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Disaster Response with A Multi-Commodity Flow Network 

 

1.  Problem 

 

    a.  The California Department of Forestry and Fire 

Protection (CAL FIRE) is responsible for safeguarding over 31 

million acres of natural resources from fire.  Like all 

emergency response organizations, they must accomplish their 

mission with limited facilities, equipment, and funds. 

 

    b.  In order to combat wildfires, CAL FIRE employs many 

different types of emergency response platforms including fire 

engines and fire fighting aircraft.  Each type of fire engine 

and aircraft has different limitations, capabilities, and 

operating costs.  With over 5,600 fires annually, CAL FIRE 

planners repeatedly face the problem of figuring out how to 

deploy their emergency response equipment in a cost-effective 

manner. 

 

2.  Question.  Given the limited supply of fire engines and 

aircraft at specified locations, what routing combination of 

these assets will best enable CAL FIRE to satisfy demand at 

numerous disaster sites, while simultaneously minimizing total 

costs? 

 

3.  Objective 

 

    a.  This analysis seeks to minimize CAL FIRE’s disaster 

response costs by determining what quantity of platforms should 

travel from staging base(i) to disaster Site(j) using a multi-

commodity flow network. 

 
Staging Base(i) Disaster Site(j) 

Butte Air and Ground Units Klamath National Forest 

Humboldt Air and Ground Units Shasta-Trinity National Forest 

Mendocino Air and Ground Units Mendocino National Forest 

Sonoma Air and Ground Units Modoc National Forest 

Trinity Air and Ground Units Plumas National Forest 

Yuba Air and Ground Units El Dorado National Forest 

 

    b.  The following emergency response platforms are modeled: 

 
Platform Type Description Quantity Units of Disaster Relief 

Fire Engine Model 9 AWD Truck 55 650 

Fire Engine Model 11 AWD Truck 17 1,200 

Fire Engine Model 34 AWD Truck 54 500 

UH-1H – Huey Type II Helicopter 11 324 

Grumman S-2T Type III Airtanker 23 1,200 

Lockheed P-3 Orion Airtanker 8 3,000 
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    c.  Formulation of the objective function: 

 

     MINIMIZE 

             

    

  

 

Notation Description 

arc(ij) Arc of travel from Staging Base(i) to Disaster Site(j) 

k Emergency response platform 

     Quantity of platform k that traverses arc(i,j) 

     Cost per mile to operate platform k 

    Length in miles of arc(i,j) 

 

4.  Assumptions 

 

    a.  A per mile cost of operating each platform is known. 

 

    b.  All emergency response platforms are operational and 

available for deployment. 

 

    c.  Using Units of Disaster Relief (UDR) is the best way to 

match response asset supply with disaster site demand. 

 

5.  Constraints.  For safety reasons, the subsequent constraints 

exist to ensure that no staging base, arc of travel, or disaster 

site becomes overwhelmed by the transit and operation of 

emergency response assets: 

 

    a.  The total dimensions of all land based vehicles 

traversing an arc may not exceed a known land space capacity. 

 

    b.  The total dimensions of all aircraft traversing an arc 

may not exceed a known airspace capacity. 

 

    c.  Due to terrain obstacles and air space restrictions, 

each platform type can only cross specified arcs. 

 

6.  Results.  Experiments with wildfires ranging from one 

location to six simultaneous locations were modeled.  Each 

disaster location required specified units of disaster relief 

from emergency response platforms.  Analysis results are as 

follows: 

 

    a.  Most Vulnerable Arcs.  With regards to network 

vulnerabilities, losing air and land arcs that originate from 

Trinity Air base, Trinity Ground base, and Butte Air base would 

significantly increase CAL FIRE’s expenses.  Specifically, loss 
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of only two of these arcs often resulted in the doubling of 

deployment expenses when wildfires occurred in the Modoc, 

Plumas, and El Dorado National Forests. 

 

    b. Recommended Network Improvements 

 

        (1) Due to unimproved terrain, all three types of CAL 

FIRE’s land platforms are unable to traverse the arc connecting 

Butte Air base and Shasta-Trinity National Forest and the arc 

connecting Sonoma Ground base and El Dorado National Forest.  

That results in a heavier dependence on aircraft to respond to 

disasters at these possible disaster sites.  Experimentation 

with making these arcs accessible to land vehicles resulted in 

notable cost savings. 

 

        (2) Currently, CAL FIRE is unable to stage the S-2T and 

P-3 Orion aircraft at the Yuba Air base.  Model analysis 

suggests that building a landing strip and making this staging 

base accessible to all aircraft platforms may further reduce 

emergency response costs. 

 

    c.  Future Procurements 

 

        (1) The most cost-effective air platform is the UH-1H 

Huey helicopter. Use of this platform is nearly unconstrained 

because it has the capability to be staged at almost any 

location.  Incrementing quantities of the UH-1H and decrementing 

quantities of the S-2T and P-3 aircraft showed a favorable trend 

towards fielding more helicopters in place of airtankers.  

 

        (2) The Model 34 fire engine, CAL FIRE’s newest vehicle, 

proved to be the most versatile and cost effective land-based 

platform.  Model analysis concurs with CAL FIRE’s current 

procurement plan of fielding more Model 34 fire engines as the 

older Model 9 engines are retired.  

  


