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Abstract: On-line traffic information is one of the crucial components that affect traveler’s 
decisions.  Particularly, in the event of traffic incidents, motorists might avoid traffic 
congestion and/or delays, through consulting means of highway advisory devices (e.g., VMS 
or HAR) or personal digital agents, in assessing relevant traffic incident and guidance 
information.  Therefore, the issues of route diversion and value of traffic information in 
route guidance control scheme become significant.  In the present research, a systematic 
framework based on traffic assignment models is proposed to analyze the value of traffic 
information in implementing route diversion strategies for on-line traffic management 
purposes, especially under the impacts of traffic incidents.  To demonstrate the feasibility of 
the proposed framework, numerical analysis was conducted in light of simulation experiments.  
The test results indicated the capability of the proposed framework in evaluating the value of 
traffic information.  More significantly, one can foresee the possible outcomes and potentials 
of traffic information, and evaluate the cost-effectiveness of information provision strategies. 
Key Words: traffic information, route diversion, traffic assignment, traffic simulation, variable 
message sign 
 
 
1. INTRODUCTION 
 
On-line traffic information is one of the crucial components that affect user’s travel decisions.  
By the provision of effective traffic information to road users, it is not only to assist motorists 
in making better travel decisions, but also enhance the effectiveness and efficiency of 
highway services.  Particularly, in the event of traffic incidents, motorists might avoid traffic 
congestion and/or delays, through consulting means of highway advisory devices (e.g., VMS 
or HAR) or personal digital agents, in accessing relevant traffic incident and guidance 
information.  In turn, from a user’s perspective, there is an urgent need calling for better 
on-line assistance and information in response to traffic incidents.  Therefore, the issues of 
route diversion and value of traffic information in the context of route guidance control 
scheme become significant.  Moreover, in the case of traffic incidents, how to divert affected 
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traffic and what are the information contents to achieve some system-wide objectives are 
other critical issues to be investigated. 
 
State-of-the-art methods in dealing with route guidance problems generally focus on network 
control and route guidance strategies.  Relevant studies such as Messmer and Papageorgiou 
(1995), Kachroo and Ozbay (1998) investigated the issues of diversion point and diversion 
rate, but they still focused on network real time control problems.  Besides, Mamasani and 
Peeta (1993) have conducted simulation experiments to evaluate network performance under 
system optimal and user equilibrium dynamic traffic assignment principles.  The relevant 
research in the literature mostly discussed route guidance strategies and network real time 
controls.  The issues of route diversion points and diversion flow rates were neither 
investigated nor implicitly mentioned.  There were no systematic procedures to investigate 
the issues raised in the present research. 
 
In terms of the issue of evaluating traffic information value, Abe et al. (1998) have evaluated 
the effect of traffic information provided to drivers by Route Comparison Information (RCI) 
boards on traffic status at the time of congestion in Hanshin Expressway System, Japan.  The 
field study results indicated that drivers are detouring to avoid congestion according to the 
information provided by the RCI boards, which are effectively functioning at the time of 
congestion by saving drivers’ travel time.  The study is simply comparing two parallel roads 
instead of looking into the problem from a network-wide perspective, and quantified benefits 
are not further investigated.  Dia (2002) applied an agent-based method to modeling driver’s 
route choice behaviors under the influence of real-time traffic information.  Based on the 
data collected through users’ questionnaire surveys in Brisbane, Australia, the author 
employed a number of discrete choice models to determine the factors influencing drivers’ 
behaviors and their propensity to change route and adjust travel pattern.  Moreover, a case 
study implementing a simple agent-based route choice decision model within a microscopic 
traffic simulation tool was conducted and the results showed that the agent-based 
driver-vehicle units (DVUs) in the simulation environment was capable of mimicking driver 
route choice intensions in real world.  It has demonstrated the feasibility and the potential to 
develop a more complex driver behavioral dynamic based on the belief-desire-intension agent 
architecture.  Wahle et al. (2002) have proposed a basic two-route scenario with different 
types of information and investigated the impact of traffic information using simulation 
experiments.  The road users are modeled as agents, and different ways of generating current 
information are tested.  The results pointed out that the nature of traffic information very 
much influences the potentials of ATIS.  Khattak et al. (2003) analyzed travelers’ willingness 
to pay for travel information for those who frequently use traveler advisory telephone system 
(TATS) in San Francisco Bay Area.  The data collected through telephone surveys were 
analyzed by estimating a random-effects negative binominal regression model of revealed and 
stated TATS calling frequencies.  The results indicated that customized travel information, 
longer trips, work trips, and listening to radio traffic reports are associated with higher TATS 
calling frequency and with greater willingness to pay for information.  More significantly, 
users are more willing to pay for a customized service, and the average use of the system 
would decline if the service was not improved but a service charge was initiated. 
 
