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Pre-positioning of Relief Items in Humanitarian Logistics Considering Lateral
Transhipment Opportunities

The main objective of this study is to investigdhe inclusion of lateral transhipment
opportunities into the humanitarian relief chaindato examine the effect of different
parameters on minimizing the average distance lteaiveper item while serving the
beneficiaries. Direct shipment model (DT), latarahshipment model (LTSP) and maritime
lateral transhipment model (MLTSP) are developed eompared between each other by
using a real life earthquake scenario preparedffercity of Istanbul by JICA (Japanese
International Cooperation Agency). Developed maitwsral models decide on the locations
and number of disaster relief facilities, quantfyrelief items to hold at those facilities, and
quantity of lateral transhipment between the faedi Vulnerability of the roads and
heterogeneous capacitated facilities are also deresi. It can be concluded that both LTSP
and MLTSP models gave better results than DT madéllateral transhipment option helps
beneficiaries to obtain relief items faster andwhiigher service level.

Key Words: Freight transportation, maritime transportatiotiefechain, capacitated facility
location, vulnerability
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1. Introduction

From 2003 to 2012, annual average of 106,654 pewple reported dead, more than 216
million people were reported to be affected by stises, and close to $157 billion worth of
economic damage was reported (Guha-Sapir et dl4)20hese facts reveal the importance
of disaster management in mitigating the negatiffeces of the disaster. Humanitarian
logistics, which plays a key role in every stagalisBister relief operations, is defined as “the
process of planning, implementing and controllimg tefficient, cost-effective flow and
storage of goods and materials, as well as relafedmation, from point of origin to point of
consumption for the purpose of meeting the end fimag/’s requirements” (Thomas and
Mizushima, 2005). When a state of emergency isagledland aid is appealed, resources such
as relief personnel, relief goods and equipmentaobilized to the disaster location. By its
definition, mobilization of resources as well as piredecessor and successor operations in a
relief chain (Duran et al., 2013) can be categdrae humanitarian logistics, which contribute
to more than 80% of the total relief costs (Van ¥éahove, 2006). Although local
government of the disaster location is mainly respae to alleviate the suffering of its
people (Thomas and Fritz, 2006), non-governmenigdrizations (NGOs) as well as other
relief aid agencies offer their help to transpbg tight number of relief goods on time to the
right place (Tatham and Pettit, 2010).

Supply chains are usually considered to be congistif vertical transportation through

several echelons (i.e. levels) such as manufactuarehouse, retailer, customer etc. The
practice of allowing horizontal transportation wiiththe same echelon is called lateral
transhipment (Axsater, 2006) and is mostly usedidar demand, high value items where
emergency orders are allowed (Wong et al., 200@ataglu and Mohajan, 2009). In settings
where lateral transhipment is observed, retaileightrkeep only certain types of items and
replenish those items from the warehouses. Aseatouthe burden of waiting for next regular
warehouse shipment or placing emergency orders With cost to the warehouse,

transhipments from other retailers with adequatentory is utilized. Thus, retailers face two
sources of demand (from customers and other regpibnd two sources of supply (from

warehouses and other retailers) (Axsater, 2006).

Inspired from the emergency nature of lateral tngpraent decisions in commercial logistics,
lateral transhipment in humanitarian logistics e#so be a viable alternative to alleviate the
suffering of beneficiaries within the shortest tingossible. Lateral transhipment in
humanitarian logistics is observed when aid distidn centres transfer relief items among
themselves when they cannot satisfy the immediatd rof beneficiaries from their own
inventory. To the best of our knowledge, laterahghipment in humanitarian logistics has not
been analysed thoroughly in the literature. Theedbie of this study is addressing this
literature gap and proposing an integrated modelfgility location and transportation
decisions including lateral transhipments.
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The rest of the paper is organized as follows.hin gecond section, we present the related
literature. The problem is defined and the reletgstems are described in the third section.
Proposed mathematical formulations are presentethanfourth section. The fifth section
provides the results of experimental studies cotetlfor the city of Istanbul with the real life
data. Finally, we conclude with our major findireysd possible future research directions.

