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Influence of Rainfall on the Reliability of the Travel Time of
Urban Public Transport

Su Haiqi, Yang Haifei

(College of Civil and Transportation Engineering, Hohai University, Nanjing 210098, China)

Abstract ; Rainfall affects road conditions and driving environment, which in turn affects the reliability of public
transportation. In order to clarify the impact of rainfall on the reliability of urban bus travel time, this paper ana-
lyzes the statistical changes of bus travel time affected by rainfall based on the GPS operating data of public
transport and hourly rainfall data considering the impact of setting up bus lanes. In order to further explore the
influence mechanism of rainfall on bus travel time reliability at the theoretical level, this paper constructs a bus
travel time reliability evaluation model, which evaluates the reliability through three parameters including pas-
senger reserved travel time, buffer time, and excess delay. The research results show that rainfall has a negative
impact on bus travel time, leading to increased bus travel time and its volatility, and bus lanes can effectively
reduce the fluctuation range. Compared with fine weather, passengers need to reserve longer travel time on rainy
days to ensure that they can reach their destination on time, the reliability is reduced, and bus lanes can effec-

tively suppress the decline in bus travel time reliability. By constructing a bus travel time reliability evaluation
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model, the bus travel time reliability evaluation system is formed to provide theoretical support for the study of

bus operation decision—making and dispatch in bad weather of rainy days.
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Tab.1 Data composition

%
Type Having bus lanes  Not having bus lanes
Rainy days 20.00 19.00
Sunny days 31.00 30.00
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Tab.2 Parameter values of the fitted distribution per unit travel time

Rainy days—not having

Rainy days—having

Sunny days—not having Sunny days—having

Type bus lanes bus lanes bus lanes bus lanes
#=269.50 ©=239.34 u=254.25 ©n=232.58
Normal distribution
0=125.99 o=110.84 0=109.30 0=103.03
u=5.51 ©n=5.39 n=5.46 ©n=5.36
Lognormal distribution
o=0.41 0=0.42 0=0.39 o=0.41
a=5.78 a=5.66 a=6.55 a=591
Gamma distribution
B=46.67 B=42.26 B=38.81 =39.39
A=305.26 A=270.94 A=287.13 1=262.94
Weibull distribution
k=2.26 k=2.27 k=2.42 k=2.37
0.5e=2f-  — — Actual data 0.5e-2 — —Actual data
T = Normal distribution / —Normal distribution
0.4e-2 ] =1, 1 distributi 0.4e-21 stributi
. % § ognormal distribution Y | —Lognormal distribution
z 0.3e-2| ] = Gamma distribution 2 7 —Gamma distribution
% 6T d Weibull distribution 30'36_2_ \ Weibull distribution
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Fig.2 The distribution fitting effect of the unit travel time for bus
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Tab.3 Fitting result

Normal distribution

Lognormal distribution

Weibull distribution

Gamma distribution

Type
SSE R? SSE R? SSE R? SSE R?
Rainy days—not having bus lanes 0.02 0.66 0 0.93 0.01 0.86 0.02 0.73
Rainy days—having bus lanes 0.02 0.76 0 0.94 0.01 0.91 0.01 0.82
Sunny days—not having bus lanes 0.02 0.85 0 0.97 0.01 0.95 0.01 0.88
Sunny days—having bus lanes 0.01 0.82 0 0.96 0.00 0.94 0.01 0.87
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Fig.3 Schematic diagram of the parameter relationship of
the reliability evaluation model
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Reliability evaluation
based on the value of A.
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The value of { reflects the travel time that
passengers need to reserve in order to ensure
' that they can complete the trip under a certain '
! probability.

The value of A is a buffer time coefficient
considering the influence of weather and road
' sections,, which reflects the attitude of
——  passengers lo the risk of unreliable travel time. |
' According to the difference of the value of A, the |
degree of unreliability of travel time under
different conditions is judged.

Calculating the excess delay 7 in

various situations.

Reliability evaluation
based on the value of 7.

" 7>0 means that the passengers are difficult to
i complete the trip within the specified time due '
to insufficient travel time reserved.The lager
the value of 7,the worse the reliability.By
expecting the value of 7,it reflecet the
' concentration level of unreliability in a certain

! situation.
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Fig.4 Ideas for reliability evaluation
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Tab.4 Calculation result of

S

Rainy days—not having Rainy days—having Sunny days—not having ~ Sunny days—having
Parameter
bus lanes bus lanes bus lanes bus lanes
e 415.66 372.94 385.55 361.41
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Tab.5 Calculation result of A

Rainy days—not having Rainy days—having Sunny days—not having Sunny days—having
Parameter
bus lanes bus lanes bus lanes bus lanes

A 1.25 1.14 1.12 1.10
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Tab.6 The parameter value of the distribution fitting result for the excess delay

Type Rainy days—not having

Rainy days—having

Sunny days—not having Sunny days—having

bus lanes bus lanes bus lanes bus lanes
u=124.71 u=101.65 ©n=101.70 ©n=99.58
Normal distribution
0=107.22 0=102.09 0=99.22 0=96.37
n=4.32 ©=3.93 n=3.95 n=3.84
Lognormal distribution
0=1.20 o=1.48 o=1.41 o=1.67
a=1.12 a=0.85 a=0.87 a=0.78
Gamma distribution
B=111.21 B=119.58 B=116.17 B=127.88
A=129.00 A=97.45 1=98.45 A1=93.83
Weibull distribution
k=1.10 k=091 £=0.93 £E=0.88
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Tab.7 Fitting result

Normal distribution

Lognormal distribution

Weibull distribution

Gamma distribution

Type
SSE R? SSE R? SSE R? SSE R?

Rainy days—not having bus lanes 0.03 0.32 0.01 0.72 0.01 0.78 0.01 0.77
Rainy days—having bus lanes 0.05 0.29 0.01 0.84 0.01 0.89 0.01 0.88
Sunny days—not having bus lanes 0.05 0.28 0.01 0.90 0.01 0.90 0.01 0.89
Sunny days—having bus lanes 0.05 0.31 0.01 0.85 0.00 0.95 0.00 0.95
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Tab.8 The calculation result of the mean value of excess delay

Parameter Rainy days—not having
bus lanes

Rainy days—having
bus lanes

Sunny days—not having Sunny days—having

bus lanes bus lanes

Mean 124.66

101.76

101.65 99.62
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