It is found from the above review of the literature that on-line traffic information is indeed 
affecting motorists’ route choice behaviors under traffic congestion and/or traffic incident 
conditions.  Moreover, effective traffic information is valuable both for road users in making 
better travel decisions and for road network managers in implementing desirable traffic 
control strategies.  Therefore, the issue of evaluating value of traffic information in the 
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context of route diversion control scheme, especially under the impacts of non-recurrent 
traffic congestion is crucial for on-line traffic management and information provision 
purposes. 
 
In the present research, a systematic framework is proposed to analyze the potential diversion 
points and evaluate value of traffic information.  The framework is essentially based on 
traffic assignment under user equilibrium principle.  By conducting traffic assignment 
procedure, traffic reassignment and route diversion results can be obtained, and value of 
traffic diversion information is then evaluated by comparing the total system costs as well as 
affected user costs before and after activating route diversion control scheme through the 
provision of traffic congestion information displayed on variable message sign (VMS).  In 
the case of traffic incident, affected road users might have a propensity to divert to alternative 
routes in responding to traffic and/or guidance information provided by VMS.  Thus both 
from the user’s and system’s perspectives, it is possible to save travel time for affected users 
and improve highway network performance due to the provision of desirable traffic 
information.  The value of traffic information can then be evaluated based on redistribution 
of traffic flows and travel time savings. 
 
Therefore, the main objective of the present research is to provide a systematic framework in 
analyzing the value of traffic information in implementing route diversion strategies for 
on-line traffic management purposes, especially under the impacts of traffic incidents.  The 
framework is based on traffic assignment models under a multi-stage analysis procedure.  
The effect of traffic information is explicitly captured through analyzing the benefits gained 
by route switching of users in response to the impacts of traffic incidents.  The proposed 
framework provides a flexible mechanism in capturing the value of traffic information under 
different traffic incident scenarios, including incident locations and users’ information 
compliance rates.  Moreover, from a system’s perspective, quantified benefits can be 
evaluated due to the provision of traffic information.  The proposed framework is aimed to 
provide beneficial evaluation results for the implementation of advanced traffic management 
and information systems (ATMIS). 
 
To demonstrate the feasibility of the proposed framework, numerical analysis was conducted 
in light of simulation experiments.  The test results indicated the capability of the proposed 
framework in evaluating the value of traffic information.  More significantly, one can foresee 
the possible outcomes and potentials of traffic information, and evaluate the cost-effectiveness 
of information provision strategies. 
 
 
2. METHODOLOGIES 
 
Since non-recurrent traffic congestion caused by traffic incident is not easy to predict and its 
impacts to highway services are more severe than those of recurrent traffic congestion, it is 
crucial to on-line monitor traffic flow distribution and obtain desirable route diversion points 
in guiding affected motorists to alternative routes.  Therefore, the problem being investigated 
is to obtain desirable route diversion control strategies in terms of suitable diversion points 
and flow rates due to the occurrence of traffic incidents.  Moreover, traffic redistribution 
results and diversion points are obtained through relevant traffic assignment models under 
user’s equilibrium assumption, and it can also be further verified through simulation 
experiments.  The following subsections detail the model formulations and a 
simulation-based traffic assignment model and/or a traffic simulator tool applied to conduct 
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various simulation tests. 
 
2.1 Model Formulations 
Under Wardrop’s first principle of equilibrium, in making desirable route choice decisions, it 
is assumed that highway users in the observed network possess full information about the 
prevailing network.  Therefore, we may have the typical traffic assignment model 
formulation under user’s equilibrium (UE) principle as follows (Sheffi, 1985): 
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where, 
( )xz  is the objective function of a vector of link flows x; 
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q is the total demand of origin r  to destination s ; 

ax  is the link flow on link a ; and 
rs
apδ  is the link-path incidence index 
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On the other hand, one can formulate the problem using Wardrop’s second principle of 
equilibrium, i.e., system optimal (SO) principle.  The SO formulations are basically the same 
as those of UE’s except for the objective function. 
 
