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Abstract

The research purpose is to accurately reveal the temporal and spatial law
of the urban expansion of Changsha-Zhuzhou-Xiangtan, one of the seven
major urban agglomeration areas in China, and provide decision-making
basis for the future urban construction land layout and regional develop-
ment policy-making. Based on the night lighting data (DMSP/OLS), this
paper extracts the boundary of the urban construction land of Chang-
sha-Zhuzhou-Xiangtan urban agglomeration from 1993 to 2017, and quan-
titatively studies the spatial and temporal characteristics of the expansion of
the metropolitan area in the past 25 years according to the methods of spa-
tial expansion analysis, center of gravity migration measurement, landscape
pattern index, spatial autocorrelation, etc. The results show that: 1) it is
scientific and feasible to extract urban agglomeration construction land by
the method of auxiliary data comparison for the study of urban expansion;
2) the expansion of regional space in Changsha-Zhuzhou-Xiangtan metro-
politan area shows a trend of “weakening first and strengthening later”. The
construction land keeps increasing, and the expansion form gradually
changes from extensive type to intensive type; 3) the center of gravity of the
metropolitan area fluctuated and repeated in part during the past 25 years,
but it was always located in the municipal district of Changsha city. The
eastern region, mainly Changsha city, was still the core area of urban ag-
glomeration expansion; 4) strengthening the territorial space protection
and control of ecological green core in the metropolitan area is a key meas-
ure for the high-quality development of urban agglomeration.
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1. Introduction

As the main carrier of carrying population and economic activities and sup-
porting national economic growth, urban agglomeration is the main form of the
country to promote new urbanization. Changsha-Zhuzhou-Xiangtan urban ag-
glomeration is one of the seven urban intensive areas under the guidance and
cultivation of the state, and one of the important urban agglomerations in the
central region of China, which plays an important role in the national imple-
mentation of the medium and long-term regional development strategy [1].
Many scholars have studied the spatial structure and optimization measures of
Changsha-Zhuzhou-Xiangtan urban agglomeration. However, the research re-
sults on the spatial and temporal law of regional expansion in metropolitan area
are relatively rare [2] [3] [4].

In recent years, the development of remote sensing technology has provided
new methods and approaches for the study of urban expansion. The DMSP/OLS
night light images obtained by the operational line scan system (OLS) sensor on
the US military meteorological satellite (DMSP) can be used as the characteriza-
tion of human activities and a good data source for urbanization monitoring [5]
[6]. At present, DSMP/OLS nighttime lighting data has been used to study the
urban spatial expansion law at home and abroad, which fully proves the feasibil-
ity and scientificity of extracting urban spatial information [7] [8] [9] [10].

This paper selects the DSMP/OLS nighttime lighting data of Changsha-
Zhuzhou-Xiangtan urban agglomeration from 1993 to 2017, and uses the aux-
iliary data comparison method to extract the boundary of urban construction
land through calculating the regional spatial expansion mode, landscape index
and spatial autocorrelation index, quantitative study of the space-time law of
metropolitan area, revealing the Changsha-Zhuzhou-Xiangtan urban agglome-
ration spatial and temporal process and characteristics in the past 25 years, in
order for the city of the urban agglomeration development, to offer reference for
policy making.

2. Data Source and Processing

2.1. Overview of the Study Area

The historical origin of the Changsha-Zhuzhou-Xiangtan urban agglomeration
is the idea of “Mao Zedong City” proposed in 1954, and it is the earliest area for
promoting integration and cooperation at the provincial level. In 1984, the
“Changsha-Zhuzhou-Xiangtan Economic Zone” was proposed. In 1997, the

“Changsha-Zhuzhou-Xiangtan Economic Integration” was officially proposed.
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Changde City

