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Abstract  
This study investigates travel time on an urban expressway in relation to rainfall intensities and proposes a travel time prediction model considering rainfall intensity. Past researches have developed travel time prediction models without considering accidents and rain. Normally accidents and rain increase travel time. Therefore, it is of interest to consider effects of rain and accident for travel time prediction. All data involved were collected from the Japan Meteorological Agency (JMA) and Tokyo Metropolitan Expressway; accident data traffic detected data and weather data were considered for the analysis. Travel time along vehicle trajectory  method (Time-Slice Method) were used to find travel time; travel time profiles were drawn according to the strength of the rainfall and day of the week, and statistic tests were conducted to show difference between travel time profiles. This research found that travel time increases with rainfall intensity even in light rain conditions especially in daytime. Another objective of this research was to find the applicability of Travel Time Prediction Model considering rain. From this study, it was found that accuracy of travel time prediction decreases on rainy days compare to sunny days
Introduction 
As congestion increases on urban freeways, more and more journeys are impacted by delays. Unless a traveler routinely traverses a given route, the extent of possible delays are unknown before departing on a journey and the uncertainty must be addressed by allocating extra time for traveling. Advanced Traveler Information Systems (ATIS) attempts to reduce the uncertainty by providing the current state of the system and sometimes a prediction of future states. In this context, travel time is an important parameter to report to travelers. From the user’s perspective, accurate predictions and an estimate of their precision are more beneficial than the current travel time since conditions may change significantly before a traveler completes his journey.
Chung et al. (2005) proved that travel demand decreases with the rainfall intensity. Therefore, anyone can argue that when the flow is low it will reduce travel time. Smith et al. (2004) proved that vehicle speed reduces with the rainfall intensity; thus one can argue that rain will increase the travel time. Therefore, it is most pertinent to examine the effect of rain on travel time.
The travel time prediction model of Bajwa et. al.( 2003) used pattern matching technique and found better accuracy of prediction; also their model is capable of being transferred to other expressways as it is. In these techniques, several historical travel time patterns are selected based on the similarity to travel time profile on the target day and the travel time is predicted using the selected historical patterns without considering external factors such as accident , rain etc. However, rainy day travel time profiles may be different from those on non-rainy days. Under the rainy condition, drivers tend to slow down the speed for reason of their safety compared to the non-rainy condition. In this context, the present work explicitly considers rainy conditions for better travel time prediction.  
 Literature review
Chapter 22 of the Highway Capacity Manual 2000 discuses  impacts of rain on speed. The manual first reference Lamm et al. (1990); who concluded, “light rain will not much affect  speed unless it occurs for such extended duration that there is considerable water on the pavement. Heavy rain, on the other hand, affects visibility immediately and can be expected to have a noticeable effect on the traffic flow.” The second reference of the Highway Capacity Manual, Ibrahim et al. (1994), obtained quantified information of the impact of rainfall. The research found minimal reduction in maximum observed flows for light rain but significant reduction for heavy rain. Likewise, the research found a small effect on operating speed for light rain and larger effect for heavy rain. They used dummy variables for the multiple regression analysis for rain, and concluded that light rain resulted in a reduction of operation speed of 3%-5% but for heavy rain, the reduction was 14%-15%. However, they did not specify intensity range within these categories. The duration of weather data was also limited (they used six clear days , two rain days, and two snow days) and the hours of 10:00am-4:00pm were used in order to avoid the impact of darkness. They concluded that regional factors could play a significant role in the result. However, the analysis of the work points to the following area warranting further research.

· to investigate impact of rainfall using a  larger set of data 

· to measure rainfall intensity 

· to conduct the research in a different region in order to investigate regional impact. 

Smith et al. (2004) investigated the impact on rainfall on freeway traffic flow. The traffic and weather data compiled for a one-year period were used and a total number of 12820 15-minite speed volume records were for no rain condition, 1860 records for light rain conditions and 120 records for heavy rain conditions were available . They conclude that rainfall has a significant impact on freeway capacity and operating speed and the result of this research are in many cases inconsistent with the specification of Highway Capacity Manual(2000). Agrawal et al. (2005) examined the impact of weather on urban freeway traffic flow characteristics and facility capacity. The research database includes four years of detectors occupancy information from roughly 4000 detectors. Weather data over the same period were used. They classified the rain by its intensity. The rainfall level was divided into four categories as no rain (0inches/hr), trace (0.01 inches/hr), light rain (0.01<intensity<0.25 inches/hr) and heavy rain (>0.25 inches/hr). This research found that light rain has a significant impact (5% to 10%) on capacity as opposed to no reductions mentioned in the Highway Capacity manual (2000). 

