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1. Introduction  
 
The Fort Lauderdale SMART SunGuide Traffic Management Center (TMC) is 
responsible for the operations and management of intelligent transportation systems (ITS) 
for the Florida Interstate Highway System (FIHS) in the Fort Lauderdale area (Broward 
County).  This includes the I-95, I-75, and I-595 corridors in Broward County.  
 
The TMC is managed by the Florida Department of Transportation (FDOT) District 4 
and is currently being operated 7 days per week, 24 hours per day. TMC operators 
coordinate with the Road Rangers, Florida Highway Patrol, and other TMC partners 
including the FDOT District 6, Florida’s Turnpike Enterprise, and the Southeast Florida 
SmarTraveler Advanced Traveler information System (ATIS), to determine incident and 
congestion locations. The information is then used for a better response and management 
of incidents and to disseminate appropriate messages to travelers using Dynamic 
Message Signs (DMSs), the 511 system, and traveler information website. In the near 
future, as additional Intelligent Transportation Systems (ITS) devices such as Closed 
Circuit Television (CCTV) cameras and traffic detectors are installed on the managed 
corridors, more detailed and accurate information will become available for use in 
traffic/incident management and traveler information purposes, contributing to better 
planning and operation of the ITS systems. 
 
The vision of FDOT District 4 is for the SMART SunGuide TMC to “become the best 
transportation management center (TMC) in the nation by 2010.” FDOT District 4 
publishes a Smart SunGuide TMC annual report that details the FDOT District 4 progress 
towards achieving the above vision1. The report discusses existing and planned 
developments, highlights the successes of the TMC, and evaluates the performance 
measures identified for the center.  The evaluation of the performance measures helps the 
FDOT District 4 in assessing their progress toward achieving their goals and objectives.  
The TMC Management Team will evaluate the performance of the TMC annually and 
make adjustments if necessary to stay on course with the TMC 5-year business plan. 
 
The FDOT District 4 ITS Performance Measures Report2 identifies the recommended 
performance measures to assess the FDOT District 4 ITS program. The ITS Performance 
Measures report classifies the identified performance measures into outcome measures, 
output measures, and benefit/cost measures.  The report states that “benefit/cost measures 
are needed to indicate the effectiveness of components of the District’s ITS program or 
the program as a whole. As District 4’s program is being developed, the entire program 
will be measured in terms of benefits and costs.  As the program matures, individual 

                                                 
1 “Smart SunGuide TMC - 2005 Annual Report,” FDOT District 4, January 2006, Fort 
Lauderdale, FL. 
2 “ITS Performance Measures – Detailed Definition of Performance Measures,” A Report 
Produced for FDOT 4 by Cambridge Systematics, January 2006, Fort Lauderdale, FL. 
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program elements also may be measured.”  The report defines the ITS program 
benefit/cost ratio as the ratio between ITS program benefits and costs. 
 
This report, “Benefit-Cost Analysis of FDOT District 4 Fort Lauderdale SMART 
SunGuide ITS Operations,” complements the SMART SunGuide TMC Annual Report by 
presenting a benefit-cost analysis of the FDOT Smart SunGuide Fort Lauderdale TMC 
ITS operations, providing the necessary benefit/cost measures identified in the ITS 
Performance Measure report.    

 
2. Background 
 
This section presents background materials that are necessary for the purpose of this 
study.  It first discusses briefly the existing ITS deployments in Broward County and the 
dates that these deployments became operational.  Second, this section discusses the 
FDOT District 4 incident database used in this study to obtain incident attributes that are 
required in the analysis of this study.  Finally, the section presents an overview of 
previous studies from around the nation that are related to the evaluation of incident 
management and traveler information dissemination strategies.  

 
2.1 Existing ITS Deployment 
 
This section is not intended to present a comprehensive and detailed review of the 
existing FDOT District 4 ITS deployments that are currently managed by the Fort 
Lauderdale SunGuide TMC.   These details can be found in the Smart SunGuide TMC 
annual report and the Smart SunGuide web site at www.smartsunguide.com.  Rather, this 
section is meant to identify the main ITS components that contribute to the benefits and 
costs of the SMART SunGuide Operations.  It also identifies when these components 
became operational (see Table 2-1).  This is required to determine the components that 
collectively contribute to the benefits and contributing of ITS deployment in a given year.   
 
Based on the information presented in Table 2-1,   the initial, operation, and maintenance 
costs of the following elements are included in the benefit-cost evaluation of the year 
2005 SMART SunGuide operations in Fort Lauderdale: 
 

 SMART SunGuide TMC 
 

 The I-95/I-595 dynamic message sign deployment   
 

 Road Ranger service patrol on the FIHS system managed by the FDOT District 4 in 
the Fort Lauderdale area including the I-95, I-75, and I-595 corridors. 

 
 The severe incident response vehicle (SIRV) 
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 With the implementation of the Atlanta's NAVIGATOR system4, the time needed to dispatch 
a service patrol truck to the incident site was reduced from 21 to 10 minutes (52 %) and the 
average clearance time dropped from 26 to 20 minutes (23 %).  The following average 
before-ITS values were reported: detection time 12 minutes, verification time 5 minutes, 
response time 21 minutes, and clearance time 26 minutes. 

 
 On the San Francisco’s I-880 corridor, the average response time dropped from 28.9 to 18.4 

minutes (by 36 %) while clearance time changed from 9.6 to 8.1 minutes (16 % reduction) 
with the implementation of a freeway service patrol5.  

 
 The ITSOAM sketch planning tool developed for the New York Department of 

Transportation (DOT) recommends the use of 35%-60% reduction in response time, 15-25% 
reduction in clearance time, and 5% reduction in detection time, when evaluating service 
patrol benefits6.  ITSAOM uses default values of 10 minutes for detection, 10 minutes for 
verification and response, and 20-50 minutes clearance time depending on the number of 
blocked lanes. 

 
 A study in Colorado reported a reduction in response and clearance time of 10.5 minutes for 

lane blockage incidents and 8.6 minutes for non-lane blockage incidents due to the 
implementation of a service patrol program7. 

 
 A study in Houston8  reported that service patrol vehicles reduced total incident duration by 

16.5 minutes. 
 

 A Study in the Puget Sound Region, WA, found that the service patrol vehicles reduced 
incident response time for lane blocking incidents from 7.5 minutes to 3.5 minutes9. 

 
 Khattak10, based on a review of a number of studies, found that service patrol vehicles 

reduces incident response time by 19% to 77% and incident clearance time by 8 minutes.  
 

 The IDAS sketch planning tool uses default values for the benefits of incident detection and 
verification of 9% reduction in incident duration.  For the benefits of incident response and 

                                                 
4 Presley, M.W., K.G. Wyrosdick, “Calculating Benefits for Navigator, Georgia's Intelligent Transportation 
System”, Georgia Department of Transportation, Atlanta, GA, 1998. 
5 Skabardonis, A., H. Noeimi, K. Petty, D. Rydzewski, P. Varaiya, and H. Al-Deek., “Freeway Service Patrol 
Evaluation. California PATH Program” Institute of Transportation Studies, University of California, Berkeley, CA, 
Working Paper UCB-ITS-PRR-95-5, 1995. 
6 Thill, J-C, and G. Rogova, “The ITS Options Analysis Model Technical Documentation,” Produced for the New 
York DOT by Calspan UB Research Center and University at Buffalo, Buffalo, NY, October 13, 2005 
7 Cuiciti, P., and. B. Janson, “Incident Management via Courtesy Patrol: Evaluation of Pilot Program in Colorad,” 
Transportation Research Record No. 1494, Transportation Research Board, Washington, DC, 1995. 
8 Hawkins, P.A., “Evaluation of the Southwest Freeway Motorist Assistant Program in Houston,“  Report No. TX-
94/1922-IF, Texas Transportation Institute, College Station, TX, 1993. 
9 Nee, J. and M. Hallenbeck, “ Evaluation of the Service Patrol Program in the Puget Sound Region,” Report T1803, 
Washington State Transportation Commission,  2001. 
10 Khattak, A., et. Al. “A Method for Prioritizing and Expanding Freeway Service Patrols,” Paper Presented at the 
Transportation Research Board 83rd Annual Meeting, Washington, D.C., January 2004, 
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clearance, it uses 39% as the reduction in incident duration (a total of 48% reduction for 
incident detection and management)11. 

