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Abstract

Cartesian coordinate system helps to look insight of the geometric relationship between scattered data, we
proposed a new reference by which the spatial data is rearranged and presented according to their evolution
in time from the underling mechanistic process, that allows the spatial pattern in the next time is predicable
along the evolution perspective based on the observed data in the present time. We test the novel approach
by reconstructing a cities evolution tree and the tree is later used to analyze the impact of urbanization on
land occupation. Cities are clustered by their functions and development stages, which is illustrated by a
cluster tree, a dynamic tree that depicts the evolution of cities. The evolution tree in one year is used to
predict the state of a city in a future time period. Another application of the evolution tree is to predict
urban-type relevant phenomena, such as urban occupation. It is found that comprehensive cities, business
cities, and manufacturing cities have higher urban expansion rates than tourist cities, with a few exceptions
that focus on both industry and tourism. Meanwhile, the speed and extent of city land growth are dominated
by industrialization stages and economic patterns, as well as leap-development. The methodology presented
in this study is especially suitable for identifying transition paths of a stochastic process in a complex dataset

of 253 cities in China.

Keywords Economic Type; Development Stage; Cluster Tree; Markov Chain; Land Growth

Land is the interface between population and environment (Chen ef al., 2007), and cities are the very places
where land use changes most rapidly (Guy and Henneberry, 2000). Human activities prompt land-use change.
Land use refines the population distribution and economic activities, and impacts the physical environment
of cities. As a primary source of soil degradation (Tolba et al., 1992), land-use changes affect biodiversity
(Tolba et al.,, 1992; Sala et al., 2000), lead to local and regional climate change (Chase et al., 1999), and
exert enormous overall socioeconomic impacts (Wicke, 2006). Although exogenous, land-use changes are
ecosystem responses to urbanization across climatic and societal gradients (Grimml et al., 2008). The
exponential increase in urbanization has not only brought fundamental change in the industrial structure,
employment structure, and consumption pattern, but also promoted transformation from agricultural
economies to urban economies (Krugman, 1991). These transformations have fueled significant changes to

the size of urban areas.



To achieve “environmentally non-degrading, technologically appropriate, economically viable and
socially acceptable” (FAO Fisheries Department 1997) objectives, a series of interdisciplinary /
multidisciplinary research projects have been conducted in the fields of LUCC (land-use and land-cover
change) and environmental sciences. Urbanization has been the most important determinant of land
occupation in the last decades (Liu ef al., 2005). The existing studies on this topic focus on two aspects:
identifying driving forces of land occupation and developing theory and models. T he following factors have
been recognized as determinants of land occupation: physical geography (Chen et al., 2007), population (Xie
et al.,2007), and income (Deng et al., 2008), along with other population variables, values of agricultural
land, and transportation costs. As for theory and modeling, earlier studies have focused on quantitative and
aggregate measurements and adopted mainly spatial metrics and urban models; the recent core-periphery
model (Krugman, 1991; Fujita ez al., 1999) treats the geographic agglomeration of regions as a result of
economic returns. Another major issue is statistical estimation in quantifying spatiotemporal development.
Non-parametric methods (Capilla, 2008) such as local polynomial kernel regression and wavelet threshold
have been developed to analyze trends and effects in urban areas, and there has also been an investigation of
Bayesian maximum entropy (Christakos, 2005; Lee, 2008; Choi, 2008) in processing both continuous and
categorical variables. Most of the models originate from the IPAT equation (Ehrlich and Holdren, 1971),
which models a linear relationship between land use and income, population, agricultural land values, and
transportation costs.

In this study, we developed a novel framework to investigate urbanization and land occupation. Land
occupation is suspected to be related with the city type and developmental stage, so the cities are clustered
according to their function and stage, called state, and illustrated in a tree-like evolution structure. The
suspected association between city state and land occupation was confirmed by a correlation test in the
framework of the city evolution tree.

The remainder of the paper is organized into five sections. We first introduce our data and methodology.
This is then followed by a description of how to build the city evolution tree. Two applications of the
evolution tree to predicting city evolution and interpreting urban land occupation are presented in two
separate sections. We conclude the paper with a summary of our main findings and a discussion of future

research directions.

