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FINE-SCALE URBAN MODELING AND ITS OPPORTUNITIES IN THE
"BIG DATA" ERA: METHODS, DATAAND EMPIRICAL STUDIES
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Abstract: Fine-scale simulation, in which the parcel is the basic spatial unit and urban activity body is the
simulation object, is an important research direction for the urban modeling in the future, and the arrival of
big data era also provides an important development opportunity for it. In the paper, the mainstream model-
ing methods for fine-scale urban modeling are introduced mainly, including cellular automata (CA), agent-
based modeling(ABM) and traditional Microsimulation (MSM), all of which are microscopic simulation
from the bottom up. Then, according with the high-standard data requirements for the fine-scale urban mod-
eling, the paper sums up the internationally acceptable methods for the fine-scale simulation data synthesis
(population synthesis), and also gives a number of practical cases about the fine-scale urban modeling in re-
cent years. Finally, the paper puts forward the framework and key technology, based on GIS platform and
combined with CA/ABM /MSM method, to construct fine-scale urban modeling, to support the develop-
ment and assessment of spatial policy in the metropolitan area.

Key words: urban modeling; big data; fine-scale; planning support systems (PSS); Beijing

population synthesis

big data GIS
CA/ABM/MSM
Cellular
Automata CA Agent-based Model-
ling ABM Microsimulation
MSM PSS
TU984 A

51078213 51278526
1980— E-mail: longying1980@gmail.com

2014-03-10 2014-05-18

HUMAN GEOGRAPHY Vol.29. No.3 2014/6




model

" urban model

[1

population synthesis

fine scale

MSM Miller
Axhausen
population synthesizer PopSynWin,
ILUTE FSUMTS CEMDAP ALBATROSS PopGen
" urban spatial development ILUTE ALBATROSS
@ JLUTE PopGen iter-
ative proportional fitting IPF
IPF Deming  Stephan
[3]
! ‘ Long  Shen
20
[4.5]
“ big da-
ta ”
sensor networks social networks
RFID call detail records
OpenStreetMap
2
2.1
microsimulation model MSM
Orcutt
[6]
Y]
UrbanSim  ILUTE MSM
UrbanSim
[8]
UrbanSim
el UrbanSim
ILUTE Greater Toronto Area
B9 Chingcuanco  Miller ILUTE

M UrbanSim  ILUTE

n HUMAN GEOGRAPHY Vol.29. No.3 2014/6




Agent-based Microsimulation Mod-

el ABM MSM
2.2
CA
CA
[12,13]
CA
Stevens  Dragicevic CA
iCity
# Shen
CA
® - Moreno
CA
GIS ra
2.3
ABM agent
u ABM
CA CA
agent ¥ Torrens
Benenson geographic automata
systems CA ABM
¥ Jjumba Dragicevic iCity
“ Agent iCity”
Chilliwack &
CA ABM

artificial intelligence
GeoSOS  geographical simulation

and optimization system http://www.geosimulation.

cn e ABM
ShopSim-MAS
[22]
CA ABM —
[23]
MSM
CA ABM
UrbanSim ILUTE  Agent iCity

ABM

3
31
1 BUDEM
2008 Beijing ur-
ban spatial development model BUDEM CA
logistic logistic regression
[124]
BUDEM 1
“ 4.3
UrbanSim
~
Bl
Ak
<BEA] gl
>
™\
SJER. ik, HEHELN+WUYC)
« K¥#fESoLoMo (A% k. W)
«EREFASR
BT A RS- A DT
« ik T Y

«SE[EMA AT (M, RO

W (GEEZHANGY. W5, BREXUYF. 6HERO
ERFES E RIS ER BT >

« gl AR AR > BRI A

~EURVE (MR

Wit hl

SRR B

«+HITFRZSQ

B X frik #ZHENGSQ+LIAOZX+YANGM
« il X A7 #EZHENGSQ+YANGM

« Hofth e BURIT EAEPA > R AT )

A

L £ € € ¢

1 BUDEM
Fig.1 Framework of Fine-scale BUDEM

2 _ _
2012 — —
FEE-MAS
2

HUMAN GEROGRAPHY Vol.29. No.3 2014/6 n




 ERHSAW o + 48 S
G &R A% oy TR %R
agenter Jj ?i; ;
Ao . WS
JENENE SR BHiwE oI
| |
v .
J& Bl WA E
[X for 1% 3% FE 6 1 2A 55 52 )
: 19 R W 43 BT
i R AT
PR B — = =
p” Jo B 3388 R RE Rk 17 Y 5 3 i
= IRBERG VB | T R A R R v B
o JEREAT
2 FEE-MAS
Fig.2 Flowchart of the FEE-MAS Model
25261 2008 2010 2012
2008
854 7797
22
[25]
3 points of
interest POI (28]
2
3
point of interest POI
TAZ
5
[29]
4 V-BUDEM
2008 BUDEM
3
CA V-BUDEM Vector-BUDEM social network service SNS
4
check-in data
logistic
parcel subdivision V-BUDEM 4’ 1.6
[27] [30]
3.2 "
1