In solving the above optimization problem, one can incorporate a Lagrangean multiplier 
{ }rsπ  into the objective function, and solve for the following Lagrangean function: 
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Taking the partial derivative of (6) with respect to path flow { }ph  and the Lagrangean 

multiplier{ }rsπ , one can obtain the first order condition of the formulation as follows: 
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Equations (7) ~ (10) represent the compensated relaxation relationships in route choice 
behaviors, in the sense that the travel times of the paths being assigned traffic flows for a 
given OD pair are equal to the minimum path travel times, otherwise the flows on the other 
paths would be forced to be zero. 
 
By employing appropriate computing algorithms such as the Frank-Wolfe algorithm (Sheffi, 
1985) or the Gradient Projection (GP) based methods (Jayakrishnan et al., 1994), one can 
solve the above problem and obtain link/path travel times and flows, queuing delays, and 
other crucial traffic variables for on-line traffic control and management purposes. 
 
The main purpose of the present research is to investigate the value of traffic information in 
the sense that motorists might benefit from effective traffic information through consulting 
relevant traffic and/or route guidance information to avoid jumping into traffic congestion 
sections and divert to alternative routes under traffic incident conditions.  Based on the 
traffic assignment mechanism, one can predict and foresee the possible traffic bottleneck 
sections and predetermine optimal routing policies.  Therefore, the above analytical model 
formulations and corresponding solutions are aiming to predict potential route diversion 
points and proportions of diverting flows.  To evaluate the value of traffic information in the 
present research, a set of simulation experiments under various traffic scenarios are designed 
and implemented to investigate the above issues. 
 
2.2 Simulation Tool: DYNASMART-P 
To investigate the present research topic, a simulated-based traffic assignment model and/or 
traffic simulator called DYNASMART-P (FHWA, 2001) was employed to conduct relevant 
simulation experiments.  The simulator is a mesoscopic level traffic simulation tool in the 
sense that traffic flow is modeled using relevant traffic flow models at a macroscopic level.  
On the other hand, users are classified into different classes depending on their personal 
characteristics at a microscopic level, and each vehicle’s trajectory can be traced after the 
simulation runs are completed.  Therefore, it is capable of simulating the issues raised in the 
present research.  The main functions of DYNASMART-P are briefly described as follows. 
 Various network size: small, medium, large networks 
 Time-dependent traffic demand: three-dimensional OD trip tables consisting of 

time-varying trip loadings of various OD pairs 
 Flexible traffic control: no control, stop/yield control, signal control 
 Network physical conditions and constraints: link length and capacity, number of lanes, 

speed limits 
 Vehicle type: passenger car, truck, bus, large vehicle 
 User class: no response to traffic information, system optimal, user equilibrium, 

in-vehicle information available, and VMS responsive users 
 Geometric design considerations: toll road, heavy vehicle exclusive lane, flow control 

lane 
 Network capacity change: highway capacity reduction due to traffic incidents, road work, 

etc. 
 Network performance analysis: detailed network performance outputs for specific traffic 

control and/or management purposes 
 Network information provision strategies: strategic analysis on the provision of traffic 
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information based on different traffic assignment principles 
 Graphical User Interface: user-friendly GUI for easy monitoring and modification of 

network performance 
 Statistical analysis: detailed statistical analysis results for specific purposes 

The overall framework of relevant input and output components of the traffic simulator is 
demonstrated in figure 1. 

Data Requirements
Associated Traffic

Simulation Input Files
Associated GUI

Input Files

Control Data
stop signs
yield signs

pretimed signs
actuate signs

left-turn capacity

control.dat
leftcap.dat

Network Data
link data
node data

movement data

network.dat
movement.dat

linkxy.dat
linkname.dat

xy.dat

Demand Data
zone data
trip chains

vehicle loading &path data
OD demand data

generation links/destination

superzone.dat
demand.dat

demand_truck.dat
vehicle.dat

path.dat
origin.dat

destination.dat

zone.dat

Not available

Scenario Data
ATMS /ATIS data

incident/capacity reduction data
traffic management strategies

vehicle classes data
transit data 

System Data
traffic assignment mode

assignment interval
planning horizon

aggregation interval
collection statistics interval

output format

vms.dat
incident.dat

bus.dat
pricing.dat
ramp.dat
hov.dat

scenario.dat

system. dat
output_option.dat

Not available

system.dat
output_option.dat

 
Figure 1. Overall Framework of DYNASMART-P (FHWA, 2001) 
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3. EXPERIMENTAL DESIGNS AND TEST SCENARIOS 
 
