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Abstract

Maintaining the health of people during and aftedisaster is one of the most
important issues in disaster management. Bloodystsdare among the essential
items needed to save the human life and the latckesh may lead to significant
losses in human health. In this paper a comprelensiathematical model of
blood products supply chain is presented to resploecheed for blood products in
disaster situations. The proposed model is a bieablve mixed integer
programming model and with respect to the unstadelitions during the disaster,
uncertain parameters are modelled by fuzzy numlfersinteractive possibilistic
programming approach is applied to handle the saicty. The developed model
is implemented for the earthquake disaster casky stumega city of Tehran using
blood transfusion network data. The results shawathility of the proposed model
in generating effective solutions under earthquak&litions.

Keywords: Blood products supply chain, earthquake disastezyf mathematical
programming, network design, multi-objective optiation.

1- Introduction

Since the beginning of creation, mankind hawedanatural disasters which results in many fatal
injuries and deaths, such that each year 200 mifeople experience natural disasters and hundfeds
them died. Disaster-prone countries, suffer lossegaging 3% of their GDP per year (Green et al.,
2003). Every day, many people around the world rideald and blood products, so that for every three
people, one needs blood transfusion and blood ptedbroughout life (IBTO). A huge challenge for
governments’ health systems all over the worldrés/igling health and adequate blood during disaster.
There is always a need for blood donors and blawdiycts, while somewhat irregular supply by
donors and the demand for blood products is ofterdam. Matching the supply and demand in an
efficient way is not easy. Due to the perishablkeiraof blood products, which makes it more complex
the shortage of blood products inflict many expsrisethe community which could lead to increasing
the rate of mortality (Belién and Forcé, 2012).

Therefore, an important issue needing to beesded is the design of a useful and efficient suppl
chain with real-world conditions to provide bloogucts in disaster conditions.
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Disaster in blood transfusion services indicatesit@ation in which the supply chain capability in
receiving and supplying blood is lost temporaritycompletely or a situation that causes sudden and
more than usual demand for blood products in halspithich causes problems in the blood collection
system (AABB, 2008). One of the most important éssin blood supply chain is the required blood
supply for hospitals that plays a key role in magthe demand of hospitals in disaster conditidss.
mentioned in the literature, in disaster condititris becomes more sensitive. The need to maké quic
decisions and operations introduces disaster mamage It should be noted that disaster management
is not just a tactical response when disaster heppeut also it can be considered as preventive
activities in the processes related to disastevemtgon and preparedness through response to the
disaster and improvement of the disaster situaiiptustafa et al., 2004).

Research on the supply chain management of pelesimbducts particularly blood products first
began by Van Zyl (1964). Nahmias (1982) in additionfocusing on blood products considered
perishable inventory issues and conducted a beidew on the proposed issues in the blood bank
management. Many researchers have used integerizgtion models to design a blood supply chain.
Jacobs et al. (1996) studied the relocation ofdldanation centres in Norfak of Virginia using igée
programming models and presented the conclusionthefscheduling method of blood products
collection and distribution activities. Daskin &t @002) and Shen et al. (2003) presented noratine
integer programming models for a single period fiocainventory problem of blood supply for
hospitals. Pierskalla (2004) proposed a comprehierrsiview and examined a lot of problems in the
areas of blood supply chain management.

Sahin et al. (2007) provided a mathematical modekégionalization of blood services on the part of
the Turkish Red Crescent population using integegmamming models to solve location-allocations
problem for decision-making. Cetin and Sarul (200®sented a multi-objective model for location of
blood banks among hospitals or medical centrestlagyg tried to minimize the total fixed costs and
travel distances between blood banks and hospiiHalsimelmayr et al. (2010) studied decision making
in selecting hospitals which must be covered by®ltransportation vehicles from blood donation
canters every day considering uncertainty in bldechand of hospitals, determined required blood of
each hospital. Ghandforoush and Sen (2010) presenten-linear programming model to minimize
the production costs of blood platelets for a regidblood transfusion centre. Also Nagurney et al.
(2012), provided a blood supply chain model thafudes collection centres, laboratory facilities,
storage facilities and distribution canters. Belgind Forcé (2012) presented a review of the blood
supply chain and its products and considered issweh as inventory management, inventory
allocation, schedule table, etc. Sha and Huang22piesented a multi-period location-allocation
model to schedule blood supply after an earthqiraleijing considering minimization costs such as
transportation, inventory and penalty costs dudngjven time horizon. Jabbarzadeh et al. (2014) als
considered a supply chain which included bloodembibn sites, blood canters and donors considering
the uncertainty of the type of robust optimizataord goal of minimization cost, decided about |arati
and allocation of inventory during the disasterndehdel et al. (2014) developed a mathematical
model which is able to determine the optimum lamafor blood donation canters to deal with disaster
while minimizing the total cost. Gunpinar and Cet€2014) proposed a blood supply chain planning
model for red blood cells and platelets. They adersd supply chain includes donors, blood canters,
mobile units, hospitals and patients. The objestieé this model are minimization of total cost,
shortage and wastage levels of blood products sitad. Arvan et al. (2015) presented a blood suppl
chain planning model with multiple products. Twgedtives including the minimization of the total
cost and the maximum time of blood transfusiontaken into account.

According to the previous researches, there isomgpecehensive model which accommodates the entire
blood products supply chain consisting of donoriaeg, permanent and temporary blood donation

canters, blood banks, hospitals and blood recipiegiobns and three common blood products such as
red blood cells, plasma and platelets in earthgs#kations.

The aim of this paper is a comprehensive and iatedrmodel for the supply chain of blood products
at times of the occurrence of earthquake disadtéchnincludes location of temporary blood donation
canters, the amounts of donated blood in each megiopermanent and temporary blood donation
canters and the amounts of transported blood betd#terent levels, the amount of blood products
inventory in hospitals and blood banks and lost a&inin recipient regions of blood products
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considering the disruption in permanent and tempoldood donation canters and hospitals. The
objectives of the proposed model include minim@aif various costs of blood products supply chain
and maximization of coverage of blood donor regioyshe temporary blood donation centres.

