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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?
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Date: Nov. 13, 1988. Source: Liu et al. 2005
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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）。 
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Table 1. Estimates of land use in 2000 and additional land What’s the r()le Of

demand for 2030

Land use category Low, Mha High, Mha the U rban

Land use in 2000

Cropland 1,510 1,611 eXpanSIOn at the

Pastures 2,500 3,410
Natural forests 3,143 3,871 gl()bal ScaleS?
Planted forests 126 215
Urban built-up area 66 351 Source: Lambina &
Unused, productive land 356 445 )

Projected land use for 2030 Meyfroidt, 2011, Global
Additional cropland 81 147
Additional biofuel crops 44 118 land use change,
Additional grazing land 0 151 1 1 1

W - @ €conomic glo_ballzatlon,

Expansion industrial forestry 56 109 and the |00m|ng land
Expansion of protected areas 26 80 -
Land lost to land degradation 30 87 SCarCIty, PANS, 2011,
Total land demand for 2030 285 792

Balance (unused land in 2000 - land demand in 2030) MarCh’ 1
With no deforestation +71 —-347
Clearing of natural forests 152 303 . . .
With deforestation +223 —44 - g I Oba Ilzatl on'

These values were derived from the literature and selected based on an
expert judgment, evaluating the realism of underlying assumptions, locking
for a convergence of evidence, and using 2000-2010 ocbservations as a reality
check {references and explanations in 5/ Text). The low estimates represent h and Life Institute, Georges Lemaitre Centre for Earth and
a conservative view of both land reserve and additional land demand,
whereas the high estimates represent a slightly bolder view. cademy of Sciences elected in 2009.

Contributed oy Enc F. Lambin, January 18, L0117 (sent Tor review Novemoer L1, J010)



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

Land Use Land Cover
Human control Biophysical control

Social _ IS | ﬁ Ecological
Systems Decision Making Systems
Population Choices (knowledge, values, preferences) Biogeochemistry

Social/Economic structure and their socio-economic, Biodiversity

Polltmal,r‘lncsgtllill?rcen regimes political and cultural context

Technology

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

l__
Y, A

Figure 7. The urban-rural interface in Shenzhen, China.
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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 
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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。
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我国城市化正进入快速发展的第四波。
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限制区;北京限制区限制区规划区;四种空间用地类型.


Early Theories

Burgess Zone Model Hoyt Sector Model

» Concentric ring model _
(B U rg eSS, 1925) - Central Business District (CBD)

o SeCtO r m O d e I (H Oyt’ - Inner City - Wholesale Light Manufacturing

I:l Inner City - Low-class residential

1939) -[nner Suburbs - Medium-Class Housing

o Mu|t|p|e nucler model [[7] Outer Suburbs - High-class residential
(Harris and Ullman,
1945)

« Contrifugal forces and
centripetal forces (Colby,
1933)
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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)

> 1960 >
b

T, =GxPP, /d;

T, =axPP, /Ci?

* Pros e Cons
— Simple — Lacking underlying theory
— More despritive than — Hard to get the solution to
theoretical model some models

e EHUEEA :




Approach History (2)

> 1960 > 1970 >

Requiem for large-
scale models
(Lee, 1973)

 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

W T R R



Approach History (3)
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Approach History (4)

> 1960 »> 1970 » 1980 » /% #Hx

Statisical model
2.g. logistic regression

Slope Aspect Dist. to center

¥

Dist. to hwy Dist. to railroad Dlst to road Dist. to river

4:



Approach History (4)

> 1 360>> 1970 » 1980 » 1990 >

grid space + automaton

change with regard to internal
state, rules, and external
neighboring

e 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

Simulated by repast 30 steps



Approach History (4)

> 1960 > 1970 » 1980 » 1990 >

Cellular Model
e.g. CA, Markov

e Cons
— Cell cannot move
— non-equilibrium — Cannot represent

human-environment humah behavior
interactions — Re_strlcted
— Consider neighboring neighborhood effect
effect — Hard to define
transitional rules

e Pros
— non-linear
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TABLE 3 Properties of Agents in ABM/MAS

Property Other names Meaning

Autonomous Exercises control over its own actions

Heterogeneous With different states and/or behaviors

Reactive Sensing and acting Responds in a timely fashion to changes in the
environment

Goal-oriented Proactive, purposeful Does not simply act in response the environment

