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《城市模型概论》教学大纲

1. 2月27日W1：城市模型概论之概论

2. 3月06日W2：模型基础数据

3. 3月13日W3：基于规则建模

4. 3月20日W4：城市空间分析方法

5. 3月27日W5：模型开发语言

6. 4月03日W6：元胞自动机模型（栅格）

7. 4月10日W7：元胞自动机模型（矢量）

8. 4月17日W8：大数据时代的城市模型展望
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概 述

数据 空间分析 编程

基于规则建模 元胞自动机

展 望



数据更新 v2
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（如果要考虑邻域，建议用v2版本的数据）
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SPSS常用功能

• 数据处理
• 计算字段

• 统计性描述

• 相关分析
• 0.8

• 主成分分析（PCA）
• 回归分析

• 回归前的自相关（autocorrelation）检查（VIF）
• 二元/多元回归、线性/非线性回归

• 部分数据的回归分析

• 对数ln（如房价）

• 聚类分析
• K-means

• 软件展示
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• 请注意邻域的不同

• 基于规则建模（开始à终点）
• 元胞自动机（开始à中间à…中间à终点）

• 两个模型有交叉，不能说哪个包括哪个

基于规则建模 vs元胞自动机
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维度 基于规则建模 元胞自动机（CA）

理论基础 领域知识 复杂科学+领域知识
（约束性Ca模型需要考虑领域知识）

空间与否 非空间或空间模型 空间模型

时间动态
1-多个步骤

（可以不考虑时间过程）
多个步骤（iteration）

邻域
（空间单元之间的相互作用）

可以不考虑 一定要考虑

模型核心 规则（rules） 状态转换规则（transition	
rules）

开始时刻T0 中间时刻T1 模拟终点时刻T2 ？



宏观（自上而下）与微观（自下而上）模块的结合
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宏观社会

经济条件

各阶段待开

发用地总量

城市空

间布局

统计模型

改变宏观条件

CA模型
（宏观约束、邻域约
束、制度性约束、空

间约束等）

输入

输出

BUDEM MVP-CA



一、矢量元胞自动机
Vector	Cellular	Automata
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矢量元胞自动机城市模型
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• Grid	CA	extensively	applied	for	simulating	urban	
expansion/growth
– Batty,	Clarke,	Engelen,	Li,	White,	Wu,	Xie,	Yeh

• Simulation	results	of	grid	CA	sensitive	to	grid	resolution	and	
neighbourhood	configuration
– Jenerette and	Wu	(2001),	Chen	and	Mynett (2003),	Jantz and	

Goetz	(2005),	Ménard and	Marceau	(2005)
• Irregular	CA,	more	representative	to	the	real	world

– Or	vector-CA
– Geographical	entities	(e.g.	parcels,	with	Shi	and	Pang	2000	as	an	

exception	using	Voronoi polygon)	replace	grids



Why	parcel/block?

• Raster	CA	models	sensitive	with	the	
grid	size

• Urban	planning	and	management
• Spatial	plans,	zoning,	building	permits

• Urban	studies
• Urban	form	and	its	impact	(travel	
behavior,	energy	consumption,	health,	
quality-of-life,	etc.)

It	is	worth	noting	that	the	term	
PARCEL	地块 in	this	study,	having	no	
relationship	with	ownership,	
corresponds	to	a	BLOCK	in	western	
world.	



• 栅格元胞自动机的研究已经基本比较成熟（大量的已有文献）

• 研究单元的演变：网格à非规则多边形

• 泰森多边形（Voronoi polygons）
• 地块/街区

• 模拟对象的演变：城市扩张à土地使用类型变化à密度模拟等

矢量元胞自动机 vs栅格元胞自动机
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矢量元胞自动机 栅格元胞自动机

元胞（cell） 非规则多边形 网格

邻域类型 一定距离内的元胞 Moore或者von Neumann

计算速度 相对较慢 较快

已有研究 日益增多 丰富

体现真实世界程度 更好 一般

基础数据和指标准备要求 较高 一般



清华大学本科生通选课《城市模型概论》，龙 瀛，ylong@tsinghua.edu.cn 12



清华大学本科生通选课《城市模型概论》，龙 瀛，ylong@tsinghua.edu.cn 13



矢量元胞自动机城市模型已有研究
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• Combined	CA	and	graph	theory	to	generate	sets	of	neighbourhood-scale	
irregular	cells.	

