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Abstract: Land urbanization plays an important supporting and restriction role in the rapid and
sustainable development of urbanization in China, and it shows distinctive spatial heteroge-
neity. Applying urban area as the basic research unit and urban construction land area as the
core indicator, this paper establishes the conceptual framework and calculation method for
the quantity and rate of land urbanization process. The study evaluates the spatial differen-
tiation pattern of absolute and relative process of land urbanization in 658 cities in China from
2000 to 2010. The spatial distribution of cities with rapid land urbanization process is dis-
cussed, and the contribution rate and its spatial heterogeneity of major land use types are
examined with the aid of GIS. The main conclusions are as follows: (1) Land urbanization in
China shows a clear spatial difference. The greater the city scale, the faster its land urbani-
zation. The cities with rapid land urbanization show a significant pattern of central distribution
in coastal regions and a scattered distribution in the inland regions. (2) Over the last 10 years,
the average quantity of land urbanization in the 656 cities was 3.82 km?, the quantity of land
urbanization is differentiated by administrative grade. The average rate of land urbanization
was 6.89%, obviously faster than the speed of population urbanization. The rate of land ur-
banization reveals a pattern of differentiation between coastal and other cities. (3) In the past
10 years, the two primary land use types associated with land urbanization in China are
residential and industrial, with a combined contribution rate of 52.49%. The greater the scale
of the city, the more significant the driving effect of industrial land. In small- and medium-scale
cities of the western and central regions, the growth of residential land is the primary driver of
land urbanization, while in coastal urban agglomerations and cities on important communica-
tion axes, the growth of industrial land is the main driver. (4) Overall, urban population ag-
glomeration, industrial growth and investment are the three drivers of land urbanization in
China, but cities of different scales have different drivers.
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1 Introduction

Urbanization is an important research subject in regional, urban and economic geography
(Lu, 2013), with land urbanization as an important visual indicator of the process (Lv et al.,
2008). In recent years in China, the process of land urbanization has been faster than popu-
lation urbanization (Yao et al., 2012), and some aggressive urbanization is seen as exces-
sively rapid and with out-of-control urban spatial expansion (Yao ef al., 2011; Lu, 2007; Lu
et al., 2007). During this process, land urbanization plays a more and more important sup-
porting and restriction role (Tian, 2011). Therefore, measurement of land urbanization is as
important as population urbanization. The dynamic evaluation of land urbanization focuses
mainly on measuring the quantity, speed and change of land-use structures (Zhang ef al.,
2008; Wang and Li, 2011; Deng et al., 2009; Xu et al., 2009; Tang, 2009; Feng and Chen,
2010; Zhang et al., 2010; Dong et al., 2011). However, most of the research is based on sin-
gle or limited cases, which are unfavorable for inter-city comparisons. Liu Jiyuan proposed a
index to measure the land urbanization level, and an expansion index to measure the land
urbanization process on the basic unit of 1 km raster data (Liu ef al., 2012). These indices
provide a good research perspective on measures of land urbanization level and process, and
have important guiding and referential significance in this paper by establishing an absolute
index of land urbanization.

China has a vast territory with significant regional differences (Wang et al., 2012), with
corresponding differences between regions in levels of land urbanization (Chen et al., 2010;
Wang, 2014), and with significant spatial agglomeration (Jiang et al., 2013). The uniform
land policy nationwide can hardly conform to the varying land urbanization levels. There-
fore, realizing the huge regional difference in land urbanization level in China, formulating
development target and policy according to the local conditions for land urbanization are the
important assurance for advancing the healthy development of new-style urbanization and
the coordinated rural-urban development. Currently, the research on land urbanization in
China is roughly divided into two categories, the first using a 1 kmx 1 km grid as the basic
evaluation unit at the regional level. In this group, Liu Jiyuan et al. (2005, 2009, 2014)
studied the spatial pattern and spatiotemporal evolution process of urban land (from 1990 to
2000), and urban-rural construction land (from 2000 to 2005; from 1990 to 2010), revealing
a pattern and process of land urbanization in China. Tian Guangjin et al. (2003) conducted
research on the spatiotemporal pattern of urban land expansion at two stages during the
1990s. The second category of research evaluates expansion of urban construction land or
urban built-up areas at the city level, including urban construction land expansion of large-
and medium-scale cities during the 1990s (Tan, 2004), and the expansion of urban built-up
area during 1990-2010 (Wang, 2012). These construction land derived from RS interpreta-
tion inevitably include rural construction land and urban village land besides urban con-
struction land. So these land urbanization actually is turning non-construction land into con-
struction land. As a result, it is difficult to calculate the areas changed from rural construc-
tion land to urban construction land. In addition, turning non-construction land into rural
construction land can be mistaken for ‘land urbanization’. Thus, based on statistical data of
land use which can distinguish urban construction land changed from rural construction land,
taking urban area as the basic research unit, the study conduct an effective spatial evaluation
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of the absolute and relative speeds of land urbanization at the city level and analyzes the
spatial pattern and essential feature of China’s land urbanization, which are of scientific sig-
nificance.

