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Abstract: This study examines the temporal and spatial changes in land use as a
consequence of rapid urban development in the city of Beijing. Using a combination of
techniques of remote sensing and GIS, the study identifies a substantial loss of plain
dryland and a phenomenal expansion of urban construction land over the recent decade.
Geographically, there is a clear shifting of urban construction land from the inner city to
the outskirts as a consequence of suburbanization. The outward expansion of the ring-road
system is found to be one of the most important driving forces explaining the temporal and
spatial pattern of land use change. The uneven distribution of population stands as another
factor with significant correlation with land use change. The application of the techniques
of remote sensing and GIS can enhance the precision and comparability of research on
land use change and urban transformation in China.
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1. Introduction

One of the most influential bodies of literature generated in recent decades has concerned the
growth and transformation of “world cities”, “global cities”, and “global city-regions” as both the
integral part and direct outcome of globalization [1-4]. Much scholarly attention has been devoted to
identify the special characteristics of “world cities” or “global cities”, describe their processes of
formation and reformation, and pinpoint the new challenges posed by these cities for research,
planning, and policy making [5-12]. This burgeoning corpus of literature has thus far been derived
predominantly from the experiences of a handful of cases in Europe and North America. Although
many cities outside of Anglo-America have been included in the hierarchical formulation of the
“world city system”, they are often treated in a selective and superficial manner without any in-depth
elaboration on either their internal growth dynamics or external linkages.

In China, one of the largest developing countries recently re-integrated itself with the globalizing
world, there is a large body of Chinese literature on the emergence of “world cities” (shijie chengshi)
or “international cities” (guoji chengshi) in the country as a result of the intrusion of global forces.
However, the Chinese documentation of world cities has been overwhelmingly concerned with what
qualify a city to be a “world city” and hence what should be done to promote a Chinese city to the
world city rank. Relatively little is understood about the fundamental processes of urban
transformation unfolding in China in the current era of globalization and their manifestations in land
use change both temporally and spatially.

The latest national population census conducted in China in 2000-the fifth of this kind ever
conducted there since 1949-revealed a tremendous urban transformation with a scale and speed
unparalleled anywhere else in the world [13-15]. In the last two decades since economic reforms,
China’s urban population increased dramatically from 170 million in 1978 to 456 million in 2000 and
its share of the total population rose from a mere 18 percent to 36 percent. Chinese authorities
anticipated that another 250 million people would move into cities and towns in the next 15 years so
that half or more of its population would be urbanized. The census also revealed a trend of growing
concentration of the urban population in a few large cities on the open and economically advanced
eastern coast. Large cities such as Beijing, Shanghai, and Guangzhou have attracted a large number of
migrants because of their advantageous positions as both centers of economic growth and destinations
of foreign capital investments [16,17]. Although these Chinese cities are economically not as
significant as such “world cities” as New York, London, and Tokyo, their continued expansion has
posed great challenges not only for our theoretical understanding of urban transformation in a
transitional planned economy but also for planning and policy making for the betterment of over
one-fifth of humankind [13,18,19].

This study examines the internal dynamics of urban transformation in one of the largest cities in
China. The purpose is to investigate in a finer scale the temporal and spatial pattern of change in land
use as a consequence of accelerated economic development and urbanization. Our study is focused on
the case of Beijing which is the national capital city with an urban economy undergoing profound
structural and spatial changes in recent years as China continues to carry out its reforms and opening up
programs. Although a case study of Beijing cannot be taken as representative of the general situation in
the country, a detailed assessment of changes in land use over time and across space within a leading
Chinese city can help generate important insights into the internal dynamics of urban transformation in
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a transitional socialist economy in the era of marketization and globalization.

The remainder of the paper is organized into three sections. We first introduce our subject of research
in the current intellectual contexts of ongoing debates about the patterns and processes of Chinese
urbanization. This is then followed by a clarification of our research design and methodology. The
actual patterns of land use change in Beijing over time and across space are then identified and
explained. The interactions between changes in land use and urban economic development are
examined. We conclude the paper with a summary of the main findings of our research and a discussion
of future research directions.

2. China’s Urbanization and Land Use Change

In the extant literature of economic development in less developed countries, there is no shortage of
documentation on the process of land use transformation as a consequence of economic growth and
urbanization [20-23]. It is generally believed that urbanization has both direct and indirect impacts on
land use transformation. Urban sprawl is one of the most noticeable effects of urbanization on land use.
Less obvious but equally important are the distinct lifestyles of an urbanized society which create a
wide range of market demands for land to be taken out of the agricultural stock for the developments
of industrial facilities, transportation infrastructure, residential and recreational uses [22,24,25]. The
central locations, higher population density, and agglomeration economies that characterize urban
settlements give rise to a land value and land rent significantly higher than that of rural land and lead
to a urban-rural differential that is sufficiently profitable to attract the conversion of land from rural to
urban uses [26-30]. While the relationship between urbanization and land use change appears to be
self-evident, the extent to which urbanization affects land use change and the ways in which they
interact to yield various spatial forms in different political and geographic contexts remain poorly
understood.

China, one of the largest developing countries undergoing profound economic and spatial
transformation, has since the 1980s experienced accelerated urbanization subsequent to steady
economic growth and structural change. Documentation of China’s urbanization has thus far been
focused on the growth and distribution of the Chinese population. Important effort has been made to
clarify the Chinese definitions of “urban population”, estimate the actual magnitude of urbanization,
and unfold the complex pattern of rural to urban migration [13,15,18,31-37]. Despite the massive
development of land resulting from both urban sprawl and rural urbanization, the existing literature
has thus far been revolved around two paralleled lines of scholarly enquiry.

On one hand, there is an established tradition of research on the patterns and processes of China’s
accelerated urbanization [35,38-43]. This tradition is not without debates, however. At least three
different perspectives have characterized this line of research. First, there is the notion of large cities
as the natural centers of economic growth, modernization, and urbanization. For years, the Chinese
urbanization strategy has been to “strictly control the growth of large cities, rationally develop
medium-sized cities, and vigorously promote the development of small cities and towns” [44,45]. As
China shifted its development strategy from the rhetoric of egalitarianism into realistic promotion of
comparative advantages, a growing number of scholars have become critical of the policy to control
the expansion of large cities. Researchers within and outside China have suggested that large cities
function as the most efficient center of growth or most powerful driving engine for China’s national
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development because of the operation of such natural market forces as the economies of scale and
agglomeration. Zhou and Yang, for instance, have compared industrial economic returns among
Chinese cities of different size and found that large cities outperformed their smaller counterparts [46].
Similar findings have been presented in other studies [40,47,48]. Based on these findings, it has been
contended that the existing Chinese urban development policy to control the expansion of large cities
“is theoretically misinformed, historically inappropriate, and incorrect in practice” [48]. It was further
advocated that “China should take full advantage of its large cities and pursue a large-city-led policy
for its development” [48]. The arguments along this line of thinking may be conceptualized as a model
of “urbanization from above” as the idea essentially represents an extension of the paradigm of
“development from above” which advocates a growth pole or growth center strategy for the pursuit of
efficient economic expansion [49].