Although previous researchers concluded the rain’s effect on operation speed, they did not consider their analysis based on time of the day and rainfall intensity and they did not mention about speed reduction caused by accidents. Therefore, it is necessary to remove time period with accidents from the database before conducting the analysis and better to consider these factors for further research.

Bajwa et al. (2003) developed the short-term travel time prediction model using detector data. The research used pattern-matching technique to predict travel time and one year detector data were used.  They concluded that this model gives accurate travel time information and model is capable of being transferred to other expressways as is without any change and performs in the same way. Although the technique and way of doing this research is good, they did not consider external factors such as rain, accidents, etc.  
Effect of Rainfall on Travel Time
Data Collection
This present research uses weather data, accident data and detector data collected from01st August 1999 to 31st March 2004. Data related to four routes in the Tokyo Metropolitan expressway are used, the detail of which are provided in Table 1-1.
Weather Data
The Japan Meteorological Agency (JMA) operates a meso-scale observation network called AMeDAS (Automated Meteorological Data Acquisition System) of over 1300 observation stations with an average spacing of 17km. All stations monitor hourly precipitation, and more than 800 monitor air temperature, wind direction/speed and sunshine hours. 

Rainfall data measured at three weather stations close to the study area, from August 1999 to March 2004, are used. The weather stations used (Setagaya, Nerima and Tokyo) are shown in Fig. 1-1. Weather station numbers and intensity of rainfall for each hour according to the date were recorded in the database.[image: image39.png]
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Detector Data
The detector data collected from Metropolitan Expressway Public Corporation for the same period as for the weather data are used. Speed, lane occupancy, vehicle flow, etc, in each 5 minute interval according to the date and section number can be extracted from the database. For this research, mainly speed and flow data were extracted to calculate travel time.

Accident Data

Accident data are used to remove time with accidents as accident causes travel time to increase. From the data base, accident hours in both direction were removed; for example if the accident occurred from 6:15 AM to 8:05 AM, then, all 6:00AM to 9:00AM hours were removed to eliminate all minor and major effects from accident. The data included records such as Date, Accident Hour, Accident Duration, Start Time and End Time of the accident, Direction of the accident and Route Number.
Methodology 
Methodology are explained as follows
Categories of the Data

The day of the week is classified in to 4 categories namely weekday (Monday to Thursday), Friday, Sunday and Holiday, and Saturday. After classifying the day of week, the data are further classified in to rain or no rain condition, and lastly classified into rain with accident-t and without accident. After removing of accidents, the data are categoried into three categories namely 0mm/hr rainfall intensity, 1mm/hr rainfall intensity and 2mm/hr or more rainfall intensity (Figure 1-2).

Travel Time Calculation
Average travel time of the vehicles departing in the data collection interval is calculated. For this purpose; piecewise linear trajectory method also known as Time-Slice Method is employed        
Analysis 

Travel Time profile
Travel time profiles are drawn according to the Weekday, Friday, Saturday, Sunday and holiday. Descriptions of each day profile are discussed under this section.
Weekday

The figure 1-3 shows average travel time profiles according to the rainfall intensities for Weekday. The travel time profiles clearly show that the travel time varies with the intensity of rainfall. Although this travel time was drawn for an 15-minute interval, all the 5-minute travel times were used; for example for the 6:05 travel time, an average of 6:00 AM, 6:05 AM and 6:10 AM travel times was used to smoothen the travel time profiles. The profiles show that the travel time increases with rainfall intensity.

The travel time, which appears in the graph, is an average travel time for each 15-minute interval for the period of 4 years and 8 months. The travel time profiles are drawn according to the time of the day in order to understand the effect of rainfall intensity according to the time of day and equalize external factors such as condition of lighting of the day, etc. 
Tables 1-2 summarize the followings indices for time periods of 8:00AM-17:00PM and 20:00PM-5:00AM.:

[image: image1.wmf]100

1

 

5

´

=

å

=

n

r

R

n

i

i

,    ri = 1 if 
[image: image2.wmf](

)

i

i

r

T

T

-

> 5 minutes, otherwise ri = 0.