2. Literature Review

Disaster management can be analyzed in four phasesely, mitigation, preparedness,
response and recovery (Altay and Green, 2006). Mbgte studies in humanitarian logistics
have focused on the preparedness and responsespldtssy and Green, 2006). In their
review study, Caunhye et al. (2012) state thatntogy pre-positioning, evacuation and relief
distribution aims are brought together in locatmmalysis in most of the facility location
optimization models in humanitarian logistics. Tdecisions are varied such as commodity
pre-positioning, facility selection among potentiatal and global distribution centres, and
optimizing facility size. In the pre-positioningtdrature, the most frequent objectives are
minimizing costs of setting up relief centres, gortation (Galindo and Batta 2013, Lin et al.
2012, Khayal et al. 2015) and commaodity procurenuests, average (Duran et al., 2011) or
maximum response time, unfilled demand (Afshar iadhani, 2012) and expected number
of casualties left behind or maximizing benefi@aticoverage. Huang et al. (2012) describe
efficiency, efficacy and equity types of objectiumctions for relief routing. Facility location
problem can also be solved together with the rguti vehicles as in Ukkusuri and
Yushimito (2008).

Two stage stochastic models are utilized in songeppsitioning studies. Barbarosoglu and
Arda (2004) propose a two-stage stochastic progiagimodel to plan the transportation of
vital first-aid commodities to disaster-affectecas during emergency response where the
capacities of the arcs in the road network, theoplsupmounts and the resource requirements
are considered to be random. Mete and ZabinskyOj2@&velop a stochastic optimization
approach selecting the storage locations and amoohtmedical supplies to minimize
warehouse operation costs, the response time afiledindemand rate balancing the
preparedness and risk despite the uncertaintiedisaister events. Bemley et al. (2013)
develop a two-stage stochastic pre-positioning mademaximize expected amount of
repaired ports providing short-term port recoveont weather events such as hurricanes.

Scenario based approaches are also utilized inpthegoositioning literature. Balgik and
Beamon (2008) propose a scenario-based model foe-positioning system balancing the
costs against the risks to determine the numbertlaadocation of distribution centres in a
relief network and the amount of each relief comityostored at each facility. Duran et al.
(2011) develop a mathematical model to obtain t&iguration of the supply network that
minimizes the average response time over all themade instances and decide which
warehouse to open and how to allocate the invemtorgng them.
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Commercial studies on lateral transhipment arediretctly related to disaster response, but
still have some common characteristics to humaaitalogistics settings. Some of these
characteristics are the uncertainty in demand, tente of possible future states, and
uncertainty in the number of facilities to be esdied. These characteristics are related to the
uncertainty in the time, place and the effect adisaster. Most of the commercial lateral
transhipment studies are related to repairableesparts. In one of the earliest studies on
lateral transhipment, Lee (1987) presents a mofipboling groups with identical retailers.
Demand of one retailer is satisfied from anothéailer in the same pooling group. Different
priority rules between available retailers and mojli stocking levels for various service levels
are also analysed. Axsater (1990) generalizesdbbng group idea to non-identical retailers.
His method shows an improvement on Lee (1987)'skwdren the proportion of emergency
transhipments is large. Commercial studies diffemf humanitarian logistics by their demand
rate and item value. Commercial lateral transhipgnenften used for low demand and high
value items. On the other hand, lateral transhignmehumanitarian logistics is used during a
demand surge (i.e. high demand) and for low vakras (e.g. bottled water and meals-ready-
to-eat).

Lateral and emergency shipments occur in respanstotk outs. Wong et al. (2006) study a
multi-item, continuous review model of two-locatianventory systems for repairable spare
parts. The objective of the study is to minimize tbtal costs for inventory holding, lateral

transhipments and emergency shipments subjectamgat level for the average waiting time

per demanded part at each of the two locationsoaitu and Mohajan (2009) consider a

two-echelon service parts logistics system with ometral warehouse and a number of local
warehouses that meet all the time-based servicel leenstraints at minimum total cost

including inventory holding cost, transportationstoand penalty cost due to lost demand.
Time-based service level constraints are similaaltowable maximum response time or
maximum distance constraints in humanitarian loggst

Ozkapici et al. (2016) study the problem of locgtulisaster relief facilities in the city of
Istanbul utilizing the Bosphorus strait. The aughoonsider maritime transportation for relief
item distribution in the city of Istanbul where twaain ports and a container ship located on
the Marmara Sea are considered as main suppltiEilOzkapici et al. (2016) conclude that
including maritime transportation into the religérm distribution system provides a more
flexible humanitarian logistics system for Istanbulspired from Ozkapici et al. (2016), one
of the mathematical models developed in this sugls maritime transportation with lateral
transhipment opportunities.

