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An Application of ITS for Incident
Management in Second-Tier Cities: A Fargo,
ND Case Study

SHAWN BIRST AND AYMAN SMADI

Congestion on urban freeways, which adversely affects the economyBackground

environment, and quality of life, continues to be a major problem in the

United States. Minor incidents, such as minor traffic accidents, stalled , 1 g5 he Texas Transportation Institute (TTI) estimated that
vehicles, and special events, account for the majority of urban freewayh 0l banized in th ited S | 8
congestion. Due to the problems associated with freeway incidents "€ S0 largest urbanized areas in the United States lost over $4
many large metropolitan areas have implemented Incident Managemenpillion due to congestion, a 9 percent increase from 1891 (
Systems (IMS) to alleviate congestion and safety problems associatedncidents, such as traffic accidents, stalled vehicles, construction
with incidents. These systems provide motorists with timely and accurateand maintenance, special events, and adverse weather condi-
information to avoid incident locations. These systems have beentions, account for nearly 60 percent of all traffic congestion in the

implemented mainly in large urban areas; however, little is known about | .; . : - .o .
the possible benefits in smaller urban areas (second-tier cities). ThisunItEd States). This congestion has the following negative impli

study examined the feasibility of implementing IMS in small/medium cations:

size urban areas using a case study of the I-29 corridor in Fargo, ND.
The INTEGRATION simulation model was used to estimate the potential
benefits of an IMS which employs Advanced Traveler Information -
Systems (ATIS) and Advanced Traffic Management Systems (ATMS).
The case study analysis revealed that the combination of ATIS and,
ATMS provided the most favorable network benefits under a 20-minute

Lost productivity and less personal time with family, hobbies,
etc.

Increased pollution levels and wasted fuel consumption from
slower vehicles and stop-and-go conditions.

Safety issues related to increases in crashes due to driver frus-

incident. The IMS reduced incident travel timesli8ypercent (city tration, aggressive driving, risky maneuvers, etc.

arterials), 28 percent (freeways), and 18 percent (overall network);
average trip times were reduced by 20 percent (overall network); and

average speeds increased by 21 percent (overall netvikek)words: INCIDENT MANAGEMENT
incident management, second-tier cities, simulation models.

Incident management is a coordinated and planned program that
controls, guides, and warns the motorists of traffic problems in
order to optimize the safe and efficient movement of people and
goods. Incident management involves the cooperation of mul-
tiple agencies, such as government officials, police, highway
The purpose of this study is to examine the benefits of usingpatrol, fire and rescue services, emergency medical services,
Intelligent Transportation Systems (ITS) for incident management hazardous material crews, and towing services, to facilitate non-
in second-tier cities. ITS inCOfporateS eXiSting and emerging recurring Congestion prob|ems on freeway syst@)’\s Kncident
teChnOlOgies in areas inClUding telecommunications, Computermanagement Systems attempt to reduce the detection, response,
sensing, and electronics that provide real-time transportation in-and clearance times of incidents, thereby reducing the delays
formation (). These ITS technologies provide information to experienced by motorists affected by the incident. Incident man-
manage transportation, resulting in increased efficiency and agement also provides traveler information to warn motorists that
safety of the surface transportation system and dramatically im-an incident is ahead and to take an alternative route if one is
proving the travel options and experiences of the moto@jts ( available. The diverted traffic will reduce the demand on the
road segment where the incident occurred, causing less delay to
the motorist on this segment.

INTRODUCTION

ITS in Incident Management Systems

ITS technologies were developed to increase the efficiency and
safety of the transportation system. Incident management sys-
tems primarily incorporate two components: Advanced Traffic
Management Systems (ATMS) and Advanced Traveler Informa-
tion Systems (ATIS). The ultimate goal of ATMS is to provide
Advanced Traffic Analysis Center, Upper Great Plains Transportation [raffic control strategies that are capable of adjusting to the exist-
Institute, North Dakota State University, Fargo, North Dakota 58105. ing traffic demands through surveillance technologies, data pro-
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cessing, and communicatior).( ATMS also can detect incidents  areas. These benefits must be quantified and accurately examined to

using inductive loop detectors or video-image detectors. Based orsupport ITS deployment decision in these areas.

the incidents’ characteristics, ATMS can select a proper response,

such as diverting upstream traffic away from the incident and adjust-

ing traffic signal timing plans on alternative routes. In addition, the QVERVIEW OF THE METHODOLOGY

incident information can be provided to motorists using ATIS so they

can adjust their travel routes. Developing a complete and functional incident management system
ATIS collects and distributes traffic information for both “pre-  requires extensive planning, communication, and coordination among

trip” and “en-route” travelersy]. Several forms of communication  seyeral entities to determine proper protocols for possible incident

technologies can be used including variable message signs (VMS)scenarios throughout the implementation area. Further, deploying

highway advisory radios (HAR), local radio and television broad- |15 components generally requires significant up-front expenditures

casts, websites, and kiosks. ATIS provides current and near futurgnat must be carefully analyzed to justify their implementation. There-

traffic conditions, which allow motorists to change their plans or tgre this study develops a methodology to evaluate potential user

routes to minimize their travel times. benefits that can be used in a benefit-cost analysis of IMS utilizing

ITS technologies (Figure 1).

