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Modeling Alabama Tornado Emergency Relief 

Overview and Back-Story 
Every year, the state of Alabama is ravaged by more than 23 tornados, causing roughly $13 

million in damage and leaving many people without homes.  Often the destruction wrought by the 
tornado is so severe that a state of emergency is declared and relief supplies must be transported to the 
affected area so that victims can survive. Our network flow model, Modeling Alabama Tornado 
Emergency Relief (MATER), provides disaster relief leadership with the optimal plan for the movement 
of critical relief supplies to the damaged areas using a minimum-cost flow algorithm. 

To solve the minimum-cost flow problem, MATER has a network map of the area of northern 
Alabama.  In that network, the nodes are cities located at key highway intersections, and the edges are 
the roads connecting these nodes.  The starting nodes are Birmingham, Tuscaloosa, and Huntsville, 
which have the major airports that would be used to fly in disaster relief supplies from outside the state.  
MATER then calculates a minimum cost route in order to move the relief supplies to the affected cities 
in the shortest time possible. 

Attacks to this model manifest as tornado damage to the nodes and arcs of the network. MATER 
allows for damage to multiple nodes and multiple arcs, representing multiple tornados within a given 
area or single tornados which damage several cities and/or roads. The damaged cities are given demand 
amounts in the model, with the generic “start” node having enough supply to meet those demands.  
MATER then calculates the quickest routes to the affected nodes, thereby providing relief workers with 
the most efficient supply delivery strategy and a good estimate of the time required.  

 
MATER is used to analyze the following key questions: 
What is the optimal delivery route for relief supplies, based on the locations of the tornado damage? 
What is the operator resilience of the northern Alabama road network? 
 

 
Figure 1.  Alabama Road Map with Network Overlay 

 

Model of Real World 
The measure of effectiveness for MATER is whether the supplies were delivered to the needed 

area in the shortest time possible. This MOE reflects the most important aspect in disaster relief where 
time lost is lives lost.  This allows us to evaluate the operator’s problem in this model, which is to deliver 
the supplies to the damaged area in the shortest amount of time. MATER assists the operator in 
choosing the best route to deliver the supplies in the shortest time based upon damages inflicted by the 
tornado. MATER assumes that roads can be totally destroyed thus causing an infinite delay or can be 
partially destroyed causing a random delay. In this model nodes are never totally destroyed. 
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For the abstract network model, MATER connects the airport nodes to a start node.  All nodes 
which are hit by a tornado and need supplies are connected to an end node and given a demand of one. 
The supply at the start node must equal the total demand. This structure allows for in-flow of supplies to 
the airports and then distribution to any damaged node. MATER then simulates tornados moving 
through the network and across nodes, causing damage and thus making transit across roads more 
costly by increasing the amount of time required to travel through the damaged areas.   

 
Figure 2.  Abstract Network Layout 

Analysis 
The initial run of MATER produced informative results.  We first modeled a baseline transport 

scenario, with no tornado damage, which gives us the minimum time to move supplies from the airport 
to damaged nodes.  This establishes the basis of comparison for the MATER runs with tornado damage.  
After that, we ran simulations of one through three cities damaged by tornados with zero to ten 
damaged roads. 

The below resiliency curve shows the sum of the travel times from the closest airport to 
damaged nodes in the graph measured in hours.  

                  
Figure 3.  MATER Resiliency Curve with infinite delay on roads.                                            Figure 4.  MATER Resiliency Curve for random delays on roads. 

                 
Figure 5.  MATER Resiliency Curve for random delays with prepositioned stocks.            Figure 6. MATER Resiliency comparison with and without prepositioning 
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Based on the results of the simulated runs, allowing roads to be completely destroyed means 
that Jasper can be cut off from relief supplies with as few as five destroyed roads.  This then necessitates 
the use of other means to deliver supplies to the city.  The most damaging path for the tornado to take 
with fewer destroyed roads is for it to go south of the city, taking out the roads from two of the three 
airports.  This forces supplies to then flow through the Huntsville Airport 

With delayed roads, ramp-up in time is more gradual.  The amount of time it takes spikes when 
moving across multiple delayed roads. The largest increase in time is when the number of damaged 
roads moves from three to four. 

With supplies pre-positioned in strategic locations instead of being flown in, travel time is 
decreased, but not significantly.  This is more a result of the area we are modeling than other factors.  
This area has three major airports spread fairly evenly across the map, making it a short trip from an 
airport to any area.  The prepositioned supplies would not be significantly closer to the affected area 
than the airports are.  However, there are other areas that would potentially benefit from having a stock 
of prepositioned relief supplies, based upon much further distances to the nearest airport, or a high 
likelihood of losing access to the town from that airport if no redundant airport access available. 

 
Further Work 
  

While this model gave visibility on a lot of different scenarios, there is further work that can be 
done.  One potential area is to model the entire state or other regions that are prone to natural 
disasters.  The model could also be used with minimal changes to show damage due to other types of 
natural disasters, such as earthquakes and hurricanes.  The model could also have the granularity 
increased to better model the true resiliency of the area and show routes that are off of major 
highways. 
 