Three works can be cited as the most related $ostiidy in humanitarian logistics. Reyes et
al. (2013) show that lateral transhipment in a stearelief system is more efficient using a
simulation model based on system dynamics. Stagtgael (2013) illustrate the use of lateral
transhipment in blood transportation for UK hosigitdhey demonstrate the real life benefits
of lateral transhipment based on comprehensive stases and surveys. Mulyono and Ishida

(2014) build a logistics and inventory model usimgbabilistic cellular automata for the
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enterprise inventory model and self-repair netwariodel, which is applicable to

humanitarian relief situations. Mulyono and Ishi®014) use a real life data set from a
volcanic eruption (Sinabung Mountain - Septembet3}0in Indonesia to validate their

model. Although Reyes et al. (2013), Stanger e{2i13), and Mulyono and Ishida (2014)
illustrate the use of lateral transhipment in huit@aian relief situations; they do not utilize a
mathematical programming model in their studiesthis study, the main objective is to
investigate whether lateral transhipment in hunzaigih logistics provides flexibility and

decreases average travel distance comparing mdtlahmaodels with and without lateral

transhipment.

3. Description of the Relief Item Distribution System

In this section, a description of the proposedefatiem distribution system, sources of the
data used and the assumptions are given, resgdgctifkedistribution system with two
echelons is proposed here for a possible earthqsedeario where we have in the upper
echelon the relief facilities and in the lower donedemand locations. Each demand location
is assigned to only one relief facility and reliesfms are transported from relief facilities to
demand locations according to this assignment. e of material shipment is called as
direct shipment. Lateral transhipment between frd&eilities is also possible. Any relief
facility can engage in lateral transhipment witheighbour relief facility. This type of
material shipment is called as lateral transhipmentateral shipment any relief facility can
satisfy demand of any demand location assignetilig using excess stock of the neighbour
relief facility. The suggested distribution systéanrelief items is presented in Figure 1.

<<Insert Figure 1 about here>>

For each relief facility, it is allowed to use onbne neighbour relief facility for lateral

transhipment. One standard “relief item packagedekvered to each family of four people.
This package contains bottles of water and foods.célie assume that relief facilities are
willing to release true information about their @mtory position to other relief facilities and
capacity of land vehicles is assumed to be enoogtdiiveries.

4. Mathematical M odels
Mixed integer programming formulations of directighent model, lateral transhipment

between supply points model and maritime late@hghipment model are presented in this
section, respectively.

4.1 Model with the Direct Shipment only (DT)

Let index sets of andJ represent the set of possible relief facilities #drelset of demand
locations, respectively. We define the decisionaldes of the DT model as:

. {1, if relief facility i is opened
o, otherwise.

Page 5 of 21



192
193

194
195

196

m;;:
Yo, otherwise.
q;:
xij:
and its parameters as:

ToesTMITZS

A big numbe,

{1, if demand location is assigned to relief facility

Quantity of relief item held at relief facility

Quantity of relief item sent to demand pajifitom relief facilityi,

185
186
187
188
189
190
191

Quantity of relief items required by a beneficiabanydemand point,
Maximum number of relief facilities to opt
Maximum distance for a relief item to tra\

Maximum number of beneficiaries a school classseawe,
Vulnerability factor between relief facilityand demand locatign

Number of people affected at demand locagion

Number of school classes available at relief facili
Distance between relief faciliiyand demand locatign

Thus, the complete DT model can be written as:

Yier Zjes[xij i (1 +v35)]

Minimize

Yjes (diN)

subject to

Z Xij = d]‘N

i€l

Tij(l + vij)mij <R

Xij = q;

jeJ
Z)’i =P

i€l

Zmij =1

i€l

Z mi; < Wy;

J€J
Xij < Wml-j
q; <YiciNF

Zqi < Zdj N x 1.01

Tel i3
Xij,qi 20
yi.m;; € {0,1}

J€J

i€l je]

JE]

ielje]
i€l

ielje]
ielje]
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The objective function (1) minimizes the averagstatice travelled per the relief item.
Vulnerabilities of the routes affect the distand®s inflating them. Horner and Widener
(2011) concluded that disruption levels of a nekwvafter a disaster increased the average
distance between a neighbourhood and its reliefreemspired from Horner and Widener
(2011)’s conclusion, original distance of a rowtdnflated here by the vulnerability of that
route ranging from 0 to 1.0 where 1.0 represents thost vulnerable case using
[Inflated distance = Original distance X (1 + Vulnerability)] equation.

