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Abstract — This work introduces a quantitative dynamic moadeldost-disaster response. It relies on locatigiiti@s considering the
social and health conditions of the populationd@pecific area. The objective is to minimize timpact on the population health due
to the lack of supplies. The model is positionederms of system resilience in its response compbrbut it can also be seen as a
resourcefulness strategy for the aspect focusesl(heortality rate).
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1. Introduction Finally, some concluding remarks and perspectives a
given in Section 6.
The widespread natural disasters of the last yeave
highlighted the limits of traditional approaches ddsis 2. Related work
management, often inspired by military expertisa. |
particular, the complexity of 21century megacities and Several works in the literature deal with the gitatite
the unplanned growth in urban areas contribut@doeise  models involved on resilience of systems. In spitghe
the exposure and vulnerability of population andalvi limits of such approaches, considering the complexi
infrastructures. Some cities with high populatioensity  involved in crisis management, they remain impdrtan
such as Mexico City, Port-au-Prince, and Istanbd a understand the whole process and to provide newtisos
located near fault zones. As a consequence they afer overcoming some logistic challenges. We givéole
considered as critical areas and an efficient lespand two main approaches and point out the positionhef t
recovering are suitable to reduce the number gfivicand  model in such concepts of system resilience.
to alleviate the effects of massive population nsove The resilience is seen in [14] as an emergent isyste
The state of displaced populations may be an itmlica property based on three main combined activities:
to assess the recovery process, and thus theeresli preparedness, response and recovery (hence tHe PR
Several definition of resilience can be found ire th model). The preparedness refers to anticipaticategiies
literature [4][8][13]. A definition close to the pmpaches and operations in order to improve the intervention
focused in this paper is proposed in [8] which miefi performance, whenever a major disaster occurs. The
resilience as the capacity to mitigate risks, tdupe the response involves the resources, strategies, aagumes to
disasters impact over population and infrastrusius@d to  overcome the immediate effects of a perturbatidre st
improve the recovery process. In terms of soclui@al component, the recovery, relies on the operations
systems, the resilience can be assessed at bgiberformed to restoration and rehabilitation arefiscted
infrastructures and communities levels. The problein by a major perturbation.
communities’ resilience is usually modeled as a The works [7][8] provide a four-dimensional
minimization of social disruption, economic lossasd framework for the system resilience evaluation, vidrich
casualties. In this work, a quantitative dynamicdeioto two dimensions correspond to quantitative meastwes
post-disaster response in terms of system resdiesc enhance resilience. These four components are: the
proposed. It consists in locating facilities to tdisute  robustness, the resourcefulness, the redundandy,then
supplies to the population after a disaster. Thdehtakes rapidity (hence the Rmodel). The robustness is related to
into account the population health state, whiclypla key the system capacity to absorb the impacts of aigetion
role on the overall mortality rate. without suffering degradations. The redundanciésextra
This work is organized as follows: a bibliograpthica resources availability which allows the service he
review is done in Section 2. The problem is defiied maintained even in case of perturbation. The
Section 3. Then, a mathematical model and a syéit®g resourcefulness is referred to the capacity to aepl
solve it are respectively proposed in Section 4 &nd resources such as financial, human and physicaider to



satisfy pre-specified priorities and objectiveseTapidity 3 Problem definition
is the system ability to return to an initial stafeer a major

perturbation in reasonable delays and costs.

Considering the PRframework presented in [14], the
model proposed here is located on the responsgvalxie
for the R model proposed in [8], our model is related to
resourcefulness, and contributes to the rapidity.

The Figure 1 presents a combined vision of regiéén
parameters using the PBnd R approaches and has been
adapted from [12]. This figure points out the coexily of
the notion of resilience of sociotechnical systetns
highlighting the interdependency of the variousapasters.

For example, robustness and resourcefuiness depetiu storage at those centers and final distributiommfrthe

preparedness. The latter is impacted by response. ; .
Work [10] provides some theoretical bases tocenters to the population. These centers do nat exi

understand the interactions between these compoaeadt priori. They must be installed, requiring humarchteical

a global framework to assess the variations ofrépidity and financial resources. Such resources are limited
9 dpid availability. Their limit is assumed to be fixeddaknown
with respect to the resourcefulness.

in advance.

Since we focus on the immediate post-disastervedd,
are interested in optimizing the immediate berfeditn the
Disturbance  Resilience triangle distributed aid. For example, the time horizon foe
A J_T C cceptavestate intervention is set to two weeks. Then, it is dé$ized over

"""" the days. The population is considered to be ldcate
areas. Thus, for each area an initial amount ofifaion is

We consider a logistics operator in charge of ptiog
humanitarian supplies to the population, immedyatdgter
a disaster has occurred. Those supplies can bevefd
types. In this work, the supplies consist of suabiv
elements (food, water, medicine, etc). An initiadaunt of
supplies is located at a central depot (it mayease over
time, whenever additional amounts are available). A
logistics distribution system has to be deployegravide
the survival elements to the population. It relies
transportation from the depot to distribution cesite

Performance
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H Al A Rapidity given, which can be collected through the existing
cobustnece LP | irve— databases on population and their densities. Thal lo

distribution centers are used to provide the seppio the
population. They are the last step in the humaaitar
logistics system. Thus, they must be located i sugvay
the distance towards the populations areas is lthetest.
They are not available right after a disaster bhe t
__________________________________________ potential sites to install a depot are supposeoketénown
Response in advance (maps and observation satellite phoaos)

. . o correspond to standard locations in humanitariahlike
Figure 1: A cross view of resilience's parameters stadiums, large squares, and medium-to-large wassiso
through the PR and R* approaches. Once a facility is opened, it is considered operati and

o o ~will not close later on.