O‘Sullivan	2001	EPB	&	GA	(Graph-CA)



矢量元胞自动机城市模型已有研究
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• Proposed	the	geographic	automata	system	(GAS)	that	combined	
characteristics	of	both	CA	and	multi-agent	models,	which	incorporated	
irregular	vector	objects as	automata	to	represent	real-world	entities	such	as	
roads,	buildings	and	parks.	

Torrence	and	Benenson	2005	EPB
(Geographic	automata	systems,	GAS)



矢量元胞自动机城市模型已有研究
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• An	urban	area	was	partitioned	into	discrete	land	use	units	based	on	cadastral	
information	and	represented	as	a	collection	of	polygons.	

Stevens	and	Dragićević	2007	EPB (iCity)
Stevens	et	al.	2007	CEUS



矢量元胞自动机城市模型已有研究
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• A	vector-based	geographic	cellular	automata	model	allowing	geometric	
transformations	of	objects	using	a	rasterized	approach.	

• The	shape	and	size	of	each	object	can	also	change	and	a	dynamic	
neighbourhood	was	semantically	implemented.	

Moreno	et	al	2008	EPB	and	2009	CEUS	(VecVGA)



矢量元胞自动机城市模型已有研究
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• A	geo-simulation	model	using	the	vector-based	CA	to	visualise	land	use	
patterns	in	urban	partitions	(R/C/I)

• Tested	in	both	a	virtual	city	and	Kanazawa	City.	

Shen	et	al	2009	EPB



矢量元胞自动机城市模型已有研究
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• Developed	a well-calibrated	irregular	CA	based	on	census	blocks	to	determine	
the	land	use	demand	by	considering	the	evolution	of	population	and	
employment	densities	over	time.	

• Both	land	use	type	and	density	accounted

Pinto	and	Antunes	2010	EPB



矢量元胞自动机城市模型已有研究
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• The	updated	version	of	grid-CA	based	BUDEM	(urban/non-urban)
• Applied	in	a	town	of	Beijing	and	will	expand	to	the	whole	Beijing	

Metropolitan	Area	(BMA).	

Zhang	and	Long	2013	SPSD	(V-BUDEM)



• 2017年更改了期刊副标题

• 原来：Planning	and	Design
• 现在：Urban	Analytics	and	City	Science

经典的城市模型多首发在EPB期刊上
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http://journals.sagepub.com/home/epb



• https://www.journals.elsevier.com/computers-environment-and-urban-systems

CEUS也是发表城市模型文章的主要刊物
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二、基于矢量元胞自动机模型的
中国城市扩张模拟
Simulating	urban	expansion at	the	parcel	level	for	all	Chinese	cities
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Research	background

• Booming	urban	expansion	in	China
• 46,751	km2	(annual	expansion	rate	5.2% 2007-2012)

• Urban	expansion	simulation	models	developed	for	supporting	
decision	making

1	City	or	district	level	models
• Almost	all	for	big	cities,	e.g.	Beijing,	Shanghai,	Guangzhou,	
Hangzhou,	using	grid	cellular	automata	(CA)	models

• V-BUDEM	for	Beijing	using	vector	CA	(see	the	poster	of	Zhang	and	
Long)

2	Regional	or	national	models
• Pearl	River	Delta,	Beijing-Tianjin-Tangshan,	Northern	China
• Associated	with	low	spatial	resolution	e.g.	several	km2,	a	county



Research	question

• Can	we	develop	an	urban	expansion	model	for	a	super	large	
geographical	extent	(e.g.	the	whole	China),	at	a	fine	scale	(e.g.	
parcel/block),	for	a	short	or	mid	term	(e.g.	five	years)?

