























From Figure 4.10, the results showed the clumping change of built-up area in Jiangning.
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Figure 4.10 Clumping change of built-up area
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In 1979, the contagion index was very high because the range of built-up area was small; after

1979, the rapid expansion of urban land led to urban form mutation and the contagion index

sharply decreased; from 1988 to 1997, the contagion index fluctuated less as extensive

expansion made the urban compactness maintain a relatively stable trend; finally, from 1997

to 2003, the contagion index slightly increased due to gradual expansion of urban space,

which means the new urban space is an expansion of exciting urban area into suburban areas

because of a large number of new constructions, shown in Figure 4.11.
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Figure 4.11 The change of contagion index of built-up area
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4.3.2 Fractal dimension index

Urban sprawl is often rendered as an interaction interval between the developed regions,
compact built-up areas and vacant lands, which shows the space filling with highly irregular
and self-similarity. If an area is considered sprawling, its geometric configuration is irregular,
scattered, and fragmented. One indicator to measure these configurations is fractal dimension.
Increasing fractal dimension is evaluated as a reflection of sprawling process (Terzi 2008), the

description of fractal dimension index is shown in Table 4.10.

Table 4.10 The description of fractal dimension index

P=k AP” 43

P=perimeter
A=area
D=fractal dimension

k=constant of proportionality

Description | [z is a measure of patch shape complexity.

Units None

Range I<SFL2?
A fractal dimension greater than 1 for a 2-dimensional patch indicates a
departure from Euclidean geometry. The value of I approaches 1 for shapes

with very simple perimeters such as squares, and approaches 2 for shapes

with highly convoluted, plane-filling perimeters.

In this research, fractal dimensions are used to analyze the changes in spatial configuration of
built-up areas from 1979 to 2003. According to these results, we can draw some conclusions

for the fractal analyses of Jiangning, shown in Figure 4.12.

Non-agricultural lands have kept growing fast by large amounts and with disordered spatial
configuration, indicating a typical sprawling tendency. Obvious fragmentation and irregularity
of landscape are significant due to unsuccessful enforcement of land use planning;
unadvisable pattern of land use growth with typical discontinuous development and leapfrog
development is also obvious; the sprawling area in the north part is larger than that in the

south part, where there is relatively small influence by the development of Nanjing.
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Figure 4.12 Changing shape complexity of built-up area
From Figure 4.13, we can see the fractal dimension increased significantly from 1979 to 2003.
Rapid increase in fractal dimension can be interpreted as evidence of more severe sprawling

areas, including the marginal area of the near suburbs.
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Figure 4.13 The change of fractal dimension index of built-up area
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4.3.3 Shape index

Graphics of different shapes have a different shape index. The round shape has the smallest
index, followed by a square, rectangle, star, H-shaped, line shape has the highest index. Lo,
C.P. (1980) employed the Boyce-Clark shape index to study changes in the shapes of twenty-
three Chinese cities between 1934 and 1974, and concluded that city shapes provide valuable
clues to an understanding of the process of city growth. The description of fractal dimension

index is shown in Table 4.11.

Table 4.11 The description of shape index
= 100

{(n» 2:;;]-100—————}
i=1 n

SBC =Boyce-Clark shape index;

n

SBC =)’

i=1

4.4

"i =the Radius length from vantage point to perimeter of graphic

n= the amount of radiation radius with same Angle difference

Description | /¢ is a measure of patch shape compactness.

Units None

Range SBC = 1, without limit.
SBC=1, when the patch is maximally compact and increases without limit as

shape becomes more irregular.

By calculating the shape index of built-up area, the change of shape compactness of built-up

area is significant, shown in Figure 4.14.
There have been large-scale increases of built-up areas from 1988 to 2002. A large number of

residential and public facilities were constructed as a strip-type development around the new

airport and roads.
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Figure 4.14 Changing shape compactness of built-up area
From Figure 4.15, it can be seen that the shape index of the research area increased from 1979

to 2003. At the beginning, the shape of the research area approximated a dot in a small circle.

With the development, the shape index increased significantly.
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Figure 4.15 The change of shape index of built-up area
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This chapter demonstrates that the application of remote sensing and landscape metrics are
useful on recognizing the spatial patterns of urban sprawl. The characteristics of urban sprawl

in Jiangning are listed as following:
1) Fast growth of built-up area

Figure 4.16 shows a remarkable growth of the built-up areas of Jiangning over the period.
Areas of build-up that consume amounts of agricultural lands and forest lands are considered

sprawling.

_'t' - " “r‘ -dg‘:‘:. ~ . f?' ’
'S v
3 »

1997 2003
Figure 4.16 Fast growth of built-up area

2) Leapfrog development of built-up area

A scattered or leapfrog kind of development pattern is visible, as shown in Figure 4.17. In
order to reduce land acquisition and development costs, development zone, residential areas,
industrial parks are constructed away from the main city with the "leapfrog" growth patterns
especially from1979 to 1998, which occupy a large amount of cultivated lands. Significant
decreases in areas of cultivated lands is the typical negative impact caused by urban sprawl,
resulting in severe separation of living and employment, increased traffic problems,

automobile dependence and air pollution.
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1997 2003

|:| Main leapfrog patches
Figure 4.17 Leapfrog development in Jiangning

3) The obvious fragmentation and irregularity of landscape

Urban sprawl and “leapfrog” development patterns increasingly fragment the landscape,
especially at the urban fringe. Landscape fragmentation has important consequences for
biodiversity and ecosystems by altering ecological structure and function, resulting in changes
in the provisioning of valuable ecosystem services. The impact of landscape fragmentation is
the dispersal and population dynamics of plants and animals, the facilitation of the spread of
invasive species or weeds, and the loss of scenic and recreational quality of landscapes due to

noise, and the reduction in size and quality of recreation areas(Jaeger et al. 2008).

Before 1997, cultivated land was the dominant landscape type. The proportion of the built-up
area has increased rapidly since 1997. The dominant landscape type changed from the
cultivated land to the built-up area. Specifically, there was gradually increasing trend in built-
up area from 1988 to 1997. And then, the built-up area developed blindly, contributing to the
disorder and significant fragmentation of the landscape from 1997 to 2003, shown in Figure

4.18.
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In addition, the road network is another major infrastructure system affected by development
patterns. Transportation researchers have determined that land use influences the need for
roads. Getting from one place to another usually requires travel along some form of
transportation infrastructure, such as roads and highways, which for new developments is
further from already established areas. The associated urban development that such road

infrastructure attracts has transformed Jiangning's landscapes.

1997 2003

Figure 4.18 Fragmentation of built-up area

4.4 Summary

In China, the prominent land use change in urban fringe areas is the amount of agricultural
lands replaced by various types of construction lands. Studying the landscape expression of
the built-up area is very useful to determine sprawl patterns. Integrated remote sensing
technology research on the spatial patterns of urban sprawl requires a combination of
landscape perspectives of understanding. Three sprawl patterns are recognized in Jiangning:
random expansion at urban fringe, scattered development of urban residential area and
leapfrog development of industrial land. The following specific sprawl features are identified:
the obvious fragmentation and irregularity of landscape; the unadvisable pattern of land use
growth with typical discontinuous development and leapfrog development; the low density of

land use growth and other negative impacts on agriculture, the environment and city life.
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5 Temporal dynamic of urban sprawl

5.1 Dynamic change analysis

5.1.1 Change of land use/cover

The change of land use/cover patterns is a particular the phenomenon of urban sprawl.
Spreading at the edges of city is explained by the construction rates; while restoration rates
are increasing in the city centres, sprawling areas are the areas where the transformation on

the agricultural land and new construction are at its peak.

Currently changing land use/cover in peri-urban areas in China is subject to different
influences. On the one hand, authorities of land use planning at the regional level have been
established to carry out planning for regional development; on the other hand, large national
and international investors obtain construction permits very quickly. Peri-urban zones in
China have gained economic importance and attract domestic as well as foreign investment.
“Simply speaking, peri-urban areas are where the forces of globalization and localization
intersect” (Webster 2002). As a consequence, agricultural communities are often forced to
adjust to an urban or industrial way of life in a very short time. Moreover, informal housing
and illegal land captures by migrants lead to uncontrolled construction activities and cause
further dissipation of space (Veronika 2007). The pattern of land use near the city centre is
highly fragmented and more spatially complex than in out-lying areas. There are two main

points of suburbanization of Jiangning:

1) Urban fringe

On a closer inspection of the definition of “urban fringe” in China, one must define what the
terms “city” and “rural” refer to. Cities are established with the approval of the central
government. “Urban population” refers to a population living in areas under the jurisdiction of
cities and towns. “Rural population” refers to a population living in counties - excluding those
living in towns. Under this definition, the urban fringes cannot be identified in terms of the
spatial dimension because urban population can be found in counties whilst rural population
can also be found in cities. The term “urban fringe” refers to the counties neighboring a city
because these counties are governed by the rural government. At the same time, these
counties spatially connect urban infrastructure and facilities for urban expansion and
agriculture land transfer for residential, commercial, industrial, trade, recreational,

transportation and service.
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The metropolitan area of Nanjing can be divided into urban core (Xuanwu, Baixia, Jianye,
Gulou, Qinhuai and Xiaguan), rural fringe (Yu Huatai, Qixia, Pukou and the Dachang, the
Luhe the County, the Jiangpu County and the Jiangning County) and rural core (Lishui and
Gaochun County) (Yao 2004), as shown in Figure 5.1.

Based on the Nanjing City Overall Plan: 1991-2010 (NCOP), which was revised in 1997, the
Nanjing municipality is divided into three levels: the planning area, the metropolitan area and
the core city zone. The planning area refers to the whole administrative area covering a total
area of 6,516 km®. The metropolitan area comprises the urban districts (including the urban
core) and parts of the Jiangning, Jiangpu and Liuhe Counties (urban fringe) with a total area
of 2,753 km®. The core city zone is bounded by the city ring road(s) and the southern part of
the Yangtze River, covering an area of 243.83 km”. The urban core is the most developed
region with more than 60 % built-up area. The urban fringe of Nanjing is defined here as the
metropolitan area between the urban core and the urban growth boundary (Yao 2004), as

shown in Table 5.1.

Jiangning boarders Nanjing city to the east, west and north. The farthest point from Nanjing
city is 46 km, the nearest point is 13 km, and the average spatial range is 27 km. The process

of suburbanization is the cumulative growth of the Nanjing city through additions to its

periphery.
Table 5.1 The Land use structure in Nanjing (1999)
Municipality) Urban Fringe Urban core

Area Ration Area Ration Area Ration

(km’) (%) (km’) (%) (km’) (%)

Arable Land 3491.41 52.31 1395.13 47.57 40.27 16.52
Forests 1625.05 24.27 689.18 23.50 40.23 16.50
Urban Land 1009.27 15.07 574.07 19.57 153.78 63.06
Water Area 571.11 8.53 274.51 9.36 9.55 3.92

Total 6696.84 100 2932.89 100 243.83 100

Source: Extracted from the Nanjing Municipal Construction Commission (1998)
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Figure 5.1 Urban Fringe in Nanjing

Source: Extracted from the Nanjing Municipal Planning Bureau (2000a)
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2) Unstable county-city boundary

As urban fringe, the development of Jiangning has been affected by the urban expansion and
administrative divisions’ adjustments in Nanjing. For example, the built-up area in Nanjing
extended from 42 km®in an early period to 144 km”in 1997. The city developed in size in all
directions from 1979 to 2004, and urban land spread significantly. There were three
adjustments in administrative divisions in Nanjing, which eroded land recourses near the
outskirts. Jiangning is a leading area impacted by this change. Large-scale industrial parks and
some low-density residential areas were built in Jiangning because of old city reconstruction,
housing shortages, high rent prices, the rising cost of living service and relocation of the

secondary industry in Nanjing. Dispersed land development in Nanjing is shown in Figure 5.2.

Owing to urban land reforms, vigorous expansion has been witnessed in the urban fringe of
Nanjing. Massive amounts of land in Luhe County, Jiangpu County and Jiangning County has
been exploited for economic development as well as infrastructure development (Wei
2001).In the urban fringe, urban population had increased from 223.0 million in 1984 to 261.2
million in 2002. The average yearly growth rate was 6% (Nanjing Municipal Statistic Bureau
2002). The built-up area in the urban fringe has increased from 402.3 km® to 574.5 km”. The
average yearly growth rate was 8%. There has been an increase in built-up area per capita and
a decrease in the development density. The built-up area per urban population in this period

had increased from 180.2 to 220.2 m? (Yao 2004), as shown in Table 5.2.
Table 5.2 Land development density in urban fringe of Nanjing (1978-2002)

Year Built-up Area Urban Population Built-up Area per
(km?) (10000 persons) Urban
Population (m9)
1984 402.3 223 180.2
1988 435.1 226.3 192.7
1994 480.8 2313 207.2
1997 520.4 234.9 222.1
2000 552.8 252.7 218.7
2002 574.5 261.2 220.2

Source: Extracted from the Nanjing Municipal Construction Commission (2002)
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Figure 5.2 Dispersed Land Development in Nanjing
Source: Extracted from the Nanjing Municipal Planning Bureau (2000a)
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5.1.2 Shannon’s entropy analysis

Shannon’s entropy'” has been used to analyse urban sprawl (Yeh and Li 2001; Jat et al. 2007;
Bailey 2009). The larger the value of Shannon’s entropy, the higher the uncertainty of the
information conveyed (Bailey 2009). High entropy is the most probable yet least predictable
state that leads to disorder. Using Shannon’s entropy, Yeh and Li (2001) measured urban

sprawl for the first time, which is given as follow:
1
Hn = —Xi'pilog (p—) 5.1
Where

Pi = Proportion of the variable in the i zone (proportion of built up area in each zone)

n = Total number of zones (number of zones in the research area)

The value of entropy ranges from 0 to logn. Value of 0 indicates that the distribution is very
compact, while values closer to logn reveal that the distribution is much dispersed. Higher
values of entropy indicate the occurrence of sprawl. Two types of thematic layers are needed
for calculating the entropy value in different years, including the layer of administrative

boundaries and the layer of built-up area, shown in Figure 5.3.

