtlng values
by city
Teacher-student ratio of primary Number of .

and secondary schools

teachers/students in
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primary and secondary
schools (%)
Number of physicians per Number of physicians per
10,000 people 10,000 people (person)

2.2 Dagum Gini Coelfficient Decomposition Method
The Dagum Gini coefficient enables effective analysis of intra- and inter-regional differences (Sun, Liu,

& Chen, 2021) and is calculated as follows:

z, 1Zh 12. 1Zr =1 yhf 7
2n%Y
G, ZZ;GH P;iS; ®)

Gy = Z?:ZZ;GW(pjsh - phsj):)jh 9)
G, Z,ZZ G,.(p;5, - pus, J1-D,,) (10)

In this paper, 336 regions at prefecture level and above are studied. k represents the number of regions,

here both northern and southern regions are included, i.e., k=2, and n denotes the number of cities.

yji(yhr) denotes the economic quality level of cities within region j(h). Y denotes the average of the
economic quality level of cities. The Gini coefficients are divided into hypervariable density G,, intra-
regional variation G, , and inter-regional variation G,

2.3 Spatial Autocorrelation

Global spatial autocorrelation is usually expressed by Moran’s I, which can reflect the overall spatial

agglomeration level of economic development of north and south cities in China and takes the value of

[-1, 1].

N2 2 (v -Y)(vi-v) (11)
(Zin:lzl;:lwij ) in:1WiJ' (yi _9)2

Where: n is the number of study units, y denotes the value of the level of high-quality economic

GlobalMoran's =

development of the prefecture-level city, and Wi is the spatial weight of the spatial location relationship
between cities i and j.
Local spatial autocorrelation is usually expressed by LISA diagram, which can reflect the degree of

correlation between the study units and their neighboring units in the study area. The calculation formula

n(Yi _9)211\/\/” (yi B 9) (12)
> (vi-yf
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Where: m is is the number of cities adjacent to city i. Other variables are the same as above.

2.4 Standard Deviation Ellipse

The standard deviation ellipse (SDE) analysis method can be used to reveal the diffusion direction and
dispersion degree of spatial elements, and has a good explanation effect on the spatial distribution of
geographical elements, and can also be used to characterize the spatial concentration area, direction and
center location of elements (Bai, Zhao, & Zhang, 2021).

The standard deviation ellipse center coordinates formula is:

(x.¥)- ZZ‘}:X‘QZZ?-:VZ‘ 03

Standard deviation elliptical azimuth equation:

Zin:l ATZAX iz B Zinzl A‘ZAYiZ + \/E::l AZAX i2 B Zin:l A‘ZAYiZ]Z + 4&:?:1 AiZAX iZAYiZ ]Z (14)
23" NAXAY?

tan@ =

3. Result

3.1 Analysis of the Differences in the Spatial and Temporal Distribution of Economic Quality between
North and South

China’s economic quality as a whole showed a substantial growth from 1991 to 2020, with a total growth
rate of 49.62%, including 44.89% in the north and 52.54% in the south. As can be seen from Figure 1: In
the spatial dimension, economic quality in both the north and the south shows a decreasing trend from
east to west. High level cities, only Shenzhen, Dongguan and Suzhou in the southern region in 1995,
developed to 20 by 2020, accounting for 83.33% of the number of high level cities, much higher than the
proportion in the north; higher level cities are mainly distributed around high level cities, concentrated
in the Yangtze River Delta and Pearl River Delta regions in the south, and in the Shandong Peninsula
region in the north; low level cities contract from east to west, and by In 2020, they will be mainly
concentrated in the southeast and the northern regions of Gansu and Qinghai. The overall spatial
distribution pattern of the north-south economy shows a more significant “relatively high in the south,
relatively low in the north”, “higher in the coastal economic zone, lower inland cities”. In addition, cities
with faster growth in economic quality are mainly in the central and southeastern regions, with growth
rates above 20%; cities with economic growth rates below 5% are mainly in the northeast, mid-west and
southwest regions; the high level economy is first concentrated in the “North, Shanghai and Guangzhou”
and its surrounding areas, and then spreads inland.

