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Abstract

Purpose: The main challenge in devastating events such as the Kermanshah earthquake is the optimal location of
humanitarian distribution centers, which plays an effective role in allocating relief shipments to demand centers.
Therefore, balancing the complexity of the issue and the uncertainty with the constraints on aid scheduling and resource
management is critical. In this regard, the location-allocation model has been developed by considering the reliability of
the distribution hub set, which provides the possibility of dealing with impending disruptions after the crisis. The
proposed model divides the affected area into several layers and simultaneously considers the capacity of the relief fleet.
Also, a combined approach of fuzzy programming with chance constraints and robust programming has been developed
to deal with parametric uncertainty.

Methodology: With the thorough assessment of the disaster areas of Iran, a comprehensive model of the relief network
was designed including strategic and temporary distribution hubs along with a wide range of factors and effective
parameters. Subsequently, mathematical modeling was distributed by considering the reliability of the earthquake crisis
distribution hub and relief according to the topography of the study area. Next, the Epsilon constraint method was
applied to cover the multi-objective optimization problem and to determine non-dominant Pareto optimal solutions, and
the mathematical combination of possibilistic-robust programming was used to deal with uncertainty.

Findings: The results show that the management of relief distribution and the development of strategic and operational
levels of distribution based on the geographical classification of the affected area in critical conditions are effective in
reducing network costs. The reliability policy used in the distribution hub set has improved the confidence capability of
the humanitarian distribution network. Finally, the output results of the case study show the application and effectiveness
of the extended relief network model.

Originality/Value: The present study, as a decision suppott system, facilitates relief in the regions of the country in the
event of a crisis. Predicting a reliable distribution hub set with a combined transportation approach appropriate to the
topography of the region ensures the optimal implementation of relief operations. Also, the developed model is
operational in the areas at risk of the country.
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Figure 1- The location of the 1396 Kermanshah earthquake.
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Figure 2- Humanitarian logistics network.
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(0 r<az,

Nes(@<r) = 4;__'1:2, a2 <r<a3,} (AP)
l 1, r > a3.
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2(a3-a2)
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1/
2a2-r-al r= al’
D) al <r<a2,
Cr@@zr)=1"0 (AN
, a2<r<a3,
2(a2-a3)
0, r > ad.
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minzl = G.D+A.E+K.N+B.O+R.5+U.P, (ay)

s.t.
c022: (@)(eh. xhf + e xjf) + (

)(ej(xgc + xac) ) + (
c142c2+c3 n 11+212+13

: =) (ej(xih + xhj) < e = 61000,
020:w > (((2aF —1)F3 — (2aF + 2)F2)
+((2aC -1)C3 - 2aC +2)C2) + ((2aL = 1)L3 - (2aL + 2)L2)),
co31: R.xhj < ((2aX —1)X1 + (2 - 2aX)X2).N,
co33:xf > ((2aF - 1)F3 - (2aF + 2)F2),
co34: xc > ((2aC - 1)C3 - (2aC +2)C2),

c035: xI > ((ZaL -1L3 - 2aL + 2)L2), R,O,N € {01}, xjf, xgc, xac, xih, xhj, x f, xc, xI, U > 0.

c14+2c2+c3 11+212+13 f142f2+f3

)ej. xl) + (——+

.Mya)nggﬁ;ducﬁajw
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+1 (((FZ — (2 - 2aF)F2 — 2aF —=1)F3) + (C2 - (2 - 2aC)C2 — (2aC = 1)C3) + (L2 -
(2 - 2aL)L2 - (2aL - 1)L3))),
+o((2aX —1)X1 + (2 - 2aX)X2 - X1). N,
+@F(F2 - (2 - 2aF)F2 - (2aF - 1)F3)

+ @C(C2 - (2 -2aC)C2 - (2aC -1)C3)
+@L(L2 - (2 - 2aL)L2 — (2aL —1)L3),

coz2: (f1+2£2+f3)( eh. xhf + ej. xjf) + (cl+222+c3) (ej(xge + xac) ) + (ll+2;2+13

c1+42c2+c3 n ll+212+13)(e].(xih n xh]) <e= 61000,
020: w > (2aF —1)F3 — (2aF + 2)F2 + (2aC —1)C3 - (2aC +2)C2
+(2aL —1)L3 — 2aL + 2)L2
co31: R.xhj < ((2aX —=1)X1 + (2 - 2aX)X2).N,
co33:xf > ((2aF - 1)F3 - (2aF +2)F2),
c034: xc > ((2aC -1)C3 - (2aC + 2)C2),
co35:x1 > ((2aL - 1)L3 - 2aL + 2)L2),
op,m,o0 € {0,1}, xjf, xgc, xac, xih, xhj, xf, xc, xl,q > 0.
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v=aX.N. (4¥)
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MinE[Z]=G.D+A.E+K.N+B.O+R.S+U.P, (40)