Data and methodology

Systematic studies of the determinants of urbanization have rarely been done in developing countries due to
data limitations. Large, nationwide, econometric studies using high quality data are rare or expensive (Deng
2008). The latest exhaustive surveys of the whole of China were in 1990 and 2000 and the next one is
scheduled in 2010. In this study, a database composed of 253 cities has been built based on the Chinese
Statistical Yearbooks for 1990 and 2000, the national population census 2000, and the China Development
Zones Yearbook 2003. The observations for cluster analysis are 16 industries specified by the 2000 national
population census, namely, “Farming, forestry, Animal Husbandry and Fishery”, “Mining and Quarrying”,

“Manufacturing”, “Production and Supply of Electric Power, Gas and Water”,” Construction”, “Geological

Prospecting and Water”, “Transport, Storage, Post and Telecommunications”,” Wholesale and Retail Trade &
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Catering Services”, “Banking and Insurance”, “Real Estate”, “Social Services”, “Health Care, Sporting and
Social Welfare”, “Education, Culture and Arts, Radio, Film and TV”, “Scientific Research and Polytechnical
Services”, “Governments, Parties and Social Organization”, and ““ Others”.

The land use database was obtained from the Chinese Academy of Sciences. The data are from satellite
remote sensing data provided by the US Landsat TM images with a spatial resolution of 30 by 30 meters.
The database includes time-series data for 1990 and 2000. The data is stored in a GIS map at a 1:100,000
scale.

Figure 1 illustrates the methodology of the study. The 253 cities are categorized into 8 functional groups
using a clustering algorithm and each of the groups is divided into six stages according to economic level.
The hierarchical clusters are displayed as an evolution tree. The tree-like structure maps the functions and
stages of the cities on 8 branches representing urban types. T he leaves stand for cities, and the position and
shade of the leaves denote the economic developmental stage. The tree grows over time with the dynamics
of'the cities (see Fig. 2 and detail in the next section). The evolution tree of cities can be used for predicting
and interpreting urban state-related phenomena, such as the evolution of a city, interpretation of urban sprawl,
and a city’s disease spectrum. A Markov chain is constructed by comparing the two evolution trees for 1990
and 2000 and then used to test the prediction of city stages in 2000 using the 1990 evolution tree.
Furthermore, a correlation analysis between the land occupation and the city states in the framework of the
city evolution tree found that land expansion was highly associated with the developmental stages and with

functions of cities.

Fig.1 here

Evolution tree of cities

As urbanization and growth proceed, both the absolute sizes and number of cities are unprecedented. Metro
areas are expanding and satellite centers are springing up in the pursuit of economic development and the
improvement of living conditions. The process of economic growth is very imbalanced in scale and pace
between regions and presents a very diverse, complicated picture. In the following section we will examine
the states of 253 Chinese cities during 1990 and 2000, aiming to explore characteristics of land change in

different phases of urbanization and economic transformation.

Economic stage of cities

Referring to the structural change model (Chenery, 1979) and Northam Curve (Northam, 1979), we
adopted such indicators as GDP per capita, industrial structure, employment structure, and urbanization
degree to analyze structural change at different stages of economic development and urbanization. A

classification algorithm to the four indicators results in the six stages of evolution, summarized in Table 1.

Tab. I here

Table 1 shows that GDP per capita is highly associated with the composition of the industrial and
3



employment structures and the urbanization level The latter is measured by the percentage of non-farm
population in cities. Furthermore, according to the composition features, we propose six city stages in the
last column of Table 1. Table 1 illustrates the following points: (1) tertiary industry develops rapidly from
elementary stages to the middle stage of industrialization, but slows down from middle stage to first stage of
an advanced economy; (2) employment structure maintains steady, fast growth at both the middle stage and
maturity stage; (3) and unlike traditional industrial structures in other countries, China has exhibited a unique
development pattem. High priority was given to the development of heavy industry for a long time, but
secondary and tertiary industries have been delayed. As a result, unbalanced development and serious
polarization have hindered economic growth and impaired the function of cities. This implies that the pattern
and extent of urbanization can be quantified in different economic stages by measuring GDP per capita,

industrial and employment structure, and urbanization degree.

