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演示者
演示文稿备注
1 城市化
2 影响
3 模拟
** 模型进展
** 如何模拟?
** 模拟的效果和未来?-耦合模型?


http://irs.bnu.edu.cn/Faculty/HeCY/


第二部分：景观城市化模拟的原理和方法

报告提纲

第一部分：景观城市化过程与影响

第三部分：景观城市化模拟的新思路与进展

第四部分：景观城市化模拟的趋势

演示者
演示文稿备注
限制区;北京限制区限制区规划区;四种空间用地类型.



城市化：人类生产与生活方式由农村型向城市型转化的
 历史过程，主要表现为农村人口转化为城市人口及城市
 不断发展完善的过程。（《中华人民共和国国家标准城
 市规划术语》）

•农业人口转化为非农业人口

•农业活动转化为非农业活动

•农村价值观念转化为城市价值观念

•农村生活方式转化为城市生活方式

•农村地域转化为城市地域

人口城市化；经济城市化；社会城
 市化；空间城市化

城市化

http://baike.baidu.com/pic/11/11842981699828509.jpg
http://baike.baidu.com/pic/4/11855125950726209.jpg


景观城市化主要指由于土地利用方式的变化，导致空间上城市规模
 扩大，发生景观意义上的土地系统变化过程。建设用地占用农业用
 地与生态用地蔓延扩展是中国景观城市化中土地利用方式变化的基
 本特征。

Wuxi City, Jiangsu 
Province, China

LANDSAT-7 Enhanced Thematic 
Mapper Plus (ETM+) image. Date: 
May. 4, 2000.

LANDSAT-5 Thematic Mapper (TM) image. 
Date: Nov. 13, 1988. Source:  Liu et al. 2005

景观城市化

演示者
演示文稿备注
景观是由一组以相似方式重复出现的生态系统所构成的异质性地表（Forman等，1986）。 



城市水文效
 应和水灾

景观城市化的物理效应与风险

物理作用-城市热岛、城市洪水、地面沉降



景观城市化的化学效应与风险

化学反应-土壤重金属污染、大气污染、地下水污染



遗传
物种

生态系统

城市扩展

湿地萎缩

栖息地破坏

生物多样性损失

洞庭湖
 

1990

洞庭湖
 

2007

景观城市化的生态效应与风险

生态系统变异-生境破坏、生态系统功能损失



What’s the role of 
the urban 
expansion at the 
global scales?
Source: Lambina & 
Meyfroidt, 2011, Global 
land use change, 
economic globalization,
and the looming land 
scarcity, PANS, 2011, 
March, 1.



Source: Global Land 
Project, pp.4, IGBP Report 
53/ IHDP Report 19, 2005

Peri-urban areas are a key interface between urban and 
rural areas due to the provision of essential services in 

both directions

演示者
演示文稿备注
Urban expansion into peri-urban areas is a common feature throughout many regions of the world. Peri-urbanisation refers to a highly dynamic process where rural areas, both close to, but also distant from, city centres become enveloped by, or transformed into, extended metropolitan regions. These changes are usually rather piecemeal and non-uniform processes, but involve a complex adjustment of social and ecological systems as they become absorbed into the sphere of the urban economy (Simon et al., 2004). They suffer the negative consequences of urban areas, and have also been neglected in most urban and environmental studies. Hence, the IHDP core project on Urbanisation has identified land conversion in peri-urban areas as one of the critical areas of research, and recommends the inclusion of urban planning and policy perspectives into studies of urban land use change 





叶嘉安院士等（2006）
 指出中国正进入加速城
 市化的第四波

吴良镛院士（2003）指出，在
 今后25年，中国城市化率将从
 1999年的30.9%增长到2025年

 的55%左右，城市人口从1999
 年的3.89亿增加到2025年的

 8.3亿～8.7亿，翻一番以上。

中国景观城市化基本特点1: 动力强劲

规模大！速度快!  势头猛！今后20年相当于在对日本和美国的总
 人口进行整体迁移。

演示者
演示文稿备注
我国城市化正进入快速发展的第四波。大概每年1500-2000万的人口迁移。



中国景观城市化特点2: 以空间蔓延扩展为主

1992-2008
 年中国城镇
 用地空间扩
 展过程

景观城
 市化过
 程明显

演示者
演示文稿备注
我国城市化正进入快速发展的第四波。



1992-2008年沪宁杭城市群城镇用地扩展过程
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Early Theories
• Concentric ring model 

