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A Simulation Study on Sampling and Expansion of Household Travel Survey from a Prior Per-
spective

CHEN Xianlong"?, MA Yilin’, SONG Chen"?, CHEN Jiachao"*

(1. Guangzhou Transport Planning Research Institute Co., Ltd., Guangzhou Guangdong 510030, China;
2. Guangdong Sustainable Transportation Engineering and Technology Research Center, Guangzhou
Guangdong 510030, China; 3. Beijing Transport Institute, Beijing 100073, China)

Abstract: From a priori perspective with known population datasets, this paper demonstrates the effective-
ness of weighted expansion models used in household travel survey by assessing sample representativeness
and reliability of expansion result. A small size population dataset is constructed from survey samples and
a large size population dataset is generated through activity-based model. A reproducible experimental plat-
form is then developed to simulate the full sampling and expansion process in an empirical study. Findings
indicate that sampling rates affect trip length distribution: lower sampling rates are associated with more
fluctuation in average travel distance. The simulations also reveal the distribution pattern of the model’ s
expansion factors. According to simulation experiments, weighted expansion tends to reduce the average
travel distance likely due to its left-skewed distribution; this hypothesis is validated using synthetic datas-
ets created under uniform and normal distributions. Empirical analysis further demonstrates that, even at a
30% sampling rate, the weighted expansion method fails to reconstruct a high- quality origin-destination
(OD) matrix for both small- and large-size population datasets. Finally, the paper indicates that household
travel survey is fundamentally small size sample attribute survey and can serve as foundational data for
constructing and calibrating transportation models; however, the expanded results should not be directly
used to analyze the spatial distribution of urban travel activities.
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Fig.1 Simulation experiment process for sampling
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Fig.2 Changes in average travel distance under different sampling rates
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Tab.1 Descriptive statistical indicators of average travel distance

from 1,000 sampling iterations
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Tab.2 Constraints based on individual attributes

10~<20 | 20~<30 | 30~<40 40~<50 50~<60 60~<70

RE 49804 45206 2086 5906 16 008

25591 19012 14052 9 644 2711 95010
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Tab.3 Constraints based on travel attributes
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Fig.4 Distribution pattern of expansion coefficients
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Tab.4 Comparison of pre- and post-expansion average travel distances under different sampling rates

I TEEE /km S I TEE R /km
FHRER /Y% FHFER /% - TAL/%
EREIE ¥R
EBP/N 4.86 4.07 -16.3 EWPN 5.26 4.44 -15.6
E2R 5.05 3.98 -21.2 RPN 532 443 -16.7
2
E3R 5.28 438 -17.0 E9R 5.19 433 -16.6
FaKR 4.94 426 -13.8 F 10K 5.34 431 -19.3
E5R 5.04 448 -11.1 E BN 5.23 4.16 -20.5
1
E 6K 523 4.41 -15.7 5 E- PN 5.07 4.09 -19.3
- WPN 5.23 4.17 -20.3 ERP/N 5.22 433 -17.0
EX PN 5.34 4.39 -17.8 EBPN 5.24 4.29 -18.1
E9R 5.35 439 -17.9 10 E2R 5.09 423 -16.9
#10% 5.12 3.96 -22.7 E3R 5.13 427 -16.8
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E5K 5.20 438 -15.8 30 PPN 5.18 424 -18.1
E6R 5.03 4.13 -17.9 £33 5.19 428 -17.5
3.5
3.0
Tas
X
<20
g%
K15
<
L0
H
0.5
0
0 5 10 15 20 25 30 35 40 0 5 10 15 20 25 30 35 40
HTEEE /km HTEEE/km
a® AL b MEN @A

Elo BFHITERS

Fig.6 Overall travel distance distribution

SR b SR 2 R R O EE S I S A S R
ST RER NI SRS

~
O



MR okl 1M REH] 1011 ERbStEs

G20z fe|N €'ON €2'I0A BUIYD Jo Hodsued] uegin

At
s

1200 4000
1000 3500
e 200 5 3000
K K
< < 2500
X 600 R 2000
Ué 400 ﬁ 1500
H 1000

200 5 500

0 0!
0 2 4 6 8 10 0 2 4 6 8 10
H TR R /km H4TEEE /km
a0t b EAD %

E7 HEANHMESS BRI THY HHITES

Fig.7 Expanded travel distances under uniform and normal distribution assumptions

x5 BMASHMESHHERIL T HFHHITESER BT HEFEH—TRIET EIRFHE, FR
Tab.5 Changes in expanded average travel distance under uniform EMEMER RSN ME, AEIHERT
and normal distribution assumptions By RERENFEI Y BERSEEME,