Function types of cities
Sixteen sectors and eight factors from government statistics that are connected to or overlap with one
another were checked with a multi-linearity test and categorized into ten subsets: “Mining and Quarrying”,

LR INT3

“Manufacturing”, “Production and Supply of Electric Power, Gas and Water”, “Construction”, “Geological
Prospecting”, “Transport, Storage, Post and Telecommunications”, “Business”, “Governments, Parties and
Social Organization”, “Weight of Mining and Quarrying”, and “Functional Index Of Tourism”. Cities are
hierarchically clustered by three standards. The first criterion is to choose results with high pseudo F values,
a small number of clusters, and small pseudo t* values, then classify the observations into a finite number of
groups, i.e., 5, 8,10, 12, and 14. Second, larger R? values and a smaller number of groups is preferable, thus
observations are placed into 8,9, 10, 11, and 12 groups. Third is a cubic clustering criterion (Milligan et a/
1985) recommended by SAS, the result of which is 8, 9, 10, 11, 12, and 13 groups. Clustering algorithms in
accordance with the three criteria yield three groupings. Intersections of the three criteria are 8, 10, and 12
groups. Apart from general indicators, cities that belong to the same category and grow at similar
exponential rates at similar economic development stages should have small standard deviations. Having
compared the standard deviation of cities based on 8-, 10-, and 12-group methods, it was found that the
8-group method had the smallest standard deviation and is the optimum size for city classification.
Considering its limitations, conventional cluster analysis is supplemented with the Nelson Classification
method to identify the prominent function of city groups. Nelson Classification uses the arithmetical mean
and standard deviation of employees to determine the superiority functions of the cities. The prominent
functions of a city are identified as being at least one standard deviation above the average, while the
function intensity can be measured by the number of standard deviations above average. Table 2 lists the
arithmetical mean and standard deviation of every industry of every type. Nelson Classification, however, is
insufficient for discriminating the average function of city groups. To supplement its weakness, the weight
ratio of employees is introduced as an indicator to assess the function of industries. Based on the results of
the K-means partition and city function estimated by Nelson classification, the 253 cities are divided into
eight categories (Table 2): 1. small comprehensive cities without prominent industries; II. comprehensive
cities with advantages in transportation, construction, electric power, gas, and water; III. mining cities; I'V.
middle-size cities with advantages in business; V. comprehensive cities with advantages in administration;
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VL. tourism cities with advantages in business; VII commercial cities with advantages in manufacturing; and

VIII. manufacturing cities.

Tab. 2 here

City evolution tree

We developed a highly specialized evolution tree to display the above clustering of function types and
development stages of the 253 cities (Fig. 2), where the synthesis stage is derived from GDP per capita,
industrial structure, employment structure, and urbanization degree. A label attached on every leaf represents
city name and city classification code. Roman numerals in the stem (Fig. 2) are urban function types (T able
1). Generally, a higher position on the branch indicates a more advanced economic development stage.
Moreover, cities in branches and stems are arranged in accordance with GDP per capita. As GDP per capita

increases, cities will progress: the closer to stem, the higher GDP, and vice versa.

Fig. 2 here

The evolution tree provides a new coordinate system to display a tree structure of the urban system
from the systematic evolution perspective. Various cities may seem to develop in a complicated, nonlinear,
random way (Harte, 2006) but are actually connected and evolve quite regularly when viewed on the
evolution tree. Each city in the evolution tree undergoes development along the distinct path of its type. As
the tree grows, leaves move onward to the next position, and some may jump from one branch to another. In
the novel coordinate system of the evolution tree, the future of a city is highly predictable.

There are many issues in population and environment that are related to city state evolution: pollution
composition (Cole, 2005), disease spectrum (Mead and Brajer, 2005) and care systems, migration patterns
(Neil et al., 2005; Gutman et al., 2006), and urban spawn, to name a few. These issues should be investigated

from this new perspective.