• Every	city,	big	or	small,	would	have	an	urban	expansion	model	in	
China	

• To	inform	decision	makers,	developers,	planners	and	local	
residents	our	simulation	results

Courtesy of Dr. Xingjian Liu



This	study	will

• Extend	the	existing	framework	of	AICP	by	replacing	OSM	road	
network	by	the	ordnance	survey	roads

• To	generate	2012	parcels	for	all	Chinese	cities	(297à655)

• Develop	a	maga-vector-parcels	cellular	automata	model	(MVP-CA)	
for	simulating	urban	expansion	of	China

• 2012-2017
• 654	cities



The	structure	and	flow	diagram	of	MVP-CA

Urban area in 
2007 for each city

Urban area in 
2012 for each city

Urban expansion rate 
during 2007-2012

National spatial 
development 

strategies

The business-as-
usual scenario 

(BAU)

The urban agglomeration 
oriented scenario (UAO)

The new type of 
urbanization scheme 

(NTU)

The macro module

Road networks in 
the ordnance survey

All parcels

Points-of-interests

Urban parcels

The parcel generation module

Urban area in 
2012 for each city

Spatial 
factors

Neighborhood 
configuration

Simulated urban expansion pattern
(BAU, UAO, and NTU)

The vector-CA module

Restrictive
condition

Stochastic 
disturbance

Model 
calibration

1	Total	urban	land	area	
for	each	city	in	2017
(Three	scenarios)

2	Parcel-level	urban	
area	in	2012

3 Parcel-level urban area in 2017



• Five	levels	of	cities	in	China:	
• municipalities	directly	under	the	Central	Government	(MD,	4	cities),	sub-
provincial	cities	(SPC,	15),	other	provincial	capital	cities	(OPCC,	17),	
prefecture-level	cities	(PLC,	250),	and	county-level	cities	(CLC,	368)	

Administrative	boundaries	of	654	Chinese	cities

Only a portion land 
within each city 

Boundary is developed. 



City	size	of	each	city	in	terms	of	total	urban	area	in	2012	
and	the	urban	expansion	rate	during	2007-2012

Chinese City Construction Statistics Yearbook 2012



• Urban	agglomerations	in	China	are	highlighted	in	the	future	urbanization	in	
China		(Wu	et	al,	2013)

• For	setting	simulation	scenario

Urban	agglomerations	(city	regions)	of	China	(23)



• 6.03	million	road	segments	of	2.62	million	kilometers		

Ordnance	roads	of	China	in	2012



• Five	million	POIs	gathered	from	and	geocoded	by	business	cataloging	websites
• 9	categories,	including	commercial,	transport,	government,	education,	
residence,	green	space,	etc

Points-of-interest	in	2012



1	The	macro	module:
Three	scenarios	on	city-level	urban	area	totals	in	2017

1. Business-as-usual	(BAU):	
– Each	city	replicates	its	urban	expansion	rate	during	2007-2012	(5.2%	for	the	

whole	China)
2. Urban	agglomeration	oriented	(UAO)

– 355	cities	in	UAs:	5%
– Other	cities:	4%

3. New	urbanization	planning	(NUP)
– The	larger	a	city	is,	the	lower	its	expansion	rate	would	be	in	the	next	five	years

• Urban	area	>	400	km2 in	2012,	3.0%
• Urban	area	200-400	km2,	4.0%
• Urban	area	100-200	km2,	5.0%
• Urban	area	<	100	km2,	6.0%.

– This	scenario	is	to	be	updated	according	to	the	new	urbanization	plan	of	China	
announced	on	March	16th,	2014



2	The	parcel	generation	module	(AICP):	
(1)	delineating	parcel	boundaries

• Raw	OSM	roads
• Various	of	road	types:	primary,	secondary,	footpath,	etc



(2)	Delineating	parcel	boundaries

• Buffer	OSM	roads
• Buffer	width	varies	from	road	types	(2	- 30	m)



(3)	Delineating	parcel	boundaries

• Erase	road	space	from	the	study	area
• Road	space	retained	as	the	land	use	”Transport”