Quantitative models for designing the humanitarian Besides the decisions on where to install the local
logistics have recently been proposed in [1][3][1They  centers, one has to set the amount of survival eiésrto
focus on two key components: the location of wavses pe delivered to each population area from each expen
and the routing system. Aside from the theoretiegatiness center each day. Both the center opening and tha fi
of those core problems, additional features are alsgjstribution incur a cost, which has to stay belwiven
considered. Both the uncertainty on the data [1#l anfinancial limit. The way the population needs acwered
various _evaluatlon criteria [11] increase the ollera impact first on the population’s global health a@ngpact
complexity of the problem. _ the mortality. Second, they may induce populaticoves

~ Some works have been focused on routing anghwards areas where food needs are better covEhers,
distributing supplies to clusters areas as in [BI5 The  Figure 2 illustrates how the standard resiliencel@hérom
authors deal with a medium-long terms macro distidn. Figure 1 is adapted to our problem. The respomse i
Some hypothesis have been considered such aster ce set by the time periods considered and the populati

sites distribution are known in advance and thusatels eyolution depends on the way the supplies areiloliséd
are leaved in a central facility for each clustédsreover,  through the logistics system to build.

a fleet of vehicles is used, but the number of laisée
vehicles is unknown a priori. Even if the authors bt
focus on the benefits of such distribution in ailiesce
system, it may contribute in a medium-long ternokecy
phase. Very sophisticated heuristics and exactodsthare
proposed to solve the mentioned problem.
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Figure 2: An overview of system resilience to our
problem.

4. A mathematical model

We propose a mathematical model which couples the

humanitarian aid distribution with the mortalitytea The
model uses components of facility location andrittigtion
planning. Besides, the mortality rate is parameeeriby
the daily needs covering. Moreover, an initial imogy is
supposed to be available just after the disaster the
model is indexed over the time.

Let T be the number of time periods for the immediate

humanitarian operations. It corresponds to thenmte
time, considered here in days, to provide a plapiver

the total period time. Le® be the total amount of available p.t >0 0OiOILO=1.T

supplies (e.g. food, water, etc. to be distribut&pe the
available logistics resources (e.g. personals aaténmals
to operate the network distribution system) a@hdbe the

total budget. Furthermord, is the set of potential sites to

set a distribution center (to store and to distelaupplies).
For each sitd and a given interval time, I8, R;, G, and
Q; be respectively the time required to open thejsitke

resources needed, the operational costs, and tre s

capacity. Besides, for each population aréa | and for
each sitg O J, let C; be the cost to deserve aliggom site
j- Dk denotes the distance between aréas andk O I.
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The objective function (1) aims at maximizing the

tpopulation size P at the end of the time periochsfraints

(2) require each distribution center to be opermatt
once. Restrictions (3) limit the amount of resosrased to
open centers at any period of time. Supplies cafweot
delivered from a center j that has not been alregabn,

The mathematical formulation makes use of resourcesee Constraints (4). Constraint (5) sets the gléibahcial

and consumption constraints, and three sets oabias.
The decision variablesyit D{ O,l} determine if a facilityi
is opened or not to the period of tinte Variables
)(itj > O specify the amount of supplies from afieto be
distributed in areain a time period. Moreover, variables
pit =0 correspond to a population measure to aisitea

time periodt. Furthermore,function f(r) measures the
average mortality rate when percent of the individual
needs are covered, while functigp,r,p.r;) gives the
relative attractiveness of areiasl | andj [0 J according to
their respective population and individual needgecimgs.
Thus, the population evolution relies on functidrendg
and the model is as follows:

limit. Restriction (6) limit the total amount of gplies
distributed to the available quantity. The inimdpulation
size in each area is set in Equations (7). Equat{B set
the population evolution in each area at each gedb
time. The variable definition is given in (9), (1&)d (11).
This problem is NP-hard as it generalizes the lonat
problem [9]. Moreover, it is non-linear due to foections
f andg. Thus, solving it exactly might require a too karg
time, even on small instances, in a context ofigris
logistics.

5.  Proposed method

We propose a master-slave method to compute soutio
of good quality. In the master problem, the vaealyl on
the opening dates for each distribution center fas



computed using a global solver. This partial solutis
then completed and evaluated by the slave. It stman
finding the best distribution plax given the opening
decisionsy. The slave returns the best valBeobtained
given y as well as the violation on the constraints
depending ory. This information is used by the global
solver in the master to compute new opening détadjng

to the scheme in Figure 3.

(3]

(4]
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(global solver)

(5]

A
evaluation,

violations

openingdate:
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Figure 3: General scheme of the method

6. Concluding remarks and perspec-

tives

This paper proposesn optimization approach of
supplying population just after a disaster. This ais

important organizational aspect in the emergency
circumstances (response in PRframework), and [8]
contributes to the resourcefulness” (fodel). The

proposed model will first be validated on simulatate
based on past disasters, and we also intend touesteal
data. In terms of rapidity aspects of resilientiee
proposed modeling contributes to its quantificatiop-to-
now, the rapidity quantification is not well studieBut, it
seems an interesting way to assess the resilieht¢beo
systems. This is why the mathematical approaches to
optimize organizational aspects of the resilieneeds to
be investigated in complementarily with
(tele)communication and social aspects (especalito-
organization processes and High Reliable Orgaozati
processes). Consequently, the proposed modelirdsriee
be couple with other models to optimize the usehef
deteriorated telecommunication systems, to undeistad
to improve social processes, and all the rebuildingi1]
processes.

(10]
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