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S E S HLE A . S8 R AE BB HRT S SUHSESC R, Modarres 755G %
ZHLEIIFE B, v 8 P b X0 e B B RE DR #E 400 ™ Barla SE7E NSRRI 72 A AIF
FER NV BERARR AR 3508 DRI A1 Bl b DX 1 J Bt A e R 3k L O3k X 1Y
1= 27%H170%, {H Brand S E S W T o, e N8 5 mATHRHFBCZ A 1 5C &
FIARREER, ARy, AR BE e A 285 s 3R WA Ak,
IR 5 R AT B HE B A G R AR AT RE SR AR R LRI TR, A AN Rk
SRR A WA —E 225770 A HFFEIA g N 1 % B i 8l R A T B HE s
A WF R B IRSY, WA TS s B AL X s R AT RERE I i T HARAR DX X
Todtsganl ke OCHIE S AL, SCHRIBIRBETEAE WA B2 R0, A rFik
N, ARSI B AN R A I AT i HE R R R A F O A —27 DLEBFE R 2L
SRV T — RUBE A R R S B R AT R HE R A5y, AR PR TEAN ] RUBE S PR I3 1) 52
2e5t; HEZBDIEEHE SISO G, B0 Z BB AT 5, fn T/t
IR o PR AE AN [l s ) _E X AT R HE A S AR v e S A —Bul, B =S
SEBES,

R R AR OS2 —, BN RIBEE )ROSR 2 R T4 R A 22 50,
PRI, AN [)RURE S PR 2 300k s T 8 R AT B R B s i AR T RED A — 2, 1R
L [ P 22 BRI £ A [ FRLFRE R b AR S A B A 00 i i 80 HE A Btk s
ST, ASCEE S I R DL ORSE I 5, TR RO A R X J R
B ATIRHEBC R S, WP MR R AR B B 7 SR, R PR
i F 8 Sl HR AL A 52 M) 3 2 T A Ml PR S8 RS2 B R 7 A SR AT P A 91144 T 52 U
WHE, BT R AT IR G A B AL AT O-D AU RE AR R4 (Travel O-D point Intelli-
gent Query System, TIQS) VEISE R, A 222 IR A U R S AN [ R AR
SR RO RE By AT B AR A SR
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(F3E . GEohd D) v 30 P T O BR VL I A RR IR EE 25 A A %5 (RD)
FFEIX (BB . ZrE D) NREAE D BRI A R TR A (LUM) i
13 Fh2AIDLR S (POIs), {4 Frank % Hl Moniruzzaman S5 7 1B MR A3k
% (BSD) FMigkubi%E (MSD) it 7E ArcGIS XA 22wl a5 R A 13 53 il kA 5 4%

@ TIQS FEAHT 5T A BA L T 1 £ # K] LBS (Location Based Service) i 5 TF & FURENS 11 shik 47 K3 14T OD A
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Fig. 1 Spatial distribution and different research scales for
the neighborhoods surveyed
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BVGRIE FHE (4P7), 4yl FTorE i “1~543" kFEoR AW ARRIE" 2] “dRE TR
B, ERASZF RN RS W (GENDER) . 4Ei#y (AGE). ZEEHEL (HS) .
BEHA 165 LITH/INMEZ (CHILD) . %211 (EDU). F#§ (HR) . ZENIHIA (IN-
COME) . /NRZEWH (CAR) MATTZEIIA (BIKE) %%, MIBFEAMI S45 @i
mFE2 (W 126971,
2.3 BEHHITHRHEMAITE
ASCHET i BGE B AT OD A TIQS By - E B A ikl . Hoa AR .
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MTD,=TD,- NTD, (2)
K. TCOMHEARGEEIMAT (AR PrER R CO.; MTD, 2 Brim Bl ALk 177
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Tab. 1 Sample distribution and built environments for the neighborhoods surveyed

X Aﬁ@ AN BEAREC BT BRI RS ORI NS MR T e I
X (N ) RE O EB&m)  FEOUKm)  BAE (km) (km) (km/km?)
Bk FHEIX 8831 63 RpEE— 8.93 114489 0.54 8.91 0.68 8.93
R~ 8.62 76456 0.52 9.50 0.73 9.35

