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Abstract 

This study presents a model for optimizing the 
deployment locations of emergency response 
units.  
Unlike most existing studies, the proposed 

model is designed to assign the available units to 
minimize the total delay caused by incidents, 
rather than just to minimize their average 
response times.  
The proposed model with the Maryland incident 

data outperforms both the popular p-median 
model and the current practice.  
Extensive sensitivity analyses with respect to 

various traffic volumes and incident frequencies 
have also confirmed the superior performance of 
the proposed model with respect to minimizing 
the total delay caused by incidents.  
 

Research Background 

EFFECTS OF AN INCIDENT MANAGEMENT PROGRAM 
ON INCIDENT DURATION 

MDSHA has operated an incident traffic 
management program, named Coordinated 
Highway Action Response Team (CHART), to 
minimize the impacts of incidents on highway 
networks by prompt response, efficient 
clearance, and effective traffic management.  
The efficient response of an incident 

management team can indeed contribute to 
the reduction in not only the response time 
but also the clearance time.  
The clearance time can be reduced 

significantly if the incident management team 
arrives at the scene faster than other 
agencies. 

Methodology 

Experimental Design Conclusions 

 This study proposes an integer programming model to deploy 
incident response units at optimal locations, while minimizing 
the total delay as the objective function. 

 Successful freeway incident management programs noticeably 
contribute to alleviating the non-recurrent congestions not only 
by prompt response, but also by efficient incident clearance and 
traffic management. 

• The Maryland incident data clearly show that the average clearance 
time of incidents operated by Maryland incident management program 
(CHART) is shorter than the one without CHART.  

• The incidents first responded by CHART present a shorter average 
clearance time than those responded by CHART but arriving at the 
scene later than other agencies. 

• This findings confirm that the freeway incident management program 
plays an important role in expediting the incident clearance and 
consequently reducing the incident delay.  

 The empirical study for various fleet sizes from 2 to 7 and 
sensitivity study on traffic volume and incident frequency using 
CHART II Database show that the total incident delays with the 
proposed model are smaller than those with the traditional 
deployment model and the current practice by CHART.  

 The reduced delays along with the byproducts of reduced fuel 
consumptions and emissions due an efficient incident 
management program could produce significant socioeconomic 
and environmental benefits.  

<Average Travel Times (in minutes)> 

Result analysis 

fleet size 2 fleet size 3 fleet size 4 fleet size 5 fleet size 6 fleet size 7 

Dispatch minimizing  
avg. response time 

7.88 6.90 6.22 5.89 5.60 5.40 

Dispatch minimizing  
total delay 

8.38 7.51 6.22 5.94 5.83 5.56 
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fleet size 2 fleet size 3 fleet size 4 fleet size 5 fleet size 6 fleet size 7 

Dispatch minimizing  
avg. response time 

4,829,998  4,729,356  4,584,707  4,567,920  4,551,095  4,541,785  

Dispatch minimizing  
total delay 

4,749,141  4,659,967  4,584,707  4,566,630  4,549,114  4,532,457  
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<Total Delays (in vehicle-hour)> 

• Model Performance 

• Sensitivity Analysis on Incident Frequency and Traffic volume  
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Increase in Incident Frequency (%) 

Dispatch minimizing avg. response time 

Dispatch minimizing total delay 
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Increase in Traffic Volume (%) 

Dispatch minimizing avg. response time 

Dispatch minimizing total delay 
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Increase in Traffic Volume (%) 