From Figure 2, we can see that: in the time dimension: the proportion of the economic quality
development level of each group in the north and the south at the same time. As can be seen from Figure
2, the economic level of the South and the North has been improving year by year, and the proportion of

cities at low level has dropped sharply, from 61.67% and 69.23% in 1991 to 5% and 7.05% in 2020
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respectively, and the proportion of low level cities in the South is higher than that in the North until 2017;
the proportion of lower level cities in the South and the North is growing faster, and both show an “S”
The proportion of higher level cities was relatively stable at the beginning, and began to grow rapidly
after 2002 and 2006 in the south and north respectively, and the growth rate in the south was greater than
that in the north; high level cities appeared in the south in 1991, and began to rise steadily after 1999,
and there were already 20 high level cities in the north by 2020. The high level cities in the north appeared
in 2007 and also showed an upward trend after their appearance, growing to 4 by 2020. In terms of the
evolution of the overall urban economic level, the cities in the north and the south show a fluctuating

growth characteristic of “low level - lower level - higher level”.

. 2000

Economic level
—— nartteaat e

S ¥t o * b et I

Figure 1. Spatial Distribution of Economic Level of Chinese Cities from 1995 to 2020

South
---%--- High level
- lligher level
Lower level
8 ——¢- Low level
North
—— High level
—&— lligher level
g 7 Lowerlevel
¥ —<4— Low level

1990 1995 2000 2005 2010 2015 2020
Year

Proportion(%o)

Figure 2. Proportion of Different Types of Cities in the North and South from 1991 to 2020
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3.2 Analysis of Regional Differences in Economic Quality Between North and South

The Dagum Gini coefficient is used to reflect the overall regional differences in economic levels between
the North and the South, and is decomposed according to the two major economic regions, South and
North, to reveal the main sources of regional disparities (Table 2).

The Gini coefficient of the national economic quality ranges from 0.316 to 0.3915, with a decreasing
trend during the study period. Specifically, the Gini coefficient fluctuated down from 1991-2000 and
2003-2020, and briefly increased between 2000-2003, and was greater than 0.31 in all years, indicating
that although the gap in economic quality between prefecture-level and above regions nationwide has
narrowed, the imbalance is still evident. Therefore, we should accelerate the balanced development of
economic quality nationwide and narrow the economic differences between regions.

Table 2 shows the evolution trend of the intra-regional Gini coefficient difference between the South and
the North. The Gini coefficient of the northern economy ranges from 0.2297 to 0.3462 with a mean value
of 0.2458, and the Gini coefficient of the southern economy ranges from 0.3643 to 0.4328 with a mean
value of 0.3922, and both have a general fluctuating downward trend, and both have a similar trend of
change. The intra-regional differences in the South are higher than those in the North during the study
period, indicating that the degree of economic quality coordination is better in the North than in the South.
Therefore, the South needs to take into account the overall coordinated development more while
considering the improvement of economic quality of each city. In terms of the inter-regional differences
between the North and the South, the inter-regional Gini coefficient ranges from 0.3712 to 0.3916, and
the inter-regional differences show a fluctuation of falling, then growing and then falling again, with an
overall downward trend.

According to Table 2, it can be seen that the sources of contribution to the difference in economic quality
between the north and the south are stable, and the intra-north difference is the main source of difference
during the study period, with an average contribution of 50.72% for 30 years and little change between
years. The contribution of inter-north-south differences is in the second place, with a rising trend, from
12.41% in 1991 to 25.19% in 2020, indicating that inter-north-south differences are a secondary source
of overall differences, and their contribution to overall differences is increasing; the contribution of super-
variable density to overall differences is the smallest and decreasing, indicating that the cross-over
problem between north and south regions has a The contribution of super-variable density to the overall
difference is the smallest and tends to decrease, indicating that the cross-over problem between north and

south regions has little influence on the overall regional difference.
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Table 2. Economic Differences between North and South and Their Contribution Rates