Analyzing the driving forces of land urbanization in China is the precondition and basis
for comprehending its mechanism and influential factors, and is the key reference point to
identify how to advance healthy land urbanization. This topic has drawn the attention of
many researchers. At regional level, some of the significant themes and topics include: na-
tional macro land development strategy, fast social-economic development and rapid ur-
banization led to the large-scale growth of urban-rural construction land in the early 21st
century (Liu et al., 2009); the growth of tertiary industry was the greatest engine for the ex-
pansion of urban construction land in China during the 1990s (Tan et al., 2004); population
growth, economic development, consumption levels, technological progress, agricultural
structure adjustment and intensive land use measures are the driving forces for the changes
of provincial land use (Gan et al., 2004); population growth, fixed asset investment, eco-
nomic growth respectively are the main driving forces for urban land expansion in different
stages of development from 2003 to 2011 (Shu et al., 2013); restraint of natural conditions,
adjustment of administrative divisions, economic development and population growth are
the influential factors for expansion of urban land (Zhang et al., 2011); social, economic,
political and spatial factors are the major drivers of spatiotemporal differences in urban land
expansion in the Beijing-Tianjin-Hebei region during the 1990s (Tan et al., 2005); economic
and population growth are the two major factors for the changes of urban land use in Jiangsu
(Wang, 2009); and development of secondary industry is the core influence on the growth of
construction land in Fujian (Wei and Chen, 2006). Research from urban case studies adds
the following viewpoints for land urbanization: population growth, foreign capital invest-
ment and development of tertiary industry are the major external driving forces for the ex-
pansion of urban land in Shenzhen (Shi et al., 2000); natural environment, urban population
growth, economic growth and transportation infrastructure are the main driving factors for
the expansion of urban land in Changsha (Zhou and He, 2006); urban planning, market
mechanisms, government development, private enterprise development, external capital in-
vestment and an excellent environment are the multi-element drivers for land expansion in
Huludao (Xiu and Zhu, 2005); population growth and globalization are driving forces be-
hind the rapid urbanization in Nanjing (Chen ef al., 2014). Based on the research findings
outlined above, the authors contend that analyzing major land types of urban expansion is an
effective research approach to understand the driving forces underlying land urbanization in
China. The factors of population, economy, industry, market, society and policy will be re-
flected in nine types of urban construction land. For instance, the growth of the real estate
industry will be embodied in expansion of residential areas, and industrial development will
affect growth of industrial land. Therefore, the proportional impact of each land-use type on
urban expansion is the key point for analyzing the driving forces of land urbanization. Fur-
thermore, since urban differentiation is significant in China, research should be carried out
according to local conditions and dynamic analysis should be conducted on cities at various
scales. It is of scientific significance to analyzing difference of urban scale impact on driving
forces of land urbanization, and to analyzing reasons and essential characteristics.

Using urban area as the basic research unit and urban construction land area as the pri-
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mary indicator, this paper establishes the conceptual and calculation methods to determine
the quantity and rate of land urbanization. The research evaluates the spatial differentiation
pattern of absolute and relative urbanization processes in 658 cities in China from 2000 to
2010, analyzes the spatial distribution of cities experiencing rapid land urbanization, and
explores the proportional impact and its spatial heterogeneity of major land use types in cit-
ies of different scales. The major drivers of land urbanization in China are then discussed in
terms of population agglomeration, industrial growth, investment, and enhancement of urban
function. Meanwhile, the research analyzes the differentiation of driving forces of land ur-
banization among various urban scale. It can provide a new alternative research perspective
for spatial patterns, driving forces, difference characteristics of China’s land urbanization.