 
 In Minnesota, an evaluation of a service patrol program indicated a reduction in stall vehicle 

incident duration of eight minutes.12 
 

 In Houston, incident response duration was reduced by 20% due to the implementation of 
the TransGuide traffic management system.  The evaluated phase of the TransGuide system 
includes loop detectors and video surveillance cameras.13 

 
 The Freeway Service Patrol Evaluation tool developed by the University of California at 

Berkeley14 assumes 30 minutes response and detection time without the service patrol.  The 
response time with service patrol is calculated as a function of the beat length, average truck 
speed, and number of patrol trucks. 

 
 An evaluation of the CHART program conducted in the year 2000 estimated that the average 

incident duration was about 33 minutes with CHART and 77 minutes without it. In 1999, the 
average incident duration was estimated to be about 42 minutes with CHART and 93 minutes 
without it.15 

 
2.3.2 Traveler Diversions in Response to Information 
 
This section presents a discussion of the diversion behaviors of travelers in response to travel 
information, as reported in the literature.  This review is necessary for the purpose of this study 
to help in developing a methodology to estimate the benefits of the provided information to 
travelers.   
 
Several researchers have used the stated preference approach in an attempt to determine the 
percentage of diverted travelers.  The studies concluded based on this type of surveys that DMSs 
advising of the existence of congestion ahead with no additional information concerning 
expected delay time or possible alternate routes can result in 60 percent of the freeway traffic to 
exit the freeway ahead of the bottleneck 16,17,18,19,20.  However, actual observation of diverted 

                                                 
11 “ITS Deployment Analysis System (IDAS) User’s Manual,” Prepared for the Federal Highway Adm instration by 
Cambridge Systematics, Oakland, CA, November 2001. 
12 “Highway Helper Summary Report - Twin Cities Metro Area,” : Minnesota Department of Transportation, Report 
No. TMC 07450-0394. July 1994. 
13 Henk, R. H., et al, “Before-and-After Analysis of the San Antonio TransGuide System,” Paper  Presented at the 
76th Annual Meeting of the Transportation Research Board, Washington DC. January 1997. 
14 Skabardonis, A. and M. Mauch, “ FSP Beat Evaluation and Predictor Models,” Institute of Transportation Studies, 
University of California, Berkeley, CA, 2005.  
15 Petrov, A., et al., “Evaluation of the Benefits of a Real-Time Incident Response System,” Paper presented at the 
9th World Congress Conference on ITS, Chicago, Illinois. 14-17 October 2002. 
16 Madanat, S., C.Y. Yang, and Y.M. Yen. “Analysis of Stated Route Diversion Intentions under Advanced Traveler 
Information Systems Using Latent Variable Modeling,” Transportation Research Record, 1485, 1995, 10-17. 
17 Benson, B.G. “Motorist Attitudes about Content of Variable-Message Signs,” Transportation Research Record, 
1550, 1996, 48-57. 
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traffic indicated significantly lower diversion rates.  For example, in Long Island, NY, an 
evaluation of the INFORM ATMS project indicated much lower traffic diversion rates21, with 5 
to 12 percent of mainline traffic diverting to alternate routes in typical incident conditions. On 
the other hand, several European field studies have found that DMS compliance rates range 
between 27-44% 22. 
 
A study23 simulated incident duration and motorist response to real-time traffic information on a 
freeway corridor in Honolulu, Hawaii. The study assumed that 15% of motorists would reroute 
to avoid major incidents if no traffic management program was in place, and 40% would reroute 
if an incident management programs was in place.  
 
The IDAS sketch planning tool uses the following default values to estimate the benefits of DMS 
deployments24: 
 

 The percentage of vehicles that pass sign and save time (divert and benefit from diversion) is 
28%. 

 The travel time saved is 11 minutes per diverted vehicle. 
 
The ITSOAM25 sketch planning tool developed for the New York DOT uses the following 
approach to evaluate DMS deployments:  
 

 The tool recognizes that vehicles that exit the freeway and bypass the incident bottleneck are 
delayed beyond the “normal” non-incident time on the freeway section. The travel time on 
the alternate route is assumed to be a constant percentage above the incident-free traversal 
time on the main freeway section. Mannering's26 survey of Seattle commuters revealed that, 
on average, trip travel time on the shortest alternate route was about 25.7% longer than the 
most frequently used route during peak hours of the day. A study of urban route selection in 

                                                                                                                                                             
18 Barfield, W., L. Conquest, J. Spyridakis, and M. Haselkorn. "Information Requirements for Real-Time Motorist 
Information Systems," In Proceedings of the Vehicle Navigation and Information Systems Conference (VNIS), New 
York, IEEE, 1989, pp. 101-112. 
19 Bonsall, P., Firmin, P., Anderson, M., Palmer, I., and Balmforth, P., “Validating the results of a route choice 
simulator,” Transportation Research C, Vol. 5, No. 6, 1997,  pp 371-387. 
20 Chatterjee, K., Hounsell, N. B., Firmin, P. E., and P. W. Bonsall, “Driver Response to variable Message Sign 
Information in London, Transportation Research Part C, 10(2), 149-169, 2002 
21 Smith, S.A.and C. Perez. “Evaluation of INFORM: Lessons Learned and Application to Other Systems,” 
Transportation Research Record, 1360, 62-65, 1992. 
22 Tarry, S., and A. Graham. , “The role of evaluation in ATT development,” Traffic Engineering and Control 36 
(12), 1995, PP. 688- 693 
23 Prevedouros, P. and K. Kasamoto, “Incident Management Simulation On a Two Freeway Corridors in Honolulu,” 
A Paper presented at the 6th World Congress Conference on ITS, Toronto, Canada. 1999 
24 “ITS Deployment Analysis System (IDAS) User’s Manual,” Prepared for the Federal Highway Adm instration by 
Cambridge Systematics, Oakland, CA, November 2001. 
25 Thill, J-C, and G. Rogova, “The ITS Options Analysis Model Technical Documentation,” Produced for the New 
York DOT by Calspan UB Research Center and University at Buffalo, Buffalo, NY, October 13, 2005 
26 Mannering, F.L. "Poisson Analysis of Commuter Flexibility in Changing Routes and Departure Times," 
Transportation Research Part B, 23(1), 1989, 53-60. 
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Rome, Italy27 indicated that the alternative routes were 8 to 29 percent longer than the 
shortest route available. The ITSAOM assumes that the travel time on impacted roadway in 
normal conditions is 15% lower than the travel time on alternative routes.    

 
 To calculate the benefit of DMS, the expected proportion of travelers who divert without 

traveler information has to be estimated.  A field study of diversion behavior has indicated 
that this diversion is significant but small28, averaging 2 percent of freeway traffic.  This is 
the value used by ITSAOM. 

 
 The ITSAOM uses a default value of 10% as the rate of vehicles diverting to an alternate 

route as a result of the information provided by the DMS. 
   

 The benefit for each diverted vehicle is estimated as the difference between incident delay (in 
minutes per vehicle) and the extra time on the alternative route (in minutes per vehicle). 

 
Srinivasan and Krishnamurthy29 compared the impacts of DMS messages using the 
DYNASMART mesoscopic simulation/dynamic traffic assignment when assuming compliance 
rates to be 100% (to reflect idealized conditions) and 40% compliance. The 40% rate was chosen 
based on a number of European field studies (see the reference to the Tarry study reported in the 
discussion above22).  
 
Mahmassani30 assumed that travelers switch routes under information based on “boundedly 
rational” switching behavior. According to this assumed behavior, as long as the difference 
between travel time on the subject route and alternative routes is below a certain threshold, the 
travelers will not change their route choices.  In this route choice framework, user will switch 
from the current path (the freeway corridor where the incident occurs) to an alternative route, 
only if the travel time savings are at least a certain percentage and at least a certain absolute time 
less than the travel time on the current path. Both of these thresholds are assumed to vary 
randomly across users, with a mean of 1 min and 20 % respectively, determined empirically 
from user behavior studies under information31. 