Constraint set (2) ensures that demand for rdkens at each demand point is met. With the
Constraint (3), relief items do not travel morerttia and the relief items sent do not exceed
the respective inventory held at the relief fagilitvia Constraint (4). Via Constraint (5), at
mostP relief facilities can be opened. Constraints (6r@)ke sure that each demand location
is assigned to only one relief facility, a demaadalion can be assigned to a relief facility
that is opened and relief items cannot be sent &gglief facility to a demand location unless
that demand location is assigned to that relieflifpc Constraint set (9) imposes an upper
bound on the quantity of relief items to be heldatlief location considering the number of
classrooms in the district and the maximum numiigreople F) that can be served from a
school classroom. The parametéris considered like a service level; lowEr values
corresponds to better service for the beneficiakesuming that the total capacity of the
facilities is 101% of total demand, Constraint (kOadded.

4.2 Model with Lateral Transhipment option between Supply Points (LTSP)

With the inclusion of the lateral transhipment optito the model, we need a new index for
the relief facilities used as lateral transhipm&mirce. Let us denote it @aunder the sdt In
addition to the parameters used in the DT model,ntew parameters related with the relief
facilities acting as lateral transhipment sourcethe LTSP model are;;, the travel distance
between relief facilities’ and demand locatiofn r;;, the travel distance between relief
facilitiesi’ and relief facilityi,v;;, vulnerability factor between relief faciliti¢sand demand
location j, andv;;, vulnerability factor between relief facilitiesand relief facilityi. If we
define the additional decision variables as:

Loover {1' if relief facilitiesi andi' engages in laterédanshipment for demand locatign
Wit o, otherwise,

X2 Quantity of relief item sent to demand locatjdrom facility i through facilityi”,

fiir {1, if relief facilitiesi andi' engages in lateratanshipment,
0, otherwise,

then the complete LTSP model can be represented as:

Dier Zje][xijrij(l + Uij)] + Yier Xiter Zje;[fii’j(ri’j(l + Vi’j) + (1 + vn))]
Yjes (d;N) (13)

Minimize

Page 7 of 21



227
228
229
230
231
232
233
234
235
236
237
238

239

240
241
242
243
244
245
246

subject to (3), (5), (6),(7),(8),(9),(10), and
PR WRIEL R jel (14)

iel i€l irel
(i * (1+v,) + 7135 % (1 +v; Dty <R ieli'elje],i#i  (15)
inj +sztm‘ = 4 ieli*i (16)
Jj€EJ Jj€EJ irel
me <1 i'eli#i (17)
iel
Xiij < Wty ielLi'elje],i#i (18)
ZZ tinj = Wy ieli®i (19)
jeJj irel
ZZ tinj < Wy i'elLi"+i (20)
jeJ i€l
Ztiilj < My i'eLjE]i+i (21)
i€l

ting < Wi ielLi'eli+i (22)
€l
yi,mij,tii,j E{O,l} iEI,iIEI,jEI,i:/:i’ (24)

The objective function (13) again minimizes the rage distance travelled per a relief item
including the vulnerability effect. Constraint (1€hsures that demand of every demand location is
satisfied either directly from relief facilities dhrough lateral transhipment. Constraints (3) and
(15) limit the travel distance of relief items. Goraint (16) ensures that the capacity of a relief
facility opened is sufficient to meet total demaaskigned to that relief facility. Constraint (17)
ensures that any relief facility is allowed to eggan lateral transhipment with at most one
neighbour relief facility for a demand location. rii3traint (18) ensures that relief item cannot be
sent through a relief facility unless lateral tdaipsnent is allowed. Constraints (19-20) allow only
the open relief facility pairs to engage in latdrahshipment. Constraint (21) allows that lateral
transhipment is engaged with the neighbour relgfility to satisfy the demand of location
assigned to that neighbour relief facility. Conisirg22) provides that lateral transhipment can be
made for demand locatigrif the related two relief facilities engage indedl transhipment.

4.3 Model with Maritime Lateral Transhipment option between Supply Points (MLTSP)

For the MLTSP model, this time the index for thetpovisited for lateral transhipment is
defined as and k' under the seK. We also need to define new parameters namgly;
vulnerability factor between relief facilityand portk, vy, , vulnerability factor between port
k and port’, r;;,, distance between relief facilityand portk,r,, distance between pdetand
port k', cap, capacity of a shipns, number of shipss, speed of a shig, speed of a land
vehicle (e.g. truck). When we define the additicshetision variables as:
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247 Xygerj : Quantity of items sent to locatigrirom facility i through port« andk’ and facilityi’,
248 Zrr: number of ships used between pgoand pork’ for the shipment of relief items,

b {1, if relief facilitiesi andi' engages in laterédanshipment through porksandk’,
ikE'TT* 0, otherwise.

