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Low-carbon oriented carpooling willingness and incentive
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Abstract: To promote the low-carbon transformation of urban transportation, the carbon emission
reduction benefits of carpooling were returned to passengers in the form of price discounts, so as to
incentivize the ride—sharing behavior in ride-hailing services. Based on prospect theory, passenger
carpooling willingness under the incentive strategy was modeled. A carpooling matching model
incorporating incentive mechanisms was developed, with two objective functions: maximizing the
platform’s total profit and maximizing passengers’ generalized travel cost savings. The model accounts for
multi-passenger carpooling, platform profitability, and time window constraints were solved using an
optimization approach. A case study was conducted using real-world operational data from ride—hailing
services in Xiamen City. From the perspectives of both passengers and the platform, the impact of the

incentive strategy on passengers generalized travel cost, platform profitability, and carbon emission
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reduction are analyzed. The results indicate that the incentive strategy has a positive significance in

promoting passengers to shift from non—carpooling to carpooling. A platform—optimized strategy maximizes

the carbon emission reduction but may lead to excessive detours for passengers. A fare discount rate of

approximately 0.40 is found to be optimal, effectively promoting multi-passenger ride-sharing while

balancing the interests of both passengers and the platform.

Key words: transportation planning and management; low—carbon travel; ride-sharing; incentive

strategy; carbon revenue
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Fig.1 Mechanisms of low-carbon orientated carpool-
ing incentive strategies for ride—hailing services
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Fig.2 Schematic diagram of passenger travelling time

under different ride sequences
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Fig. 3 Organization of two—passenger carpooling
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Fig. 4 Schematic diagram of the carpooling network

o—k BMATEM e—* WAATR o—*+=A&ak
o< ZAER — EERHTERE
Bs5 ZAARAHITHZE
Fig.5 Travel route diagram for multi—passenger
carpooling groups
r 4 TR IR IR 2 I A G o 21 1 D IE B % D 5
fi] £
HPRS  BE H b R B MR R U5 R . A
IR 3R 2 NG e Bl b, AR E R A
A7 IAS 5 2 B KA S W 24 428 65 iz 8 ) i e R
Ak, FH Python i PulLP #2455 7Y I 5K i

4 HA A

4.1 EmifELE

R 33 VA I R 2 A5 e AR BT H i AR X
B DR HEVE 7, AR IE R Ak G 3 D B (TR A, AR
SCLLE T B IX 2020 4E 6 ) 27 H ol B
8:00~8: 30 I W 24 A= 5 SR B Sy REAS 3l i B Al
1A Uk 25 B T 52 B0 L Bk 2R s A e AR R | e 4t
R 034 R A& IATIR -

T2 R4 3T A5 BJE 8 o JF i i b #
(Open street map, OSM) [1] Python 15 A &[] 1
% X 4 958 A1 a5 B T 10 948 4% 5 B B4 LA
g g 6 0 T Im] &L, AR K I B e K 1 Z A
2525 B A 3l T SO IR AT R Z SR HEAT B T
5.



+ 2356 -

-

HRKFEFFH(OI FR)

% 56 %

4.2 HiEKER

G561 N 2 BB B S AT 32 0 T 2 A
E5 SCHRL 16 e 0T s [R] 40 {1 AH DG B 5%, i 8 35
15195 Je )R TR0 2 BB AN 2% 2 T /s

x2 RESH
Table 2 Model parameters

24 HUE
Ly/km 2
e st AN 0/ TC 12
AL R 2B ¢ g/ 0 11
e 7 i B4 FLAR B4 A/ (U6 -km ™) 2
Al AL L7 AR B M A/ (JG km ) 1.1
9/(kmeh ") 30
A 1.2
B/ (JE-h™h) 40
8 1.2
peo/(Ttkg ) 14

it B 5L B DC E JT 58 L A X R R R SR & 0 A S
H &7 Ao . &6 T A, B 29 0% 10 &
1B BE, AT A i ) A D R AR 2
FARAF R IE[FAE T O 08 1 T 2 B 2R
JCVETE 4R, T AT 28 BRI 3 S R
4.3 HRSWEXTE

i I VB 5 T A A T 1 R K, IR T AS SO
5, 70 ) BT 5 AR WU B9 H AR e IR A 5 3fe T i
S50 A5 BIAE W 24 42 5 R B KA AR %) X
AT AT 29 B KA P A A ek BT 19 B (I
VA SR b RH L A AR AL, AR 3 IR o

R3 ARRHMEKEEEIEIRE
Table 3 Carpooling incentive strategies and their

indicator values

RFRAEAY & e VT L[] B8 bR F H A7 75 K (Rl A 7E
KEVCEC AT RE M, R RO R E R 2B m. H
P B R ROR AR SR 2. 4. 37 R A T 2 R 2%
R G 3¢ 21 HE AT W 25 U 1 , DA T AT 280 400 /N 3K fife 28
LT3 S o ] I LY

LG 6 i 4 I 411 22 0K 0. 40 I 19 5K il 45
R ), 38 3 2 A B IR SR A 43 AT A [R) 24 SR i
243 [) 406 Uk 1) LA 5 ) 285 SR T AR BT 6

6, B0 A A B 1 B X I O il A
MR 24 A& A Y T AT VS AR 5 1 € X R R A 2 R

0
200
O O
&E 400 &E 400

% 600

800

1000

000 1
0 200 400 600 8001000 0 200 400 600 8001000

TGS THGS
(a)VCRECY [A] 23R (b)AT R 23R
(P or
200F S 200t
e | e ol
§ 400 § 400
Z 600f Z 600f
800} 800t
1000l B gl
0 200 400 600 8001000 0 200 400 600 800 1000
TR S TR S
(o)RF A EH AR (d)FERELHR

Ee WITHRHEE

Fig. 6 Diagram of feasible solution quantities
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Table 4 Changes in values

P Ll A =N PN G

A frd ARkd4l A4 GRA W/ X
0.20 989 2 0 0 0.40
0.25 943 25 0 0 5.04
0.30 852 60 7 0 14.20
0.35 736 99 17 2 25.88
0.40 614 124 33 8 38.17
0.45 536 127 41 20 46.02
0.50 457 133 46 33 53.98
0.55 407 111 64 43 59.01
0.60 334 120 73 50 66.36
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Fig. 9 Impact of discount rate on total profit of

ride-hailing platforms
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