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Abstract: To improve the forecasting reliability of travel time,
the time-varying confidence interval of travel time on arterials
is forecasted using an autoregressive integrated moving average
and generalized autoregressive conditional heteroskedasticity
(ARIMA-GARCH) model. In which, the ARIMA model is
used as the mean equation of the GARCH model to model the
travel time levels and the GARCH model is used to model the
conditional variances of travel time. The proposed method is
validated and evaluated using actual traffic flow data collected
from the traffic monitoring system of Kunshan city. The
evaluation results show that, compared with the conventional
ARIMA model,
improve the forecasting performance of travel time levels but
has advantage in travel time volatility forecasting. The
proposed model can
heteroskedasticity and forecast the time-varying confidence
intervals of travel time which can better reflect the volatility of
observed travel times than the fixed confidence interval
provided by the ARIMA model.
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the proposed model cannot significantly

well capture the travel time

he development of efficient methodologies for accu-
T rately forecasting travel time is an important issue
for ITS. However, conventional travel time forecasting
concentrates on forecasting travel time levels with a pre-
sumed homogeneous variance. The time-varying confi-
dence interval forecasting of travel time has not attracted
more concern until travel time reliability was emphasized
recently for the uncertainty of travel time forecasts. The
time-varying confidence interval forecasting of travel time
is related to both travel time level forecasting and condi-
tional variance forecasting.
The models for travel time level forecasting range from
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1 However, the development of approaches for fore-

casting the conditional variance of travel time has received
7-8]

to combined or hybrid mod-
els
rather limited attention. Van Lint et al. "™ used neural
networks to model the conditional variance, but the neu-
ral networks are limited to online applications because the
model trainning is time-consuming. Recently, the gener-
alized autoregressive  conditional  heteroskedasticity
(GARCH) model™” was used for the short-term forecas-
ting of urban traffic variability. The model concentrates on
the underlying volatility dynamics for generating travel
time and can be used to calculate the conditional variance.

To date, the autoregressive integrated moving average
(ARIMA) model which is one of the most important time
series has shown comprehensive advantages in both fore-
casting accuracy and online applications. However, in the
ARIMA model, the variance is assumed to be constant,
which does not conform to the actual situation that het-
eroscedasticity has been found in travel time data. As we
know, the GARCH model can capture heteroscedasticity
characteristics. Therefore, the ARIMA model and the
GARCH model are combined in this paper to forecast the
conditional means and the conditional variances of travel
time for calculating the time-varying confidence intervals
of travel time.

1 Proposed Model

The ARIMA model has been acknowledged as an effi-
cient way for the short-term travel time level forecasting.
Assuming that the estimated travel time series X, is sta-
tionary, the basic idea of the ARMA model for modeling
the travel time series is that the current travel time X, is a
linear combination of p terms of lagged travel times and ¢
terms of lagged errors as

X =0 X _,+9,X,,
u,—60u,_, —6u,_,

oot X, +

—p
- =0u,_, (1)
where the constants (¢, ¢,, ..., ¢,) are called the autore-
gressive coefficients; u, is the residual at time #; the con-
stants (6,, 6,, ..., ,) are the moving average coeffi-
cients. By introducing the backshift operator B and defi-
ning B'X, =X Eq. (1) can be simplified as

-1

e(B)X, =0(B)u, (2)
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where o(B) =1 - ¢,B - ¢,B* = ... —¢,B" and §(B) =1
-6,B-0,B"-...-0,B".

Due to the fact that the most travel time series are non-
stationary, the process of the series difference is usually
applied with X, replaced by (1 — B)‘X,, where d is the
difference index of X,. Thus, the ARIMA model can be
defined as

(1-B)‘@(B)X,=60(B)u, (3)

Once there is a significant heteroskedasticity of the re-
sidual series u, generated by the ARIMA model, the
GARCH model can be applied for capturing the heteroske-
dasticity. The GARCH (p, g) model'"" is defined as

u =0, (4)

q
2 2 2
o, = oyt zaiul—i + Zﬁio-r—i (5)

where u, is the residual at time ¢ generated by the ARIMA
model, e, ~IIN(O, 1); o-f is the conditional variance at
time f; «; and B, are nonnegative constants.

2 Model Validation

In this section, the travel time data used in this study are
described, and the ARIMA-GARCH method is validated.