S 8.94 51399 0.54 8.68 0.64 8.79

HFEAX BFX 14110 88  RUE— 131 39885 0.57 6.28 1.05 7.63
R 2.37 26730 0.44 6.51 0.61 8.22

K= 131 17929 0.51 6.31 0.91 7.75

WECRRE IR 13979 75 REE— 4.54 24695 0.48 6.89 0.23 6.99
S 4.90 35726 0.37 7.68 0.36 7.31

RJE= 4.52 29414 0.35 7.06 0.28 6.89

JeRAEbd  BERIX 17466 102 UE— 7.89 32147 0.18 6.09 0.36 7.97
g 7.46 45427 0.27 6.71 0.47 8.19

R 7.92 30684 0.25 6.33 0.37 8.08

I %l KI[IX 4230 39 RE— 2.86 63200 0.35 7.72 0.67 7.28
RpE= 2.66 44470 0.58 7.10 0.57 7.53

REE= 2.86 30830 0.57 7.31 0.67 7.32

RacktX RITIX 12320 109 RJgE— 6.24 13827 0.36 4.85 0.36 6.43
R 4.64 13634 0.44 5.97 0.24 6.78

= 6.26 23922 0.39 4.72 0.32 6.18

PR RWIIX 8016 69  RE— 8.16 17580 0.27 4.56 0.21 5.86
R 9.10 4628 0.34 423 0.13 4.89

JURE= 8.17 10099 0.34 4.60 0.19 5.62

X AR 15044 121 RJE— 11.22 56825 0.47 8.07 0.02 8.68
R 10.53 20983 0.37 7.46 0.14 8.22

REE= 11.21 24475 0.39 7.73 0.06 8.73

WAMAER =X 4372 41 RE— 15.62 10343 0.27 5.70 0.00 478
ST 16.10 6449 0.23 422 0.01 3.31

R = 15.63 7504 0.23 5.24 0.00 437

SEptX O BHIX 10685 89  EFE— 10.62 63149 0.40 475 0.10 5.38
REE 11.48 7560 0.12 4.00 0.15 412

RpE= 10.62 9215 0.27 479 0.12 488

TIRHETT EIX 4747 34 RUE— 14.44 29717 0.25 445 0.29 4.48
1ebd RPE— 15.70 4630 0.20 2.11 0.10 3.55
RE= 14.45 7196 0.40 4.16 0.23 418

WEP FHX 12599 109  RpEE— 8.90 13938 0.25 5.15 0.25 481
REE— 9.44 3469 0.22 3.00 0.11 3.63

RE= 8.84 4141 0.28 4.63 0.22 4.99

PLAERE  FEX 11056 95  RpE— 9.98 9989 0.41 532 0.21 442
RJE— 9.44 3469 0.22 3.00 0.11 3.63

N = 9.99 6375 0.34 4.62 0.18 434

WrBR  BEIX 27136 159 JUE— 17.38 6980 0.25 1.38 0.00 2.83
S 15.72 2060 0.25 1.48 0.01 1.95

RJE= 17.40 5278 0.32 1.83 0.01 2.82

ARlartx FHIX 7874 46 NE— 21.83 20503 0.57 3.52 0.12 431
g 22.02 1790 0.23 223 0.03 237

RE= 21.84 10348 0.44 3.96 0.09 426

&t 172465 1239

TEe REE— WA ER, REE = AR e EREE I, RUEZ = A X S /b 1 km sl
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Tab. 2 Distribution of social and economic attributes for the sample population

b (AEhE, Hf7) AR HEAK (4Y) i (%)
Y£5%] (GENDER, -) 0: 5 694 56.01
1: & 545 43.99
Ry (UAGE, %) 1: 16~24 137 11.06
2: 25-34 605 48.83
3: 35~44 426 34.38
4: =45 71 5.73
FREMBL (HS, N) 1: 1 39 3.15
2: 2 140 11.30
3: 3 429 34.62
4: 4 355 28.65
5. =5 276 2228
P4 16 Z LI /M% (CHILD, —) 0: A 414 33.41
1: A 825 66.59
205 (EDU, -) Lo (Bh e Bim) RUPUR 151 12.19
2: K% 357 28.81
3. AR} 551 44.47
4: WA R 180 14.53
Fi5& (HR, —) 0: A 584 47.13
1: A ()M 655 52.87
FIENE A (INCOME, JT) 1: <3999 129 10.41
2: 4000~5999 221 17.84
3: 6000~7999 208 16.79
4: 8000~9999 202 16.30
5: 10000~15000 208 16.79
6: >15000 271 21.87
INEFIIA (CAR, -) 0: BAT 488 39.39
1: A 751 60.61
AfT 494 (BIKE, -) 0: BAT 429 34.62
1: A 810 65.38

