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INTRODUCTION

Carbon neutrality is a global long-term goal, and transportation accounts for a large proportion of total carbon emissions(1).
Consequently, reducing Greenhouse Gas (GHG) emissions within transportation has emerged as a critical challenge. By
deploying a multi-day travel mode choice-related carbon credit and charging/rewarding travelers based on their cumulative
credits, the Credit Charge-cum-Reward (CCR) scheme has emerged as a promising strategy to balance equity considerations
among citizens while addressing fiscal constraints faced by policymakers(2). This study bridges the gap between theoretical
research and practical implementation by developing an experimental platform for multi-person collaborative games to
evaluate the performance of CCR and a nudge-integrated CCR in regulatory practices. The methodology translates
theoretical frameworks into practical experiments, addressing challenges such as heterogeneity in Values of Time (VOT),
optimal charge and reward mechanisms, and precise experimental parameter calibration.
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Figure 1. lllustration of the CCR scheme, reprinted from (2)
Consider a specific commuting scenario where there is one public transit route and one car routethat connect a residential
area and a central business district. Each day, N (N>0, fixed over the CCR period) travelers with heterogeneous VOTs travel
from home to work. Each traveler can either take public transit or drive a private car to meet daily commuting needs.
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Figure 2. Scenario setting

® Parameters

Table 1. Parameters in experiments
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Figure 3. Experiment procedure including relevant steps and variables
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Figure 4. Picture of the platform interface in the T1
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Figure 5. Picture of the platform interface in the T2

a PLATFORM-BASED EXPERIMENT IMPLEMENTATION |

® Implementation

: « The experiments lasted about 60 minutes each.
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Table 2. Basic information of the subjects in each session

@m denotes the proportion of car usage until day m of a certain VOT group in this current round, L, denotes the convergence
value of ¢, withinaround (i.c., the value of ¢,, on the day /"), and ¢ denotes the deviation between L, and the theoretical
value. . e

1) conclusion1:

T1 reveals notable mode-choice deviations in high-VOT groups between
the experiment and the theoretical model, highlighting the irrational
behavior in practice. Notably, such irrational behavior undermines the
fiscal advantages of the CCR and threatens its sustainability:
The government initially expected a revenue of 10 CNY/person per round,
butin T1, it converges to an revenue (i.e., the revenue of the round 6) of
only 1.08 CNY/person per round.

Figure 7. Proportion of driving for three groups in session T1

Table 4. L, for three groups of rounds 3 t0 6 in session T1

Round VOT-20 NV VOT-36 CNVL VOT-S0CNVL
Round 3 0055 3.5%) 0543 0.5%) 0824 (176%)
Round4 0080 (8.0% 0541 (0.8%) 0859 (141%)
Round 5 00 2.8%) 0580 (33%) 0569 (13.1%)
Round 6 0037 7% 0570 (5.0% 0884 (11.6%)
Mean value 0045 (4.5%) 0559 (41%) 0559 (141%)

Standard deviation 0020 0.017 0022

2) conclusion2:

The introduction of the nudge( “expert recommendation” ) within the CCR
scheme showed promising results, aligning outcomes more closely with
theoretical expectations without additional costs to the government. This
approach significantly impacted high VOT groups, expanding government
revenue to over 3 times.

Figure 8. Proportion of driving for three groups in session T2

Table 5. Changes of o from T1 to T2 (rounds 3 to 6)

Roud VOT=3% CNVIh VoT=s0 CNVIh
Round 3 0543 0824 (17.6%)
Round 4 041 o 0859 (1%
Round 5 0028 2% 0580 (3% 0369 (13.1%)
Round 6 0037 3. 0570 G50%) 088 (116%)
Mean value 0015 4 0559 (a1%) 0859 (141%)

Standard deviation 0020 0017 0022

3) conclusion3:

In the context of the CCR scheme, short-term nudges can have long-term effects by cultivating habits of travelers:
We conduct a t-test hypothesis test with a significance level of 5% on the L, between the rounds 5-6 and 7-8
and the tests are accepted for all three VOT groups (p-values: 0.2048, 0.3949, 0.7952), showing no remarkable

Session Male  Undergraduate Age two sessions are about 46.2 CNY for T1 and 54.2 difference after the removal of nudge.
CNY for T2. Table 6. Average value of g, with variance value in T2
m 8% 4% 266 Table 3. initial tokens and conversion ratio of three groups VOT-20NY VOT- 36NV VOT-SCNYIR
. o - st VOT =20 CNVh e —— oS — Rounds Rounds 5.6 Rounds 78 Rounds 5.6 Rounds 7-§ Rounds 5.6 Rounds 7§
Initial tokens(CNY) 480 800 980 Mean @ 00344 00212 0.5780 0.5820 09230 09240
b 51% 56% 258 Conversion ratio. 1009 100:6.5 100:5 Variance @ 2.1e-05 5.1e-06 0.0002 0.0005 0.0002 0.0007
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