Layer of built-up area Layer of administrative
boundaries

Overlay of vector layers
Shannon’s’ Entropy analysis

[ Comparison of entropy values ]

Figure 5.3 Shannon’s’ Entropy Analysis

'2 Shannon’s entropy originated from information theory as a measure of uncertainty of conveyed information
over a noisy channel, which is measure of the degree of dispersion or concentration of a random geographical
variable (Verzosa and Gonzalez 2001)
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The research area is divided into 13 zones based on the administrative boundaries of
Jiangning. Entropy values have been calculated across all zones, and are summed-up to
present the entropy for the research area. Shannon's entropy results for 4 years (1979, 1988,

1997 and 2003) are presented in Table 5.3:

Table 5.3 Shannon’s entropy in different years

Year Shannon's entropy
1979 0.4526
1988 0.8556
1997 0.7872
2003 0.8425

The dispersal of built-up areas will lead to an increase in the entropy value, which gives a
clear idea to recognize whether land development is processing towards a more dispersed or
compact pattern. Values for the years 1988, 1997, and 2003 were above 0.5, demonstrating
dispersion of the built-up area, which is a sign of urban sprawl. Such high entropy values
confirm that land development was spreading over the urban fringe and into the surrounding

rural areas.

The relatively lower value of entropy in 1979 indicates a compact and homogeneous
distribution of built-up area. The entropy value has decreased from 0.8556 in 1988 to 0.7872
in 1997, which is illustrated as the distribution of built-up area in 1988 being more dispersed
than that in 1997. The entropy value has increased from 0.7872 to 0.8425 from 1997 to 2003,
which shows a highly dispersed development from the core of the district. The values of
entropy in 1988, 1997 and 2003 are closer to the upper limit of logl3 (1.1139), reflecting a

high rate of urban sprawl.

5.2 Dynamic change monitoring

5.2.1 Dynamic change of built-up area

In order to figure out change in the situation, the method of change detection was carried out.
By overlapping time-series satellite imagery, rates of land conversion/consumption can be
analyzed with great accuracy. The procedures involve: (1) classify image with 4, 3, 2 bands of
Landsat TM, (2) perform post-classification (3) overlay with Layer of administrative

boundaries (4) apply change detection with overlay and raster calculator. In this study, land
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cover types were aggregated into two categories: built-up and non-built-up. Binary outputs
were used to show the change from non built-up areas to built-up areas, where only change

and non-change categories were differentiated. The procedure of change detection is shown in

Figure 5.4:
Landsat MSS Landsat TM Landsat TM Landsat TM
1979 1988 1997 2003

\ 4 v l v
Classification Classification Classification Classification
result of 1979 result of 1988 result of 1997 result of 2003

Post-classification
Overlay and raster calculate
v
Change detection Change detection Change detection
result from 1979 to result from 1988 to result from 1997 to
1988 1997 2003

Figure 5.4 The procedure of change detection

Figure 5.5 presents the changing form of built-up area in Jiangning in different periods.
a. from 1979 to 1988 b. from 1988 to 1997 C. from 1997 to 2003

Change areas Same areas

Figure 5.5 The range change of built-up area
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Time-series analysis reflects the dynamic degree of spatial structure in different periods. The
dynamic degree of spatial structure is an important indicator that can reflect the dynamic
changes of urban spatial expansion. In this study, the formular of the dynamic change rate of
sprawl was proposed:

_ DByy—DBpy 1

DU= X X 100% 52

DBy T;-Ty

Where

DU is the dynamic change rate of urban sprawl for a period

T, , T,are specific years

DB, is total area of built up area in 7}

DB, s total area of built up area in 7>

A higher rate of dynamic change indicates A faster speed of sprawl. Table 5.4 shows the

dynamic change rate of spatial structure in Jiangning:

Table 5.4 The dynamic change rate of sprawl in Jiangning

Year 1979 1988 1997 2003

Built —up area(km?) 39.12 94.4 163.4 193.13

Net area(km?) 55.28 69 29.73
The dynamic rate (%) 15.7 8.1 3.0

1) 1979 — 1988 Period

This was a period of development in Jiangning. Figure 5.5(a) illustrates the range change of
built-up area during this period. Before 1980, it was a traditional agricultural area and an
important grain supply base for Nanjing. Rapid growth of rural enterprises started in 1980,
along with the construction of economic and technical development zones accompanied by
improved transportation facilities have resulted in remarkable changes in economic activities
and the pattern of land use. Scattered development was obvious. Due to lack of reasonable

planning policies, the dynamic change rate of sprawl is highest during this period.

2) 1988 — 1997 Period

This was a period of rapid growth and rapid urbanization in Jiangning. Sprawl is more
significant in the process of suburbanization. Figure 5.5(b) explains the range of change of the
built-up area during this period. The white parts are change areas and and the gray parts
experienced no change. It is very clear that leapfrog development in Jiangning was significant.

The development focus of Nanjing has been shifted to the southeast part. The result of this
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shift was that Jiangning became the new focus of development, changing from north to south
due to the construction of the rural center, industrial parks and a new airport. In this period,
land planning policy was playing an important role leading to the dynamic change rate of

sprawl decreasing.

3) 1997 — 2003 Period

This was a period of vibrant growth in Jiangning. Figure 5.5(c) shows the range change of
built-up area during this period. The stability of land use in Jiangning has become
increasingly weakened and broken in recent years. Some farmers have more than once
experienced the "land acquisition — demolition — house building — re-land acquisition — re-
demolition" circle. The construction of industrial parks, residential areas and University City
made the land fragmented. The combination of all kinds of architectural forms led to a broken
landscape. In this period, the dynamic change rate of sprawl is lowest compared to the other

two periods because land planning policy had more impacts on the development of Jiangning.

5.2.2 Dynamic change of land use/cover types in built-up area

The types of land use/cover have significantly changed because of sprawl in Jiangning. The
maps of land use change, which come from the classification of Landsat TM images, is shown

in Figure 5.6:

Figure 5.6 The change of land use in Jiangning
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Through comparison of land use/cover maps from 1988 and 2003, the main land use/cover
types of built-up area and the composition ratio are presented in Table 5.5. The built-up area

in Jiangning increased from 94.4 km® in 1988 to 193.13 km® in 2003, approximate doubling.

Table 5.5 The land use/cover types of built-up area and composition ratio

Residential land Industrial land
H 2
Year Built-up area(km’) Area Ratio Area Ratio
(km®) (%) (km®) (%)
1988 94.4 50.46 53.5 20.34 21.5
2003 193.13 67.2 34.8 90.2 46.7

1) Industrial land

Since the middle of the 1990's, with the rise of the "development zones", a large number of
agricultural land was occupied by industrial land, which accounted for almost 60% of the
acquisition of agricultural land. Taking Dongshan as a example, the establishment of
Economic and Technological Development Zone started in 1992. Following this, the National
Technology Park and Jiangning Mall were constructed in 1997 near Dongshan. Meanwhile,
thirteen township industrial parks, eight professional markets and three trade markets were
built in other areas. Apart from development zones, the construction of University City and
Lukou International Airport were also important parts of indurstial land use, which led to

land use change in Jiangning, shown in Figure 5.7.

Figure 5.7 Industrial land in Jiangning

a. The Economic and
Technological Development Zone

b. University City ¢. Lukou International Airport

Source: http://hanyu.iciba.com/wiki/1488540.shtml; http://lou.1jiayuan.com/folder452/jiangning/2009-12-
04/50047.html; http://www.zgppt.com/planeticket/jc/nkg.asp
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2) Residential land

With the new roadways snaking out from Nanjing, the trend of residential suburbanization is
more and more significant. The land around it was productive farmland, which became much
more valuable as sites for new housing. The rapid expansion of housing into Jiangning
wrought great changes of land use. In the metropolis circle of Nanjing, the neighborhoods of
Dongshan, Moling and surrounding areas are important demographic, residential and
industrial sub-centers. Since 1990’s, housing construction has significantly increased except
for the construction of the development zone. Real estate development has become a new
economic highlight. After the qualitative analysis of industrial land and residential land, the
spatial pattern of residential land and industrial land is quantified to test the development
trend of the built-up area. Figure 5.8 is a flowchart of methodology for quantitative analysis
on spatial distribution of industrial land and residential land. Variable Clumping Method
(VCM) (Liu et al. 2002; Chen et al. 2006) is used to analyze differences in the spatial
distribution of patches of different land use types. It is one of the methods in GIS spatial
analysis, which can establish a buffer for a specified objective by a certain distance. Patches
of land use are polygons in vector graphics. When a buffer analysis is carried out on polygons
of a particular type of land use, and the distance between adjacent patches is less than twice
the buffer radius, the buffers will be superimposed. A superposition area will form when the
number of patches is large. If the buffer radii are constantly changing, then the number of
superposition parts is also changing. The relation between the buffer radius and the number of

superposition parts can quantitatively reflect the spatial pattern of patches of different land use

types.

Land use/cover map Land use/cover map
1988 2003

Residential land and Industrial land in 1988, 2003

Variable clumping method

Spatial distribution of residential land and industrial land
in 1988. 2003

v

Development trend of built-up area

Figure 5.8 Quantitative analysis of spatial distribution of industrial land and residential land
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A series of buffers were created based on successively incremental steps. The basic step is
30m, which is the spatial resolution of TM images. The results of analysis are presented in
Figure 5.9, with the change of buffer radius on the X-axis and the change of superimposed
patches number on the Y-axis. When the distribution of patches is highly concentrated, the
peak of the VCM curve is inclined left. Inversely, when the distribution of patches is more
dispersed, the peak of the VCM curve is inclined right. When patches distribute with a fixed

distance, the curve peak will appear in the same fixed distance.
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Figure 5.9 VCM curves of residential land and industrial land

In1988, multiple peaks of the VCM curve indicated scattered distribution of industrial land
and residential land. In 2003, there are also multiple peaks, but the highest value of a peak is
in the left, which means a relative concentrated distribution of part of the industrial land and
residential land, and most of them were distribution. Comparing the VCM curves of these two
years, the number of superimposed patches increased in close range and decreased in distant
range, which indicates that the number of patches increased and the degree of landscape

fragmentation intensified.

5.3 Change extents measurement

5.3.1 Multi-dimensional indicators selection

The indicators of urban sprawl used in western counties and China have some differences.
Based on comparison, the principle characteristics of urban sprawl in China include the

following:

1) Phase difference of urban sprawl
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Since the 1950s, auto-oriented development has reinforced low-density, single-use
development patterns, intensifying the trend of urbanized area spreading into undeveloped
countryside. This spreading of development caused sharp reductions of arable land, inefficient
use of urban land and the destruction of environmental resources, etc. Looking at an example
from the United States, 60% of the metropolitan population lived in a city center in 1950, and
by 2003, more than 60% of the metropolitan population lived in suburban areas. The
urbanization rate reached 73.6% in 1970, which basically completed the process of
urbanization. Sprawl can largely be equated with what the nation has called “suburbia” since

at least the 1950s (Gillham 2002).

In China, the urbanization rate was only 7.3% in 1950 and reached 44.9% in 2007. The
overall level of urbanization is low. It appears that population and industry were moving from
city center to urban fringe due to the continuing development of Chinese cities. The
agricultural land and natural landscape in suburban rapidly changed into non-agricultural land

and urban landscape.

As we have seen, the phases of urban sprawl are different. In developed countries, sprawl can
be defined throughout a region as suburbanization. However, urban sprawl appears attendant
to the rapid growth of urbanization in China.

2) Population density difference

There is a different criterion of population density between Western countries and China.
What is termed “low-density” in China is still high density in American. The definition of low
density in the United States is 200-3,500 people per square mile; high density means more
than 3,500 population per square mile. In China, the average population density in built-up
area is about 25000-38000 people per square mile, which is far more than what is called high
density in the United States.

3) Vibrancy of the city centre

The common point offered much research by western scholars in sprawl often leads to the "
weakening of the central area" and even decline, while urban development in China shows the
coexistence of both a "vibrant center "and "sprawling land use". There are some reasons to

explain this difference: first, China is currently in the stage of accelerated development of
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industrialization and urbanization, especially in coastal cities, which has attracted many
workers from rural areas; second, most salaried person people prefer to live in the city center

because of the more convenient public transport system; third, there is a certain gap between
development of the city center in China and western countries. In China, the city center's
development needs and potential are rather large, so many cities regard their city centers as
business centers necessary to maintain contact with other cities, regions and even other
countries, resulting in more a prosperous city center. Due to different backgrounds of sprawl,
the selected indicators of sprawl in China are also different. How to select suitable indicators
of sprawl in China is a big challenge. As we know, measuring "urban sprawl" is a daunting
task. A clear and unique distinction requires justified rules weighing several components and
indicators. Among these components, land-use development, environmental aspects and
economic perspectives have to be considered (Guenter Haag 2002). The GIS-based tool relies
on the assumption that sprawl is a multi-dimensional phenomenon which can be measured
with a multiple-indicator approach. (Siedentop and Fina 2010). In order to better reflect the
nature of sprawl, three-dimensional indicators were considered based on the actual situation
of urban sprawl in Jiangning, The different indicators are grouped into 3 categories: 1) Land
use impact indicators; 2) Landscape pattern indicators; 3) Density indicators. These indicators
cover the different dimensions of sprawl corresponding with environmental, social and
economic impacts of land use change to measure the extents of urban sprawl. Figure 5.10

depicts multi-dimensional indicators for change extents of urban sprawl.

Selected indicators
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\ 4
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!

Different change extents of urban sprawl

Figure 5.10 Multi-dimensional indicators for change extents of urban sprawl
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In chapter 4, some characteristics of urban sprawl in Jiangning have been concluded. Based

on these conclusions, the indicators ' measurement of urban sprawl is shown in Figure 5.11:

Indicators of Measuring Urban Sprawl

' ) !

Land use impact Density indicators Landscape Pattern
indicators

« The change of built-up % Population density % Isolation
area

« The change of cultivated ¢ Built-up area density % Fragmentation
vegetation area

% The change of road % GDP density % Discontinuity
network

Figure 5.11 Indicators measurement of urban sprawl

5.3.1.1 Land use impact indicators

The rapid expansion of urban space brought about such a large turnover of high-quality
farmland to be occupied that it resulted in a serious waste of land resources, and increased
transport investment costs and commuting time. In order to illustrate more problematic
overall trends of land use impacts attributable to urban sprawl, the land use impact indicator
measures the degree to which new urban growth impacts important land resources. For this
kind of indicator, some points should be considered:
% Areas of build-up that consume amounts of agricultural lands and forest lands are
taken as sprawling.
¢ Areas of cultivated area that decreased significantly are the typical negative effects
brought by urban sprawl.
% Road networks are indicators of human use. It requires more road network and

consumes larger amounts of land because of sprawl.