Within-group  Difference P
Y::a T(gal Gw Gnb Gt differences s between Contribution /%
South North groups Gw G Gt
199 0391 0.198 0.048 0.144 0419 0.346 506 124 36.9
0.3916
1 5 1 6 8 6 2 0 1 9
199 0363 0.183 0.050 0.399 0.304 506 13.8 355
0.129 0.3628
2 1 9 2 5 5 5 3 3
199 0345 0.175 0.051 0.118 0.390 0.274 50.7 149 343
0.3447
3 5 3 6 6 1 5 4 3 3
199 0349 0.177 0.060 0.111 0.399 0.266 50.7 172 32.0
0.3485
4 2 3 1 8 1 1 7 1 2
199 0.332 0.169 0.052 0.111 0.381 0.256 50.8 156 335
0.3316
5 9 2 1 6 4 4 3 5 2
199 0.329 0.167 0.050 0.111 0.379 0.251 50.8 153 338
0.3282
6 6 6 6 4 8 2 5 5 0
199 0.333 0.169 0.047 0.116 0.385 0.254 50.8 142 349
0.3318
7 4 5 5 4 2 1 4 5 1
199 0.332 0.168 0.044 0.118 0.386 0.249 508 134 357
0.3308
8 3 8 7 8 8 3 0 5 5
199 0334 0.170 0.048 0.115 0.391 0.246 50.8 145 34.6
0.3329
9 7 2 6 9 7 5 5 2 3
200 0332 0.169 0.049 0.113 0.390 0.242 50.8 149 34.1
0.3306
0 5 2 7 6 8 4 9 5 7
200 0349 0.177 0.054 0.116 0410 0.253 509 156 334
0.3475
1 3 8 7 8 1 1 0 6 4
200 0.360 0.183 0.059 0.117 0.417 0.266 50.8 16.6 325
0.3590
2 3 2 8 3 2 9 5 0 6
200 0375 0.190 0.065 0.118 0.431 0.279 50.8 174 31.6
0.3744
3 4 9 6 9 8 9 5 7 7
200 0.366 0.186 0.054 0.125 0425 0.270 50.8 149 342
0.3647
4 0 0 6 4 5 7 2 2 6
200 0355 0.180 0.049 0413 0.264 50.7 138 354
0.126 0.3550
5 9 6 3 7 1 4 5 0
200 0.360 0.182 0.051 0.417 0.268 50.7 142 349
0.126 0.3595
6 3 8 5 3 8 4 9 7
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200

7

200

200

201

2011

201

201

201

201

201

201

201

201

202
0

0.347
3
0.340
2
0.332
4
0.335
0
0.336
1
0.323
9
0.342
6
0.318
2
0.319
4
0.316
4
0.317
7
0.323
6
0.320
1
0.328
3

0.176
1
0.172
4
0.168
6
0.169
8
0.170
5
0.164
3
0.173
9
0.161
2
0.161
7
0.160
1
0.160
9
0.163
5
0.161
5
0.165
3

0.049
5
0.045
1
0.046
9
0.052
3
0.053
9
0.052
4
0.062
6
0.058
2
0.065
7
0.066
3
0.067
6
0.077
7
0.078
5
0.082
7

0.121
7
0.122
7
0.116
9
0.112
9
0.111
7
0.107
2
0.106
1
0.098
8

0.092

0.09

0.089
2
0.082
4
0.080
1
0.080
3

0.403
8
0.396
9
0.391
1
0.392
2
0.391
2
0.378
2
0.399
3
0.366
8
0.368
3
0.364
3
0.365
9
0.372
1
0.365
2
0.370
8

0.257
2
0.251
1
0.240
0
0.241
7
0.246
3
0.236
2
0.246
4
0.235
8
0.232
4
0.230
6
0.231
6
0.229
7
0.230
7
0.239
8