10 HUMAN GEOGRAPHY Vol.29. No.3 2014/6




& ERANP

AL o T A
2R FAERRA
mggagm
FEER EM &
ﬁ&ﬁzﬁﬁﬁ W% 2 sk D
ESOES. 2t W
A, T T
Y L R =i B
AR ER B, o PARMMERRL |
(3 F oy o IR G AT T LUK E R
BEF):
plRFRI
el TR
p34BE
s EEUMER e EAl SWMEM2EMH  EA3
BUN A EGA PA pSHIRFN, TBAR Eaz
AR v RETUN KEREKC S
E N
W53 > s | S h Ay | A '
e : :
BEERY e m R HHAFESHTESAPP) |
A ) :
FM \ (UAZREED > SEASHIBH : Tk ikl il :
HAEE ! |
e
RFE2RI
wman | o ammw |5 Eis
Fi%2 by PA2 R FEIbY PA3 | 7 £4H %1
| (MAS/H: 4 B 18) By -
B FAERM :
WFkE, AF \ S
HAMHLRE A 38 B 89
2, HTE Q ik, RAE
Ry, AT RAE R, 3
BRI, TH > ey
ARdE B R R o
i iRt
;ggf"ﬁﬁ F B KESER
ZAPAIIHHA .
HETEAEREVEA
HuH PP
= BAMER
R R
3
Fig.3 The Process of Using Planner Agents for Supporting Preparing Land Use Pattern
[31] 33
1
BTN AR TR il £ & CA
v
BUDEM #£7! K& CA
|
y
) PRI 5 TR
A ]
V-BUDEM #t2! land subdivision tool
|
y
7 SC B 1 3 Beijing City Lab
4 LRI Jing City
tﬂﬁ?*ﬂ{ﬁ}iﬁi%ﬂfgiﬂé planner agents . ..
K Eh AL http://longy.jimdo.com
2
ot H BRI 43 FR I T b3 K (4 30

SRGR, e R R (5
RS S, Tl AR PEAED

4 V-BUDEM

Fig.4 Flowchart of the V-BUDEM Model

2012

Agenter

6 [45]

BCL

HUMAN GEOGRAPHY Vol.29. No.3 2014/6




2014 3

PopGen  Agenter

PopGen Agenter

BUDEM

BEIJING100%

5

Fig.5 Inferred Urban Function for Each Traffic
Analysis Zone in Beijing

‘ - emfoeg TP, C em |
4 - ;% g EQ(:«-*J‘;.%'
| ;.-"‘%E -
= AT,
£ oo
g
°_a ﬁ{ ‘

’Li: i&h.t;-,l-; —
SRR ST ."'l'}.-

Fig.6 Synthesized Population in Beijing

CA ABM
MSM

12

HUMAN GEOGRAPHY Vol.29. No.3 2014/6

* Microanalytic Simulation Model”

Waddell UrbanSim
[8]
[ ,2013.( )
, . 2013
[1. ,2013.( )

Long Y, Zhang Y. Land-use pattern scenario analysis using plan-
ner agent[J]. Environment and Planning B: Planning and Design, 2013.
(Revision under review)

Long Y, Thill J-C. Combining smart card data, household travel
survey and land use pattern for identifying housing-jobs relationships in
Beijing[J]. Computers, Environment and Urban Systems, 2013. (Under
review)

Zhou J, Long Y. Bus commuters' jobs-housing balance in Bei-
jing: An exploration using large-scale synthesized smart card data[J].
Journal of Transport Geography, 2013. (Revision under review)

[1] . . . [
,2010,3(2):180-212.

[2] Muller K, Axhausen K W. Population synthesis for microsimulation:
State of the art[C].Proceedings of the 10th Swiss Transport Re-
search Conference,2010 (http://e-collection.library.ethz.ch/view/eth:
1623?g=microsimulation).

[3] Deming W E, Stephan F F. On least squares adjustment of a sam-
pled frequency table when the expected marginal totals are known
[J]. Annals of Mathematical Statistics, 1940,11(4):427-444.

[4] ; , :

[J1. ,2011,66(3):416-426.