In 2007, the state approved to establish Changsha-Zhuzhou-Xiangtan sustaina-
ble reform pilot zone, and officially entered the national central city from the
economic zone era. In 2018, the “Changsha-Zhuzhou-Xiangtan Metropolitan
Area” was proposed to promote high-quality development and to enter a new
era of building a modern metropolitan area. The three cities of Changsha,
Zhuzhou and Xiangtan, are distributed in the shape of “grade” along the Xiang-
jiang River. The distance between the two cities is less than 40 kilometers. They
are in the hourly commuting circle, with both green belt isolation and
high-speed road network connection (Figure 1). Changsha is the capital city of
Hunan Province, the central strategic city of the Yangtze River in the strategic
layout of the country, a relatively balanced industrial structure and high-level
public services; Zhuzhou is an industrial star city represented by orbital equip-
ment and an important transportation hub city; Xiangtan is an important indus-
try, Science and education and tourism city. Changsha, Zhuzhou and Xiangtan
has a population of 28,000 square kilometers, with a resident population of 15.4
million, GDP of 1579.6 billion yuan, respectively accounting for 13%, 22%, 43%
of Hunan Province, and Changsha-Zhuzhou-Xiangtan metropolitan area of
6528 square kilometers, accounting for 23% of the urban agglomeration. Basic
economic statistics of the three cities in 2018: Changsha has a resident popula-
tion of 8.15 million, GDP of 11.03 billion yuan, Zhuzhou resident population of
4.02 million, GDP of 263.2 billion yuan, Xiangtan resident population of 2.87
million, GDP of 216.1 billion yuan.

2.2. Data Source and Processing

1) Remote Sensing Data: The DMSP/OLS nighttime lighting data for this
study was obtained from the National Geophysical Data Center website
(http://ngdc.Noaa.gov). The acquired image has a width of 3000 km, the ground

Yueyang City

Yiyang City

Loudi City

Xigngtan City

Changsha City /

>z

0 20 40 80 120
- — KT
Legend Hengyang City

Changsha-Zhuzhou-Xiangtan urban

Pan-Changsha-Zhuzhou-Xiangtan urban

Zhuzhou Cil

—— Highway
Expressway

—— Arterial road

Figure 1. Location and scope map of the study area.
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sampling distance of the full resolution data is 0.56 km, and the ground resolu-
tion is 0.0083333 degrees. The national nighttime light data obtained from
1993-2017 is the stable light image data. The data is raster grayscale remote
sensing image, which is to directly average the gray value of the whole year
VNIR channel after eliminating the effects of accidental noise such as clouds and
flares. The data gray value range is 1 - 63, the saturated light gray value is 63, and
the spatial resolution is 1 km [11]. At the same time, in order to improve the ac-
curacy of space calculation, the research uses Landsat series satellite synchroni-
zation data to correct, and the sampling test accuracy, the data comes from the
geospatial data cloud website (http://www.gscloud.cn/).

2) Statistics: The statistical aid data used in this study are mainly “the China
Urban Statistical Yearbook” (1993-2017) and “the Hunan Statistical Yearbook”
(1993-2017).

3) Auxiliary data: The county (district) and municipal level data in the nation-
al 1:4 million database are from the National Basic Geographic Information Sys-
tem website (http://ngcc.sbsm.gov.cn/). The nighttime light data of DMSP/OLS in
different years in Changsha, Zhuzhou and Xiangtan area is shown in Figure 2.
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Figure 2. DMSP/OLS nighttime light data of different years in Changsha, Zhuzhou and Xiangtan.
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3. Research Ideas and Methods

3.1. Light Threshold Method to Extract the Area
of Urban Built-Up Area

The extraction methods of urban built-up area mainly include empirical thre-
shold method, mutation detection method, statistical data comparison method
and high-resolution image data spatial comparison method. Reasonable deter-
mination of light threshold is the key to accurately extract the boundary of urban
built-up area [12] [13]. In this paper, the auxiliary data comparison method is
used, that is, the statistical data and high-resolution image are used as auxiliary
data, the dichotomy method is used to determine the light threshold, the image
self correction method (pixel by pixel algorithm) is used to denoise and correct
the nighttime light data, and finally the Landsat 30 m x 30 m high-resolution
impact is used to verify the relative accuracy of extracted information. The re-
search technology route is shown in Figure 3. In this study, each city in the ur-
ban agglomeration is treated as a whole. The corrected nighttime lighting data is
used as the data source, and the dynamic threshold method is used to extract the