                                                 
27 Tagliacozzo, F., and F. Pirzio. “Assignment Models and Urban Path Selection Criteria: Results of a Survey of the 
Behaviour of Road Users,” Transportation Research, 7, 1973, 313-329. 
28 Dudek, C. L., William R. Stockton, and Donald R. Hatcher. “Real-Time Freeway-to-Freeway Diversion: The San 
Antonio Experience,” Transportation Research Record, 841,1982, 1-14. 
29 Srinivasan, K. and Krishnamurthy, A., “Role Of Spatial And Temporal Factors in VMS Effectiveness Under Non-
Recurrent Congestion,” Paper Presented at the 2003 Annual Meetings of the Transportation Research Board, 
Washington, DC, 2003. 
30 Mahmassani, H.S. (1990). Dynamic models of commuter behavior: Experimental investigation and application to 
the analysis of planned traffic disruptions. Transportation Research A, Vol. 24, No. 6, 465-484. 
31 Liu, Y. H., and Mahmassani, H. S. (1998). Dynamic aspects of commuter decisions under Advance Traveler 
Information Systems – modeling framework and experimental results. Transportation Research Record, Vol. 1645, 
111-119. 
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3. Cost of ITS Deployment 
 
Table 3-1 presents the initial, operation, and maintenance costs of the SMART ITS deployments 
that are included in the benefit-cost analysis.  Since the benefits are estimated in dollars per year, 
it is necessary to annualize the costs of the ITS deployments.  The costs were annualized 
assuming an interest rate of 6%.  The ITS deployment life cycles were assumed to be 20 years 
for the TMC building and 10 years for the ITS field deployments.   
 
As mentioned in Section 2, only a proportion of the cost of the CCTV and Detection System 
Phase I project was added to the cost used in the benefit-cost analysis  (the cost of seven cameras 
for a half year was included).  In addition, the used cost included the annual monetary 
contribution of FDOT District 4 to the operation of the Southeast Florida Advanced Traveler 
Information System (ATIS).    
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Table 3-1 Operation and Maintenance Costs of FDOT District 4 ITS Deployments 

 
Deployment Opening 

Year 
Estimated 
Capital Cost

Estimated 
Current 
Operation 
Cost 

Estimated 
Maintenance 
Cost 

Annualized 
Cost  
($/year) 
  

Smart 
SunGuide 
TMC 

2004 6,700,000 $1,670,200  $293,889 $2,548,329.00

Road Ranger 1995   $2,500,000    $2,500,000.00
Severe 
Incident 
Response 
Vehicle 

2004   $309,503.00   $309,503.00 

Dynamic 
Message 
Signs 

2003 $11,000,000  $18,600  $750,000  $2,263,500.00

TIM     $400,000    $400,000.00 
CCTV and 
Detection 
System Phase 
I 

2006 $2,845,462    $167,000  $43,065 

CCTV and 
Detection 
System Phase 
II 

2007 $15,520,168      0 

ATIS 
System32 

  $175,000.  $175,000 

Total     $8,239,397 
 

 
 
 
 

                                                 
32 FDOT annual contribution to the Southeast Florida ATIS system  
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4. Estimation of Benefits 
 
The benefits due to the Smart SunGuide TMC operations are expected to result from two main 
sources: 
 

• Reductions in incident durations including the times required to detect, verify, response 
to, clear, and recover from incidents. 

 
• Modifications in travel behavior due to the dissemination of information to travelers.   In 

the immediate future, it is expected that most of the benefits due to the modifications in 
travel behavior will be due to route diversion in response to the information. 

 
The reductions in incident durations and the changes in route choices are expected to 
significantly influence various operational performance measures.  Some of these operational 
measures can be quantified in dollar values and thus can be considered in the “benefit-cost” or 
“economic” analysis of the type used in this study.  These measures are listed below: 
 

• Reduction in travel time/delay to motorists 
• Reduction in secondary accidents  
• Reduction in fatalities due to the reductions in the time between incident occurrence and 

the provision of medical care to injured travelers 
• Reduction in fuel consumption 
• Reduction in emission 
• Monitory benefits as a result of the free-of-charge services provided by service patrol 

vehicles 
 
Other benefits measures of the SMART SunGuide TMC cannot be easily quantified in dollar 
values. These operational measures are not normally included in benefit-cost analyses of the type 
discussed in this report but can be included as part of a “performance-based” evaluation of the  
TMC operations, as discussed in the FDOT District 4 ITS Performance Measures report.  The 
following sections describe the methods used in this study to quantify the measures included in 
the benefit-cost analysis of this study.   
 
4.1 Delay Benefits Due to Incident Delay Reductions 
 
  
4.1.1 Selection of Analysis Approach 
 
One of the most important benefits of advanced traffic management systems (ATMS) strategies 
implemented as part of the SMART SunGuide TMC is the reductions in incident delays due to 
improved incident detection and management strategies.  Three methods of analysis have been 
used to estimate incident delays based on incident durations and other attributes: 
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• Deterministic queuing analysis,  
• Shockwave analysis, and 
• Simulation analysis 

 
Traffic simulation analysis is a powerful method to analyze the benefits of ITS deployments and 
the local and regional effects of these deployments.  Simulation models calculate a variety of 
performance measures including travel time, delay, number of stops, fuel consumption, and 
emission. In particular, programs that combine dynamic traffic assignment with microscopic or 
mesoscopic simulation models can provide detailed analysis of the combined effects of 
traffic/incident management and driver response to provided traveler information. Simulation 
programs are also capable of modeling the complex interactions between queuing patterns that 
exist on the freeway segments and surface streets.  However, the use of simulation models is 
expensive in terms of data collection, model input preparation, and calibration.  For these 
reasons, simulation models were not used for in this study.   
 
When comparing the use of queuing and shockwave analysis, queuing analysis is by far the most 
widely used method to identify incident impacts with and without incident management 
strategies. The main difference between shockwave and deterministic queuing analysis is in the 
way vehicles are assumed to queue upstream of a bottleneck. While queuing analysis assumes 
“vertical” queuing, shockwave analysis considers the spatial dimension of queues. The 
consideration of the horizontal extent of a queue enables the determination of the maximum 
queue reach, which is not possible with deterministic queuing models, as these models only track 
the number of queued vehicles, not their spatial locations. Detail discussions of deterministic 
queuing analysis and shockwave analysis can be found in traffic flow theory text books.33,34 A 
recent study by Rakha and Zhang35 has demonstrated the consistency in delay estimates that are 
derived from deterministic queuing theory and shock-wave analyses. The paper demonstrates 
that queuing theory provides a simple and accurate technique for estimating delays at highway 
bottlenecks.  For this reason and due to the simplicity and the larger number of applications of 
the queuing theory in previous studies compared to shockwave analysis, the deterministic 
queuing analysis is the approach selected for this study.   
 
4.1.2 Deterministic Queuing Analysis 
 
This section presents the queuing analysis equations used to determine the delay impacts of 
incidents.   The use of deterministic queuing analysis to determine the benefits of incident 
management strategies requires the following parameters as inputs: 
 

• Mean demand (arrival) rate(λ )  in veh/hr  
• Mean capacity (service) rate (µ ) in veh/hr under prevailing (no incident) conditions  

                                                 
33 “Revised Monograph on Traffic Flow Theory,” Federal Highway Administration, Washington D.C. 
34 May, A.D., “Traffic Flow Fundamentals,” Prentice Hall Inc., Englewood Cliffs, New Jersey, 1990. 
35 Rakha, H., and W. Zhang, “Consistency of Shock-Wave and Queuing Theory Procedures for  Analysis of 
Roadway Bottlenecks,” A Paper Presented at the 84th Annual Meeting of the Transportation Research Board, 
Washington, D.C., 2005 
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• Mean capacity during the incident lane or shoulder blockage under consideration (µ r) in 
veh/hr.   

• Incident duration (tR) in hours with and without incident management strategies in hours. 
 