2 Data and methods
2.1 Data sources

Urban areas of municipalities, vice-provincial cities, prefecture-level cities, and county-level
cities are the designated research units, comprising a total of 656 cities. The research data
mainly include urban construction land area in 2000 and 2010, subdivided into nine land-use
types. The data were mainly collected from China Urban Construction Statistical Yearbook
(2000, 2010). The area of urban construction land in Beijing in 2010 is sourced from China
City Statistical Yearbook (2011), and the urban construction land in Shenzhen in 2000 is
substituted with the urban built-up area. The data of urban drivers include urban area popu-
lation, output of secondary industry, total fixed asset investment and proportion of tertiary
industry in GDP in 2000 and 2010. The data of urban area population are sourced from
China Urban Construction Statistical Yearbook (2000, 2010), while other data are sourced
from China City Statistical Yearbook and China Regional Economic Statistical Yearbook
(2001, 2011). The total number of all data items is 19,680. The administrative divisions of a
number of cities have been adjusted, and various county-level cities have incorporated into
prefecture-level cities since 2000. Consequently, to ensure a consistent geographical scope
of one region in different years, and to facilitate comparison of the change between the two
years, administrative divisions are determined by 2010 data, and all data in 2000 are ad-
justed according to the administrative divisions of 2010. Finally, Taiwan Province, Hong
Kong and Macao Special Administrative Regions were excluded from the study because of
an absence of relevant data.

2.2 Evaluation of land urbanization: quantity and rate of the process

The process of land urbanization is a dynamic, involving both the scale and rate of land
types transformed into urban construction land within a certain period. With reference to the
“absolute urban expansion index” and “relative urban expansion index” of Liu Jiyuan (Liu et
al., 2012), the area of urban land expansion represents “the quantity of land urbanization”
and the speed of urban land expansion reflects the “the rate of land urbanization”. The
evaluation of these two metrics covers a period of one year and yields statistical calculation
and tempo-spatial comparison. That is, “expansion area of urban construction land” refers to
the area of land use types transformed into urban construction land within one year as an
indicator of the absolute quantity of land urbanization. The “expansion speed of urban con-
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struction land” means the average annual growth rate of new urbanized areas as an indicator
of the speed of land urbanization. They are respectively defined as:

LUPA=(UCA;,—~UCA;)/n (1)
LUPR=[(UCA;+,/UCA})""~11%x100% ()

where LUPA is the quantity of land urbanization, LUPR is the rate of land urbanization, UCA
is the area of urban construction land, i is the starting year, and # is the number of years.

2.3 The threshold value of land urbanization

According to the features of population urbanization of 656 cities in China, Wang Yang et al.
(2014) calculated the threshold values of the rate of land urbanization to be 3.5%, 8% and
10%. If the average annual growth rate of urban construction land is lower than 3.5%, the
city has a low rate of land urbanization, whereas the rate is 3.5%—-8%, the city has a medium
rate of land urbanization, for rates of 8—10%, the city has a high rate of land urbanization,
and for those above 10% the city has extremely high rate of land urbanization. Similarly, the
threshold values of land urbanization quantity are defined as 1 km?, 5 km” and 10 km®. In
terms of these threshold values, the pace and scale of land urbanization is differentiated in
this paper.

2.4 Analysis of the hotpot area of land urbanization by using the Kernel method

The Kernel density estimation method was used to obtain the required information from the
land urbanization data. It can be applied to detect the spatial distribution of hotpot areas
(Chu et al., 2012). The function can also estimate the density around sample points accord-
ing to the density of points within the unit grid, and produce a smooth surface. In
two-dimensional space the general form of the Kernel density function can be expressed as:

o]

Ms)=D —5o(d, /) (3)
=1 Tl

where A(s) is the Kernel density estimated location s, 7 is the bandwidth (i.e., the search ra-

dius of the Kernel density), n is the number of samples, ¢ is the weight of the distance d;

between locations / and s.