0.3465

0.3396

0.3316

0.3347

0.3355

0.3232

0.3422

0.3183

0.3201

0.3172

0.3184

0.3254

0.3225

0.3316

50.7

50.6

50.7

50.6

50.7

50.7

50.7

50.6

50.6

50.6

50.6

50.5

50.4

50.3
5

14.2

5

13.2

141

15.6

16.0

16.1

18.2

18.2

20.5

20.9

21.2

8

240

1

245

2

25.1
9

35.0
4
36.0
7
35.1
7
33.7
0
33.2
3
33.1
0
30.9
7
31.0
5
28.8
0
28.4
5
28.0
8
254
6
25.0
2
24.4
6

Note. G is the overall Gini coefficient; Gy is the intra-regional variation of Gini coefficient; Gn is the

inter-regional variation of Gini coefficient; G is the hyper-variance density of Gini coefficient.

3.3 Analysis of the Differences in the Spatial Pattern of Economic Quality between North and South

3.3.1 Global Spatial Correlation Analysis

The global indices, standard deviation statistics, and significance level values for a total of 336 municipal

units in the south and north from 1991 to 2020 were calculated using Equation (9) and ArcGIS 10.8

software, respectively, to reveal the global spatial correlation between the north and south economies.

The calculation results are detailed in Figure 3.
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Figure 3. Global spatial autocorrelation between the North and South economies from 1991

to 2020

From Figure 3, it can be seen that the Moran’s I indexes of the economic levels of the South and North
are all positive, and the standard deviation statistics Z values are all greater than the critical value of 2.58
for the 99% confidence interval of the normal distribution, indicating that the probability of the composite
score of the national municipal economic development levels being randomly distributed is below 1%,
and they all pass the significance test. This indicates that the spatial distribution of economic levels in
the South and North during 1991-2020 has a strong positive spatial correlation and significant spatial
agglomeration, that is, areas with higher economic levels have higher economic levels in their
neighboring areas, and areas with lower economic levels have lower economic quality levels in their
neighboring areas, and areas with similar economic levels tend to be agglomerated in spatial distribution.
The Moran index in the south is larger than that in the north, which indicates that the economy of the
southern municipalities has stronger correlation and more significant spatial agglomeration than that of
the northern municipalities; the Moran index in the south shows a trend of first growth and then
stabilization, while the north shows an inverted “U” trend, which indicates that during the period of 1991-
2020 The spatial agglomeration of the northern municipalities first strengthened and then weakened after
2009, while the spatial agglomeration of the southern municipalities first strengthened rapidly and then
stabilized after 2003.

3.3.2 Local Spatial Correlation Analysis

The global Moran’s I index cannot reflect the spatial clustering characteristics of local areas. In order to
further study the local clustering characteristics of economic quality level of cities in South and North,
six time points of 1995, 2000, 2005, 2010, 2015 and 2020 were selected due to space limitation, and the
LISA clustering map of economic quality level of cities in South and North (Figure 4) and the local
spatial clustering The clustering statistics table (Table 3).

As can be seen from Table 3, the economic development of the South is dominated by HH agglomeration
and LL agglomeration, and the North is dominated by LL agglomeration, and the number of cities in

spatial autocorrelation (HH, HL, LH and LL agglomeration) is larger in the South than in the North at all

121
Published by SCHOLINK INC.



www.scholink.org/ojs/index.php/rem Research in Economics and Management Vol. 8, No. 3, 2023

six time points, indicating that the agglomeration trend of economic development is larger in the South
than in the North. In the period 1995-2020, the proportion of the number of cities in HH agglomeration
in the north After reaching a peak of 8.97% in 2005, it gradually decreased to 1.92% (2020), and the
number of cities with LL agglomeration gradually increased to 32.69% after reaching a trough of 21.15%
in 2005; the overall number of cities with HH agglomeration and LL agglomeration in the south is in a
stable situation without much fluctuation, indicating that the spatial agglomeration trend among cities in
the south is more stable The spatial agglomeration among cities in the north is more inclined to LL
agglomeration over time.