boundary of the urban construction land of the Changsha-Zhuzhou-Xiangtan
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Figure 3. Research technology roadmap.
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urban agglomeration, when the dynamic threshold is under the light. The thre-
shold value when the absolute difference between the area and the built-up area
of the municipal district is the smallest is taken as the optimal threshold, and the
area of the light larger than the threshold is the built-up area. According to the
optimal threshold, the scope of urban construction land in Changsha, Zhuzhou
and Xiangtan urban agglomerations is extracted [14] [15]. The nighttime light
data of DMSP/OLS in different years in Changsha, Zhuzhou and Xiangtan area

is shown in Figure 2.

3.2. Accuracy Test

The 30 m x 30 m high-resolution Landsat Image in the local area of Chang-
sha-Zhuzhou-Xiangtan urban agglomeration is selected as the verification data
to evaluate the relative accuracy of the information extracted from the auxiliary
data comparison method. According to the area covered by the satellite film, 100
sample points were randomly selected from the built-up area and the non
built-up area in 2015. Then use the TM image of the region in 2015 as the vali-
dation data to evaluate the accuracy of the built-up area in 2015. The accuracy
evaluation results are shown in Table 1. The producer accuracy and user accu-
racy are both above 80%, and the kappa coefficient is 0.7429. It can be seen that
the accuracy of the information extracted by the statistical data comparison me-
thod is relatively high, which indicates that the urban information extracted in
this paper can be used to study the dynamic analysis of land use expansion in

Changsha-Zhuzhou-Xiangtan urban agglomeration.

3.3. Analysis of Spatial Scale Expansion of Metropolitan Area

Based on the nighttime light data of different years, the scope of urban agglo-
meration built-up areas in different years can be extracted, and then the scale
expansion of built-up areas can be studied year by year. The analysis of scale
expansion mainly includes expansion mode, expansion speed, expansion in-
tensity and other indicators. The urban spatial expansion model is based on
the type of urban spatial expansion evolution process [16]. The expansion
speed is the absolute increment of the expansion area of the urban agglomera-
tion built-up areas at different stages, representing the overall scale and trend of

urban built-up area expansion [17].

Table 1. Sampling accuracy test confusion matrix (2015).

type Urban land use  Non-urban land sum User accuracy
Urban land (m?) 39,783,032.45 8,123,754.395 47,906,786.84 83.04%
Non-urban land (m?) 9,054,021.57 99,463,290.56 108,517,312.1 91.66%
sum (m?) 48,837,054.02 107,587,045 156,424,099
Producer accuracy 89.02% 92.45%

Kappa Coefficient = 0.7429.
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AS

A= x100% (1)
A

tx

In the formula, A is the expansion speed of the built-up area; Sis the total area
of the urban built-up area at the beginning of the study; ASis the extended area
of the urban built-up area; A¢is the time interval, and the larger A is, the faster
the expansion rate of the built-up area is.

The expansion intensity is the ratio of the expanded area of the urban agglo-
meration built-up area to the total area of the urban agglomeration in a certain
period of time. Since the expansion speed cannot quantitatively compare the de-
gree of urban expansion, the intensity of urban expansion is introduced to reflect
the strength and speed of urban expansion, making the speed of urban expan-
sion in different periods comparable.

AU

AtxTA

x100% (2)

In the formula, /represents the urban expansion intensity index; 74 is the to-
tal land area of the urban agglomeration, and A Uis the area difference extended

in different periods. The larger 7is, the greater the intensity of urban expansion.