The calculation of these indicators is shown as follows:

¢ The change of built-up area
The indicator of built-up area change measures the increase of built-up area created by new
urban growth. The calculation of this indicator is:

X Agi

LA

BAC= 5.3

Where:
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BAC is Built-up Area Change
Agi1s new urban growth in research area

A;1s the total area of research area

% The change of cultivated vegetation area
Areas of cultivated area that show significant decrease are the typical negative effects brought
by urban sprawl. The indicator of cultivated vegetation area change measures the decrease of
cultivated vegetation area due to sprawl. The calculation of this indicator is:

X C;

XA

CVAC= 5.4

Where:
CVAC is Cultivated Vegetation Area Change
Ci1is the total cultivated vegetation area in research area

A;1s the total research area

¢ The change of road network

The indicator of road network change measures the increase of transport infrastructure area
because of sprawl. The calculation of this indicator is:

2 Rai

LA

RNC= 5.5

Where:
RNC is Road Network Change
Rji1s new road growth in research area

A;1s the total research area

5.3.1.2 Landscape pattern indicators

In order to determine the change in landscape caused by urban sprawl, the landscape pattern
indicator represents a new analytical approach that could be especially appropriate for the
identification and analysis of consequences of the ecological stressors due to sprawl. In
chapter 4, three landscape metrics were used to analyze the change of built-up areas. For
measuring the extent of urban sprawl. More metrics should be considered for this kind of

indicator:

70



% Built-up area developed blindly causes the disorder of landscape functional
differentiation, and significant fragmentation of the landscape.

% Isolation is related to the segmentation degree of urban land use - the larger the
different types of land use area, the fewer the number of plots, indicating the lower
urban land use segmentation and greater urban sprawl trends.

¢ This discontinuity is concerned with density only as a means of determining whether
patches of growth occur at a significant distance from a previously existing built-up

arca.

The calculation of these indicators is shown as follows:

/7

¢ Fragmentation

The indicator of fragmentation measures the degree of landscape fragmentation, reflecting the
complexity of the landscape spatial structure. The calculation of this indicator is:

xn;

LA

FRG= 5.6

Where:
FRG is Fragmentation
niis The number of landscape patch 1

A;1s the total area of landscape i

% Isolation

The indicator of isolation can be measured by the degree of contrast (i.e., the magnitude of
differences in one or more attributes between adjacent patch types) between the focal habitat
and neighboring patches. The calculation of this indicator is:

D;

YA

ISL= 5.7

Where:
ISL is Isolation
D; s the distance index of landscape patch i

A;1s the total area of landscape i

¢ Discontinuity (leapfrog development)
The indicator of discontinuity can be measured by the patch distance to previous built-up area.

The calculation of this indicator is:
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DCT= — 5.8

Where:
DCT is discontinuity
O; s the leapfrog distance for each new unit

N;is number of new built-up area units

5.3.1.3 Density indicators

Density indicators are almost universally regarded as one of the essential components of
sprawl, providing a measure of land consumption for new urban growth. For this kind of
indicator, some points should be considered:
¢ Population density provides an opportunity to measure the efficiency of residential
land use over time. It is determined by the amount of residential area per person and
measures the extent to which the type of development is sprawling or compact (Terzi
and Kaya 2008).
*» Urban density can be accurately estimated for fully developed urban areas. The most

reliable means of defining urban density is to measure the built-up area of cities.

X/
X4

% GDP density is a measure of economic activity by area. It is expressed as GDP per
square kilometer and can be calculated by multiplying GDP per capita of an area by
the population density of that area. Amongst other uses, it demonstrates the effects of
geography on economy.

The calculation of these indicators is shown as follows:

*

¢ Population density
The population density can be measured by the number of people divided by the total area.
The calculation of this indicator is:
Pj
2 A

PD= 59

Where:
PD is Population Density
P;is the number of people

A; 1s the total research area

*

¢ Built-up area density
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The density of built-up areas can be measured by the population divided by the built-up area.

The calculation of this indicator is:

P;
BAD= 5.10
Y. B;

Where:
BAD is Built-up area Density
P;is the number of people

B; is the total area of built-up area

% GDP density
The GDP density can be measured by the value of GDP divided by the total area. The
calculation of this indicator is:

GDP;

XA

GDPD= 5.11

Where:
GDPD is GDP density
GDP; 1s the value of GDP

A; 1s the total research area

The reliability of indicators should be considered. A reliability indicator is an evidential
distinction that is linked probabilistically for a problem where performance is relatively strong
or poor. In the study, the standard error is used to measure or estimate the standard deviation
of the sampling distribution associated with the estimation method. The formula is:

o =\/—E%+55+"'+87zl _ \/Z_glz 5.12

n n

Where:

o is standard error

£1,€, we wunr . Ep 18 error of n measured values.

Table 5.6 represents the reliability of variable estimates based on selected indicators for
research area, which indicates that the standard errors of these indicators are low and means

these indicators are reliable.
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Table 5.6 The reliability of estimates based on selected indicators

Variables standard error

The change of built-up area 0.017
The chgnge of culti\zlated 0.003
vegetation area(km®)

The change of road network (m?) 0.001
Fragmentation 0.014
Isolation 0.004
(Dléz(;‘r;gg L(;g\)//elopment) A
Population density (person/km?) 0.021
Built-up area density(person/ km?) 0.015
GDP density(million Yuan/ km?) 0.03

5.3.2 The distinct extents of urban sprawl

It is difficult to say which city will develop sprawl, but relatively easy to say that city is more
or less sprawling than another or that a city is becoming more sprawling over time. In the
previous section, each indicator provides a single-value characterization of sprawl, which can
only measure more sprawling or less sprawling in Jiangning. It is important to tease out
potential variations of sprawl in different periods, which are performed on all the indicators to
distinguish the extent of sprawl in different periods. In order to compare levels of sprawl
among different periods, a method of weighting all 9 measurement indicators is suggested.
First, some thematic maps should be used: 1) raster maps of land use; 2) vector maps of built-
up area boundaries; 3) vector maps of leapfrog area distribution. Second, the calculation and
analysis can be carried out in ARCGIS 9.0 and FRAGSTATS 3.3 according to measurement
indicators, and then the score of each period, which indicates the extent of urban sprawl, is
attained.

1) Standardization of indicators

Different data types have different dimensions and numerical ranges, so it is very important to
standardize the data. The method of standard deviation is used to carry out standardization,
which is calculated as:

_ XyX

X! =

ij o

5.12
Where:

Xj; 1s actual value

74



X, is average value of indicator i

o; 1s standard deviation

2) The method of arithmetical average is used to calculate the composite score of urban
sprawl in different periods. In order to more directly show the extent of urban sprawl, the
comprehensive scores of different periods are converted to percentile scores, which is

calculated as:

G; = —=5min_ 40 + 60 5.13

B Smax—Smin
Based on these two methods, the different extents of sprawl in different period can be
calculated, shown in Table 5.7.

Table 5.7 The different extents of sprawl in different period

Indicators .
Variables 1979-1988 1988-1997 1997-2003
The change of built-up 5508 69 29.73
EETE 0 ;rlfa h: f cultivated
. e change of cultivate
. ImpaCt vegetation area (kmz) 1330 2l S50
indicators
The change of road 30.25 60.24 110.66
network (m?)
Fragmentation 55.95 107.24 187.73
Landscape
pattern Isolation 21.71 39.56 2.56
indicators e conting
Discontinuity 0.1152 0.1344 0.1436
(leapfrog development)
Population density 88.9
(person/km?) 11.1 33.5 ’
Density Built-up area 16 20.3 21.3
indicators density(person/ km®)
GDP density(million 0.00103 0.003 0.006
Yuan/ km?)
Composite 34 52 76
score

From Table 5.7, some conclusions can be achieved:

1) Large-scale industrial parks and some low-density residential areas were developed in
Jiangning because old city reconstruction, housing shortages, high rent prices, the rising cost
of living service and a large number of relocations of secondary industries in the city centre.
Because of this, the city has typical urban sprawl characteristics. The extent of urban sprawl is
intensifying. The shape and complexity of built-up area, fragmentation of built-up area and

agricultural land, and discontinuous development were more significant.

2) According to a composite score result, during 1979-1988, the extent of urban sprawl was
relatively low. During 1988-1997, the extent of urban sprawl experienced increased from a
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state of low sprawl to a state of medium sprawl. During 1997-2003, the extent of urban sprawl

experienced went from medium sprawl to high sprawl.

5.4 Summary

The quantification and analysis of urban sprawl by means of the built-up area using remote
sensing and demographic data indicate a significant growth and expansion of the built-up
areas from 1979 to 2003, depicting a serious characteristic of urban sprawl. The dynamic
component of sprawl has to be considered. Therefore, time-series analysis will be among the
applied tools. Landsat MSS/TM data is conducive to analysis of the timing change of urban
sprawl. The result indicates that the trend of urban sprawl in Jiangning is significant. From
1979 to 1988, the phenomenon of disorder and scattered construction was obvious in
Jiangning; from 1988 to 1997, sprawl in Jiangning is more significant in the process of
suburbanization. Leapfrog development is significant; from 1997 to 2003, the land in

Jiangning became fragmented, resulting in a broken landscape.
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6 Investigation into the causes and impacts of urban sprawl

6.1 Driving forces of urban sprawl

As concluded from EEA in 2006:" urban sprawl has an impact on almost all dimensions of
our society. Sustainable urban planning strategies to combat urban sprawl can only be
effectively specified when the forces driving urban sprawl are fully understood". To fully
understand what sprawl is, it is necessary to know what its causes are. The causes of urban
sprawl continue to be analyzed by many scholars. Generally speaking, the main causes of
sprawl are poor land policies, population growth, rise in household income, subsidization of

infrastructure investments and social problems in central cities.

Urban sprawl in Western countries can be regarded as the result of the development of a
spontaneous market under the double guidance of long-term economic prosperity and the
automobile revolution. However, urban sprawl in China is the result of economy
transformation, indistinct property rights and so on. Zhang Tingwei (2001) proposed that
three forces, including government force, market force and community force, were the
dynamic mechanisms of Chinese urban spatial structure in 1990’s. Deng et al. (2005)
discussed that urban sprawl has been driven largely by demographic change, social and

economic development, and the transition of land use regulation.

The driving forces of urban sprawl in Jiangning were presented in this dissertation. They can
be subdivided into two major aspects: spatial-temporal parameters and social-economic-
demographic factors. Spatial-temporal parameters involve discussing spatial pattern of land
use and temporal cumulative effects. Social-economic-demographic factors focus on some
key driving forces such as population growth and social-economic development. The

framework is shown in Figure 6.1.

Spatial-temporal Parameters

[ Urban sprawl J

Social-economic-demographic
factors

Figure 6.1 The framework of main driving forces
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6.1.1 Spatial-temporal parameters

6.1.1.1 Spatial pattern of land-use change

As Deng et al. stated in their 2004 paper:" The inefficient spatial patterns of urban expansion,
as demonstrated by the paradox of development zones and semi-urbanized villages, do point
to the true meaning of ‘urban sprawl’—inefficiency in spatial resource allocation on urban

fringe. "

Since 1988, Nanjing has been experiencing urban spatial extension. Some construction
projects scattered in the outskirts of the city. Rapid development in Nanjing is attributed to
low price and regional transport in Jiangning, offering huge attraction to developers coming to
exploit the arable land resources. As urban fringe area, urban space is enlarged because of the
emergence of new constructions in Jiangning. Massive land has been exploited for economic
development and infrastructure development. In the process of urban fringe land development,
unreasonable land use and land consumption made spatial pattern of land-use change into

disorder and decentralization, resulting in urban sprawl, shown in Figure 6.2.

Spatial pattern
of land- use
change

\

Figure 6.2 The spatial reason of urban sprawl

Urban sprawl

N\

Disorder and
decentralization

Inefficient

Taking Dongshan town as an example, it is a central area in Jiangning, where Economic and
Technological Development Zone, University City and an exclusive residential district have
been continuing to expand. At the same time, small towns have been greatly expanding to
promote an omnibearing spread of space in rural areas with the rapid development of
township enterprises. In addition, jobs will be provided by investors to the people affected by
the land development. Therefore, urban fringe land development inevitably combines with
rural industrialization and through the provision of employment it consequently reduces

urban-rural disparities.

6.1.1.2 Temporal cumulative effects

Cities grow with or without planning, and develop landscape characteristics that persist

through time, determining how they will function. Throughout the whole process, temporal
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cumulative effects play an important role. Unreasonable land use and land consumption to
some extent are caused by unreasonable land planning policy. As urban fringe, the land
planning policy of Nanjing has direct impact on the land use and land consumption in
Jiangning. Figure 6.3 indicates the temporal effect between land planning policy and land use

and land consumption.

Land use and
land
consumption

Figure 6.3 The temporal effect between land planning policy and land use and land consumption

T is time series

Based on the above analysis, there are four main reasons caused by land planning policy to

explain sprawl in Jiangning:

1) Administrative division adjustment

For China, the rapid transformation of the economic system does not match the relative slow
administrative management system. Administrative division adjustment has become the most
effective way to promote the urbanization process because administrative division is the
motivation and basis for development of local economy. In the Yangtze River region, the
major cities have adjusted to administrative boundaries of urban areas. The most typical
approach is to the annexation of surrounding county. Through transforming county into urban
districts, the expansion of urban jurisdictions can be achieved. From the perspective of urban
spatial development, the impact of this policy on urban sprawl is extremely significant. First
of all, city centre has more space for development due to the expansion of the geographical
range; second, the increase of hinterland will enhance the confidence of local government to
further external expansion, resulting in inefficient use of land and drop of arable land,
especially at urban fringe area. Jiangning County became Jiangning District when
administrative division adjustment was carried out in 2000. On the one hand, this adjustment
greatly promoted the re-layout of industry and re-construction of urban space structure; On
the other hand, this change created problems of inefficient land use and the sharp reduction of

arable land.

