
Humanitarian Aid Warehouse Location Planning   
 

Introduction 
   
The U.S. Navy provides the largest humanitarian and disaster relief support network in the world. Recent 
success in Japan, Haiti, and Pakistan highlight the prominent role humanitarian missions play in the U.S. 
Navy's maritime strategy. However, with the nation facing slow economic growth, rising deficits and austere 
defense budgets, military operations not directly supporting national security may not be sustainable. To 
continue humanitarian assistance the U.S. Navy will need to reduce its operating costs or risk cutting this vital 
support to the world.     
 
During testimony on the fiscal year 2012 Navy and Marine Corps budget request, the Honorable Secretary of 
the Navy, Ray Mabus said: 
 

The Navy and Marine Corps are absolutely committed to humanitarian assistance and disaster relief 
operations. [2] 

 
The ability to quickly move basic supplies to affected populations for a reasonable cost in the first few days 
following a natural disaster is crucial. Pre-positioning humanitarian supplies is an effective way humanitarian 
organizations can ensure the ability to rapidly and efficiently deploy relief supplies. A real-world planning issue 
facing governments and non-governmental organizations (NGO) is where to best locate pre-positioned disaster 
relief aid supplies to meet the demand for material to the affected areas at minimum cost.  
 
Problem Setup 
 
For our project, we show pre-positioning warehouses reduce the expected annual operating budget of a 
humanitarian organization.  By strategically locating pre-positioning warehouses the distance material is 
required to be shipped to reach disaster sites can be reduced, decreasing shipping costs. The subsequent savings 
in transportation is greater than the operating costs of the pre-positioning warehouses. Our analysis also 
determines the optimal number and location of the pre-positioning warehouses. The project guidelines limit 
our analysis to commercial, non-military transportation. As a proof of concept that pre-positioning 
humanitarian supplies reduce cost for military operations, we use a fictional NGO, Do-Gooders-of-America.   
With an estimated annual relief budget of $400 million, Do-Gooders-of-America aims to use Federal Express 
(FedEx) commercial air delivery to provide 5-gallon pails filled with 5-person, 3-day survival kits to areas in the 
days immediately following a natural disaster (Figure 1). Do-Gooders-of-America’s goal is to minimize the total 
cost of annual operations, while still providing 100% of the demand to the affected populations. Operating 
costs are composed of 2 primary parts: cost of operating the warehouses and the cost of transporting the 
supplies from warehouses to potential disaster sites.  
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Network Design 
 

The logistics network for our NGO consists of 2 main components: a number of prepositioning warehouses to 
be located around the globe (supply nodes) and potential disaster sites (demand nodes). We consider 12 
potential warehouse locations in this planning model. (Figure 2).  Warehouse locations under consideration are 
all located near world-class logistic distribution centers. Warehouse operating costs and capacities vary by 
location due to local market conditions and available real estate square footage. Annual operating costs 
considered include the amortized construction cost of the warehouse over a 10-year span. As a US NGO, Do-
Gooders-of-America will maintain one warehouse in Miami, Florida. 
 
Probable disaster sites (Figure 2) are taken from the World Banks Hazard Management Unit’s 2005 report, 
“Natural Disaster Hotspots: A Global Risk,” which includes a list of countries most exposed to natural 
disasters.[3] This report contains an estimate for the affected percentage of a population in a given disaster, 
which we use to forecast the probable demand for relief supplies. A set of 120 possible disaster scenarios is 
considered for this model. Each scenario contains possible disasters that could occur over the span of a year.  
The scenario demand for disaster relief supplies depends on the disasters occurring in that scenario. Each 
possible individual disaster is assumed to be equally likely to occur and independent of other disasters. Using 
this information, each scenario is assigned a probability of occurrence.  For example, a scenario that includes 1 
disaster location in a year has a higher probability of occurrence than a scenario with 2 disaster locations. By 
using the distribution associated with these 120 potential disaster scenarios, we are able to calculate an expected 
annual demand for disaster supplies. 

FedEx commercial air services will be used for all deliveries. Pre-positioning warehouses are able to ship to any 
potential disaster site. Travel time variance between locations is assumed to be minimal due to air shipment. 
FedEx commercial air is able to reach any destination in our network within 1 to 4 days. Delivery cost varies 
and is calculated using current rate information. 

Our network model will use the above assumptions to calculate the cost-minimizing locations for the pre-
positioning warehouses and an annual expected operating budget. 