The second perspective focuses on the revitalization and explosive growth of numerous small
towns in China since institutional changes were made in 1978. Fei Xiaotong, a leading Chinese
sociologist, has maintained that the numerous small towns have actually played a role of great
significance in China’s urbanization because they function as “storage reservoirs” to accommodate the
enormous surplus rural laborers and prevent them from flooding the large cities that already suffered
from congestion [50]. The phenomenal growth of China’s small towns since the reforms has received
great attention from scholars of the west [51,52]. The development of China’s small towns has been
understood as primarily a bottom-up phenomenon facilitated by such forces as the spontaneous
marketization of the rural economy, dramatic growth of township and village enterprises (TVEs),
reduced state involvements in local economic affairs, and relaxed restriction on village-town
migration [45]. This pattern of urban transition based on small towns has been conceptualized as
“urbanization from below” [53], an extension of the paradigm of “development from below” [54].

Finally, there is the model of metropolitanism or extended metropolis enthusiastically advocated by
McGee and Ginsburg [55,56]. The models of “urbanization from above” and “urbanization from
below” have both seen urban transition as a city-based process shaped by the forces of agglomeration
economies and comparative advantages. McGee and Ginsburg have argued that the city-based model
of urban transition may not be the only option for Asian urbanization. It has been observed that a
distinct process of region-based urbanization has been taking place in the extended metropolitan
regions of many Asian countries in recent years as a result of economic restructuring, influx of foreign
capital investment, and revolutionary advances in telecommunication and transportation. This process
has led to the formation of zones of intensive urban-rural mixture and interaction located in the area
surrounding and between metropolitan centers. These extended metropolitan regions have become the
locales where foreign investment and time-space compression are based. The emergence of these
regions is believed to present a viable option and alternative for urban transition of many countries not
only in Southeast Asia but also in East Asia and China as well [57,39].

In parallel to the ongoing research of Chinese urbanization that focused on the growth and
structural change of China’s population, another established line of scholarly enquiry concerns the
causes and consequences of land use change in rural and urban China as a result of economic growth
and structural change in recent decades [24,25,58-70]. Research on land use change in rural China has
focused on the loss of cultivated land and has shown that, while much of the lost cultivated land was
caused by structural changes within agriculture, a significant portion of the loss in cultivated land was
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due to the conversion of farmland to non-agricultural developmental purposes [24,25,61,71,72].
Studies of land use change in urban China have provided extensive documentation and evaluation of
how institutional changes were made in many Chinese cities to commercialize the urban housing
sector as a means to overcome the obstacles of housing provision in the reformed socialist economy
[58-60,62-69]. Meanwhile, a large number of case studies have been undertaken to analyze land use
change in individual Chinese cities such as Beijing, Shanghai, Guangzhou, and many others [73-80].
Missing in this literature is the logical connections between land use change in the urban and rural
sectors. Since much of the land used for urban expansion has come from the expropriation of rural
land, it will not be possible to fully understand the dynamics of land use change without a careful
analysis of the conversion of land from the rural to urban sector.

Although considerable scholarly attempts have been made to document and interpret China’s
urbanization and land use change, the interrelationship between these two processes remains vague.
Several important issues have yet to be carefully clarified and investigated. For instance, what is the
cause-effect relationship between the dramatic expansion of Chinese metropolises and the structural
change in land? What are the sources of the land used for urban expansion? How is the newly
acquired land distributed in an expanding metropolis? What is the internal structure of land use in a
Chinese metropolis and how has this structure changed as a result of urban expansion and land
development? What are the forces operating behind the dramatic urban expansion and land
development observed from many Chinese cities? What is the relationship between structural land use
change and urban economic development? These are some of the important questions that have
significant implications not only for our understanding of the processes of Chinese urbanization but
also for planning and policy making in land management. The purpose of this study is to obtain
insights into the interrelationship between urban growth and land use change in Chinese metropolises
based on a case study of Beijing.

3. Data Sources and Research Methods

Beijing, China’s capital city, serves as a significant case to understand the internal dynamics of urban
transformation in a Chinese metropolis undergoing market reforms and globalization. The city covers a
land area of 16,808 sq. km and is divided into 16 districts and 2 counties. In 2004, Beijing had a
population of more than 14.5 million, of which 3.2 million people were found in the peri-urban districts
and counties of the metropolitan area. The core of the city includes 4 districts with about 87.1 sq. km and
a high population density of 27506 persons/sq. km. In the peri-urban area of Beijing the population
density is about 161 persons/sq. km. Dramatic economic growth and structural change over the recent
two decades have firmly placed Beijing on a path of accelerated and sustained urbanization with an
average annual increase of 2.48 % in its level of urbanization. At the same time, the arable land in the
Beijing metropolitan region reduced from 413000 ha in 1990 to 26000 ha in 2003.

There are 18 districts and counties in Beijing (Figure 1). The central city includes 4 districts,
namely Dongcheng, Xicheng, Chongwen and Xuanwu. The inner suburb contains 4 districts,
Chaoyang, Fengtai, Shijingshan and Haidian. The outer suburb includes the remaining 8 districts and
2 counties, which are Mentougou, Fangshan, Tongzhou, Shunyi, Changping, Daxing, Pinggu, Huairou,
Miyun and Yanqing. The statistical data for 18 districts and counties were collected through office
visits to these districts’ statistical bureaus and copied from the internal data sets. Due to the variations
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in the data they collected and the permissions we got, only nine (9) data items were consistent across
the 18 districts and counties in 1990 and 2000. These variables are, total increased staff salary (SALA),
total increased retail sales (RETA), total increased fixed capital investment (FCIN), total employee
(EMPL), total industrial output value (INDU), total revenue tax from town and village enterprises
(TVTAX), total population (TPOP), urban population (UPOP), and actually utilized foreign
investment (FINV).