[5] Long Y, Shen Z. Disaggregating heterogeneous agent attributes and
location[J]. Computers, Environment and Urban Systems, 2013,42
(1):14-25.

[6] Orcutt G. A new type of socio-economic system[J]. The Review of



Economics and Statistics, 1957,39(2):773-797.

[7] Ballas D, Clarke G. GIS and microsimulation for local labour mar-
ket analysis[J]. Computers, Environment and Urban Systems, 2000,
24(4):305-330.

[8] Waddell P, Wang L, Charlton B, et al. Microsimulating parcel-level
land use and activity-based travel: Development of a prototype ap-
plication in San Francisco[J]. The Journal of Transport and Land
Use, 2010,3(2):65-84.

[9 S :

[J]. ,2010(9):25-30.

[10]Miller E J, Hunt J D, Abraham J E, et al. Microsimulating urban
systems[J]. Computers, Environment and Urban Systems, 2004,28
(1-2):9-44.

[11]Chingcuanco F, Miller E J. A microsimulation model of urban ener-
gy use: Modelling residential space heating demand in ILUTE[J].
Computers, Environment and Urban Systems, 2011,36(2):186-194.

[z, , o CA
[ , 2008 (6):83-91.
131 , CA [.

,2009,64(8):999-1008.

[14]Stevens D, Dragicevic S. A GIS-based irregular cellular automata
model of land-use change[J]. Environment and Planning B: Plan-
ning and Design, 2007,34(4):708-724.

[15]Shen Z, Kawakami M, Kawamura M. Geo-simulation model using
geographic automata for simulating land use patterns in urban parti-
tions[J]. Environment and Planning B: Planning and Design, 2009,
36(5):802-823.

[16]Moreno N, Menard A, Marceau D J. VecGCA: A vector-based geo-
graphic cellular automata model allowing geometric transforma-
tions of objects[J]. Environment and Planning B: Planning and De-
sign, 2008,35(4):647-665.

nn :

1. ,2004,19(2):305-311.
[18]Evans T P, Kelley H. Multi- scale analysis of a household level

agent —_—

agent-based model of landcover change[J]. Journal of Environmen-
tal Management, 2004, 72(1-2): 57-72.

[19]Torrens P M, Benenson |. Geographic automata systems[J]. Envi-
ronment and Planning B: Planning and Design, 2005,19(4):385-
412.

[20)Jjumba A, Dragicevic S. High resolution urban land- use change
modeling: Agent city approach[J] Applied Spatial Analysis and Pol-
icy, 2012,5(4):291-315.

[21]Li X, Shi X, He J Q, et al. Coupling simulation and optimization to
solve planning problems in a fast developing area[J]. Annals of the
Association of American Geographers, 2011,101(5):1032-1048.

[22]Shen Z, Yao X, Kawakami M, et al. Simulating spatial market share
patterns for impacts analysis of large- scale shopping centre on
downtown revitalization[J]. Environment and Planning B, Planning
and Design, 2011,38(1):142-162.

231, : :

[J]. ,2011,66(8):1033-1044.

[24]Long Y, Mao Q, Dang A. Beijing urban development model: Urban
growth analysis and simulation[J]. Tsinghua Science and Technolo-
gy, 2009,14(6):787-794.

[25] , , .

[9]. ,2012,67(10):1339-1352.

[26]Long Y, Mao Q, Shen Z. Urban form, transportation energy con-
sumption, and environmental impact integrated simulation: A multi-
agent mode[M]//Zhenjiang Shen (ed.) Sustainable Development
and Spatial Plan: How to achieve a sustainable urban form in Asian
cities?Springer-Verlag Berlin Heidelberg, 2012.

[27]Zhang Y, Long Y. Urban growth simulation using V-BUDEM: A
Vector-based Beijing urban development model[C]. Proceedings of
Spatial Planning and Sustainable Development, Beijing, 2013.

[28]Long Y, Han H Y, Yu X. Data and Points of Interest in Beijing[Z].
Beijing City Lab, 2013, Working paper#11 (http://longy.jimdo.com/
working-papers-1/wp-201).

[29]Yuan J, Zheng Y, Xie X. Discovering Regions of Different Func-
tions in a City Using Human Mobility and POIs[C]//Proceedings of
the 18th ACM SIGKDD International Conference on Knowledge
Discovery and Data Mining, 2012, 186-194. Beijing, China: ACM.

[30] , [C].2013

,2013.

[31]Long Y, Liu X. "How mixed is Beijing, China? A visual exploration
of mixed land use"[J]. Environment and Planning A, 2013,45(12):
2797-798.

HUMAN GEOGRAPHY Vol.29. No.3 2014/6