(Burgess, 1925)
• Sector model (Hoyt, 

1939)
• Multiple nuclei model 

(Harris and Ullman, 
1945) 

• Contrifugal forces and 
centripetal forces (Colby, 
1933)

14定性概念模型

演示者
演示文稿备注
单核模型;扇形模型;多核心模型；离心力和向心力模型（聚集和扩散）



Approach History (1)

• Pros
– Simple
– More despritive than 

theoretical model

• Cons
– Lacking underlying theory
– Hard to get the solution to 

some models

15

Equation models
e.g. Gravity model

Lowry model (Lowry, 
1964)

2/ ijjiij dPPGT 

b
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定量数学模型



• Urban areas and urban systems were complicated, expensive, 
and lacking an underlying theoretical base

• Models are too coarse for urban planners but still required 
vast amounts of data

• There was a discrepancy between the claimed behaviors and 
the equations used

16

Requiem for large- 
scale models 
(Lee, 1973)

1970

Approach History (2)

微分方程模型



1970

Approach History (3)
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Statisical model
e.g. logistic regression

1970

Approach History (4)

18

1980 空间统计学模型



Approach History (4)

• CA
– grid space + automaton
– change with regard to internal 

state, rules, and external 
neighboring

• Game of Life
– Die (underpopulation): with 

fewer than 2 live neighbours
– Die (overcrowding): with more 

than 3 live neighbours dies
– Stay alive: with 2 or 3 live 

neighbours
– Become alive: with exactly 3 live 

neighbours
19

Cellular Model
e.g. CA, Markov

1970 1980 1990

Simulated by repast  30 steps



Cellular Model
e.g. CA, Markov

1970

Approach History (4)

20

1980 1990

• Pros
– non-linear
– non-equilibrium 

human-environment 
interactions

– Consider neighboring 
effect

• Cons
– Cell cannot move
– Cannot represent 

human behavior
– Restricted 

neighborhood effect
– Hard to define 

transitional rules



Agent based model

1970

Approach History (5)

21

1980 1990 2000

宏观-微观-个体

演示者
演示文稿备注
宏观-微观-个体
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Three-dimensional 
representation of the factors 
which actuate in urban land 
use dynamics in phase 1. 
(Barredo, et al., 2003)

Wuxi City, Jiangsu 
Province, China

LANDSAT-7 Enhanced Thematic 
Mapper Plus (ETM+) image. Date: 
May. 4, 2000.

LANDSAT-5 Thematic Mapper (TM) image. 
Date: Nov. 13, 1988. Source:  Liu et al. 2005

Wuxi City, Jiangsu 
Province, China

LANDSAT-7 Enhanced Thematic 
Mapper Plus (ETM+) image. Date: 
May. 4, 2000.

Wuxi City, Jiangsu 
Province, China

Wuxi City, Jiangsu 
Province, China

LANDSAT-7 Enhanced Thematic 
Mapper Plus (ETM+) image. Date: 
May. 4, 2000.

LANDSAT-5 Thematic Mapper (TM) image. 
Date: Nov. 13, 1988. Source:  Liu et al. 2005

微观机理与宏观要
 素综合的景观城市
 化模型

新思路：景
 观城市化过
 程是一个微
 观机理与宏
 观要素综合
 作用的过程

演示者
演示文稿备注
Modelling dynamic spatial processes: simulation of urban
future scenarios through cellular automata
José I. Barredo, Marjo Kasanko, Niall McCormick, Carlo Lavalle, Landscape and Urban Planning 64 (2003) 145–160.



微观机理: 微观的
 城市单元演化的基
 本规律（成本与收
 益）

* 聚集规律-规模效
 益-资本和产业

* 扩散规律-规模不
 经济的被动扩散；

 市场开拓下的主动
 扩散

什么是微观机理与
 宏观要素？

宏观要素：城市用地的总量需求
 变化过程。

•国家战略与区域规划

•人口与经济规模

•资源环境承载能力

演示者
演示文稿备注
Modelling dynamic spatial processes: simulation of urban
future scenarios through cellular automata
José I. Barredo, Marjo Kasanko, Niall McCormick, Carlo Lavalle, Landscape and Urban Planning 64 (2003) 145–160.
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The basic idea of UES is to couple system dynamics (SD) model and 
CA (Cellular automata) model to represent the urban expansion 
process. 