• Model Result 
No. of 
Units 

Available 

Assigned Stations (Exits) by 
Dispatch minimizing total 

delay 

Dispatch minimizing  
avg. response time 

CHART  
practice 

2 I-70: 42 and 53 I-70: 52 and 68 N/A 

3 I-70: 42, 53 / I-270: 26 I-70: 52, 68 / I-270: 22 
Patrolling 

all segments 
4 I-70: 42, 52, 68 / I-270: 26 I-70: 42, 52, 68 / I-270: 26 

N/A 

5 
I-70: 42, 53, 68 / I-270: 26 /  

US-15: 16 

I-70: 42, 52, 62, 80 / I-270: 
26   

6 
I-70: 42, 48, 53, 68 / I-270: 

26/ US-15: 16 

I-70: 42, 52, 62, 80 / I-270: 
26  / US-15: 17 

7 
I-70: 42, 48, 53, 62, 82 /  

I-270: 26 / US-15: 16 

I-70: 42, 52, 62, 68, 80 / I-
270: 26  / US-15: 17 

No. of 
Units 

Available 

Assigned Coverage by 
Dispatch minimizing total 

delay 

Dispatch minimizing  
avg. response time 

CHART  
practice 

2 (35 - 42 on I-70), (others) (others), (62 - 87 on I-70) N/A  

3 
(35 - 42 on I-70), (others),  

(22 - 26 on I-270) 
(others), (62 - 87 on I-70),  

(22 - 26 on I-270) 
Patrolling 

all segments 

4 

(35 - 42 on I-70), (others),  
(62 - 87 on I-70),  
(22 - 26 on I-270) 

(35 - 42 on I-70), (others),  
(62 - 87 on I-70),  
(22 - 26 on I-270) 

N/A 

5 

(35 - 42 on I-70), (others), 
 (62 - 87 on I-70),  
(22 - 26 on I-270),  
(13-17 on US-15) 

(35 - 42 on I-70), (others),  
(59 - 68 on I-70),  
(73 - 87 on I-70),  
(22 - 26 on I-270) 

6 

(35 - 42 on I-70), (48 - 59 
on I-70), (others), (62 - 87 

on I-70),  
(22 - 26 on I-270),  
(13-17 on US-15) 

(35 - 42 on I-70), (others),  
(59 - 68 on I-70),  
(73 - 87 on I-70),  

(22 - 26 on I-270),  
(14 - 17 on US-15) 

7 

(35 - 42 on I-70), (48 - 59 
on I-70), (others), (62 - 73 

on I-70),  
(76 - 87 on I-70),  

(22 - 26 on I-270),  
(13-17 on US-15) 

(35 - 42 on I-70), (others),  
(59 - 62 on I-70),  
(68 - 73 on I-70),  
(76 - 87 on I-70),  

(22 - 26 on I-270),  
(14 - 17 on US-15) 

0 0 - 5 5 - 10 10 - 15 15 - 20 20 + 

6.53 5.62 2.96 3.50 3.47 6.29 

6.53 6.95 10.16 15.80 20.19 52.69 

20.54 28.99 28.48 34.96 30.34 69.92 
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Clearance time 

Response time by CHART 

Response time 
 by the first response unit 

  TOC-3 TOC-4 TOC-7 AOC SOC 

CHART not involved 24.40 29.06 39.92 26.42 60.04 

CHART involved 22.47 22.53 26.12 17.55 44.23 

    ⇓       

First 
Responder 

CHART 20.04 19.80 21.06 12.89 35.99 

Others 29.18 32.09 41.43 22.47 54.95 

• Objective Function 

• Subject to 
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<Clearance Times regarding Delayed Response of CHART > 

<Average Clearance Time (minutes)> 

Incident 
Frequency 

Traffic 
Volume 

Incident Delay Reduced Incident Delay by the Proposed Model 

CHART’s Current practice(7.79 min) 

CHART’s Current practice(5,612,805 vehicle-hours) 

• Horizontal axis: differences in arrived times between CHART and the first arriving agency 
• Data: incidents occurring  during a.m. peak hours (7 a.m. – 9:30 a.m. on weekdays) in 

Maryland in 2012 and having clearance times between 1 minute and 4 hours. 

• Data of incidents occurring  during a.m. peak hours (7 a.m. – 9:30 a.m. on weekdays) in 
Maryland in 2012 and having clearance times between 1 minute and 4 hours. 