3.1 Test Network 
The test network, as shown in figure 2, consists of 17 nodes, 48 two-way links, and 4 traffic 
zones.  The link lengths range from 7,916 to 30,000 ft, and 3 ~ 4 lanes on each link.  There 
are 4 origins / destinations and 3 OD pairs of trips generated at the current stage to test 
one-to-many trip distribution situations, i.e., take node 8001 as the origin node, and nodes 
8002, 8008, and 8009 as the destination nodes.  The speed limits for all links are set to be 48 
~ 60 mph, and the link capacities are ranging from 500 to 1,800 vehicles/lane/hour, depending 
on the characteristics of the links.  Details of the test network are shown in table 1. 
 
3.2 Simulation Setting 
Among the simulation experiments, one-shot simulation assignment was chosen to conduct 
relevant traffic assignment tasks.  The simulation time duration is 200 minutes, and the time 
interval is set to be 5 minutes.  The total traffic loading is approximately 1,450 vehicles, in 
which 30% of the total traffic are user class 1 (VMS unresponsive) and 70% are user class 5 
(VMS responsive) with user’s information compliance rates ranging from 30% to 100% in 
order to investigate the effects of information compliance rates on network performance 
and/or user costs.  The vehicle type is supposed to be 90% passenger cars, and the rest are 
assumed to be trucks.  In terms of the information contents of VMS, ‘congestion warning 
message’ was chosen since the information contents inherent in a VMS system is closely 
related to the purpose of the present research.  The message is assumed to be activated 
during the same time duration of the occurrence of an incident. 
 
Besides, to investigate the impacts of traffic incidents on route diversion control strategies and 
road users’ route diversion behaviors, single and multiple traffic incidents were generated at 
various links, and the incident duration was set to be 50 minutes (from minute 50 to 100).  
Moreover, severity of incident was supposed to be 0.5.  Such a setting on incident severity in 
the simulation environment means that half of the lanes and/or link capacity are temporarily 
closed to traffic due to the impacts of traffic incident or accident. 
 
Details of the simulation setting and test scenarios are summarized in table 2. 

1 12

5 6

8001

4 7 8

8008

9 10 11 2

13 38009
8002

 
Figure 2. Test Network Configuration 
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3.3 Test Scenarios 
The test scenarios are designed to evaluate the impacts of traffic incidents and/or value of 
traffic (guidance) information under the following cases: 1) VMS locations under route 
diversion control scheme, 2) information compliance rates, and 3) single and multiple 
incidents.  Therefore, the following scenarios are proposed and tested through relevant 
simulation experiments: 
(1) value of traffic (guidance) information 

 without route guidance information and/or route diversion control scheme is not 
activated 

 with route guidance information and/or route diversion control scheme is activated 
(2) information compliance rate 

 30% of the affected users comply with route guidance information 
 50% of the affected users comply with route guidance information 
 100% of the affected users comply with route guidance information 

(3) single and multiple incidents 
 single incident 
 double incidents 

 
The test scenarios of both single and double incidents cases are demonstrated in figures 3 and 
4, and later simulation runs are conducted based on the designated scenarios. 
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Table 1. Characteristics of the Test Network 

Link no. 

From
 i to j 

Link length 

Speed lim
it 

N
o. of 

lanes 

C
apacity 

Link no. 