2) Land requisition system defects
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In China, the consequences of urban sprawl are mainly inefficient development and use of
land which results in a series of environmental problems. The reason is mainly the Chinese
enclosure movement caused by land requisition system defects, which is “land-oriented”
rather than “car-oriented” as in western countries. Land supply system has become more and
more market-oriented with the economic development, leading to a big profit differential
between low-cost of land requisition and high-yield land supply, which formed the basis of
economic growth mode of land. For example, in Jiangsu province, the total fee for land
requisition compensation for cultivated land is about 50,000-100,000 RMB per mu™.
However, when agricultural land is transferred into construction land after land requisition,
the selling price by government varied from hundreds of thousands to millions per mu.

Therefore, the great benefits further encouraged the enclosure trend of local government and

developers, intensifying the disorder expansion and shrinking the amount of cultivated land.

The level of agricultural land rent dropped from C; to C, due to instability in property rights
of the agricultural land and lack of system guarantees; the Bid rent curve of urban industrial
sectors shifted from L, to L, caused by distorted behaviors of government and developers,
which formed a new growth boundary S2, resulting in excessive expansion and waste of land

resources, shown in Figure 6.5.

A .
ﬂ Bid rent curve of urban
industrial sectors

Agricultural land rent decreased caused by
fuzzy property rights of agricultural land

Agricultural land rent

L,

City center

T T » Distance S
: -
Normal Excessive growth

Figure 6.4 Land requisition system defect and urban sprawl (adapted from Feng Ke, 2010)

“v

3) Industrialization policy
In China, the growing industrial zones within the city are being moved out of the city to the

urban fringe areas because cheap building plot prices play an important role on the decision to

131 mu=666.7 m?
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move industrial zoning out of the city. If urban sprawl is inefficient excess to the natural
expansion of cities in the West, Chinese-style sprawl is the unintended consequence of

political manipulation of land development on the urban fringe.

This situation could arguably be better understood as "industrial land-oriented sprawl" from
the perspectives of scale. Ju (1998) concluded that the economic profitability of agricultural
farming is in general much lower than that of industrial or other tertiary sectors under the
pricing system. As a result, there is no economic motivation to maintain agricultural land. The
amount of industrial land can promote urban development, which is under the control of
zoning policies. The Nanjing Municipal Planning Bureau (NMPB), one of the agencies, is
responsible for supervising urban fringe land development through examining and approving
projects. It should provide favorable conditions to promote rural industrial development.
From this perspective, NMPB is more likely to be less rigid in the enforcement of policies
relating to urban land use zoning to favor urban fringe land development. The tight control
over free-standing industrial development may be loosened for rural industrialization as well
as the zoning policies previously laid down will be changed under such a policy. Moreover,

legislation relating to the size of industrial land will also be less rigid.

Accordingly, industrialization policies were developed and the industrial sector has rapidly
increased even though development zones are probably one of the biggest sources of wasted
farmland. The establishment of industrial and economic zones in Jiangning is provided in

Table 6.1 and Figure 6.5.

Table 6.1 Establishment of industrial and economic zones in Jiangning (adapt from Ju, 1998)

Item Land Occupation(mu)
High Technic Zone 3000
Korean Ind. Zone >1000
Motorbike Town 1000-2000
Lusheng Ind. Zone 4000-5000
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Figure 6.5 Economic and Industrial Zones in Jiangning District
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Transformation of industrial structure

Two phases of the process of urbanization in Jiangning are distinct: 1) Before 90's, it was the
agricultural suburb despite entering the initial period of industrialization; 2) After 90's, the
economic structure began to increasingly diversify. A new industrial area is now the main
characteristic of Jiangning, instead of the agriculture suburbs. Industrialization is more and
more significant which implies industrial development is the one of the most important

reasons for urbanization, shown in Table 6.2:

Table 6.2 Industrialization in Jiangning (adapt from Zhu et al., 2003)

Year Early period of Intermediate period
industrialization of industrialization
1988 1992 1999 Annual rate of increase Annual rate of increase
(%0) (%0)
gross industrial output 0.544 4.005  23.732 2834 34.25
value(billion Yuan)
non-agriculture
labor(ten thousand) 16.0 21.99 26.8 4.05 3.37
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The involvement of private ownership, private entrepreneurship and foreign investments is
significant because of the market-led reforms and the changing status of urban fringe land
property right. It further involves the county governments in the urban fringe land use policy-
making. Such involvement of new agencies has its effects on urban fringe land development.
The effects mainly presented that a large amount of arable lands are needed. Furthermore, the

first choice of private and foreign investment is urban fringe because of its attractive location.

Yao (2004) presented top priority of development shall continue to be given to tertiary
industry according to the compendium of the 9th Five Year Plan of the Jiangning County
(1996-2000). Especially for some tertiary industries such as specialized wholesale markets,
transportation, tourism and retail enterprises, the geographical advantage of Jiangning is to
put to good use. Comparing industrial structure in 1997 and 2003, the proportion of tertiary
industry was rapidly increasing, shown in Table 6.3. As urban fringe, the development of
tertiary industry benefited from its location. The real estate industry has become an important
part to drive the development of tertiary industry and the most active part of economic growth.
In addition, the information industry and other types of professional market developed rapidly
because of the development of tertiary industry. At present, economic growth promoted the
linear growth of development zones, industrial parks and transportation infrastructure. More
lands should be invested when economy geared toward continuing growth, which can be

regarded as an inner driving force of urban sprawl.

Table 6.3 Transformation of industrial structure in Jiangning

Year GDP Primary industry Secondary Tertiary industry
(billion Yuan) (billion Yuan) industry (billion (billion Yuan)
Yuan)
1997 75.84 11.72 47.66 16.45
2003 168.3 15.1 97.6 55.6

Data source: statistics of Jiangning

*

¢ Economic growth of development zones

In the early 90s, Chinese local governments set up a large number of development zones that
are often large area and discontinuous from cities. Especially when considering the modes
mass transportation in China, they can be characterized as leapfrog development at the macro-

level. (Deng and Huang 2003). Although the first wave of development zones subsided in
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mid-1990s, they continue to boom because of government initiative for economic

development.

The Economic and Technology Development Zone was established in 1992 in Jiangning. In
the process of urbanization, development zones have significant impact on economic growth.
The purpose of developing economic zones is to open up new land for industrial production,
particularly for high-tech industries. Land development within the zone is mainly for
construction of luxurious hotels, villas, government offices, schools and universities. The area
of economic and technology development zone is 25 km?, economically active population is
about 30,000, but financial revenue of economic and technology development zone account
for 45.1% of total financial revenue of Jiangning District. However, a large amount of land in
urban fringe were occupied and sold due to large-scale development zones. There are more
"Development Zones", "Industrial Parks" and "University City", more construction lands are

demanded.

4) The weakening of land use planning implement

In the process of planning of urban fringe land use, relevant laws and regulations in effect
cannot be effectively put into force. Although power has been conferred by the central
government upon local governments to manage affairs within their territories for the
promotion of sustainable development, local governments often fail to ensure the
implementation of these planning policies relating to urban fringe land use. Urban fringe land
use governance in China is a bargaining process because municipal governments not only
have been confronted over the land use in urban fringe but also has to coordinate the conflicts
arising in the social conflicts in the governance of urban fringe land use. Yao (2004) indicated
that the functions of land use planning institutions on urban fringe land use are paradoxical
when they take the coordinating role in the policy conflicts and implementation of planning

policies.

The role of NMPB is to favor the urban land market for the reinforcement of existing policies
of rural development. Policies relating to zoning cannot be successfully implemented before
making adjustments. The reason for the policy adjustment is that NMPB is working together
with developers and rural agencies. NMPB fails to enforce land use regulations or policy
framework for the operation of urban fringe land market or enhance the efficiency of urban

fringe land use because the rural agency have a stake in its interests in urban fringe land
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development projects. In addition, rural government and farmers try to bargain with the
municipal planning agencies when municipal government prepares to control land use in
urban fringe. It is obvious that the municipal governments have to protect the land resources
and promote rural development at the same time. In order to attain the above two goals, land
use policies originally laid down always have to be changed when there are conflicts between

the policy of promoting rural development and control of the land use.

In all, urban sprawl in Western countries is mainly the result of spontaneous market forces in
the market economy and the product of decisions by developers, businesses, individuals and
government for their own interest. However, urban sprawl in China is difficult to explain
reasonably using theory of urban expansion based on Western market-oriented land use.
According to above analysis, urban sprawl in China has distinct "Chinese characteristics",
which is the land system-oriented. Urban sprawl caused by frequency of administrative
divisions’ adjustment, low-cost land acquisition and disorder construction of the development
zone presented "government failure". That means the role of government is limited in the
process of market-led reform. Yao (2004) stated that:"the central governments often criticize
municipal officials for failing to discharge their responsibility in preserving arable land. The
rural communities often demand the municipal governments to promote rural economies.
Developers complain that municipal governments are too bureaucratic in urban fringe land
development". In other words, on the one hand, land use planning institutions are established
to protect the interests of public through avoiding excess development in urban fringe. On the
other hand, the pursuit of a market economy which promotes urban fringe development often

clashes with the public interest.

6.1.2 Socio-economic-demographic factors

6.1.2.1 Demographic factors

Sprawling land use transformation patterns have close relationship with rapid population
growth. In this part, two aspects were discussed as followed:

(1) Population size

(2) Population composition

*

¢ Population size
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Change in land use can produce a change in quality of life for those living within the
landscape. Population growth is the most significant factor affecting urban sprawl. As
population size increases, so the amount of land was required for residential and commercial
needs. The total population has been growing since 1979, shown in Figure 6.6. The demands
for people have been changed due to living standards improvement, which brought the
demand for housing. It is continuing to heat up that a number of agricultural lands have been

transformed into construction land because real estate development.

Year
2010

2005
2000
1995

1990 /
1985 /
1980 /

1975 : . . , The total population
65 70 75 80 85 90 (tenthousand)

Figure 6.6 Population growth in Jiangning

¢ Population composition

It can be argued that population composition has affected the level of urbanization and has an
impact on urban sprawl. Table 6.4 indicates the population composition. Accretion of non-
agricultural population is 319,000 from 1979 to 2003, an increase of 95.5%. Certainly, the
increase in non-agricultural population resulted in the demand for land use. Agricultural lands
around were encroached rapidly in order to meet the requirements, which is the one of reasons

of urban sprawl.

Table 6.4 Population composition in Jiangning

Year Non-agricultural population Agricultural population
1979 15,000 670,000
1988 56,000 655,000
1997 108,000 637,000
2003 334,000 430,000
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According to conclusions from Bekele in his 2005 paper, there are three causes for increases
in a country’s urban population: 1) the natural growth rate; 2) the re-classification of rural
settlements as they grow; 3) rural-urban migration. Migration was thought to be a process in
which surplus labor was gradually withdrawn from the rural sector to provide needed
manpower for industrial growth process. The high level of development zones brought a large
number of non-agricultural employment opportunities, which is attractive for people who
prefer to live in rural areas. Because of this, the real estate market in Jiangning is growing

vigorously, leading to urban space expansion.

6.1.2.2 Socio-economic factors

The demand for urban sprawl is largely determined by both the facts of demographic and
economic dynamics. It can be seen that the real reasons of the urban sprawl are dwelling
dispersion and development of the economical functions. Global economic changes related to
the development of the information and communication technologies effect the location
dispersion of the population and the employment and causes urban sprawl (EEA 2006a).
Sprawl in China is more a result of changing internal economic forces that brought previous
urban economic activities into peripheral areas. Some socio-economic factors can help
understand why sprawl appeared in Jiangning, mainly including land prices and housing
preference.

% Land price

Uneven land reform is the key to understand Chinese-style urban sprawl; it is also the
necessary condition to the paradox posed by development zones and semi-urbanized villages.
With omnipresent political power and extremely cheap compensation to peasants, local
governments can do almost whatever they want in converting rural land to urban land. The
mighty power of eminent domain is no longer constrained by economic cost—market price of
land. Furthermore, the big gap between urban land price which is determined by the market
and rural land compensation, which is artificially low, generates great motivation for local

government to develop urban land.

Land price is one of the most important factors to explain urban sprawl. According to “The

Regulation of the People's Republic of China on Arable Land Occupation Tax” promulgated

by the State Council in April 1987, arable land occupation tax should be levied on approved

urban fringe land development in Nanjing (Tang 1992; Zhang 1997). Land occupation tax
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becomes an important component of arable land occupation. Land occupation tax varies
according to the arable land per capita, shown in Table 6.5. Given the artificially cheap price
of rural land, local governments often enclose the best farmland for development zones in
order to save on other costs. Almost ‘free’ rural land also inflates their desire, which results in

more land expropriated than necessary.

Table 6.5 Land Occupation Tax in Nanjing

In Case of Arable Land per villager (mu) Land Occupation Tax(yuan /mu)
<1 6600.0
1-2 5828.0
2-3 4329.0
>3 3330.0

Source: Extracted from the Nanjing Municipal Land Resources Bureau (1999c)

Absent the right to transfer or develop the land, the peasants can only build illegal shacks or
lease their extra rooms to accommodate people like migrant workers and young urban couples.
Inequality between the city and the countryside is not reduced. In this sense, peasants’ rights
over their land represent more efficient urban development and the demand for housing from
migrants and urban residents. The result of their severely restricted rights is under-developed
urban infrastructure, low density and leapfrogging of semi urbanized-villages.

% Housing preference

When urban development is sprawling gradually from the centre to the periphery, it fuses the
surrounding towns and/or villages (i.e. rural-urban transformation), which in turn increases
the area of urban sprawl in a short time. The house price and income are significant reasons
for moving. Improving housing conditions and increasing the housing space are main reasons
for people to want to move to more rural areas outside cities. This may partly be because
housing prices are lower outside the urban areas, and that families can fulfil their desire for a
bigger house than they would be able to afford in the city, as well as access to gardens or
green areas in relation to housing. People who move to suburban areas want a change from
household size and small housing units in the city. In addition, a lot of problems which exist
in the city at present, such as less or a lack of green spaces, sports and playgrounds, as well as
more expensive homes with less floor space to live well. There is a tendency that established
couples move out of the inner city to more rural areas outside of urban areas, a tendency that

is especially important for younger families with children. In "University City" in Jiangning,
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people who work in university really want to live near the university because of transportation
opportunities related to time, transport options and cost. An additional aspect associated with
this is that people are able to settle in places that provide access to the positive aspects related
to both the city and rural areas. From Table 6.6, the output value of construction and floor

space under construction greatly increased.