3.4. Metropolis Area Center of Gravity Determination

Changsha-Zhuzhou-Xiangtan metropolis area center of gravity (X, Y) is defined
as the average center position of all built-up areas in the study area. The change
of the center of gravity of the built-up area can reflect the change of the spatial
distribution of the built-up area. The built-up area of the urban agglomeration
extracted by this study is composed of pixels with different gray values. The cen-
ter coordinates of the I pixel in the t year are (X, Yy) and M, is the gray value of
the pixel in the t year, where X, and Y; represent the longitude and latitude coor-
dinates of the center of gravity of the urban agglomeration in the ¢ year. Then
the coordinates of the center of gravity of the built-up area weighted by gray

values are:

X = Zin:lMtiXti Y = Zinletthi
t n LS n
Zile ti Zi:lM ti

The center of gravity offset distance At, refers to the moving distance of the

3)

center of gravity of the built-up area of the urban agglomeration during a certain
research period. The average migration velocity Vi refers to the average move-
ment velocity of the center of gravity of the urban agglomeration in a certain re-
search period, which is used to visually reflect the spatial difference of the ex-
pansion of the built-up areas of the urban agglomeration. The offset angle a, re-
fers to the angle between the direction in which the center of gravity of the me-

tropolis area moves and the east in a certain research period.

At = \/( le - Xli )2 + (Ylm _Yi )2

tig =t t
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Y, = Yy Yo, — Y
a, =N +arctan —=— grctan 2
XIi+1 - XIi XIi+1 - XIi

L, (n=0,12) (4)

In the formula, X; and Y, are the center of gravity coordinates of the construc-
tion land within a certain period, t,, —t; represents the time span of center of
gravity shift in the built-up area; V represents the annual migration rate of the

center of gravity in the built-up area within the time span of t,, —t;.

3.5. Analysis on the Evolution of Metropolitan Landscape Pattern

The main research object of landscape ecology is the landscape pattern. The
study of landscape pattern is mainly realized by the landscape index. The land-
scape index is a simple quantitative index that can highly enrich the landscape
pattern information and reflect some aspects of its structural composition and
spatial configuration. Based on the basic characteristics of Changsha-Zhuzhou-
Xiangtan metropolise expansion, this study selects landscape level index and
patch type level index in landscape index to study the evolution of spatial pattern
in built-up areas of Changsha-Zhuzhou-Xiangtan urban agglomeration. These
indexes were selected such as the number of patches (NP), Plaque density (PD),
largest plaque index (LPI), Landscape shape index (LSI), connectivity index
(COHESION), aggregation index (AI), and Shannon diversity index (SHDI)
[18]. The largest patches index (LPI) is used to represent the primacy in the ur-
ban agglomeration region. Connectivity index (COHESION) reflects the natural
connectivity of patch types, which can reflect the natural connectivity of patches
under different distance thresholds. Aggregation index (AI) is calculated based
on the length of the common edges between the pixels of the same type of patch.
The degree of aggregation reflects the degree of spatial aggregation of patches of
landscape type. The Shannon diversity index (SHDI) is used to indicate the de-

gree of land use richness and fragmentation [h8].

3.6. Spatial Autocorrelation Analysis

After extracting the spatial information of Changsha-Zhuzhou-Xiangtan urban
agglomeration over the years using night light data, in order to comprehensively
measure the agglomeration or diffusion characteristics of urban agglomeration
spatial expansion, Moran’s I index, a spatial autocorrelation model commonly
used in econometric geography, is introduced. Its calculation method is as fol-

lows:
Z?zlzr;:lvvij (Yi _?)(Yi _Y)
S ? Zinﬂz |n:1W ij
n

5= 15 -¥), ¥ =3,

i=1

Moran’s | = (5)

In the formula, n represents the number of cities in each district and county of
Changsha-Zhuzhou-Xiangtan urban agglomeration; Yi indicates the ith urban

space expansion area; W represents the spatial adjacency of research units. W;

DOI: 10.4236/jgis.2020.123013 209 Journal of Geographic Information System


https://doi.org/10.4236/jgis.2020.123013

J. Zheng et al.

450

400

350

300

250

200

150

100

50

0

1993-1995 1997-1999 2001-2003 2005-2007 2009-2011 2013-2015

takes 1 when two research area units are adjacent. when two research area units
are not adjacent, the value of W is 0. Moran’s has a value range of -1 < /< 1.
The closer I value is to 1, the agglomeration trend of urban agglomeration spatial
growth is shown. The closer I value is to —1, the discrete state of urban agglome-
ration spatial growth is shown.