&3 N HIT AR EREEmEE T

Tab. 3 Specific energy consumption and CO, emission factor for motorized travel modes

HLalift A RRIRINFE 2 — K RETRIHAE WeHERL A 7 EF

AT (L/100 km, kWh/km) (N) (MJ/Pkm) (g/Pkm)
INEEE (7R 11.0 1.3 0.84 233.1
AR 35.0 40.0 0.35 26.0
YEAE () 30.0 44.0 0.27 20.3
HhEk 5.0 216.0 0.26 20.9

VE: ARIRSCHR[43 106 T P E A OB SR BT, Ao 2 B R AR
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a /INRFEE BN TR A AT AR

P P
o K L o) 1 7\L D
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b. ASEASEEGI AR H R
- = .
o A 51 ™= A = Ao [o] s
NTD, MTD, L NTD;, MTD, NTD, A )5‘
P @ T
l< TD >| P {E=HA
[ ]
o. JEHL BB AT BE B A A AISTEHA,
ST AT
£ &b TD
o D MTD B3k AT
l< TD=NTD N| NTD LS HATRERS
MTD=0

B2 ARAXNEHHTERENITELRE

Fig. 2 The calculating process of commuting distance in different travel modes

I BIMMAEREA ST 4, AT — R 2 05 b — Pl S e A A B ) A sgil, L
BCE RS SR Z [AAH BAsfe . ARy Ak —E B I ARALBN Ak AT, X sl
AL AT I AR COLo FETHEA AT I HE B 1 S B ik SR AL B Ak th A TR S, o Bp
A (2) HHINTD;,

b3k TD AN NTD, vl i it 7 TIQS Hhan A A B 4T OD i 2226 BE AL AR AN H 47
Jr RIS . TIQS ¥ AR Hi A%t 147 OD AR T ey th A7 7=, i A A K S
13 S A B R TR A 08 B R AT AR RS ZE (AT RN R B
1TH B (TD) MHEAENLSEIATIEE (NTD), MifiitE H SEPrHEiL CO. ML sh ik 1T HE
BIMTD;, DAEDLENA AT N glEg ok, S AT BRSO i A B8 A TR HE A
2.4 ZEXEAMMNEE! (Multilevel and mixed-effects modeling)

AR SOKs 3 3 22 2 VRIS SN AR TR AR GEAS ) RUBE S R PR X6 i R 3 S e HE T 1
M, ZJ2WIRARNALRIFE AR . BERUN (fixed effects) FIFEALALN (ran-
dom effects) . FiF AR, “FEaE " BEEARRR IR AR, 5558 )5 5
PR—BE 5 05 A W 38 AN TE L CREMLA R RE R R X R A AN ] J2 U G 4
(subgroups) #ATEIH, HFHEARNME (BR) ERE (nested) EZANREEEMIALEH
By, anatIX | HEIEAE, Pk, B AR a4 Fds aT Al 22 2 R A U AR A R A
AR 14 1 52 2550 FAN ] RUBE ST 4 ) BB AT 1A 78 R Ak 1+

MZJRUIR G BN AL e O, HARARLA T .

Y. =By + B X, +Boxy + o +B,x, + &, (3)
Krp: iFRRHEARME; B, BFEAIRR BRI B 2B S x MR o MRELIR
2,
MRS [ s 7 [ 5 AR LA B, AT
Vi; =8, +,81x”>/. +'82x2‘.j + .o +,3"xm.j + Uy +gij (4)

Ab: JERIRIRFEA MR R E RS A RTT, WATTERAEDC;  u, 2% I A H] R
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JCIBEALEIE I, W EPREHLRN,, DA B 25 PR 2 () 500 (AndhIX) ZIa] R 2 A il
AR EE AR DL M R HE R 2E 5 o BN AT 8 I e A O T 75 7% (best linear
unbiased predictions, BLUPS) #47flkiit.