Table 6.6 Output value of construction in Jiangning

Year Output value of Floor space under construction
construction( billion Yuan ) (m?

1997 1 1,240,000

2004 7.85 13,460,000

Data source: statistics of Jiangning
6.2 Impacts of urban sprawl

6.2.1 Model of assessing impact of urban sprawl

How to reflect the interconnection of environmental and socio-economic impacts caused by
urban sprawl is still a subject for debate. Many scholars proposed their models to assess the

impact of urban sprawl.

Kahn (1999) used economic models to address the impacts of sprawl from another angle: he
attempts to measure the environmental damage associated with dispersion of development as
represented by increases in automobile miles driven, home energy consumption, and land
consumption; Hasser and Nuissl (2007) applied the conceptual framework of driving forces,
pressure, state, impact and response (DPSIR-concept) to assess the impact of urban sprawl on
water balance and explored the repercussions of this impact upon the causation of and policies
on urban sprawl. Their study showed that the environmental impact of sprawl elicits only
indirect repercussions in society; Koen et al. (2008) investigated the impact of uncontrolled
urban growth (‘sprawl’) on air pollution and associated population exposure by means of a
coupled modeling system dealing with land use changes, traffic, meteorology, and

atmospheric dispersion and chemistry.

Sun and Cai (2008) explored environmental consequences of urbanization; long-term runoff
and NPS pollution were assessed in Beijing, P.R.China. The assessment was based on land-
use types, soil hydrology, and long term precipitation data. They used the environmental

impact model L-THIA. The outcomes indicated that the area likely would be subjected to
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impacts from urbanization on runoff and some types of NPS pollution. Urban sprawl will
increase runoff volume considerably and significantly increase losses of COD and certain
heavy metals such as Pb, Zn in runoff. The results of this study have significant implications
for urban planning and decision making efforts to protect and remediate water and habitat
quality in the Beijing area; Miriam and Albert (2010) examined the impact of urban sprawl, a
phenomenon of particular interest in Spain, which is currently experiencing this process of
rapid, low-density urban expansion. They discussed many adverse consequences which are
attributed to urban sprawl though they were concerned primarily with the rising costs of
providing local public services. They specified the empirical model including the cost model
and the demand model used in analyzing the determinants of local public spending. The
results indicated that low-density development patterns lead to greater provision costs of local
public services; Chiara M. Travisi et al. (2010) analyzed empirically the intricate relationship
between urban sprawl and commuting. Their modeling experiment highlights the effect of
sprawl at the commune level, while taking into account the variability of communes across
geographical location and level of polycentrism. Causal relationships between spatial
developments and explanatory factors related to changes in urban density are analyzed using

multivariate cross-section regression analysis and Causal Path Analysis (CPA).

6.2.1.1 The construction of the Cause-Impact model

The OECD (1993) proposed the Pressure-State-Response (PSR) model, which is based on a
concept of causality: human activities exert pressures on the environment and change its
quality and the quantity of natural resources (the "state" box). Society responds to these
changes through environmental, general economic and sectoral policies (the "societal
response"). The PSR framework tends to suggest linear relationships in the human activity-
environment interaction, which divides indicators in three categories. PSR model can supply

good background for the construction of Cause-Impact model (CI model).

In this dissertation, the CI model was put forward to obtain a deeper understanding of causes
and impacts and help assess the impacts of urban sprawl concerning interrelationships
between urban sprawl and environmental, socio-economic issues.
In more detail, the principal objectives of this model:

e An analysis of model drivers

e An analysis of land use change
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e An assessment of impacts of urban sprawl on environment, society and economy

Figure 6.7 is concept of CI model.

Model drivers Land use change Impacts
Driving forces such Land h Environment, society
as demographic and anduse change and economy
economic dynamics from non-built up impacts include

include  population |—=x @&rea 1o bullt-up ¢ hland loss, risk of
growth, population area (sprawl) flooding, water

composition,  land and air pollution etc.
planning policy and
socio-culture.

- N AN J

Figure 6.7 Cause-Impact model of urban sprawl

6.2.1.2 Model drivers

The fundamental CI model to capturing land use transformation dynamics begins with model
drivers. Model drivers are considered driving forces, which contribute to urban land use
transformation decisions. They also describe land use transformation probabilities, shown in
Figure 6.8. In this figure, the inter relation between the different factors can be clearly
presented. There are four transverse blocks including population, economy, planning policy
and social culture. The small rectangles indicate the driving factors in each of these blocks.
Some part of them is linked by arrows representing the relationship between them. For
urbanization, the main factor is population composition and transformation of industrial
structure. Meanwhile, transformation of industrial structure causes the change of population
composition as well as the construction of development zones. Besides the transformation of
industrial structure, land price is also an important influencing factor for the construction of
development zones. Population is growing rapidly because of urbanization, which leads to
real estate development. Moreover, real estate development has an impact on the
characteristics of residential areas. There are two longitudinal blocks which indicate
development situation and development pressure for land. Both of them are based on socio-

economic needs, which directly result in the urban form change.
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Figure 6.8 Model drivers of Cause-Impact model

6.2.2 Impact assessment of sprawl

The alleged negative consequences of sprawl, environmentally, economically and socially, are
usually captured under the term 'Costs of Sprawl'. In reality, attempts to wrestle sprawl to the

ground by its critics have resulted in more research into the negative consequences of sprawl.
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(Mills 1981; Peiser 1989; Ewing 1994 1997; Gordon et al. 1997; Burchell et al. 1998;
Brueckner 2000; Razin et al. 2000; Johnson 2001; Chin 2002; Allen et al. 2003; Hasse 2003;
Carruthers et al. 2003; Bekele 2005; Eryilmaz et al. 2008; Miriam and Albert 2010).

With the movement from the inner city to the suburbs, sprawl causes a decline in the local
revenues in the inner city while service requirements must be maintained or even improved
(McKee, et al. 1972). The disappearance of the inhabitants and the fiscal imbalance leads to
under-utilisation and the deterioration of the inner city and attendant infrastructure (Harvey et
al. 1965). Sprawl is usually described by its critics as a network city. This implies more
intense road construction culminating in high land consumption for roads (Litman 1997).

Disputably, sprawl has several negative impacts on urban travel patterns (Torrens, et al. 2000).

6.2.2.1 Environmental impacts of urban sprawl

The impacts of urban sprawl on the environment can be divided into those that pose
immediate human risk as opposed to those for which the associated human risk will not be
fully known for years. These risks can also be divided into those that primarily affect the
aesthetic appeal of an area as opposed to those that affect the viability of ecosystems (Johnson
2001). Sprawl has a considerable impact on ecosystems and other environmental resources
(Barnes 2001). It is alleged to be associated with loss of environmentally fragile lands,
reduced regional open spaces, increased air pollution, higher energy consumption and
decreased aesthetic appeal of landscape (Margules, et al. 1992; Burchell, et al. 1998). Urban
sprawl not only degrades environmental resources such as water quality, air quality (Centre
for Watershed Protection 1995; Benfield, et al. 1999; Livingston, et al. 2003), but also limits
or eliminates accessibility to natural resources such as agricultural lands, water etc.

(Adelmann 1998; Barnes 2001; Hasse 2001).

In Jiangning, the serious consequence of the excessive growth of the built-up areas as seen
from the classified images is the smothering of agricultural and sensitive lands. Coupled with
that is the pollution and disappearance of water bodies and wetlands and risk of flooding.
Other costs such as increasing air pollution, rising expenditure on transportation and rising
motor accidents which come with sprawl are prevalent. The rate of growth in the built-up
areas there is quite alarming in order to mitigate the negative effects of urban sprawl. The
excessive expansion imposes costs on development environmentally, economically and

socially. The costs of urban sprawl are showed in Figure 6.9.
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Figure 6.9 The costs of urban sprawl in Jiangning

The impacts of the potential changes in land use on the existing land use pattern and on the

environment are at least conceived as follows:

«» Loss of Fertile Cultivated Land

Land use in Jiangning has undergone major changes because of the rapid growth of non-
agricultural land area since 1980. Changes in industrial structure are main reasons for land use
change. By 1998, the total industrial output was 18.9 times the total agricultural, forestry,
animal husbandry and fishery industry output. The construction of development zones and
Lukou international airport are good explanations for industrial development, which also can
be regarded as one of the most important factors led to land use change. Agricultural lands of
high quality were significantly reduced in the plain area and the vegetation communities in
hills were damaged due to the construction of development zones. However, reserved land
resources for development and utilization are relative few, and reserved land resources for
farming are less. In Jiangning, the degree of land use development is high. Such development
patterns not only destroy fertile lands which could be sold, but also damage the landscape,
shown in Figure 6.10. According to statistic, the reducing agricultural land mainly distributed
in Dongshan (20%), Lukou (20%), Guli (10%) from 1990 to 1998 (SILUP Research Report
2002). Dongshan and Lukou town located on the both banks of Qinhuai River, where have the
cultivated lands of the best quality in Jiangning. 90's, rural economic development and the

rapid development of social undertakings, the arable land in research area continued to
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decline to 5340 hectares. The end of 1995, per capita arable land area decreased to 0.072

hectares.

1979 1988

1997 2003

- Cultivated land

Figure 6.10 Cultivated land loss in Jiangning
¢ Increasing risk of flooding

The construction of infrastructure facilities, like Lukou International Airport, resulted in the
filling-up of some drainage courses and alteration of the previous drainage system in
Jiangning. The transformation of most fertile cultivated land along the banks of the Qinhuai
River from traditional agriculture use into areas for development increases the potential for

flooding as the flood plains of the Qinhuai River are converted into developed lands (Ju 1998).

+» Water and air pollution

The evidence of sprawl presents the problem of increased automobile dependence which leads
to significant air pollution. Air pollution and smog fall out to become water pollution. In
addition, urban activities create water pollution directly, through land run-off of construction
site erosion, fuel spills, oil leaks, paint spills, lawn chemicals, pet wastes and so on. Moreover,
more water is consumed for lawn watering and other landscape activities, straining local

water supply systems. The development of township and village enterprises has contributed to
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industrialization and urbanization in Jiangning, which involve a lot of changes in land use as
well as in the ways if exploitation of natural resources and has consequently created a host of
environmental concerns. The industrial wastewater discharges into the environment has been

increasing, shown in Table 6.7.

Table 6.7 Water and air pollution in Jiangning

Year Industrial wastewater discharge( ten thousand tons)
2004 5027.9
2005 5036

Source: China's macro data analysis and mining system 2005

Ju (1998) stated: "the scattered distribution of economic activities and the resulting settlement
structures make the control of pollution very expensive and therefore not affordable in many
places". The deterioration of water quality and destruction of aquatic lives are serious
problems for local people, particularly for those people who are completely depending on
surface water for daily life activities. The water is not suitable for irrigation during certain

periods due to the pollution by manufacturing firms upstream.

6.2.2.2 Socio-economic impacts of urban sprawl

Sprawl with its automobile dependency increases expenditure on roads, traffic services and
parking facilities (Newman and Kenworthy 1998). The heavy expenditure by governments on
road infrastructure will generate into increased tax burdens on businesses and households
which makes it difficult for businesses to compete fairly on the international market. Newman
and Kenworthy (1998) further claim that heavy automobile dependency can reduce regional
economic development. Quite apart from the public cost of automobile dependency,
households spend a greater chunk of their annual incomes on their cars, leaving very little
money for other consumer goods (Litman, et al. 2002). A sprawling development is
considered a toll on the time of suburban dwellers (Harvey, et al. 1965; Duany; et al. 2000;
Sierra Club 2000). This is reflected in the amount of time suburban dwellers have to spend
traversing vacant lands to meet their needs. Social structure and equity are deemed as
problems of sprawl as people tend to be segregated on the lines of income and race (Batty, et
al. 2003). Gordon and Richardson (1997) contend that in the United States, especially
Southern California, the non-white population share in many suburban communities is quite
high and sometimes the majority. Increased motorisation that comes with sprawl may lead to
increased accidents and fatalities. The loss of lives and physical incapacitations flowing out of

these accidents and fatalities may result in social outcomes which may not be desirable. The
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socio-economic costs consequence of urban sprawl in Jiangning does not only affect the
government, but also households and firms in the form of increased transportation,
communication expenditure and levies. Social costs caused by urban sprawl are also very

significant.

¢ Expenditure on transportation

Urban sprawl prompts the need for construction of more kilometers of roadways. Usually, the
network infrastructure to new developments, further away from already established areas

increases the infrastructure costs. Table 6.8 indicates the investment on road in 2001 and 2004.

Table 6.8 Road costs of different periods in Jiangning

Year Investment on Road (Billion Yuan)
2001 0.310
2004 1.266

Source: http:/jssn.xinhuanet.com

Sprawling business and home owners often fail to realize the long-term personal costs and
risks of maintaining distant properties. As property taxes rise to cover service costs, and fuel
costs increase for travel and heating large buildings, the owners' budgets may have trouble
keeping up. Transportation costs for family members are much greater. Sprawl has the
tendency to increase households’ expenditure on transportation, thus reducing their
expenditures on other needs. This generally leads to a reduction in the overall living standards
of households. From Table 6.9, the average expenditure of households on transportation in
Jiangning increased significantly from 2% in 1997 to 12% in 2003.