R5: percentage of time intervals with more than 5 minute travel time difference between with the condition of rain and without rain,
Tri: travel time with rain at interval i, 
Ti: travel time without rain at interval i. 
n : the number of 15-minute intervals within selected period(day time or night time)in order to understand the worst condition with rain, percentage of time intervals with more than 10-minute difference for each category (R10) is also calculated. 
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Some additional indices are also defined to evaluate travel time differences; as follows  
I10 =
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For the Weekday category, three tables are drawn to quantify the effect of rainfall on travel time. For this purpose increase of travel time indicators such as R5, R10, I10, I30 and I50 are calculated.
Table 1-2 summarizes the difference in travel times between 0mm/hr and 1mm/hr rainfall intensities. The result shows that, during the daytime (8:00AM-17:00PM), travel time increases most significantly than during nighttime (20:00PM-5:00AM) when considering increases of at least 10%. 
Table 1-2 also summarizes the difference between no rain condition (0mm/hr Rainfall intensity) and >2mm/hr rainfall intensity, the result clearly show that at least 10% increase of travel time. 

Friday 

 Analysis of data is same as in Weekday analysis but under Friday profiles, only two rainfall intensity categories as 0 mm/hr and >=1 mm/hr were considered, in order to take sufficient number of rainfall data. Figure 1-4 shows the travel time profiles, which indicate that the travel time increases with rainfall intensity but the profile is somewhat different from Weekday profiles.
Saturday 

Data analysis and classification are exactly same as for Friday. The results (Fig 1.5) show that the travel time increases with rainfall intensity but the profiles are different from others days
Sunday 

Data analysis and classification are same as Friday and Saturday. The results show in figure 1-6 that most of the time, travel time increases with rain (see Fig 1-6).
Table 1-3 Summaries the travel time profiles for Friday, Saturday and Sunday. For all three days there is an increase of travel time of 10%,when the difference between the cases of 0mm/hr rainfall and >= 1mm/hr rainfall are considered. 
Statistical Test
Result of student‘s T Distribution show a clear (0.05 significantly) difference with No Rain and Rain condition especially in day time. This difference is also seen for the 1mm/hr and >=2mm/hr rainfall intensities; therefore it can be clearly state that travel time increases with rainfall intensity.
Student’s t-test

The statistical tests were conducted for each category of rainfall intensity and the results show that no rain condition (0 mm/hr) and 1 mm/hr intensity rain condition are 0.05 significantly different, and >=2 mm/hr intensity rain condition and 0 mm/hr intensity rain condition is P=0 .05 significantly different. For the 1 mm/hr and >=2 mm/hr intensity there is P= 0.05 significant different but significant difference time period is smaller than that of 0 mm/hr and 1 mm/hr or 0 mm/hr and >=2 mm/hr.(see Table 1-4)
The Friday, Saturday and Sunday profiles also show that P=0.05 significant difference for Rain and No Rain condition.  
Investigation of the accuracy of travel time prediction model

The second objective of the research focused on accuracy of the travel time prediction model under with rain and without rain condition. Earlier, the effect of rainfall on travel time was investigated. Therefore, it is necessary to investigate the accuracy of the existing travel time prediction model considering rain conditions. For this purpose, the travel time prediction model developed by Bajwa at el (2003) was used to predict travel time with and without rain. 
Performance of Evaluation Measures 

The performance of travel time prediction model is measured by its accuracy. The basic measure for evaluating the prediction performance is the error between predicted and actual travel time, which is obtained as follows:
                          ei= Ti -
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where ei= error at time i
Ti = actual travel time at time i and 
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= Predicted travel time at time i. 
Mean Error defined below is also used to measure the accuracy of the prediction of travel time, ,
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where,   n = the number of prediction intervals.

In Mean Error, the positive and negative errors are cancelled out and hence Mean Error could stay close to zero even if there are huge differences. To overcome this problem, Mean Absolute Error (MAE) is introduced.
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Percentage error also gives a good indication and a quantified value. Percentage error is defined as,
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Mean Percentage Error (MPE) can be calculated as:
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Mean Percentage Error (MPE) has the same problem as Mean Error (ME) and hence, should be transformed to Mean Absolute Percentage Error (MAPE), calculated as
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Rainy Day and Non Rainy Day profiles