4. Results and Analysis

4.1. Analysis on the Process of Metropolis Expansion

In this study, the area information of urban built-up areas (municipal districts)
in urban agglomeration in the statistical yearbook and DMSP/OLS nighttime
lighting data are used to obtain the best threshold value of built-up areas in dif-
ferent periods of each city though threshold dichotomy. The average error values
between the area of built-up areas extracted from light data and the data in the
China Urban Statistical Yearbook are 1.64%, —0.10%, 2.27%, 0.54%, —0.85%,
0.27%, 0.05%, —0.22%, 0.50%, 1.19%, —0.88%, 1.26%, all controlled within 3%.
The error of each city is basically controlled within 5% and the overall accuracy
of the data is relatively high, and spatial information from 1993 to 2017(total 12
years) is extracted respectively according to the optimal threshold value of each
city. The extracted built-up areas are 818.29 km? 946.58 km? 1037.66 km?
1097.20 km?, 1363.41 km?, 1739.25 km?, 2119.69 km?, 2273.46 km?, 2333.13 km?,
2570.78 km?, 2825.40 km? and 3225.46 km?. According to the statistical table of
time scale expansion analysis of the built-up area (Figure 4), the expansion area,
expansion speed and expansion intensity of the urban agglomeration showed a
W-shaped development trend from 1993 to 2017. The three indicators decreased
continuously from 1993 to 1999. The expansion area and expansion speed in-
creased rapidly from 1999 to 2005 and reached the maximum value in 2005,
which were 380.44 km? and 190.22 km? respectively. Then the expansion speed
and expansion intensity decreased continuously from 2005 to 2009 and began to
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Figure 4. Statistical chart of time scale expansion analysis of built-up area.
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increase slowly from 2009 to 2015. The expansion intensity increased rapidly
from 1999 to 2003, reaching a maximum of 13.78% in 2003. It decreased rapidly
in 2003-2009 and began to increase slowly again in 2009-2017. In general, the
expansion area of metropolitan area has been continuously increasing, and

gradually changed from extensive expansion to intensive expansion.

4.2. Urban Expansion Model

According to the situation of land use expansion in Figure 5, it can be seen that
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Figure 5. Schematic diagram of construction land expansion in Changsha-Zhuzhou-Xiangtan
urban.
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the main urban areas of Changsha-Zhuzhou-Xiangtan urban agglomeration are
still in a planar development mode, with irregular circles expanding outward.
The growth of small towns in the periphery of big cities shows a dot pattern, and
some areas show linear development along with the aid of transportation, such
as Ningxiang, Xiangxiang, Liuyang and Linning. The integration trend of the
three cities of Changsha, Zhuzhou and Xiangtan is obvious. In addition to the
integration of Zhuzhou and Xiangtan to the south, Changsha also expands to the
northwest. Zhuzhou and Xiangtan are mainly developing towards Changsha,

and they are also close to each other.

4.3. The Dominant Direction of the Metropolises Expansion

According to the extracted patches of urban construction land in each city group
from the urban agglomeration, the gray value of pixels in the patches is taken as
the weight, and the higher the gray value of pixels, the richer the light intensity
information is, and the more active the city can be reflected. According to the
formula (3), the longitude and latitude coordinates of the center of gravity of
Changsha-Zhuzhou-Xiangtan urban agglomeration over the years are calculated.
And reconstruct the center of gravity model of the Changsha-Zhuzhou-Xiangtan
urban agglomeration, and invert the trajectory of the center of gravity of the
Changsha-Zhuzhou-Xiangtan metropolis area from 1993 to 2017 (Figure 6).
Figure 6 shows that the center of gravity of Changsha-Zhuzhou-Xiangtan
metropolis area from 1993 to 2017 is located in Changsha city, and the center of
gravity from 1993 to 1999 is located in Yuelu District. From 1999 to 2015, the
center of gravity fell in Wangcheng District. It can be seen from the position of
the center of gravity that the urbanization level of the central and eastern regions
of the Changsha-Zhuzhou-Xiangtan urban agglomeration is higher than that of