Application I: prediction of city evolution

A difference between the two evolution trees of the 253 cities discloses a switch of city states (types and
stages) from 1990 to 2000. The results are partly listed in Table 3 and expressed by the Markov chain in
Figure 3.

Tab. 3 here
Fig. 3 here

Explanation of variables in Figure 3:

e  Bracket: (number of cities in which stages transform, average city expansion rate)

e  Roman numerals in the squares: urban function type (Table 2). That is: I = Small comprehensive cities
without prominent industries; Il = Comprehensive cities advantageous in the Transport, Construction,
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Electric Power, Gas and Water; Il = Mining cities; [V = Middle-size cities advantageous in business; V
= Comprehensive cities advantageous in administration; VI = Tourism cities advantageous in business;
VII = Commercial City advantageous in manufacturing; VIII = Manufacturing cities

e  Arabic numerals in circles: economic stages, as Table 1.

e  Arrows begin at economic stages at 1990 and points to economic stages at 2000

e Dashed line “a” represents examples of regime switches and the dynamics of city evolution. It
represents the switch from type I to type IV. Both types belong to comprehensive cities; the only
difference lies in the intensity of function. As cities grow, small-sized comprehensive cities without a
dominant function will gradually developed into middle-sized comprehensive cities.

e Dashed lines “b” and “c”: when mining cities age, they will transform, either changing from chemical
industry cities to manufacturing cities or from communicative cities into business cities.

e Dashed line “d”: transformation from tourist cities into business cities.

The evolution tree of cities in 1990 (Fig. 2) is used to predict the direction and path of the evolution of
cities along the branches. Most of the cities will go forward, although a few may go backwards or be stalled.
The expectation is approximately confirmed by the Markov chain in Figure 3 and Table 3. For example,
Beijing advanced from stage 4 in 1991 to stage 5 in 2000, and a few cities jumped from one type (branch)

onto another (a, b, ¢, d in Fig. 3, for example).

Application II: understanding land occupation growth

Although there is no shortage of documentation on the process of land use transformation as a consequence
of economic growth and urbanization (Healey et al., 1990, 1991; Heilig, 1994, Guy and Henneberry, 2000),
the evolution tree developed in this study implicates the rules underlying urban land utilization and causes of
land expansion.

The expansion of cities is an endogenous growth along with urbanization and industrialization, and
demonstrates different features in different development phases. City expansion is controlled by a balance
between two forces (Krugman, 1991; Wang, 1993):

P,—P,>2c

where o is force that attracts inward resources, P, corresponds to an outward pushing force, and P, is

inward resistant power. In more detail, (i) manufacturing cities and business cities develop at a faster pace at
elementary stages, and constantly make breakthroughs when the balance is broken by interior pressure and
exterior concussion. As long as exterior factors (government policies) are permitted, these cities expand
rapidly even in higher stages of economic development; (ii) cities with a weak administration function
indicate a small outward pushing force P,; (iii) single-function cities such as tourism cities are fairly
insensitive to the economy stages and maintain low expansion rates even in the advanced economic stage;
(iv) land in mining cities does not change according to economic development, but is restricted by the
natural resources (e.g., recoverable reserves of coal). As a result, the dominant industry of mining cities is
considered to experience the process of “prime development, maturity, and decline”. To solve this problem,

mining cities usually support the second dominant industry when the dominant industry declines.
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The density and complexity in metropolitan areas are measured with remote sensing data, while land
area change is computed by an index (Liu et al., 2002). Figure 4 maps the land expansion rate observed. The

sporadically dispersed spots are the 253 cities, while the grey scale represents the expansion rate.

Fig. 4 Here

The statistical results have confirmed the impact of urban state on land changes. The urban expansion
rates of the different city types are listed in Table 4. There is a large gap in land expansion patterns between
highly urbanized cities and less urbanized cities. There are also large differences with respect to land

expansion rates among different urban types.

Tab. 4 here

Explanation of variables in Table 4:

e  “Expansion Rate” = (area in 2000 —area in 1990) / area in 1990;

e  “Subset Code”: the three digit code is (type code, phrase 1990, phrase 2000). The 253 cities are
categorized into 60 subsets, which are counted as “Number of cities”.