2.5 Analysis of the drivers of land urbanization

According to the preliminary analysis of influencing factors, a multivariate regression model
was developed as follows:

g =aotai fix1) +az )+ + a, flxn) “)
where, aqis the intercept, a1, a; and a, represent regression coefficients of the abovemen-
tioned influencing factors, respectively. g(y) is the increased quantity of urban construction
land in the study period, and f{x) is the increase quantity of influential factors, which can be
expressed as:

g)= UCA;+,~UC4; Q)
S)=Fi,F; (6)

where, F; is the absolute quantity of influential factors in i year, and # is the study period.



550 Journal of Geographical Sciences

3 Spatial evaluation of land urbanization in China
3.1 City classification and spatial evaluation by scales of urban construction land

Classification and spatial evaluation of cities by scale of urban construction land is the basis
for analyzing the level of land urbanization in China. With reference to the provisions of the
Urban Planning Law of the People’s Republic of China on defining the urban scale, addi-
tionally, to the classification of urban built-up area by Wang Lei ef al. (2012), in terms of
calculating per-capita construction land as 100 m?, cities with urban construction land of less
than 20 km? are defined as small-scale cities, those with 20-50 km? as medium-scale cities,
those with 50-200 km” as large-scale cities and those with more than 200 km® as extraordi-
narily large-scale cities. Figure 1 shows that over the last decade the number of extraordi-
narily large-scale cities has clearly increased, from 9 in 2000 to 40 in 2010. Great changes
have taken place in the spatial pattern of urban scale. The spatial distribution of cities with
construction land area of 50 km’ has changed from a scattered distribution in 2000 to a
coastal agglomeration distribution in 2010. In 2000, the spatial distribution of large-scale
cities nationwide was relatively scattered and the distinction between coastal and inland re-
gions not obvious. By 2010, the urban scale of the urban agglomerations of Central-South
Liaoning, Beijing-Tianjin-Hebei, Shandong Peninsula, Yangtze River Delta,
West-Coast-of-Straits, and Pearl River Delta, along with other eastern coastal regions had
obviously increased; large-scale cities in these regions are spatially agglomerated obviously.
The spatial differentiation of scales of urban construction land shows a pattern of large in
coastal regions and small in inland regions. The urban scale of provincial capital cities and
important prefecture-level cities in the central and western regions is also relatively large.

(a) 2000 (b) 2010

Beijing-Tianjin-Hebei
urban agglomeration

Central-South Liaoning
urban agglomeration

Shandong Peninsula
urban agglomeration
Yangtze River Delta
_urban agglomeration

West-Coast-of-Straits
urban agglomeration

- Pearl Riv‘cr Dejta
0 500km "’g? urban agglomeration

[ S South China Sea

South China Sea

Urban construction
land scale eExtraordinary large-scale city (>200 km?) o Large-scale city(50 km*200 km?) ° Medium-scale city (20 km?-50 km?) o Small-scale city (<20 km?)

Figure 1 Spatial evaluation of urban construction land scale in China in 2000 and 2010

3.2 Spatial differentiation of land urbanization quantity

The average annual growth area of urban construction land in different cities in China was
calculated for 2000-2010 for measuring the absolute process of land urbanization. Over the
last 10 years, the average quantity of land urbanization in the 656 cities was 3.82 km®, and
the larger the city the higher the quantity of land urbanization. The average quantity of land
urbanization for extraordinarily large-scale cities was 26.85 km”, 4.01 km® for large-scale
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cities, 1.20 km® for medium-scale
cities and only 0.31 km® for
small-scale cities. The average an-
nual growth of 40 extraordinarily

large-scale cities was 1074.13 km?,
comprising 50.57% of the total for
all the cities in China. It indicates
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Yangtze River Delta
3 urban agglomeration

that the majority of land urbanization
in China is taking place in the ex-
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cial capital cities, including munici-

South China Sea

Figure 2 Spatial pattern of land urbanization quantity in Chi-

palities and vice-provincial cities, | o oo oo (2000-2010)

with the average annual increase

generally more than 10 km?, a fact that demonstrates a clear administrative-grade differen-
tiation. The quantity of land urbanization for some cities in the Yangtze River Delta and
Shandong Peninsula urban agglomerations is also relatively large, while that for
non-provincial capital cities in the central and western regions is relatively small.