the western regions. And during this 25-year shift in the center of gravity, local
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Figure 6. Ellipse of standard deviation of urban scale and change trend of center of gravity for construction land in Chang-
sha-Zhuzhou-Xiangtan metropolitan area.
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fluctuations and iterations have occurred, and the center of gravity has changed
dramatically in some years. In 1993-1995, the center of gravity moved to the
northwest, and the movement speed was the fastest, reaching 5342.41 m/year.
From 1995 to 1997, it turned to the southeast and continued to move to the west
from 1997 to 2003. In 2001 to 2003, the center of gravity rapidly moved to the
south, with an offset distance of 10,438.88 meters and an offset angle 0f-95.83.
For 8 consecutive years from 2003 to 2011, the center of gravity turned back to
the east, and the overall trend was toward the southeast. From 2011 to 2013, the
center of gravity experienced another sharp fluctuation, shifting 10,265.13 me-
ters from southeast to northeast with an angle of 126.09. In 2013-2015, it turned
to the southeast again. During the past 25 years, the overall trend of the center of
gravity of the metropolis has moved toward the northwest as a whole, then to the
southeast, and finally to the northwest (Table 2).

4.4. Landscape Morphological Characteristics
of Metropolitan Area

The landscape pattern analysis software Fragstats 4.2 is used to quantitatively
calculate the landscape pattern of the regional expansion of Changsha-Zhuzhou-
Xiangtan urban agglomeration, and the change trend map of each index of the
landscape pattern of Changsha-Zhuzhou-Xiangtan urban agglomeration from
1993 to 2017 is obtained. The total number of patches (NP) and the landscape
shape index (LSI) can both represent the degree of spread of urban agglomera-
tion built-up areas. Both showed an overall trend of increasing first and then de-
creasing. In 2005, both reached a maximum. The maximum number of patches
(NP) was 114, and the maximum value of the landscape shape index (LSI) was
24.79(Figure 7).

The total number of patches (NP) indicates the expansion of urban land use.

Table 2. Track of Center of Gravity Shift in Changsha-Zhuzhou-Xiangtan metropolitan

area.
Time Offset distance/m Offset speed/(m/s) Offset angle/*
1993-1995 10,864.82 5432.41 121.81
1995-1997 5458.41 2729.20 -29.17
1997-1999 7373.87 3686.94 -153.75
1999-2001 6723.05 3361.53 114.45
2001-2003 10,438.88 5219.44 -95.83
2003-2005 3772.90 1886.45 66.13
2005-2007 1332.19 666.10 24.04
2007-2009 6873.97 3436.99 —-59.40
2009-2011 1847.86 923.93 -86.29
2011-2013 10,265.13 5132.56 126.09
2013-2017 4424.81 2212.40 —62.80
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NP increased slowly in 1993-1999 and increased rapidly in 1999-2005. During
this period, the total number of patches increased by 5.3 per year, and then de-
creased by 2.8 per year from 2005 to 2015. Landscape shape index (LSI) indicates
the complexity of patch shape. The overall increase of LSI in 1993-2005 indicates
that the shape of urban construction land is constantly complicated, and the
overall reduction in 2005-2015 indicates that the shape of urban construction
land is more and more regular (Figure 7). The two indexes meet the general rule
of urban spatial expansion. At the initial stage of urban expansion, the growth
point of cities and towns does not expand continuously, the number of patches in-
creases, and the degree of fragmentation becomes higher and higher. With the pas-
sage of time, cities and towns continue to expand, independent urban patches tend
to be connected into patches, the number of patches is reduced, the complexity is
continuously reduced, and the development of cities and towns is more compact.

The connectivity index (COHESION) and aggregation index (AI) showed an
overall increasing trend from 1993 to 2015, and the rate of change gradually in-
creased, reaching the maximum in 2015, 68.63 and 42.26 respectively. It indi-
cates that the urban area of Changsha-Zhuzhou-Xiangtan is expanding, the dis-
tribution of urban landscape is centralizing, and the degree of integration is im-
proving (Figure 7). The patch density (PD) also shows the same development
law. It has been increasing from 1993 to 2015, reaching the maximum value of
0.72 in 2015 (Figure 8).
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The average edge density (ED) and the Shannon diversity index (SHDI) of the
Changsha-Zhuzhou-Xiangtan urban agglomeration increased slightly between
1993 and 2005, and declined in 2005-2015. The Shannon diversity index (SHDI)
is used to indicate the degree of land use richness and fragmentation, and its
change trend is consistent with the above analysis results (Figure 8).

