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Key Technologies for Constructing Regional Travel Demand Models: A Case Study of the Nanjing
Metropolitan Area
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Abstract: Regional travel differs substantially from urban travel in terms of frequency and regularity, thus
requiring a specialized travel demand model. However, current empirical research is insufficient regarding
the specific improvements and cost-effective implementation pathways of such models compared to con-
ventional modeling approaches. Using the Nanjing Metropolitan Area as a case study, this paper focuses on
modeling methodology research on the trip generation and trip distribution stages based on mobile signal-
ing data and small-sample survey data. Model validation and comparative analysis are conducted by divid-
ing the data into training and testing datasets. The paper proposes a modeling framework that integrates
small-sample survey data with large-scale travel data: a discrete choice model is first calibrated using sur-
vey data, followed by a Poisson regression model corrected through mobile signaling data, thereby ensur-
ing the accuracy while preserving explanatory power with respect to individual attributes. Findings indi-
cate that, when individual attributes and origin-destination interaction variables are excluded, the perfor-
mance of the destination choice model is weaker than that of gravity models. After incorporating interac-
tion variables, however, the model significantly outperforms gravity models, and a reasonable construction
of nesting structures within nested Logit models can further enhance the results. The proposed approach
improves the modeling accuracy in trip generation and distribution stages by 24% and 18%, respectively,
compared with traditional models.

Keywords: regional travel demand; discrete choice model; trip generation; trip distribution; travel frequen-
cy; destination choice; interaction effects; Nanjing Metropolitan Area
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Fig.l Regional travel definition in the metropolitan area
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Tab.2 Evaluation indicators of models in the trip generation stage
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Tab.3 Estimates of the frequency choice model parameters for regional trip generation
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Fig.5 Boundary constraint fitting of selected individual attributes in district/county-level population synthesis in the Nanjing Metropolitan area
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Tab.4 Estimates of the corrected Poisson regression model parameters
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Fig.6 Average daily regional travel distribution

(outbound) based on mobile signaling data
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Tab.5 Estimates of the regional trip distribution model parameters
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Tab.6 Evaluation indicators of models in the trip distribution stage
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Fig.7 Structure of the Logit model for destination choice

Ho 1B, MEXBEEZEGDP.., HEEN
ERAXEBE 5% S XiE % 7T GDP ERRHFET
R; HRASARBEMBETHTRK, Nix
TEBEAO,

Bk B EFEMNFEETEEHTIER
RESRIE, ERAKk5MFz6, TIUEFE
H, GDPERABRABEFTEEEEF MW,
MNL & E535 82 49 CPC M E S 459 0.694
I E 0.728, NLIEZRH—FIRFZ 0.740;
MR Nest iR X B2t & E, CPC ik
0.750; X & RMSE R E N HE AR F 18%.
XA, BIEEREZ B NMEEIENER
T, SINBRMZ BN B ERI B A
BWREAAEXSE TR IN R MR, £
HETFEH#ER, B, NestRlD#EFEL
ProRREN, MeEERZE L TIEFET A,
Rifn, BEBPRAXEXEEE, NLIE
ARFRMOTEER AL MNL #EE, X 2R
HERTEARERARH A ERAETIIR
Z7, SREFTAEARLIRE, AED
B AL Nest Z545th M I FRANX —ERBE

5 &8

AR T XEH TR KIERSHHR
BRAANR RPN ETRER—HTT

O S BESOHE = — — S TR i B RS S Al T EE S8 T

WS-B TS DwdaEn ASHE



[ e =

ALEHWR okl 198 HREHI 1O]

G20z Jaquisydas G ON £Z°10A BuUIYD Jo Hodsuel] ueqin

BT

Y REHTAHFNBEFZRENR. &
FFENELEE, AXBIUANGEEN
REMNBIEAR, AAEENXKEETEX
BRI BRME T TIERE, fIRREE T —
MESBRAFNESEBES MEARBRAE
HIENRRARERRE, EBEBRIET
WEAE—EREENXERTEREE, =
BHERWT .