Basic ideas of UES

Socio-economic 
forces at macro scales

Land use suitability, neighborhood effect and 
inheritance at local facotrs

Complexity of driving 
forces at macro scales 

SD model 

Complexity of Land pattern 
evolution at local scales

CA model

UESUrban expansion
process

Urban Land 
use area

Urban Land use 
Location

Urban expansion
process

Urban Land 
use area

Urban Land use 
Location

Urban expansion
process

Urban expansion
process

Urban Land 
use area

Urban Land use 
Location
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The general structure of UES

Urban Land 
supply

SD model
CA

Urban Land locationUrban land area

Demand-supply balanceurban land demand 
Scenarios

Scenarios urban land pattern

Technology

Population

Economy

Market

Land policy

Local factors

National/regional 
factors

Suitability

Neighborhood 
effect

Constraint of natural 
resource 

Environmental constraint

Planning constraint

Inherited attribute

Driving forces resistant forces



The urban land demand scenario module 
based on a SD model

Framework of land use SD model
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The urban land allocation module 
based on a CA model 

Driving Forces (DF) Stochastic Perturbation (SP)
Resistant Forces (RF)

The probability that cell (x,y) with land use type K is occupied by 
urban expansion at time t , is a function of the driving forces , the 
resistant forces  and a stochastic perturbation . It can be expressed as:

)3(),,( ,,,,, yx
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t
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SP
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0 40
Kilometers

Expressway Ringroad Administrative boundary

Urban area

0 - 184 m 184 – 441 m 441 - 717 m 717 - 1075 m

1075 - 2219 m

2007

2010 2015 2020

实现了对北京地区不同规划政策
 和资源约束情景下城市扩展过程
 的成功模拟。

演示者
演示文稿备注
The simulated results showed that the trend of central city to form a big “pancake” would be stopped, while the urban land outside of the Sixth Ring Road would be forced to develop fast to satisfy the urban land demand. 
Such urban expansion pattern also has its problems. Apart from its enormous policy executive cost, the development of many small towns outside of the Sixth Ring Road in the region would be economically inefficient due to the ignorance of the agglomeration effect of the central city. 




0 40
Kilometers

Expressway Ringroad Administrative boundary

Urban area

0 - 184 m 184 – 441 m 441 - 717 m 717 - 1075 m

1075 - 2219 m

Urban expansion scenario in Beijing 
from 2007 to 2020 under the 

restriction of high-yield farmland 
protection area 

2007

2010 2015 2020

演示者
演示文稿备注
 It can be seen that the trend of the big “pancake” expansion of the central city would be slowed down to some extent. 

because most of the high-yield farmland is located in the urban-rural fringe in the plain area. Conflict exists between the public interests of food security and ecological benefit of the high-yield agricultural land and the heavy agglomeration effect of the urban development driven by market forces. 



0 40
Kilometers

Expressway Ringroad Administrative boundary

Urban area

0 - 184 m 184 – 441 m 441 - 717 m 717 - 1075 m

1075 - 2219 m

Urban expansion scenario in Beijing 
from 2007 to 2020 under the 

restriction of the “green belt”

2007

2010 2015 2020

演示者
演示文稿备注
Under this policy, the trend of central city to form a big pancake would be stopped, while the sub-cities in the region would develop very fast 

On the one hand, driven by the large urban land demands, the central city has the high potential to expand into the current urban-rural fringe area. Compulsively stopping such expansion seems uneconomical and impossible due to its enormous policy executive cost. On the other hand, the fast development of sub-cities in the region also implies the vast loss of the high-yield agricultural land around these sub-cities. 



0 40
Kilometers

Expressway Ringroad Administrative boundary

Urban area

0 - 184 m 184 – 441 m 441 - 717 m 717 - 1075 m

1075 - 2219 m

Urban expansion scenario in Beijing 
from 2007 to 2020 under the restriction 
of both the “green belt” and high-yield 

farmland protection area 

2007

2010 2015 2020

演示者
演示文稿备注
The simulated results showed that the trend of central city to form a big “pancake” would be stopped, while the urban land outside of the Sixth Ring Road would be forced to develop fast to satisfy the urban land demand. 
Such urban expansion pattern also has its problems. Apart from its enormous policy executive cost, the development of many small towns outside of the Sixth Ring Road in the region would be economically inefficient due to the ignorance of the agglomeration effect of the central city. 




