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Abstract

Rapid degradation of the environment contributes to rising severity of disasters in recent years. Once
a disaster hits, a disaster relief aid delivery mechanism is triggered to deliver the relief aids to the needed
victims. In many cases, timely deliveries of these aids are vital to the survival of the disaster victims.
Therefore, it is important to sufficiently stock these relief aids under uncertainty of disaster. This research
assimilates the situation of a humanitarian organization. There are five different relief aids and 10
humanitarian aid centers throughout the country. The majority of the demands of the relief aids exhibit
intermittent and lumpy behaviors, so they are forecasted using Croston and Syntetos & Boylan methods
together with seasonality index to give more accurate results. Then a mathematical optimization model in
which its objective is to minimize the total transportation and inventory holding costs between humanitarian
aids centers is formulated. The model also allows transportation of relief aids between neighboring centers.
The model is tested and compared with the current practice that only the transportation of the relief aids
from the central location is permitted. The results show that with the transportation method proposed in
this research the total cost can be reduced up to 13% in a certain month due to short transportation of

the relief aids among neighboring centers by which the time for the aids to reach the victims is also reduced.
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i v | ADI | gUuuu | QV2 | ADI | §Uuuu | CV2 | ADI FLIANY ov? | ADI PNV v ADI RN

1 273 1.04 Erratic 0.65 2.25 Lumpy | 0.70 7.20 Lumpy 0.41 3.43 Intermittent 1.53 1.61 Lumpy

2 2.81 4.06 Lumpy | 0.97 3.65 Lumpy | 0.52 3.88 Lumpy 4.21 3.00 Lumpy 391 2.19 Lumpy

3 481 227 | Lumpy | 1.24 2.52 Lumpy | 1.23 2.65 Lumpy 1.96 4.64 Lumpy 0.00 52.00 | Intermittent
4 1.06 8.75 | Lumpy | 0.90 3.32 Lumpy | 1.78 3.93 Lumpy 0.00 0.00 Smooth 0.00 42.00 | Intermittent
5 0.95 4.18 Lumpy | 3.04 4.50 Lumpy | 0.45 7.20 Intermittent 1.49 | 24.00 Lumpy 0.75 16.75 Lumpy

6 7.28 1.63 Lumpy [ 0.59 3.41 Lumpy | 0.54 4.21 Lumpy 4.45 6.36 Lumpy 11.30 1.56 Lumpy

7 1.82 6.00 Lumpy 1.94 16.67 Lumpy | 1.00 17.00 Lumpy 1.09 4.25 Lumpy 2.79 6.00 Lumpy

8 2599 | 215 | Lumpy | 0.71 12.00 | Lumpy | 057 | 10.71 Lumpy 0.00 0.30 Intermittent 0.99 33.00 Lumpy

9 5.38 3.79 | Lumpy | 0.55 4.00 Lumpy | 0.00 0.00 Smooth 0.69 6.50 Lumpy 555 6.29 Lumpy
10 3.38 273 Lumpy | 3.43 3.26 Lumpy | 0.68 3.93 Lumpy 0.29 | 33.50 | Intermittent 4.82 3.82 Lumpy
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M1399 2 TN NalAlvie1 MAD #isnfian

Audliinugiemie dwesussimynd
ANPEIET) Hmiy derumum Ynauaudle YASARY
el 1 SES @ =0.9 SBSI @ =0.1 SBSI @ =0.1 SBSI @ =0.3 SBSI @ =0.4
AuET 2 SBSI @ =0.9 SBSI @ =0.1 SBSI @ =0.1 SBSI @ =0.9 SBSI @ =0.1
Augn 3 SBSI ar =0.9 SBSI & =0.9 SBSI & =0.1 SBSI ar =0.9 CTSl a =0.1
AudT 4 SBSI @ =0.9 SBSI @ =0.9 SBSI @ =0.1 SES @ =0.0 CTsl ar =0.1
AU 5 SBSI @ =0.1 SBSI @ =0.9 SBSI @ =0.1 Ta=01 CTsla =0.1
AU 6 SBSI @ =0.2 SBSI @ =0.9 SBSI @ =0.1 SBSI @ =0.9 SBSI @ =0.1
Aue 7 SBSI @ =0.1 SBSI @ =0.9 SBSI @ =0.9 SBSI @ =0.3 CTSl ar =0.1
AuUET 8 SBSI @ =0.1 SBSI @ =0.9 SBSI @ =0.3 CTa=01 CTSl @ =0.1
FuET 9 SBSI @ =0.1 SBSI @ =0.9 SES @ =0.0 SBSI @ =0.9 SBSI @ =0.1
FuiT 10 SBSI @ =0.1 SBSI @ =0.9 SBSI @ =0.1 CTa=01 SBSI @ =0.9

dmiugUuuuANNFBINITUSELAY Erratic T el
AnuFesnsasansuazdeyatiudeyauvueynsy
e SadenldiBnmennsaififeutudeyaussani 2
35 flo mamAnadIndeud 71 3, 5, 7 uaz 9 Loy Tny
AuIAINALINNTT 2.4 waznsmuvuUiuieudng
TUiuulyaag13918 (Simple Exponential Smoothing:

SES) Inenmaeuiu a = 0.1 89 0.9 Tuauniséi 2.5

3.3.2 15Tl JULUUAINABINITNGY
Intermittent & Lumpy
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nﬂsﬂ‘ﬁa 5 4ia AR5 1 WUInHgULUUAINABINTT
UsgLay Intermittent 6 nsdl Wag Lumpy 41 ngal A9
wmﬂiaiei’wwi"ummé’faamma@ﬁ%ﬁmmﬁwﬁ’zyf‘ﬁ"u
Franaildivsinarudesnisintulaedannaine
ADI 2gdlAng9 Fudenlddsnsmensaifiviaaiunand
Tyifinnudosnisiduduingie Sureisnisnensal
kuU Croston (CT) wag Syntetos & Boylan Feaunsdi
2.6 04 2.11

yenanddaldiuiiniswennsaisn 2 338e ms
NYINTAILUU Croston with Seasonal Index (CTSI) wag
Syntetos & Boylan with Seasonal Index (SBSI) GRRR

AUN159 2.13 way 2.14 A Lo Usuld3s Croston way

Syntetos & Boylan u13ufiuediigania Ingisnis

aaa o
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NYINTAITANUARIALAZDULDYAS
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wansiamEnITNeNIalfiliET MAD Aimifign anduld
FRmaniumennsalaudean1svesLiounnsIay fe
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Auglviau Aswpsusamnnd (Surume)
PInde N dwin | ey I I
YIED wm | gueusiy | deddy

Aud 1 a62 | 2423 | 466 0 255
AU 2 0 3,083 | 2,159 1 2
AU 3 7 1003 | 895 33 0
AU 4 0 3011 | 1,630 0 0
AU 5 0 1295 | 100 2 31
AudT 6 143 | 2433 | 1371 0 3
AU 7 393 0 3 2 3
AudT 8 742 3 25 a7 20
AU 9 4,044 0 0 aa 3
AqudT 10 7 1250 | 635 22 0

¥
= a '

Falunuideiliauewuanlvaudlugiininiiod
IndiAsiuaunsaddasussnmndseninaiuls lag
YuARINAUGNTIUSIEanAuAIIRRINT U Eud

niivsinudweslidifissmasieninudens dagui 3
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AANAADWAN !,Lazﬂ’lﬂsl(;f

5UN 3 Taseingnisvudewuuionlesaudlvining

Yrewao luNuNlNALAe

4.1 svlluazdyanual
1. Tium (Nodes)

i A dvllgudlianuewielas i= 1, 2, 3, .., 10

h Ao nunauyalun1sfudedaves

iilelinsvudsiianlddnedosiian Tenasvinns
yuadlufiufiflndifostu lunuideifudangugudi
ansnsndsdsesszrinafuldiiu 3 nduanusumeding
yosguitug mnazvhmsvudsonngumsldnisuuds

NAWNANT099INTTEENINEUNIT  NANAUGNY 3

o
v

A 138 3 leamuNiinia LUl
® in A vanefs lwevesquiilegmamiouarain
nyiunn faudndequei 3 way 10 Fafy
Amunlst A = {3, 10}
® i9n B v Wwnveaguifiegniany Tusenuas
AMARYIUDDNLRE NI ﬁam%ﬁa@uéﬁ 2,4,5
way 6 fetudmualyi B = (2, 4, 5, 6}
®  lyn C i wnveaguifiegmanasnouans
waznald faundnfequed 7, 8 uay 9 Fatu
Avuali C = {7, 8, 9}
wagrmualvien D=A UBU C

t @9 svilaunan mhadufeu
2. & uau (Arcs)

(i,)) Ao w@unslunsdedavesussvmyndanaug i
ludseud j lae i= 1,2, 3, .., 10 wag j=1, 2,
3, ..., 10

3. B9v9eUsTNIYNY (Relief Aids)

k fie duiidsvesussimmnd 5 Uszian Ao 1 unu g
1 = v ] ‘ﬂ’l U
FIenRe, 2 U H1vi, 3 uny deiunung,

o o

4 uny Yeguously way 5 Wiy YnonRdy
4. faudsandula (Decision Variables)

