
An optimization 

model for the 

location of disaster 

refuges



Presentation Outline

 Introduction

 Assumptions

 Parameters & Decision Variables

 Model

 Extensions

 Augmented Model 

 Results & Analysis

 Contemporary Examples

 Q&A



Disaster Management

 Despite technological changes, disasters still lead to 

huge monetary and life costs.

 December 2004 Indonesia earthquake – 266,000 

dead and 500,000 injured

 March 2011 Japan Tsunami – 18,000 killed and 

nuclear fallout 



Chile one of the Hotspots

 2 of the worst earthquakes in history in Chile.

 Valdiva (1960, 9.5 magnitude)

 Cobquecura (2010, 8.8 magnitude)

 1655 killed, 3000 injured, 2,000,000 left homeless & 

550 million USD in damages in Southern Chile alone!



Disaster Management Steps



Disaster Management Steps

 Mitigation: To prevent the disaster from occurring/minimizing its 

effects if it occurs.

 Preparedness: Organize communities to prepare for incoming 

disasters.

 Response: Using emergency procedures to deliver necessary 

resources to the affected regions.

 Recovery: Stabilizing and restoring affected areas.



2-type Refuge Problem

 Service Level 1: Shelter and basic necessities 

 Service Level 2: Medical and Psychological Care

 Type A refuge: Refuges that provide only Service Level 1

 Type B refuge: Refuges that provide both Service Levels 1 

& 2 

 Multistage optimization is required as we need to 

integrate decisions (localization of refuges & assignment 

of selected homes to refuges)



2-type Refuge Problem



Parameters of the Model



Parameters of the Model



Decision Variables



Capacitated hierarchical 

model - HMCA





Capacitated hierarchical 

model with refuge attribute 

selection (𝐻𝑀𝐶𝐴𝑠)



Capacitated hierarchical model with 

refuge attribute selection and threshold 

of maximum distance (𝐻𝑀𝐶𝐴𝑠𝐷𝑡 )



Capacitated hierarchical model with refuge 

attribute selection, threshold of maximum 

distance, and quality of service 𝐻𝑀𝐶𝐴𝑠𝐷𝑡𝑄



Flow of victims to refuges 

Service 2



Model of 2 Interservice Referrals 

with refuge attribute selection



Model of 2 Interservice

Referrals with refuge attribute 

selection



Result and Analysis

 When the number of installed refuges is minimum, 

the average distance traveled is maximum



Result and Analysis

For HMCAsDtQ;



Computational performance 

of the optimization model

 135 squares 

 15 refuges

 set of 4 groups



Locating disaster response 

facilities in Istanbul

 Provide warehouses for the pre-disaster storage of 

relief items such as tents, sleeping bags, blankets, 

medical first aid kits, dry food and water.



Locating disaster response 

facilities in Istanbul Model

 TF:temporary

facilities



Model





Additional Example; Locating temporary 

shelter areas after an earthquake: A case 

for Turkey





Result
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Q/A

Any question ?