(4)	Calculating	POIs	density	for	all	generated	parcels	

• Density	=	(The	counts	of	POIs	in/close	to	a	parcel) /	(The	parcel	area)	
• Other	measures	(e.g.,	online	check-ins	and	floor	area	ratio)	can	substitute	POIs	and	approximate	the	
intensity	of	human	activities	



(4)	Calculating	POIs	density	for	all	generated	parcels	

• Density	=	(The	counts	of	POIs	in/close	to	a	parcel) /	(The	parcel	area)	
• Other	measures	(e.g.,	online	check-ins	and	floor	area	ratio)	can	substitute	POIs	and	approximate	
the	intensity	of	human	activities	



(6)	Inferring	urban	parcels	in	2012

• Various	methods	can	be	applied	in	this	process
• Benchmarking	road	junction	density	and	population	density,	referring	to	other	LUCC	
products



(7)	Selected	urban	parcels	in	2012



3	The	vector	CA	module
Selecting	urban	parcels	using	vector	cellular	automata

• One	vector	cellular	automata	model	for	each	city
• Neighborhood	configuration:	500	m	radius	of	each	parcel
• Constraints:	size,	compactness,	distance	to	city	centers,	and	POIs	density
(parameters	calibrated	using	the	Beijing	parcels)

• Overall	accuracy	=	83.2%

The black border indicates a parcel’s 
neighborhood, and the number in brackets 
reflects the parcel’s intrinsic probability.

The final probability for being selected as an 
urban parcel for parcels A, B and C is 0.6 
(0.8*6/8), 0.3 (0.6*4/8), and 0.225 (0.9*2/8) 
respectively.
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3	The	vector	CA	module
Selecting	urban	parcels	using	vector	cellular	automata

The black border indicates a parcel’s 
neighborhood, and the number in brackets 
reflects the parcel’s intrinsic probability.

The final probability for being selected as an 
urban parcel for parcels A, B and C is 0.6 
(0.8*6/8), 0.3 (0.6*4/8), and 0.225 (0.9*2/8) 
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3	The	vector	CA	module
Simulated	urban	expansion	(in	blue)



Urban	areas	of	all	Chinese	cities	in	2012

• There	are	totally	761,152	urban	parcels	(among	all	1.2	million	parcels)	for	all	654	
Chinese	cities	and	with	a	total	land	area	46,751	km2 (the	average	urban	parcel	size	
is	6.1	hectares,	200	m*300	m)



Simulation	results:	BAU

• Total	urban	land	areas	estimated	by	BAU	are	62,835	km2 in	2017,	increased	by	
34.4%	compared	to	46,751	km2 urban	land	in	2012.



UAO

• Total	urban	land	areas	of	UAO	are	58,394	km2 in	2017,	increased	by	24.9%	
compared	to	urban	land	in	2012,	while	4,441	km2 less	than	BAU.



NUP

• The	total	urban	land	areas	of	NUP	are	58,930	km2 in	2017,	increased	by	26.1%	
compared	to	urban	land	in	2012,	while	decreased	3,905	km2 in	comparison	with	
BAU.



Urban	expansion	patterns	in	typical	city	regions
Beijing-Tianjin-Hebei,	Yangtze	River	Delta,	Pearl	River	Delta

Red denotes	simulated	
urban	expansion	during	
2012-2017	and	blue
denotes	existing	urban	
land	in	2012.	



Validation:	Comparing	the	BAU	scenario	with	a	500m-
raster-CA	model	BUDEM	in	the	city	of	Beijing

• Expanded	areas	in	both	models	exhibit	similar	patterns according	to	the	visual	
judgement.

• The	overlaid	area	shared	by	both	patterns	was	119	km2 (68.4%	of	the	total	
expansion)

• The	simulated	pattern	for	long	term	is	not	realistic	due	to	developed	large	parcels	
when	MVP-CA	is	adopted	to	predict	for	a	longer	time.

BUDEM: Long, Y., Mao, Q., & Dang, A. (2009). Beijing 
urban development model: Urban growth analysis and 
simulation. Tsinghua Science & Technology, 14(6), 782-794.