该工作2006年9月发表在SSCI检索期刊
 “Applied Geography”上。



据2011年10月“Web of science” 数据库中
 检索，该文引用率30次，年均5次。

演示者
演示文稿备注
学科不一样，地理和化学差别很大，比较客观的标准就是引文率和同行评价。



中国近十年地球科学领域发表论文总数超过两
 万篇(统计时段为2001年1月至2011年6月30日

 
)

中国的论文发
 表总数和论文
 总引用次数分
 别为26,662 和
 186,998，分列
 第2和第6，但
 平均每篇论文
 引用次数只有
 7.01，仅排在
 20国或地区中
 的第18位。

详情请见：http://sciencewatch.com/dr/cou/2011/11sepGEO/

http://sciencewatch.com/dr/cou/2011/11sepGEO/


Three-dimensional 
representation of the factors 
which actuate in urban land 
use dynamics in phase 1. 
(Barredo, et al., 2003)

景观城市化过程是微
 观机理与宏观过程综
 合作用的结果吗?

微观因素与宏观因素之间的”Gap”如何消除?

演示者
演示文稿备注
Modelling dynamic spatial processes: simulation of urban
future scenarios through cellular automata
José I. Barredo, Marjo Kasanko, Niall McCormick, Carlo Lavalle, Landscape and Urban Planning 64 (2003) 145–160.



The potential models are derived from the classic 
gravity law used in Newtonian physic and spatial 
interactions (Berling-Wolff and Wu, 2004). They can 
specify the intensity of influence between two locations 
through interaction analogous to Newton’s gravitational 
theories (Weber, 2003)
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The research will try to present a new Urban Expansion 
Dynamic (UED) model by incorporating a potential 
model with a CA model.

演示者
演示文稿备注
, what Abler et al. (1972) called the ‘underlying interactions among places’,



 

Local urban expansion

No-urban Land pixel to be 
occupied by urban expansion

Urbanization potential 
beyond neighbourhood  

Neighbourhood 
effect 

Urban patch B

Urban patch A

CA model

Potential model

耦合潜力模型和CA模型，克服了微观机理和宏观
 过程之间相互联系的尺度障碍，发展了具有实际
 模拟能力的城市扩展动态模拟。

演示者
演示文稿备注
While the CA model represents the self-organizing process of urban expansion at the local level, the potential model takes into account the function of population and capital to urban expansion at broad scale. 
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Yanqing Huairou Miyun Pinggu Changping

Shunyi Mengtougouu Fangshan Daxing Tongzhou Capital airport

0 40
Kilometers31 2 4 5

6 111097 8

Yanqing Huairou Miyun Pinggu Changping

Shunyi Mengtougouu Fangshan Daxing Tongzhou Capital airport

Expressway Ringroad Administrative boundary Urban area

进一步提高了对城市扩展复杂过程的刻画和
 模拟能力。

演示者
演示文稿备注
The results show that the “pancake” pattern would be strengthened in 2015



该工作2008年9月发表在SSCI/SCI检索期刊
 “Landscape urban planning”上。



据2011年5月13日“Web of science” 数据库
 中检索，该文引用率16次，年均过5次。
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Monte-
Carlo方
法

用于计算城市面积的线性
回归模型。定义转换规则
的潜力模型。识别因子和
权重的多元统计工具。
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与He et al. (2006)中的
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al. 
(2006)

限制性转换规则邻域

验证校正其他方法元胞自动机状态元胞
大小

目标作者

Kapp
a 系数

Monte-
Carlo方
法

用于计算城市面积的线性
回归模型。定义转换规则
的潜力模型。识别因子和
权重的多元统计工具。

城镇用地
的年增长
率；人口
增长

与He et al. (2006)中的
模型相同，唯一不同
的是惯性常数被城市
扩展潜力所代替。

以5个
元胞为
半径的
圆

城市，
非城市

180
m

描述性
的，预
测性的

He et 
al. 
(2008)

Kapp
a 系数

Monte-
Carlo方
法

用于计算城市面积的系统
动力学模型

与“其他方
法”中的模

型相同

多因子加权求和，邻
域影响和惯性常数。
结果是依据环境和规
划的限制乘以一个随
机扰动项。

无明确
说明

城市，
非城市

180
m

描述性
的，预
测性的

He et 
al. 
(2006)