Beijing

0

Yanqing

Dongcheng,

A - Central City Districts; B - Inner Suburban Districts; C - Outer Suburban Districts & Counties

Figure 1. Administrative Structure of Beijing City.

The vector data of LUCC was obtained through detection analysis of Landsat Thematic Mapper
(TM) images in 1990, and 2000. The geometric registration was done using the quadratic method. The
specification for image to image registration is 0.3 pixel in both directions. Anderson’s classification
system [81] was employed as a starting point and was adjusted according to the characteristics of the
study area. The city land-use vector datasets were created by interpreting TM images assisted with the
1:50,000 topography maps. During the interpreting process, topography, geomorphology, vegetation,
precipitation and temperature datasets were used as the ancillary data. Erdas Imagine and ArcGIS
software were used in image classification.

There are many methods for detecting land cover changes available in the literature. The
post-classification image comparison method was adopted in this study to achieve a better
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classification result. Before interpreting the images, field trips were conducted to train the image
analysts. The 2000 Landsat images were classified using an unsupervised classification (Maximum
Likelyhood method) first, and then these classes were merged into the classification system adopted for
this study based on the field training sets (Table 1). The TM images in 2000 were used to interpret the
dynamic change vector data by comparing with the vector data derived from interpreting TM images
in 1990. The quality control was executed by checking up the identities and the boundaries of the land
use patches to decrease incidences of errors. According to the check-up result, the classification
accuracy of the changes of land use-cover patches is 97.6% [82,83]. The wrong identities of land use
patches were all corrected.

Table 1. Land Use Classification System and Code

Class 1 Class 11
11 Paddy Field
111 Mountain Paddy Field; 112 Hill Paddy Field; 113 Plain
Paddy Field; 114 >25° Slope Paddy Field

1 Cropland 12 Dryland
121 Mountain Dryland; 122 Hill Dryland; 123 Plain Dryland;
124 >25° Slope Dryland
21 Dense Forest
22 Shrub Forest
2 Forest
23 Loose Forest
24  Other Forest including the orchard
31 Highly-covered grassland
3 Grassland 32 Middle-covered grassland
33 Lower-covered grassland
41 River
42 Lake
43 Reservoir and pond
4 Water Body
44 Ice and permanent snow
45 Beach
46  Shoal

. 51 Urban land
5 Construction
52 Rural Land

Land
a 53 The large factory and mining sites and transportation land
61 Sand
62 Gobi

63 Salty land
6 Unused land 64 Swamp
65 Bare land
66 Stone
67 Other bare land including hungriness, tundra
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The yearly change rates of land uses as well as economic growth indicators were computed from
the observed values between 1990 - 2000, based on the equation,

y
.|
Ri— [_VJ | (1)

where Ri is the increase rate of the observed value of a land use or socio-economic indicator; V; the
value of an indicator 1 at the date t;; V, the value of the indicator i at the date t;; n the difference of
years between the two dates (10 years between 1990 — 2000 in this case study).

Tempo-spatial changes of land uses were detected through GIS overlay analysis and the
cross-tabulation method with ArcGIS 9.1. Several change matrices were produced to extract
quantitative data of the overall land use changes, gains and losses, as well as those in each land use
category [71]. A series of spatial configurations were processed systematically to investigate pattern
changes of land uses during the 10 years period, on the basis of the classic theories of urban
morphology [84-88] and the recent concepts of urban sprawl and fringe development [89,90]. In
particularly we partitioned the study area in such ways that urban growth pattern changes could be
discerned by referring to Burgess’ concentric zone theory (urban pattern as concentric rings of
different land use types with a central business district in the middle); Hoyt’s sector theory (concentric
zone pattern modified by transportation networks), and Harris and Ullman’s multiple nuclei theory
(patchy urban pattern formed by multiple centers of specialized land use activities).

e Firstly, we partition Metropolitan Beijing into three circular (concentric) rings from the
perspective of suburban growth (called “the suburban rings structure”).

e Secondly, we revisit the concentric urban growth structure from the angle of transportation
network development. In other words, we divide Metropolitan Beijing into five circular rings
using four vital circling-city highway networks (i.e., The Third Ring, The Fourth Ring, The
Fifth Ring, and The Sixth Ring), which signifies important stages of urban expansion in Beijing
(Figure 2). This partition is called “the transportation rings structure.”

e Thirdly, we examine land use changes along major highways that traverse the city from either
N-S or E-W direction, which is called “the transportation zones structure.”

e Fourthly, we investigate land use changes around major urban centers within suburban districts
and counties to identify urban growth from the approach of multi-center development, called
“the multi-nuclei structure.”

e Finally, the LUCC data are partitioned at the geography of districts and counties (18 in total)
and linked with the nine economic indicators to conduct correlation and regression analyses to
explore the economic driving forces behind LUCC.

4. Structural Patterns of Land Use Changes in Beijing

4.1. Land use changes within the suburban ring structures

Beijing land uses in 1990 and 2000 are mapped in Figures 3 and 4, respectively. In the northern and
western portions, mountains and hilly areas are predominant, and land uses are primarily forest and
grassland. Croplands are seen in the lower northeast corner and scattered along the valleys. In the
southeastern plains, croplands and urban development are the primary land uses. Considering the city
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as whole, the forest land (accounting to 45%), the cropland (30%), and the constructed land (15%) are
three major land uses in 2000 (Table 2).

The suburban structure of Beijing consists of three rings, Central City Districts, Inner Suburban
Districts, and Outer Suburban Districts and Counties (Figure 1). The central city is apparently small
and only accounts 0.57% of its total land area, but is fully developed as urban construction (Table 2).
The inner suburban is still small in terms of total land area (7.87%), but around 60% of its land is the
built area. The remaining primarily consists of cropland and forest. The outer suburban occupies the
largest portion of land (91.56%), where forest and cropland are far important than construction and
grassland in terms of size. The weights of various land uses in the outer suburban determine the
overall city land use distributions due to its overwhelming predominance (Figure 5).

a - the 3rd ring; b - the 4th ring; ¢ - the 5th ring; d - the 6th ring

Figure 2. Transportation Networks in Beijing.