) min”, “max”, “average” and “Std”: minimum, maximum, average and standard deviation values of

city expansion, respectively.

Shenzhen, Beijing, and Shanghai are shaded dark grey because they have undergone economic growth
of unprecedented scale and speed. T here is a positive correlation between land expansion, city function, and
economic phases (Table 5a; explanation of parameters in Table 5b). T he correlation between city expansion
rate and city type is 0.4 and the significance level is below 0.01. Except at certain phases of economic
development, tourist cities, commercial city, and manufacturing cities display high variation i city
expansion rate estimation. The city expansion rate of most cities at higher stages is acceptable. The large
fluctuation is due to a high average mean and complex structure, as well as government policies. Cultivated
land in the eastern cities of China decrease sharply, and the correlation between town expansion and land
decrease is as high as 0.88. This is mainly because the increasingly optimized Chinese macro-economic
environment has attracted international investment in China, especially in eastern cities that have solid
economic foundations. In short, the land expansion rate in business-oriented cities strongly correlates with
economic policies. Exceptions do exist, however, with particular cities and particular types. Specifically,
among tourism-oriented cities, the city expansion rate of Yangzhou is as high as 22.97%, and that of Suzhou

has reached 38.8%.

Tab. 5a here
Tab. 5b here

The above observation can be interpreted under the framework of the evolution tree of cities in Figure 2
and Markov chain of state transfer in Figure 3. The advanced economic stage is usually positively related to
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the city expansion rate. Although type II “Transport, construction comprehensive cities” and type III
“mining cities” have entered into the higher stage, urban construction land did not increase proportionally to
economic stages. This indicates that, compared with economic stages, city type is more closely related to
city expansion. Expansion of cities has different driving forces but is determined by economy development
and is an endogenous process of industrialization and urbanization. From the Markov chain (Fig. 3) and
evolution tree (Fig. 2) we find that the urban types of I (small comprehensive cities), Il (mining cities), and
IV (middle-size comprehensive cities) remain at lower stages of economic development; and VII
(commercial cities) and VIII (manufacturing cities) have evolved into a higher stage of industrialization.
Land expansion of administrative cities, commercial cities, and manufacturing cities is relatively high
compared with the small comprehensive cities, mining cities, and tourist cities. All city types follow
common trends. First, the more advanced they are in the stage of industrialization, the higher their city
expansion rate. Second, cities with a faster pace in economic development have higher expansion rates. The
Markov chain plays an auxiliary role in diagnosing the urban development trends by quantifying land,
economic stages, and urban functions. It was found that when reaching higher stages of economic
development, business cities demonstrate obvious land expansion. In the long term, there is a type switch
among the eight types of cities. We propose some assumptions prompted by the Markov chain (Fig. 3) and
evolution tree (Fig. 2). First, cities that belong to same function group and similar levels of economic
development are inclined to follow the same routes. Second, within the same function catalog, cities that are
at the lower stage of development will follow the poorer cities and the less-urbanized cities will follow the
footprint of urbanized cities. Finally, due to economic integration and fluctuation, some cities’ cluster groups
will switch economic stages and function types during their rapid catch-up growth and spark a region-wide

growth cluster.

Conclusion and discussion

The interaction between population and environment always occurs at a space, and cities provide the most
unique environment where people reside at the highest density. So the evolution of the cities and their
sprawling size are the most concerns of humans.

Either traditional or spatial econometric models (Gujiarati, 1995; Anselin, 1988; Wang, 2006) have been
used to investigate urbanization and land occupation. The ‘‘IPAT equation’” (Ehrlich & Holdren, 1971) is a
widely used prototype to estimate environmental impact and land use from their determinants, e.g.,
population size, per-capita affluence level, and technologies. The model is good in its simplicity, but it
ignores that the impact is nonlinear and varies with the types of industrial activities.