The quantity of land urbanization in different administrative-grade cities is calculated and
presented in Table 1. The results indicate that the higher the administrative grade the larger
the quantity of land urbanization. The average annual growth in area of urban construction
land is 24.05 km’ per provincial capital city, which is far higher than prefecture-level cities
3.73 kmz) and county-level cities (0.98 kmz). The average total construction land area of
provincial capital cities has also increased rapidly from 194.75 km? in 2000, to 435.23 km®
in 2010, with a growth rate of 123.49%. The average construction land area of prefec-
ture-level cities and county-level cities has grown by 92.72% and 61.41%, respectively, a
rate far lower than provincial capital cities.

Table 1 Land urbanization quantity for different administrative grades cities in China in 2000 and 2010

Average construc-

Construction land area (km?) tion land area per Average annual

Administrative Number city (km?/city) quantity of land

hierarchy of cities urbanization per

2000 2010 DCTEASEn00  p10  city(kmyear-city)
rate (%)

Provincial capital city 36 7010.85 15668.31 123.49 194.75  435.23 24.05
Prefecture-level cities 251 9982.79  19237.88 92.72 39.77 76.64 3.73
County-level cities 369 5416.87 8743.78 61.41 14.68 23.70 0.98

3.3 Spatial differentiation of land urbanization rate

The average annual growth rate of urban construction land in different cities in China was
calculated for measuring the relative process of land urbanization. Within 10 years, the av-
erage rate of land urbanization for 656 cities in China was 6.89%, obviously faster than the
speed of population urbanization. The larger the scale of city, the higher the rate of its land
urbanization. The average rate of land urbanization was 9.30% for extraordinarily large-
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scale cities, 6.40% for large-scale
cities, 5.04% for medium-scale cit-

ies and only 2.45% for small-scale
cities. As Figure 3 illustrates, the
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-
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Figure 3  Spatial pattern of land urbanization rate in Chinese 656 Based on 30 m raster data. Liu Ji-
cities (2000-2010) ’

yuan et al. (2014) drew a conclu-
sion that China’s land urbanization mainly occurred in Huang-Huai-Hai Plain-Yangtze River
Delta, South-East coastal areas, and Sichuan Basin. The result is consistent with our findings.
For these coastal urban agglomerations, the average area of construction land per city has
increased from 50.60 km® in 2000 to
120.84 km® in 2010, with a rate of
land urbanization as high as 9.10%. 251 s . .
The rate of land urbanization for ] I

30 T T

other cities is only 5.77%, thus de- ?20__ |
fining a differential spatial pattern %15— .
between coastal and other cities. E 1

However, the spatial difference of glo__ |
administrative grade is not signifi- © s . il
cant. The analysis of BOX distribu- 1 T
tions of the rate of land urbanization 0 | i
also indicates that the distribution 5 : :

trend of land urbanization rate is Coastal urban agglomerations Inland cities

remarkably different between coastal Figure 4 BOX chart for land urbanization rate of coastal urban
urban agglomerations and inland agglomerations and inland cities (2000-2010)

cities (Figure 4).
3.4 Spatial distribution features of cities with rapid land urbanization

Cities with an average annual increase of urban construction land of 5 km? are defined as
cities with high quantity of land urbanization, and those with an average annual growth rate
of more than 8% are defined as cities with high rate of land urbanization. With GIS tech-
nology, Kernel density function is used to explore the spatial distribution patterns of land
urbanization hot areas. The search radius is set as 100,000 km” and the Kernel density dis-
tribution chart of rapid land urbanization is thus generated (Figure 5). As Figure 5 shows,
cities with a high quantity of land urbanization are centrally distributed in such provinces as
Shandong, Jiangsu, Shanghai, Zhejiang and Guangdong, while other regions show a scat-



LIN Xueqin et al.: Spatial differences and driving forces of land urbanization in China 553

tered distribution, and administrative-grade spatial differentiation is clear. Cities with a high
rate of land urbanization present a concentrating distribution, concentrated mainly in the
coastal urban agglomerations, the Central Plains urban agglomeration of inland regions, and
the Hangzhou-Changsha development axis. The result is consistent with Liu Jiyuan et al.
(2014) findings based on 30-m raster data. In general, the cities with rapid land urbanization
show a significant pattern of central distribution in coastal regions and a scattered distribu-
tion in the inland regions.