Table 2. Land use by categories and by suburban rings in 2000 (hundred hectare)*

1 2 3 4 51 52 53 6 Subtotal Percent
Central City 0.0 0.0 0.0 0.0 93.5 0.0 93.5 0.57
Inner Suburb 340.2 137.9 15.1 288 6399 972 24.4 0.1 1283.4 7.87
Outer 4547.5 7241.1 1272.8 4750 301.5 904.0 186.7 1.1 14929.7 91.56
Suburb
Whole City 4887.7 7379.0 1287.9 503.8 1034.9 1001.1 211.1 1.2 16306.7 100.00
Percent 29.974 45252 7.898 3.090 6.346 6.139 1.295 0.007 100.00

* 1,2, 3,4, 51, 52, 53 represent cropland, forestland, grassland, water, urban construction, rural construction, large

factory construction, and transportation construction, respectively.
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Cross tabulations of land use changes over the suburb rings were presented in Table 3. Focuses were
placed on looking at the absolute values of change larger than 200HH first and then larger than
100HH, and at the conversion rates higher than 1.0. Plain dryland suffered the biggest loss of
845.00HH. The inner suburbs lost 280.30HH from its initial 485.93HH in 1990. The loss of plain
drayland was more than 57.68% and the yearly conversion rate was -8.24. The outer suburbs
witnessed a decrease of 563.60HH plain dryland with a conversation rate of -1.41. The second biggest
change was urban construction land, which increased by 550.01HH with a conversion rate of 7.88.
The inner suburbs had an increase of 354.25HH and this increase surpassed the existing urban
construction land in 1990, 285.60HH by 68.65HH. The third biggest change was other forest land
(including orchard), which saw an increase of 216.32HH and a conversion rate of 4.67. The increase
of other forest land mainly occurred in the outer suburbs. The primary reason of forest increase was
the campaign of planting trees and nurturing forests and preventing sandstorm and stabilizing sand
dunes [91].

Farmland - Forestland Grassland
I Water Area I Urban Construction Rural Construction
| Large Factory and Transportation Unused

Figure 3. Beijing Land Use Map in 1990.

Moreover, rural construction land and large factory and transportation land were moving toward
outskirts (Table 3). The inner suburbs registered losses of both land uses, while the outer suburbs
recorded significant increases. On the other hand, hilly dryland saw losses in both inner and outer
suburbs.
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Farmland B Forestland Grassland
Bl Water Area Il Urban Construction M  Rural Construction
B Large Factory and Transportation Unused

Figure 4. Beijing Land Use Map in 2000.

1.0
09+ # Bl D2 B3 B4 B51 M52 853 B6 |

071
061
05|
04
031

0.1 +
0.0

Central City Inner Suburbs Outer Suburbs ‘Whole City

Figure 5. Beijing Land Use Structures by Suburbs in 2000.

Another interesting finding was the reservoir and ponds witnessed noticeable increases in both
inner and outer suburbs. Water shortage has been a serious concern in North China and particularly in
Beijing area. It seems that more and more land was converted to man-made lakes and ponds
accompanied with luxury vacation villages although no rigorous validation was done by the authors
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[92]. A related land use change was shoal, which showed an increase in the inner suburbs and a
decrease in the outer suburbs. Both increase in the inner suburbs and decrease in the outer suburbs
were often linked with the construction of vacation villages and recreation parks. This provided
ancillary evidence that water body (wetland) was a scarce land resource in Beijing, which might be
excessively utilized in an area where fresh water supply was in a severe shortage [93].

In summary, among various types of land uses, plain dryland, urban construction, other forest and
orchard, rural construction, reservoir and ponds, large factory and transportation, hilly dryland, loose
forest, highly-covered grassland, and shoal illustrated significant changes in areas, or conversion rates.
Therefore, the conversion characteristics of these land uses in terms of which land types they were
converted from and were changing to were further analyzed below (Table 4).

During 1990-2000, urban construction saw no decrease but only witnessed conversions from other
land sources e.g. 384.55 HH from plain dryland (indicating cropland losses), and 119.96 HH from
rural constructions (revealing the annexation of rural villages into urban areas). Secondly, plain
dryland suffered the biggest lose. In addition to its conversion of 384.55 HH to urban construction, it
was converted 260.3 HH to rural construction, 75.89 HH to reservoir and pond, 68.62 HH to other
forest and orchard, and 64.62 HH to lager factory, mining and transportation. The other two big losers
are hilly dryland and highly-covered grassland. Hilly dryland was mainly converted to other forest and
orchard, and rural construction, while highly-covered grassland was converted to a wide arrange of
land uses though its conversions to reservoir and pond, and other forest and orchard were significant.

4.2. Land use changes by the transportation ring structures

The road system in Beijing is a good illustration of a metropolitan transportation network, with
concentric ring-roads and diagonal and traversing (east-west or north-south) throughways as its arteries
(Figure 2). The road around the Forbidden City is named the first ring, and the ring-roads beyond are the
second, third, fourth, fifth, and sixth ring-roads in order of the radial distance from the center of the city.
The changes in land use between these road rings are analyzed as follows (Table 5).

Land use within the third ring is solid urban construction in 2000 though there were some cropland
and rural residences in 1990. The change trends between the third ring and the fourth ring and
between the fourth ring and the fifth ring are quite similar. Urban construction was significantly
increased. Rural construction and large factory, mining and transportation were merging with urban
construction. Cropland and natural land (forest and grassland) were disappearing

The difference between these circular belts is that the conversion rates between the third ring and
the fourth ring were much higher than those between the fourth and fifth ring. Forest, rural residence,
and large factory, mining and transportation between the third and the forth rings were totally replaced
by urban construction. However these land uses were still present between the fourth and the fifth
rings though they were dramatically decreased.
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Table 3. Cross tabulations

2893

of land use changes in Beijing between 1990-2000 (hundred hectares - HH)

Whele City Central Ciry Distnicts Inner Suburban Districts Outer Suburban Districts & Counties

Land 902k | 90-2k 902k | 90-2k 902k | 90-2k 902k | 90-2k
Code 1990 2000 Conv. | Conv. | 1990 | 2000 | Conv. | Conv. 1990 | 2000 | Comw. | Comw. [ 1990 2000 Comv. | Conv.
Area | Rate Area Eate Area Eate Area | Rate

