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Today's disaster management is based on scienti�c disciplines and involves
the following phases: mitigation, preparedness, response, and recovery. Miti-
gation e�orts attempt to prevent hazards from developing into disasters or to
reduce the e�ects of disasters when they occur. One of the mitigation alterna-
tives is retro�tting of structures. The resilience of structures can be increased by
retro�tting actions. Preparedness mechanisms and strategies prepare the com-
munity and all organizations to a quick and e�cient response when a disaster
occurs. A post-disaster response requires to satisfy the relief item needs (such
as shelter, food, medicine, clothes) as much as and as soon as possible. Finally,
actions like repairing or rebuilding damaged structures are related with recovery
phase.

The amount of relief demand and the level of disruption on transportation
network depend on the pre-event resilience of buildings and roads, respectively.
Therefore, the e�ectiveness of post-disaster response is directly related with pre-
disaster retro�tting of structures. For this respect, we develop an integrated
preparedness model to give e�cient decisions for both mitigation and response
phases. The model also takes into account the uncertainty related to the magni-
tude of an earthquake, which dictates the amount of relief demand and damage
on the transportation network, by using di�erent scenarios. The problem is
formulated as a two-stage stochastic integer program where the objective is to
minimize the total cost of retro�tting, transportation, and the relief item de-
mand shortage under a limited mitigation budget. The pre-disaster building and
transportation link retro�t decisions are the �rst-stage variables while the post-
disaster demand point-rescue center assignments, relief �ow amounts between
rescue centers and demand points, and relief shortage amounts of demand points
are scenario-dependent second-stage (recourse) decisions.

The earlier studies on optimization of mitigation decisions take into account
either retro�tting of buildings [1, 2, 3] or retro�tting of transportation infras-
tructures [4, 5, 6]. In contrast, the model we propose includes both types of the
retro�tting decisions. In addition, past studies evaluate the savings for recon-
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struction costs in the aftermath of a disaster as the bene�t of building retro�t
decisions. Di�erent from those works, our model considers a tradeo� between the
building retro�t levels, and the level of post-disaster response need. To the best
of our knowledge, this is the �rst model where building and transportation link
retro�tting decisions are combined with response related decisions.

Since the retro�tting decisions are considered for each single building, the
number of binary variables can be very high which makes the model compu-
tationally di�cult to solve. Therefore, we decompose the model by Lagrangean
relaxation and propose di�erent Lagrangean heuristics to solve it. Results on ran-
domly generated test instances show that the proposed solution methods for the
model exhibit good performance under di�erent parameter settings. In addition,
various analyses are carried out to clearly understand the model behaviour.

We also develop another model which improves the previous one by incorpo-
rating recovery decisions and time periods. The model takes into account the
impact of expected earthquake occurrence time on the decisions. This periodic
problem can also be formulated as a two-stage stochastic integer programming
model. Here, the retro�tting actions are �rst-stage, while the response and recov-
ery related actions are the second-stage decisions. The expected total recourse
cost with respect to the disaster scenario and its occurrence time is minimized
under a mitigation budget.
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