It can be seen from Figure 4 that the HH agglomeration cities in the north and the south have similar
spatial distribution patterns, i.e., they are distributed in the coastal city cluster, the Yangtze River Delta
city cluster and the Pearl River Delta city cluster in the south, and the Shandong Peninsula city cluster in
the north. the LL agglomeration is mainly distributed in the central, western and northeastern regions in
the north, and in the central and southwestern regions in the south. The HL agglomeration and LH
agglomeration in the north and the south are fewer in number, and are mainly scattered around the HH
agglomeration and LL agglomeration. The insignificant area in the north is much larger than that in the

south, further supporting that the balance of economic levels is stronger in the north than in the south.

Table 3. North-south Economic Level Local Spatial Agglomeration Statistical Table

LISA 1995 2000 2005 2010 2015
Cluster  gouth North South North South North South North South North
Specific Gravity /%
Significant Local Spatial Agglomeration Patterns ( p<0.05)

High-High

Clustering 2444 321 2389 321 21.11 897 2I.11 7.05 2389 577
High-Low

Clustering 6.67 385 556 256 444 385 389 256 333 256
Low-high

clustering 833 064 778 000 1222 064 1333 064 1500 1.28
Low-Low

Clustering 31.67 23.08 3722 2179 36.67 2115 3667 2115 36.11 28.85

Non-significant local spatial agglomeration pattern (p>0.05)
Insignificant 28.89 69.23 2556 72.44 2556 65.38 25 68.59 21.67 61.54
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Figure 4. LISA Agglomeration Map of Economic Quality Level of North and South Cities

3.3.3 Analysis of the Differences in Spatial Evolutionary Trends of Economic Quality between North and
South

From 1991 to 2020, the economic center of gravity in the south as a whole shows a “northeast-north”
migration trend, while the economic center of gravity in the north as a whole shows a “west-northwest”
migration trend. The economic center of gravity in the south is located in Hengyang City, Hunan Province
from 1991 to 2000. The southern economic center of gravity was located in Hengyang City, Hunan
Province from 1991 to 2000, Zhuzhou City from 2001 to 2004 and 2014 to 2020, and Pingxiang City,
Jiangxi Province from 2005 to 2013, which is relatively concentrated from 1991 to 2000 and 2014 to
2020. The northern economic center of gravity was located in Baoding, Hebei Province during 1991, in
Datong, Shanxi Province during 1992 as well as 2005-2013, in Xinzhou City during 1993-2004, and in
Shuozhou City during 2014-2020, with a relative concentration of the northern economic center of
gravity during 1999-2004 and 2007-2013. During the 30 years under study, the southern economic center
of gravity generally moved 88.83 km to the northeast and the northern economic center of gravity
generally moved 105.67 km to the northwest, and the distance between the northern and southern
economic centers of gravity decreased, indicating that the economic differentiation between the two
regions in the north and the south has been reduced.

As can be seen from Figure 5, the oval area of the standard deviation of the southern economy shows a
fluctuating trend of increase during 1991-2020, with an overall increase of 95,600 km2 during the 30-
year period, the long axis increasing by 12.44 km and the short axis decreasing by 6.99 km, which
indicates that the spatial distribution range of the southern economy spreads in the “northeast-southwest”
direction and in the “southeast-southwest” direction. This indicates that the spatial distribution range of

the southern economy spreads in the “northeast-southwest” direction and contracts in the “southeast-
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northwest” direction; the standard deviation ellipse area of the northern economy shows a fluctuating
trend of increase over the 30 years, with an increase of 124,900 km2, an increase of 29.03 km in the long
axis and a decrease of 1.74 km in the short axis, indicating that the spatial distribution range of the
northern economy is in the “east-west” direction. This indicates that the spatial distribution of the
northern economy spreads sharply in the “east-west” direction and contracts slightly in the “south-north”
direction.

