
A Mult i-Echelon Network Distr ibut ion Model 
For  Emergency Resource P lanning

Resource planning in emergency management i s  a  chal lenging task as  i t  involves  disaster  s i tuat ions 
where the demands are  rapid ly  increas ing and the resources  are  scarce. Conventional  p lanning involves 
a  centra l ized network structure  where resources  are  distr ibuted through a  few preposi t ioning fac i l i t ies 
located near  to  the disaster  regions. In this  research, we develop a  novel  mult i-echelon network 
distr ibut ion structure  for  emergency resource planning. The structure  at  i t s  highest  echelon consists  of 
a  set  of  potent ia l  Supply  Points  (SPs) , where resources  are  purchased and consol idated which is  more 
pract ica l  in  compar ison to the conventional  centra l ized structure. SPs are  considered as  t ypica l l y  large 
fac i l i t ies  in  metropol i tan c i t ies  in  and around the potent ia l  disaster  region from where the resources  are 
distr ibuted to the preposi t ioning fac i l i t ies  in  order  to  be able  to  supply  the mater ia ls  immediate ly  af ter 
the disaster  in  the area . The proposed structure  a lso a l lows direct  shipment of  resources  f rom SPs to the 
disaster  regions in the response stage which is  more c lose  to  the rea l i t y. Under  the network structure, 
we formulate  a  new two-stage stochast ic  mixed integer  programming model  for  an integrated emergency 
preparedness  and response planning. The object ive  i s  to  obtain the opt imal  a l locat ions of  the resources 
a long with locat ions of  the SPs and preposi t ioning fac i l i t ies  to  sat i s fy  the demand of  disaster  v ict ims 
in a  t imely  and cost-effect ive  manner. We assume demand for  suppl ies  in  the disaster  hi t  areas  are 
aggregated at  locat ions ca l led Aggregated Demand Points  (ADPs). For  the current  s tudy, the demands at 
the ADPs are  obtained with a  set  of  disaster  scenar ios  each with a  probabi l i t y  of  occurrence. To develop 
the resource a l locat ion model , we consider  two distr ibut ion stages  that  are  decided s imultaneously : pre-
disaster  and post-disaster  s tages . In the pre-disaster  s tage, the analys is  provides  the locat ion of  SPs and 
the pre-disaster  purchasing amounts  to  be acquired at  the SPs. Al l  or  par t  of  the purchased resources 
are  posi t ioned in preposi t ioning fac i l i t ies  located at  se lected ADPs. In the post-disaster  s tage, deta i l 
d is tr ibut ion of  the resources  to  sat i s fy  demands fol lowing the disaster  event  i s  considered. The demands 
in the post-disaster  s tage are  met  through pre-posi t ioned resources  at  the preposi t ioning fac i l i t ies  and 
addit ional l y, i f  required, through the direct  shipments  of  resources  f rom the SPs. We consider  l imited 
post-disaster  purchasing oppor tunit ies  at  SPs as  the quanti t ies  are  to  be purchased dur ing a  shor t  and 
chaot ic  per iod. The opt imizat ion model  proposed in this  research consists  of  logist ics  and depr ivat ion 
costs . The logist ics  costs  inc lude cost  of  provis ioning, preposi t ioning, and del iver ing the resources . The 
depr ivat ion costs  represent  the cost  of  not  providing or  delays  in  providing the suppl ies  at  the point  of 
demand. The model  i s  tested in a  network for  numer ica l  analys is . The resul t  shows that  mult iple  SPs 
in the proposed network distr ibut ion structure  helps  to  overcome the poss ible  resource disrupt ion that 
occurs  with s ingle  sourcing in the centra l ized structure, resul t ing decrease  of  the demand shor tage. 
Sensi t iv i t y  of  the model  with di f ferent  pre-disaster  and post-disaster  purchasing condit ions  at  SPs are 
a lso discussed in order  to  represent  rea l i s t ic  disaster  scenar ios .  
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