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goods from supply nodes to demand nodes. In this ¢ wthe supply are the places
whith surplus of commodity or aid goodg,and 458 demand Hodes W/ places where the
disaster occurred A well-planned ipfsvatiil of ﬂlloeanou di a%Lion system of aid
goods 1s essential to support a prompt Supiiof A 3 2000 immizing the casualties
and restoring the productive actix@ NS the didiiter dita. %

The aid goods distribution for natural disaster relief. i vlves aolilities fg tivering aid

avion and distribution model of

on of the model is to mimmize
all demand nodes throughout the

This paper discusses a researcli il develdpiisit ol
aid goods for natural disaster relich Uhke objeiitve
total unsatisfied demaggs for all necciiity aid
planming horizon !
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The model consldered mU R Aulti transportation modes, multi vehicles,
and multi . The model 5" dec Sed into two sub models. Sub model 1 deals
robh_,_m of aid gowdy, and sub model 2 concerns with the assignment
. istrilinting aid g®8ds where their compositions and amounts are to be
specifie el 1 Allocation of aid goods in Sub model 1 considered weighted of
comfh ditl soly ‘Iﬁon of the developed model in sub model 1 obtained with

supply nods will :‘uppl'y multi commodities for many demand nodes. The purpose of this
paper i to determine allocation model for both type and amount of aid goods which will
be distnbuted from supply node to demand node.

Keywords: Distribution System Planning, disaster logistics, transportation, Tnteger
Linear Programming (ILP), direct shupment.

1. INTRODUCTION

Hoesada (2006), defined that disaster represents the sudden/unexpected interruption that
breaks the continuity of daily activity or operations and having destructive effect to
member of the community, clients as well as various other stakeholders of the said



community. The interruption can cause community losing their productive and isolated
from outsource supply resources. Moe (2006) defined that disaster management same
with public project management, the difference is that disaster management disregards
cost efficiency, while public project management is aimed at minimizing cost. In addition
financing of disaster management came from governmental fund, non-government
organization (NGO) and international organization fund, while financing of ordinary
public project is to be provided only by the government. How ever, in case of disaster
situation, a particular allocation system and aid goods distribution is to be designed in an
emergency, responds circumstance involving delivery of goods like medical personnels
as well as medicines, medical equipments, food and beverages to the affected areas.

Some researches have been conducted in the field of aid goods distribution for disaster.
Ozdamar, Ekinci, and Kucukyazici (2004) have done researgif f8gusing on the
development of mathematical model for natural disaster macro sgiie l6aishics planning.
The model integrates the problem of multi-commodities flow netwods witlitthe problem
of routing vehicle having objective function of minimizifis Whel toial of; atisfied
demand of all commodities or aid goods in all demand d&des thidugiou planning
horizon. Another research conducted by Yi and Ozdginar £2007) teng}%%’integrate the
model of location and distribution to coordinated logiftics support cuation process
in emergency response circumstance and relief for figiisal disast

Solution of the model proposed by Qfdagiir, Fiinci, M @uukyazwi (2004) 1s to
decompose the model in two, 1.e. modcl Pldénis with th&allocation of aid goods or
commodities, while model P2 couferng Withfthe 4isig t of transportation mode or
vehicle. However the said model fg took G S0nAgiration the vehicle load capacity
constraint only, while the volume liiilitation of ¢h® vehicle was disregarded. Volume
constraints may impose pgifhary limitalioh wheg deal with light voluminous material
such as temporary shelter matenials foreiier ézy

This paper discusses about model de@men‘c for allocation and distribution of aid
goods in natur, r refief activit ject to load capacity and volume constraint of
Vehicle ThefObjechive § to trinimize e sum of unsatisfied demand for all commodities
the planning horizon The unsatisfied demand 1n this model 18

allocation fro of 4 gin to point of destination and assignment of transportation
mode or vehiclethat adlidistribute the aid goods or commodities.

2. ANALYSIS OF PROBLEM

Model for distribution of aid goods from supply nodes to demand nodes (disaster
location) previously studied by Ozdamar, Ekinci, and Kucukyazici (2004).