From
 i to j 

Link length 

Speed lim
it 

N
o. of 

lanes 

C
apacity 

1 1→5 10000 48 3 1800 25 9→13 19000 60 4 1000
2 5→1 10000 48 3 1800 26 13→9 19000 60 4 1000
3 1→12 20000 48 3 1800 27 10→11 30000 60 4 1000
4 12→1 20000 48 3 1800 28 11→10 30000 60 4 1000
5 4→5 20000 48 3 1800 29 11→2 18815 60 4 1000
6 5→4 20000 48 3 1800 30 2→11 18815 60 4 1000
7 4→9 25000 48 3 1800 31 11→3 18000 60 4 1000
8 9→4 25000 48 3 1800 32 3→11 18000 60 4 1000
9 5→6 21000 48 3 1800 33 12→6 14000 60 4 1000
10 6→5 21000 48 3 1800 34 6→12 14000 60 4 1000
11 5→9 22785 48 3 1800 35 12→8 51000 60 4 500
12 9→5 22785 48 3 1800 36 8→12 51000 60 4 500
13 6→7 22000 48 3 1800 37 13→3 20000 60 4 1000
14 7→6 22000 48 3 1800 38 3→13 20000 60 4 1000
15 6→10 12713 48 3 1800 39 1→8001 24000 60 4 1000
16 10→6 12713 48 3 1800 40 8001→1 24000 60 4 1000
17 7→8 17000 48 3 1800 41 2→8002 24000 60 4 1000
18 8→7 17000 48 3 1800 42 8002→2 24000 60 4 1000
19 7→11 22500 48 3 1800 43 8→8008 24000 60 4 1000
20 11→7 22500 48 3 1800 44 8008→8 24000 60 4 1000
21 8→2 24934 48 3 1800 45 9→8009 24000 60 4 1000
22 2→8 24934 48 3 1800 46 8009→9 24000 60 4 1000
23 9→10 21650 48 3 1800 47 1→4 7916 60 4 1000
24 10→9 21650 48 3 1800 48 4→1 7916 60 4 1000

 
Table 2. Simulation Setting and Test Scenarios 

Items Inputs 
Network data 17 nodes; 48 links (bi-directional); 4 traffic zones 
Control data None 

Demand data 
Vehicle: Passenger car - 90%; Truck - 10% 
Origin node: 8001; Destination nodes: 8002, 8008, 8009 (one-to-many) 
User classes: VMS unresponsive - 30%; VMS responsive - 70% 

Scenarios Single incident: link 7→11; Double incidents: links 7→11 and 6→10 
Incident severity: 0.5 
Incident duration: 50 minute (minute 50 through 100) 
VMS: links 5→6 and 6→7 

System setting Simulation time: 0~200 minute; One-shot simulation assignment 
 

Journal of the Eastern Asia Society for Transportation Studies, Vol. 6, pp. 2487 - 2501, 2005

2495



No incident

Incident happened
at Link 7-11

Incident severity
of 0.5

VMS located at link
6→7

VMS located at link
5→6

Compliance
rate of 100%

Compliance
rate of 50%

Compliance
rate of 30%  

Figure 3. Test Scenarios (Single-incident Case) 

No incident

Incident happened
at link 7-11

Incident severity
of 0.5

VMS located at link
6→7

VMS located at link
5→6

Compliance
rate of 100%

Compliance
rate of 50%

Compliance
rate of 30%

Incident happened
at link 6-10

 
Figure 4. Test Scenarios (Double-incident Case) 
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We recognize that there are numerous possibilities of users’ information compliance rates due 
to various traffic conditions, travel time uncertainty, information quality, and so on.  
However, the setting of three information compliance rates is merely to investigate the effects 
of users’ willingness to comply with traffic (guidance) information at low, medium, and high 
levels on network performance under the event and/or influence of traffic incidents.  Future 
research might conduct more comprehensive investigation by varying the compliance rates in 
a more detailed scale. 
 
In light of the above experimental designs and by conducting relevant simulation runs, we can 
obtain the following results: 1) pre-incident network performance, 2) post-incident network 
performance without route diversion control scheme, and 3) post-incident network 
performance with route diversion control scheme. 
 
 
4. NUMERICAL ANALYSIS RESULTS 
 
4.1 General Outputs 
The results of the network performance and detailed performance indices before the 
occurrence of incident are shown in table 3.  The travel times for each OD pair/path in terms 
of total travel time and average travel time are obtained from the results of simulation runs.  
It is found from table 3 that in the simulation runs, totally 1,450 vehicles were generated with 
total travel time of 628.06 hours, and the average travel time is estimated by 25.99 minutes 
per vehicle. 
 

Table 3. Network Performance without Traffic Incident 
OD pair No. of vehicle Travel time (minute) 

8001→1→4→9→8009 128 16.56 
8001→1→5→9→8009 208 16.53 
8001→1→12→8→8008 160 25.67 
8001→1→5→6→7→8→8008 128 24.97 
8001→1→12→6→7→8→8008 68 25.87 
8001→1→5→6→7→8→2→8002 73 31.13 
8001→1→5→6→7→11→2→8002 99 30.83 
8001→1→5→6→10→11→2→8002 122 30.93 
8001→1→12→6→7→11→2→8002 125 31.57 
8001→1→12→6→7→8→2→8002 88 31.99 
8001→1→12→6→10→11→2→8002 177 31.67 
8001→1→12→8→2→8002 74 31.70 