Table 6.9 Share of households’ expenditure in Jiangning

Households’ expenditure 1997 2003
Insurance 5% 5%
Education 18% 21%

Services 7% 9%
Housing 13% 20%
Food 30% 33%
Transportation 2% 12%
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% Traffic jams and travel time

The city fringe, which is characterized by low-density and low mix of land use as well as
scattered development, is often found to give rise to long-distance trips. In a compact,
efficient city, travel times are often minimal, but sprawled cities take time to navigate.
Suburban tract and country dwellers also spend more time maintaining large, empty
residential properties: mowing the grass, plowing long driveways, raking leaves, weeding and
so on. Urban sprawl has a great social cost in the Jiangning District. Because of increase of
public transport resulting in traffic jam, change of public transit passenger volume becomes
more and more significant, shown in Table 6.10. In addition, people are forced to spend more
time commuting longer distances to reach their jobs, homes, schools and shopping areas.
Urban sprawl, to a certain extent, affects people's welfare adversely; especially the poor.The
current pattern of growth in Jiangning District imposes a tax or toll on the time of suburban
dwellers as they would have to spend a much greater time travelling to take part in daily

activities.

Table 6.10 Change of public transit passenger volume in Jiangning

Year 1996 2003

Public transit passenger
volume( million person-trips)

Source: China's macro data analysis and mining system 2005

2.85 18.12

6.3 Summary

This excessive expansion imposes costs on development environmentally, economically and
socially. The serious consequence of the excessive growth of the built-up areas as seen from
the classified images is the smothering of agricultural and sensitive lands. Coupled with that
is the pollution and dwindling of water bodies and wetlands and risk of flooding. Other costs
such as increased infrastructure costs, increased air pollution, rising expenditure on
transportation and traffic jam which come with sprawl are prevalent in the Jiangning District.
In conclusion, the rate of growth in the built-up areas is quite alarming and requires serious

policies to arrest the phenomenon in order to mitigate the negative effects of urban sprawl.
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7 Conclusions and prospects

7.1 Conclusions

7.1.1 Major findings
The findings of this dissertation are:

1) Studying the landscape expression of built-up areas is very useful to determine sprawl
patterns. Integrated remote sensing technology research on the spatial patterns of urban sprawl
requires a combination of landscape perspectives of understanding. Three sprawling patterns
can be recognized in Jiangning: random expansion at urban fringe, scattered development of
industrial land and leapfrog development of urban residential area. The following specific
sprawl features are identified: the obvious fragmentation and irregularity of landscape; the
unadvisable pattern of land use growth with typical discontinuous development and leapfrog
development; the low density of land use growth and other negative impacts on agriculture,

environment and city life.

2) The dynamic component of sprawl has to be considered. Therefore, time-series analysis
will be among the applied tools. In addition, GIS analysis can assist in identifying the extent
of urban sprawl. The trend of urban sprawl in Jiangning is significant. From 1979 to 1988, the
phenomenon of disorder and scattered construction was obvious in Jiangning; from 1988 to
1997, sprawl in Jiangning is more significant in the process of suburbanization. Leapfrog
development is significant; from 1997 to 2003, the land in Jiangning became fragmented,

resulting in a broken landscape.

3) The Cause-Impact model was put forward to obtain a deeper understanding of causes and
impacts and help assess the impacts of urban sprawl concerning interrelationships between
urban sprawl and environmental, societal and economic issues. The serious consequence of
the excessive growth of the built-up areas is the smothering of agricultural and sensitive lands.
Coupled with that is the pollution and disappearance of water bodies and wetlands and risk of
flooding. Other costs such as increased infrastructure costs, increased air pollution, rising
expenditure on transportation and traffic jam which come with sprawl are prevalent in the
Jiangning District. The rate of growth in the built-up areas is quite alarming and requires
serious policies to arrest the phenomenon in order to mitigate the negative effects of urban

sprawl.
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4) The Chinese version of urban sprawl is the disproportionate expansion of the urbanized
area. Although the Chinese context is quite different from the Western countries, there are
two similarities in urban sprawl patterns. The first is the disproportionate conversion of
farmland to urban uses. The second is scattered development on the urban fringe. The Chinese
version has some variations but retains the main feature of the dispersed development pattern.
Despite having reviewed the principle research in Western countries, it is impossible to
directly transfer their conceptualization of urban sprawl to China. Some differences are
significant, such as population base, growth rate of urbanization, the basis of land ownership,

market-orientation and so on.

7.1.2 Policy recommendations

In view of the severe loss of agricultural land owing to urban sprawl, there is a pressing need
for enhancing the effectiveness of urban land use planning and implementing land-use

planning policies and governance.

The current mode of planning operation is dedicated to the objective of resolving urban-rural
conflicts through coordination. Strict land use planning control is characterized not only by
land requisitioned in places between the urban and rural area but also by urban-rural
inequality. Planning and land use policies are substantially affected by this objective. Urban-
rural inequalities are obstacles to the implementation of urban fringe land use planning and
result in an unrestrained development of land in urban fringe. While planning control of urban
fringe land use may strengthen urban-rural inequalities, the municipal governments will have
to change in planning commitments to favor policies promoting rural industrialization and
urbanization and leading to an increase in the income of farmers. They may attach importance
to the development of infrastructure in rural areas. Finally, the urban-rural interface may
result in the implementation of policy in an informal manner and the deregulation of urban

fringe land use.

This dissertation shows that a sustainable urban land development and reducing of urban-rural
inequalities should be the objectives for further planning policy. The reduction of urban-rural
inequalities and the provision of the institutional arrangements to transform the socialist
principles underlying the bureaucratic management system into market principles remain the
basic strategy of curbing urban sprawl. Land use policies should be designed by taking into
consideration of urban-rural inequalities and the cost of planning implementation. To increase
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the sense of responsibility of the local governments in carrying out centralized policies,
mutual cooperation between governmental departments and urban-rural authorities are needed.
Urban-rural cooperation is an important pre-requisite for the establishment of laws and
regulations and standardization of wurban fringe land wuse. Effective urban-rural
communications and high standard of transparency and accountability should be established
for the efficient operation of planning control. Urban-rural cooperation and integrated
management may help promote regional development, achieve urban-rural equity and spatial

and overcome the problem of over exploitation of resources.

A unified, coherent, transparent and representative land administration should be established
to resolve the social conflicts. Otherwise, urban sprawl will not be curbed. To achieve a
compact pattern of urban development, a comprehensive urban fringe land statutory
framework has to be established. At the same time, the ability and accountability of the
government in the governance of urban fringe land use should be strengthened for effective

management of urban fringe land.

7.2Prospects

Taking Jiangning as research area, this study mainly discussed the spatial pattern, temporal
dynamic change, driving forces and impacts of urban sprawl. Some issues still need to be

discussed:

1) Quantitative study of urban sprawl goes into deep step by step, new technology and
methods continue to emerge. However, how to form an objective criterion which can be
universally accepted to evaluate reasonability of spatial pattern or spatial sprawl speed is an

important research project.

2) The development of space technology like remote sensing and GIS provides a more
effective and accurate means for investigating urban sprawl. How to combine these

technologies much better for study of urban sprawl is also a hot spot of research in the future.

3) How to restrain urban sprawl in urban fringe in China is a further research topic, especially

how to make a good land use policy to restrain this phenomenon is also very important.

101



References:

Adel, S. A., Feroz, K. [2010], A GIS based assessment of urban sprawl in North Khobar. In:
International Journal of Arab Culture, Management and Sustainable Development, 1(3), S.
254-275.

Adelmann, G.W. [1998], Reworking the landscape, Chicago style, In: The Hastings Centre Report,
28(6), 6-11.

Allen, J., Lu, K. [2003], Modeling and Prediction of Future Urban Growth in the Charleston
Region of South Carolina: a GIS-based Integrated Approach. In: Conservation
Ecology, 8(2), S.2.

Altshuler, A.A., Gomez-Ibanez, J. A. [1993], Regulation for Revenue: The Political Economy of Land
Use Exactions, In: Washington, DC: Brookings Institution.

Anna L.H. [2003], Defining and Characterizing Sprawl, In: The Land Use Tracker, 2(3).

Anne, J., Lucie, M., Michel, G. [2008], 4 hybrid object-based classification approach for
mapping urban sprawl in periurban environment, In: Landscape and Urban Planning,
84, S.152-165.

Anthony, J. [2004], Do state growth management regulations reduce sprawl?, In: URBAN
AFFAIRS REVIEW, 39(3), S.376-397.

Akademie fiir Raumforschung und Landesplanung, [1970], Handwdrterbuch der

Raumforschung und Raumordnung, In: Band 111, Gebriider Jarnecke Verlag, Hannover,
S.3974.

Akademie fiir Raumforschung und Landesplanung (ARL) and Schweizerische Vereinigung
fiir Landesplanung (VLP), [1999], Deutsch-Schweizerisches Handbuch de : Verlag der
Akademie fiir Raumforschung und Landesplanung, Hannover, S.241.

Barnes, K.B. et al.[2001], Sprawl development: its patterns, consequences, and
measurement, In: Towson University, Towson, S. 1-24.

Batty, M., Chin, N., Besussi, E. [2003], Traffic, Urban Growth and Suburban Sprawl” UCL
Centre For Advanced Spatial Analysis, Working Paper 70, Available at:
http://www.casa.ucl.ac.uk/working_papers/paper70.pdf

Bailey, T. J. [1999], Modelling the residential sub-market: Breaking the monocentric mould,
In: Urban Studies, 36(7), S.1119-1134.

Bekele, H. [2005], Urbanization and Urban sprawl, In: Master of Science Thesis No.294.

Berkley, A. [2005], A GIS Assessment of Urban Sprawl in Richmond, Virginia, In. MASTER
OF SCIENCE IN GEOGRAPHY.

Benfield, F., Raimi, M., Chen, D., [1999], Once There Were Greenfields, New York, NY:
Natural Resources Defense Council.

Bhatta, B. et al. [2010], Urban sprawl measurement from remote sensing data, In: Applied

102



Geography, 30, S.731-740.

Bhatta, B. [2010], Analysis of Urban Growth and Sprawl from Remote Sensing Data, In:
Springer-Verlag Berlin Heidelberg, S.20.

Brueckner, J. K. [2001a], Property Taxation and Urban Sprawl, In: Wallace E. Oates (ed.),
Property Taxation and Local Government Finance, Cambridge, MA: Lincoln Institute
of Land Policy, S.153-172.

Bruecker, J.K. [2000], Urban sprawl: Diagnosis and Remedies, In: International Regional
Science Review, 23(2), S.160-171.

Burgess, P., Thomas B. [1998], Public Policy and “Rural Sprawl”: Lessons from Northeast
Ohi", In: The Urban Center, Levin College of Urban Affairs, Cleveland State
University.

Burchell, R.W. et al. [1998], The Costs of Sprawl-Revisited, In: Washington, DC:
Transportation Research Board.

Burchell, R.W., Galley, C. [2003], Projecting incidence and costs of sprawl in the United
States, In: Transportation Research Record 1831, S.150-157.

Burchfield, M. et al. [2006], Causes of sprawl: A portrait from space. In: MIT Press Journals,
121(2), S.587-633.

Carruthers, J.I., Ulfarsson, G.F. [2002], Fragmentation and Sprawl: Evidence from
Interregional Analysis, In: Growth and Change, 33, S.312-340.

Centre for Watershed Protection, 1995, Site Planning for Urban Stream Protection.

Chin, N. [2002], Unearthing the Roots of Urban Sprawl: A Critical Analysis of Form,
Function and Methodology, In: Centre for Advanced Spatial Analysis, Working Paper
Series 47.

Chen, B.Q., Xu, H.Q. [2005], Urban expansion and its driving force analysis using remote
sensed data: A case of Xiamen City, In: Economic Geography, 25(1), S.79-83 (in
Chinese).

Chen, L.Q., Guo, D.Z., Hu, Z.L [2004], Research on spatial differentiation of urban growth
using multi-temporal landsat thematic mapper satellite remote sensing images, In:
Journal of China Coal Society, 29(3), S.308—312 (in Chinese).

Chen, J.H. [2009], Analysis of Causes of Urban Sprawl in China, In; MODERN ECONOMIC
RESEARCH, 4. S.76-79 (in Chinese).

Chen, X.J., Liu, Q.S., Zhang, H.Y. [2006], Quantitative Measurement of Spatial Pattern of
Non-agriculture Land in Urban Fringe, In: Geomatics and Information Science of
Wuhan University, 31(3), S.260-265(in Chinese).

Cheng, R., Lee, P. [2008], Urban Sprawl and Other Major Land Use Conversions in
Ontario’s Greenbelt From 1993 to 2007: A Change Analysis Project Using Satellite

103



Imagery, In: Report to the David Suzuki Foundation and the Greenbelt Foundation.
Edmonton, Alberta: Global Forest Watch Canada, S. 1-33.

Chiara, M.T., Roberto, C., Peter, N. [2010], Impacts of urban spraw!l and commuting: a
modelling study for Italy, In: Journal of Transport Geography, 18, S.382-392.

Clawson, M., Hall, P. [1973], Planning and Urban Growth: An Anglo American Comparison,
In: Johns Hopkins Press, Baltimore.

Couch, C, Karecha, J.] [2003], The Nature and Causes of Urban Sprawl, In: URBS
PANDENS, unpublished working paper.

Deal, B., Schunk, D. [2004], Spatial dynamic modelling and urban land use transformation: a
simulation approach to assessing the costs of urban sprawl, Ecol. Econ., 51 (1-2), S.

79-95.

Deng, F.F., Huang Y.Q. [2003], Uneven land reform and urban sprawl in China: the case of
Beijing, In: Progress in Planning, 61, S. 211-236.

Deng, X.Z., Zhan, J.Y., Chen, R. [2005], The Patterns and Driving Forces of Urban Sprawl in
China, In: IGARSS '05. Proceedings. 2005 IEEE International.

Dieleman, F., Wegener, M. [2004], Compact city and urban sprawl, In: Built Environment,
30(4), S.308-323.

Downs, A. [1994], New visions for metropolitan America, In: Washington, DC: Brookins
Institution and Lincoln Institute of Land Policy.

Dutton J.A. [2000], New American urbanism: re-forming the suburban metropolis, In: Milano,
Italy: Skira.

Duan, Z.G. [2006], Study on existing condition and control strategy of urban expansion in
China, In: CITIES, 1, S.59-61.

Duany, et al., [2000], Suburban Nation: The Rise of Sprawl and the Decline of the American
Dream, New York: North Point Press.

Elena, G.I., Nancy, E.B. [2007], The evolution of urban sprawl: Evidence of spatial
heterogeneity and increasing land fragmentation, In: PNAS, 104(52), S.20672-20677.