1) AEFEHABEEEN TR
T, X AEEEFTE S GHS5EL MK
BEE T AR NS EE, X5
0% B K BR B 0 A& 15 AT R R AR AV AN B AY
I PR AL

2) EXFERBREENAFMENETT
R, TR/ ERBEHIERE B
HEFER, FEIHTREERIE. #RER
MENEARE, N AETUNEE LB E s
JAREEY, ERHREB XN AR ERERE T

3) HERGPFEASIANAEE, WA
BERLASTETE, NEBNMEFEEEE
XFHTAEPHNERAEESTEHER,
M NRBESXBEEER, HUNKMREZE
MTFENER, EH—TEEEIENI Nest 4
%5, I HIRFAREI M RE;

4) ZEXE, MFEERZAXEDAR
EERIRANERT, AXREMREHTE
KRBT A, AHRTERMETH BRSNS
FUNHE FE AR Le & Ge i i S B AR B T3 A 43 A
RFH2924%F0 18%,

ZE, KEETHERRENEENX R
TFREHETRBEEABRERE, 500
WHRIBREAER, HEPHEICEY R
EXHRE, WEXEHB>OTNEEFTRK
HHINE L EER EWIARFR, REHE
Z; MXBHTHERERETEREE T
ESTRAEE, EBIREFEARUMNHT
M, SREXEE TR RERNESAE
tb, AXB#HTNESFANEREE@
Logsum., BASXEEEE), FiRE T
N ERIE R AREWL

SR -

References:

[1] e NRSLAE H R RS R A 2
KRB HEZRTHE R AAH T
BIfE S R ORI (2019) 328 5)[A/
OL]. (2019- 02— 19) [2025— 03— 05]. https://
www.gov.cn/zhengce/zhengeeku/2019- 09/29/

content 5434981.htm.

[2] MARSHALL N, GRADY B. Travel demand
modeling for regional visioning and scenario
analysis[J]. Transportation research record:
journal of the Transportation Research Board,
2005, 1921 (1): 44-52.

[3] BORJESSON M. Forecasting demand for high
speed rail[J]. Transportation research part A:
policy and practice, 2014, 70: 81-92.

[4] PARK K, SABOURI S, LYONS T, et al. Intra-
zonal or interzonal? improving intrazonal trav-
el forecast in a four-step travel demand model
[J]. Transportation, 2020, 47(5): 2087-2108.

[5] SIMINI F, GONZALEZ M C, MARITAN A,
et al. A universal model for mobility and mi-
gration patterns[J]. Nature, 2012, 484(7392):
96-100.

[6] LIMTANAKOOL N, DIJST M, SCHWANEN
T. The influence of socioeconomic characteris-
tics, land use and travel time considerations
on mode choice for medium- and longer- dis-
tance trips[J]. Journal of transport geography,
2006, 14(5): 327-341.

[71 MOECKEL R, FUSSELL R, DONNELLY R.
Mode choice modeling for long-distance travel
[J]. Transportation letters, 2015, 7(1): 35-46.

[8] ROHR C, FOX J, DALY A, et al. Modeling
long-distance travel in Great Britain[J]. Trans-
portation research record: journal of the Trans-
portation Research Board, 2013, 2344(1):
144-151.

[9] BRADLEY M, OUTWATER M L, FERDOUS
N. Implementation of a practical model sys-
tem to predict long-distance travel for the en-
tire US population[J]. Transportation research
record: journal of the Transportation Research
Board, 2016, 2563(1): 9-17.

[10] BERNARDIN V L, FERDOUS N, SADRSA-
DAT H, et al. Integration of national long-
distance passenger travel demand model
with Tennessee statewide model and calibra-
tion to big data[J]. Transportation research
record: journal of the Transportation Re-
search Board, 2017, 2653(1): 75-81.

[11] ZHANG D, LUCHIAN S, RAYCROFT J, et
al. Induced travel demand modeling for high-
speed intercity transportation[J]. Transporta-
tion research record: journal of the Transpor-
tation Research Board, 2019, 2673(3): 189—



198.

