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Introaduction

The cralenges ol humarilanian Ieg=ics have numbss ol 2y sspecls frat cleady dieemiale
theem tom Ihose of the commercial wordd (Tatham and Christopher, 200480 During
pmergences wanous akd organizatons ofien tace sigrificant problems of transporing large
amounts ol many dfferenl commaodiies induding food, clothing. madcing, medcal supples,
machimery, and personns Irom diferent poinls o ongin &0 difererd destnalions n e
dEasier areas, Thee rarsporiabon of suppees and el personnsd most be dore Quickly and
gHcently %o makdmes the wrsfeal rate ol e alecied populsion and mnimize the cost of
ssch operations.

Cur foerreer sludy (Manopinikess and eobara ZO000 desslopssd a3 sicchasiic inear
programming lor the integrated decision on stralegic plennicg in pre=dsssier and post
de=asier operaiona ages whemne a foesd 5 appded as case siody. O 3l nalumsal dsasters,
llcods possess the greaies] vanance in cause and degres. Floods ars e most common,
mosl emmensese ared Mol Iequend of 8l naloeal disssiers (Kasland, 207141 A5 =R in
Figrs 1. %0 major phases of ememgency maraegemsnt comgeise of e slages ol
praparsdness and resporEs in pes and post dizaster operalios respecively, Preparecness.
stage is a planning sysiem bedors dsasier coour in order [0 make a decision on the kcadon
ol related faciligies and relie? copples. The schemes That usualy faken inbo e conskderaton
lor Shiz siage are he =Sk peposRoning, the seleclion of disiibotion enlers (0] and
pvacuation corters o5 well as the swvacualion planning. The response slags s the ok
process of refed detrbation sseculed nght a%er the dessier happens. Tha main feust ol the
amErgerGy responss oparatiom B mehbed o rapld deployment of meources and ad within
tha frst 72 houre or the firgt thies days |Beromycng and Scpadeng,. 2017 Vetice rouiing
plkan sl be atfcently detemminsd 10 suppor] the rapd mesamend 10 delees reliel suppiss
fom sskeclesd OC o the demard deslinaliors both in seacualion canlers and remaining
people n alffecied ares We hawe alsg proposed the Inspodation plan for this resporss
sfage in e second sarer shudy (Mancpniess and Ichara, 3015 considerng danbcal
singe hpe of vehicls a= the land lransporiation betesss anly Bl amd demand points.
Hirmeranr, uniike olher natural dessiers, 3 masses food oflen reguires the deciion on
lemporary depat locabions oeer lime besides the distnbulion centers. For the remaning
demand in focded ama, bools ars needed for delreery Secamss Inch s na longer applcabls
a= the land Fanspodation dus & the obelade by wale.
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Fgure 1: Supply chain managemanl for Nood dessier wilt lempomary depals

For this. reason, tha lemponary dapots mist be takon into the considertion in tha el sepply
chain whara #0 food boundary wil be considersd as tho candidate localion or. Thesa
degsots ara nol mainly for e slorago Tunction but for fransfaming the rebaf supplies from: one
camrier hypa to anofher carmier typa s shown in Figure 2. The most challange b parainng (o
dynamic characieistic a5 food s can be changaabie cvarlime poricd during e dsasiorn,
Thus, tha lkcation of lwporary dipots should ba duerminad tokowing 30 tis aberagon in
ardar o more chealy mimic the relstc behawour of a dsastor
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Figure 2: Florw of relief supples in ool dsssier

Litermiurs review

The lieraiure on sirafeglc plamming [or logsbss robleme o bumanianan reliel s rathar sam

bt rcreasingly mvesigaksd n e Jpeminos Ressamch (OR) ascaely, Tee shules goensraily

corsdar in dfferenl componanis of the protlem such ag the boabion of smeegency Sandces,

dspatchang of mubips cormrodiies, ancestanty in the supply and demand Gr eovekng tosis,

Iu:h THEEE1u-n.m' inchides o mndew of rebel supply chan ppimizabon by Mantpiness and
b L 4.