The following equation is used to estimate the incident total delayTD  in vehicle-hours per an 
incident of a given severity (in terms of lane blockage and duration) in veh-hr: 
 

TD   = 
2

)( RQRtt µλ −
 

 
Where Qt  is the time duration in queue and other variables are as defined above.  Qt  in hours is 
calculated as follows: 
 

Qt  = 
λµ
µµ

−
− )( RRt

        (1) 

 
 
To estimate the total incident annual delay, it is necessary to estimate incident frequency 
categorized by lane/shoulder blockage type for each highway segment. This allows estimating 
the total annual delay as follows: 
 
  )*( ijk

ijk
ijk TDINTAD ∑=         (2) 

Where: 
 

=TAD  Total annual incident delay, in vehicle-hour 
=ijkIN  Incident number for incident type i on roadway segment j for time period k 
=ijkTD  Total incident delay for incident type i on roadway segment j for time period k 

 
Simply stated, the above formula indicates that the total annual day on the managed highways is 
equal to the sum of the delays of all incidents of different types that occur on all highway 
segments and all time periods of the day for the whole year.  In the above formula, the possible 
incident types are shoulder, one-lane, two-lane, three-lane, and four or more lane blocking 
incidents. The time periods k used in this study are the AM, PM, midday, evening, late-night, 
weekend day, and weekend night periods. Table 4-1 presents how these time periods are defined 
in this study.   
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Table 4-1 Time Periods as Defined in the Analysis 
Time Period Start End Total Number of 

Hours 
Weekday AM 7:00 AM 9:00 AM 2 
Weekday PM 4:00 PM 7:00 PM 3 
Weekday Midday 9:00 AM 4:00 PM 7 
Weekday Evening 7:00 PM 10:00 PM 3 
Weekday Late-Night 10:00 PM 7:00 AM 9 
Weekend Day 10:00 AM 6:00 PM 8 
Weekend Night 6:00 PM 10:00 AM 16 
 
The estimation of fuel consumption and emission, as discussed in Sections 2.3 and 2.4 of this 
study, requires the estimation of the vehicle-miles in queue.  This is calculated as the product of 
the number of vehicles queued and the average queue length in miles.  Both of these variables 
are calculated using queuing theory as follows: 
 
Number of vehicles queued, QN  (vehicles) = Qtλ       (3)  
 
and, 
 
Average queue length, AQ  (Vehicles) = 0.5 )( RRt µλ −      (4) 
 
The average queue length is converted from vehicles to miles by assuming that the distance 
headway of the vehicles in the queue is 25 ft36 and converting feet to miles.  
 
The subsections below presents a description of how various parameters required as inputs to the 
queuing theory equations were obtained in this study.   
 
4.1.3 Traffic Demand and Geometry 
 
Traffic demands were estimated for all highway segments37 on the I-95, I-75, and I-595 corridors 
in Broward County using the 2004 Florida Traffic Information (FTI) CD.  The average annual 
daily traffic (AADT) and the number of lanes information was obtained for each segment from 
the FTI CD.   To estimate the demand during different time periods of the day, the hourly 
variations in demand was obtained based on data collected by telemeter traffic monitoring sites 
(TTMS) located at several corridor locations.  The TTMS data were also obtained from the FTI 
CD.  By identifying the percentage of daily demands that occur in each time period of the day, it 
was possible to identify the AM, PM, mid-day, evening, late-night, weekend night, and weekend 
                                                 
36 Distance headway is defined as the distance from a selected point (such as the front bumper) on the leading 
vehicle to the same point on the following vehicle 
37 In this study, a highway segment is defined as the highway link between two interchanges in one direction of 
travel. 
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day demands for each segment based on their AADT values. The distances between interchanges 
were obtained from the FDOT freeway interchange report. 
 
4.1.4 Capacity during Prevailing (No-Incident) Conditions 
 
The capacity for each highway segment during non-incident conditions where estimated based 
on the number of lanes for each highway segment multiplied by the capacity per lane in vehicle 
per hour per lane.  For basic highway segments with no incidents, the Highway Capacity Manual 
(HCM) 200038 recommends the use of an ideal saturation flow rate of 2,400 vehicles/hour/lane.  
The manual, however, accounts for the fact that the actual capacity is lower than this ideal 
capacity due to prevailing conditions such as merging/diverging, lane width, slopes, vehicle mix, 
area type, and population mix. The capacity used in this study is 2,200 vehicle/hour/lane.  
 
4.1.5 Capacity during Incident Conditions 
 
The capacity during incident conditions is estimated by calculating the expected reduction in 
capacity as a function of the number of the blocked lanes (or shoulder) and the number of lanes 
of the highway section under consideration.  The HCM 200038 provides estimates of these 
values.  These estimates are included in Table 4-2 and are used in this analysis.   
 

Table 4-2 Percentage of Freeway Capacity Available under Incident Conditions 
Number of 

Freeway Lanes by 
Direction 

Shoulder 
Disablement 

Shoulder 
Accident 

One Lane 
Blocked 

Two Lanes 
Blocked 

Three Lanes 
Blocked 

2 0.95 0.81 0.35 0.00 N/A 
3 0.99 0.83 0.49 0.17 0.00 
4 0.99 0.85 0.58 0.25 0.13 
5 0.99 0.87 0.65 0.40 0.20 
6 0.99 0.89 0.71 0.50 0.26 
7 0.99 0.91 0.75 0.57 0.36 
8 0.99 0.93 0.78 0.63 0.41 

 
4.1.6 Incident Duration 
 
The queuing analysis discussed in Section 4-1 requires incident duration and the number of 
incidents on each highway segment.  This section discusses the estimation of incident durations.  
Section 4.1.7 discusses the estimation of the number of incidents.   
 
The average incident durations with and without ITS deployments/incident management 
strategies were estimated separately for lane blockage and non-lane blockage incidents.  This 
was important due to the large difference in the incident durations between lane blocking 
incidents and non-lane blocking incidents and also due to the difference in how these incidents 
are detected and responded to, as explained below. 
                                                 
38 Highway Capacity Manual 2000,” Transportation Research Board, National Research Council, Washington D.C., 
2000. 
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The data recorded in the database allows the calculation of the following measures that are 
defined in the FDOT District 4 ITS Performance Measures report: 
 

 TMC Detection Time: This is the time between the first time the incident is reported to the 
first notified agency and the time that the Smart SunGuide TMC is notified of the presence of 
the incident.   

 TMC Verification Time: This is the time between the initial TMC incident notification and 
when the incident is verified. 

 TMC Response Time:   This is the time between the initial TMC notification and the Road 
Ranger or SIRV arrival to the incident scene. 

 Total Incident Duration: This is the time interval between the first time an incident is 
reported to the first notified agency and the time that the last responder has left the scene. 

 
In addition to the above measures, which are defined in the ITS Performance Measure report, the 
following measures not defined in the Performance Measures report can be calculated: 
 

 Lane blockage duration:  This is the time duration between the first time the lane(s) are 
reported blocked to the last time that all travel lanes are reported cleared. 

 Response Time:  This is the time between the first incident notification (to any agency) and 
the arrival of the first responder (from any agency). 

 
Below is a discussion of how the incident duration was calculated for shoulder-blockage and 
lane-blockage incidents in this study: 
 
Shoulder Blockage Incidents: Shoulder blocking accidents are the shoulder incidents that have 
the most significant impact on freeway capacity and thus delays, as indicated in Table 4-2.  Thus, 
this is the type of shoulder incidents considered in the delay, fuel consumption, and emission 
analysis.  It is necessary to estimate the shoulder accident duration with and without ITS 
deployments.  The TMC response, detection, and verification time for shoulder accidents, as  
detected by CCTV cameras and recorded in the SMART database, was determined to be 20.5 
minutes.  With no CCTV cameras, this time is expected to be 20% higher, based on previous 
studies. Road Ranger Patrols are expected to reduce incident detection, verification, and response 
time by 50%. Thus, this time can be estimated to be 36.9 minutes with no ITS deployment (no 
CCTV and Road Ranger).  The average shoulder-type accident clearance duration obtained from 
the analysis of the 2005 SMART database is 25.05 minutes.  With no ITS, this is estimated to be 
20% minutes higher (30.6 minutes).    Based on the above discussions, it is estimated that the 
accident-type shoulder incident duration with ITS is 45.05 minutes (49.05 minutes at sections 
with Road Rangers but no CCTV cameras).  With no ITS, the total accident-type shoulder 
incident duration is 67.5 minutes. 
 
Lane Blockage Incidents:  Lane blocking duration is calculated for the year 2005 to be 50.3 
minutes, based on the SMART database analysis.   The average TMC response, detection, and 
verification time, as recorded in the SMART database, was determined to be 15.2 minutes.  Road 
Ranger Patrols are expected to reduce incident detection, verification, and response time by 50%. 
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Thus, this time can be estimated to be 22.8 minutes with no ITS deployment.  The average lane 
blockage duration obtained from the analysis of the 2005 SMART database is 34.8 minutes.  
With no ITS, this is estimated to be 20% higher (42.85 minutes). Based on the above discussions, 
it is estimated that the lane blocking duration with ITS is 64.7 minutes.  With no ITS, the total 
incident duration is estimated to be 67.5 minutes. The duration of the average shoulder blockage 
following lane blockage as recorded in SMART is estimated to be 30 minutes. This duration with 
no ITS is estimated to be 20% higher or 36 minutes. 
 