1 586050 | 492024 | 940.26 | -L73 | 0.05 [ 0.00 | -0.05 | -100.00 | 630.80 | 340.19 | -200.61 | -5.99 | 5196.03 | 4547.50 | -648.53 | -1.32
*113 | 16844 15587 | -1248 | -0.77 111.26 | 10205 | -9.21 | 086 | 57.20 3302 328 | 0359
121 501.34 49501 635 [ 013 0.46 0.30 016 | 416 | 30007 | 49387 519 | -0.12
122 | 41685 34044 | -T641 | -2.00 3315 | 3221 095 | 020 [ 38247 | 30701 [ 7546 | -2.17
123 | 477383 | 302883 | -B4500 | -153 | 005 | 000 | 005 | -100.00 | 48503 | 205.63 | -280.30 | 824 | 425630 | 369270 | -363.60 | -141
2 718856 | T406.65 | 118.00 | 0.16 140.66 | 137.80 | -2.77 | -0.20 | 7120.28 | 724114 | 120.87 | 017
21 4138.60 | 41103 2823 | 00 1039 | 66.74 3653 | 053 | 405001 | 402343 | 2438 | 006
22 191214 | 188639 [ 2576 [ 014 B4 7.96 008 | -0.10 | 1896.25 | 187059 | -25.68 | 0.14
23 864.03 81978 | 4424 [ 032 2135 | 2061 0.74 035 | 84117 | 79768 | 4348 | 053
24 EFEN 59011 | 21632 | 4467 4088 | 4238 a1 041 | 33284 | 54745 | 21461 | 510
3 1363.61 | 1294.52 | -69.10 | -0.52 1838 | 1508 | -331 | -1.96 | 133890 | 127281 | -66.19 [ -D.51
31 112740 | 106087 | 6632 | 06 14.28 | 1097 331 | -260 | 110802 | 104440  -63.61 | 059
32 156.19 157.61 142 0.09 362 162 0.00 000 | 15173 | 15315 142 0.09
33 80.03 76.03 3099 [ 03 049 0.49 0.00 000 | 7925 7525 -399 | 052
4 400,23 51437 | 11415 | 2.54 1345 | 2881 536 2.08 | 36639 | 47504 | 108.65 | 2.63
41 68.59 68.59 0.00 0.00 6.83 6.83 0.00 000 | 3942 5902 0.00 0.00
43 162.13 30720 45.07 | 660 1265 | 1732 467 319 | 14924 | 28831 | 13907 | 681
45 169.51 13859 | -3083 | -199 3.06 4.65 0.69 161 | 15723 | 12680 | -3042 | 213
5 147174 | 1248.86 | 77702 | 4.33 | 9348 [ 9354 | 0.05 0,01 | 470,03 | 76136 | 29133 | 4.94 | 90698 | 139217 | 48520 | 438
51 48487 | 103488 [ 55000 | 788 9348 (0354 005 001 | 28560 | 639.85 | 35425 | B40 | 10579 | 30149 [ 19570 | 11.04
52 3754 | 1002.70 | 16516 | 1.82 14444 | 9716 728 | 2380 | 60196 | 90395 | 21199 | 271
53 14933 21128 | 6195 | 353 3000 | 2435 | 1564 | 484 | 10922 | 18674 | 7751 | 551
[ 115,00 115.00 0.00 0.00 0.09 0.09 0,00 0.00 L.0g L.06 0.00 0.00
65 034 0.34 0.00 0.00 034 034 0.00 0.00
66 0.21 0.81 0.00 0.00 0.09 0.09 0.00 0.00 0.72 072 0.00 0.00

* Comment: One parcel of land (code 112) with an area 237886 in 1990 was merged with land code 113 for

simplicity.

The change trends beyond the fifth ring were different from those within the fifth ring. Cropland

and grassland beyond the fifth ring witnessed loses. However, the land uses of forest and water body

were increasing. The land uses of rural construction and large factory, mining and transportation

increased too in addition to the significant increase of urban construction. Furthermore, the conversion

rates were differentiated by the sixth ring. The decrease rates of cropland and grassland and the

increase rate of urban construction were much higher within the sixth ring than those beyond the sixth

ring. On the other hand, the increase rates of rural construction and large factory, mining and

transportation were much higher beyond the sixth ring than those inside the sixth ring.
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Table 4 Conversion Matrices of Major Land Use Types in 1990-2000 (hundred hectare)
Land Land Uses at Target Land Uses by Origin (Sources)
Code 122|123 23 | 24 | 31 | 43 | 46| 51 53|12 | 123 | 23 |24 | 31 |43 ] 46 | 51 2 | 53
122 5558 228 | 747 390 | 1.039 | 549 1.90 693
123 68.62| 471 |75.89|497|384.55 26030 |64.62 7.66| 6.90 |0.48| 0.30
23 190 2849 1201 007 | 445 368
24 7.66 083 | 060 | 037 |5558| 6862 |2849 242
31 693|690 |3682242(103738(2488|045| 115 | 576 | 694 | 228 | 471 [1201
43 048 300| 200 | 019 747 | 75.89 2488 34.09
46 0.80 34.09 0.48 497 045 |3.00
51 390 | 38455 088| 1.15 [2.00 484,87 |119.96 | 29.34
52 119.96 10.39|260.30| 0.07 [0.60| 5.76 |0.19| 0.48
53 549 | 64.62 | 445 [037] 6.94

Table 5. Land use changes between major road-rings in Beijing, 1990-2000 (hundred hectare).

1 2 3 4 51 52 53 6

1990 11.10 148.60 1.52
Innerdrd 2000 0.00 161.23 0.00

Conv. Area | -11.10 12.63 -1.52

Conv. Rate | -100.00 0.82 -100.00

1990 54.48 0.07 0.14 77.31 9.75 0.53
Ard4th 2000 1.05 0.00 0.00 141.24 0.00 0.00

Conv. Area | -53.43 -0.07 -0.14 63.93 -9.75 -0.53

Conv. Rate | -32.62 | -100.00 -100.00 6.21 -100.00 | -100.00

1990 203.99 9.98 3.40 79.08 52.75 16.49
Ath-5th 2000 49.99 7.86 2.89 294.66 5.88 441

Conv. Area | -154.00 -2.12 -0.51 215.59 | -46.87 | -12.08

Conv. Rate | -13.12 -2.36 -1.61 14.06 -19.71 | -12.36

1990 1026.47 | 134.81 7.97 62.04 106.58 | 190.72 | 54.05 |0.09
sthoth 2000 809.59 135.62 5.82 75.18 271.30 | 22542 | 59.72 |0.09