In this study, we proposed a novel framework in which the complicated city system has been
systematically and harmoniously organized into a tree-like structure, with the branches representing the
types and the positions of cities and the leaves on the branches denoting the developmental stage of the cities.
The tree unveils city relationship evolution: connections between the cities, their neighbors, and the
evolutionary path. The evolution tree, in part at least, explains the dynamics of urbanization and its related
phenomena, and overcomes the difficulty in handling nonlinear processes using global statistic and pooled

data (Harte, 2007). The evolution tree contrasts with Cartesian coordinators and maps, which are good at
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coordinating and illustrating relatively simple phenomena and relationships. The validation of the new
approach to handling the sophisticated urbanization data has been tested with the available data. The city
evolution tree can be used to investigate urban state-related phenomena, such as prediction of city evolution,
urban land occupation, and spatial distribution of pollution.

One application of the evolution tree is to assess land occupation by the different city types and possible
future occupation. The assessment found that (1) urban construction land is significantly associated with
economic stages; (2) urban construction land area increases sharply as urbanization enters into the mature
stage and the economy accelerates its pace of development; (3) there is an association between city type and
urban land expansion; (4) administrative cities, business cities, and manufacturing cities display higher land
expansion rates, while small-sized comprehensive cities, mining cities, and tourist cities indicate lower land
expansion rates; and (5) the Markov chain and evolution tree are effective in predicting the stationary
process, where economic stage jumps from the initial stage to the next along with the conditional probability
of transition.

Despite increasing returns to scale (Krugman, 1991), rapid development of cities has outpaced the
available supply of natural resources. The connection between larger and better has been broken. Many
successful cities suffer from overcrowding, overexploitation, and housing shortages. The solution lies in the
equilibration and optimization of city scale. It is helpful to use the evolution tree and GIS to support

intelligent city administration.
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Table 1 Standards for classifying economic stages

GDP per Industrial Structure ( % ) Employment Structure ( % ) |Urbanizat
g») capital in ion Economy
S 1990 primary | secondary | tertiary | primary |secondary| tertiary | Level developmental stages
(USD) industry industry industry | industry | industry | industry (o)
1] 300-600 38 26 36 65 17 18 5 Elementary products
600-1200 29 32 39 57 20 23 30 elementary
stage
31 1200-2400 20 40 40 50 22 28 40 middle |[stage of
stage [|industrialization
412400-4500 13.5 46 40.5 36.5 25.5 38 54 advanced
stage
514500-7200 8 51 40 20 30 50 70 elementary
stage  |developed
6 17200-10800 3 47 50 8 30 62 80 elementary|stages
stage
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Table 2 Mean, standard deviation, and sample size of industries in China

. Sectors Electric Transport, Storage, Governments|.., . Mining Weight o .
f:lty n?mktae g Manufacture | Power, Gas| Construction| Geology | Postand Business | and Social Tl:ilrd and Coal }I_Velght of
YPe | Ot IS g atisticd and Water Telecommunications| Organization industry Quarrying |Mining ounsm

mean 9.03 0.66 2.47 0.16 2.73 6.77 2.60 6.94 0.91 3.99 3.44
O 61 [standard

deviation 4.04 0.32 1.20 0.11 0.90 2.02 0.81 1.97 1.29 6.09 7.04

mean 26.94 2.84 7.57 0.42 7.96 15.57 5.18 17.42] 2.71 2.31 1.82
O 22 [standard

deviation 6.17 0.67 1.20 0.30 2.10 2.70 1.03 2.94 2.76 3.35 5.88

mean 16.20 3.07 4.60 0.48 6.49 11.42 5.06 14.18] 13.66 | 42.23 | 1.56
O 32

fita“.da.rd 6.20 0.97 1.61 | 0.47 2.15 2.88 1.68 |3.19| 6.62 |24.39] 5.15

eviation

mean 18.24 1.27 4.19 0.33 4.71 11.68 4.31 12.03] 0.98 2.22 0.93
O 43

fita“.da.rd 6.81 0.49 1.21 ]0.25 1.23 1.99 | 094 | 267 1.54 | 3.54 | 3.66

eviation

mean 24.63 2.62 4.07 0.44 6.63 14.20 6.99 15.74] 1.49 3.61 0.45
O 22 [standard

deviation 7.02 0.84 1.16 0.22 1.35 2.64 1.44 1.65 2.29 5.95 2.13

mean 30.65 1.16 6.07 0.18 5.19 16.73 4.13 17.50] 0.70 1.50 | 28.42
O 19 [standard