Cne of B firs! sludes propoessd by Kno® (1987 corsidared lhe kst mike dofieny of food
Eems from a distbulion cenles o g mesbar ol camps assuming @ =ngle mode ol
Iransparation makng coect delkvecies o como. A Anear programmeng modst = developed o
deferming the rumber of ngs S0 sach como o soisty domaond wiils minimidng the
iransporalcn oost or mogmizng e amour of food deivered. BEsrtaorcsogu of &, (200
locus on lachcal and omeradonal scheduling ol helmopler acisilies in o disaster relal
opsrounn. They decompose e problem herarchcaly mio v suh peohipme shoee G bicol
decisions orp made ol tho fop ksel and S opemiiona! routing and oading deciskors am
mods i the second kyvpl B models are formulaied dor facical and coarational probbesss,
a&Tch are. soived by an lemles cordnplion feorsic Bokd ol oolfleagques (2004)
proposed 8 vehicke-beead el mils defrbulion sy=Sem, in @hioh 8 oo diElrisoion cenler
stores and cismbuies smergency refied wppkos o o rembar o demand bootors. They
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conducted a miwed inleger pregramming model Fal detamines delvery schedules for
vehiclkss and equiably sllocales mecurces. based on supply. wehide capacty, and delvery
lime resinchiors, with he objecties o minimang anspodabion costs and masmiong
harsalits b aid recigiants. Racenlly, Iicham al al (2013 peopcsed & Fibbavel programming
ekl T this imbagraled cabagon:. Tha ep beeal pdbdrismed tacdity Boabon and raanicey
dectiong; e tacord Byvel rapratants damags causad by e daaslar, whia tha Pl bl
datsrrrinas MaEenes atd modeany decilidrn, Anofar ecesd papsr by Ratmikaibiom and

Meaann G034y prasanis A mulipke-objeciive  programaming model for ihe redpofes  &md
Macorsaty oFsR i pdl-dEasar GEcaions, Tha netwerk opliezalion el i desaloped F
makineg dEalesc decsomd n apply datrbulon and nabedrk redlofalon N hunesitesan
Iegislics oparaliors,

From the Hesaivre, e siudy of fomanianan ogslics has sfiracisd a lol o aSentcn in recenl

RTANTET unmfdmuummnﬂﬂnnmmulrﬂﬂudrnﬂumhhnm
muna-ruta-l i M| deseslops Insar and mlege mubi-panad mul-commesdity netsonk foss
o coordinats kegistics suppot for relis! gpeeatons. WModel culpeis comisl of depeich ordems
far sehicles wafing al different localions in the sres Honglen and Ran (2013 proposes e
Bovpaian seguanial decson-making model of mulb-pencd smengency supply dstrbulion
based on contrcus obsenvation ard updated fsatures of dsastar informaton for schong the
muli-rebal poinl salechon poblem n the emergency rebal. Howeses, g far as we know, a
muli-pericd problem has nol yel bssn deslt with the selsclion of lemporary degols ko
supphes lansfer between diflerent comise types. b neeer besen found 1o baat in his ama,
pepacaly inthe aflermai of a oo disaster. & unmqus andd special of Sood character is sboul
thas dyramic capabifes, Floods may not il a2 g0 urgenlly Bz sarthguske o olher nasural
dsaziem ot present e unstable sics ard impes] oeer s instead. In partcoiar, in e cose
ol Aoosding. whamn s most commaon rarspor] chasrels am rucks 0 unallscied areas and
basts n affected amas Thersfore. il & vital 1o basl s behavioer of Sood problem &3 8 muti-
pericd approsch as proposed in this articls