(a) Land urbanization quantity of high-level (b) Land urbanization rate of high-level

b ‘ e i (i
e . v 3 o & S o] ,
Land urbanization quantity Land urbanization rate g o ale 4 Ve
High @ o ¢ , ,
o Julgngdong - sl
I M-{/’“’ . R
A

I High
0 500 km ‘B B 0 500 ki . =
Low —_— O South China Sea Low «__ o™ O South China Sca

Figure 5 Kernel density distribution of cities with rapid land urbanization in China (2000-2010)

4 Major land-use type and drivers for land urbanization
4.1 Land-use types for land urbanization

Land-use type plays a leading role in land urbanization process in China and is an important
precondition in analyzing land urbanization’s drivers. According to the classification stan-
dard for urban construction land (GB50137-2011), there are nine land categories: residential,
public facilities, industrial, warehousing, external traffic, roads and squares, green, munici-
pal public facilities, and special purposes. Table 2 presents the proportion of different
land-use types in urban construction land, and the proportion of average annual increase for
various city scales.

As Table 2 shows, at a national level the proportions of residential and industrial land in
urban construction land areas are the highest, at 31.20% and 21.86%, respectively. The pro-
portions of public facilities, roads and squares and green land are also relatively high, while
the proportions of other land-use is relatively low. There are also differences in the land-use
structure at different city scales. As the urban scale increases, the proportion of residential
land gradually declines and the proportion of industrial land increases. In extraordinarily
large-scale cities, the proportion of roads and squares land is relatively high, while the pro-
portion of green land is relatively low.

Over the past decade, residential and industrial land has contributed most to the national
land urbanization, with a combined contribution more than half of the total. This tends to
indicate that the development of real estate and industry has driven the land urbanization
process in China in the past 10 years. The contribution rate of roads and squares is 16.33%,
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Table 2 Land-use structures in 2010 and land area growth structures since 2000 in various-scale cities in China

Type of urban construction land

Categories City scale Reside-  Public Indus- Wareho- Exter- Roads Mm10}pal Special
ntial  facilities  trial using nal and public Green  pur-
traffic squares facilities poses

Proportion Small-scalecities 3531 1211 1695 347  3.83 1165  3.53 1130 185
of various o iiiim-scale cities 33.07 1229 1872 333 431 1152 372 1130  1.74
types of

land in Large-scale cities 30.97 12.38  22.13 3.05 443 11.43 3.25 10.66  1.71

urban L
Extraordinarily

construc- o cit 2962 1186 2427 2.64 449 1228 3.58 895 231

tion land in large-scale cities

2010 (%)  Nationwide 31.20 12.15  21.86  2.99 439 11.77 3.49 1021 1.95
Small-scale cities ~ 30.81  14.66 1476 -2.46 -1.94 22.04  3.62 19.85 -1.33

Proportion o i\ im-scale cities 3146 1276 1820 095  2.10 1535  3.55 15.12 051

of average

annual Large-scale cities 31.41 14.07  19.67 1.13 240 15.48 2.97 12.62  0.26

growth E di

area 2000~ lx“aor ‘I“ary‘ 27.87 1204 2597  0.52 124 1715 421 10.84  0.15

2010) (%) arge-scale cities

Nationwide 29.60 13.03 22.89 0.82 1.81 16.33 3.60 11.71  0.20

Note: The above data do not include Beijing and Shanghai.

indicating land occupation of traffic construction is also relatively large. The contribution of
different land-use types to land urbanization varies in different scales cities. In small-scale
cities, the top three land-use types are residential, roads and squares, and green land. This
indicates for small-scale cities, real estate has developed rapidly and roads and green con-
struction are relatively fast, but industrial development is slow. Residential and industrial
land is the leading types for land urbanization in large- and medium-scale cities, with the
contribution of residential land far higher than that of industrial land. This reveals a strong
driver in real estate development for land urbanization in these cities. However, in extraor-
dinarily large-scale cities, the land-use types contributing most to land urbanization are
residential and industrial, with their contribution rates nearly the same. This suggests that the
expansion speed of residential land is lower than an expected range, while the expansion
speed of industrial land is too fast, resulting in a tight supply of residential land and waste of
industrial land.