deviation 10.60 0.53 1.74 0.11 1.07 3.26 1.20 4.26 1.18 2.72 8.98

mean 28.93 1.45 5.94 0.26 5.73 17.93 5.01 17.86] 0.53 1.25 0.95
O 42

fita“.da.rd 7.49 0.40 1.43 ]0.14 1.13 227 | 098 |3.71| 076 | 2.61 | 2.97

eviation

mean 48.03 0.76 5.43 0.12 3.28 13.95 2.76 10.71] 0.26 0.24 0.83
O 12

fita“.da.rd 12.56 | 0.34 2.08 | 0.08 0.86 3.32 1.00 |3.62| 039 [ 0.42 | 2.89

eviation
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Table 3 Economic stages and urban function of Chinese cities in 1990 and 2000

Stages& Developmental stage at 1990 Developmental stage at 2000 City Type
types
GDP | . o .| GDP . . . . .
City industrial employment urbanization | synthesis industrial employment urbanization| synthesis | city city
er er
Name P . structure  structure degree stage P . structure  structure degree stage type subset
capita capita
Beijing 3 5 4 4 4 6 6 4 5 6 645
Tianjin 3 4 4 4 4 4 5 4 4 4 4 444
Shijiazhuang 3 4 4 5 4 5 6 4 5 5 7 745
Tangshan 2 4 4 4 3 4 4 4 4 4 3 334
Qinhuangdao 3 5 4 4 4 5 6 5 4 5 2 245
Handan 3 4 4 4 4 4 4 4 4 4 3 344
Xintai 3 4 4 4 4 3 4 4 5 4 1 144
Baoding 3 4 4 4 4 4 5 4 4 4 744
Zhangjiakou 3 4 4 4 4 4 5 4 5 5 2 245

Note: the number corresponds to city type. Arabic numerals are identical to Roman numerals. The city subset has same
format as Tab 4 (please refer to explanation in session “Markov Chain”. We have computed two year value in 253 cities of
China for all parameters. Any questions or comments on the data contents, please contact Jinfeng Wang:
wangjf@Lreis.ac.cn
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Table 4 Urban expansion rate and regression results of subset cities (by P4-area)

number of cities

subset Code (frequency) min max average Std
-1 7 0.03 2.33 0.69 0.84
1-12 24 0.00 1.57 0.57 0.55
1-13 9 0.07 3.23 1.25 1.15
I-14 1 3.17 3.17 3.17
1-22 6 0.08 1.64 0.71 0.62
1-23 4 0.29 1.07 0.76 0.35
1-31 1 0.42 0.42 0.42
1-32 4 0.47 2.66 1.48 1.03
1-33 4 0.42 2.52 1.00 1.02
1-44 1 3.79 3.79 3.79
1-24 1 1.46 1.46 1.46
1-34 6 0.00 1.71 0.35 0.67
1-44 8 0.42 2.01 0.91 0.55
1-45 7 0.19 8.06 3.13 3.00
-13 1 0.22 0.22 0.22
-14 1 0.44 0.44 0.44 .
11-23 5 0.06 1.64 0.67 0.63
11-33 4 0.04 1.10 0.33 0.51
11-34 10 0.00 9.80 2.52 3.21
111-35 1 0.49 0.49 0.49 .
l-44 7 0.03 1.64 0.54 0.69
11I-45 2 0.00 0.35 0.18 0.25
11I-55 1 0.20 0.20 0.20
IV-12 7 0.00 3.79 0.71 1.39
IV-13 5 0.08 3.60 1.54 1.49
IvV-22 2 0.38 2.51 1.45 1.51
IV-23 7 0.00 1.88 0.54 0.65
IV-24 3 0.49 2.37 1.24 1.00
IV-33 3 0.19 4.52 1.87 2.32
IV-34 12 0.07 3.84 1.29 1.18
IV-35 1 2.36 2.36 2.36
IV-43 1 0.13 0.13 0.13
IV-44 2 0.74 0.95 0.85 0.15
V-13 1 0.00 0.00 0.00
V-14 1 20.59 20.59 20.59
V-15 1 0.07 0.07 0.07
V-24 1 2.36 2.36 2.36
V-34 15 0.05 12.02 3.12 3.20
V-35 1 9.09 9.09 9.09
V-44 1 4.12 4.12 4.12
V-45 1 2.14 214 2.14
VI-12 1 1.07 1.07 1.07
VI-13 1 0.17 0.17 0.17
VI-34 7 0.14 3.68 1.48 1.35
VI-44 1 1.76 1.76 1.76 .
VI-45 9 1.76 38.78 11.18 12.97
VII-12 1 1.39 1.39 1.39 .
VII-24 3 0.00 1.44 0.71 0.72
VII- 34 11 0.00 5.23 1.62 1.53
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VII-35
VII-44
VII-45
VII- 46
VIIIl-13
VIIIl-23
VIiIl-24
VIiI- 34
VIII-35
VIIl-45
VIII-55