249  the MLTSP model can be written as:
ZieIZjE][xijrij(1+vij)]+ ZielZje]Zi/el[fiilj(rilj(l+vilj)+T'l.l.l(1+viil))]+
ZiEIzkEsz’EKZi’EIZJ'e][fikk,i,j <Til]-(1+17ilj)+7‘i,k/(1+vi,k,)+Tkk,*(z—;)*(1+vkk/)+T‘ik(1+17ik)
T @M

subject to (3), (5),(6),(7),(8),(9),(10), (15),(17),(18),(19), (20),(21) and

2t Q) Tt ) ) ) ) By 24N e @5)

iel i€l irel i€l ir€l keEK kreK

(25)

Minimize

St
(e * (14 1) + T *(—)*(1 v +
' ' " \s, i L kk'€K;ii' €Lje],i#ik

, 27

* (1 + vi'k’) + ri’j * (1 + Ui/j)) * bikk'i’j *+k ( )
<R

QAT Tt )0 ) ) B 54 genizr @9

JjEJ Jj€EJ irel j€J ir€l kEK kreK

- kk'eK;i,i'el;je]i+i'k

xikklilj SWx bikkii/j ;i k'] (29)
bixrrij < W * y; ieLi#i (30)

j€J ir€l kEK k/€K

DD bk Wy ieLizi (3D

j€J ir€l kEK kreK

Ziker SZZZ Xikkrirj keK k' e K k+k (32)
j€) ‘i€l irel

Zgr < N (33)
keK kreK
Z Z Zfikku’u’ S Cap * Zyy k€K k €K k=#k' (34)
j€J i€l el

bikrirj < My felje]i+i (35)

krek i€l kek
Xij,fii/j,qi,fikk'i'j,zo ieLi'el,je], i+l (36)
yi,mij,tii,j,bikk,i,j E{O,l} l.EI,l"EI,jE],l'-'Fl" (37)
Zyks integer keK k' eK k+k' (38)

250

251  The objective function (25) minimizes the averagetamce travelled per a relief item

252 including the vulnerability affect. Constraint (2@nsures that demand of every demand
253 location is satisfied either directly from relieddilities or through lateral transhipment.

254  Constraints (3), (15) and (27) limit the traveltdiece of relief item. In Constraint (27) the
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distance between ports is multiplied by the rafismeed of land vehicle to speed of ship in
order to convert the distances travelled by shiannhour to the distance travelled by land
vehicle in an hour. Constraint (28) ensures that ¢hpacity of a relief facility opened is
sufficient to meet total demand assigned to thagfriacility. Constraints (18) and (29) ensure
that relief item cannot be sent through a relieility unless lateral transhipment is allowed.
Constraints (19-20) and (30-31) allow only the opelief facility pairs to engage in lateral
transhipment. Constraints (21) and (35) allow HEt&anshipments to neighbour relief facility
to satisfy demand of demand location that assigoekat neighbour relief facility. Constraint
(32) is used in case there is no relief item shipmbetween ports, any ship cannot be utilized.
Constraint (33) ensures that number of ship istéichi Constraint (34) ensures that shipment
amount between ports cannot exceed the total dgpatiships used between that ports.
Constraints (36-38) define restrictions on decisianables.

5. Experimental Study Applied for a possible Earthquake at the city of I stanbul

An experimental study is conducted to validate ¢divect shipment model (DT), lateral

transhipment between supply points model (LTSP) madtime lateral transhipment model
(MLTSP). Models are solved by GAMS 24.2 with CpleX6 Solver and the average solution
times of the models are provided in Table 1.

<<insert table 1 about here>>

5.1. Data sources

The main data sources utilized in this study aseCA Report (2002) and Ozkapici et al.
(2016). Types of data in the system and the mettmdpdate these data are explained in the
following. Data set for the experiments are prodide the online version of this article.

In the JICA report, damage estimations and berefigpopulations are provided based on the
districts of Istanbul. As a result, 37 districtsistanbul are taken as locations of demand. For
each district, district centre point is obtained a@presented with a single coordinate (N°; E®)
calculated as the weighted average of the coossnat its neighbourhoods. The coordinate
of each neighbourhood is taken as the coordinateeoMukhtar office (i.e. local government
office located in each neighbourhood in Turkey)obging to that neighbourhood. Then, the
coordinate of a district is calculated by taking tweighted average of coordinates of its
neighbourhoods, where the weights are the popuktid the neighbourhoods.