Prosilemn formulaticn

Wa developsd 3 muBl-penod mixed-inleger programming model thal loouses on e response
stage of a dsasier maragement yslem. To foemulale this problss. & s preferabls 1o ulize
scdubons from sardier slages of preparedness and nRal response i ow provious sludy
(Manogineves and bohara, 20150 Thewslkams, in this sludy, we expand the use of mull-pericd
apprasch 1o demcrbes the koaton-rogting problem considesing muBmodal ransporikation n
anfar o mors clossly mimic e realslic beosour of B disss e,

M oriaons:

scd ol all redies = e elaank g =

= of rareporaton mods s’ o

Tuore kewien of seapons: igaraluan

et o perrmrent distrbol on ceniers

st of lemponry depos

Parsrvsslar!
T aricied of el suppls moasledal s §

if arnedim of demnand i mode § e e ¢

i, rasaen menber af lermperry dopoisal tme ¢

Soog,  soRpe capscky for e Belhe monode i me

Leap?  loodeg capacty o e Dedny i node i for mode s & time 7

Chag,  wnboading cepaciy fr e Beday o sede | for mode s & time 7

ViPeapl muskman menber of meslem vchieks thal can be parked jcamesd overl al the Baclity nomuke i fom
time ¢ o e ¢+

REETES
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Fi¥rae mosemm mamber of mode s wchiles tet con berecerasd ai she By monode § st time ¢
Vieaps mrosimum mamber of mode s wehicles thet can besent o st the Bodiy m node 7o time 2
cip”™  lnadeg capaciy of vehickss of mode v

K maved tire Foim mode D mede J @ vehicl es of mode &

= tine seopanial Lo reeder conmianbie & Boon sk o o oooede '

Dsgizion yarisblas:
z, -.I- Ll brpeerary depsdl i kel onoasle dat e r,
RELTT TS
X3 prrwapn of rebel sapplcs shippod foen node § i esde by mode s a0 e

X3, wmoum of rebel sapphes m node | which B camed oer fom Bme 1 e+ |
i amoed of mwhel sepples = node | which & tramierad Fom mosdo m o mode w7 ai s
= arweesd of velicks of mesle o avel S resle ¢ b o fol lane ¢
wrrmne ol velwcks of mesde o pode 1 whedh eocarred over Bom e 7 led + |
L' il o astede: ddeimand B odcdal e

E

Btzed o the aboiss defirstions, we devslopsd the Ioflosing BF Tomulation

Ml EEL'
i

Tha ohpcive Turciicn in equation (1) minimizes e 0l amount of unsaisTed demand osar
all pericds and demand poinis.

¥ Xt Ry =P XKD, WieDCYmc M YIET
I I

.2l

Constraing {2} refers 1o supply nodes, e sum of e Aoss enlerng sach rode shoukd be
gl io the sum of the fows that lsass the same node; in companson |o e commod bess.
that might be already in $e system coming from anofher node of has besn ot the same rode

from a prervious ime penod.
E::". .__.+E.'::l;.'.".__,+m,. " -E;n:;-rzm:‘+:r.!. e D vme M, v el
1 = i -

(]
Cansiraing {3} requires et for iransfer nodes, commuodiiss. baing camed awar in node | from
lime perwnd 1 % 19 da nol induds thoss commodiiss. that are beng Srarmsiemed 10 snolher
mads in node 1ol Sme peeod 1 The amount of lransfersd commadiies s caphuresd in the

vanabie N!0 .