0.00
0.00
0.00
8.26
0.96
1.86
3.21
1.17
5.61
0.00
12.67

8.09
8.01
21.19
8.26
0.96

1.86

11.28

1.17

5.61
25.97
12.67

3.56
2.21
5.36
8.26
0.96
1.86
6.68
1.17
5.61
11.97
12.67

3.27
3.22
6.76

4.15

11.35

Table 5a Correlation matrix of city land expansion, developmental scale and developmental stages in

1990-2000
pd p4_are |tpop2|agdp9|gdp90 |1br90s [urb90 |agdp2k|gdp2k |lbr2kstlurb2kst| chagd [chnagr [chnag |chnagrg
a k Ostg |stg tg stg stg stg g g p popr |rlbrr |dpr
p4 1
p4_area A1%* |1
tpop2k  1.69%* [09 |1
agdp90stg | 2g** | 33%% | 18%*]]
gdp90stg | 14% |.19%=* | 19%*| g6%* |1
1br90stg 12 8% L 14% |.63%* | 81** |1
urb90stg [ 14* [.22%* [ 21%*].60%** | 77** |.77%* (1
agdp2kstg | 3g4%% | 39%% | ppwx| 75%% | 50w | g7%x | g2%x |
gdp2kstg | pp#x | 2ok | 23wx| g7%x | g7Hx | g3%x | 53%% | 5% |]
Ibr2kstg 13* |-.04 09 |-3g4%x| o 37| 3gqwn| 3w |o 3w [Cowx |
urb2kstg .07 28%*% 106 |.59%* |LT1** |L69** |.81** |.53%* | 64%* [-37**]]
chagdp 36%F 132%% L 14% |.66%** |.32%* |.26%* |.23%* | 79%* [ 33%* [_ 5% |.32%* |]
chnagrpoprl ysx 1oy [-31% | apes| 33xe[ 38%x|asxx|07 02 |03 |06 |os |1
chnagrlbrr _14% |-%= ;18* _61%%[ - 76%%]-. 86%* |- 84** |- 46%* |- 54%% | §** _75%% |2 p5%k] 3Q%k*  |]
chnagredpr| ¢ |os  [1187 |- ases|- ok |- oarn|-are| 13 [oaows[owe [3oex [Los | 7w |62 i

Confidence level: * .05,

**.01, *¥** 001
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Table 5b Explanation of variables for Table Sa

variables
definition

year 1990 year 2000
increased city construction land p4
proportion ofincrease in city construction land with gross city|
administration area (1987 - 2000) pd_area
total urban population in 2000 tpop2k
GDP per capital agdp90stg agdp2kstg
industrial structure gdp90stg gdp2kstg
employment structure Ibr90stg Ibr2kstg
urbanization degree urb90stg urb90stg
changes in GDP per capita ( 1990 - 2000) chagdp
changes in  non-farm population( 1990 - 2000) chnagrpoprate
proportion of non-farm employment ( 1990 - 2000) chgnagrlbrrate
proportion of the growth of non-agricultural GDP to total GDP chgnagrgdprate
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