Conv. Area | -216.89 0.80 -2.14 13.14 164.72 34.70 5.67 10.00

Conv. Rate -2.35 0.06 -3.09 1.94 9.79 1.69 1.00 ]0.00

1990 4534.74 | 7109.17 | 1348.27 | 324.95 73.30 581.06 | 78.27 |[1.06
Outer6th 2000 4030.63 | 7228.87 | 1281.01 | 426.49 | 166.45 | 769.36 | 146.94 |1.06

Conv. Area | -504.11 | 119.71 | -67.26 | 101.54 93.15 188.30 | 68.68 |0.00

Conv. Rate -1.17 0.17 -0.51 2.76 8.55 2.85 6.50 10.00

4.3. Structural land use changes along the transportation zones

Another important characteristic of Beijing’s transportation network is its traversing and diagonal

throughways, which are focal linear attractors stimulating land use changes. We chose Badaling
Highway (Figure 2) as an illustration. Four buffer belts (2km, 2-4km, 4-6km, and 6-8km) between the
5t Ring-road and the 6™ Ring-road were created (Figure 6). The land use changes over these buffered
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belts were reported in Table 6 and depicted in Figure 7.

Badaling Highway acted as an attractor for urban development and its influencing power
diminished outwards. For instance, the absolute areas of urban construction increase and the loses for
cropland, rural construction and large factory, mining and transportation were highest within the 2
kmbuffer. These trends were obvious in the 2-4 km and 4-6 km buffers. However, the same trends
were significantly weakened in the 6-8 buffers. As Figure 7 indicates, the areas of urban construction
over these four buffering zones were decreasing outwards.

Table 6. Land use changes in the buffered belts along
Badaling Highway*, 1990-2000 (hundred hectare, %)

1 2 3 4 51 52 53
1990 49.46 0.03 0.00 1.30 9.03 14.43 1.06
2000 31.67 0.00 0.00 1.96 30.92 10.36 0.40
Buffer2

Conv. Area | -17.79 -0.03 0.00 0.66 21.89 -4.07 -0.66

Conv. Rate -4.36 -100.00 0.00 4.21 13.09 -3.26 -9.36

1990 53.64 1.72 0.00 2.58 0.21 12.11 4.67

2000 44.68 0.57 0.00 2.96 15.44 9.77 2.50
Buffer2-4

Conv. Area -8.96 -1.15 0.00 0.37 15.23 -2.34 -2.17

Conv. Rate -1.81 -10.40 0.00 1.36 53.84 -2.12 -6.05

1990 47.86 1.64 0.12 3.33 0.18 16.55 3.53

2000 37.84 1.53 0.12 3.56 13.92 11.95 3.31
Buffer4-6

Conv. Area | -10.02 -0.11 0.00 0.23 13.74 -4.60 -0.22

Conv. Rate -2.32 -0.69 0.00 0.67 54.54 -3.21 -0.65

1990 47.23 5.52 0.00 2.23 1.68 9.52 3.05

2000 39.36 5.52 0.00 2.95 8.41 11.08 1.91
Buffer6-8

Conv. Area -7.88 0.00 0.00 0.72 6.73 1.56 -1.14

Conv. Rate -1.81 0.00 0.00 2.83 17.50 1.53 -4.58

* Badaling Highway is one the most important highways in Beijing Metropolitan Area.

4.4. Structural land use changes around multi-nuclei

There are 18 districts and counties in Beijing. Excluding 4 districts in the central city, 14 of them
are suburban districts and counties. Each one of them has several urbanized business or residence
centers and one primary center, where the district or county government is situated. In general these
suburban urbanized centers are hot spots where rapid urbanization and land use changes were
observed. Moreover, some of these suburban centers (not necessarily district or county government
seats) witnessed dramatic development due to unique geographic locations. There suburban centers
were selected as the multi-nuclei of stimulating urban growth in Beijing. Urban land use changes in
these hot spots were to be analyzed in this section.
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Figure 6. The Study Area (Buffered Belts) along Badaling Highway.
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Figure 7. Land use changes along the buffered belts from Badaling Highway.

Urban construction increase and cropland decrease were two key indices that we used to examine
land use changes around the district and county centers. First, three district centers in the inner
suburban, Fengtai, Shijingshan and Haidian, were almost developed into urban districts (Table 7).
Most of cropland and rural construction in these districts were converted to urban construction.
Second, the northwestern districts and counties witnessed high urban conversion rates (Yanging
19.75%, Changping 15.57%, and Huairou 11.65%). Third, the southern districts and counties,
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Fangshan and Daxing saw high conversion rates too, 11.40% and 8.31%, respectively. Fourth, the
conversion rate in the eastern district, Pinggu, was very high, amounting to 14.6%.

Table 7. Land Use Changes around Business Centers of Beijing Suburban
Districts and Counties, 1990 - 2000 (hundred hectare, %)