Based on the above discussion, Table 4-3 shows the incident durations that are used in the 
analysis. 
 

Table 4-3 Incident Durations Used in the Analysis 
 

Incident Duration (minutes) Incident Type No ITS Deployment Year 2005 
Shoulder Blocking 67.5 49.1 

Lane Blocking 64.7 minutes lane blocking 
plus 36 minutes shoulder 

blocking  

50.3 minutes lane blocking 
plus 30 minutes shoulder 

blocking 
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4.1.7 Managed Incident Frequency 
 
In addition to estimating the incident durations, as described in the previous section, it is 
necessary to estimate the number of incidents managed annually for each highway segment 
( ijkIN  in Equation 2).  This is necessary to estimate the annual incident delay in veh-hr, as per  
equation 2. 
 
Estimating ijkIN  requires aggregating the number of incidents by incident location (by the 
segment of the highway on which it occurs). Currently, the incident location attribute is coded in 
the SMART database using a free text format.  This format is difficult to use to categorize the 
number of incidents per highway segment. In addition, the incident location information is not 
exact due to the fact that it is entered manually into the database based on information gathered 
from different sources, which in some cases provide general descriptions rather than accurate 
positions of the incident locations.  This is expected to change in the near future with the 
integration and use of more accurate and standardized incident location information.  The FDOT 
District 4 service patrol trucks are currently equipped with AVL devices that identify the exact 
locations of the services using Global Positioning System (GPS) technologies.  In addition, the 
incident data collection and archiving task is being changed to the use of electronic data entry 
forms and automated data transmission to the central database.  Finally, the SunGuide ATMS 
Software management of ITS devices will provide more accurate incident location information. 
These changes will allow a more detailed analysis in the future. 
 
Due to the lack of exact incident locations at the present time, it was necessary to estimate the 
number of incidents on each highway using the method described below. 
 
For each direction d of the three highway corridors c analyzed in this study (I-95, I-595, and I-
75), the incident rate per vehicle-mile for each time period k for incident type i (IRcdki) is 
calculated as follows: 
  

)**( dcdkk

cdki
cdki LVH

IN
IR =         (5) 

 
Where: 
 

=cdkiIN  Incident number for incident type i on corridor c and direction d for period k 
=cdkV     Traffic demand for corridor c for direction d for time period k in vehicles 
=dL       Length of corridor d in miles 
=kH      Number of hours in time period k 

 
Then, the incident number for incident type i on roadway segment j for time period k ),( ijkIN can 
be calculated as follows: 
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jjkcdkiijk LVIRIN **=         (6) 

 
Where: 
 

=jkV  Traffic demand for segment j time period k in vehicles 
=jL  Length of segment j in miles 

 
The number of incidents for each corridor direction is presented in Table 4-4.  These numbers 
were extracted from the Smart database and used to estimate the number of incidents per 
highway segment and time of the day, as described above. 

 
 

Table 4-4 Number of Incidents for Each Corridor Direction is Presented 
 

Roadway Direction 

Number 
of 
Shoulder 
Blockage

Number 
of 1 Lane 
Blockage

Number 
of 2 Lane 
Blockage

Number 
of 3 Lane 
Blockage 

4 or 
Above 

N 11457 387 187 74 51 I-95 
S 11027 423 196 82 49 
N 2797 49 22 14 5 I-75 
S 2618 42 27 11 10 
E 2517 89 42 12 7 I-595 
W 2920 105 38 13 8 

 
 

4.2 Delay Benefits Due to Traveler Information 
 
Section 4 above describes the methodology used to estimate the expected delay reductions due to 
the reductions in incident durations. This section discusses the method used to account for the 
effects of providing real-time traffic condition information to travelers using ITS 
implementations such as DMSs and ATIS services including 511 telephone system and traveler 
information web services. 
 
The provided information is expected to result in a percentage of travelers changing their routes.  
This change in travel behavior and thus the benefits expected from this diversion are functions of 
several factors including incident delay, incident location, information dissemination method 
(DMS, HAR, basic ATIS services39, advanced ATIS services), DMS locations, DMS message 
type (incident occurrence information, lane blockage information, travel time information, or 
                                                 
39 There are different levels of ATIS services.  In this document, we use the term “basic ATIS services” to refer to 
services like 511 and web traveler information services.  Advanced ATIS services cover traveler and route guidance 
information delivered to in-vehicle and handheld devices.  Different types of services are expected to result in 
different diversion rates.  
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alternative route information), conditions on alternative routes, time-of-day, reliability of the 
provided information, and the propensity of drivers to divert.  It is expected that a certain 
percentage of travelers will divert even without traveler information when they observe unusual 
delays or listen to messages on the radio.   This is also expected to be affected by a number of the 
factors that are listed above as factors affecting diversion with traveler information.  In any 
event, the percentage of diverted travelers without traveler information is expected to be 
significantly lower than the percentage with traveler information. Unfortunately, diversion 
behaviors with and without traveler information is not totally understood as indicated in the 
discussion below. Additional research is needed in this area. In addition, it is recognized that any 
full evaluation of system-wide impacts of diversion would require simulation analysis probably 
combined with dynamic assignment analysis of the subject corridors and alternative routes.  This 
type of analysis is beyond the scope of this study. 
 
The approach used in the current version of the procedure developed in this study to evaluate 
traveler information is similar to the approach used by IDAS in that it assumes that a certain 
percentage of travelers divert in response the information and get travel time benefits from this 
diversion.  As stated in Section 2.3.2, IDAS assumes 28% of travelers divert in response to 
information with an average benefit of 11 minutes per diverted traveler. IDAS does not account 
for the percentage of travelers diverting without the presence of ITS devices/strategies. In this 
study, diversion rates with and without traveler information are assumed to be a function of the 
time of day in which the incident occurs and the severity of the incidents, as indicated in Table 4-
5.  The benefits per diverted travelers are assumed to be 7, 11, and 15 minutes for one-lane 
blockage, two-lane blockage, and three or more lane blockage incidents, respectively. 
 
The DMS benefit procedure described above estimates the benefit of DMS per DMS activation. 
To estimate the annual benefits, it is necessary to estimate the number of DMS activations per 
year.  The SMART software includes a field that indicates if the DMS system is active for a 
particular incident.  Based on this information, the number of annual DMS activation was 
calculated for the years 2004 and 2005.   
 
In future versions of the benefit-cost analysis developed in this study, we will investigate the 
implementation of a new route diversion model that combines queuing theory calculations with 
extensions to the ITSAOM software approach and the boundedly rational behavior approach 
used by Mahmassani (see Section 2.3.2 above).   
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Table 4-5 Diversion Rates Used in this Study 
  

Diversion Rate % by Blockage Type  
Condition 

 
Period Shoulder One-Lane Two-Lane Three-

Lane 
Four-Lane

AM 0 5 10 15 15 
PM 0 5 10 15 15 
Midday 0 2 5 10 10 
Evening 0 2 5 10 10 
Late Night 0 2 2 5 5 
Weekend 
Day 

0 2 5 10 10 

 
 
Without 
Traveler 
Information 

Weekend 
Night 

0 0 2 5 5 

AM 0 10 25 40 40 
PM 0 10 25 40 40 
Midday 0 5 10 25 25 
Evening 0 5 10 25 25 
Late Night 0 5 7 10 10 
Weekend 
Day 

0 5 10 25 25 

With 
Traveler 
Information 

Weekend 
Night 

0 5 7 10 10 

 
 
4.3 Fuel Consumption Benefits 
 
Reductions in fuel consumption and emission due to ITS strategies can be calculated based on 
the estimated speed of the freeway, with and with no incidents.  A look-up table is used in this 
study to calculate the highway segment speeds based on the calculated Volume/Capacity (V/C 
ratio).  The used speed-V/C relationship is the relationship used in the IDAS benefit-cost 
analysis of the FDOT District 6 I-95 ramp metering deployment in Miami-Dade County.  Table 
4-6 presents the relationship between the V/C ratio and the speed factor used in this analysis.  
The speed on a given section is estimated by multiplying the free flow speed on the section by 
the speed factor. 
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  Table 4-6 Relationship between V/C Ratio and Speed Factor 