The motivation behind this study that differentsathis paper from the existing ones in the related
literature can be summarized as follows:

1. Presenting a bi-objective programming model ot products supply chain considering the
structure of the supply chain completely includipigod donor regions, permanent and temporary
blood donation canters, blood banks, hospitalsbdmald applicant regions.

2. To consider the problem in the real world cdnditreal data of blood transfusion network in Tehr
and Japanese International Cooperation Agency (JEDQ0) that have been used in relation to the
Tehran earthquake.

3. This paper also considered earthquake disastech due to the existence of several faults in
Tehran, different scenarios for the activation aflefault are considered. As well as how the tifhe o
the earthquake effects on the number of blood mtsdapplicant people is also considered.

4. Due to the uncertainty in the blood supply chend as well as in disaster condition, the creitifbil
based fuzzy chance constrained programming is used.

The rest of this paper is organized as follows: Thecerned problem is described in Section 2. The
comprehensive model for the blood products suppigircin the earthquake disaster conditions is
presented in Section 3. In Section 4, a case sindhe earthquake disaster in Tehran and at thénend
the fifth and sixth sections, the solution and ¢osion are provided respectively.

2- Problem Description

The blood supply chain network begins with tlmmats who are from different regions donating
blood at the most close permanent or temporarycbttmmation centres. Then due to the perishable
nature of the blood, the donated blood is transtermmediately to blood banks and different proesss
are done in these banks such as blood purificaiwnh filtration and extraction of blood products
including red cells, platelets and plasma. The dlpooducts are then stored in blood banks and
according to the needs of different regions, tlipiested amount of blood products are transferced fr
blood banks to corresponding hospitals. At the ehthis chain, applicants of any blood product in
each region receive the amount of heeded blooduptsdby referring to the hospitals. The supply shai
of this problem is shown in Fig 1.
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Figure 1. Blood products supply chain

2-1- Assumptions

Assumptions of the modate as follos:
1. Location problem for temporary blood donatcentresis considered in shoperiods (e.g. a few
days) operationally.
2. Request of applicants is divisible in each regio that demand can be met in a number of se
and several hospitals.

3. Since blood in blood banks is refined and camgeinto its three components red s, plasma and
platelets, the entire chain has been consideredsasgle product before blood banks and then -
product.

4. If a hospital is disrupted, the inventory wiél st completely

5. Due to the perishable nature of blood and tearisfy it from permanent and temporary bl
donation centretd blood banks as soon as possible, inventory hglai blood donatioicentres were
not considered.

6. In each period, according to the bit, a limited number of temporary centiezn be used.

7. Due to real worldcondition considerations, for storage of blood products apdl banks an
hospitals, limited capacity has been conside

8. Because of the uncertainty in the blood suppbin, according to viewpoints of experts in this fie
some of the model parameters have been considezeg
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3- Modelling

In this section, the complete supply chain afoll products for disaster conditions is modelled as
multi-period and two-stage and scenario baseddrfitst stage, location of temporary blood domatio
centres and in the second stage, blood donatiansportation of blood products between different
levels, the amount of received blood products §edint regions from hospitals, the amount of
holding of blood products in blood banks and ha@dgiand the amount of lost demand due to occurred
destructions in the permanent and temporary blaméiibn centres and hospitals are determined.

Sets, parameters and variables of the problemsdialaws.

Sets

|: Set of blood products indexed by

J: Set of blood donor regions indexedjby

K: Set of permanent blood donation centres indexek by

L: Setof temporary blood donation centres indexedl by

M: Set of blood banks indexed oy

N: Set of hospitals indexed hy

O: Set of blood applicant regions indexedoby

S: Set of earthquake disaster scenarios indexed by

T: Set of time periods indexed by

Parameters

ﬂt : Activation cost of temporary blood donation centri periodt

éjk Cost of blood donation by regigrio permanent blood donation cenke

B“ Cost of blood donation by regigrio temporary blood donation centre

hy, :  Holding cost of blood productsin blood bankm

Oin - Holding cost of blood productsn hospitaln

o Cost of lost demand at applicant regimifirom blood producti in periodt

Bm Transportation cost of blood from permanent bloodadion centre ak to blood bank anin
periodt

Pim Transportation cost of blood from temporary bloashation centre at to blood bank amin
periodt

fon - Transportation cost of blood produdrom blood bank atn to hospital atn in periodt

de,, : Distance between permanent blood donation cenéned blood bankn

df,,,: Distance between temporary blood donation centead blood bankn

dg,,, : Distance between blood bamkand hospitan

{)jk . A binary parameter, equal tbif blood donor regiof is covered by permanent blood donation
centrek ; O, otherwise

quI . A binary parameter, equal tif blood donor regiol is covered by temporary blood donation
centrel ; O, otherwise

Tho A binary parameter, equal tt if blood applicant regionis covered by hospitah; O,
otherwise

61-5: Potential population of blood donors in donor regiander scenari®

~ﬁ)t Demand of applicant regi@from blood produci in period t under scenarie

Oy : Maximum of people who can donate blood at permableatd donation centrk
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X - Maximum of people who can donate blood at tempadoérgd donation centre
T, - Capacity of blood produdtat blood bankm

; : Capacity of blood produdtat each of hospitals
S . A binary parameter, equal Xdf don’'t happen earthquake at permanent blood tilmm&entre
Oyt - Ki . o k
in periodt under scenari®; 0, otherwise
wﬁ : A binary parameter, equal1df don’t happen earthquake at temporary blood tonaentrd
in period t under scenaris; 0, otherwise
fn : A binary parameter, equal Tolf don't happen earthquake at hospitad periodt under
scenarios; O, otherwise
Ps : Probability of scenari®occurrence
(O Percentage of healthy and refined blood
P: Maximum number of temporary blood donation centhéciv can be active
M: A very large number

Decision variables
Quantity of blood donated from donor regjoat permanent blood donation cenkren period

t under scenari®

Quantity of blood donated from donor regjoat temporary blood donation centren periodt

under scenari®

s . Quantity of blood delivered from permanent bloodakion centrek to blood bankm in period

Vkmt© tunder scenaris

0 - Quantity of blood delivered from temporary bloochdtion centrd to blood bankm in period
Imt -t under scenari®

Vo Quantity of blood product delivered from blood bankmto hospital nin period t under
imnt* scenarioS

S .
Xjkt .