限制性转换规则邻域

验证校正其他方法元胞自动机状态元胞
大小

目标作者

2010年4月，西班牙“University of Santiago de Compostela”的
 Inés Santé 教授在应邀发表在“Landscape and urban planning”上的

 综述论文 “Cellular automata models for the simulation of real- 
world urban processes: A review and analysis”中，把这两个模型选

 入自1998年最有影响的19个城市空间模型中，对他们进行了比较详
 细的分析和介绍。

演示者
演示文稿备注
全球1998年以来，列出了20个比较有价值的土地利用和城市扩展模型。



Reservoir , river and lake wetland in Beijing

景观城市化过程模拟有什么作用？

如何有效评估景观
 城市化过程对湿地
 生态系统的影响？



Concept model of spatial stress to wetland

Accessiblity
Stability

wetland City

Potential expanded urban 
land based on UED model

Actual expanded urban land

Actual and potential spatial stress due to urban expansion on wetlands
T pS f ( F ,F A,N )=

ST is spatial stress，F、Fp、A、N  represent the actual expanded 
urban land, potential expanded urban land, accessibility to the wetland 
and its neighborhood’s stability respectively.



Predicted spatial stress of urban lands on the 
major wetlands in Beijing by 2015

2010 2015



Distribution of the spatially highly stressed wetland fringe 
areas (SWFA) in Beijing

① The north of the Guanting 
reservoir

② The south of the Huairou 
reservoir

③ The South-west of the 
Shisanning reservoir

④ The area along with the 
Wenyu river in Tongzhou 
county

⑤ Kunming lake in summer 
palace

⑥ Dalin reservoir
⑦ Chongqing reservoir
⑧ Niantan reservoir 

演示者
演示文稿备注
(1) 充分地利用GIS; (2) 同时评估实际的影响和可能的影响. 土地利用模型



Chunyang He, Jie Tian, Peijun Shi, Dan Hu, 2011, 
Simulation of the spatial stress due to urban expansion on 
the wetlands in Beijing, China using a GIS-based assessment 
model. Landscap and Urban Planning, 269-277。



专著：何春阳，史培军. 
2009，景观城市化与土地

 系统模拟，科学出版社。

专著和奖励



第二部分：景观城市化模拟的原理和方法

报告提纲

第一部分：景观城市化过程与影响

第三部分：景观城市化模拟的新思路与进展

第四部分：景观城市化模拟的趋势

演示者
演示文稿备注
限制区;北京限制区限制区规划区;四种空间用地类型.



微观机理: 微观的城
 市单元演化的基本规
 律（成本与收益）

* 聚集规律-规模效
 益-资本和产业

* 扩散规律-规模不
 经济的被动扩散；市
 场开拓下的主动扩散

趋势1：机理、过程
 与行为的统一

宏观过程：城市用地的总量需求
 变化过程。

•国家战略与区域规划

•人口与经济规模

•资源环境承载能力

行为和
 选择

主体行为：政府、
 企业、个人、NGO.

演示者
演示文稿备注
Modelling dynamic spatial processes: simulation of urban
future scenarios through cellular automata
José I. Barredo, Marjo Kasanko, Niall McCormick, Carlo Lavalle, Landscape and Urban Planning 64 (2003) 145–160.



趋势2：多尺度耦合模型

景观城市化模
 型+物理效应模

 型（水，热，
 气）

景观城市化模
 型+生态效应模

 型（生物多样
 性，NPP）

景观城市化模
 型+化学效应模

 型（空气污
 染）

气候变化情景+景观城市化模型；灾害强度模型+景观
 城市化模型；资源环境承载力+景观城市化模型



http://irs.bnu.edu.cn/Faculty/HeCY/

谢谢大家！



1992-2008年珠三角城市群城镇用地扩展过程



1992-2008年京津唐城市群城镇用地扩展过程



中国地区2008年稳定夜间灯光指数

中国景观城市化特点3: 区域差异明显



Urban land pattern 
allocation by CA model

Probability
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The cell with the highest possibility 
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Environmental 
constraints Land policy

Urban exapnsionUrban exapnsion
at time Tat time T

Urban expansionUrban expansion
at time T+1at time T+1



据 “Web of Science”数据库检索，该期刊2009年影
 响影子2.324，在62种 “Geography” 类SSCI检索期
 刊中，影响因子排名第七。



据 “Web of Science”检索，该期刊2009年影响影子
 2.170，在34种 “Urban studies” 类的SSCI检索期刊
 中，影响因子排名第1。
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