Xijx Ao Vinadswes k fivudsangud i lugud j
Tuaunan t mieduiu
XA{; fe dnnusevsnlumsvudsdswesngud i T

& ] @
aud j lupunan ¢ mheduseu
5. W1sAMas (Parameters)

Cf; Ao Aldinglumsvudsdswesangud i Tugud j

Tupuian t Wﬁ’JEJLﬁUU’M/iE]U
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Vi fo Usunasdwesussimnnd k mheilugnuiad
ns

s

Crt, #o Aldsrglumsiiusnuvesiewes k figud i
Tuauan ¢ mheduumAiewiy

Rf, fe Usinunavdovesdwesin k fgud i lu
Auna t hedudu

Viruck f® Usu1nsvessaussynuuin 4 s mieidu
ANUIANLUAT

Ft, #e Amennsalvesdsues k figud i lumunan ¢
mhoduty

Df, #e Vsmnamrwdesnsaievesdses k figqud i
Tumuinan t mheduiy

Sk, @0 Uninaumsinituduseddees k faud i u

AUnaT t vheduduy
4.2 AIWUUARIAANERS

fanuun A aaiansUsenaulunag @unis

AUTEANA warauN1sUedn Aall
1. aun159AUseasA

min Y;7_ 12161UDZ}EDCt XAt +

Yi-1Yic1ub L= 1C L RL (@)
2. @Un159831NA
z:k 1Xl]k k] ..
- XA IVI'P ) t 4.2
[ Viruck l] ] ( )
Ri = Ri ' + Xy — lek Dfy,
VhE1UD,Vi,j €D,Vk t (4.3

USunuvudaans (Net Flow) vadin A
Xftlik + thk_ XL]k lk Slk = 0
Vhe1UAVieAVk aq)

USunuvudaans (Net Flow) vedin B

Xftlik + thk_ XL]k lk Slk = 0
Vh e 1UB,Vi € B,Vk (4.5)
USuauiudegns (Net flow) vesian C
Xftlik + thk_ XL]k lk Slk = 0
vhe1luUC(CVieCVk (46

uaz X = 0 way XA udwauduilidesndy
aud Vi, j, k, t (4.7)
[GEY

1UA1UB,1UCuaz 1UDnuedenisyiileu

im’mmmﬁﬁgué 1 Wity fuldneerud A, B, C uaz
D ansEnAu

aunnsil 4.1 uansanld91e5amUsEne U IENaTINTeN
Funulunsvudidssesusanmnduazaldanelunis
Wiy mheduumseidou

aunsfl 4.2 Sruauseusalunisvudedswesussimnnd
Hammnangud i LU j Annuiiasiiossudonsdas
Usunsvessaussnn miseluseu

aunnsil 4.3 USununavdedsues k fiqud i windu
Usinaunandoveaieuneunthmiudwesifumian
AudduudinTunmanudesnsfiinduaiadfiqus i
uarAwasiigus { adausdug mheduiu

aunnsil 4.4 fs 4.6 wansUTinansiudsgnsawes k
Agudluin A 1w B uay Lo C mudiy

auns?l 4.7 Avualvidiinadsmes k Avudeingud i

W j udhwufuuinuasgud e duiu

5. NaN1SAN®E

5.1 doyaidelsunn

Lﬁaamﬂquﬁﬁmﬂ faurnvesnadliwinnu 39
fmunUsnams iU (Safety Stock) vosAses
Ussmndfigudsngg uanseiu fuandunisiai 4
sgdunaldindsesussimmniuisussinnaglaiulia
vsaud 1esnnadmwesquilunfinauisguddvuia
W@nuazsinliifiade oA dosldd swesussininnd
Usziantiug uigudliaudismienarsazdoaiy

IUIUTUANYBIAWBIUTIVNNINNUTEAN
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M13°991 4 USuaudswesussimmndidaiudusi o

AU
Audlyinag dswpaussimnd (S
LRIVED! AN dwi | ety 0 0
YIED wm | gueusiy | dedAdey

@usﬁﬁ 1 1,000 2,000 1,000 100 100
AU 2 500 | 1,000 | 500 50 50
AU 3 200 | 2,000 | 1,000 0 90
Audi 4 500 | 1,000 | 500 200 200
AuT 5 100 100 | 100 0 30
Aubi 6 100 100 100 0 30
Audd 7 100 100 100 0 30
AuT 8 100 100 | 100 0 30
AU 9 2,000 0 1,000 0 100
Aquéi 10 500 | 1,000 | 1,000 50 0