+7 (((FZ —(2—-2aF)F2 - (2aF —-1)F3) + (C2 - (2 = 2aC)C2 — RaC -1)C3) + (L2 —
(2 - 2aL)L2 - (2oL - 1)L3))),

+w((2v - N)X1 + 2N - 20)X2 - XL1.N),

+@F(F2 - (2 - 2aF)F2 - (2aF - 1)F3)
+@C(C2 - (2 - 2aC)C2 - (2aC - 1)C3)
+L(L2 - (2 - 2aL)L2 - (2aL - 1)L3),
st. coz2: Ly ehxhf + . xif) + (CEZD)ejlrge +xac) ) + (o) (e al) + (L 4
c142c2+c3 4 ll+212+13)(ej(xih 4 xh]) <e= 61000,
c020: w > (((2aF - 1)F3 — (2aF + 2)F2) + ((2aC - 1)C3
~(2aC +2)C2) + ((2aL - 1)L3 - (2aL + 2)L2)),

co31: R. xhj < ((2V = N)X1+ (2N -2V)X2 - X1.N),
co33:xf > ((2aF - 1)F3 - (2aF +2)F2),
co34:xc > ((2aC - 1)C3 - (2aC +2)C2),
c035:x1 > ((2aL - 1)L3 - (2aL +2)L2),

newl: v < E.N,
new2:v < aX,
new3:v < E(N —-1) + aX,
op,m,o € {01}, xjf, xgc, xac, xih, xhj, x f, xc, xl,q > 0.
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Table 2- The number of means of transport available in MEs.
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Table 3- Introduction of selected logistics hub centers.
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Figure 3- Selected points for establishing temporary distribution centers.
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Table 4- Random values of non-deterministic parameters under 5
times of random testing.

bt syl Gubegfeled

X L C F
4 10 20 8 1
1 12 15 10 2
2 24 30 20 3
3 45 50 30 4
6 120 150 100 5

(a3 & gaza) Jol Bup i jloiio g iulesl ;b0 cos RP g FP Jow s Slas -0 Jga
Table 5- FP and RP model performance under 5 times of testing and the value of the first
objective function (total costs).

RP RP RP FP FP lastske T
@f, pc,pl, T, w of, pc,pl, T, w @f, pc,pl, T, w oF, aC, oL, X aF, aC, aL, aX
=10 =5 =0.5 =1 =0.75
1, 168, 235, 000 1, 244,293, 000 1,242,191,000 2,086,602,000 2,253,321, 000 1
1, 140, 263, 000 1, 064, 748, 000 1,040, 345,000 1,973,203,000 2,237,650, 000 2
1, 304, 798, 000 1, 384, 660, 000 1,332,095, 000 2,702,200,000 2,375,100, 000 3
1, 321, 003, 000 1,176, 421, 000 1,320, 857,000 2,258,402,000 2,538,250, 000 4
1, 159, 681, 000 1, 240, 016, 000 1,241,764,000 2,086,602, 000 2,253,321,000 5
1, 218, 796, 000 1,221, 967, 600 1,235,450, 400 2,221,401,800 2,331,528, 400 aye bgie
86690606.31 116310896.5 117031919.1 287437184.6 128138843.7 s jlasleel 8l
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Table 6- Opened network facilities and centers under different confidence levels.
Olebl gl 5k ME oslus s H olass L TDC slass
Jolaliw  posglivs  Jolgjliw  pgd glin  Jolgajliws  pgo gyl

oF, aC, aL, aJ=0.55
oF, aC, aL, aJ=0.65
oF, aC, aL, aJ=0.75
oF, aC, aL, aJ=0.85
oF, aC, aL, aJ=0.95

DN NN
NN N NN
NN R R
NP R OO
NDRNN R
PR, ORrROo
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Table 7- Checking the performance of the initial model, possible model,
and possible model-stable.

Seal Sl Jow S5l Jowe 4yl Jow
T, w,eF,C,pL =2 «aF, oC, aL, aX=0.75
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Table 8- Sensitivity analysis of the demand parameter of the first layer based on the
probabilistic model.

(1000, 1400, 1900) (500, 900, 1500y (300, 700, 1300) (100, 400, 1000) Jol Y Lolas ol5e = (ag, ap, a3)

9E+1.168424 OE+1.168423 9E+1.168422 9E+1.168421 gl GGl Jgl Baa 2l
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Table 9- Sensitivity analysis of TDC capacity parameter based on the probabilistic model.
(40000, 200000, 400000) (400, 2000, 4000) (40, 200, 400) TDC= (a1, ap, a3) cud b
9E+0.168051 9E+1.168423  9E+LAT1647 el JlSel Jol Ghom mls
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Table 10- Parameter sensitivity analysis of the maximum possible number of TDC.
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Table 11- The number of open distribution and
storage centers during operation.
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Table 12- Review of flows between centers and demand points.
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Table 13- Checking the stock of goods and the amount of transferred
goods of the centers.
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Table 14- Number of transportation between centers and demand points.
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