S .
uj|’[ .

s . Quantity of blood product received by applicant regi@from hospitalnin period t under
inot * scenarios

ivisrnt :Inventory level of blood produdtat blood bankmin period t under scenari®

qisnt . Inventory level of blood produdtat hospitalnin period t under scenari®

IdisOt Quantity of lost demand at applicant regdinom blood product in period t under scenari®

rs - A binary variable, equal ti if donor regionj is covered by temporary blood donation centre in
jt-

period t under scenaris; 0, otherwise
Vi A binary variable, equal td if temporary blood donation centig@s active in periodt; O,
It otherwise

3-1- Objective functions and constraints

One of the common methods to cope with objectivaction in scenario-based stochastic
programming is to consider the expected value efdhjective function. But one of the important
problems of this type of modelling when arises thaturrence probability of one scenatrio is very low
and the problem according to this scenario willvjte the answer that there is such a pessimistiw.vi
To remove this inefficiency, various approachesehbdeen proposed, one of these approaches is
provided by Aghezzaf et al. (2010). In this appiganoreover considering the pessimistic state that
was explained above, as well as, minimizing thestvetate or in other words the minimizing of the
maximum regret is considered. In order to constlerabove cases, each of them is multiplied to a
coefficient which shows the importance of each casether words, in the objective function (1)) if

is greater thaN, risk-taking will be more and realistic state fdecision maker is good andAifs
greater than, risk-taking will be low and pessimistic state @&cision maker is good.
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With respect to the importance of the first objeetfunction, this approach has been used in this
objective function. It should be noted tlais the variable of objective function value for kac

. * . - . . .
scenario and is the parameter of objective function value fartescenario.

Given the above interpretations, the considereglgughain of blood products can be formulated as
follows:

MinZ, =n [@max( Z - Z;)) (1)
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The objective function (1), as mentioned abevehe minimizing sum of the maximum regret or the
realistic state (first row) and the expected vadfieoccurrence of scenarios or the pessimistic state
(second row to the end). In the second row, thedMtionation cost at permanent and temporary centres
and the transportation cost of blood from permabédd donation centres to blood banks according to
the distances are observed respectively. In thel trow, the transportation cost of blood from
temporary blood donation centres to blood bankseraig to the distances, the holding cost of blood
products inventory in blood banks and the trangpion cost of blood products from blood banks to
hospitals considering the distances are providegedively. Also, holding cost of blood products
inventory in hospitals, the cost of lost demandjiplicant regions and the activation cost of terapor
blood donation centres in each period are presemggectively in the fourth row. In the objective
function (2) maximization of the coverage of blatmhor regions by temporary blood donation centres
is shown.

Constraint (3) shows the value of the objectiuection (1) for each scenario, which in this agmto

is considered as a variable. Constraints (4) andd$pectively state that blood donor regions can
donate blood to a permanent or actived temporaopdldonation centre if they exist within the
coverage radius of the centre, and that centretisi@stroyed by an earthquake. Constraints (6)X&nd
respectively show the blood donation capacity afiatoregions to permanent and temporary blood
donation centres, maximum equal to the receptigracity of blood in these centres. Constraints (8)
and (9) represent equality between the input artgudwf blood flow in permanent and temporary
blood donation centres respectively.

Constraint (10) states that the total inflow bod to each blood bank from permanent and
temporary blood donation centres should be less e sum of blood products capacity in that blood
bank. Constraints (11) and (12), respectively,datihg the balance of the inventory in the bloodiba
and the amount of inventory in each blood prodigtess than the holding capacity of its product in
that blood bank. Constraint (13) also shows that dmount of transferred blood product to each
hospital if the hospital is not destructed by tletleguake, must be less than that from the holding
capacity of blood products in that hospital. Caoaistis (14) and (15) demonstrate the balance of the
inventory at each hospital and the amount of inmgntor each blood product at each hospital is less
than the total holding capacity at that hospitathié hospital is not destructed by the earthquake.
Constraint (16) also shows that the applicant megibblood products can get these products from a
hospital if it exists within the coverage radiustledit hospital and that hospital has not been wetsul
by the earthquake. Constraint (17) also repregbmst$ost demand of applicant regions and constraint
(18) indicates the maximum number of temporary thldonation centres that can be activated in each
period. Constraint (19) states that the applicagton can be covered by a temporary blood donation
centre which is located within the centre’s coveraagius and the centre is activated and not dextro
by the earthquake. At the end, the non-negative lindry decision variables are presented in
constraints (20) and (21) respectively.

3-2- Linearization and defuzzification of the model

Due to the nonlinearity of the first part of thbjective function (nax(g— 2)), considering the
positive variable w, this term can be linearizedgs.(22).
W=Z-Zs UOs (22)

Also in order to convert the uncertain model to dieéerministic model, credibility-based fuzzy chanc
constrained programming is used.