Total 1,450 Total: 628.0577 (hours) 
Average: 25.9886 (minutes/veh) 

Note: the numbers in bold are destination nodes 
 
4.2 Evaluation Results of Single-incident Case 
After the occurrence of the incident, table 4 represents the network performance under single 
incident traffic conditions.  It is found from table 4 that the total travel time and average 
travel time for each vehicle are not significantly increasing.  It is perhaps the impact of 
single incident did not cause significant delays since the incident duration is limited and 
spatial location are not affecting major OD trips.  The affected trips are those departing from 
node 8001 and destining to node 8002.  Among the assigned paths between the specific OD 

Journal of the Eastern Asia Society for Transportation Studies, Vol. 6, pp. 2487 - 2501, 2005

2497



pair, there are two OD paths consisting of the incident link (numbering them by paths #1 and 
2).  Based on the analysis on variance (ANOVA) and descriptive statistics on travel times, 
the travel time between these two paths are not statistically different, and there are no 
significant travel time differences before and after the occurrence of traffic incident.  If we 
further conduct relevant statistical analysis on the issue of value of traffic information and/or 
route diversion scheme, it is found that the travel time on path 1 is extraordinarily longer after 
the provision of traffic information.  It is due to the limited impacts of single incident so that 
the value of traffic information is not worthwhile in a route diversion control scheme. 
Meanwhile, there is also no travel time saving found for path 2.  It is concluded that a 
specific traffic incident at a medium impact level doest not significantly affect network 
performance.  In such a case, the value of traffic information is not cost-effective enough to 
conduct relevant traffic control schemes. 
 

Table 4. Network Performance before/after Traffic Incident (Single-incident Case) 
Travel time (minute) OD pair No. of vehicle

Before After 
8001→1→4→9→8009 138 16.56 16.55 
8001→1→5→9→8009 200 16.53 16.53 
8001→1→12→8→8008 193 25.67 25.68 
8001→1→5→6→7→8→8008 107 24.97 25.00 
8001→1→12→6→7→8→8008 68 25.87 25.77 
8001→1→5→6→7→8→2→8002 77 31.13 31.10 
8001→1→5→6→7→11→2→8002 166 30.83 30.95 
8001→1→5→6→10→11→2→8002 138 30.93 31.02 
8001→1→12→6→7→11→2→8002 72 31.57 31.55 
8001→1→12→6→7→8→2→8002 57 31.99 31.93 
8001→1→12→6→10→11→2→8002 164 31.67 31.68 
8001→1→12→8→2→8002 51 31.70 31.71 

Total 1,431 Total: 627.0674 (hours) 
Average: 25.7171 (minutes/veh) 

Note: the numbers in italic are the nodes connecting the incident link 
 
4.3 Evaluation Results of Double-incident Case 
For the case of multiple incidents traffic conditions, table 5 represents the network 
performance under double incidents traffic conditions.  Similarly, there are no significant 
travel time differences before and after the occurrence of double incidents.  Again, it might 
be due to the limited impacts of double incident on the overall network performance.  
Among all the OD trips, there are 4 OD paths departing from node 8001 and destining to node 
8002 consisting of the locations of traffic incidents.  Based on statistical testing, there are no 
significant differences on travel times before and after traffic incidents for OD paths 1 and 4, 
however, travel times for paths 2 and 3 after traffic incidents are significantly longer than 
those of before incidents.  Namely, the effects of double-incident case have resulted in 
significant travel times and/or delays for those who traveling on paths 2 and 3.  If we further 
conduct relevant statistical tests on the issue of value of traffic information, it is found that 
there is significant travel time saving for path 3 with 100% information compliance rate due 
to the provision of traffic information and/or route diversion control scheme.  However, 
similar results are not found for paths 2 and 4.  Similar to the outcome of the single-incident 
case, travel time on path 1 after the provision of traffic information is even longer than that 
without activating traffic diversion control scheme.  Thus, it is concluded that if most of the 
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travelers on a specific OD path comply with route guidance information, we might obtain 
system-wise travel time and/or cost savings by the provision of desirable route diversion 
traffic information. 
 
In conclusion, the impacts of traffic incidents on network performance, both from user’s and 
system-wise perspectives, might cause extra delays for specific assigned OD paths.  It is also 
found that by implementing strategic traffic control schemes, we might gain travel time 
savings by traffic re-routing and route diversion control scheme.  All the above analyses are 
summarized in tables 6 and 7. 
 