The rainy day profile and non rainy day profile seem to be different due to increases of travel time with rain as proved under the first objective of this work. Accuracy of prediction of travel time decreases with rain and without rain
Rainy Day Profiles 
Figure 1-7 shows the rainy day profiles (2002/10/01). The profiles seem to be different, and also more often the predicted value is lower than the actual value. Therefore, travel time prediction seems to be under-predicted. Table 1-5 presents that the situation during the predicted day. During the rainy hours, over-prediction seems to be larger than non-rainy hours.
The Figure 1-8 shows the distribution of errors for a Rainy test day (2001/10/01). The figure shows that about 68% of predictions have negative error. Therefore, rainy day prediction seems to be under-estimated and error is large.
Figure 1-9 presents difference between predicted travel time and actual travel time with respect to actual travel time. The time difference seems to be large. It shows more than 20 minutes difference (under-prediction) for around 40 minute of actual travel time. This is not an acceptable level of prediction error, as discussed in a dialog by the author with staff from Tokyo Metropolitan Expressway.

Non Rainy Day Profiles 

Non Rainy Day profiles (2001/10/04) presents in Fig 1-10 show a better prediction result than in the case of Rainy day but travel time seems to be over-predicted.
The Figure 1-11 shows the distribution of errors for sunny test days. The figure shows that about 42% of predictions have minus error, which means that over prediction is higher in sunny day. Thus, the prediction for sunny days seems to be over prediction. 
Figure 1-12 presents the difference between predicted travel time and actual travel time with respect to actual travel time on non-rainy day. The time difference seems to be small compared to the rainy day but over prediction is higher. 
Mean Absolute Percentage Error Profile
The Mean Absolute Percentage Error (MAPE) profile is evaluated for 0 mm/hr rainfall intensity and 1 mm/hr rainfall intensity from 2001/10/01 to 2004/03/31 (Fig 1-13). The MAPE of 1 mm/hr rainfall seems to be higher than that of 0 mm/hr rainfall intensity.
Modeling Number of Vehicle and Travel Time Relationships
The main idea here is to develop a relationship between traffic demand (in terms of number of vehicles in the considered route) and Travel Time(TT) conditionally to rain intensity and ‘normal’ day categories (Weekdays, Friday, Saturdays and Sundays).

The scatterplots of number of vehicles versus travel time for a given rain intensity (0, 1 and >=2mm/hr) exhibits a nonlinear relationship with varying variance. Indeed, it can be seen (Figure 1-14.) that the range of variations grows with the mean level of the general trend. This fact, known as "heteroscedasticity" is inconsistent with constant variance assumption underlying the regression technique. So, it is necessary to stabilize the variance before to deriving regression fits for this relationship.

One classical way to serve this purpose is the use of the so-called Box-Cox transform. This transform is defined as follows:                                                                                  
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• For λ = 1, the Box-Cox transform does not modify the original variable, apart from a translation by 1 which does not affect any statistical property of the original variable.

• For λ < 1, the effect of Box-Cox transform is to bring back to constant, variations which grow with the mean level of the general trend. The closer λ is to 0, more importance is this effect.
• For λ >1, the effect is obviously the opposite and the Box-Cox transform is then to use with variables whose fluctuations grow when the series itself decrease.

It is noted that in many cases, this transform family serves more than one purpose. For example, a transformation that stabilizes the variance of a variable may also help to linearize its relationships with other explanatory variables and may also help to normalize its probability distribution, i.e. log-normal distribution to normal distribution.

According to the remarks above, the Box-Cox transform is used for λ = 0, namely Ln transform for TT, and then Ln(TT) instead of TT in regression analysis.

As a result, one can see that not only the variations are almost constant but also the linear relationship now seems more reasonable. Thus the analytical model to be fitted to data, using least square approach, is the following:
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How to Compare Regression Coefficient for Rain Categories
So far, regression coefficients a and b (or equivalently A and B) could be derived for each rain configuration (no rain, 1 mm and >=2 mm). However, answering the following question is of importance: How can one compare regression coefficients between those categories?

Comparing regression coefficients of rainy period with non-rainy periods is equivalent to test the null hypothesis 
   Ho: Coefrain = Coefno-rain,
 where Coef is the regression coefficients (A and B).  There are at least two ways to conduct such test. The first one uses confidence intervals of estimated parameters and the second one uses a multiple regression approach. One is describe briefly, with an explanation to interpret the outputs for serving the current purpose, below.
Confidence Interval –Based Approach

This is a simple and alternative procedure for performing a test of hypothesis using confidence interval. The procedure can be described as follows:

1. Derive confidence intervals with confidence level of 95 % for each parameter associated to each rain configuration.

2. For each parameter (intercept or slope) compare its Confidence Interval(CI) with varying rain configuration. If there is no overlapping, the conclusion is that the two parameters are significantly different (associated to the same confidence level, which is 95 %). In other words, rain affects demand vs TT relationship. Otherwise, no conclusion can be drawn.