22 2 YRR A 280N RS AR ] Fsf 3 P LA B i A A0 k7 A ) b 3 245 (1) B o A 5 ) 22 52
WEIER 7 ] DAL & BEBLAY BRI L AR, 38 SRV % BE AL A AR e HABI A /0 5
.

Yy =By tBix; HByxy; t e B,y T u,x, ey (5)
K w, FEREASHE x,, IFEPLRIEE XN TR RIS R I0 ), RS & «, (R EL
A—FE, WHY, R x, AE7E R R REALRON ,  TUHAE AN ) 20 2 [i] BT o) PR AR
iy A AR, S0 NVE R 7 AT REA—3 . MR R AR W Y
BEALRLCN , PaEE ISR (likelihood-ratio) F6 354 7 fift B A8 HE REHLAPR A BIARUE R8T
A B AL AR I () B A

SN EEASTR)RUEE | AN (] b P S5 e O PR B 0 PR3 8 A T e HE B s e, B e A
X JE AT b A AR A 4 A Horp B T TR A AR R B B A T A B S R RN
FAA T EEAS R, AR 2~ B 4 43 BN AKE XORE | A RO AR X 5 1 km 28 vy
FELRUBE P Joa A M R A R AR o, DATR ST 9 3 MR IRUBE ) Joa A e 2 i A 5 T 3 Sl e HE s 1)
MR, BRE, BN, MERIT TR A AR & A SR i e B b ARk, 4
TIRG AR S~BAY 7 XA TR o, RO S AERIAY 1 A3l AT T M
B, VR IRTEAN S R A AT, AR M AR 2 15 038 B HE ik
A WERSZ . B 6 AEARRL S (LA b i — 20 I AKX B Ja A g A R AR i, DAR
FEFETE AT b g PR T 38 Sl s -HE 3 53 i 8 28 0 2 Joe e A B 35 o 38 Bl e HE s ) 5
Mo 25 o AN 7 R A AL A B s, TEREAY 6 IRl B D RIRAS & n A8 i, DA R
AL B A O A e fa e

AL JZ IR G RON AR (A48 8 5 Al T2 i Stata 12.0 FPERY “xtmixed” fim4> 4L
11, A A SRR (maximum likelihood, ML),