The largest patches index(LPI) declined slightly from 1993 to 2003, then in-
creased continuously, reaching the maximum value of 0.355 in 2009 and de-
creased continuously from 2009 to 2015(Figure 8). It indicates that Changsha
City has played an important role in leading and radiating the surrounding areas
in the development of the urban agglomeration, and has driven the development
of the urban agglomeration to be more balanced in the process of its continuous

development.

4.5. The Trend of Metropolis Spatial Expansion

According to the nighttime light data, calculate the Moran’s I index and Z value
respectively from 1995 to 2017 with formula (5). The results are shown in Figure
9. As a whole, it can be seen that Z value and Moran’s I show the trend of first
decreasing and then increasing. From 1995 to 2003, Moran’s I index decreased
from 0.6038 to 0.2771, with some fluctuations in Z value, which increased first
and then decreased in a small range; while from 2003 to 2015, Moran’s I index
and Z value increased rapidly, from 0.2771 and 8.5333 to 0.5995 and 18.3410,
respectively. It shows that the spatial expansion of Changsha-Zhuzhou-Xiangtan
urban agglomeration shows a trend of continuous “cohesion”, which gradually
weakened from 1995 to 2003, and accelerated from 2003 to 2015. In general, it
shows a trend of “weakening first and then strengthening”.

5. Changsha-Zhuzhou-Xiangtan Metropolis Area Spatial
Management and Control

At present, the construction land of the Changsha, Zhuzhou and Xiangtan
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Figure 9. Changsha-Zhuzhou-Xiangtan urban agglomeration Moran’s I index and Z val-
ue trend chart.
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metropolitan areas has been partially blended, and the ecological green heart of
the Changsha, Zhuzhou and Xiangtan metropolitan areas has been gradually
eroded. According to the characteristics of construction land expansion of the
Changsha-Zhuzhou-City urban area in 1993-2017, with reference to the overall
planning of the three cities of Changsha, Zhuzhou and Xiangtan and related re-
search results [19] [20] [21], choose three different control scenarios: no control,
general control and strict control. Forecast on the future development of con-

struction land in Changsha, Zhuzhou and Xiangtan urban areas.

5.1. Uncontrolled Situation

Under uncontrolled situation, the government’s guiding and controlling role will
be minimized. At this time, it is only limited by topographical factors. Market
and capital are the dominant factors in urban development, and economic de-
velopment has become the only driving force for urban expansion. At this time,
the city will spread the pancake-style expansion, and the urban development
model is more extensive. It is estimated that the construction land of the three
cities of Changsha, Zhuzhou and Xiangtan will expand to the surrounding area.
In addition to the conventional expansion to the surrounding area, Changsha
may focus on the north-south direction along the Xiangjiang River in the future,
connecting the northwest with Wangcheng, and connecting Zhuzhou to the
south; And the administrative area restrictions, mainly to the north and Chang-
sha into one, the development of the west and south is not much; in addition to
developing westward and connecting with Xiangtan, Zhuzhou can choose to ex-
pand “along the port, along the river and along the mountain” to the northeast,
south and east. In this process, many natural landscape resources, such as eco-
logical green areas, green land, mountains, agricultural land and other natural

land will be encroached (Figure 10(a)).

5.2. General Control Situation

Under general control situation, the three dominant factors of government,
market and nature are relatively balanced. Under the constraints of natural fac-
tors, the three municipal governments (the three cities’ overall planning) gener-
ally guide the development of urban construction land in the three cities. With
the direction and speed of development, the market will be developed and con-
structed in an orderly manner under the guidance of the government. At this
time, urban development will consider the limits of waters and basic farmland
on urban development. The outward expansion of the city and the optimization
of urban internal renewal will be carried out at the same time. However, in order
to maintain the rapid development of their respective cities and enhance their
economic strength, the three cities still occupy a dominant position in terms of
outward expansion, and some ecological land around the city is still being occu-
pied by Construction land.