The results for the above procedure are as indicate in Tables 1-6, 1-7 and 1-8 :
 It should be noted that in all cases, the slope of the regression is almost the same and only the intercept differs from one configuration to another. That is to say that one can expect to have only translational effect from no rain configuration to rain configurations.

CI for A and B parameters for each configuration are summarized in the Table 1-9. From CI comparison it can be seen that CI for 1mm rain and >=2 mm rain always overlap. However, there is no overlap between CI for no rain and rain configurations. It can now be concluded that the general trend is affected by rain.
Conclusion 

Following conclusions can be drawn from this research:
1. Travel time increase significantly even under light rain conditions, especially in day time 

2. In rainy days, travel time prediction error is unacceptably large, and the travel time is usually under-predicted

3. On sunny days, the travel time prediction error is small compared to that of rainy days but the travel time usually over-prediction
4. Even for the same no of vehicles (same demand),travel time increases with rain 
Discussion

The results are in disagreement with the Highway Capacity Manual (2000). The manual states that light rain will not affect speed significantly. However, the results show that travel time increases even in light rain condition .Travel time calculations are mainly based on speed and distance of the road. The distance is a constant; therefore, travel time is inversely proportional to the speed. Thus, a travel time increase means a decrease in speed. Edward Clung at el (2005) showed that demand decreases on rainy days; since demand is low travel time should be decreased. However, the current research shows that the travel time increases with rain and even for the same demand, travel time increase with rain. This analysis considered varying intensities of rainfall, different regions (four routes in Tokyo ), large amount of traffic data (4 years and 8 month), daily pattern(Weekday Sunday etc), and analyses was carried out through out the day for each 15 minute interval. The Highway Capacity Manual (2000) quoting Ibrahim et al (1994) pointed out that if a large amount of data were available, consideration of the influence of intensity of rainfall for different regions could be a topic for further research. Therefore, it is recommended that the Highway Capacity Manual consider the results of the present and other related research in its future editions.

The previous model (Bajwa et al (2003)) used the database without any classification and used a pattern matching technique to predict travel time. Travel time increases in rainy days and the travel time profiles on rainy days are different compared to sunny days; this might be due to the sunny day pattern being taken into rainy day prediction category. The results show that rainy day prediction is under predicted and error is large. Prediction error for sunny day is small compare to that of rainy day; sunny day prediction seems to be an over-prediction; this might be due to the rainy day pattern being taken into sunny day prediction category. Therefore, it is necessary to improve the travel time prediction model using classification of the database.
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Tables 

Table 1-1 Route Details
	Route Number
	Number of Detector Stations
	Route Length(Km)
	Weather Station

	03
	52
	12.1
	Setagaya

	05
	92
	29.8
	Nerima

	06
	51
	9.53
	Tokyo

	07
	41
	10.7
	Tokyo


Table 1-2: Summary of Travel Time Difference between each Category of Rainfall Intensity, Weekday

	R
	TP
	R5
	R10
	I 10
	I30
	I50

	
	
	c1
	c2
	C3
	c1
	c2
	C3
	c1
	c2
	C3
	c1
	c2
	C3
	c1
	c2
	C3

	3
	N
	0
	0
	0
	0
	0
	0
	6
	11
	16
	0
	0
	0
	0
	0.0
	0

	
	D
	100
	100
	27
	47
	100
	11
	100
	100
	36
	100
	100
	14
	14
	41
	0

	5
	N
	0
	0
	0
	0
	0
	0
	0
	8
	11
	0
	0
	0
	0
	0
	0

	
	D
	78
	91
	25
	11
	25
	6
	100
	100
	28
	3
	28
	6
	0
	3
	0

	6
	N
	11
	8
	0
	3
	0
	0
	25
	22
	11
	11
	11
	11
	11
	11
	0

	
	D
	75
	83
	50
	11
	41
	0
	94
	89
	58
	44
	67
	3
	11
	44
	0

	7 
	N
	0
	0
	0
	0
	27
	0
	0
	0
	11
	0
	0
	0
	0
	0
	0

	
	D
	47
	38
	3
	0
	0
	0
	100
	100
	22
	56
	61
	11
	11
	22
	0


The table 1-2 following notation is used 

C1=0 mm/hr and 1 mm/hr, C2=0 mm/hr and >=2 mm/hr, C3=1 mm/hr and >=2 mm/hr, 
R :Route number 
Tp: Time Period, N: Night Time (20:00 PM-5:00 AM) and D: Day Time (8:00 AM-17:00 PM)