There are 37 potential relief facility locations iath are the same as the demand locations.
The capacities of potential relief facility locat®are estimated from available public school
buildings. As a result, the capacity of each paaénelief facility is different.

JICA report (2002) states the possible number aivig moderately and partly damaged
buildings for each district. By using the Equat(88), for each district the average number of
people living in one building is calculated.

Population of the District

(39)

"~ Number of Buildings in the District
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The population data of districts in the above foatian are obtained from the Turkish
Statistical Institute (2013). The number of peagffected from the earthquake in each district
is calculated by using the Formula (40) as in ti@AJReport (2002) wher&, C and D
corresponds to number of heavily damaged buildimgsderately damaged buildings and
partly damaged buildings, respectively.

Number of affected people = A x (100% * B + 50% * C + 10% * D) (40)

The number of relief items needed in each distsatalculated by the Formula (41). It is
assumed that the single relief item is deliveredatéamily of four people. As a result,
formulation includes a multiplication by 0.25Nk

Relief items required = 0.25 * number of af fected people in that district (41)

Distances between relief facilities and demandtiona and between relief facility pairs are

obtained from Google Maps™. The shortest distaretevden two points is selected from

alternatives given by Google Maps™. Travel timeedief item in the system is restricted to

ensure that in a determined time interval the fratiem reaches to the affected people.
Maximum travel time is restricted to one and twaifso In the experimental study, we assume
that the relief items are carried by trucks witheaerage speed of 40 km/h ¢

Vulnerability of the roads between demand locatiand relief facilities and between relief
facility pairs are determined according to the rbémtkage probability of 7 - 15 meters wide
roads obtained from JICA report. For each colounoted on Figure 2, vulnerability
coefficient is determined and its values are showhable 2 for different vulnerability cases.

<<insert Figure 2 about here>>
<<insert Table 2 about here>>

To calculate the vulnerability coefficient of egudth between the demand locations and relief
facilities and between relief facility pairs, emengy road network proposed by the JICA
report (2002) is used. This proposed emergency ari&tvs overlapped with the map of the
road blockage caused by building collapse on mediiaith road. The map shown in Figure
2 is divided into equal squares. Shortest patheterchined on the emergency road network
for each pair of district by using Google Maps™ efitthe numbers of red, orange, yellow,
green, blue and grey squares are counted on thhat phe vulnerability of that path is
calculated as the average of the multiplicatiothef number of coloured squares on the path
and the corresponding coefficient of that colour.

The number of classes in public schools in eactnicliss used to determine the capacity of
relief facilities. Total number of school classeaitable in districts is multiplied by 0.9 due to
the assumption that 10% of the school classes malamaged during disaster. The parameter
F can be interpreted as a service quality level, deal average number of people to be
served from each school class. United Nations Kigmmissioner for Refugees (UNHCR)
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Emergency Handbook (UNHCR, 2015) recommends at tewesfinal distribution point (i.e. a
school in our study) for 5,000 people and a maxindukm walking distance for beneficiaries.

For the most probable earthquake scenario statedl®f, number of beneficiaries is
calculated as 2,027,467 and the total number ssod@ms is calculated to be 61,201 in the
37 districts of Istanbul. If the schools in all @igtricts were used for relief delivery and all of
the classrooms were used in Istanbul, the paranfetevould take a value of 33 (=
2,027,467/61,201). This best case would not marndgeke to the coordination complexities
and operational costs. Therefore, we vary the perank between 50 and 100 to reach
feasible results. If parametEris taken as 50, beneficiaries walk less than 3 reach a
nearby school classroom for relief distribution aadschool serves to at most 750
beneficiaries. If parametdt is taken as 100, beneficiaries walk less thanktho reach a
nearby school classroom for relief distribution aadschool serves to at most 2,500
beneficiaries on average. These parameters arebelellv the recommended standards set by
the UNHCR.