From the above, it may be concluded that residential and industrial land are two major
core land-use types for land urbanization in China. The contribution rates of residential and
industrial land to land urbanization are calculated for different cities over the last decade
(Figure 6). The threshold values of contribution rates for residential land are set from low to
high at 15%, 25%, 35% and 50%. Similarly the threshold values for industrial land are set at
10%, 15%, 25% and 40%. As Figure 6 shows, cities with a contribution rate of residential
land higher than 35% are mainly distributed in the central and western regions, and among
small- and medium-scale cities. This indicates that the development of real estate is the main
driver for land urbanization in these cities, and that the spatial agglomeration rule is less
significant. However, the agglomeration rule for the contribution rate of industrial land is
much more significant. Cities with extremely high contribution rates of industrial land are
mainly concentrated in the coastal urban agglomerations, especially the Shandong Peninsula
and Yangtze River Delta urban agglomerations. They are also concentrated along the impor-
tant communications axes in the central and western regions, such as Harbin-Dalian, Bei-
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jing-Guangzhou, Lianyungang-Urumgqi, and Shanghai-Kunming. This indicates that the land
urbanization in coastal urban agglomerations and along important communications axes is
mainly driven by industrial development.

(a) Contribution rate of residential land (b) Contribution rate of industrial land
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Figure 6 Contribution rate of residential and industrial land for land urbanization in China (2000-2010)

4.2 Overall driving force for land urbanization

Previous researches suggest that population, economy, industry, service industry, investment,
and urban function etc. are the core driving forces of land urbanization in regional scale or
urban scale (Tan et al., 2004; Gan et al., 2004; Tan et al., 2005; Wei and Chen, 2006; Tang,
2009; Liu et al., 2009; Zhang et al., 2011; Shu et al., 2013). According to existing research
and our analysis, the drivers of land urbanization can be summarized under four main cate-
gories: urban population agglomeration, industrial growth, investment, and promotion of
urban function. Population growth in cities leads to demand for housing, communication
infrastructure, green space and related facilities. Cities need to constantly expand to meet the
demand for living space (Zhang, 2011). Industrial growth is another important driver of land
urbanization (Ding and Zhao, 2011), by creating demand for land to support production,
logistical, warehousing and transport facilities. Industry also creates employment opportuni-
ties and absorbs population. Financial investment drives the demand for construction pro-
jects and enhancing urban function promotes the development of service industry and
stimulates the increase of public facilities land. A regression model of land urbanization can
be constructed using the growth quantity of urban construction land during 2000-2010 as
the dependent variable, and the urban-area population growth, output growth of secondary
industry, growth of urban fixed assets investment and proportion growth of tertiary industry
output in GDP within the decade (with the constant price of 2000 as the benchmark) as the
independent variables. The primary drivers of land urbanization and their differentiation
among cities of varying administrative grades can then be analyzed.

According to the regression model, the goodness of fit and df value are 0.938 and 4.0, re-
spectively, indicating an excellent fit. The F value is 1191.10 and significance level is 0.000,
indicating that the regression model is extremely significant. Table 3 shows the standard
regression coefficient and its significance for four major driving factors.

As Table 3 shows, the standard regression coefficient is positive for all four factors, indi-
cating they all have positive impact on promoting the city’s land urbanization process. The
significance levels of population agglomeration, industrial growth and investment are lower
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than 0.01, indicating these three factors are the primary drivers of land urbanization in
China’s cities. At the same time, the significance level of promoting urban function is rela-
tively low, indicating its driving effect for land urbanization is not so significance. The re-
gression model indicates that during 2000-2010 and with other factors unchanged, as urban
population increases by 10,000, the area of urban construction land would increase by 0.704
km?, as the output of secondary industry increases by 100 million yuan (RMB), the area of
urban construction land would increase by 0.033 km?” when fixed asset investment increased
by 100 million yuan, the area of urban construction land would be increased by 0.045 km”.