 
V/C 

Ratio Speed Factor 
0 1 

0.2 0.9999904 
0.3 0.999890662 
0.5 0.99766173 
0.7 0.982658678 
0.8 0.96216609 
0.9 0.926169346 
1 0.869565217 

1.1 0.790055321 
1.2 0.690656577 
1.4 0.46960915 
1.6 0.284367004 
1.8 0.163885164 
2 0.094339623 

2.5 0.026580833 
3 0.009062075 
4 0.001624959 
5 0.000426485 
6 0.000142869 
12 2.23265E-06 

 
 
In addition to the above, a model was implemented that allows the estimation of the fuel 
consumption rates as a function of speed using a look-up table.  The table is based on the fuel 
consumption model used in the IDAS sketch planning tool and was derived based on national 
energy consumption data and the California Life-Cycle Benefit/Cost Analysis Model (see Table 
4-7 below).  The difference in fuel consumption rates with and without incidents are multiplied 
by the vehicle-mile traveled (VMT) traveled within the queue to determine the fuel consumption 
saving per incident.   The VMT within the queue with and without ITS strategies was calculated 
using the queuing analysis equations described in Section 4.1.2.  The difference in the VMT in 
queue between incident and non-incident conditions result in the fuel consumption benefits 
calculated in this study.  
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   Table 4-7 Fuel Consumption Model Used in this Study 
 

Speed 
(mph) 

Fuel Consumption 
(Gallon/VMT) 

0 0.540 
5 0.182 

10 0.123 
15 0.089 
20 0.068 
25 0.054 
30 0.044 
35 0.037 
40 0.034 
45 0.033 
50 0.033 
55 0.034 
60 0.037 
65 0.043 
70 0.052 
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4.4 Emission Reduction Benefits 
 
The emission model used in this study is based on the Mobile 6 emission rates for the Tampa 
Bay area.  These rates were supplied by the FDOT System Planning Office (SPO) and were 
originally used to replace the default IDAS emission model parameters, as part of the FDOT ITS 
Section project that was conducted to update the IDAS benefit and cost parameters to reflect 
Florida conditions40,41. As stated in the final report of that project, the rates are not expected to 
vary significantly in various areas of the State and can be used as default Florida-specific 
emission rates. 
 
The model estimates the quantity of three pollutants resulting from transportation systems: 
 

• Hydrocarbon (HC) and reactive organic gases (ROG); 
• Carbon monoxide (CO); and 
• Nitrogen oxides (NOx). 

 
The rates are for vehicle speeds ranging from 2.5 to 65 miles per hour. An example of the lookup 
tables for CO emission is presented in Table 4-8. 
 
The estimation of the emission rates based on the emission rate look-up table is similar to the 
estimation of to the fuel consumption rates based on the fuel consumption look-up table.  The 
calculation of emission benefits is similar to the calculation of fuel consumption benefits, 
described in Section 4.3 above.  
 

                                                 
 40 Hadi, Mohammed, Diane Quigley, Prasoon Sinha, and Liang Hsia, Benefit and Cost Parameters for Use in 
Evaluations by the Intelligent Transportation Systems Deployment Analysis System in Florida. Presented at the 84th 
Annual Meeting of the Transportation Research Board, Washington, D.C., January 2005.  
41 Hadi, Mohammed, Diane Quigley, Prasoon Sinha, and Arun Krishnamurthy, “Intelligent Transportation Systems 
Deployment Analysis System Customization,” Final Report Prepared for the FDOT by PBSJ, Inc., October 27, 2005 
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Table 4-8 – Carbon Monoxide Emissions in Grams per Mile Based on Vehicle Types for the Year 2005 
 

SPEED VEHICLE TYPES 

Miles Per 
Hour 

Kilometers 
Per Hour 

Light-Duty 
Gasoline 
Vehicle 
(LDGV) 

Light-Duty 
Gasoline 
Truck-1 

(LDGT1)42 

Light-Duty 
Gasoline 
Truck-2 

(LDGT2)43 

Light-Duty 
Gasoline 

Truck 
(LDGT)44 

Heavy-Duty 
Gasoline 
Vehicle 
(HDGV) 

Light-Duty 
Diesel 

Vehicle 
(LDDV) 

Light-Duty 
Diesel 

Vehicle 
(LDDV) 

Heavy-Duty 
Diesel 

Vehicle 
(HDDV) 

Motorcycle All Vehicles

2.5 4.0 36.21 36.59 51.91 40.51 70.91 4.154 3.604 12.231 106 37.706 

3.0 4.8 33.288 33.86 47.714 37.404 68.254 4.0388 3.5044 11.8142 97.598 34.8974 

4.0 6.4 27.444 28.4 39.322 31.192 62.942 3.8084 3.3052 10.9806 80.794 29.2802 

5.0 8.0 21.6 22.94 30.93 24.98 57.63 3.578 3.106 10.147 63.99 23.663 

6.0 9.7 20.222 21.638 29.014 23.522 54.094 3.4192 2.9686 9.572 58.058 22.2154 

7.0 11.3 18.844 20.336 27.098 22.064 50.558 3.2604 2.8312 8.997 52.126 20.7678 

8.0 12.9 17.466 19.034 25.182 20.606 47.022 3.1016 2.6938 8.422 46.194 19.3202 

9.0 14.5 16.088 17.732 23.266 19.148 43.486 2.9428 2.5564 7.847 40.262 17.8726 

10.0 16.1 14.71 16.43 21.35 17.69 39.95 2.784 2.419 7.272 34.33 16.425 

11.0 17.7 14.338 14.338 14.338 14.338 14.338 14.338 14.338 14.338 14.338 14.338 

12.0 19.3 13.966 13.966 13.966 13.966 13.966 13.966 13.966 13.966 13.966 13.966 

13.0 20.9 13.594 13.594 13.594 13.594 13.594 13.594 13.594 13.594 13.594 13.594 

14.0 22.5 13.222 13.222 13.222 13.222 13.222 13.222 13.222 13.222 13.222 13.222 

                                                 
42  The LDGT1 vehicle type includes pick-up trucks and vans with a gross vehicle weight of 0 to 6,000 pounds [0 to 2,722 kilograms]. 
43  The LDGT2 vehicle type includes pick-up trucks and vans with a gross vehicle weight of 6,000 to 8,500 pounds [2,722 to 3,856 kilograms]. 
44  The LDGT vehicle type is a combined category that includes both the LDGT1 and LDGT2 vehicle types. 
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Table 4-8 
(Continued) 

SPEED SPEED 

Miles Per 
Hour 

Kilometers 
Per Hour LDGV LDGT1 LDGT2 LDGT HDGV LDDV LDDV HDDV Motorcycle All Vehicles

15.0 24.1 12.85 14.64 18.91 15.73 29.51 2.293 1.994 5.495 24.71 14.182 

16.0 25.7 12.686 14.486 18.696 15.562 28.238 2.2308 1.94 5.2694 23.826 13.9662 

17.0 27.4 12.522 14.332 18.482 15.394 26.966 2.1686 1.886 5.0438 22.942 13.7504 

18.0 29.0 12.358 14.178 18.268 15.226 25.694 2.1064 1.832 4.8182 22.058 13.5346 

19.0 30.6 12.194 14.024 18.054 15.058 24.422 2.0442 1.778 4.5926 21.174 13.3188 

20 32.2 12.03 13.87 17.84 14.89 23.15 1.982 1.724 4.367 20.29 13.103 

21 33.8 11.97 13.822 17.764 14.834 22.36 1.9418 1.6892 4.221 19.748 13.0094 

22 35.4 11.91 13.774 17.688 14.778 21.57 1.9016 1.6544 4.075 19.206 12.9158 

23 37.0 11.85 13.726 17.612 14.722 20.78 1.8614 1.6196 3.929 18.664 12.8222 

24 38.6 11.79 13.678 17.536 14.666 19.99 1.8212 1.5848 3.783 18.122 12.7286 

25 40.2 11.73 13.63 17.46 14.61 19.2 1.781 1.55 3.637 17.58 12.635 

26 41.8 11.712 13.62 17.43 14.594 18.708 1.7546 1.5272 3.542 17.186 12.592 

27 43.5 11.694 13.61 17.4 14.578 18.216 1.7282 1.5044 3.447 16.792 12.549 

28 45.1 11.676 13.6 17.37 14.562 17.724 1.7018 1.4816 3.352 16.398 12.506 

29 46.7 11.658 13.59 17.34 14.546 17.232 1.6754 1.4588 3.257 16.004 12.463 

30 48.3 11.64 13.58 17.31 14.53 16.74 1.649 1.436 3.162 15.61 12.42 

31 49.9 11.504 13.412 17.198 14.378 17.924 1.7162 1.4944 3.4068 16.77 12.364 
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Table 4-8 
(Continued) 