Emison, G.A. [2001], The Relationship of Sprawl and Ozone Air Quality in United States’
Metropolitan Areas, Regional Environmental Change, 2, S.118-127.

European Environment Agency, [2006], Urban sprawl in Europe-The ignored challenge,
http://www.eea.europa.eu/publications/eea_report 2006 10/eea_report 10 2006.pdf

Ewing, R. [1994], Characteristics, causes, and effects of sprawl: A literature review, In:
Environ Urban Issues, 21(2), S.1-15.

Ewing, R.[1997], Is Los Angeles-Style Sprawl Desirable?, In: Journal of the American
Planning Association, 63(1), S.107 — 126.

104



Ewing, R., et al. [2002], Measuring sprawl and its impact, In: Report of Smart Growth
America, S. 1-42.

Epstein, J. et al. [2002], Techniques for Mapping Suburban Sprawl, In: Photogrammetric
Engineering and Remote Sensing, 63(9), S.913-918.

Ermer, K. et al. [1994], Stadt und Umwelt. In: Buchwald, K.,Engelhardt, W. (Eds.), Band 12
des Handbuches ‘‘Umweltschutz — Grundlagenund Praxis", In: Economica Verlag,
Bonn, S.125.

Eryilmaz, S.S., Cengiz, H., Eryilmaz, Y. [2008], The Urban Spraw! Model for an Affected
Metropolis: Bursa— Istanbul Example, In: 44th ISOCARP Congress.

Fan, Z.J., Cheng, J.C., Li, Q. [1997], Study on urban growth by using RS and GIS analysis,
In: Remote sensing Information, (3), S.12-16 (in Chinese).

Feng, K. [2010], Research on the Measurement, Mechanism and Strategy of Urban Land
Sprawl by Using GIS Evidence from Hangzhou, In: Ph.D. dissertation, Zhejiang
University (in Chinese)

Frankel, A., Askenazi, M. [2008], Measuring Urban Sprawl: How Can We Deal With It?,
In: Environment and Planning B: Planning and Design, 35, S.56-79.

Frohn, R.C. [1998], remote sensing for landscape ecology: new metric indicators for
monitoring, modelling, and assessment of ecosystems, In: Lewis Publishers, S.10.

Fulton, W. et al. [2001], Who sprawls most? How growth patterns differ across U.S,
In: Washington, DC: Brookings Institution.

Furberg, D., Ban, Y. [2008], SATELLITE MONITORING OF URBAN SPRAWL AND
ASSESSING THE IMPACT OF LAND COVER CHANGES IN THE GREATER
TORONTO AREA, In: The International Archives of the Photogrammetry, Remote

Sensing and Spatial Information Sciences. Vol. XXXVII. Part BS.

Galster, G. et al. [2001], Wrestling Sprawl to the Ground: Defining and Measuring an Elusive
Concept, In: Housing Policy Debate, 12, S.681-717.

Glaeser, E.L., Kahn, M.E. [2003], Spraw!l and Uran Growth, In: Harvard Institute of
Economic Research, Harvard University Cambridge, Massachusetts.

Gottman, J. [1961], Megalopolis: The urbanized northeastern seaboard of the United States,
In: New York: Twentieth Century Fund, S.247-248.

Gillham, O. [2002], The Limitless City: A Primer on the Urban Sprawl Debate, In:
Washington, DC: Island Press.

Gordon, P., Richardson, H. [1997], Are Compact Cities a Desirable Planning Goal?, In:
Journal of the American Planning Association, 63(1), S.95-106.

Guenter Haag, [2002], Sprawling cities in Germany, In: Francoangeli, Milano, Italy.
105



Grubler A., [1994], Technology. In: William B. Meyer and B.L. Turner II (Editors), Changes
in Land Use and Land Cover: A Global Perspective. Cambridge University Press,
Cambridge, U.K.

Haasea, D., Nuiss, H. [2007], Does urban sprawl drive changes in the water balance and
policy?: The case of Leipzig (Germany) 1870-2003, Landscape and Urban Planning,
80(1-2), S.1-13.

Hasse, J.E., Menz, G., [2001], Land Resource Impact Indicators of Urban Sprawl, Applied
Geography, 23(2-3), 159-175.

Hasse, J.E. [2002], Geospatial Indices of Urban Sprawl in New Jersey, doctoral dissertation,
Rutgers University, New Brunswick, New Jersey.

Hasse, J.E., Lathrop, R.G. [2003], Land resources impact of urban sprawl, In: Applied
Geography, 23, S.159-175.

Harvey, R.O., Clark, W.A.V. [1965], The Nature and Economics of Urban Sprawl, In: Land
Economics, 41(1), S.1-9.

Henry, G.O., Diego, P., Matthew, A.T. [2001], Describing Urban Sprawl: Evidence from
remote-sensing imagery, In: Workshop on Macro and Micro Aspect of Economic
Geography.

Huang, J.N. et al. [2007], 4 global comparative analysis of urban form: Applying spatial

metrics and remote sensing, Landscape and Urban Planning, 82, S.184-197.

Iyer, N.K. et al. [2007], Economy, population and urban sprawl a comparative study of urban
agglomerations of Bangalore and Hyderabad, India using Remote Sensing and
GIS techniques, In: Paper to be presented at PRIPODE workshop on Urban Population,
Development and Environment Dynamics in Developing Countries, S.1-37.

Jaeger, J.A.G. et al. [2010], Urban permeation of landscapes and sprawl per capita: New
measures of urban sprawl, In: Ecological Indicators, 10(2), S. 427-441.

Jiang F. et al. [2007], Measuring urban sprawl in Beijing with geo-spatial indices, In: Journal
of Geographical Sciences, 17(4), S. 469-478.

Jiang X.L. [2009], Urban form for China's larger cities-the example of Beijing Municipality,
In: Master Thesis, Blekinge Institute of Technology.

Jat, M. K., Garg, P.K., Khare, D. [2008], Monitoring and modelling of urban sprawl using
remote sensing and GIS techniques, In: International Journal of Applied Earth
Observation and Geoinformation, 10, S.26-43.

Jaeger J.A.G. et al. [2010], Suitability criteria for measures of urban sprawl, In: Ecological
Indicators, 10, S.397-406.

James, D.H., et al. [2001], CHARACTERIZATION OF FOREST FRAGMENTATION AND

URBAN SPRAWL USING TIME SEQUENTIAL LANDSAT IMAGERY, In: ASPRS
2001 Annual Convention, St. Louis, MO, April 23-27.

106



Johnson, M.P. [2001], Environmental impacts of urban sprawl: a survey of the literature and
proposed research agenda, In: Environment and Planning A, 33, S.717-735.

Ju, J.S. [1998], A Primary Integration Matrices Approach to Sustainability orientated Land
Use Planning In China. Research Report No.20, In: Institute fiir Raumordnung und
Entwicklungsplanung der Universitét Stuttgart, S. 99-103.

Kahn, M. [1999], The environmental impact of urban sprawl, In: unpublished working paper;
copy available from M Kahn, Department of Economics, Columbia University, New
York

Knaap, G.J., Song, Y., Holler, E. [2004], Seeing the Elephant: Multidisciplinary Measures of
Urban Sprawl, In: Presented at the meetings of the Association of Collegiate Schools of
Planning, Portland, October.

Kolankiewicz, L., Beck, R. [2001], Weighing Sprawl! Factors in Large U.S. Cities,
Washington, DC: NumbersUSA.com

Koen, De.R. et al. [2008], Simulating the impact of urban sprawl on air quality and
population exposure in the German Ruhr area. Part I: Reproducing the base state, In:

Atmospheric Environment, 42, S.7059-7069.

Landscape Gesellschaft fiir Geo-Kommunikation, [2000-2002], Lexikon der
Geowissenschaften, In: Band 5. Spektrum Akademischer Verlag, Heidelberg, Berlin

Leser, H., Huber-Frohli, J. [1997], Diercke-Worterbuch allgemeine Geographie, In:
Westermann, Braunschweig, and Deutscher Taschenbuch Verlag, Miinchen, S.1037.

LeRoy, G. [2003], Subsidizing Sprawl, In: Multinational Monitor, S.9-12. LA Public
Library, Los Angeles, CA

Li, Q., Yang, K.Z. [2007], Urban Sprawl, In Beijing: Machinery Industry Press

Litman, T., Laube, F., [2002], Automobile Dependency and Economic Development, Victoria
Transport Policy Institute, Canada

Litman, T., [1997], Full Cost Accounting of Urban Transportation: Implications and Tools,
Cities, 14(3), 169-174.

Li, H.B., James, F.R. [1993], 4 new contagion index to quantify spatial patterns of
landscapes, In: Landscape Ecology, 8(3), S.155-162.

Li, B. [2008], Urban Sprawl Risk Assessment Based on Ecological Infrastructure: An
Approach to Smart Conservation, In: 44th ISOCARP Congress 2008.

Li, F.X.[2007], Geo-Informatic Tupu for Urban Expansion in Nanjing City, In:
Ph.D.dissertation (in Chinese)

Liu, S.H., Wu, C.J., Shen, H.Q. [2000], Beijing urban land growth pattern based on GIS
analysis, In: Acta Geographica Sinica, 55(4), S.407—416 (in Chinese)

107



Liu, S.H. [2002]. Spatial pattern and dynamic mechanism of urban land use growth, In:
Progress in Geography, 21(1), S.43-50 (in Chinese).

Liu, X.N., Xu, H.M., Huang, F. [2002], Study on Graphic Information Characteristics of
Land Use Spatial Pattern and Its Change, In: SCIENTIA GEOGRAPHICA SINICA,
22(1), S.79-84(in Chinese)

Livingston, A., Ridlington, E., Baker, M. [2003], The Costs of Sprawl: Fiscal, Environmental,
and Quality of Life Impacts of Low-Density Development in the Denver Region,
Environment Colorado Research and Policy Centre.

Lopez, R., Hynes H.P. [2003], Spraw! in the 1990s: Measurement, distribution and trends,
In: Urban Affairs Review, 38: S.325-355.

Lo, C.P. [1980], Changes in the shapes of Chinese Cities, 1934-1974, In: The Professional
Geographer, 32(2), S.173-183.

Lu, H.J., Chen,Y.C. [2000], Description of the Natural Condition in Jiangning County
Related to Water Aspect, In: Sustainable Development by Integrated Land use
Planning---3rd SILUP Project Seminar

Ma, R.H. et al. [2008], Mining the Urban Sprawl Pattern: A Case Study on Sunan, China,
Sensors, 8, S.6371-6395.

Martinuzzi P. et al. [2007], Land development, land use, and urban sprawl in Puerto Rico

integrating remote sensing and population census data, In: Landscape and Urban
Planning, 79, S.288-297.

Malpezzi, S., Guo, W.K. [2001], Measuring Sprawl: Alternative Measures of Urban Form
In U.S. Metropolitan Areas, In: the Center for Urban Land Economics Research,
University of Wisconsin, Madison, WI.

McMahan, J.B., Keith, T.W., Joel, D.S. [2002], Using Remote Sensed Data in Urban Sprawl
and Green Space Analyses, In: Intermountain Journal of Sciences, 8(1), S.30-37.

Mckee, D.L., Smith, G.H., [1972], Environmental Diseconomies in Suburban Expansion,
American Journal of Economics and Sociology, 31(2), 181-188.

McGuire, T.J., Sjoquist, D.L., [2002], Urban Sprawl and the Finances of State and Local
Governments, http://www.impactfees.com/publications%20pdf/urban_sprawl.pdf

Mills, D.E. [1981], Growth, speculation and sprawl in monocentric city, In: Journal of Urban
Economics, 10(2), S.201-226.

Miriam, H.R., Albert, S.O. [2010], Does Urban Sprawl Increase the Costs of Providing Local
Public Services? Evidence from Spanish Municipalities, In: Urban Studies, 47(7),
S.1513-1540.

Nanjing Municipal Statistic Bureau, [2002], Statistical Yearbook of Nanjing, In: Chinese
Statistics Press, Beijing (in Chinese).

108



Newman, P., Kenworthy, J., [1998], Sustainability and Cities: Overcoming Automobile
Dependency, Island Press (www.islandpress.org).

Nelson, A.C., Duncan J. B. [1995], Growth Management Principles and Practices, In:
Chicago, IL, American Planning Association.

OECD, [1993], OECD core set of indicators for environmental performance reviews, In:
OECD Environment Monographs No. 83, Paris.

Olson, R.L. [1996], Mobility for the 21st Century, A Blueprint for the Future, In: prepared for
the American Public Transit Association by the American Public Transit Association's
Mobility for the 21st Century Task Force, Institute for Alternative Futures, United
States, http://www.landcentre.ca/lcframedoc.cfm?ID=554

O’Neill, R.V. et al. [1988], Indices of landscape pattern, In: Landscape Ecology, 1, S.153-162.

Ottensmann, J.R. [1977], Urban Sprawl, Land Values and the Density of Development, In:
Land Economics, 53(4), S. 389-400.

Paul C.S. [2003], 4 scale-adjusted measure of “Urban Sprawl” using nighttime satellite
imagery, Remote Sensing of Environment, 86, S.353-369.

Pathan, S.K., Jothimani, P. [1985], Mapping and monitoring of urban sprawl using Landsat
MSS data: case studies of three major cities of saurashtra region, Gujarat, In:
Proceeding of ISRS symposium on remote sensing for planning and environmental
aspects of urban and rural settlements, INCOR, Visakhapatnam, India.

Peiser, R.B. [1989], Density and Urban Sprawl, In: Land Economics, 65(3), S.193-203.

Peiser, R.B. [2001], Decomposing Urban Sprawl, In: Town Planning Review, 72(3),
S. 275-298.

Qi, L., Lu, B. [2008], Urban sprawl: A case study of Shenzhen, China, In: 44th ISOCARP
Congress.

Qin, Z.F. [2008], Study on existing condition and control strategy of urban expansion in
China, In: Master thesis (in Chinese), S.42-51.

Razin, E., Rosentraub, M. [2000], Are Fragmentation And Sprawl Interlinked? North
American Evidence, In: Urban Affairs Review, 35(6), S. 821-836.

Real Estate Research Corporation, [1974], The Costs of Sprawl: Environmental and
Economic Costs of Alternative Residential Development Patterns at the Urban Fringe,

In: Washington, D.C.: U.S., Government Printing Office.