Distribution strategy can be divided in 3 patterns, is warehousing, cross docking
(recognized also as distribution just-in-time) and direct shipment (Simchi-Levi et al.,
2003). The schemes of the distribution strategy are presented in Picture 1.
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Warehouse Crossdock
(a) warehousing (a) cross docking (a) direct shipment

Figure 1. Scheme of distribution strategy.

All of the distribution patterns shown above can be used in aid soghh: Whtribution of
emergency response for disaster. In this research, the direct shinnicnl wag with the
distribution structure shown here bellow: ' '

Supply Nodes

nts of origin, housing the resources (commodity and aid
‘emand nodes.

nodes are areas'0f locations affected by disaster.

The aid goods distribution presented model in this paper is basically decomposed into
two sub models taking into account not only vehicle load capacity but also volume
limitation as well wich was not considered in the aforementioned model (Ozdamar,
Ekinci, and Kucukyazici, 2004). The solution both models is done sequentially in one
model by using Integer Linear Programming (ILP) method and software Lingo 9.

There is some assumption, which is used in development of model; the assumption shall
be as follows:
1. The model that developed in this paper do not consider the delivery cost of aid goods,



2. The delivery of aid goods conducted directly or using the direct shipment as structure
of distribution from point of origin to point of destination.

3. MATHEMATICAL FORMULATION

The mathematical formulation of the problem and the corresponding notations are given
here below. The notations fall into 3 groups which stand for set notations, parameter
notations and decision variable notations, with the details are the followings:

a. Set notations

T : length of the planning horizon,

C . set of all nodes,

CD :  set of demand nodes,

cS :  set of supply nodes

A :  set of commodities,

M : set of transportation modes, (ex. gro
¥ : set of vehicle types defined for eac

b. Parameter notations

Sopvm :  the maximum | afiiency that Cdn be done to traverse arc
(o, p), with e peri ol delivery time by vehicle v and
transportation o % bor non-existent links,

0 :  point of origin

» . -

h, 0K i

iy HMMO & (m),

P, ol

ka dity a (m),

Gom um load capacity of vehicle v and transportation modes m

Lom of vehicle v and transportation modes m (m),

by of vehicle v and transportation modes m (m),
P ht of vehicle v and transportation modes m (m)
Aot ount of commodity a demanded or supplied at node o at time 7 (unit),

positive for supply and negative for demand,
avoumi . number of vehicles of type v — transportation mode m at node o added to
the fleet at time £,



¢. Decision variables notations

Amount of commodity « that allocated at arc (o,p) using vehicle v
and transportation mode m at time ¢ (unit).

eV :  Amount of unsatisfied demand for commodity a in demand node o
at time ¢ (unit).

integer number of vehicle of type v — transportation mode » traversing the
arc (o, p) attime 7,

Z st : integer number of vehicle of type v — transportation mode m nortraversing
the arc (o, p) at time 7,

Raopvmr

X, opnvt

The objective function for this model is minimizing the sum of unsatisfied demand for all
commodities or aid goods at all the demand nodes throughout the horizon. The
objective function can be expressed in mathematical statement as filio
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Constraint set (2) balances material flow between demand nodes and supply nodes and
explicitly reports the quantity of unsatisfied demand, dev,,;, in each period. Constraint set
(3) material flow balance on supply nodes, this constraint makes sure that the amount of
aid goods delivered to demand nodes does not exceed the available amount at the supply
nodes. Constraint set (4) ensures that the number of vehicles delivering the aid goods from
supply nodes to demand nodes does not exceed the number of vehicles available at the supply
nodes. If the number of vehicles available at the supply nodes is bigger than the number of
vehicle delivering the aid goods, there will be excess idle vehicles. Constraint set (5) makes sure
that the total weight of the entire commodity, delivered using any vehicle does not exceed
the total load capacity of the said vehicle. Constraint set (6) implies that the total volume
of all transported aid goods does not exceed the total volumegbipadity of vehicle.
Constraint set (7) until (10) are non-negative constraint, indicating ft the tiiimum value

for all decision variables is O (zero) ' Y’

The algorithm of solution model performed withing&velopnicik o% oods distribution
model at this research can be resume as follows:

4. ALGORITHM SOLUTION

1. Define the objective function, 4 / @
2. Determine the time horizon plapfiie s, (‘o

3. Define the matrix sets and pagiiiieters, Yv

4,

5.