It is expected that the plaques in the three cities of Changsha, Zhuzhou and
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Xiangtan will be partially converged, and the development speed will be reduced.
However, the overall development direction is similar to that under the unregu-
lated conditions. The urban master plan compiled by the three cities of Chang-
sha, Zhuzhou and Xiangtan under their respective development plans is more
considered. With the development of their respective cities, the development
trend of the three cities along the banks of the Xiangjiang River is obvious.
Zhuzhou and Xiangtan are both built on the boundaries of administrative plan-
ning, leaving no green buffer. In the inner area of the green heart, especially
along the boundary between the Xiangjiang River and Zhuzhou Xiangtan, it is
highly eroded (Figure 10(b)).

5.3. Strictly Controlled Situation

Under Strictly controlled situation, the government, as the leading factor in ur-
ban development, strictly controls the quality and speed of urban development.
The market is developed and constructed in strict accordance with the govern-
ment’s plan under the strong government constraints. In this process, urban de-
velopment pays more attention to the protection of the ecological environment
and natural resources. For the newly developed urban construction land, the ex-
pansion of the cake model is no longer used. Through strict control of urban in-
tensive development, and attention to coordination with the surrounding envi-
ronment of the city, focus on the upgrading and intensive transformation of ex-
isting construction land to improve the quality of urban development.

It is expected that under strict management and control conditions, cities will
pay more attention to intensive development. The overall expansion of con-
struction land in the three cities is relatively small, and the large amount of eco-
logical land previously invaded will gradually be retired in the process of urban
renewal and development, thus restoring the original Ecological attributes. Due
to the serious development of the extensive expansion in Changsha, the area of
urban construction land has been very large, and the future development is more
to digest the stock of internal land, thus improving the quality of existing urban
construction land. A small amount of new construction land should pay great
attention to coordination with surrounding land. Zhuzhou Xiangtan is relatively
more new construction land, through the expansion of multiple directions,
gradually narrow the gap with Changsha, and stabilize the balance between the
three cities. The three cities can form a good understanding, pay attention to the
protection of the green environment, and do not invade the green land. Al-
though the economy of Changsha, Zhuzhou and Xiangtan will be limited to a
certain extent under the strict control situation, improving the quality of land
use is the fundamental guarantee for the sustainable development of the three ci-
ties (Figure 10(c)).

6. Conclusions

1) From 1993 to 2019, the expansion speed of construction land in Chang-
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sha-Zhuzhou-Xiangtan metropolitan area shows a periodic fluctuation trend of
“slow down, speed up, slow down, speed up and slow down”, and the expansion
direction of construction land correspondingly presents a periodic fluctuation
trend of “centripetal, discrete, centripetal, discrete and centripetal”. The spatial
gravity of the metropolitan area shifts to the northwest, and the spatial form as a
whole presents a “South-North” belt spread.

2) There are two completely different evolution trends in the landscape form
of the inner and outer part of Changsha-Zhuzhou-Xiangtan metropolitan area.
The pattern of the construction land patches in the outer part of the metropoli-
tan area is becoming more and more complicated, the number of patches is in-
creasing, and the trend of fragmentation is obvious. The inner land patches are
integrated with each other, and the connectivity is enhanced, showing the spatial
intensive development. The two development trends coexist, but the outer land-
scape fragmentation trend is more prominent.

3) During the decade of 2006-2015, the three cities of Changsha, Zhuzhou and
Xiangtan are developing towards each other, and the trend of space integration
is the most obvious, and the green core area of urban agglomeration is severely
eroded. Although the scale of spatial expansion of Changsha has always main-
tained an absolute advantage, Zhuzhou and Xiangtan have the most invasion to
the green core region.

4) Analysis and comparison of three different spatial expansion scenarios in
the metropolitan area, only through strict control and protection of the ecologi-
cal barrier in the Changzhutan green core area, can we effectively avoid the
spread of urban agglomerations, reduce diseases in big cities, and meet the fu-
ture high-quality development needs of Changsha-Zhuzhou-Xiangtan urban ag-

glomerations.
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