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Conclusions and future work 

we have defined the basics of a stochastic optimization model for 

simultaneously making ground delay and reroute decisions in 

response to en route airspace congestion.  

 a weather impacted area anticipating future clearance can 

produce the lowest expected cost.  What is more important to note 

is that our model can determine when this represent an optimal 

strategy.    

In case 9 we add a third option with a directional angle equal to 

the average of the optimistic and pessimistic cases (the average of 

the zero-angle and the max angle).  Our results show that this 

produces very little additional benefit.  

For case 10, we pre-compute the optimal directional angle of each 

flight independent of capacity constraints (here optimal is relative 

to the weather clearance time probability distribution and the 

geometry of the flight path). Note that the costs here are worse 

than in case 8 indicating the importance of considering the 

capacity constraints.   

Cases 11, 12 and 13 are similar to cases 8, 9 and 10 respectively 

except that the capacity of the second stage was set to infinity (un-

capacitated). In the absence of second stage capacity constraints, 

as one can expect, the approach that employs the optimal 

unconstrained directional angle (case 13) provides the lowest cost  
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Model Inputs 
  Location of the FCA (Flow-Constrained Area)  

  Nominal (good weather) capacity of the FCA 

  Reduced FCA (bad weather) capacity of the 

FCA 
  Start time of the AFP (Airspace Flow Program ) 

  Planned end time of the AFP 

Model Outputs 
  An initial plan that designates whether a flight 

is assigned to its primary route or secondary 

route;  
  A recourse action for each flight under each 

possible early clearance time. 

Possible conversions of a secondary into 

hybrid route 

FCA capacity constraints under scenario u: 

Under all scenarios each flight must either be assigned  
to a time slot at FCA or complete its secondary route: 

Under original plan each flight must either be assigned to a  
secondary route or to its primary routes – possibly with a delay 

FCA capacity constraints under original plan: 

Under revision flight on primary route can only arrive 
 earlier at FCA 

Flight on hybrid route cannot arrive at FCA at time  
t unless u plus the revision time is less than t 

Flight cannot use a hybrid route unless it was originally  
assigned to its secondary route 

under revision, flight can only arrive earlier  
than u + E(f) if it has already departed 

Under revision, flight originally assigned to its secondary route 
can go on primary route if it has not departed yet 

Main Constraints 

Computational efficiency  
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Abstract 
In this project we formulate an optimization problem for the assignment of dispositions to flights whose preferred flight plans pass through a flow-constrained area.  For each flight, the disposition can be either to depart as scheduled but via a secondary route that avoids the flow-constrained area, or to use the originally intended route but to depart with a controlled departure time and accompanying ground delay.  We anticipate that the capacity through the flow-constrained area will increase at some future time once the weather activity clears.  The model is a two-stage stochastic program that represents the time of this capacity windfall as a random variable, and determines expected costs given a second-stage decision, conditioning on that time.  The goal is to minimize the expected cost over the entire distribution of possible capacity increase times. 