Run the program for 7 = 1,

Obtain the minimized shortage sGlition tor @odel 1, defining the amount of aid
goods or commodity t& Bidelivered 16 a s?} ic destination by particular vehicle and
transportation mode at any sohedulcd \tim} Y Rt

6. From the solution of sub model I, ch Xif there 1s still unsatisfied demand.

a. IfNO, f the demand@% are fulfilled

b. If thelunsatisfidd demand as dev,o

7. Based ution o' sub model 1, next iterate the sub model 2, to define the
assignnient f&ea hifle, X, which will minimize.

8. From th subl inodel 2, check if there is still the idle vehicle.

a. IfNOj of #i£ number vehicle that distributed the commodity is was 100%,
b. If YES;+hanse@he idle vehicles as Zoy:
9. Save the Ruopwms, deVaor, Xopvme, and Zy,,; as optimal solution at =1,
10. Calculate the objective function for =1,
11. Check, t = 17
a. IfNO, go to step 12,
b. If YES, jump to step 15,
12. Revise all of the sets and parameters for 7+1,
a. Revise sum or number or type for commodity and number or type of vehicle if
necessary,
b. Parameter d,s became d,or + devior;
13. Run the program and calculate the decision variables for # = ¢+1,
14. Repeat step S until step 13, and 7 =7,



15. Compile the report of optimal solution.

5. NUMERICAL EXAMPLE

Numerical example conducted to obtain and to analyze solution of the model. The
assumptions used in the numerical example shall be as follows:

1. Amount of demand for each commodity in the first period (day-1) at demand nodes is
known.

2. Amount of demand for each commodity at demand nodes for next period (after day-1
until at the end of the horizon planning) conducted by forecasting, and added with
unsatisfied demand at previous period. In this case, demand fo otil the end of

the horizon planning is assumed increase 10%.
y&:@'rsupply

4. Amount of supply capacities for each commodi r next period
(after day-1 until at the end of the horizon pla recasting. In this
case, demand for day-2 until the end of thegh q@ S assumed increase
20%. :

5. Horizon planning in this case is g

3. Amount of supply capacities for each commodity in the
nodes 1s known.

ydle &?Bantul, Sleman, Yogya, Kulon
“go sist of 28 nodes, that shown at
iS.2ase, 1s rice, instant noodles, mineral

deted in
1l of demand and supply capacities for
iid dn n each commodity are shown at Tables 1.
0 é four modes that is ground, railway, marine
y nodes and dimension capacities and volume