1 2 3 4 51 52 53
1990 17.78 0.03 0.03 7.79 2.63 0.00
) 2000 8.99 0.00 0.00 17.30 1.83 0.13
Daxing
Conv. Area -8.79 -0.03 -0.03 9.51 -0.80 0.13
Conv. Rate -6.59 -100.00 | -100.00 8.31 -3.57 100.00
1990 20.01 5.36 1.51 1.38
2000 11.48 15.78 1.00 0.00
Fangshan
Conv. Area -8.53 10.42 -0.51 -1.38
Conv. Rate -5.41 11.40 -4.07 | -100.00
1990 13.69 0.07 12.85 1.65
. 12000 0.00 0.00 28.26 0.00
Fengtai
Conv. Area | -13.69 -0.07 15.41 -1.65
Conv. Rate | -100.00 | -100.00 8.20 -100.00
1990 10.89 0.67 15.37 1.21 0.12
2000 3.09 0.67 23.83 0.55 0.12
Tongzhou
Conv. Area -7.79 0.00 8.45 -0.66 0.00
Conv. Rate -11.82 0.00 4.48 -7.61 0.00
1990 4.79 0.27 21.92 1.29
2000 0.00 0.00 28.26 0.00
Shijingshan
Conv. Area -4.79 -0.27 6.34 -1.29
Conv. Rate | -100.00 | -100.00 2.57 -100.00
1990 28.25
2000 28.25
Chaoyang
Conv. Area 0.00
Conv. Rate 0.00
1990 3.63 8.53 1.62 1.38 12.84 0.00 0.25
2000 0.77 8.02 1.62 1.38 15.87 0.34 0.25
Mentougou
Conv. Area -2.86 -0.51 0.00 0.00 3.03 0.34 0.00
Conv. Rate -14.35 -0.62 -0.01 0.01 2.14 100.00 0.00
1990 8.98 16.38 2.16 0.74
. 2000 0.01 28.26 0.00 0.00
Haidian
Conv. Area -8.97 11.87 -2.16 -0.74
Conv. Rate -49.39 5.60 -100.00 | -100.00
i 1990 14.24 2.26 1.37 7.93 2.45 0.00
Shunyi
2000 8.96 2.03 1.37 13.55 1.95 0.40
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Conv. Area -5.28 -0.23 0.00 5.61 -0.49 0.40
Conv. Rate -4.53 -1.09 0.00 5.50 -2.23 100.00
1990 22.19 0.11 0.37 0.02 3.22 231 0.03
) 2000 13.50 0.00 0.25 0.21 12.61 1.64 0.03
Pinggu
Conv. Area -8.68 -0.11 -0.11 0.19 9.39 -0.67 0.00
Conv. Rate -4.84 -100.00 | -3.59 24.47 14.62 -3.37 0.00
1990 16.26 3.88 0.47 0.06 4.16 3.37 0.06
) 2000 3.86 6.14 0.00 0.08 17.69 0.39 0.09
Changping
Conv. Area | -12.39 2.26 -0.47 0.02 13.52 -2.97 0.03
Conv. Rate -13.38 4.70 -100.00 3.44 15.57 -19.34 3.78
1990 14.52 1.53 531 2.77 2.20 1.92
: 2000 8.09 1.53 5.36 8.35 2.05 2.88
Huairou
Conv. Area -6.43 0.00 0.05 5.58 -0.15 0.95
Conv. Rate -5.68 0.00 0.09 11.65 -0.71 4.11
1990 17.20 0.42 1.26 8.86 0.52 0.00
) 2000 9.76 0.41 1.26 15.28 1.16 0.37
Miyun
Conv. Area -7.45 0.01 0.00 6.43 0.65 0.37
Conv. Rate -5.51 -0.04 0.00 5.61 8.48 100.00
1990 22.28 0.23 0.79 1.65 3.32 0.00
) 2000 14.13 0.23 1.13 10.01 2.66 0.11
Yanqing
Conv. Area -8.15 0.00 0.34 8.35 -0.66 0.11
Conv. Rate -4.45 0.00 3.68 19.75 -2.18 100.00

* 3 Km Buffered Areas around Key Business Centers of Each Suburban District and County

5. Interactions Between Land Use Changes and Economic Development

Five districts (Chaoyang, Chongwen, Dongcheng, Xicheng, and Xuanwu) out of the eighteen
districts and counties have been turned into solid urban built-up areas since 1990. Therefore, only
remaining thirteen districts and counties were examined in terms of the interactions between land use
changes and socioeconomic driving forces. In addition to the nine data items discussed above (SALA,
RETA, FCIN, EMPL, INDU, TVTAX, TPOP, UPOP, and FINV), two variables that were derived
from the image classification were added to reflect the changes of urban construction land (ULND),
and cropland (CLND). The annual change rates between 1990 and 2000 for all eleven variables were
computed based on Equation 1, and the rates were used to calculate the Pearson correlations (Table 8)
and regression analysis (Tables 9 and 10).
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Table 8. Correlation Analysis of Land Use Changes and Socioeconomic Driving Forces
TPOP SALA RETA FCIN EMPL INDU TVTAX TUPOP FINV CLND ULND

TpOP pc! 1 069 455  563* 470 279  -009  .641* 016  .060  .662*
sig? . 823 119 045  .105 356 977 018 959  B46 014
caps PC 08 1 062 349 -214 500  -025 026  988%* 073 242
T sig. 823 : 840 242 482 082 936 933 000  B12 427
PC. 455 062 1 .822%* 513 449 207 .848%* 084 123 573*
RETA
Sig.  .119 840 . 001 073 124 498 000 784 689 041
N U 534 .780%*  -171  .834** 398 141  .584*
T siz 045 242 001 _ 060 002 576 o000 177 647 036
PC. 470 -214 513 534 1 494 _319  717**  _144  _264 252
EMPL
Sig. 105 482 073  .060 . 086 287 006 638 384 406
npy PG 278 500 4ds TE0%r 404 1 364 560 548 033 187
) Sig. 356 082 124 002 086 _ 221 046 052 915 541
PC. -009 -025 207 -171 -319  -364 1 045 078 101 341
TVTAX )
Sig. 977 936 498 576 287 221 : 884 801 742 254
cpop PG 64T 026 BAETT E34RT 717MT 56T 045 1 073 -061  .668*
' Sig. 018 933 000 000 006 046 884 _ 812 843 013
ey PG 016 988*t 084 398 144 S48 078 073 1 030 262
] Sig. 959 000 784 177 638  .052 801 812 . 923 388
PC. 060 073 123 141  -264  .033 101 -061 030 1 117
CLND
Sig. 846 812 689 647 384 915 742 843 923 _ 704
i PC. .662* 242  573*  584* 252 187 341 668* 262 117 1
ULND i
Sig. 014 427 041 036 406 541 254 013 388 704

P.C. — Pearson Correlation.
Sig. — Significance (2-tailed).
*  Correlation is significant at the 0.05 level (2-tailed).

** Correlation 1s significant at the 0.01 level (2-tailed).

First, the change rate of ULND correlates highly and significantly with the growth rates of UPOP,

First, the change rate of ULND correlates highly and significantly with the growth rates of UPOP,
TPOP, FCIN, and RETA in a descending order. This finding reveals that the expansion of urban land is
primarily related to population growth and urban population increase in particular. Urban growth is
also closely linked with the increase of the fixed capital investment. In general the growth of urban
construction does not necessarily correlate with these indices that reflect economic development or
performance, except the retail sale (RETA). Second, UPOP and FCIN were highly correlated with
each other, and also with INDU, RETA, EMPL, and TPOP in addition to ULND. This finding
indicates that there existed high multicollinearity among these descriptive variables, which might
affect the applicability of regression analysis under such a circumstance. As a matter of fact, no
meaningful regression analysis results could be generated for the dependent variable, the annual
growth rate of ULND. The strong and positive correlations for ULND with these indicators did not
guarantee causal relationships. After careful examining these variables, we found ULND, FCIN,
INDU and TPOP displayed clustered spatial patterns. Urban expansion and these key related
economic factors were unevenly distributed over the thirteen suburban districts and counties (a very
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small sample size), which confounded a causal relationship, though the growth rate of ULND was
highly correlated with the indicators of population growth (TPOP) and fixed capital investment
(FCIN).