SPEED SPEED 

Miles Per 
Hour 

Kilometers 
Per Hour LDGV LDGT1 LDGT2 LDGT HDGV LDDV LDDV HDDV Motorcycle All Vehicles

32 51.5 11.538 13.454 17.226 14.416 17.628 1.6994 1.4798 3.3456 16.48 12.378 

33 53.1 11.572 13.496 17.254 14.454 17.332 1.6826 1.4652 3.2844 16.19 12.392 

34 54.7 11.606 13.538 17.282 14.492 17.036 1.6658 1.4506 3.2232 15.9 12.406 

35 56.3 11.81 13.79 17.45 14.72 15.26 1.565 1.363 2.856 14.16 12.49 

36 57.9 11.928 13.906 17.57 14.838 15.104 1.5548 1.3542 2.819 13.958 12.5824 

37 59.5 12.046 14.022 17.69 14.956 14.948 1.5446 1.3454 2.782 13.756 12.6748 

38 61,2 12.164 14.138 17.81 15.074 14.792 1.5344 1.3366 2.745 13.554 12.7672 

39 62.8 12.282 14.254 17.93 15.192 14.636 1.5242 1.3278 2.708 13.352 12.8596 

40 64.4 12.4 14.37 18.05 15.31 14.48 1.514 1.319 2.671 13.15 12.952 

41 66.0 12.518 14.486 18.17 15.428 14.436 1.5088 1.3146 2.6524 13.022 13.0504 

42 67.6 12.636 14.602 18.29 15.546 14.392 1.5036 1.3102 2.6338 12.894 13.1488 

43 69.2 12.754 14.718 18.41 15.664 14.348 1.4984 1.3058 2.6152 12.766 13.2472 

44 70.8 12.872 14.834 18.53 15.782 14.304 1.4932 1.3014 2.5966 12.638 13.3456 

45 72.4 12.99 14.95 18.65 15.9 14.26 1.488 1.297 2.578 12.51 13.444 

46 74.0 13.108 15.068 18.77 16.018 14.322 1.4874 1.2964 2.5754 12.458 13.5482 

47 75.6 13.226 15.186 18.89 16.136 14.384 1.4868 1.2958 2.5728 12.406 13.6524 

48 77.2 13.344 15.304 19.01 16.254 14.446 1.4862 1.2952 2.5702 12.354 13.7566 

49 78.9 13.462 15.422 19.13 16.372 14.508 1.4856 1.2946 2.5676 12.302 13.8608 
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Table 4-8 
(Continued) 

SPEED SPEED 

Miles Per 
Hour 

Kilometers 
Per Hour LDGV LDGT1 LDGT2 LDGT HDGV LDDV LDDV HDDV Motorcycle All Vehicles

50 80.5 13.58 15.54 19.25 16.49 14.57 1.485 1.294 2.565 12.25 13.965 

51 82.1 13.698 15.656 19.368 16.606 14.75 1.4884 1.297 2.578 12.25 14.0752 

52 83.7 13.816 15.772 19.486 16.722 14.93 1.4918 1.3 2.591 12.25 14.1854 

53 85.3 13.934 15.888 19.604 16.838 15.11 1.4952 1.303 2.604 12.25 14.2956 

54 86.9 14.052 16.004 19.722 16.954 15.29 1.4986 1.306 2.617 12.25 14.4058 

55 88.5 14.17 16.12 19.84 17.07 15.47 1.502 1.309 2.63 12.25 14.516 

56 90.1 14.288 16.238 19.96 17.188 15.796 1.5104 1.3162 2.6602 13.538 14.6406 

57 91.7 14.406 16.356 20.08 17.306 16.122 1.5188 1.3234 2.6904 14.826 14.7652 

58 93.3 14.524 16.474 20.2 17.424 16.448 1.5272 1.3306 2.7206 16.114 14.8898 

59 95.0 14.642 16.592 20.32 17.542 16.774 1.5356 1.3378 2.7508 17.402 15.0144 

60 96.6 14.76 16.71 20.44 17.66 17.1 1.544 1.345 2.781 18.69 15.139 

61 98.2 14.878 16.828 20.56 17.78 17.638 1.5584 1.3574 2.8332 19.978 15.2732 

62 99.8 14.996 16.946 20.68 17.9 18.176 1.5728 1.3698 2.8854 21.266 15.4074 

63 101.4 15.114 17.064 20.8 18.02 18.714 1.5872 1.3822 2.9376 22.554 15.5416 

64 103.0 15.232 17.182 20.92 18.14 19.252 1.6016 1.3946 2.9898 23.842 15.6758 

65 104.6 15.35 17.3 21.04 18.26 19.79 1.616 1.407 3.042 25.13 15.81 
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4.5 Safety Benefits 
 
Reductions in fatalities and in the number of secondary accidents are another important benefit 
from ITS deployment. The safety benefits estimated in this study is calculated by first calculating 
the annual frequencies of fatal, injury, and PDO crashes with no ATMS strategies. These were 
calculated using the rates for Florida urban freeways in the IDAS program, as modified by the 
FDOT ITS Section project to update the IDAS benefit and cost parameters to reflect Florida 
conditions45.  The used rates (in number of crashes per million vehicle-mile traveled) were 0.086 
for fatal crashes, 0.6913 for injury crashes, and 0.9338 for Property Damage Only (PDO) 
crashes. 
 
The safety benefits of the SMART SunGuide deployments were evaluated by multiplying the 
annual frequencies of crashes calculated as described above by crash reduction factors estimated 
based on previous studies as follows: 
 

 A review of previous studies by the IDAS program developers found that a reduction in 
incident notification and response times, which results in faster provided care to injured 
travelers; result in a 10-15% decrease in urban interstate fatalities.  Based on this, IDAS 
assumes that the number of fatalities is decreased by a factor of 10% due to this faster 
response.  In this study, a fatality reduction factor of 10% (same as IDAS) is used to account 
for faster response to injuries. 

 
 A review of previous studies by Mitertek Systems indicates that incident management results 

in 2.8% reduction in crashes in San Antonio, Texas46.  However, other studies have indicated 
higher reductions in crash rates (15%-40% reductions) due to the implementation of incident 
management strategies47.  In this study, a 2.8% crash reduction factor was used, as a 
conservative estimate of the impact of traffic management strategies on the number of fatal, 
injury, and PDO crashes. 

 
4.6 Monetary Benefits of Road Ranger Services 
 
One of the significant benefits of service patrol that has not been accounted for in previous 
studies is the monetary benefits of the provided services to Florida Highway Patrol (FHP) and to 
stranded motorists.   Service patrol trucks provide these services to the FHP and motorists free-
of-charge.   These include tire changes; gas and water provision, assisting FHP in maintenance of 

                                                 
45 Hadi, Mohammed, Diane Quigley, Prasoon Sinha, and Arun Krishnamurthy, “Intelligent Transportation Systems 
Deployment Analysis System Customization,” Final Report Prepared for the FDOT by PBSJ, Inc., October 27, 2005 
46 “Intelligent Transportation Systems 2005 Update Benefits, Costs, and Lessons Learned,” Prepared for Federal 
Highway Administration, US Department of Transportation, May 2005. 
47 A review of some of these studies can be found in the benefit impact database that accompanied the IDAS 
program. 
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traffic (MOT) during incidents, minor repairs, and jump-starts, among others.  If motorists or the 
FHP are to call a private towing/automobile service company, then they will have to pay a large 
amount of money for these services.   
 
In this study, the costs per service for the provided services were estimated based on costs 
obtained from a private automobile service/towing company.  The company provided the 
following cost estimates: 
 

 Tow cost: $97 per mile including three free miles and $3 per extra miles.  $24 extra is 
charged for every 15 minutes of wait time. 

 Flat rate: $35 per service call 
 MOT rate: $750 per call with $125 extra for every hour on the scene.  The extra charge is per 

vehicle.  Each lane blockage requires one service vehicle for MOT. 
 