[12] FLYVBJERG B, HOLM M K S. Demand
forecasts in the case of transportation[J].
Journal of the American Planning Associa-
tion, 2005, 71(2): 131-146.

(13] 7 @& . W7 5 DX A 1 H AT 75 SR 0 i

BAS 57 T (D). AR Vg ACIE K
%, 2010.
LEI L. Research on integrated urban and re-
gional travel demand analysis theory and
method[D]. Chengdu: Southwest Jiaotong
University, 2010.

(14] L MR, XME, @XUR, 5. KISk
MR EE: UTRE ?éinj‘%iﬁm
[J]. BT ACiE, 2016, 14(2): 59-66.

QIU J D, LIU H, JIN S Q, et al. Regional

transportation model development: a case

(EEFE437D

(5] VIR vFie . imia e ss: S5z ik, )
mILZE . HAR#E A SE[EB/OL]. (2017-06-
20) [2024- 06— 10]. https://www.sakata.co.jp/
logistics-366/.

[6] City Logistic. City logistic reduces congestion
and emissions by rethinking city logistics with
a customer-centric focus and electrified deliv-
eries[EB/OL]. (2023- 12-20)[2024- 06— 10].
https://www.citylogistic.dk/.

[7] Port of Hamburg. Europe’ s largest rail port
[EB/OL]. (2022-05-25)[2024-06- 10]. https:
/lwww.hafen-hamburg.de/cn/transport/rail/.

[8] New York City. Trucks & commercial vehicles
[EB/OL]. (2021-11-15)[2024-06-10]. https:
/lwww.nyc.gov/html/dot/html/motorist/trucks.
shtml.

[9] Transport for London. Ultra Low Emission
Zone[EB/OL]. (2023-10-18)[2024-06—10].
https:/tfl.gov.uk/modes/driving/ultra- low- emis-
sion-zone.

[10] Z& E ™. 2035 4F— DL LR 30
0 A A& JE T B9 3 B AS [EB/OL].
(2020-09-29)[2024—06—10]. https://www.si-
novision.net/society/202303/0052884 1.htm.

study of Guangdong comprehensive trans-
portation models[J]. Urban transport of Chi-
na, 2016, 14(2): 59-66.

(151 RRIR, KRBT, Bk, 5. mguhqr
(RN b PN R R T LR
H, 2023, 21(5): 113-124.
ZHANG T R, ZHU C J, CHEN X L, et al.
Enhanced population simulation for ad-
vanced travel demand modeling[J]. Urban
transport of China, 2023, 21(5): 113-124.

[16] LIU Z, MIRANDA F, XIONG W, et al.
Learning geo- contextual embeddings for
commuting flow prediction[C]//Proceedings
of the AAAI conference on artificial intelli-
gence. New York: Association for the Ad-
vancement of Artificial Intelligence (AAAI),
2020: 808-816.

[11] Port of Antwerp Bruges. HyTrucks consor-
tium aims to have 300 hydrogen- powered
trucks on the road in Belgium by 2025[EB/
OL]. (2022- 04— 21)[2024- 06— 10]. https://
newsroom.portofantwerpbruges.com/hytrucks-
consortium- aims- to- have- 300- hydrogen-
powered- trucks- on-the-road- in-belgium-by-
2025.

[12] BRIk . BT “abp—HB—IRT” %
AT A S B s [T]. RIS, 2019
(4): 33-36.

QIU S Y. The green travel experience based
on “avoid-shift-improve” and its inspiration
[J]. World environment, 2019(4): 33-36.

[13] E 3T 2038 2 03 2 S AR % 0 2022 4F
MA@ AT R R]. L BHETAL
W R SOEIRIE L, 2023,

(14] &5, XISV, 2T GPS Hodfs i S 12 22

B HE I S R I 2 o AR BT FE (0], 228 s
9L, 2022, 8(6): 90-97.
JIN Y, LIU H B. Carbon emissions calcula-
tion and spatio- temporal distribution of
heavy duty trucks based on GPS data[J].
Transport research, 2022, 8(6): 90-97.

O S BESOHE = — — S TR i B RS S Al T EE S8 T

WS-B TS DwdaEn ASHE