5.2 Resultsof DT and LTSP Models

Firstly, solution of DT and LTSP models are presedraind compared for varying number of
relief facilities @) and maximum number of peopl€)(that can be served from a school
classroom. In these models, there is no materighrgmt between Anatolian side and
European side due to the possible damage of the lonimiges connecting the two sides of the
city of Istanbul. On the other hand, in the moddLTSP) where maritime transportation is
allowed, relief items are transported between Aratoand European sides and MLTSP
model results are compared with the LTSP modeltsesu

DT and LTSP models are solved for varying numberetiéf facilities @); 15, 20, 25, 30,
maximum number of peopld=) that can be served from a school classroom; 50,1@0,
vulnerability factor of roads; low, medium, highdamaximum allowed distance travelled of
relief item R); 40km, 60km, 80km. We observe that the vulneitgbihctor of the roads and
maximum allowed distance travelled of relief iteR) o not affect the location of the relief
facilities and the lateral transhipment percentaggsificantly. Therefore, while comparing
the models in this section we always assume keabtaximum allowed distance travelled of
relief item R) is 40 km (its minimum value) and vulnerabilityctar of roads are high (its
maximum value).

As seen on Figure 3, we observe that the averagiande travelled per relief item in LTSP
model is always equal or better than the averagtamte travelled value per relief item in DT
model as expected since LTSP model is a relaxafieghe DT model. Moreover, we also see
that to achieve the best service quality level fwbealy 50 (¥) people are served from a
classroom) lateral transhipment between the rédiedities is a requirement and at least 25
relief facilities should be opened. For the mediservice quality level =75), the
distribution system can be managed both with arttioui the lateral transhipment but the
lateral transhipment flexibility results in aroub0% improvement in the average distance
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travelled per relief item. For the low service diyalevel (F=100), the lateral transhipment
option adds no value.

<<insert Figure 3 about here>>

In Figure 4, the percentages of lateral transhigmere presented for LTSP Model. There
exists a smooth increase of the percentage ofilaranshipment as the maximum number of
people F) that can be served from a school classroom dsesedn other words, as the
authorities require a higher quality service to dfemaries, the lateral transhipment
percentage increases. When only 50 people aredsfrva a classroom, at the highest service
level, 12-14 % of the relief items are supplied hageral transhipment. Also as expected, the
increase in the number of relief facilities caugeslateral transhipment amount to decrease.

<<insert Figure 4 about here>>

5.3 Inclusion of Maritime Transportation into the LTSP Model

LTSP model allows only land transportation in eitlsede of the city (i.e. Anatolian and
European sides). In the case of high vulnerabignding relief items to demand locations
using land vehicles is more difficult due to higiskr of road blockages. Hsieh (2014)
discussed ports’ effect on creating extra transpiort capacity and the risk of port failures
with respect to vulnerability. Istanbul has manamats on each side and daily maritime
transportation is made between these ports. In ofsa disaster, in addition to land
transportation these ports can be used to transgat items.

5.3.1 Distribution System Description and Data $esrof the MLTSP Model

In MLTSP model, transhipment between ports is fmssiAs a result, two transhipment
nodes are added to the existing nodes at this €agere 5 illustrates the flow of the relief
item in the suggested distribution system.

<<insert Figure 5 about here>>

Istanbul Sea Buses (abbreviated as IDO in Turkishthe main company on seaway
transportation. IDO ports ifstanbul are considered as transhipment points it SR_model.
Ports are uncapacitated and ships are ready to stgent of relief item at each port. Ports
located at the same side of Istanbul are not alfotwemake relief item shipment between
each other. In the model MLTSP, one type of shipsed. Capacity is taken &s00relief
items and the speed is taken 56 kngy @verages of available sea bus types. Loading and
unloading time is assumed to be small within therall trip duration. Maximum number of
ships that can be utilized for relief item trangpton is determined as 26, the number of
IDO sea buses.

Distances between relief facilities and ports alewdated using Google MaPs The shortest
distance between two points is selected on GoogiwsW. Distance between ports are
calculated on Google Earth™ as sea miles and tlewected to km. The vulnerability
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between ports is set as 0.001 due to the facttiieae is no risk of blockage on the seaway
resulting from building collapse.

5.3.2. Comparison of MLTSP Model with LTSP Model

As seen in Figure 6, MLTSP model begins to givadredverage distance travelled values
than LTSP model only when the service level regnést is the highesFE50). To be able
to serve the city of Istanbul at the highest serevel £=50) with 20 relief facilities only,
maritime transportation is also a requirement iditi@h to the lateral transhipment. But when
the relief facilities number increases to 25, therithution system can be managed both with
and without the maritime transportation and mastitransportation results in around 7%
improvement in the average distance travelled glafritem.