In this paper, linear possibilistic distributionshbeen used as trapezoidal fuzzy number and tire fou
prominent values of trapezoidal fuzzy numbers hagen determined for each of the uncertainty
parameters by experts' viewpoints which have beemtioned in the case study section.
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If it is assumed tha& is a fuzzy parameter and is a real number, then according to the Liu and Li
(2002) we have:

~ o ~ 0 ~
E[E] =j0 Cr{E > r} dr—Lo Cr{E < §dr (23)
Now assume tha is a trapezoidal fuzzy parameter with valfi@sE® &© £ @and according to

Eqn.(23) expected value &f is shown a(;{‘l) +£@ +§(3)+§(4))/4 and its credibility measure will be
Egns.(24) and (25):

rD(—oo,E(l)} 0 (24)
I‘—E(l)
ro(e®,e@] 2(e@ -2 ®)
rD(E(2>,E(3)] Cr{ésr}: %
ro(e@,g@] r-28®+¢®
2(5(4) _5(3))
(e, 4 1
—o0 £ (25)
rD( : J (2) 1 @
28\ =&\ — ¢
FD(E(Z) 5(3)} EZ I’} _ %
0@ £4) g —r
r (E E :| 2(2(4)_2(3))
rD(E(4),+ooj| 0
Based on Eqns.(24) and (25)if- 0.5, according to the Pishvaee et al. (2012) can besshhat:
c{isrza = rz@2-2mE® + (@- 15 (26)
Cr{g > r} >0 o r<(20-18D + (2- 2 @ (27)

Also according to Pishvaee et al. (2014) for theadity constraints we have:

Cr{E = r} >q - £E@D<reg® (28)

Given the above states, fuzzy equations suabbgestive function (1) and constraints (3), (6)), (7
(13), (15) and (17) as deterministic equations [aglbjective function (29) and constraints (3M}(3
are written respectively. According to the aboveatiptions it should be noted that equality constra
(17) is converted to the two inequality constraifse to the lack of fuzzy parameters, the objectiv
function (2) remains unchanged. Also due to spaséng, other deterministic constraints are not
provided again.
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Objective function (2) and other constraints (8), (8)-(12), (14), (16), (18)-(12)

4- Case Study

According to the UN report in 2005, Iran is amgdhe countries in the world that ranks top in the
number of earthquakes with an intensity greaten th& on the Richter scale and one of the highest
ranking in the field of earthquake vulnerabilitydaitme number of dead people as a result of thestks
(Pelling et al., 2004). The Iranian capital, asniast populous city in the country, with a popuatbdf
about 8,154,051 people, according to Census of 201diinerable. Because of the large number of
faults and historical records of faults’ activiiy,can be said that in the near future, Tehran faite
massive earthquakes. Among the faults of Tehrametfaults such as Mosha fault, North-Tehran fault
and Ray fault are very prominent (JICA, 2000).

According to studies of the JICA (2000) on tlaetiequake in Tehran, the intensity of the earthguak
induced activation of Mosha and North-Tehran faulils be roughly 7.2 on the Richter scale and the
Rey fault will be roughly 6.7 on the Richter scaled due to these intensities, on average in case of
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activation of Mosha, North-Tehran and Ray faults dlestruction degree of buildings in Tehran will be
12.9 %, 35.7% and 55.2% respectively (JICA, 200@)validate this case study and also for accurate
planning in Tehran, the JICA (2000) is used, whishthe agreement in 2000 between Japan
International Cooperation Agency and the governmoéitan, a group of Japanese researchers came to
Tehran and conducted a series of tests on Tehkhpranided a comprehensive report entitled seismic
micro-zoning of the Greater Tehran, this serve®wasauthority and is very authentic and citable.
Tehran has 22 regions and if an earthquake ocoutgeinight, the human casualties increase, but the
number of destructed buildings at night or duriag dill be the same (JICA, 2000).

Because the JICA report is for 2000, planningpading to the results of this report is associatét
relatively large error. According to the many rasbar's opinions, such as Zangiabadi and Tabrizi
(2006), Motamedi et al. (2012), and Mohamadi e{2015) since, the number of structures in Tehran
have improved today, but like many of the old owese not built with international standards andsthu
making their vulnerability to destruction duringrsuakes very high. Therefore, the content of the
JICA (2000) is stringent little and needs to beatpd with present realities; the extension of #saiits
of this authentic study to the present has beed aseording to the census of 2011. Based on the
domain experts' viewpoints considering the paranmt¢he number of injured people and demand of
some of these injured people from blood productkeénform of fuzzy, these data have been considered
close to the present greatly. In the following isgrabout the number of injured people and blood
applicants, further discussion will be presented.

In this case study, assumptions are as follows:

1. Due to the existence of 22 regions in Tehrdmegions have been considered as blood donors and
applicants in which the amounts of donation an@pé&on of blood are different based on existence of
different scenarios or in other words, activatidmamay fault.

2. According to the existing statistics of Tehratod®l Transfusion Organization, There are 13
permanent blood donation centers and 7 potentigtions to establish temporary ones in the city of
Tehran. It should be noted that at these tempa@madypermanent centers, the occurrence possibility o
an earthquake and thus, the destruction of cehters been considered (IBTO).

3. Also there is only one blood bank in Tehran, itlee Vesal centre, in addition to, blood donation
filtering and refining and holding of blood are fmemed perfectly in this centre. If a high magniud
earthquake occurs and destroys the centre, Telithfage a serious blood crisis. There exist als® t
option of retrofitting this centre against the bgttake and according to the domain experts' viewppi
the possibility of the centre’s destruction by arntlequake has not been considered.

4. Moreover, the activities of the three faultsMdsha, North-Tehran and Ray are considered as the
first, second and third scenarios respectively.

5. Each permanent and temporary blood donatiorrezm@ind hospitals in each region can cover their
respective regions and around regions which hasrmonborder with them.