From the shape index, the shape index of the economic ellipse in both the north and the south decreases
during the study period, from 0.71 and 0.61 to 0.66 and 0.55 respectively, with a tendency of flattening;
the shape index of the southern ellipse is larger than that of the north, indicating that the spatial
distribution of the southern economy is more homogeneous than that of the north. In terms of rotation
angle, the rotation angle of the southern economic ellipse is relatively stable overall; the rotation angle
of the northern economic ellipse is fluctuating and rising, and the standard deviation ellipse is rotating in
the counterclockwise direction, indicating that the ‘“northeast-southwest” pattern of the northern

economy is strengthening.
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4. Discussion and Conclusion

4.1 Discussion

In recent years, “North-South disparity”” has become a hot term and has attracted widespread attention in
academic circles. The study on the spatial and temporal evolution characteristics of North-South
economic disparity in this paper can provide a reference for policy-making on North-South coordination,
regional development and high-quality development. There are still shortcomings in this paper, which
need to be further improved in the future: as this paper involves more years and regions, it is relatively
difficult to obtain data, so only 16 indicators are selected, and the indicators are not perfect; the regions
(regions, autonomous regions, leagues) with more missing data are obtained according to the provincial
data, and the data obtained in this way are assigned according to the average proportion of the data of
each region in the existing years to the provincial level, and the data obtained in this way have some
errors with the actual situation. Due to the limitation of space, we only explored the spatial and temporal
evolution of the economic differences between the north and the south, and we can explore the
influencing factors behind them in the follow-up study.

4.2 Conclusion

This paper takes 336 prefecture-level and above regions across China as the research unit, and uses year-
by-year statistics from 1991 to 2020 to study the spatial and temporal evolutionary characteristics of
high-quality economic differences between the South and the North using the entropy method, Dagum
Gini coefficient, Kernel density estimation, exploratory spatial data analysis, and standard deviation

ellipses. The main findings are as follows:
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In terms of spatial and temporal distribution, the overall economic level of the North and South shows a
substantial growth from 1991 to 2020, and the overall spatial distribution pattern shows a more significant
“relatively higher in the South, relatively lower in the North” and “higher in the coastal economic zone,
lower inland cities” characteristics. The number of high level cities in the south has increased much more
than that in the north, and is mainly concentrated in the Yangtze River Delta and Pearl River Delta regions,
while the north is concentrated in Shandong Peninsula, and the higher level cities are mainly distributed
around the high level cities, and the low level region is contracted from east to west.

The Gini coefficients within the regions of both the South and the North show a fluctuating downward
trend, and both have similar trends of change. The intra-regional differences in the South are higher than
those in the North during the study period, indicating that the degree of coordination of economic quality
in the North is better than that in the South, and the inter-regional differences show fluctuations of falling,
then growing and then falling again, with an overall downward trend, and the relative differences mainly
come from the intra-regional differences in the North and South.

In terms of spatial agglomeration, the Moran index of economic level in the South is larger than that in
the North during 1991-2020, indicating that the South's economy has a stronger correlation and more
significant spatial agglomeration than the North. The southern economy is dominated by HH
agglomeration and LL agglomeration, and the number of cities in spatial autocorrelation (HH, HL, LH
and LL agglomeration) is larger in the south than in the north, i.e., the agglomeration trend of the southern
economy is larger than that of the northern cities, and the north is more inclined to LL agglomeration.
The HH agglomeration in the south is mainly distributed in the Yangtze River Delta city cluster and the
Pearl River Delta city cluster, and the LL agglomeration in the north is mainly distributed in the northeast
and the central and western regions, and in the south is mainly distributed in the central and southeastern
regions.

From the spatial evolution trend, the economic center of gravity in the south has an overall “northeast-
north” migration trend from 1991 to 2020, while the economic center of gravity in the north has an overall
“northwest-southwest” migration trend, with the center of gravity in the south generally tilting to the
northeast and the center of gravity in the north generally tilting to the northwest. The center of gravity in
the south is tilted to the northeast and the center of gravity in the north is tilted to the northwest. The
spatial distribution of the southern economy spreads in the “northeast-southwest” direction and contracts
in the “southeast-northwest” direction, while the northern economy spreads dramatically in the “east-
west” direction and in the “south-north” direction. “The shape index of the economic ellipse decreases
in both the north and the south, and is always larger in the south than in the north, indicating that the

spatial distribution of the southern economy is more homogeneous than that of the north.
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