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In this work, we develop and test a new modeling framework for the shelter site location problem under 
demand uncertainty. In particular, we propose a maxmin probabilistic programming model that includes 
two types  

 

 

 

 

 

 

 

 of probabilistic constraints: one  

 

 

 

 

 

 

 

 concerning  

 

 

 

 

 

 

 

 the utilization  

 

 

 

 

 

 

 

 rate of  

 

 

 

 

 

 

 

 the  

 

 

 

 

 

 

 

 selected shelters  

 

 

 

 

 

 

 

 and 
the other  concerning capacity of the   those shelters. By invoking central limit the   theorem we are able 
to obtain an optimization model with  a single set of non-linear constraints which, nonetheless, can be 
approximated using functions. a family of piecewise linear  The latter, in modeledmathe- turn, can be   
matically using integer variables. Eventually, an approximate model is obtained, which is a mixed-integer 
linear programming model that can be tackled by an off-the-shelf solver. Using the proposed reformula- 
tion we are able to solve instances of the problem using data associated with the Kartal district in Istan- 
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Results for = 0  70 and low variability in demand. 

(a) Optimal solution. 

0.010 0.025 0.050 0.075 0.100 

0.010 A A A A A  

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

  
0.025 A A A A A  

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

  
0.050 A A A A A  

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

  
0.075 A A A A A  

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

  
0.100 A A A A A  

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

  

(b) Solution A — 

 

 

 

 

 

 

 

 capacity used (%). 

Open shelters  

 

 

 

 

 

 

 

 Maximum (%)  

 

 

 

 

 

 

 

 Average (%)  

 

 

 

 

 

 

 

 Minimum (%) 

10  

 

 

 

 

 

 

 

 97  

 

 

 

 

 

 

 

 92 89  

 

 

 

 

 

 

 

  
19  

 

 

 

 

 

 

 

 77  

 

 

 

 

 

 

 

 73  

 

 

 

 

 

 

 

 71 
25 84 80  

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

   

 

 

 

 

 

 

 

 77 

Table 4 
New solutions emerging when the (approximated) chance-constrained model is used. 

Solution D  

 

 

 

 

 

 

 

 Solution E  

 

 

 

 

 

 

 

 Solution F 

Objective value:  

 

 

 

 

 

 

 

 0.809 Objective  

 

 

 

 

 

 

 

  value:  

 

 

 

 

 

 

 

 0.801  

 

 

 

 

 

 

 

 Objective value:  

 

 

 

 

 

 

 

 0.801 
Open shelters:  

 

 

 

 

 

 

 

 13-18-19-25  

 

 

 

 

 

 

 

 Open shelters:  

 

 

 

 

 

 

 

 8-9-12-25  

 

 

 

 

 

 

 

 Open shelters:  

 

 

 

 

 

 

 

 4-8-9-12 

Table 5 
Results for = 0  70 and moderate variability in demand. 
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Table 6 
Results for = 0  70 and high variability in demand. 

(a) Optimal solution. 
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Table 7 
Results for = 0  80 and low variability in demand. 

(a) Optimal solution. 
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Results for = 0  80 and moderate variability in demand. 

(a) Optimal solution. 
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Results for = 0  80 and high variability in demand. 
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Table 10 
Results for = 0  90 and low variability in demand. 

(a) Optimal solution. 
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Table 11 
Results for = 0  90 and low variability in demand. 
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Results for = 0  90 and high variability in demand. 
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