2.1 Data description

The travel time data used in this study were estimated
from actual traffic flow data and intersection signal timing
data collected by the traffic monitoring system of Kunshan
city. Two arterial segments described in Tab. 1 were se-
lected as the research object. The travel time data from
May 9, 2011 to May 13, 2011 were estimated at a 5-min

interval in seconds. The travel time data on May 9, 2011
were used for model validation, and the others were used
for model performance evaluation.

Tab.1 Segment description

Segment Road Segment L.
Direction Length/m
ID name name number
Changjiang Kuntai-
1 Southbound 2 586
Road Tongfeng
Bail Zhenchuan-
2 an CHEMA S outhbound 2 503
Road Chaoyang

2.2 Stationarity test for the travel time series

In this study, the ARIMA model is chosen as the travel
time level forecasting model. The presumption of the
ARIMA model is that the travel time series should be sta-
tionary or differenced to be stationary. Therefore, the
unit root test based on the augmented Dickey-Fuller
(ADF) approach is used. The test results show that origi-
nal travel time series are non-stationary, but the first-or-
der differenced travel time series are stationary. There-
fore, the ARIMA model is suitable for the travel time
level forecasting.

2.3 Constructing an ARIMA Model

In the ARIMA model process, it is essential to deter-
mine the lag order, which can be selected on the basis of
the Bayesian information criterion the ( BIC). In this
study, the BIC values of the optimal ARIMA models are
shown in Tab. 2. Based on the BIC values, the optimal
ARIMA model is determined as ARIMA(O, 1, 1) for the
two urban arterial segments.

Tab.2 BIC values of the optimal ARIMA models

ARIMA model

Segment ID
(0,1, 1) (0,1,2) (1,1, 1) (1,1,2) (2,1, (2,1,2) 3,1, (3,1,2)
1 9.226 09 9.305 86 9.325 55 9.319 73 9.348 12 9.328 51 9.360 43 9.304 61
2 9.174 58 9.177 04 9.185 31 9.199 27 9.191 87 9.203 80 9.192 56 9.212 25

2.4 Residual autocorrelation test

Residual autocorrelation test is essential for checking
whether the ARIMA model satisfies that the residual error
series is white noise. The test results show that there is
scarcely a notable autocorrelation in the residual error se-
ries, indicating that the ARIMA model is adequate for
modeling the travel time series. However, the results show
that autocorrelation clearly exists in its square series.

2.5 Testing the ARCH effect

The Lagrange multiplier (LM) test is chosen to verify
the ARCH effect on the residual error series. An n-th-or-
der autoregression model is constructed for the squared re-
siduals. The null hypothesis of the test is that there is no

ARCH effect where autoregressive coefficients are equal
to zero. The p-value denotes the probability for accepting
the null hypothesis. In this study, we construct a series of
autoregression models with n from 1 to 5. The LM test
results show that the null hypothesis is rejected when all
p-values are equal to 0. Therefore, the GARCH model is
adopted to forecast the conditional variances of travel time.

2.6 Constructing a GARCH Model

For constructing a GARCH model, the BIC is chosen to
determine the lag order. The results are shown in Tab. 3.
The results show that the GARCH(1, 1) model is optimal
for modeling the travel time heteroskedasticity. Similarly,
the LM test is applied to verify the effects of ARCH on the
residuals generated from the ARIMA-GARCH model, and
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the results show that there is no ARCH effect. Therefore,
an ARIMA(O, 1,1)-GARCH(1, 1) model can be construc-

ted for the short-term forecasting of the mean and variance
of travel time for urban arterials.

Tab.3 BIC values of the optimal GARCH models

GARCH model

Segment ID

(1,0) (L, n (1,2) (1,3) (2,0) (2,1 (2,2) (2,3)
1 8.976 29 8.463 06 8.524 16 8.577 90 8.869 09 8.496 88 8.529 72 9.206 92
2 8.601 95 8.079 89 8.098 89 8.109 38 8.207 06 8.378 03 8.601 95 8. 140 82

3 Performance Evaluation

In this section, the proposed ARIMA-GARCH model
and a comparative ARIMA model are used to predict the
confidence interval of travel time on arterials from May
10, 2011 to May 13, 2011. Furthermore, performance
measures are chosen to evaluate the proposed method and
the comparative method.

