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(discrete choice model, DCM) KL Ji B ) H A5 5 s #5470, BT LU E AT WF5E v 4k
W, SR P LS T B A TR Z AR A . ASSOR X — i R I, BE T IR B =X
AT Ay Jy ke B0 47 )5 20 (COMML_TYPE) {5 A (INCOME , 14 : yC) A4 7
B (dist, HRL km) XA EEA SCR (AT B A8 5 R IR T Ja A DXCALge Rl X A7 e 45
FIAE R E 1), BAR LR (Python i H B ).

if INCOME > 5000 and dist > 4: %1 REHIT R AR IR

COMM_TYPE="CaI‘" #%AZE ZE ijﬁ‘ Tab. 1 Energy cost and environmental impact indicators

elif dist > 3: for various commuting means

COMM TYPE="Bus" #3447 5 ik RNBLIHAT  SEABLIHAT

else: PERIAIRERE  BERIPAESE

. 1 /NAH (Car) 10 10

COMM_TYPE="Bike or Walk" #H ,  ,% @ ) 1

8P AT 3 HTZEUbAT Bikeor WAK 0 0
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m CLS_CA:Total Area, FAE 50V FHHb S TR
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m CLS_LPI:Largest Patch Index, Zfif. = S utll H.00 B o5 A8 LL 1)
m CLS_ENN_MN: Euclidean Nearest Neighbor Distance, “F-3JIT 2B 2 , F2AE 50V Ao
SrAT LA
w JEARFEE, TR A0 b IR
* CLS SHAPE MN: Shape Index, “V-YBEH M 455k
* CLS_LSI:Landscape Shape Index, st MJERFEFR
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o FAR 731 OF K HRJE) -
m AR, T 3RAE T A0 B 1 23 (R S A 5 1 —
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m Contagion-Interspersion $5Hr , FALA I T 2 5 B b 1 G A2 RE
% LD CONTAG:Contagion index , & fiE & f5 b5
* LD_DIVISION: Landscape Division Index , 73]
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* LD _Al:Aggregation Index, &
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R R TR, R T R 5 A7k ) RE Bl TR s

B B B 2 TS e

A (A5 3 TIZE AR B SRR AT ¢ 6236 23BA4 13700 27517

DI Ik T 22 45 i FE AR CLSCA 00010 00040 00025 00009
10000 JALH A G HHHEfT A ik 2 - 3P o B 192 56

DN N X s _ S EL CLS LM 0.2500 3.7500 0.7624  0.3248

N (FEAIRTTIEAS N = 10000, 25N o 51 g 22857 60760 44267 07948

TS 0F I AR A2 18 A7 SR (dist) M. OLS SHAPEMN 10000 12375 10423  0.03%

E%ﬁfiﬁﬁgﬁ (E) IIg= {%%%ﬂtﬁii (C) , CLS PARA_MN 34000 40000 38741 877
2l & oy IEJ ﬂz /ﬁl\ j:k' */]t CLS ENN_MN 21554  6.2072 30421 05706
o B Vo

iy B . LDENN.MN 23801 56048 33062 0357
NI TR SRS I AT IS (dist) 1D cONTAG 244728 50402 392857 40672

RIS A% S . AR dist 25 5E1Y LD_COHESION 826889 967945 93193 14731
Sy A AT LT RIRE G 4 #y  fE 75 [f]4  LD_DIVISION 05431 09249 06957 00553
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3.1 HEXES

38 2 A DR A AT, A DG R T 0.8 B/
T-0.8 19 7% 5 % Bl 5 B L S Bk 0 A2
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iR R Ml DX ASE 3 198 T D) S g 30 556 oMb 1) D
BRI FH i 4 A A KU , 0] R 2 )
FR BN Bl R T A
3.3 WmRRTES L @R MRS