Table 1-3: Summary of Travel Time Difference between each Category of Rainfall Intensity, Friday, Saturday and Sunday

	R
	TP
	R5
	R10
	I10
	I30
	I50

	
	
	F
	S
	Su
	F 
	S
	Su
	F 
	S
	Su
	F 
	S
	Su
	F 
	S
	Su

	3
	N
	0.0
	0
	0
	0.0
	0
	0
	44
	0
	0
	25
	0
	0
	0
	0
	0

	
	D
	89
	67
	50
	67
	44
	44
	99
	67
	75
	80
	56
	56
	25
	33
	50

	5
	N
	19
	0
	0
	8
	0
	0
	33
	11
	33
	16
	0
	0
	11
	0
	0

	
	D
	67
	44
	31
	42
	32
	31
	75
	50
	61
	25
	31
	28
	0
	22
	0

	6
	N
	33
	0
	0
	31
	0
	0
	36
	8
	11
	33
	0
	0
	33
	0
	0

	
	D
	75
	28
	41
	36
	11
	11
	97
	50
	52
	44
	31
	28
	14
	11
	0

	7 
	N
	6
	0
	0
	0
	0
	0
	36
	33
	31
	22
	0
	28
	3
	0
	0

	
	D
	64
	47
	19
	11
	0
	0
	97
	99
	75
	68
	61
	33
	17
	25
	8


In the table 1-3 following notation are used:  F: Friday, S: Saturday, SU: Sunday and Holiday   
N: Night Time, D: Day Time 
Table 1-4: Statistical Test Result 
	TIME
	MEAN 
	STANDARD DEVIATION
	 T- VALUE 
	P VALUE

	
	0mm
	1mm
	>=2mm
	0mm
	1mm
	>=2mm
	0mm
&1mm
	0mm &

>=2mm
	1mm&

>=2mm
	0mm
&1mm
	0mm &

>=2mm
	1mm&

>=2mm

	6:05
	11.4
	12.2
	11.8
	3.06
	3.25
	1.29
	1.49
	1.32
	NE
	0.100
	0.1
	NE

	7:05
	14.4
	17.0
	16.0
	5.11
	6.89
	5.36
	2.01
	1.22
	NE
	0.020
	0.25
	NE

	8:05
	19.6
	25.8
	25.4
	7.10
	7.98
	6.03
	4.25
	4.01
	NE
	0.001
	0.001
	NE

	9:05
	25.5
	33.8
	35.4
	8.21
	6.93
	8.21
	6.06
	6.75
	NE
	0.001
	0.001
	NE

	10.05
	25.9
	36.8
	35.4
	9.39
	11.1
	10.7
	4.94
	4.46
	NE
	0.001
	0.001
	NE

	11:05
	31.5
	43.6
	41.6
	11.9
	9.99
	10.0
	5.44
	5.85
	NE
	0.001
	0.001
	NE

	12:05
	30.2
	40.8
	46.0
	12.4
	10.9
	11.5
	5.10
	7.51
	2.52
	0.001
	0.001
	0.01

	13:05
	23.4
	32.7
	41.6
	12.2
	13.6
	14.7
	3.62
	6.70
	3.44
	0.001
	0.001
	0.001

	14:05
	21.5
	26.4
	40.4
	12.5
	13.6
	18.4
	1.81
	5.39
	3.98
	0.050
	0.001
	0.001

	15:05
	23.8
	36.7
	40.7
	14.2
	12.7
	17.9
	5.15
	4.38
	1.29
	0.001
	0.001
	0.1

	16:05
	27.4
	39.4
	40.1
	14.8
	18.6
	19.1
	3.06
	3.48
	NE
	0.005
	0.001
	NE

	17:05
	33.6
	43.7
	50.7
	17.1
	1781
	17.1
	2.58
	4.93
	2.02
	0.005
	0.001
	0.01

	18:05
	32.6
	36.5
	11.8
	13.1
	13.8
	1.29
	1.44
	1.32
	NE
	0.100
	0.1
	NE


Note NE: no statically different 
Table 1-5: State of the Situation of the Predicted Day (2002/10/01)