3.1 Confidence interval forecasting

The confidence interval of travel time on arterials can
be calculated by the conditional mean and the conditional
standard error of travel time predicted using the ARIMA-
GARCH model. The confidence interval at a confidence
X, -1.96¢7,, X, +1.964,],

level of 95% at time ¢ is [

500
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100

where X, is the mean travel time at time ¢ and &, is the
conditional standard error of travel time at time .

w, is the space between the upper and lower bounds of
CI range at time t.

w, =2 x1.96¢, =3.927, (6)
Taking segment 1 as an example, Fig. 1 shows the
forecasted CI width in the next four days. By compari-

son, we can find that the forecasted CI width using the
ARIMA model is a constant, while it fluctuates when
using the ARIMA-GARCH model. Moreover, we illustrate
the forecasted CI range using the ARIMA-GARCH model
and the ARIMA model with observed travel time on May
10, 2011 on segment 1, as shown in Figs.2 and 3. From
the two figures, we can see that the observed travel times
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Fig.2 Forecasted CI range using ARIMA-GARCH model on May 10, 2011
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during the peak hours are more discrete than those of the
off-peak hours. Consequently, the ARIMA-GARCH
model proposes a larger confidence interval during fluctu-
ating peak hours and a smaller confidence interval during
off-peak hours, while the ARIMA model proposes con-
stant confidence interval. Therefore, the forecasted CI
ranges of the proposed model can better change with the
volatility of observed travel times, indicating that the pro-
posed method can better capture the dynamics of the real
travel times. It can be used to improve the travel time
forecasting reliability.

3.2 Forecasting performance

Root-mean-square error (RMSE), mean absolute error
(MAE) and mean absolute percentage error (MAPE) are
used to evaluate travel time level forecasting. The average
CI width and hit rate which means the proportion of ob-
served data points falling within the CI limit are used to
evaluate travel time volatility forecasting.

Based on the evaluation data set, Tab. 4 presents the
forecasting performance of travel time using the ARIMA-
GARCH model and the ARIMA model. The first three
evaluation measures indicate that the ARIMA-GARCH

model cannot significantly improve the forecasting per-
formance of mean travel time. The reason is that the fore-
casts from the ARIMA-GARCH model are mainly deter-
mined by its mean equation. In other words, the het-
eroscedasticity has no significant influence on travel time
level forecasting; however, it is reflected in the fluctua-
tions of the forecasted confidence interval. The last two
evaluation measures indicate that the confidence interval
forecasted by the proposed model is more accurate in trav-
el time volatility forecasting because it can produce a
higher hit rate with a smaller average CI width than the
ARIMA model. The reason of the superiority is that the
forecasted CI ranges of the proposed model can better
change with the volatility of observed travel times. In de-
tail, during fluctuating peak hours, the proposed model
produces a larger confidence interval to cover more actual
observations while the ARIMA model produces a relative-
ly smaller confidence interval which underestimates the
actual volatility of travel time. During off-peak hours,
the proposed model can produce a smaller confidence in-
terval while the ARIMA model produces a relatively lar-
ger confidence interval which exaggerates the actual vola-
tility of travel time.

Tab.4 Forecasting performance of travel time

Segment ID Model RMSE MAE MAPE/ % Average CI width/s Hit rate/ %
ARIMA 27.168 9 17.423 6 0.120 99.87 92.19
! ARIMA-GARCH 26.456 1 16.751 1 0.110 86.98 96.18
ARIMA 19.957 0 11.722 9 0.099 83.45 94.71
2 ARIMA-GARCH 19.875 1 11.688 2 0.098 66.83 95.23
207.

4 Conclusion

In this paper, the time-varying confidence interval
forecasting of travel time for urban arterials which can
capture travel time uncertainty is analyzed using the ARI-
MA-GARCH model.

The results show that, although the improvement of
forecasting accuracy of travel time levels brought by the
proposed model is limited, its superiority is reflected in
its travel time volatility forecasting. It can provide a se-
ries of time-varying confidence intervals of travel time,
which can better change with the volatility of observed
travel times and is more accurate than the fixed confi-
dence interval provided by the ARIMA model. The time-
varying confidence intervals of travel time can model both
the evolution of travel time levels and the evolution of
travel time volatility, so the proposed model can capture
the characteristics of travel time more comprehensively
and improve forecasting reliability.
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