6. According to the high rate of damage and catissiof the earthquake if it occurs at night arst jo
time aid to the affected region is not possiblentithe highest rate of causality is experienced and
otherwise this rate will be less. The same candmdied for earthquakes during the day time, though
the rate of casualties will be lower than that led hight time, but also depends on the just in time
aiding and without aiding which in the state ofhwitit aiding the number of causalities will be more
than the state of aiding. Therefore, the numbeénjafed people will be a trapezoidal fuzzy number.
the JICA (2000) the number of casualties is givad according to Nateghi (2001) the number of
injured people is triple the number of victims. Téfere, according to the above mentioned facts and
the number of non-injured people, the number ofliegpts of blood products based on the specific
type of fault activation will be discussed in then No. 13.

7. In this paper, three types of blood products elgmmed blood cells, platelets and plasma are
considered. The whole blood is the main product teareceived from donors and the different
constituent components of blood have been separBeggents who suffer from chronic anemia for
example those diagnosed with renal failure and exaeojoy the highest result of red blood cells.
Platelets are prescribed for patients with plateédiciency or dysfunction and plasma is typicaised
when there is one or more coagulation factor daficy or a blood replacement is required (IBTO).
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Due to different holding temperatures for theseeghproducts, there are different refrigerators for
storage of blood products. Holding capacity of éhpsoducts in Vesal blood bank is deterministic and
is given in table 1. Also, due to different holdiogpacities for these products at different hokpita

the city of Tehran, this capacity according to tloenain experts' viewpoints, has been considered as

fuzzy numbers and shown in the table 2.

Table 1. Capacity of blood products in Tehran blood bak ()

Type of blood products| Capacity| Type of blood products Capacity| Type of blood products Capacity

Red blood celli =1) 32000 Platelefi =2) 750 Plasmdi =3) 38000

Table 2. Capacity of blood products in Tehran hospitapg, (

Type of blood produc Capacit
Red blood celii =1) (1000,1250,1500,175Q)
Platelefi =2) (250,500,750,1000)
Plasma(i =3) (750,1000,1250,1500

8. Also in normal conditions, a minimum of 2.2%lcdnians donate blood and according to the past
statistics at time of earthquake more people doblaied. The average number of potential donors is
obtained by subtracting the average number of édjyreople from the total population in each region
for each scenario and multiplying it by 2.2% foreth scenarios.

9. The Permanent blood donation centers and thenpalt locations of temporary blood donation
centers and blood bank are shown on the map afgéhean city in Fig 2.

LEGEND
O Area number

Bank and Fixed blood
donation center 1

A Fixed blood donation
center
Potential location of Mobile
blood donation center

Figure 2. Tehran Map containing the blood bank, permanerddbtionation centers and the potential locations of
temporary blood donation centers

10. Due to lack of accurate information about costEertainty has been considered as fuzzy and by
using opinions of experts in each field close @l world. About activation cost of temporargda

donation centresf(t ) regarding the fact that mosted such as mosques, organizations, universities

have been established previously as make shiftaeanpblood donation centers disaster, the cot her
relates to transportation of beds and blood donatiguipment to these centers and deploying them
there. As well as, in the cost of blood donatiop@mmanent and temporary centers, also considered i
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this cost something such as give the cake and joiddood donors for per unit of blood donation.
About the lost demand cost, if the need of the iappt for blood product is not met, this will ressul
maiming or even death, average cost has been ewvedidor each unit of blood products. About
transportation cost according to these costs irabiwe function multiply to distances among diffare
levels of the chain and thus, the cost of fuel aeldicle depreciation have been considered for each
meter per blood or blood product unit. It shouldnmged that the unit of cost is Tomans. The fuzzy
values of existent costs in the blood supply claagiven in the table 3.

Table 3. The fuzzy values of existent costs in the bloodo§uphain

N . . N . .
—cln*vs = c LL = ey = c 0n+ c = c L+ c
flt 30000 35000| 40000 | 45000 Ciot 10000000| 15000000{ 20000000| 25000000
~jk 1500 | 2000 | 2500 | 3000 | &, 0.08 0.085 0.09 0.095
b, | 1500 | 2000 | 2500 | 3000 | Py, | 0.08 | 0085 | 0.09 | 0.095
h, | 200 | 250 | 300 | 350 | F,, | 0.8 | 0085 | 009 | 0.095

[(o]}

w | 200 | 250 | 300 | 350

11. According to JICA (2000) in time of earthquakeyrow alleys have high probability of being
blocked and on the other hand, the possibilityloEkages on the highways and main streets duesto th
existence of several exits on these ways is vevy To calculate the distances with respect to geeaf

an ambulance vehicle or similar vehicle, the sisbriigstance in the main routes (highways and main
streets) is considered and the Tehran navigatistesy(2015) is used for this purpose.

12. There exist 144 hospitals which require bloomtpcts for surgery, thalassemia patients, et Als
according to the map of Tehran Faults in Fig 3 aocbrding to the domain experts' viewpoints, it is
assumed that if the hospital or permanent or teargdolood donation centre exists on the relevant
fault and active fault, this facility will be conggkly destroyed. Thus, according to JICA (2000)ase

of activation of the Mosha fault, the hospitals qiimanent and temporary blood donation centers in
regions 4 and 12 and in case of activation of tlwetiNTehran fault these mentioned facilities in
regions 1, 2, 4 and 5 and if the Ray fault is @stvated, these facilities in regions 11, 12, 1% and

20 will have been considered destroyed completélghould be noted that the destruction of the
regions can be due to inappropriate structuresiitdibgs or existence of a fault on the region.