DL S A5 T A 3T 20 < 20 (9 5 TE 3
TR Sy 1T A R B 30k T B 256t i
NS HBEFERTSEIA , BOE T WK 4 IR i 54>
AR . EEXFRERNIE AR, BT FEE-MAS 4 B
5000 3 HTTE A OO R A [] 1 A1 Jey R k%%
B A E R iR “2.3.2 AR T R A R
ROEFESRAE AL, PG BRI AR 23T
T 25 138 B 528 S B (diist) (3R 4), o iy
(BT AR Ay i e 3ol T R PR K e 480 2 3 REFE 1)
S, A LA IR 30T () BEAE AR AR, A 4P

300.0-]

(Rousnbaiy)EE

B
15
8
=

100.0-

T T T
20000 25000 30000

5 dist 8 A4S0 T 3 A B FC 5 TEZS Ak U

Fig. 5 The frequency density distribution of dist compared

T T T
5000 10000 15000

with the normal distribution

wRE

[ Jo-1
e

| E
-
;-
EAIN

[ o
-
- a0
| ERRE
B s - o0

P 6 FEImT A sl XA R I i A R R A

Fig. 6 FAR distributions for an exemplified urban form

[ T
AT HEE
[ Jo-mn
[ ]ss-m
-
| ERE
BE ERR

K7 BB S ) S AT A P

Fig. 7 The commuting distance map for




1040 eI S 66 &

875 3T ) REAE i 1 B0 B ) D7 TR I #*3 ERBBESMEREK
T’ﬁ , g /I\gﬂ E"Jﬂljﬁfﬁﬁ/; 7& E/‘J ﬁlé*%,ﬂia: $_gﬂ Tab. 3 Results of global sensitivity analysis
TR 7 8T, X S0 55 5 ML A R B sk FrAEALIR IR t Sg.
HIF G, KOS AT £ Ty W08 . 196017 000
T R RERE AT Rt 2 DIV S Snpe i o s o0
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Fig. 8 Six typical urban forms in the hypothetical space
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Tab. 5 Simulation results for six typical urban forms
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A Multi—agent Model for Urban Form, Transportation Energy
Consumption and Environmental Impact Integrated Simulation
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Abstract: Cities are consuming more energy with increasing urbanization process. The urban
transportation energy is the primary part of urban energy consumption. Extensive researches
found that it has strong relationship with the urban form, which fall into intra-cities level.
However, little attention was paid to the relationship between urban form, transportation energy
consumption, and environmental impact in the inner-city level. This paper aims to investigate
the impact of urban form, namely land use pattern, development density distribution, on the
residential commuting energy consumption (RCEC). We developed a multi-agent model for the
urban form, transportation energy consumption and environment interaction simulation
(FEE-MAS). Numerous urban forms with distinguished urban land use pattern and development
density distribution are generated using the Monte Carlo approach in the hypothetical space. On
one hand, the RCEC for each urban form is calculated using the proposed FEE-MAS. On the
other hand, we select 14 indicators (e.g. Shape Index, Shannon's Diversity Index, Euclidean
Nearest Neighbor Distance) to evaluate each generated urban form using FRAGSTATS, which is
loosely coupled with the FEE-MAS model. Then, the quantitative relationship between the
urban form and RCEC is identified based on 14 indicators and RCEC of each urban form.
Several conclusions are drawn from simulations conducted in the hypothetical space. (1) RCEC
may vary three times for the same space with various spatial layouts and density distribution. (2)
Among selected 14 indicators for evaluating the urban form, the patch number of job parcels is
the most significant variable influencing the RCEC. (3) The RCECs of all urban forms generated
obey a normal distribution. (4) The shape of urban form also exerts influences on the RCEC. In
addition, we evaluated several typical urban forms, e.g. compact/sprawl, single center/
multi-centers, traffic oriented development, green belt, in terms of the RCEC indicator using our
proposed model to quantify those popular planning theories. The FEE-MAS model can also be
applied for evaluating urban spatial alternatives in terms of energy consumption and
environmental impact.

Key words: land use; development density; transportation energy consumption; environmental
impact; multi-agent; Monte Carlo