Table 3 The parameters of regression model of land urbanization based on four major factors in China

Unstandardized Standard Standardized

Categories coefficients errors coefficients ! Sig.
Undetermined coefficient (o) 1.383 1.275 - 1.085 0.278
Population agglomeration 0.704 0.021 0.730 33.657 0.000
Industrial growth 0.033 0.010 0.098 3.327 0.001
Investment 0.045 0.006 0.175 7.155 0.000
Promotion of urban function 13.497 13.125 0.014 1.028 0.304

4.3 Driving forces for land urbanization of different scales cities

Cities of different scales may have different drivers of land urbanization. Regression analy-
sis was conducted on land urbanization drivers for small-scale cities (<20 km?), me-
dium-scale cities (20-50 kmz) and large-scale cities (>50 kmz), respectively (Table 4).

Table 4 The parameters of regression model in various-scale cities in China

Population . Promotion of
. Industrial growth Investment .
City scale R F Sig. agglomeration urban function

B Sig. B Sig. B Sig. B Sig.

s

Small-scale cities ~ 0.401 8331  0.000 0.188™ 0.000 0.011 0353 0.005 0.613 5.587" 0.025
0.009 —2.780 0.590
0.001 41.415 0.333

wkx

Medium-scale cities 0.504 22.587 0.000 0.357 0.000 0.013 0.146 0.025

* Hok

Large-scale cities 0.931 328.568 0.000 0.696™" 0.000 0.033* 0.068 0.038

Note: Regression method is force regression. * = significant at 10% level; ** = significant at 5% level; *** = sig-

nificant at 1% level.

Table 4 shows that the degree of fitness and significance of the regression model at the
three city scales are relatively good, while the drivers in each case is different. Urban popu-
lation agglomeration and urban function promotion are the main drivers of land urbanization
in small-scale cities, population agglomeration and investment are the drivers in me-
dium-scale cities, and in large-scale cities the drivers are population agglomeration, invest-
ment, and industrialization (the weakest of the three). In general, population agglomeration
is the common driver to all three scales cities, the driver effect of investment is relatively
significant in large- and medium-scale cities, urban function promotion mostly push land
urbanization process in county-level cities, and industrial growth has certain driving effect
for land urbanization in large-scale cities. These findings are consistent with our previous
conclusions for land-use type analysis.
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5 Conclusions

(1) A significant spatial differentiation of land urbanization was found in China at the city
level during 2000-2010. The greater the city scale, the faster its land urbanization process.
Over the last 10 years, the average quantity of land urbanization in the 656 cities was 3.82
km?. The quantity of land urbanization reveals a differentiation among administrative grades.
The average rate of land urbanization was 6.89%, obviously faster than the speed of popula-
tion urbanization. The rate of land urbanization follows a spatial pattern of differentiation
between coastal and other cities, while variations of administrative grades are not significant.
Cities with rapid land urbanization are centrally distributed in the coastal regions and scat-
tered throughout the inland regions.

(2) In the last 10 years, the two primary land use types promoting land urbanization in
China are residential and industrial, with a combined contribution rate of 52.49%. Their ex-
pansion differs in different scales cities: in small-scale cities, the primary growth is in resi-
dential, roads and squares and green land; in large- and medium-scale cities, its growth is
mainly residential land followed by industrial land; for extraordinarily large-scale cities,
residential land and industrial land are both the major categories of land use growth. Gener-
ally, the larger the city scale, the higher the proportion of its industrial land. In terms of the
spatial differentiation pattern, the growth of residential land is primary for land urbanization
in the central and western regions, and for small- and medium-scale cities; the growth of
industrial land is the core for land urbanization in coastal urban agglomerations and cities
situated along important communication axes.

(3) Urban population agglomeration, industrial growth and investment are the three core
drivers of land urbanization in China. Cities at different scales have varying drivers of land
urbanization: in small-scale cities, population agglomeration and promotion of urban func-
tion are the major driving forces for land urbanization; in the large- and medium-scale cities,
the drivers are population agglomeration and investment; and finally, the driver of industrial
growth is mainly seen in large-scale cities.
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