A X e =y Al WSDP ST
’

ot
-

i4i

Equation (4] shows that the dofal fow anening each demand mode plus the ursaishhed
demand & aqual 1o he oogoencss demand al that node phes any unsatisSoad demand from
ihier preseious Bme period.
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Expalions (5} reprasenss tha conservalion of Tow for S vahicias AL any nocs | and lime
perticadl 1, Tplal formbar of aesibada vaidas ol meda mois agqual 0 Fea nusEsse of sahiclas ol
ks That Bl noda j for neda i 8 et -1, pls e numBss ol whickis thal wene camad
awar frodm tha pravites lime padiced
-:.'l;n"'l"l;:.ll':'. Wi e i, Yme W . WieT

{h)

Consiraint (&) makes surg Fal commodies ane nol send oul of 8 rode unless & number ol
vahicks with anough capacty are avalabla ai hat node o carry hose commodiias

PSS how(E,  WeTDYme M, 6T

{7
¥ X Sz,  VIeTD¥mcM.WIST
1

- |
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Constraings |78} are the mawmum capscky for loadng, urloading, and siorage ol
commaodities o femporary depols.

¥ L AVERE,  WiTDYmeM,WcT
d

(1%
N Fa EVRTE,  WeTihvwe M. v el
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i
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123

Canstraings {101 {111 and (12} regqure thes mammom rombes of ywehicles that am serl
received, and parked &% sach depot o be ess than e relevanl capacites

EEHE-'I_. WieTidWel

(131

Constraing {13] oblige the masimom rumbes ol each Iemporary depod bo be imied by the
masimism alowable numbers of daclBes during the chosen lime penods.

Tast case descripbion; Fieod hazard maap

This seclion presonts a case study, in which we demonsirale our approach o the preparabon
and resporss o @ food disaster in Chiang Ml provinos in norfhern Thalland, where lange
flcizd s usually coour laks in e May-Oclober rany season thal & dominalesd by masses ol
mas! air moing northeas] dom the Indian Ocean and assocated with ropical depressions
mosineg weshward from the Scuth China Sea (Wiood and Segler. 2008}, Chiang Ma has a
kg history of Hood img, =nce 1556 doe D = bovd-lke =haps.
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Figurg 1. Serenn acesaniog of wrgaa] ahdren on i Sheang M Brend haceed mag (CENRDRLL
20135

Chiang Mai impamanted a Nocd waming sysism for w Fing River in downtown of cly. This
systom makes faak-Eme pradichions of the flood kel by using @ gauging stalion named
station P ET that ks kccated at Ban Mao-as in Sansal district, 32 klkenatres norh of Station
P.1, which is in downtown Criang Mai Whan fhara i haavy rainfal, il usualy kes aboul
s hours 1or tha water 1o el from Staton P6T Lo Station .4, through the Fing River,
Thus. It i possités In astimahs the mpact on o cownlown anes by maasuring the kel of ta
Fing River ai Stafion PET in adance. In this sudy, we girenate vanos possibla scananos
i which those would B2 a naed for rakel supoles; these are basod oo tha Chiang Mal Mocd
hazam map produced by Iha Matral Dkastars Aessdrch Unk of the Chil Enginesring
Dupartment of Chiang Mai University (CENDRU, 2015). Tha Aocd hazard mag shows tha
Mocding risk of each anoa, based on the histoncad data rom Stations P4 and P.&T; tha risk &
didnd inle Sevon soenanis akong the Ping River, 25 shown i Figare 3

Compitatena] rosulis
Tha corgulaiong meubs and anaksts of B proposss modal berassour ara prakenied. Tha

optmal solution: wane obdsined u=ing Gurchi oplinizer sesion 562 mathamobics
programming soluton soffware. &1 opeiments wore i on @ personal computer with an
Imksd RS Corg (TH) F-2770 CRUF 0240 GHI) ared 6.0 GOE of RAa%E &Y dos] proldoms s
oompuied in kess than ben mingies