Morth fault

Ray fault
Figure 3. Map of Tehran faults

13. According to statistics of Tehran Blood Trassfn Organization in the past years, the demand for
red blood cells, platelets and plasma has been¥§31%.5% and 31% respectively. Given that,
according to the domain experts' viewpoints, Tehmatropolis during the day by people from other
surrounding cities due to factors such as employnieralth and other cases is filling and emptyind a
the demand for blood products during the day isettban the night. Also, with respect to the faet th
most of the injured people reside in Tehran andtduée destruction of their home or workplace are
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injured and thus, when the earthquake is happénisdassumed that 1.2% of injured people and 0.3%
of non-injured people need blood products evernayisdHence, according to the above explanations,
the demand for blood products of affected and hgategions will be obtained considering the
occurrence time of the earthquake and the relfa.tyVith regard to the greater number of non-irgure
people compared to injured people in the time ofhgaiake, in each scenario, for the first and sdcon
fuzzy numbers, night situation with aid and withaid and for the third and fourth fuzzy numbers the
day with aid and without aid have been consideesgectively.

In other hand, there has been chosen 16 days @anteea considered as four 4-day periods. As the
demand of injured people a few days after the gaetke is high and then gradually decreases, hence,
the time of the earthquake the demand in the fietpnd, third and fourth periods will be 40%, 30%,
20% and 10% of the total demand respectively. Bube large volume of information, the demand of
each applicant region has been removed which tairolhis demand in each period and under each
scenario can be used from above information.

14. Also the blood donation process takes 20 tmBites, based on the domain experts' viewpoints, i
is assumed that this process lasts approximatekmnmian 30 minutes and by taking into account the
12-hour activity of permanent and temporary bloodation centers from 8 am to 8 pm and the number
of beds and facilities at each centre, the maximnumber of people who can donate blood in
permanent and temporary blood donation centersbeilachieved and due to the uncertainty of beds
and facilities number are considered as fuzzy nusnipethe table 4. It should be noted that sinceaVe
blood donation centre is also a blood bank, itd@msble beds and facilities rather than other ceraad
thus, more people are able to donate blood. Alsactrefficients® for the percent of healthy blood
after filtration is considered and according to shetistics of Tehran Blood Transfusion Organizaito

is considered as 80%.

Table 4. The maximum number of people that can donate bilopeérmanent and temporary blood donation
centers 0, %)

First fuzzy | Second fuzzy| Third fuzzy | Fourth fuzzy
Center name number number number number
Permanent centel (Vesal cente 144 192 24C 28¢
Other permanent and temporicenter 72 9€ 12C 144

5- Solution Approach

With regards to the concerned bi-objective peohl an interactive possibilistic programming
approach is used to solve the proposed model.mbthod is provided by Torabi and Hassini (2008)
and it is one of the well-known approaches to aatd multi-objective problems. In this approache th
coefficients in the objective function can be cdeséd as realistic and pessimistic cases or sfate o
between them by the decision maker. Therefore,rdowpto the case study and the importance of the
decision maker’'s opinions, this method has beed.use

If the objective functions (1) and (2), are show’rhhwzlandzz respectively, then the steps of the
interactive possibilistic programming approachtfos problem is as follows:

1. First appropriate trapezoidal probability disttions for the ambiguous parameters is specified a
then the problem is modelled in the form of fuzEgis.(1)-(21)).

2. The objective function (1), which is fuzzy iswerted to a certain objective function (Eqn.(29))

3. The minimum acceptable possibility levell | is determined for ambiguous parameters and the
fuzzy problem is converted to deterministic probl@ggns.(29)-(38), the objective function (2) and
other constraints (4), (5), (8)-(12), (14), (16y14h8)-(21).

4. The positive ideal solution (PIS) and the negatdeal solution (NIS) will be obtained for eadh o
the objective functions by solving the fuzzy prabléhat is converted to the deterministic problem as
follows:

zZP®=minz;, , zMS=maxz (38)
ZE'S=maxZZ , ZZN'S= min Z,
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s.t
Eqgns.(30}(37) and other constraints (4), (5),-(12), (14), (16) and (1-(21)

It should be noted that to obtzﬁﬁ'sit is sufficient that the deterministic problem kvininimum cost

objective function (29) and constraints are writtenEqn.(38) is solved, and to obtﬁE'S as well as,

the problem with maximal covering objective funati?) with the constraints listed in Eqn.(38) is
solved. It is enough to determid IS after obtainingzg's, the common variable in two the objective

functions, i.e., the location variable of the temgyg blood donation centers () as the parameter in

probleme'Sis considered and the problem is solved with thmesaonstraints. Also it is enough to
determinez'z\”safter obtaininng'S, the common variable mentioned aboyg X as the parameter in

probleng'sis considered and the problem is solved with timeeseonstraints.
5. For each objective function a linear memberéimgtion is defined as follows:

1 if z,<zD'S (39)
1y (v) = ZNlTslS_Zplus if zZF'S<z,<z NS
217 =14
0 if z,>z%!S
1 if z,>25!S (40)
iy (v) = zpzls—z'g"'\lsIS it zMS<z,<75'S
2723
0 if z,<z)1S

In the above equationgy, (v)is the satisfaction degree of thenh objective function for the given
solution vectow .

6. The deterministic linear multi-objective problésnconverted to the crisp single objective problem
by using Eqn.(41).

max A(v)=Qko+(1-Q)> ¢ un(v) (41)
h
st. Ro<up(v), h=12
vOF(v),%g
vo[o]

Where i = minh{ph(v)} is the minimum satisfaction degree of objectivections. This approach is a
convex combination of the lower bound for the satison degree of goalsig) and the weighted sum
of these obtained degreqsh((v)) to ensure a tunably moderate conciliation sotutio

In addition to/ , andQ are the relative importance of thth objective function and the coefficient of
compensation, respectively. In other wordsQIfis more, compensation is more difficult and ifsit
less, compensation is more possibleis defined by the decision maker, according to hiis/

preference, such thﬁhfh =1,/,> 0.