Based on the above costs, the cost for each type of Road Ranger services is calculated as 
indicated in Table 4-9.  These costs were then used in the following formula to obtain the total 
annual benefit of these services.   
 

)*(∑=
i

ii FSCSAB  

 
where 
 

=SAB  Total annual benefits of provided services in dollar 
=iSC  The cost charged by private companies for providing one service of type i, as documented 

in Table 4-9, and 
=iF  The annual frequency of service type i, obtained from the SMART database, as indicated in 

Table 4-9. 
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Table 4-9 Calculation of the Monetary Benefits of Road Ranger Service Patrols 
 

Service Provided Contributors to 
Cost 

Cost per 
Activity 

Activities 
per year Annual Benefits 

Abandoned Tow $98.43 4787 $471,189.63 
Assist FHP MOT $854.12 223 $190,468.75 
Debris Flat rate $35.00 2188 $76,580.00 

Diesel 
Flat rate plus fuel 

cost $38.00 43 $1,634.00 
Directions None $0.00 60 $0.00 
Dispatch Not 
Found 

None 
$0.00 2551 $0.00 

Flat Tire Flat rate $35.00 10845 $379,575.00 

Gas 
Flat rate plus fuel 

cost $38.00 4153 $157,814.00 
Jump Flat rate $35.00 1062 $37,170.00 
Lock Out Flat rate $35.00 9 $315.00 
Minor Repair Flat rate $35.00 1060 $37,100.00 
MOT non-specific Flat rate $799.31 3099 $2,477,062.50 
No Assistance Flat rate plus oil cost $0.00 7995 $0.00 
Oil Flat rate $38.00 287 $10,906.00 
Phone Flat rate $35.00 387 $13,545.00 
Push Tow $35.00 510 $17,850.00 
Tow 0 $101.15 184 $18,611.91 
Translate Tow $0.00 26 $0.00 
Transport Flat rate $100.03 246 $24,607.71 
Unsuccessful 
repair 

 
$35.00 1311 $45,885.00 

Water Flat rate $35.00 1746 $61,110.00 
Other Flat rate $35.00 335 $11,725.00 
Totals  $93.56 43107 $4,033,149.50 
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5. Dollar Values of Benefits 
 
To allow comparisons of the benefits and costs of the SMART SunGuide deployments, it was 
necessary to convert the benefits, estimated as described in Sections 4.1 to 4.6 to dollar values.  
The following is a discussion of the parameters used in this conversion. 
 

 The 2005 Urban Mobility Report Developed by the Texas Transportation Institute (TTI)48 
estimated the value of travel time delay at $13.45 per hour of person travel and $71.05 per 
hour of truck travel.  In this study, these numbers are used and a passenger vehicle occupancy 
rate of 1.2 occupants per vehicle to convert the vehicle-hour of delay to passenger-hour of 
delay.   A 5% truck percentage in the traffic stream is assumed. 

 Estimated fuel consumption cost based on the Florida state average values is $2.0 per gallon. 
 The dollar values used for emission rates are $1,774, $3,731, and $3,889 per/gallon, for HC, 

NOx, and CO emission, respectively.  These are the values used in the IDAS program. 
 To estimate the ITS safety monetary benefits, IDAS uses default crash cost rates associated 

with fatal, injury, and PDO crash categories.   These costs were modified as part of the 
FDOT IDAS project mentioned above to reflect the estimated crash costs for urban freeways 
in Florida49.  These modified costs are used in this study.  The used costs are $3,200,000 per 
fatal crash, $74,730 per injury crash, and $2,000 per PDO crash. 

 The monetary benefits of Road Ranger services are calculated in Section 4.6 in annual dollar 
values.  No further conversion is needed.  

 
6. Benefit-Cost Analysis  
 
The annualized benefits and costs estimated in Sections 3 to 5 of this study was used to calculate 
the benefit/cost ratio of the SMART ATMS deployment.   The benefits and costs were estimated 
using a tool developed in this study using Microsoft Excel.  The benefits were obtained for each 
highway segment for each of the seven periods included in the analysis.  Due to the amount of 
calculations necessary to obtain these values, it was necessary to divide the calculation into 
seven workbooks to enhance the readability and maintainability of the created tool.  The seven 
workbooks consist of one master workbook for benefit-cost calculations and six other 
workbooks, one for each direction of the three corridors included in the analysis.  Within each of 
these six workbooks, there are 16 spreadsheets.  Seven of these spreadsheets perform the benefits 
calculations for the seven defined time periods.  The remaining spreadsheets are supporting 
spreadsheets that include supporting data and models necessary for the calculations of the fuel 
consumption, emission, and crash rates. 
                                                 
48 Schrank, D. and T. Lomax, “The 2005 Urban Mobility Report,” Texas Transportation Institute 
The Texas A&M University System, College Station, TX, May 2005.  
49 Hadi, Mohammed, Diane Quigley, Prasoon Sinha, and Arun Krishnamurthy, “Intelligent Transportation Systems 
Deployment Analysis System Customization,” Final Report Prepared for the FDOT by PBSJ, Inc., October 27, 
2005. 
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Table 6.1 presents the results of the benefit-cost analysis.   As can be seen from this table, the 
benefit/cost ratio of the SMART SunGuide TMC Operations is 10.44.  It is also interesting to 
note that a high proportion of the benefits resulted from the SMART SunGuide TMC 
management of the I-95 corridor due to the larger number of managed incidents, longer length, 
and higher volumes of this corridor compared to that of the I-75 and I-595 corridors. 

 
Table 6-1 Benefit-Cost Analysis Results 

Element Value 
I-595 EB Annual Benefit $5,527,703 
I-595 WB Annual Benefit $5,200,103 
I-75 NB Annual Benefit $4,977,846 
I-75 SB Annual Benefit $3,892,290 
I-95 NB Annual Benefit $29,633,815 
I-95 SB Annual Benefit $32,737,457 

Additional Service Patrol 
Annual Monetary Benefits $4,033,149 

Total Annual Benefit $86,002,364 
Total Annual Cost $8,239,397 

Benefit/Cost Ratio 10.44 
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7. Conclusions and Recommendations 
 
This section presents conclusions from the analysis presented in this study and recommendations 
for future studies. 
 

1. The benefit/cost analysis performed in this study confirms the cost-effectiveness of the 
SMART SunGuide operations.  The benefit/cost ratio is an important measure of the 
Smart SunGuide TMC operations as indicated in the ITS Performance Measure Report.  
The benefit/cost ratio will have to be updated annually in conjunction with other outcome 
and output performance measures. 

 
2. In the near future, data and video images will become available from the new CCTV and 

Detection Phase I and II projects.  This data will allow the calibration of the parameter 
used for incident durations and diversion behaviors in the benefit-cost analysis tool 
developed in this study.  Parameters such as the traveler diversion rates, capacity 
reductions due to incidents, traffic demands, incident duration, and incident locations will 
be estimated from the collected data. These parameters are currently estimated based on 
limited amount of information and on national experience.  The newly installed Road 
Ranger mobile data terminals combined with the on-board AVL will also allow the 
collection of better incident data for future use in the benefit-cost analysis of the corridor. 

 
3. The benefit-cost analysis of this study covers the ITS operation of FDOT District 4 TMC 

in the Fort Lauderdale area (Broward County).  The same methodology can be used to 
assess the benefit/cost ratio in Palm Beach County and in the future, Northern Counties 
which are also managed by FDOT District 4. 

 
4. It is expected that a number of improvements will be made to the storing, reporting, and 

analyzing of the data in the SMART software database.  This will also be helpful in 
future updates of the benefit/cost ratio analysis.  

 
5. In future versions of the benefit-cost analysis developed in this study, it is recommended 

that an investigation is made for possible implementation of a new route diversion model 
that is more advanced than the model implemented in this study and automatically collect 
the diversion rates and benefits of diversion based on the expected delay and the 
conditions on alternative routes, as discussed in Section 4.2 of this report. 

 
6. In future versions of the benefit-cost analysis developed in this study, it is recommended 

to investigate the use of incident durations that vary by time of the day and number of 
lane blockages rather than using an average incident durations that remain constant 
throughout the day. 
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7. In future versions of the benefit-cost analysis developed in this study, it is recommended 
to incorporate a model that automatically estimate the reduction in service patrol response 
time as a function of the service patrol beat attributes. 

 
 
 

 