Synchronous Temporally continuous Agent behavior i1s a continuously running process

Asynchronous Agent behavior is scheduled with specific order

Communicative Socially able Communicates with others agents, perhaps including
people

Mobile Able to transport itself from one location to another

Flexible Agent actions are not scripted

Learning Adaptive Changes its behavior based on its previous experience

Bounded limits on the amount of effort agents use to search for

rationality and/or evaluate alternatives

Character Believable ‘personally’ and emotional state

(Adapted from (Franklin and Graesser 1996 )
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限制区;北京限制区限制区规划区;四种空间用地类型.
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bl Three-dimensional
representation of the factors
Suitabiity et which actuate in urban land
use dynamics in phase 1.
(Barredo, et al., 2003)

LANDSAT-7 Enhanced Thematic
Mapper Plus (ETM+) image. Date:
May. 4, 2000.
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1’E : E(J]T$E LANDSAT-5 Thematic Mapper (TM) image.

Date: Nov. 13, 1988. Source: Liu et al. 2005
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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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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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Basic ideas of UES

The basic idea of UES is to couple system dynamics (SD) model and
CA (Cellular automata) model to represent the urban expansion
pProcess.

Complexity of driving

Socio-economic
forces at macro scales forces at macro scales

| l

SD model
Urban Land
Urban expansion 1 D -
process
Urban Land use
Location CA model
Land use suitability, neighborhood effect and Complexity of Land pattern

inheritance at local facotrs evolution at local scales
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The general structure of UES

Constraint of natural . : ' i
Land policy Neighborhood ___| Inherited attribute
resource froct
: eHec Environmental constraint
Population _
Suitability — - :
Planning constraint
Economy
il Driving forces resistant forces
National/regional Technology
fac|tors v
l Market Local factors
v
SD model
e CA >

A\ 4

urban land demand Demand-supply balance

N > Urban Land
Scenarios \ / supply

Urban land area Urban Land location
| |

\ 4

Scenarios urban land pattern >




The urban land demand scenario module
based on a SD model

Population
increasing rate Resident

. — population
/ Floating

Maximum carrying — _ population
capacity to population +

-f Urbanization ———p Land for public

+ .
Water resource GDP / Service \ Land demand of
\{- increasing rate + urban expansion

Land for
population

Maximum carrying

capacity to industry Land for

industry
Industrial water use
efficiency

+
+T \ Industrial

production
Technology
advancement

Framework of land use SD model [<T]




The urban land allocation module
based on a CA model

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:

t
Viy)

X,y 1!

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




Urban expansion scenario in Beijing
from 2007 to 2020 under the
restriction of high-yield farmland
protection area

Expressway \ Ringroad Administrative boundary
Pl 0 - 184 m N 184 _ 441 m 0 441 - 727 m 0 717- 1075 m

Cd1075-2219m ] Urban area 0 40

Kilometers
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 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. 


Urban expansion scenario in Beijing
from 2007 to 2020 under the
restriction of the “green belt”

Expressway <\ Ringroad Administrative boundary
Pl 0 - 184 m I 184 _ 441 m 0 441 - 717 m 0 717- 1075 m

Cd1075-2219m [___J Urban area 0 40

Kilometers
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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. 


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

farmland protection area

Expressway <\ Ringroad Administrative boundary
P 0 - 184 m M 184 441 m 0 441 - 717 m =0 717-1075m

C—d1075-2219m ] Urban area 0 40

Kilometers
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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. 
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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。
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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)

/

<@
@ —@

The research will try to present a new Urban Expansion
Dynamic (UED) model by incorporating a potential
model with a CA model.
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, what Abler et al. (1972) called the ‘underlying interactions among places’,
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=

CA model Urban patch B

Local urban expansion

Urban patch A

Potential model

- No-urban Land pixel to be Neighbourhood Urbanization potential
occupied by urban expansion effect beyond neighbourhood
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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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The results show that the “pancake” pattern would be strengthened in 2015
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Table 2
FMain characteristics of urban CA models with transition rules based on transition potential or probabilicy.
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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。
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Concept model of spatial stress to wetland

Potential expanded urban
land based on UED model

Accessiblity

Actual expanded urban land

Actual and potential spatial stress due to urban expansion on wetlands

ST = f(F,FPAN)

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
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(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
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限制区;北京限制区限制区规划区;四种空间用地类型.
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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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