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Motivation (Nepal Earthquake)  
•  On 25 April 2015, an earthquake (7.8 Richter scale) was recorded in Nepal 
 
•  A second major earthquake (7.3 Richter scale) registered on 12 May 2015 

•  Killed more than 8,800 and injured nearly three times as many people 
 
•  2.8 million people were in need of assistance due to the earthquake  

•  Large population in mountainous, remote and difficult-to-reach areas. 

 
 
 
  



Motivation (Nepal Earthquake)  

•  On 27th April 2015, Logistic Cluster, Kathmandu was activated 

•  Logistic Cluster is a coordination mechanism hosted by WFP -UN ( World Food Program) 

•  Activated to fill response and coordination gaps in addressing humanitarian needs  

•  To support the humanitarian community a number of logistics services were set up- 

•  Storage  

•  Air transport  

•  Road transport 

•  Remote Access Operation (RAO)   

                                 
 
                          

 
  
 
 
  



 
 
  



Motivation (Nepal Earthquake)  
Remote Access Operation (RAO)  
 
•  To facilitate access to areas inaccessible by road transport and by air  

•  Provide all aid requirements including shelter items, food and WASH 

•  Relief supplies with porters and pack animals was set-up to these areas 
 

 
 
 
  



Motivation (Nepal Earthquake)  
Remote Access Operation (RAO)  
 
•  20,000 porters & mules from Trekking Assoc. of Nepal & Nepal Mountaineering Assoc. 

•  5 Mi8 cargo helicopters & 3 smaller AS 350 helicopters up to an altitude of 3,500 meters  

•  Cargo & porters delivered to landing zones at forward locations for onward movement  
 
•  5 districts covered : Gorkha, Dhading, Rasuwa, Sindhupalchok and Dolakha 

 
 
 
  



Motivation (Nepal Earthquake)  

                                 
 
                          

 
  
 
 
  



Model Requirements 

•  Vehicle routing : two sets of routing, one for helicopters & other for porters/mules 

•  Helicopter network : b/w district headquarter (depot) & helicopter landing zones(HLZ) 
 
•  Porter network :  between landing zones and villages along  the mountain trails  
 
•  Multi-modal : last mile deliveries using porters & mules in conjunction with choppers 

•  Multi-period : relief supply to be done for multiple periods over a period of a month or 2 
 
•  Mode Delivery : porter transport b/w HLZ’s via chopper in case of scarcity of porters 
 
•  Coordination : coordination of time and relief supply b/w the 2 networks at the HLZ’s 
  

 
 

 
 
 
  



Helicopter Network 

  
 
 

 
 
 
  



Porter Network (Mountain Trails) 

  
 
 

 
 
 
  



Toy Network (Small) 
  

  
 
 

 
 
 
  



Model – Decision Variables  
 

 
 

 
 
 
  



Model – Parameters 
 

 
 

 
 
 
  



Model – Objective 
 
•  Minimize total time of travel in the network/ total cost 

  

 
 

 
 
 
  

Arc lengths Arcs travelled 

Arc lengths Arc lengths 



Model – Constraint 
 
•  Cycling Constraints 
  

 
 

 
 
 
  



Model – Constraint 
 
•  Sub-tour elimination constraints 
  

 
 

 
 
 
  



Model – Constraint 
 
•  Relation b/w movement and load variables 
  

 
 

 
 
 
  



Model – Constraint 
 
•  Capacity and time constraint 

 
  

 
 

 
 
 
  



Model – Constraint 
 
•  For a porter one or less arc coming into HLZ in a period 
 
  

•  No porter going from one HLZ to another in any period 

 

 
 
 
   



Model – Constraint 
 
•  Relief supply coordination at HLZ’s and demand constraint 

 
  

 
 

 
 
 
  



Model – Constraint 
 
•  Load variable equal to zero for arcs entering HLZ 

 
  

•  Load variable equal to zero for arcs entering depot 
 
 

 
 
 
  



Model – Constraint 
 
•  Porter and HLZ relation in a time period 

 
  
 
•  One Porter for one HLZ in time period 
 

•  Constraint to transfer porter via chopper  
 
 
  



Toy Network (Small) 
  

  
 
 

 
 
 
  



Solution  
 

 
  

 
 

 
 
 
  



Toy Network (Small) 
  

  
 
 

 
 
 
  



Porter Network (Mountain Trails) 

  
 
 

 
 
 
  



Alternate Solution method 
•  Depth first numbering of the nodes 

•   Shortest path when one follows  
      the order of numbers 
  
 
 

 
 
 
  



Alternate Solution method 
 
•  Solution Approach for porter network 

    Decide a vehicle “k” would serves  
    which nodes  
     
    Route route for each vehicle followed  
    by the depth first rule. 

  
 
 

 
 
 
  



Future Plan 

•  Applying the ( Depth First Rule) new approach for solution  

•   Dividing demand and load variables into its components like shelter material, food etc. 

•  A model for HLZ selection from a vast number of available HLZ’s 

  
 
 

 
 
 
  



                    THANK YOU 
                           ANY QUESTIONS? 