3

3.1 MEREmBESBAMZmEER

B 1~BER) 4 AT TE5 R e 40 MAETTHERATOL, i RAMAR R AT 25 S D i
Pt 22 2235 J 0T T8 BRI B S ma A DU SRR PR — 2, BB i B AR
flrE, BA L, ERIMATSE “RAINFEMmRS AT R E R R R IAENE
AT RS Y ML R AE” X8 EhBRAROF IO e, AT s sh B R B
P70 ENCPATE A T AT X SRR T R RO, T A g
37 M ER BRIl B R AR G MK 10%) , “EXk
INRFIATY BA RERIERZREN (REFEKE1%) o thaa it mirm, il
AR . PEE L FIEWATKERUR S0 /N X8 S HE R R A R AR, B TRk
PR 1% 1%, 10%., 5% 1%, e, ik AFRECR . JAT MR . KEAY
SN e AT /A4 1 i BORE A 38 HECE 2 89 COLo TR E AR . =541 45 16
UL B/NMZ . PGS B AT 40000 18 S HE A B . LM R
Wi R 2R AR THES R S E A PR EIR A — 2 I, ASOANFEE— XA T TR oy
Mro TERLRL 2~ 7 rr S i NN A P ) A B A BB A 2 v
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Tab. 4 Model estimation results of the effects of multi-scale residential built environment on
residents' CO, emissions from commuting
R 1 AR 2 R 3 R 4
AR A
AP1 27.0162 14.3191 26.5988 19.8548
AP2 28.7874 26.5083 15.3102 245177
AP3 30.1147 20.9674 24.8029 30.0696
AP4 -40.7247 -25.0515 -45.0258 -44.7375
AP5 -129.1811* -132.6503* -113.6033* -126.0231*
AP6 361.9357%xx 368.1032%* 360.8664%* 366.1136%**
AP7 -131.6832% —-136.8782* -136.8357* -142.9529+*
GENDER —311.4853%x* —283.6218%x*x* —299.843 | -313.0708*xx*
AGE 187.5015%** 184.1566%** 191.0341 %+ 190.1026%***
HS 1.5238 1.4895 7.0559 6.8284
CHILD 84.2960 87.2285 77.1349 83.3836
EDU -5.2603 -13.0242 -10.4170 -10.9997
HR 199.2319* 188.5969* 201.9674* 185.4167*
INCOME 82.2795%x* 82.0098** 83.8621%* 80.1377%*x*
CAR 734.7905%** T45.1148%** 716.3562%** 726.8929%**
BIKE -61.8951 -62.3969 -51.8799 -44.6196
FE DR A 5
DC, 0.0510%**
RD, —-0.0055*
LUM, -893.8533
BSD, 302.4923 %+
MSD, 308.0092
RND, —248.7261***
Bl R AR it
DG, -0.0004
RD, 0.0049
LUM, -386.7136
BSD, 117.3472
MSD, -593.7092
RND, -180.9338
1 km 2B i [ RS 8 1t
DC;s 0.0407+*
RD; -0.0142+*
LUM; -1459.1270
BSD; 266.3485%+*
MSD; 511.8110
RND; -196.9419**
R R -1283.1370%* -1459.7630%* -656.8980 -1198.1770
BEHL PR bR 22 296.0624 1.0043e-04 152.8091 55.7814
Log likelihood -6783.6177 -6770.1713 -6778.1210 -6774.5890

TR e el R S MK 1% 5%F1 10%.
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X, HEAREK (REIX R S
), AR L B O AT A

4000
BT R S A (A A1 A4
WS E DAL KA RIS,
I EE L EA L
7 S il
i+ 1 R AL R
WX 1

EENHATERHRIL (2)

LA T 2 BRI 40 5AG TR A Y
AR R . S, BRI 1A

T T AL DCH B B ) R B A Tk X
HEBC e Y AL, a4, HEE

T B SOR, U IR T4

X R B S AT S BE S R it 2 3% 3 BHRXEREEHTHRAERE ST EHE
E‘ﬁ }ﬁ , % * - X Z"Eﬂ E‘ E i%. %ﬁ H:Il ﬁi‘ﬁif{ Fig. 3 Dist;ibution chara.cteristics of résilcrnt: sz emissions
ﬂFﬁﬁZ,ﬁ\ﬁfE/A\d‘iE’\Jﬁa?ﬂiﬁﬁo Eﬁ— rom commuting among neighborhoods

A, FEANE3XFEMSERER g p—

PR 2 SRR AT AR e BT ———

RSN LSRN (ITEESR ke —

WAL SAVRIE) BRI R T =

AR URBEANCRIORR e

SR RAEAE R I IAE LI, BTLLS: 7 i) o

SO IR B R TH B |

OALDS, TR PR 4 2 A58 P 5 1950 ;Elrémi'oo 200 -100 b= 100 200 300 400 500 600
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BB ‘ M4 EHRNEREDEHRVOI LS
P 47 b ’ q:‘ X AL X Fig. 4 Differences in the random effects of neighborhoods’ impact

Fﬁ&ﬁ B:?i [ZX%E Eiﬁﬁ%ﬁﬁﬁﬂlﬁi?ﬁ D[’ﬁj E':J on residents’ CO, emissions from commuting

REMLSON A B R, B, A
R ATAE SRt Akt 25 @bt —280, A0 O3k X kR X Ja R Sk HE K % 8 L
PFIRT RS XA XA /N, EE AW, RESGE R EG Bk B AN R IX
) R R HE R IE 25 57, MO R % SRR H R0 o R R I BhakHE k1 25
[i) 22 SAR 1T e i EAA A R sl 28 At S 2 00 JE MR AT 2 B8 5 i 10 i R e Ik Tl AN [) 2
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Tab. 5 Model estimation results of the effects of workplace built environment on residents' CO, emissions from commuting