In Fis SRclon, wi reednl Tkatratse cdamphis i oider 30 damonsirabs Bow the proposad
modads tan B usnd o optimiae the lemmorany Sepod iooafiorda S each tme panod. A5 1 s
pertadnly agracd ab ihe Arsd thme ey or T2 hows & meost chikally argsoriant for e
responss siage of amengency manageTment System Therefone, the axampie esuls in ths
study Fater 10 e solution acoonting io this infrmaton as tha Tirst 72 hours delvery plan right
afies thia city Fas heon adacked by Soods. Considerning Eme wCaks is mpoian thae <an afoot
itz performanca of me-scale ratworks damatically. Tha problem size may nomasae hugaky
ailh shornr e shape G i tha number ol e soaas in tha plannieg oz Wik onge
iima seps koep e poblem at a reasonabie size. In this siudy, hows is appropriate than
minuies aooording bo thoss actkdis nepded in Moods Mmsponsa siagd. Bofh delkery Sos and
iranshar fodot fegunaa ol kast couphs hours bt lass than Sl hodirs 10 oomphete. Thas, aach
six hodirs & approprole for raasing o this peodliam,

Tha Besimalba resuls ore dspinyed odosing Fe astumplon of dynamic demand. Thes Tma,
w0 assus that Nood causas damand in @ certan amoaunt of scanario 2 af tha baginnicg with
12971 demand in total and tha Moods and DECOME 45 ANOMOUS &% Sobnanc 5 in tha neod
day with 48,041 demand in tolal Figume 4a and 4b display tho msulis of tha location sekecion
of temsporary depols hatvean the Beginning of Teod &f =1 20d [ho noed 24 hoors at 1=5 shich
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flend bacomes massve for the unlimiled capacty cass. Al the begirning. B carlain smounl
al 1} demand points sccording o fioods n scanaris 2 ars served By S lemporary depols
which eplimally Iocatad n the boundsy of food ares in order 1o mosive the eial suppies
rem @ DGR Dy ipcks as lad iranspoalion and give b delivery 10 damand pensia in
Alfeicd fran Dy baats, In ihe raxl day fl 1=5, wobal dermand poanis greslly insreass i e tha
Mo in fcafaime: 5, The faemar 13 dermand painks in @y cabzur ane cofmglataly dalslad
within 1=5, O ol e depals P arber G656 6 mdved 19 A rew Beaian 1o sans Thisa
pddd damand whan e OFEr 00 mmang & the gama phace 0 serve e naw chosdl
dharsand poanile. Twa mcid dapdts ara salecind 1 provida (he delisary & tha sl of damard
e el i iy e

b Lo 500 bnrg]

L] (TR LT
B W i ] e B D e

— L Loga ey PR
1 L
3 15,1 a
o 80 330 33K S B 1630 080 wae
Figue £a: Opamal solutions for location Figure db: Cptiereal sodufions lor
localion

uh:_hnml-ﬂnpnrawdq:m:tu'mpunmn' solecion of tempomry depols ab e
pericd B

Tha eepanimenis in Figune § depict the resuls of obpective fonclion in &ech fma period for
thraee cases. Case A indcates the opfimal solulions of same o5 in Figune 4 whilke Single-
period approach have bean added o case B and C. Two and four femporary depols ane
cabed in panicd 1 and S respacivaly in case & In order (o shoy hiorg Thie solulions periom
whl Using unchanged locabors of depots Tor ol e porcd, wa conduct case B and C for
ihis prmecss. n casd B only fed depols ane used from tha
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beginning with unchanged locations & in Figure da. Finaly, tase © refers 1o tha recuts of
using four lemporary depots ak lme pariods wih tha looation as in Figure &b,

Canamaly, e parcantagh of unsalislied damacd mduiis cee Pma sdod coes k) B nabal
didrenry Irom $e Beoponary deapots. i e A, about 4% of dersand in stanano 2 retsing
urAlsfsd &fted 185 houts Hieeses!, Te pircantage of undalished devand ik duiply
Peraaid 0 TE T ke 10 ihe assumpbon of scanata 5 e Pe naxl diy, Pan el
wnuﬂlﬁmﬂﬂmﬁrﬂﬂwiﬁhﬁmﬁ Cage B abid tha kema
pirtormancs with cise A in B i day, i
felialy sl crrand iermaking n Ba secoend diy within 72 hours. Tres o Disues Bolh dapets
e o e aases Scalions with g distances 1o M ioiog derand pords Thi uss of kne
larprary chgols from e beginang W all lime penicd B eposknbal 0 casa O Poo
partormancs oo for the firgl day Secince only con froen o depots s appboible dos 1
it wisder Eoundary in Soanaria 2.