Research report of SILUP No.23, [2002], In: Institute of regional development planning,
university of Stuttgart.

Smart Growth America, [2002], In: http://www.smartgrowthamerica.org/research

Sun, H., et al. [2007], Modelling Urban Land Use Change and Urban Sprawl: Calgary,
109



Alberta, Canada, In: Netw Spat Econ7, S.353-376.

Sun, Q., Cai, Y.L. [2008], Environmental Impact Modeling of Urban Sprawl in Beijing, P.R.
China, In: Journal of Chongqing Jianzhu University, 30(5), S.123-129 (in Chinese).

Sudhira, H.S. et al. [2004], urban sprawl: metrics, dynamics and modeling using GIS,
In: International Journal of Applied Earth Observation and Geoinformation, 5,
S.29-39.

Sudhira, H.S., Ramachandra, T.V. [2007], Characterising Urban Sprawl from Remote
Sensing Data and using Landscape Metrics, In: 10th International Conference on
Computers in Urban Planning and Urban Management, Iguassu Falls, PR, Brazil

Sierra Club, [1998], Sierra Club sprawl report, http://www .sierraclub.org.

Sierra Club, [1999], The dark side of the American Dream: The costs and consequences of
suburban sprawl, In: San Francisco, CA, http://www.sierraclub.org.

Sierra Club, [2000], Sprawl Costs Us All: How Your Taxes Fuel Suburban Sprawl, In: San
Francisco: Sierra Club

Siedentop, S., Fina, S. [2010], Monitoring Urban Sprawl in Germany. Towards a GIS-based
Measurement and Assessment Approach", In: Journal of Land Use Science, 5(2),
S.73-104.

Siedentop, S. [2008], Preserving transport-efficient land use in shrinking cities, Paper
presented at the 4th International Symposium "Networks for Mobility 2008", Stuttgart,
25-26 September 2008.

Sjoquist, D.J. [2003], State and local finances under pressure, In:Great Britain by MPG
Books Ltd, Bodmin, Cornwall, S.306.

Squires, G.D. [2002], Urban Sprawl and the Uneven Development of Metropolitan America,
In: Washington DC: The Urban Institute Press, S. 1-22.

Schneider, A., Woodcock, C.E. [2008], Compact, Dispersed, Fragmented, Extensive? A
Comparison of Urban Growth in Twenty-five Global Cities using Remotely Sensed
Data, Pattern Metrics and Census Information, Urban Studies, 45, S.659-692.

Shlomo, A., et al., [2007], URBAN SPRAWL METRICS: AN ANALYSIS OF GLOBAL URBAN
EXPANSION USING GIS, In: ASPRS 2007 Annual Conference Tampa, Florida.

Sustainable Development by Integrated Land use Planning Research Report No.23, [2002], In:
Institute of regional development planning, University of Stuttgart.

Tang, Y.B. [1992], Role of property taxation in restructuring socialist economic: The case of
China, In: Property Tax Journal, 11(2), S.223-239.

Tamilenthi S. et al. [2011], Dynamics of urban sprawl, changing direction and mapping:
A case study of Salem city, Tamilnadu, India, Archives of Applied Science Research,
3(1), S.277-286.

110



Terzi, F., Kaya, H.S. [2008], Analyzing urban sprawl patterns though fractal geometry: the
case of Istanbul metropolitan area, In: WORKING PAPERS SERIES Paper 144, S.1-
23.

Torrens, P.M., Marina, A., [2000], Measuring Sprawl, Centre for Advanced Spatial Analysis,
Working Paper Series. London, UK: Paper 27.

Tsai, Y.H. [2005], Quantifying Urban Form: Compactness versus Sprawl., In: Urban Studies,
42,S.141-161.

Transportation Research Board, [2002], Costs of Spraw! 2000, In: Transit Cooperative
Research Program Report 74, National Academy Press, Washington, DC, S. 88.

Turner, M.G. [1989], Landscape ecology: the effect of pattern on process, In: Annual Review
of Ecology and Systematics, 20, S.171-197.

Turner, M.G., Gardner, R. H., O'Neill, R.V. [2001], Landscape Ecology in Theory and
Practice, In: Springer-Verlag, New York, NY, USA.

Ujoh, F., Kwabe, 1.D., Ifatimehin, O.O. [2010], Understanding urban sprawl in the Federal
Capital City, Abuja: Towards sustainable urbanization in Nigeria, In: Journal of
Geography and Regional Planning, 3(5), S.106-113.

USA Today, [2001], A Comprehensive Look at Sprawl in America,
http://www.usatoday.com/news/sprawl/ main.htm

USHUD, [1999], The state of the cities 1999: Third annual report, In: US Department of
Housing and Urban Development, Washington, DC

Veronika, P.Z. [2007], Urban Sprawl in China Land Use Change at the Transition from
Village to Town, In: Holcim Forum 2007.

Verzosa, L.C.0O., Gonzalez R.M. [2010], REMOTE SENSING, GEOGRAPHIC
INFORMATION SYSTEMS AND SHANNON'’S ENTROPY: MEASURING URBAN
SPRAWL IN A MOUNTAINOUS ENVIRONMENT, In: ISPRS TC VII Symposium—100
Years ISPRS, Vienna, Austria, Vol. XXXVIII, Part 7A.

Wang, 2.Y., Gao, H.Y. [2005], An Important Problem: Urban Sprawl, In: JOURNAL OF
NORTHEASTERN UNIVERSITY (SOCIAL SCIENCE), 7(6), S.391-394.

Wassmer, R.W. [2005], Causes of Urban Sprawl (Decentralization) in the United States:
Natural Evolution, Flight from Blight, and the Fiscalization of Land Use, In: Working
Paper, S.1-34.

Wei, J. [2008], LANDSCAPE EFFECTS OF URBAN SPRAWL: SPATIAL AND TEMPORAL
ANALYSES USING REMOTE SENSING IMAGES AND LANDSCAPE METRICS, In:
The International Archives of the Photogrammetry, Remote Sensing and Spatial
Information Sciences. Vol. XXXVII. Part B7.

Wei, S.J. [2001], Influence and countermeasure on Nanjing secondary industry along with
joining WTO, In: Science, Technology and Economy, 5, S.25-28 (in Chinese).

111



Weith, T. [2008], Cooperation between federal states in land use management — a successful
[framework for sustainable metropolitan development in Germany? In: Paper fiir den
ISOCARP-Congress 2008 “Urban Growth without Sprawl: A way Towards Sustainable
Urbanization” in Dalian (China)

Weber, J., Sultana, S. [2005], The Impact of Urban Sprawl on Commuting Behavior, In: The
Annual Meeting of the Association of American Geographers in Denver, CO.

Webster, D. [2002], On the Edge: Shaping the Future of Peri-urban East Asia, In:
Shorenstein APARC Publications, May 2002, Stanford, USA

Wolman, H., et al. [2005], The Fundamental Challenge in Measuring Sprawl: Which Land
Should Be Considered?, In: The Professional Geographer, 57(1), S.94—105.

Yao, X. [2004], Governance mechanisms of urban fringe land use in China: a case study of
Nanjing, In: Ph.D. dissertation, http://hdl.handle.net/10722/31936.

Yang, Y.B., Jiang, N., Su, W.Z. [2005], Dynamics of landscape ecology in Nanjing city
revealed by RS and GIS, Resources and Environment in the Yangtze Basin, 14(1),
S.34-39 (in Chinese).

Yeh, A.G.O., Li, X. [2001], Measurement and monitoring of urban sprawl in a rapidly
rowing region using entropy, In: Photogrammetric Engineering and Remote Sensing,
67, S. 83-90.

Yu, X.J., Ng, C.N. [2007], Spatial and temporal dynamics of urban sprawl next term along
two previous term urban next term—rural transects: A case study of Guangzhou, China,
In: Landscape and Urban Planning, 79, S.96-109.

Zhang, X.Q. [1997], Urban land reform in China, In: Land Use Policy, 14(3), S.187-199.

Zhang, X. et al. [2008], Measurement and Pattern Analysis of Urban Sprawl Using Remote
Sensing and GIS-A Case Study of Wujiang, China(1978-2004), In: International
Workshop on Earth Observation and Remote Sensing Applications.

Zhang, T.W. [2000], Urban Spraw! in China: Land Market Force and Government’s Role,
In: CITIES: THE INTERNATIONAL JOURNAL OF URBAN PLANNING AND
STUDIES, 17(1), S. 123-135.

Zhang, T.W. [2001], Community features and urban sprawl: the case of the Chicago
metropolitan region, In: Land Use Policy, 18(3), S. 221-232.

Zhang, L.Q., Wu, J.P., Zhen, Y. [2004]. 4 GIS-based gradient analysis of the urban
landscape pattern of Shanghai Metropolitan Region, In: Acta Phytoecologica Sinica,
28(1), S.78-85 (in Chinese).

Zhou, Y., Meng, C.[1998]. The tendency of suburbanization of big cities in China. In: Urban
Planning Forum 3, S.22-27(in Chinese ).

Zhu, N., Wang, J.D. [2005], Spatial configuration change of urban growth in Hangzhou,
112



Zhejiang Economy, (16), S.59 (in Chinese).
Zhu, Z.G., Xu, G., Yao, S.M. [2003], Analysis on the urbanization process in the fringe of the

Metropolis---A case study on Jiangning District of Nanjing, In: Geography and Geo-
Information Science, 19(3), 76-79 (in Chinese).

113



Appendix A: The definition of urban sprawl

Definition

Source

-Sprawl “on the one hand, the spilling over of urban-
type buildings into the suburban and agrarian areas,
and on the other hand, the disorganized growth of
sporadic beginnings of settlements in agrarian regions
separate farms, houses of farm workers, secondary
occupation settlement as well as in early industrialized
or commercially permeated areas where ironworks,
foundries and mines served as starting points of such
sprawling. In addition, the term is also applied to the
unsystematic positioning of houses and groups of
houses that are only temporarily occupied outside of
closed settlement areas.”

-Compact growth around a number of smaller centres
which are located at a distance from the main urban
core is also classified as sprawl

-Urban sprawl as “the scattering of new
developments on isolated tracts, separated from other
areas by vacant land.”

-Sprawl is continuous low-density development of
urban fringe, low-density development along main
high-way of suburban

-Sprawl “process of the spilling-over of  settlement
areas and excessive use of open landscape by
unsystematic, mostly weakly condensed extensions of
settlement areas in the fringes of urban
agglomerations.”

-A working definition of urban sprawl “...unplanned,
uncontrolled, and uncoordinated single use
development that does not provide for a functional mix
of uses and or is not functionally related to surrounding
land uses and which variously appears as low-density,
ribbon or strip, scattered, leapfrog, or isolated
development.

-Urban sprawl characterized as “leapfrog land use
patterns, strip commercial development along
highways, and very low-density single-use
developments —as well as by such indicators as poor
accessibility of related land uses, and lack of functional
open space.”

-Sprawl: “the unchecked growth of settlements, taking
effect in the area. The danger of sprawl in a landscape
is particularly high in the fringe of the larges cities, not
only through expansive residential building activities,
but also through economic institutions that are
expensive in areas. In recent time, sprawl particularly
threatens attractive nearby recreational areas through
increased building of weekend house.”

-Sprawl defined as expanding physical development, at
decreasing densities, in metropolitan regions, where the

Akademie fiir Raumforschung und
Landesplanung (1970)

Clawson and Hall (1973)

Ottensmann (1977)

Altshuler and Gomez-
Ibanez (1993)

Ermer et al. (1994)

Nelson and Duncan (1995)

Ewing (1997)

Leser and Hubel-Frohli (1997)

Burgess and Thomas (1998)
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spatial growth exceeds population growth.

-Sprawl: “low-density development beyond the edge of
service and employment, which separates where people
live from where they stop, work, recreate and educate-
thus requiring cars to move between zones.”

-Sprawl: “a particular type of suburban development
characterised by low-density settlements, both
residential and non-residential; dominance of
movement by use of private automobiles, unlimited
outward expansion of new subdivisions and leapfrog
development of these subdivisions; and segregation of
land used by activity.”

-Sprawl is to be understood as the disturbance or
destruction of the landscape and of ecosystems by
spill-over development of settlements outside of closed
built-up areas.”

-Sprawl, is an unplanned, unsystematic, area-intensive
outward growth mainly of city-type settlements into the
rural space and is a consequence of progressive
urbanization. The wish fir living in green places, for
weekend house, quickly accessible shopping centres,
cheap industrial areas, and transpiration infrastructure
occupies much space, and if there are no conditions
posed by regional planning and environmental
protection, then construction will happen at places
where it is cheapest. In this way, open spaces,
recreational areas, and ecological compensation areas
are lost, become dissected or downsized and lost their
ecological and socio-economic functions.”

-“Urban sprawl results from  poorly planned, large
scale new residential, commercial and industrial
developments in areas previously not used for urban
purposes.”

-Sprawl defined as land resources and measured it as
the ratio of growth in land consumption to growth in
population of the metropolitan area.

-Sprawl is used variously to mean the gluttonous use of
land, uninterrupted monotonous development, leapfrog
discontinuous development and inefficient use of land.

-Sprawl is a pattern of land use in an urbanised area
that exhibits low levels of some combination of eight
distinct dimensions: density, continuity, concentration,
clustering, centrality, nuclearity, mixed used and
proximity.

-Sprawl is the straggling expansion of an indeterminate
urban or industrial environment into an adjoining
countryside; the area of this advancement

-Urban sprawl is defined as” peripheral growth that
expands in an unlimited and non-contiguous way
outward from the solid built-up core of a metropolitan
area”

Sierra Club (1999)

USHUD (1999)

ARL & VLP(1999)

Landscape Gesellschaft fiir
Geo-Kommunikation
(2000-2002)

Zhang (2001)

Fulton et al. (2001)

Peiser (2001)

Glaster et al. (2001)

The Oxford English
Dictionary (2001)

Transportation Research
Board (2002)
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Appendix B: The indicators of urban sprawl

Sprawl indicators Source
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Appendix C: The causes of urban sprawl

Causes of urban sprawl Source
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Appendix D: The costs of urban sprawl

Costs of urban sprawl Source




125