Traffic Simulation Models

| Identify Corridor for Evaluation |

Simulation models, primarily those capable of analyzing both Available models,
arterial and freeway networks, provide effective tools for ana- C%Z%E}Eff,ﬁéﬁ’@"“ |

Select Simulation Program |

lyzing the performance of existing and proposed corridors. These | Data Collection f«<— Gity of Fargo,
models offer great flexibility for evaluating various infrastruc- v Fmcoe
ture and operational alternatives under different conditions—all [ construct Network Corridor |

without altering existing facilities or disrupting traffic. Several Y

freeway simulation studies have been performed to evaluate in- | Conduct Simulation Analyss |

cident management protocols and strategies, including: v v

Base Cases (without
ITS Technologies)

- Santa Monica, CA (I-10),

- Houston, TX (US-59),

- Arlington County, VA (1-66), Apply ATIS and
Fort Worth, TX (1-35W), and ATMS Strategies

. Orlando, FL (I-4). v
The freeway simulation studies varied in case study location,

incident occurrence and duration, and optimization strategies.

However, each study found that implementing various forms of

ITS in incident management systems benefitted the transporta-

tion network. The studies evaluated several components of ATMS

and ATIS, and estimated several quantitative system improve- FIGURE 1 Proposed methodology flowchart

ments, such a$(7, 8, 9):

Freeway and arterial speed increases of 15.3 and 10.1 percent,
respectfully (Santa Monica, CA), The evaluation is based on comparing key Measures of Effective-

. Total network delay time ranging from 22.9 to 27.4 percent ness (MOE), such as travel time, trip time, and speed. The MOEs are
for the small network and 14 to 16 percent for the large net- estimated using traffic simulation models for several cases that repre-
work (Houston, TX), sent the network under current conditions and with ITS deployment.
Diversion efficiencies as high as 298 percent for the small net- The base cases represent the case study’s current or existing condi-
work and 79 percent for the large network (Houston, TX), tions (road geometry, traffic volumes, turning movements, and sig-

. Total system delay reduction of 63 percent (Arlington County, nal timing plans). The ITS cases use the base case network and

Incident
Occurence

Comparison

| Conclusions and Recommendaticins

Maintain Existing
Traffic Control

Collect MOE

VA), and traffic levels, but employ various ATIS and ATMS elements to en-
- Total network delay savings of 1 to 11 percent, freeway delay courage drivers to take alternative routes and to implement adequate
savings of 300 to 500 percent (Fort Worth, TX). signal timing plans adequate for the new distribution of traffic.

The INTEGRATION simulation model (developed by Dr. M.
Van Aerde) was selected for this case study for a number of reasons,
including the following:
IMPORTANCE OF RESEARCH - It is capable of modeling ITS components, such as ATIS and
ATMS,
The case studies in the previous section analyzed freeway corri- It provides several types of quantitative output, such as travel
dors in several large urban areas across the United States (note:time, trip time, speed, vehicle emissions, and fuel consump-
no applications in smaller urban areas). Traffic levels, trip char- tion, and
acteristics, and the availability of alternative routes are distinctly - It provides graphical output, which allows the user to “fine-
different in smaller urban areas; however, it is expected that simi- tune” or adjust the model to reflect actual traffic conditions and
lar benefits may be realized in small-to-medium size metropolitan compare different scenarios.
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FIGURE 2 Case study corridor
CASE STUDY - Scenario 2: Incident Base Case (without ATIS or ATMS),

- Scenario 3: ATIS Case, and

Fargo is the largest city of the four-city Fargo-Moorhead (F-M) -
metropolitan area, which had a population of approximately 166,000

Scenario 4: ATIS and ATMS Case.
The simulation period for all cases has a duration of 1 hour and 40

in 1996 (0). Numerous freeway incidents occur within the F-M minutes. The following list describes the simulation timeline:

metropolitan area, as a result of special events, traffic accidents;
inclement weather, and material spills. A majority of the incidents -
that occur in the F-M area are traffic accidents. An average of 108
crashes per year occurred on the freeway system within the F-M
metropolitan area between 1994 and 199. ( This information

may be used for examining potential benefits of IMS.

The analysis was conducted on a portion of Interstate 29 (I-29)
and Interstate 94 (1-94), which are predominantly used for local -
traffic. Four of the area’s heaviest traveled arterials are included in
the corridor, which will provide motorists with diversion routes
during incident occurrence. An incident occurrence will be simulated
on a northbound segment of I-29 (Figure 2).