R 5 T 6 TR 7

AR AR

AP1 25.2303 15.1263

AP2 33.3261 31.6468

AP3 25.8596 16.9444

AP4 -33.1808 ~19.3989

AP5 -128.7016* ~129.1220%* ~131.7649%*

AP6 353.7867%x* 359.9583 % 370.8355%

AP7 ~133.8098* ~139.5642+ ~141.5359%+

GENDER ~314.5223%%* ~281.9345%% ~277.3545%%%

AGE 177.4332%+ 172.8170%+ 198.2398xx

HS -8.2653 -8.8784

CHILD 97.6867 106.1256

EDU -9.8654 -19.6187

HR 188.8895* 175.5465% 176.6169*

INCOME 85.4567** 82.5496%* 78.2263%+

CAR 739.2698%* 752.5380%+ 750.5512%%

BIKE -58.7123 -55.1057
S AT i AR

DC, 0.0542%+ 0.046 1%+

RD, ~0.0063** -0.0068**

LUM, -944.9631

BSD, 330.5942%%+ 297.2532%x

MSD, 2423151

RND, ~238.0425%% ~233.2642%%*
T AR AR

DC. 0.0198 0.0184

RD, 0.0012 0.0016

LUM, 0 257.7178 214.2421

BSD, -47.7365 —48.7330

MSD, .. 327.4418* 348.2815%* 208.4993*

RND, -26.0990 -21.3677 ~61.8349%*
R AT -1204.4360* -1593.0720** -1259.2970%*
B LA IR o 2 304.9182 1.0049¢-04 70.7000e-08
Log likelihood -6778.5740 -6765.6044 -6769.1542

TR e el R BB MK 1% 5%F1 10%.
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Examining the effects of the multi-scale built environment on
residents’ CO, emissions from commuting:
An empirical study of Guangzhou

YANG Wenyue', LIANG Feiwen’, CAO Xiaoshu™*

(1. College of Forestry and Landscape Architecture, South China Agricultural University, Guangzhou 510642,
China; 2. School of Economics and Management, Guangxi University of Science and Technology, Liuzhou
545006, Guangxi, China; 3. Institute of Transport Geography and Spatial Planning, Shaanxi Normal University,
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Abstract: Commuting is the main source of CO, emissions from urban transport. However,
existing studies have rarely paid attention to the differences in the effects of different
geographical scales of built environments on residents' CO, emissions from commuting and
had not yet reached a consensus conclusion. Based on the 2015 travel survey data and
multilevel and mixed-effects models, this paper conducts an empirical study on the effects of
multi- scale built environments on residents' CO, emissions from commuting in Guangzhou,
China. The results show that after control for the residential self-selection effect, there are
obvious spatial differences in the residents' CO, emissions from commuting among
neighborhoods. It is shown that the residents in the central urban area generally emit less CO,
emissions than their counterparts in the suburban area in commuting trips. These are caused by
differences in built environments between neighborhoods. In terms of scale, the neighborhood's
built environment has the most significant effect on residents' CO, emissions from commuting,
followed by 1 km-buffer range of neighborhood boundary, and then subdistrict. Moreover, the
effect of the built environment of the residence on CO. emissions from commuting is more
significant than that of the workplace. These findings imply that planning interventions on the
built environment should focus more on the neighborhoods in which residents live and the 15-
minute walk life circle that is closely linked to the daily travel activities of residents. The
distance between residence and workplace should be kept as short as possible, and the
residential density of neighborhoods should be maintained at a reasonable level. Furthermore,
optimizing the structure of road network and providing more community roads which are
beneficial to non- motorized travel could help improve the environment for walking and
bicycling and encourage people to use low-carbon, active and healthy travel modes. Although
there may be some limitations in the selection of neighborhoods surveyed and random
interception approach in the survey that may lead to non-possibility sampling, the conclusions
can still provide a scientific basis for constructing a low-carbon urban spatial structure, guiding
residents' travel behavior change and formulating targeted policies on low- carbon
transportation and land use.

Keywords: built environment; commuting; CO, emissions; scale; multilevel and mixed-effects model