Table 9. Summary of the Regression Model with the Explanatory Variable, UPOP

Model R R Square Adjusted R Square Std. Error of the Estimate
1 .848(a) 720 .694 .06978
2 .909(b) 827 793 .05745

a. Predictors: (Constant), RETA
b. Predictors: (Constant), RETA, EMPL

Table 10. Coefficients for the Regression Model with UPOP

Unstandardized Coefficients Standardized Coefficients

Sig.

Model B Std. Error Beta
) (Constant) 117 215 541 .599
RETA 328 .062 .848 5.313 .000
(Constant) 389 208 1.868 .091
2 RETA 252 .059 .652 4257 .002
EMPL 0.0174 .007 382 2.495 .032

Moreover, urban population growth was a universal phenomenon. We found out a significant
regression over the thirteen suburban districts and counties. As Tables 9 and 10 illustrate, the annual
increase of urban population was relatively well explained with the increases of total retail sale and
staff employment (around 80% since the adjusted R square was 0.793). This finding provides an
auxiliary evidence that the increase of urban population was across all suburban districts and counties
and stimulated a region wide growth of retail sale and employment opportunity.

Another interesting finding was that the change rate of CLND showed no significant correlations
with any socioeconomic variables. Moreover, CLND was even not correlated with the change of
ULND, which was a surprise to our normal understanding that agricultural land loss was strongly
related to rapid urban expansion and economic development. Our analysis indicated that the weak
association between CLND and other variables was due to the disproportional distributions of
cropland losses over the thirteen administrative districts and counties.

6. Conclusions and Discussions

Deepened market reforms and increased globalization have brought about profound structural
changes not only to the Chinese economy but also to its urban landscape. The growth and structural
change of the Chinese economy have captured a global attention. Increased urbanization as a result of
accelerated economic growth has also been extensively documented and interpreted. Thus far,
scholarly attempts to understand the causes and consequences of Chinese urbanization have concerned
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primarily the ongoing processes of rural-urban migration, the re-organization of the settlement
systems, and suburbanization as well as rural-urban integration in leading economic regions of the
country. Studies of the internal structural changes of Chinese cities have tended to focus on the
sectorial and spatial redistribution of urban economic activities and the population including migrants.
The changing inter-relationship between urban development and land use change in Chinese cities
remains less explored partly because of the lack of systematic data at a fine scale and partly because of
the complex nature of the subject matter.

This study examines the temporal and spatial pattern of land use change as a consequence of urban
economic development using the Beijing metropolis as a case. Using a combination of the techniques
of remote sensing and GIS, the study clearly identifies a temporal pattern of land use change within
the city of Beijing characterized by a substantial loss of plain dryland and a phenomenal expansion of
urban construction land. Geographically, there are clear spatial patterns which are crafted by the
policies from the macro scale and by the urban economics from the meso-micro levels.
Metropolitan-wide, the outer suburbs (beyond the six ring-road) have become greener and wetter due
to the reforestation efforts to prevent sand storms in springs that have frequently intruded Beijing,
though rural construction has been expanded significantly in this area. Special land uses such as
industrial, transportation, and large factories have been moving from the inner suburbs toward the
outskirts because of the policy of recovering blue skies in Beijing. Moreover, spatial disparities in
urbanization have been apparent. The northwestern and southern suburban districts and counties
observed more growth than other counterparts. On the contrary, land use changes in the inner suburbs
have been one directional. Natural lands and farming land have been converted to urban land. Their
conversion rates have been rapidly increasing and the ecologic outcomes from the losses of these
natural and farming lands have been worrying. It should be wise to adopt a planned development
approach as that has been practiced in the outer suburbs.

Our study has also highlighted the close association between land use change and the outward
expansion of the urban ring road system, which is in common with many other large cities in the
country. Reducing traffic jams and promoting economic viability through automobile industries
pushed the city boundaries outward by constructing new city ring-roads. The inauguration of each
ring-road marked ““a big jump of city territory” and the duration of each jump was shortened and the
distance of each jump was dramatically increased. Moreover, each ring-road and other major
transportation arteries themselves have become the attractors of new growth. From these arteries
expanding outwards, a micro-scale land use pattern has been formed, transforming from urban to
suburban industrial, rural residential and then to farming land.

The most controversial finding is about the driving forces behind rapid urban expansion.
Apparently the Beijing case revealed that population growth, the central government controlled fixed
capital investment (FCIN), and population related retail were the primary factors that have explained
urban land changes, rather than other economic indicators. Statistically it could be interpreted that the
uneven distribution of economic activities has stood out as a compounding factor to obscure a causal
relationship between urban expansion and economic development. However, this finding could easily
lead people to ask more questions. For instance, is rapid urban growth in Beijing actually simulated by
its economic development? Is urban development in Beijing actually reflecting a market driven
economy or a governmental intervention? Is it healthy and sustainable to expedite urban growth
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through encouraging rural-urban migration and increasing governmental investment?

Nevertheless, the case of Beijing cannot be taken to draw generalizations applicable to the entire
nation. What has distinguished Beijing is its functioning as the capital city of the nation with a high
concentration of administrative facilities and subsidiaries of multinational corporations. The city is
situated in a flat plain with an urban infrastructure planned and built under the influence of the former
Soviet Union. This unique political and geographic situation has greatly facilitated the outward
expansion of urban land use in a speed and scale more significant than what has occurred in other
Chinese cities. Future studies are needed to analyze the inter-relationship between land use change and
urban economic development in other Chinese cities under different administrative, demographic, and
geographic environments. Moreover, an adoption of factor analysis to consolidate the correlated
socio-economic variables into several factors that describe their interactions in conceived economic
dimensions may help overcome the multicollinearity and shed new insights about the interactions
between land use change and its underlying driving forces.

It is also necessary to compare the case of Beijing with other capital cities in other developing
countries that are experiencing similar forces of marketization and globalization. It is hoped that our
application of the techniques of remote sensing and GIS to urban research as demonstrated in this
study can open up new arena of comparative research so that a broad and full picture can eventually
be unfolded to shed light over the pattern and processes of urban transformation in China under
globalization.
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