ANTN 5 NANITAUTIUIUF VRIUTINMINNTY LA DU

FunA w.A. 2559 vesaudiinuiendesieg

Audlying dswasussnmnd (S
YD 09 dwi | ey Y Y
LRIVED! wu | queunsly | dndAde

AudT 1 1070 | 2,080 | 1,190 118 120
AuT 2 515 | 1,200 | 470 54 a7
fueT 3 212 | 2000 | 1,140 0 90
Audi 4 565 | 1,100 | 570 226 210
AU 5 100 108 80 0 31
FUET 6 87 101 91 0 26
fueT 7 86 83 119 0 32
AuGT 8 104 101 113 0 28
FUET 9 2,400 0 900 0 113
Auei 10 435 | 1,060 | 1,120 53 0

Wenuiigaunstlifnw Lifiveyautusudi

'
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Iuudweslundevoasouaniing (Housunau w.e.

= v

2559) 9999911015 UT2UIUNITUTUIUFIUDIUTIIN

ndvaafugavinevemny aud Inslunuideidldnng

=]

qdu lneamualiivsunuasadvaiougaviell
Uszanadosas 80-120 vosUSunainsTauiutus sietl
wrzmsdaiuiuiiduuleueiinnausfom iR
wAUSIaLiUassonanaanas Ny AL AUy
AUt Fuanssanisgalunsnsd 5 91uiudses
wan i dusuaudmessudu (munand t — 1) wie

Judeyaundwesiuuuadaamans

USunslaeuszanauesgaieimde fviy ol
17 YndvauLly wasyndnAsuudaryn As 0.0046,
0.0093, 0.0024, 0.0041 harg 0.0158 § NuUN AN LUAT
amiddy wagAlddngluninfiuinuesdewesusam
nnduwanilfian 4.17, 292, 292, 1.25 uay 125 v/
dew/Au auddy siedl anldTielufusnudses
ussmyndAnduum/ARew/ U unumsAnduoyn
iesanlasunfudinsdaiuazdaiuuenausionis
dmoduyaiitossudaiuilunisdafivuarazanly
nsmTRdeuYiInuAeds Mdsdadswedlugauan
vannvaneldweunarUinudsievesdsweiasdsie
P SKU vesdsuausiagsienisdsiininamainvans

Feonvldasiuduge

dusualdanglunsvudsindurivudiiaseu
AL USE lngAna1nszeyn1easaLarleensinis
Aoty 4.5 nu/ans aanAingy 25 vIn/ans
UB1nnsessnusInn 4 de Alsifinsussmniviniu 8.90
gnuIAfims WwiAnUTinnsmsussyniivudsliaiedios
ag 80 veeUIuInsiuaT nTeinAu 7.12 gnuiAniums
LLazﬂ"]‘wEJWﬂszﬁsuaa?{wawssmmﬂszil,wiazﬂszanuaa
winzgudlulfouunsiau 49 wguaiay laannis

wensailuiiten 3
5.2 Anldesanlunisvudedavasusanmnd

ndayaluiite 5.1 dldunuduagmainey
AuFwuuneadamansluiade 4.2 (wuuln) Ingld
TUswnsu Open Solver wiamaldnesiuvedlasstie
Wisuiisunsvudsiidgsangudlianutlemasnas
wihduaaiaded 3.1 Wuuiis) arldaeveanisvuds
uaziAusnuAsmesusTnyndveai 2 nadl uansldws
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M99 6 AlEIBLRBUNNTIAN T3 WGWAIAN W.A. 2560

Aldang UNIAY 2560 NUAUS 2560 flumx 2560 W¥EU 2560 WEWAAN 2560
(L) wuudn | woulvad | woudy | woulwl | wouss | woulvl | wouds | woulnd | owouda | soulnd
AnAUSNE 108,766 108,766 61,721 61,721 80,811 80,811 79,757 73,918 80,138 77,101
AU 69,739 69,739 27,439 27,439 38,596 38,596 28,950 20,210 23,532 23,302
A5 178,505 178,505 89,160 89,160 | 119,407 | 119,407 | 108,707 94,137 | 103,670 | 100,403

A5 7 WIBULEUTe8arITAUNITIAUINIT SENINABY UNTIAN 9 NEBAIAN W.A. 2560 91NNITNEINTA!

wuULALsaz kUl
Mswensal | unSIAN 2560 NUAS 2560 | funAn 2560 | w1y 2560 NQBNIAN 2560
LUULAL 51.63% 67.34% 80.33% 84.00% 100%
wuulv 78.04% 67.57% 82.39% 86.71% 100%
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