	  

	  
Figure 2 

The	  above	  map	  shows	  the	  potential	  warehouse	  locations	  and	  possible	  disaster	  sites.	  Warehouse	  locations	  under	  consideration	  by	  
the	  model	  are	  world-‐class	  logistic	  distribution	  centers	  that	  are	  geographically	  disbursed	  throughout	  the	  world.	  The	  blue	  markers	  
on	  the	  map	  indicate	  the	  potential	  warehouse	  locations.	  	  Potential	  Warehouse	  Locations:	  Hong	  Kong,	  Singapore,	  Denmark,	  
Germany,	  Honduras,	  India,	  Italy,	  South	  Africa,	  Dubai,	  Miami,	  Kenya,	  and	  Panama.	  
Disaster	  locations	  in	  the	  model	  rank	  high	  in	  three	  factors	  contributing	  to	  economic	  and	  human	  loss	  of	  a	  natural	  disaster:	  
probability	  of	  occurrence,	  elements	  exposed,	  and	  vulnerability	  of	  the	  elements	  exposed	  to	  a	  hazard.	  The	  red	  markers	  on	  the	  map	  
indicate	  the	  potential	  warehouse	  locations.	  	  Potential	  Disaster	  Locations:	  Taiwan,	  Costa	  Rica,	  Philippines,	  Guatemala,	  Ecuador,	  
Chile,	  Japan,	  Vietnam,	  Nepal,	  El	  Salvador,	  Panama,	  Kenya,	  Georgia,	  Mexico,	  and	  Iceland	  
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Model Output 
 
Output from the model suggests the optimal number of warehouses to build is 5, resulting in an expected 
annual operating cost of $298 million, well below the budget of Do-Gooders-of-America. In the case that 
initial funding may not be sufficient to construct all 5 warehouses in the first year of operation, expected annual 
costs were generated for a constrained number of warehouses. Figure 3 below shows the expected annual 
operating costs as a function of warehouses built, along with the optimal locations under each constraint set.  

 
The model suggests that expected annual operating costs are not a linear function of the number of warehouses. 
The cost savings for building 3 warehouses over 1 just warehouse is approximately $150 million; however, the 
savings for the next 2 warehouses is only projected to total $14 million. Since the locations of the warehouse are 
nested, Do-Gooders-Of-America can build as many warehouses as initial funding will support in year 1 and 
continue to add additional locations as capital allows. Example: The optimal warehouse locations for 2 
warehouses are Miami and India, while the optimal location for 3 warehouses simply adds Singapore. 

Sensitivity Analysis 

Sensitivity analysis shows the solution to be resilient to changes in both projected warehousing costs and 
capacities. Reducing warehouse operating costs by 30% and capacity by 50% did not change the optimal 
location of warehouses, although the expected annual operating budget increased significantly. Similar resilience 
occurs with changes in warehouse capacity and operating budget by themselves. This is logical, as the cost of 
transporting the large volumes of disaster supplies using commercial air is much larger than the warehousing 
costs. The model also appears resilient to changes in the potential disaster scenario set. The output shows that 
spreading the warehouses at approximately equal distance throughout the globe provides the lowest expected 
cost. This has an added benefit of also minimizing delivery times to the potential disaster sites. 

Summary 

With the cost of transporting supplies being the largest expense of Do-Gooders-Of-America, this network 
model shows that minimum expected annual operating costs are achieved by geographical diverse warehouse 
locations, thereby, minimizing the expected travel distance from a warehouse to any potential disaster site. As a 
proof of concept, our analysis of Do-Gooder-of-America shows there may be a benefit for pre-positioning 
humanitarian supplies in the military. Recommend follow-on research using military data to test if cost savings 
similar to Do-Gooders-of-America is possible in a military setting.     
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Figure 3.	  Annual	  operating	  cost	  decreases	  as	  we	  build	  more	  warehouses	  since	  transportation	  savings	  from	  shipping	  material	  shorter	  
distances	  outweighs	  the	  cost	  of	  maintaining	  additional	  warehouses.	  The	  base	  case	  of	  a	  single	  warehouse	  in	  Miami	  has	  an	  expected	  annual	  
operating	  cost	  of	  $455	  million.	  Adding	  an	  additional	  warehouse	  decreases	  the	  expected	  annual	  operating	  cost	  by	  1/5	  or	  $100	  million.	  
Increasing	  the	  number	  of	  warehouses	  does	  not	  cause	  a	  linear	  decrease	  in	  expected	  costs.	  With	  each	  additional	  warehouse,	  the	  cost	  savings	  
decreases.	  For	  example,	  there	  is	  only	  a	  $3	  million	  dollar	  savings	  from	  opening	  the	  fifth	  warehouse.
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