7. Considering the compensation coefficiéhtand the relative importance of fuzzy goals (ve€jor
the deterministic single-objective model in Eqn)(4dith the same constraints (30)-(37) and other
constraints (4), (5), (8)-(12), (14), (16) and ((3}) is solved. If the decision maker is consentit

the current effective solution, the approach ipgeal. Otherwise, some controllable parameters asich
Q , aare changed and Steps 3-7 are repeated, and aeffifretive solution will be obtained (Torabi

and Hassini, 2008).
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5-1- Computational results and sensitivity analysis

Now, the problem by using CPLEX 24.1 in GAMSta@ire in various aspects has been solved in a
computer with a Core i3 processor. In the caseysteattion the values of the parameters were
discussed. According to the domain experts' viemggpthe activation probability for each fault ahd
probability of no earthquake are considered as &2 0.4, respectively. Now for various

a,n,A,Q,/;and/,the model has been solved and the values of tte §iecond and total objective

functions (Obj, Obj, and Total Obj) as well as established temporaoodbldonation centers and
establishment periods are shown in table 5.
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Table 5. The values of objective functions and establislesporary centers f& , N A,Q L7 1 andfz

& . . sz Stablished Temporary centers ( Established facilit]
S anAQ ]ty Objy Obj 2 S numbeF(Sta)tl)lishment(periods))

1 0.210.8| 4826951237 | 560086 | 5306 1(1-4), 2(1-4), 3(2), 4(1-4), 5(1-4), 6(1-2,4), A4} -
2 g 0.5/ 05| 4783256495| 554792 | 3322 1(1-4), 2(1-4), 3(2), 4(1-4), 5(1-4), 6(1-2,4), 4} -
3 N | 0.8 0.2| 4747060661 | 549918 | 1938 1(1-4), 2(1-4), 3(2), 4(1-4), 5(1-4), 6(1-2,4), 4} -
4 ol 0.210.8| 5046573270| 521887 | 1596 1(1-4), 2(1-4), 3(2), 4(1-4), 5(1-4), 6(1-2,4), 4} -
5 g 0.5 0.5| 4964523782 | 513610 | 1272 1(1-4), 2(1-4), 3(1), 4(1-4), 5(1-4), 6(1-2,4),4}-
6 0.8 0.2| 4877412367 | 502199 | 646 1(1-4), 2(1-4), 3(2), 4(1-4), 5(1-4), 6(1-2,4), 4} -
7 0.210.8| 3074258912 | 560086 | 5681 1(1-4), 2(1-3), 3(2), 4(1-4), 5(1-4), 6(1-2,4), 4} -
8 g 0.5/ 0.5| 3015492146 554792 | 3948 1(1-4), 2(1-3), 3(2), 4(1-4), 5(1-4), 6(1-2,4), 4} -
9 |©|;n|wn 0.8]0.2| 2966912913 | 549918 | 2214 1(1-4), 2(1-3), 3(1), 4(1-4), 5(1-4), 6(1-2,4), 4} -
10 |°@|°@|° 0.210.8| 3358413267 | 521887 | 1845 1(1-4), 2(1-3), 3(1), 4(1-4), 5(1-4), 6(1-2,4), 4} -
11 g 0.5|05| 3287451278 | 513610 | 1645 1(1-4), 2(1-3), 3(1), 4(1-4), 5(1-4), 6(1-2,4), 4} -
12 0.8 0.2| 3205412894 | 502199 | 1182 1(1-4), 2(1-3), 3(1), 4(1-4), 5(1-4), 6(1-2,4),4}.-
13 0.210.8| 1324587516| 560086 | 5733 1(1-4), 2(1-3), 3(1), 4(1-4), 5(1-4), 6(1-2),7(1-4)
14 g 0.5|05| 1258469172 | 554792 | 4034 1(1-4), 2(1-3), 3(1), 4(1-4), 5(1-4), 6(1-2),7(1-4)
15 | N 0.8 0.2| 1186765165| 549918 | 2355 1(1-4), 2(1-3), 3(1), 4(1-4), 5(1-4), 6(1-2),7(1-4)
16 ©|° 0.210.8| 1594515487 | 521887 | 2021 1(1-4), 2(1-3), 3(1), 4(1-4), 5(1-4), 6(1-2),7(1-4)
17 2 0.5/ 05| 1527125534 | 513610 | 1821 1(1-4), 2(1-3), 3(1), 4(1-4), 5(1-4), 6(1-2),7(1-4)
18 0.8 0.2| 1442834958| 502199 | 1485 1(1-4), 2(1-3), 3(1), 4(1-4), 5(1-4), 6(1-2),7(1-4)
19 0.2]0.8| 6512149325| 560086 | 4485 | 1(1-4), 2(1-4), 3(1-3), 4(1-4), 5(1-4), 6(1-2,31#4)
20 g 0.5|0.5| 6448566938| 554792 | 2805 | 1(1-4), 2(1-4), 3(1-3), 4(1-4), 5(1-4), 6(1-2,31#4)
21 o~ | 0.8] 0.2 | 6354851880| 549918 | 1594 | 1(1-4), 2(1-4), 3(1-3), 4(1-4), 5(1-4), 6(1-2,31#4)
22 o|e 0.2]0.8| 6732273958 | 521887 | 1296 | 1(1-4), 2(1-4), 3(1-3), 4(1-4), 5(1-4), 6(1-2,31,#4)
23 g 0.5|0.5| 6682891726 513610 | 957 | 1(1-4), 2(1-4), 3(1-3), 4(1-4), 5(1-4), 6(1-2,31,#4)
24 0.8]0.2| 6605184173| 502199 | 486 | 1(1-4), 2(1-4), 3(1-3), 4(1-4), 5(1-4), 6(1-2,31L,74)
25 0.2]10.8| 4097952704 | 560086 | 4646 | 1(1-4), 2(1-4), 3(1,3), 4(1-4), 5(1-4), 6(1-2,3L7H4)
26 S 0.5|0.5| 4018125046 | 554792 | 2956 | 1(1-4), 2(1-4), 3(1,3), 4(1-4), 5(1-4), 6(1-2,3L%4)
27 | |0 |0 0.8] 0.2 | 3959282425| 549918 | 1421 | 1(1-4), 2(1-4), 3(1,3), 4(1-4), 5(1-4), 6(1-2,3L#4)
28 |@|@|° 0.2]0.8| 4329357296| 521887 | 1336 | 1(1-4), 2(1-4), 3(1,3), 4(1-4), 5(1-4), 6(1-2,3L#4)
29 2 0.5|0.5| 4261535781 513610 | 1078 | 1(1-4), 2(1-4), 3(1,3), 4(1-4), 5(1-4), 6(1-2,3L#4)
30 0.8 0.2| 4185933029 502199 | 715 1(1-4), 2(1-4), 3(1,3), 4(1-4), 5(1-4), 6(1-2,3L#4)
31 0.210.8| 2125274015| 560086 | 4831 1(1-4), 2(1-4), 3(1), 4(1-4), 5(1-4), 6(1-2,3),A4}\-
32 g 0.5/ 0.5| 2035514579 | 554792 | 3073 1(1-4), 2(1-4), 3(1), 4(1-4), 5(1-4), 6(1-2,3),A4}\-
33 o |~ 0.8 0.2| 1883712970| 549918 | 1501 1(1-4), 2(1-4), 3(2), 4(1-4), 5(1-4), 6(1-2,3), A4}\-
34 ©|©e 0.210.8| 2357544188 | 521887 | 1411 1(1-4), 2(1-4), 3(2), 4(1-4), 5(1-4), 6(1-2,3), A4}\-
35 g 0.5/05| 2274919962 | 513610 | 1108 1(1-4), 2(1-4), 3(2), 4(1-4), 5(1-4), 6(1-2,3), A4}\-
36 0.8 0.2| 2209830176| 502199 | 854 1(1-4), 2(1-4), 3(2), 4(1-4), 5(1-4), 6(1-2,3),A4}\-