|
;;
i
i

Lkmames. svary & Four n casa &, an overage ol abod 2500 demans? are serasd by bam
lemporary depots o the fred day and mam demaersd abaowd 000 o sserage ars ssresd dus In
tha mereasryg rumbsr ol lemporary depoals 238 e B iotal from the ecored day. Case ©
phopars e mminrty wth e A thal the lolal salbsbed desand from the secona day = grealer
than B ksl sebefiod demend m e Brgl day Secause momre depsis e appicable Bom tha
pecirsd day dus o scerano 5 Howsear, only 1900 demand in aversge for sach peiod am
gatizfisd i lhe Al 39 Fours o the aversge mlishesd demard rorenes o 4 300 sfer 29
hirs. It i= worss tha the sluakon m cose & becausse the sslecied depols bave o salmfy tha
fmAning damanda from Il Sral dey n ecenersy 3. AL g and of tha hind day, [hasa #a
HASE damped 311 el aatishied Caan B ahiwd (he worsd cing alls 24 Poars, Whee foacda am
miFa apraksng Tnem $e dacond day, P Seasain amdenl of falbhed demand i3 e Ban
i franmage v e Tesl day BSacime bolh depols remain n he aaee BEAG0TG with ng
dealarad 10 Fa g damand ponla. Oy 2,000 demards in ssprage e asch padiced am
farendd Thom B aedend day and thame &g e mmanieg of 21763 demend ara gl
urdialefad al M and of B thied day
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Carsiusices

This study sxiended v coninition by prezening 8 decsion mods &t the cpamatcnal leesl
that describes e delal ol supply chain logsics n mapr emamgensy managemenl
REEMCER, in Mg I3 nesdiate allarmalh of & Moo deaster, A unigue and apesis of
Mo charache @& oAbt (he dynasic capaBiling, Flecds may mel bl as a0 unganily &
aprihdeka of cthar faluml deasiars [l prakenl e unstabie fize and imgact awr Bma
ikl In particulsr, o ha casa ol Meedieg, wiam the mosl eomense nafa pdr channels am
inicks i unafecked amar and baats in alfeckd Geasd. Thasalam, il s vilel % iraal this
baFemtanzir of Meaed prohiem as @ muli-pansd appreach as progosdsd in This amica,

The medls of ths mesarch show the apimal lncations of Semporary depols for sach Bma
pericd regarding o the chmams chasactenstics of Aood Sngle-pancd solulion approach i3
aso conducted n the scparimental meedls o compare e perlemarse of cur proposed
multi-pericd modsl. In ths sudy, we found et the mulipanod spproach produces batier
eclufons than the sngls-padod onsa. The poposed model canfeols the flow of all e mief
pommadiliess rom the sowrces thrgugh the crain and undl they ars defivered o e fende ol
recipients. This model proesdied S apporunily for & centralesd opsration plan Sat can
alimmala daldyd aod Bssgn e lisiled eseadas 0 8 way hal & aplimal B tha anlisa
Epelaim,

Although, thers ars 3 number of possble adensons ol s mods, fviurs reseasch wil
maplors arger and mom complex problems. The wae of 8 heestc method B sspacied 1o
pravide sigriflicant cppoduniies for impeosement when problem sees and complasity becoma
gmalke, This can be sspecisd o facials fnding proper and esisfaciory solplions o probtiem
processes. Morecysr, mpmyements o vehice muling and schesubng can be aspacied 1o
srirancs the floay of the relsl distinbulon netsort
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