<<insert Figure 6 about here>>

In Figure 7, we observe that the lateral transhipmpercentage among the overall

distribution amount can increase up to 18% withitttusion of the maritime transportation

option to the distribution system. Interestinglye tpercentage of total lateral transhipment in
LTSP is greater than the percentage of total Iateaashipment in MLTSP when more than

20 relief facilities are opened at the highestisenlevel £=50). To understand the reason of
having lower percentage of lateral transhipmentheMLTSP model, it should be noted that
demand of districts located in European side igelathan the demand of districts located in
Anatolian side. In addition to that, the numbeclaisses of districts located in Anatolian side
is greater than the number of classes of distlaxtated in European side. These two facts
results in relief facilities located in Anatoliaide to have more excess inventory to make
lateral transhipment between relief facilities.

<<insert Figure 7 about here>>

6. Conclusion

In this study, lateral transhipment opportunities &cluded into the humanitarian relief

chain. Direct shipment model (DT), lateral transhgmt model (LTSP) and maritime lateral

transhipment model (MLTSP) are developed and timesdels are compared between each
other by using a real life earthquake scenario ldgee for Istanbul by JICA (Japanese
International Cooperation Agency) with varying pasders. Lateral transhipment and

maritime transportation with lateral transhipmenases are examined the first time in the
literature for the Istanbul case.

Since using highways is more difficult and time saming in high vulnerability case, all
models are studied for the high vulnerability scengo allow lateral transhipment between
both sides of Istanbul via seaway. MLTSP modeloisigared with LTSP model to examine
the effect of lateral transhipment on seaway betwAeatolian and European sides of
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Istanbul. Since demand of districts located in Eeappside is larger than the demand of
districts located in Anatolian side and maximumelewf inventory holding capacity of
districts (number of school classes of districisdaked in Anatolian side is greater than
maximum level of inventory holding capacity of dists located in European side, all lateral
transhipment on seaway is directed from Anatolide 80 European side.

We use the classes in public schools in each distsi the relief facilities which directly serve
to beneficiaries. Thus, the number of people serfvech a classroom represents a quality
level of the service provided to the beneficiarreshis study. We observe that to achieve the
highest service quality (when only 50 people argesfrom a classroom), minimum number
of relief facilities to open is 25 only if lateranshipment is utilized. This number decreases
to 20 if maritime transportation is also allowediahe percentages of lateral transhipments
are significant under these settings.

Although maritime transportation brings a small ioyement to the system only for the high
service level requirements, it could still be arpiging alternative with additional ports and
ships. With the medium service quality level, thstribution system can be managed both
with and without the lateral transhipment but thétal transhipment flexibility results in
around 50% improvement in the average distanceelteals per relief item over direct
shipment model.

The most probable earthquake scenario stated bil@#e Report is used in this study. All of
four scenarios in the JICA report can be studiggttioer by developing stochastic models in
the future. Developed models have relaxing assumgton the capacity and number of land
vehicles, loading/unloading time for LTSP and MLT8M®del. These assumptions can be
abandoned in the future.
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Table 2: Vulnerability Coefficient of Each Severity ColowrfDifferent Vulnerability Scenarios

Vulnerability Coefficient

Low Average High
Vulnerability Vulnerability Vulnerability
Red 0.50 0.75 0.99
Orange 0.30 0.40 0.50
Yellow 0.20 0.25 0.30
Green 0.10 0.15 0.20
Blue 0.05 0.075 0.10
Grey 0 0.025 0.05

Figure Captions
Figure 1: Relief Item Flow in the Distribution System
Figure 2: Road Blockage Caused by Building Collapse Mediuidti/(7-15m) Road (JICA report, 2002)

Figure 3: Average Distance Travelled for DT and LTSP Modselisler High Vulnerability wheR=40 km
Figure 4: Percentages of Lateral Transhipment for LTSP MéateR=40 km for High Vulnerability Factor

Figure5: Relief Item Flow in the Distribution System Defintt MLTSP

Figure 6. Average Distance Travelled in MLTSP and LTSP ModgtenR=40 km, High Vulnerability Factor

Figure 7: Percentages of Lateral Transhipment in MLTSP an8R.Models whefR= 40 km, High
Vulnerability Factor

Lateral Transshipment

Relief
Facility

Relief
Facility

Direct Direct
Shipment Shipment
| | | | Demand Locations | | | |

Figure 1. Relief Item Flow in the Distribution System
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Highlights

e Llateral transhipment is modeled for humanitarian logistics

*  Pre-positioning and transportation decisions are addressed

¢ Heterogeneous capacitated facilities (i.e. schools) are utilized

e Higher service levels require lateral transhipment

e Areal life earthquake scenario for Istanbul is used in experiments

e Maritime transportation option is added to lateral transhipment model
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