Table 1. Quantity of Supply and Demand at each Node

Quantity of Comodity
- =
] ) =y b4 @
o o = = c @
No. Nodes o = = 0 5 =
b =
z = = | =
A B C D E F
T |Bantul BIL Teed|  -T0247 -2 206 5 50
Z |Sleman SLW 910] -11938 -2487 -239] ¢ / o -50]
3 |Yogya JOG -464 -2900 -6042 -58 ~L0) Z
4 |Kulon Progo [KLP 673 -4204 - P:T )
5 |Gunung Kidul [GKL -835 -5218 -108/71 =104
6 |Banjarnegara |BJN 18 90 90|7 10
7 |Banyumas BYM 27 135 135 27
8 |Batang BTG 12 60 60 . 12
9 |Blora BLR 16 80 ™ 4 15 \
10 |Boyolali BYL 19 95 .9 o] -
11 |Brebes BRB 17 85 85§ 1
12 |Cilacap CLC 23] 4B 118 TS A NY 23] 46
13 |Demak DMK 14]¢ 70 e AN 14 28
14 [Grobogan GBG 18 ey B ] 19 38
15 |Jepara JPR A4 7O 7 14 14 28
16 |Karanganyar KRG L Bl ) £ 17 17 34
17 |Kebumen KBM 2 130 A1 26 26 52
18 |Kendal KDL 19 . 99 %?;;' 19 19 38
19 [Klaten KL L =2205 14218 - -284 =22 =50
20 |Kudus KDS i 9] J_fﬁ 45 9 9 18
21 [Magelang MGL _ . 21 % 105 21 21 42
22 |Pati PAT o RN 105 21 21 42
T9] e, ” 95 95 19 19 38
140Ny 70 70 14 14 28
18 90 90 18 18 36
16 80 80 16 16 32
14 70 70 14 14 28
18 90 90 18 18 36
20 100 100 20 20 40
12 60 60 12 W | 24
) 18 90 90 18 18 36
32 Temang@g TG 20 100 100 20 20 40
33 [Wonogiri WNG 25 125 125 25 25 50
34 |Wonosobo WNS 15 75 75 15 15 30
ension each comodity
Weig d . . 0. 0
Volume (m3) 0.2442 0.0168 0.0185 0.0272 0.0380 0.0380

Source: http://www . bakornaspbp.go.id/new/ (Agustus 2007), http:/infogempa jogja.go.id/ (Agustus 2007),
http:/Awww sphereproject. org/ (Agustus 2007), dan hitp: //jateng bps.go.1d/

The result which 1s obtained from numerical example shown at Tables 3. Pursuant
to the tables, can be seen that amount of unsatisfied demand ever greater for every
periods, this matter happened caused by accumulation of unsatisfied demand. unsatisfied
demand in period 1 will be added with demand in period 2 and so on. At period 1, the



total of unsatistfied demand for all commodity in all demand nodes is equal to 153,096
and this number is increase for next period.

Table 2. Amount of Vehicle at each Node

Amount of Vehicle
No Nodes
G1 G2 Al A2 R M
1 [Bantul BTL 3 3 0 0 0 0
2 [Sleman SLM 3 3 0 0 0 0
3 [Yogya JOG 3 3 1 1 1 0
4 |Kulon Progo |KLP 3 3 0 0 0 0
5 |Gunung Kidul |GKL 3 3 0 0 0 0
6 |Banjarnegara [BJN 3 3 0 0 0 0
7 |Banyumas BYM 3 3 1 1 L. 0
& |Batang BTG 3 3 0 0 2 . 1
9 |Blora BLR 3 3 0 0 [F "
10 |Boyolali BYL 3 3 1 1 [ b
11 |Brebes BRB 3 3 0 s R
12 |Cilacap CLC 3 3 1 1 N
13 |Demak DMK 3 3 0 0 v VA 0
14 |Grobogan GBG 3 3 iy 0 b 4 0
15 |Jepara JPR 3 3 () o . 1
16 [Karanganyar |KRG 3 3 o) 0 “‘/éb 0
17 |Kebumen KBM 3 &3, (0] h O 0 0
T8 [Kendal KDL 3 £ .Y @ 0 0
19 |Klaten KLT 3 4 > " N 1] 0
20 |Kudus KDS A& 3 0 ‘.:JO 0 0
21 |[Magelang MGL - I "0A YT O 0 0
22 |Pati PAT Ea o N 0O 0 T
23 |Pekalongan  |PKL 3 3 >y 0 T T
24 |Pemalang P 3 3 [4%50 0 0 0
25 |Purbalingga PBL 3 3I\WYW 0 0 0 0
26 |Purworejo PWJ 3 ‘% 0 0 1 0
27 =) N 0 0 0 1
28 3 NY 3 1 1 1 1
29 3 3 0 0 0 0
30 3 3 0 0 0 0
31 3 3 0 0 1 1
32 3 3 0 0 0 0
33 3 3 0 0 0 0
34 3 0 0 0 0
Capacity of