The network is “loaded” with off-peak traffic demands (5 min).
Traffic demands increase to simulate AM peak hour traffic condi-
tions (60 min). Traffic demands will return to off-peak conditions
for the remainder of the simulation.

- A one-lane-blocking incident occurs on a northbound segment

of 1-29 at the beginning of AM peak hour traffic demands (20
min).

Traffic returns to normal conditions (recovery period). The
recovery period was determined by inspecting the on-screen
graphics of the simulation model (63 min for the incident base
case). Although the recovery period will be shortened by imple-
menting ITS strategies, for comparative purposes, the simulation
length for all of the scenarios will remain the same.

- All generated vehicles are allowed to reach their final destination

Evaluation Scenarios

The simulation analysis can be grouped into two cases: 1) base

(12 min).

cases and 2) ITS enhanced cases. Comparing the simulatiofase Cases

output of the two groups will determine whether using ITS tech-

nologies can benefit motorists during incidents in second-tier cities. The base cases utilize 1996 traffic volumes, road geometry, and

The scenarios that were used in this study are as follows:

traffic control.

Two base cases will be simulated for this case

- Scenario 1: Base Case (without incident occurrence, ATIS, orstudy. The first base case, Scenario 1, will simulate current traf-

ATMS),

fic conditions within the corridor during the AM peak hour without
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TABLE 1 Summary of Results.

Scenario 1 Scenario 2 Scenario 3 Scenario 4

Total Travel Time (veh-hrs)

Fre 607 929 683 670

Art 2095 2103 2114 1825

Net 2702 3032 2797 2495
Average Trip Time (min)

Net 5.5 6.2 5.6 5.0
Average Speed (mph)

Net 21.4 19.1 20.7 23.2
Difference in Travel Time (%)

Fre -35 0 -26 -28

Art 0 0 1 -13

Net -11 0 -8 -18
Difference in Average Trip Time (%)

Net -11 0 -10 -20
Difference in Average Speed (%)

Net 12 0 8 21

Fre = Freeway links, Art = City Arterial links, and Net = Overall Network.

an incident and is primarily used for validation. The incident base Phase splits, and offsets will be optimized every 5 minutes with the
case, Scenario 2, simulates current conditions with an incident, butcycle lengths ranging from 60 seconds to 120 seconds.

without providing traveler information or traffic management. Sce-

nario 2 will serve as a baseline for comparing the effectiveness of the

other scenarios (i.e., the effectiveness of the ITS enhancements). Case Study Results

Three Measures of Effectiveness (MOE) values were compiled from
the simulation model and included 1) total travel time for the free-
ways, city arterials, and total network; 2) average trip time for the O-
D demands; and 3) average speed of the total netWbikincident
ITS Enhanced Cases base case (Scenario 2) output served as a baseline for comparing the
other scenarios to determine the effectiveness of the ITS cases (Table
The ITS enhanced cases will examine the operational benefits ofl)-
ATIS and ATMS deployment for the base network with the same
traffic conditions as the incident base case. Traveler information
regarding the incident will be provided to freeway motorists entering
the incident location and will be in the form of current link travel Travel Time
times for all possible routes. Link travel time information, via VMS
devices, will provide the vehicles with a minimum path based on the Travel time refers to the time it takes a vehicle to traverse a given link.
current network traffic conditions for 180 seconds. Freeway ve- The total network travel time refers to the summation of all link travel
hicles only will divert to alternative routes if it is more beneficial to do  times throughout the corridor. The total network travel times were
Sso. broken down into total freeway and city arterial travel times to deter-
ATMS will be utilized to accommodate the diverted traffic from mine how each facility type reacts to the given scenarios.
the freeway to the city arterials, and to reduce the impact of freeway ~ Travel time generlly decreased as the amount of ITS deployment
incidents on both the freeway system and the city street systemincreased. When compared to the incident base case (Scenario 2),
Simply diverting traffic off the freeway will only benefit the freeway  both Scenarios 3 and 4 provided freeway travel time reductions of 26
while creating a large burden to the city street network. Therefore,and 28 percent, respectfully. Since Scenario 4 also incorporated
ATMS strategies will incorporate optimized signal timing plans for ATMS strategies, city arterial travel times were reduced by 13 per-
the city arterials similar to Split Cycle Offset Optimization Tech- cent. Scenario 4 provided greater network benefits regarding travel
niques (SCOOT). This process will include optimizing cycle lengths, time than the base case without an incident (Scenario 1) since the
phase splits, and offsets along diversion routes, which will eventu- existing traffic signal system is not operating at the optimal timing
ally bring the diverted traffic back to the freeway. The cycle lengths, plans.
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Trip Time ATMS case returned to normal conditions 13 minutes earlier than the
incident base case, thus reducing the potential of secondary inci-

Trip time is defined as the time it takes each vehicle to complete itsdents.

trip. The average trip time values were obtained by summing the

network O-D trip times by the total number of vehicles that were

generated by the model. When compared to the incident base casS§CKNOWLEDGMENTS
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