Validation:	By	online	browsers	on	the	released	
simulation	results	at	CartoDB	(an	online	WebGIS)

• 76	comments	for	12	cities	received	at	Sina	Weibo.	Most	of	them	are	positive	
“Happy	to	see	my	city’s	future	development”

• Some	potential	simulation	bias	due	to	being	lacking	of	planning	intervention in	
MVP-CA



Concluding	remarks

• A	data-driven	and	straightforward	model	for	simulating	
urban	expansion	in	a	super	large	geographical	scale	in	the	
parcel	level.

• Datasets	on	existing	urban	areas	and	expanded	parcels	
shared	online	for	both	practitioners	and	researchers.

https://www.beijingcitylab.com/data-released-1/data1-20/



Potential	applications
Results	shared	online	to	promote	applications

1. Evaluating		national	spatial	development	strategies	via	
linking	macro	policies	to	local	developments.	

• Visualized	at	a	fine	scale	using	MVP-CA

2. Informing	decision	makers,	developers,	planners	and	
local	residents	on	simulated	local	developments

• “Parcels”	make	more	sense	to	them

3. Evaluating	urban	expansion	impact	based	on	simulated	
results

• E.g.	environment,	ecology	and	social	impacts



The	codes	show	for	the	MVP-CA	model
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三、基于个体建模与地块细分
Agent-based	Modeling	and	Parcel	Subdivision
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基于个体建模（Agent-based	Modeling）

• 或称为多智能体模型（Multi-agent	System、MAS）
• 元胞自动机模型被认为是MAS模型的一种特殊形式

• 元胞不能移动（不能移动的agent），而agent多数可以移动

• An	agent-based	model	(ABM)	is	a	class	of	computational	
models	for	simulating	the	actions	and	interactions	of	
autonomous	agents	(both	individual	or	collective	entities	such	
as	organizations	or	groups)	with	a	view	to	assessing	their	
effects	on	the	system	as	a	whole.

• It	combines	elements	of	game	theory,	complex	systems,	
emergence,	computational	sociology,	and	evolutionary	
programming.	Monte	Carlo	methods	are	used	to	introduce	
randomness.

• https://en.wikipedia.org/wiki/Agent-based_model
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https://www.youtube.com/watch?v=A4Q5A2ZNpxk
NETLOGO
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• Coupling
– CA	– fixed	position	(environmental	factors,	physical	process)
– ABM	(agent-based	modeling)	–moveable	agents	(players/actors,	

socioeconomic	process)
Agents:	government,	planners,	developers,	residents

• Grid	CA	equipped	with	ABM	for	modeling urban	expansion/urban	
growth/LUCC	(land	use	and	cover	change)
– Evans	and	Kelly,	2004;	Li	and	Liu,	2008;	Vancheri,	2008;	Robinson	

and	Brown,	2009	
• Limited	studies	for	integrating	irregular	CA	and	ABM

– The	following	pages	focus	on	this	aspect
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• Discussed	the	concepts	and	methodologies	of	a	geographical	simulation	and	
optimization	system	(GeoSOS)	coupling	grid CA	and	ABMs.	

Li	et	al	2011	IJGIS	(GeoSOS)
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• The	new	version	of iCity	by	Stevens	and	Dragićević	(2007)	EPB
• An	agent-based	model	that	simulates	the	process	of	urban	land-use	change	

by	using	irregular	spatial	units	at	a	cadastral	scale	and	by	incorporating	the	
interactions	of	the	key	stakeholders.

Jjumba	and	Dragićević	2012	ASAP	(Agent	iCity)	
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Zhao	and	Peng	2012	JTG	(LandSys)
• CA

– Land use types
– 50m cell
– MNL based calibration

• Agents
– Household, employment 

and developer

• Land market equilibrium
– Demolition of existing 

and redevelopment
– Development of vacant 

land cells
• Developer Agent

– Demolition model
– Construction model

• Application
– Orange county, FL, USA
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• All	with	exogenous	demands	as	input
• Emerging	tools	Agent	iCity and	LandSys
• All	CA+ABM	with	residential,	developer	and	government	agents
• All	focusing	on	multi	land	uses	except	our	V-BUDEM	and	LandSys
• Density,	subdivision,	geometry	change	and	urban	redevelopment	less	explored