Table 5. Network Performance before/after Traffic Incident (Double-incident Case) 
Travel time (minute) 

OD pair No. of 
vehicles Before After 

(single) 
After 

(double) 
8001→1→4→9→8009 133 16.56 16.55 16.56 
8001→1→5→9→8009 217 16.53 16.53 16.54 
8001→1→12→8→8008 123 25.67 25.68 25.64 
8001→1→5→6→7→8→8008 119 24.97 25.00 25.02 
8001→1→12→6→7→8→8008 121 25.87 25.77 25.02 
8001→1→5→6→7→8→2→8002 110 31.13 31.10 31.11 
8001→1→5→6→7→11→2→8002 110 30.83 30.95 30.87 
8001→1→5→6→10→11→2→8002 140 30.93 31.02 30.97 
8001→1→12→6→7→11→2→8002 142 31.57 31.55 31.75 
8001→1→12→6→7→8→2→8002 19 31.99 31.93 31.74 
8001→1→12→6→10→11→2→8002 144 31.67 31.68 31.69 
8001→1→12→8→2→8002 89 31.70 31.71 31.71 

Total 1,467 Total: 627.0674 (hours) 
Average: 25.7171 (minutes/veh) 

 
Table 6. Comparisons of Travel Time Difference before/after Incident(s) 

No. of Incident Path Travel time 
Path #1 No difference Single 
Path #2 No difference 
Path #1 No difference 
Path #2 Longer after incident 
Path #3 Longer after incident 

Double 

Path #4 No difference 

Table 7. Comparisons of Travel Time Difference with/without Information Provision 
No. of Incident Path Travel time 

Path #1 Longer after information provision Single 
Path #2 No difference 
Path #1 Longer after information provision 
Path #2 No difference 
Path #3 Shorter after information provision (with 

100% information compliance rate) 
Double 

Path #4 No difference 
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4.4 Route Diversion Point and Value of Traffic Information 
In analyzing the desirable route diversion points, we may reasonably assume those nodes with 
significant proportion of diverted traffic would be suitable candidates for route diversion 
control scheme.  Again, we can obtain relevant information on desirable route diversion 
points by consulting the results demonstrated in table 7.  Namely, for the double incidents 
case, it has been found that route diversion control strategy is effective for path 3.  Since the 
upstream nodes at the location of traffic incident (between node 7 and 11) is node 6, therefore 
node 6 is a desirable route diversion point and relevant information can be disseminated 
through VMS located at upstream of node 6.  By doing the similar way and considering the 
costs associated with the installation and maintenance of a VMS, one can systematically 
evaluate the cost-effectiveness of value of traffic information, and provide highway 
management agencies with a clear picture in conducting route diversion control scheme and 
evaluating the value of traffic information. 
 
 
5. CONCLUSIONS AND RECOMMENDATIONS 
 
It has long been discussing that road users might benefit from the provision of traffic 
information, especially during non-recurrent traffic conditions.  However, for practical 
applications to traffic control and/or route guidance strategies, there is an urgent need calling 
for a systematic analysis procedure and framework in obtaining desirable traffic control and 
management strategies.  In the present research, a systematic framework based on traffic 
assignment models is proposed to analyze the value of traffic information in implementing 
route diversion strategies for on-line traffic management purposes under the impacts of traffic 
incidents.  One of the unique aspects of the proposed framework is that it provides both the 
network managers and road users with a flexible mechanism in predicting potential route 
diversion points and suitable installation locations for VMS system and/or strategic 
information provision points.  Furthermore, the value of traffic information, preferably in an 
effective manner, can be objectively evaluated under various traffic conditions and scenarios.  
The numerical analysis results based on simulation experiments have indicated the capability 
of the proposed approach in evaluating relevant route diversion control scheme and value of 
route diversion information.  More importantly, one can foresee the possible outcomes and 
potentials of the effects of traffic information, and evaluate the cost-effectiveness of 
information provision strategies. 
 
The present research has basically provided a feasible approach in evaluating value of traffic 
information in route diversion control scheme.  There still remain numerous crucial issues to 
be further investigated.  The future research directions are suggested to conduct more 
detailed analytical and/or simulation analysis under more realistic traffic scenarios, such as 
the severity and number of traffic incidents, and the effect of information provision strategies 
on user’s travel behaviors and/or decisions is also worthy of further investigation. 
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