	TIME
	0:0AM

-1:00AM
	1:00AM

-2:00AM 
	2:00AM-

5:00AM
	5:00AM

-6:00AM
	6:00AM

-12:00AM
	13:00PM

-14:00PM
	16:00PM

-24:00PM

	State 
	Accident
	Accident

&Rain
	Rain
	Accident
	Rain
	Rain
	Rain


Table 1-6. Regression output for Weekdays and no-Rain Configuration.
No Rainy Weekday

	
	N
	R
	R-Square
	Std .Error

	Normal
	24609
	0.93952864
	0.88271406
	0.17462715

	Corrected
	
	0.9395261
	0.8827033
	


Equation

	
	Coefficient
	95%

confidence
	Std 

Error
	T
	P

	Constance
	1.82964677
	0.00635037
	0.00323987
	564728018
	0

	Nb of Veh
	0.00142228
	6.478E-06
	3.305E-06
	430,344629
	0


  Table 1-7 Regression output for Weekdays and 1mm-rain Configuration.
 Equal to 1mm/hr rainfall

	
	N
	R
	R-Square
	Std .Error

	Normal
	917
	0.89689327
	0.80441754
	0.18214039

	Corrected
	
	0.8967741
	0.80420379
	


Equation

	
	Coefficient
	95%

Confidence
	Std

Error
	T
	P

	Constance
	2.03862452
	0.04851698
	0.02472095
	82.4654612
	0

	Nb of Veh
	0.00132255
	4.2311E-05
	2.1559E-05
	61.3460158
	0


Table 1-8.  Regression output for weekdays and 2mm-rain configuration.
Greater than or equal to 2mm/hr rainfall

	
	N
	R
	R-Square
	Std .Error

	Normal
	926
	0.92017504
	0.8467221
	0.17349763

	Corrected
	
	0.9200849
	0.84655622
	


Equation

	
	Coefficient
	95%

Confidence
	Std 

Error
	T
	P

	Constance
	1.99448254
	0.04575157
	0.02331189
	85.5594592
	0

	Nb of Veh
	0.001397
	3.8376E-05
	1.9554E-05
	71.4441485
	0


Table 1-9   CI for Regression Parameters for Rain Configurations.
	
	Lower Limit
	Upper Limit

	No rain
	A
	1.8232964
	1.83599714

	
	B
	0.00141581
	0.00142876

	1mm Rain
	A
	1.99010755
	2.0871415

	
	B
	0.00128024
	0.00136486

	>=2 mm rain
	A
	1.94873097
	2.04023411

	
	B
	0.00135862
	0.00143537


Figures 

Figure. 1-1 Tokyo Metropolitan Expressway (MEX) Network Marked with Weather Station
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Figure 1-2. Flow Chart Used to Examine the Availability of the Data

[image: image26.emf]0

10

20

30

40

50

60

0 1 2 3 4 5 6 7 8 9 10 11 12 13 1415 16 17 18 19 2021 22 23 24

Time of  Day

Travel Time(min)

0mm/hr

1mm/hr

>=2mm/hr


Figure 1-3: Average Travel Time Profiles by Rainfall Intensity for R-3, Weekday
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Figure 1-4: Average Travel Time Profiles by Rainfall Intensity for R-3, Friday
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Figure 1.5: Average Travel Time Profiles by Rainfall Intensity for R-3, Saturday
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Figure 1-6.Average Travel Time Profiles by Rainfall Intensity for R-3, Sunday 
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Figure: 1-7 Predicted and Observed Travel Times on Rainy Day (2002/10/01)
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Figure: 1-8 Distribution of Prediction Errors (Rainy Day)


[image: image32]
Figure: 1-9 Error vs. actual travel time, Rainy day
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Figure: 1-10 Predicted and Observed Travel Times on Non-Rainy Day (2001/10/04)
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Figure: 1-11 Distribution of Prediction Errors (Non-Rainy Day) (2002/10/04)

[image: image35]
Figure: 1-12 Error vs. Actual Travel Time, Non-Rainy Day (2001/10/04)
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Figure 1-13 MAPE vs. Time of Day for Route 3
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            Figure 1-14.Scatter plot of Nb. of Veh (Number of Vehicle) v.s. TT for Weekdays
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Figure 1-16. Mean TT and its variance as a function Nb. of Veh for 3 rain categories
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