A	comparison	on	aforementioned	simulators
Cells Subdivision Geometry

change
Planner
agent

Other
agents Density Redevelop

ment

Agent	iCity vector Y N Y Y N Y

GeoSOS grid N N N Y N N

LandSys grid N N N Y N Y

Hammam
et	al. Vector N Y N Y N N

GAS vector N N N Y N N

Pinto	and	
Antunes vector N N N N Y Y

Shen	and	
Kawakami vector N N N N N Y

VecVCA vector N Y N N N N

Planner	
Agent vector N N Y Y Y N
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• Subdivision	is	the	act	of	dividing	land	into	pieces	that	are	easier	to	sell	
or	otherwise	develop,	usually	via	a	plat	(Wikipedia).

• Parcel	subdivision	is	an	important	process	in	simulating	land	use	
change,	especially	for	urban	redevelopment.
– E.g.	as	a	tool	in	land	readjustment	in	Japan,	Turkey,	and	Germany

• More	attention	is	focusing	on	parcel	subdivision,	with	the	trend	of	
find-scale	spatial	simulation
– Raster	vs	vector	data	model	used

• Fialkowski and	Bitner (2008)	found	universal	rules	of	parcel	size	
distribution	in	both	urban	and	rural	areas

• An	important	part	for	spatial	simulator
– Visualization	and	accounting
– More	realistic	simulation	results
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• Presented	a	fully-automated	land	subdivision	tool	that	uses	vector	data	and	is	
capable	of	generating	layouts	with	both	lot	and	street	arrangements	for	land	
parcels	of	any	shape

• Software	availability	and	now	testing	(irregular_subdivision.mxd)

Wickramasuriya	et	al.	2011	EMS	(LSS)

Name	of	software:	Land	Subdivision	Simulator
Developer:	Rohan	Wickramasuriya
Software	required:	ArcGIS	9	(ArcView	license)
Program	language:	ArcObjects	and	VBA
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• Interactive	procedural	generation	of	parcels	within	the	urban	modeling	
pipeline

• Performs	a	partitioning	of	the	interior	of	city	blocks	using	user-specified	
subdivision	attributes	and	style	parameters

• “become	a	standard	in	parcel	generation	for	future	urban	modeling	methods”
• To	be	embedded	in	UrbanSim

Vanegas	et	al. 2012	Computer	Graphics	Forum
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• Subdivision	of	a	large	tract	of	land,	first	into	blocks	and	roads	(b),	and	then	
cadastral	parcels	(c)

• Activated	by	the	planning	agent

Jjumba	and	Dragićević	2012	ASAP	(Agent	iCity)	
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• Improved	LSS	to	dynamically	subdivide	parcels	in	land	use	change	models.	

Wickramasuriya	et	al.	2013	IJGIS
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• ReVISIONS project	report
• From	parcel	to	building	scale	and	very	promising

After	the	parcel	scale:	Tony	et	al	2013	(Tile)



考核方式：考查

• 成绩构成：出勤及过程（30分）+大作业（70分）

• 大作业（任选一种形式）：

• 形式1：每人撰写某一类城市模型综述的课程论文

• 形式2：每人撰写城市模型发展趋势与未来展望的课程论文

• 形式3：利用课程发放的北京五环内数据，开发一个地块尺度的轻量级
城市模型（straight	forward	and	light-weight），并附模型介绍（建议2-3
人一组）

• 建议选题：城市开发密度模拟(2035年)
• 欢迎与任课教师讨论（建议OPEN	OFFICE	HOUR时间）

• 提交方式：W13周末（5月27日）前提交给助教陈婧佳
• W8结课后也同样欢迎约任课教师讨论大作业
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课后安排

• 阅读材料待放到课程网站
• https://www.beijingcitylab.com/courses/aium2018/

• OPEN	OFFICE	HOUR	
• 每周二下午12:30-13:30
• 需要提前通过info预约

• ylong@tsinghua.edu.cn,	新建筑馆501,	13661386623

• 答疑邮箱
• ylong@tsinghua.edu.cn
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