Length (m) 8.84 7.52 8.48 10.50 23.00 23.00

Width (m) 245 2.45 2.45 2.50 3.20 3.20

Height (m) 2.70 2.70 2.70 2.70 3.00 3.00

Volume (m3) 58.48 49.74 56.10 70.88 220.80 220.80
G Ground R . Railway

A - Ar M - Marine



The average percentage of unsatisfied demand every period equal more than 90%:
period-1 1s equal to 96.01% , period-2 1s equal to 97.69%, period-3 is equal to 98.47%,
period-4 is equal to 98.86%, period-5 is equal to 99.09%, and period-6 is equal to
99.24%. Unsatistied demand in every period caused by the existence of imbalances
between capacity of supply and amount of demand, in this case, amount of supply
capacities is smaller than amount of demand.

Table 3. Percentage of Unsatisfied Demand for Each Commodity

- Amount of | Amount or Satlsﬁed Demand Unsatisfied Demand
he Commodity | oty | Demand Unit % Unit %
Rice 501 7,801 501 6.42 7.300 9358
nstant Noodles 2,505 43756 2,505 514 48, 251 94.86
Mineral Water 2,505 101,575 2,505 247 89070 9753
1 White Sugar 507 975 501 5138 174 4862
Medicines 507 95 g5 700001 y -
Clothes T.002 750 250 TO0.00 | ) -
TOTAL 7,515 159,452 | : Do
Rice 607 15,881 601 N , ;
Tnstant Noodles 3,006 59,883 3,000 30N e 95.99
Mineral Water 3,006 210,803 Y 1.43 ‘%,'797 9857
2 VWhite Sugar 6071 1547 ] Xy Y’ 946 6113
Medicines 353 105 105 100 E =
Clothes T.554 D75 20 b
TOTAL 5,661 ey 200 | T4
Rice 6o1 k. Sa 260
Instant Noodles 3,0088 T 147,503
Mineral Water 3,008 3T 316,524 )
3 [White Sugar 607 2,008 25.79 1,417 7027
Medicines 1,294 105
Clothes .17
TOTAL WS | 4590
Rice U1 ,240
3,000 | e 3,006 . 198,129 ;
3,006 |4, 328,257 3,006 0.70 | 425,251 9930
4 601 2,490 601 2415 1,858 75.85
1,743 105 105 700.00 - -
3067 275 275 T00.00 - -
. 607 30,621 601 . ) ;
Instantesd es 3,006 251,760 3,006 119 | 248754 98.81
Minerardvaien 3,006 536,084 3,006 056 [ 533978 99.44
5  [White Sugar 607 2,067 601 20.30 2.360 79.70
Medicines 2,124 105 105 100.00 - -
Clothes 3,474 275 275 700.00 - -
TOTAL 12,812 831,000 7,503 m
Rice 60 47,801 601 . , .
Tnstant Noodles 3,006 302,386 3,006 095 299,380 99.01
Mineral Water 3,006 645,711 3,006 047 642,705 9953
6  [White Sugar 607 3,433 601 1751 2,831 8247
Medicines 2,503 105 105 700.00 - -
Clothes 4274 275 275 700.00 = -
TOTAL 14,081 999,711




6. CONCLUSION

This research discusses about model development for allocation and distribution aid
goods in natural disaster relief activities. The objective of this model is minimizing the
sum of unsatisfied demand for all commodities or aid goods throughout the planning
horizon. Solution of the model represent minimum amount of unsatisfied demand for all
commodity type at entire all demand nodes during the planning horizon taking into
account the vehicle load capacity constraint as well as volume limitation which has not
been discussed in previous research. Distributions of aid goods in this model involve the
problem of allocation from points of origin to points of destination, assignment for
transportation mode, it is appropriate vehicles that will distribute the aid goods or
commodities in terms of kind, and amount of goods, to it is corresponding destination.
Actually, this model assist the process of distribution aid goods to afftded location and
to enforces that the aid goods will be received by disaster areas of the rlght ‘flme as fast
as it should be and at the right quantity of each comm0d1t1es Y»
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