EEDT 3) BITEEEIEFRD 7o

HRERy, | REATY | AR BATS  IARTHE | EFIPUMY HEDTREGE BT EFE

e | e | RE/ P S R TP . L ;
HTEER Rl T WiTHER/ N HREHER, ENHFTESHE— T2

km PE B /km km BE B /km

Rz EREFHEITIEE(S.18 km)FH

IR 5239 5146 -18 5163 5.167 0.1

2R 5201 5120 -1.6 5189 5162 -0.5 b, BAFHEGERSZEAEIL, &

EIRX 5.195 5.140 -1.1 5.177 5.181 0.1 HRTFHRTEREHNSIRNES, K

AR 5.09 50001 -0 5126 5.130 0.1 IEE 4 11%~23%, BiZEHESHmERL
1 SR 5241 5157 -16  5.194 5191 0.1 BEEXM, BARATBETEBESRIESYT

R 5158 5.265 21 5201 5.231 0.6 MMARE MY, BXEIBAERHTEES

IR 5212 5.354 27 5154 5.158 0.1 AT KRB ARERR, thiEmE

X 5143 5.147 0.1 5.177 5.186 02 BEEYHES, REAEVEEMAAR

Hox 5204 5178 -22 5187 5.205 0.3 S,

10k 5257 5252 -01 5212 5195 03

%13’? 5.223 520 01 5182 5172 02 24 WA R R A

#R 5158 5125 -06 5175 5158 -03

#IR 5239 5233 -01 5158 5138 04 RIS I BSE

S4% 5180 s12 02 5167 s161 o4 S INRY HEFHHITEBRENT

#5R 5187 5160 -03  5.180 5176 -0.1 R, AXHENEEHTEBEND BESED
? ek 5163 5239 15 5.193 5179 -03 Hx, BhmsE, BEBETEREF LI

IR 5184 5.195 02 5177 5165 -02 BE. &ARNEHFEEsmREEREERS
¥R 5277 5.288 0.2 5.165 5172 0.1 (WA 6a), ML BARHITEED
R 5109 5.162 1.0 5199 5.219 0.4 o M F 1555 gamma %5 (L E 6b), EERH
BI0K 5190 5172 =03 5.192 5184 -0.2 TS, AFEESHTELERA, BE
E RN 5.160 5.166 0.1 5.188 5.203 0.3 Tﬁ%ﬂﬁ*ﬂ?ﬂﬁiﬂ%/ﬁ?ﬁﬂﬁfﬂ?g F/R—F iL
SoOEME I sDs 02 adeeade 0 B 4T o AR A KT o XL
IR 5152 5.165 0.3 5.180 5.182 0 S TREY . EEN TSR
%lt 5.153 5144 -02 5187 5.194 0.1 SRR — R, — B I
10 #2k 5183 5170 0.3 5.186 5181 -0.1 ST R, ETH. AXiE
IR 582 5216 0.7 5179 5.179 0 =
IR 5167 5.175 02 5183 5.184 0 HEREE: FEREGEBRMIINH
20 2R 5178 5.208 06 5182 5178 0.1 RHEES ﬁ*ﬁ’ NN #TTESTHE L R
3R 5192 5.200 02 5177 5160 -02 FREALYEI=RERTE 13 ;98
1R 5191 5.207 03 5173 5.176 0.1 AWIUE ERBER, AXXAEERET
30 #E2R 5189 5.197 0.2 5.182 5.180 0 FEEEYEGESHETHNISHAMESD

®3X 5205 528 02 5075 5173 0 RN B SIERRIE, BMERERE




EFANETEBERHETRIE. P, B
X [E1% 4[0.50, 9.86], FIEH5.18 km
(LB 7a); ESDHEIIEAS.18 km, RAE
Z A 1.0(JLE7b).

HERMFSFw, BERHTESRM
BEPMAFEST BN, MY HEHE
HHTERRERERK. HEEEERR
ZEHEI%UA, RRBIEHPHERLT
200 EMY HIRERBRAERE, LN,
EADHBRETHEHTERT HFRE(&EK
BRIRZER0.6%) BTN HELEN, B
B, BEWERES, THHTEBRES
B,

SCISIE T I HEME, RAXST gamma
RBFRSDMRE, HEREEDANBMER
EITENEMNAREHET, MY #3K5
R TEBRENBIERAEEREN

BRIEEIEfR. X—RIIRT~: EEEHH — %R —— 2R —— SRR
W TR B AR AT AE R 5 7755 IO —— 20— 30
3 BT ABM AHE S (A SR IR 58

YV HEHR 8.6

3.1 REBRAEIEEHR
AEBEEIEEINE T ABM AR
EMHETHRENRMTS, XEE459757
FRE. 1329936 AOF3 691 345 & H 1T
%, KEBMEEADERNERAEE

7.8
S PABMEREER . HRIMIRY; BT
LEREHFHTEN. XBAX. HEB A 7.6 1

ikt HARE. BARE MK B TR
BEREM. ZEEETE2IN T BIETE 24
NS B TR BN

3.2 HAREER X fTEE mASERAY R0
MNEHHTEBSREHNEERENE
8), 1000 XA FIIHTEEERUNES
ETHAEMHBEAMRERZEE -2,
BAXRE, ARARAEEMIEANSKES
=4, BESGIRNEMN, HAKEHRN

3.3 PR E T4 OD EFELIE

ZAEBABIRETA A — N TENW
THITENES, EBRITERESEET
OD%EMF. Eit £, By HA LB TRR
BEiZOD %M, RIBIPUY HELER 5 BHR0OD
EENESS, REEREXRESENR
HMEHE ., NODZEEAHFEESRE(NE
10), REFEER TIRERZB/NX Z[EH
EEEHTETRYABLAMN), X#E—FK
WET BIXAIEER . X THEER U gamma &
BX—KREDHEHE, BETHANIIN
YV HEFASFERTIMRE, b, BIERH
0% EMAERATY H#, HERNDS5ESL
ODMEMHFEBEZR. AR, XfkE
FEATEZE RN 77 75 73 1 47 OD
piE] =¥ SIS A= S

Y ATEEE /km

(I) Z(I)O 4(I)0 6(I)0
SO
8 TR RMEANTIHITIEEEL
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