According to Table 5 it is observed that whemenaefficientd is increased, the degree of strictness
and the value of objective function 1 (i.e. theimjxted total cost) is also increased; but the valfie
aggregated objective function is decreased. Alsbeifpessimistic degree of objective functiom\} i6
increased, the risk of decision maker is reducetithe value of objective function 1 is also incezhs

However, the value of aggregated objective funcisotlecreased and as a result, more temporary blood

donation centres is established to respond theicappg of blood products. For example, various
facilities such as permanent and temporary blootation centers and blood bank in Tehran in the case

of a=0.6forn=0.8,A=0.2 Q=0.8, /;=0.8and?,=0.2int =4, are shown in Fig 4.
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Figure 4. Various facilities in case afi=0.€ forn=0.8,A = 0.2,Q= 0.8/, = 0.and/,=0.2int=4

Table 5 shows that the increasé inimproves the value of objective function 1 argbaleduces the

values of objective function 2 and the aggregatgdative function. Conversely, increas¢ in results

in increase of the value of objective function H &mprovement in the values of objective function 2
and the aggregated objective function.

Due to considering of the holding costs, the madehe normal state is not willing to hold inventor
this causes a reduction in total cost, but whenasehincreases suddenly, in order to avoid the lost
demand which is costly, blood banks and hospitatsomparing the costs of holding and lost demand)
will keep inventory in order to be cost-effective.

5-2- Validation of the model

In this section, the model validation is perfedn Therefore, both the deterministic model that
considers the fuzzy parameters as mean and they fomdel in the case ofo =0.6 for
n=0.2,A=0.8,Q= 0.8/, = 0.and/, =0.2 are solved and the solutions for both models bell
achieved. Now, the obtained variables from the taadels are considered as parameter in the one
deterministic model in the above case which thisleh@s similar to the first deterministic model,thvi

the difference that fuzzy parameters are considerétte form of uniform distribution between thesfi
and fourth fuzzy numbers and given in table 6.
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Table 6. The uniform distribution for generation the fuzzgrameters

Fuzzy Uniform distribution for Uniform distribution for
parameter, parameter production Fuzzy parameter parameter production
fie U[35000,4000F &mt U[0.08,0.09%
& U[1500, 300 Pimt U[0.08,0.09%
by U[1500, 3009 Finnt U[0.08,0.095
P U[200,35 G4 (For permanent U[144,38
Rim [ 9 center 1 [ 4
~ Gy (For other
i U[200,35 U|72,19
Gin [ 9 centers) and| [ ]
Ciot U[10000000, 2500000 o, U[500,1250

Thus, the mentioned deterministic model for di¢ained variables from the solution of the two
previous models which were considered as paransetdrthese parameters generated by uniform
distribution, for each generation of different \alior both models is solved. The results are ginen
Fig 5.

== Fuzzy —{3— Deterministic

==/r= Deterministic mean trend=x-= Fuzzy mean trend

700
680
660
640
620
600
580

Total objective function value

1 2 3 4 5 6 7 8 9 101112 13 14 1516 17 18 19 20

Number of run
Figure5. Results of validation

As it can be seen in Fig 5, the values of objectunction for the solution of the model with fiyz
parameters is less than the solution of model detilerministic parameters which is natural, because
the fuzzy state, uncertain conditions are alsoidensd which causes it to increase the first object
function and decrease the total objective functisswell as, the average value of the total objecti
function in the fuzzy state is less than the deiistic state and the standard deviation in theyuz
state (11.105) is less than the standard deviatitime deterministic state (16.268), which indisatess
variability of the objective function values in tfigzzy state compared to the deterministic stéiat, t
the validity of the model shows.

6- Discussion

Since the opinions of Senior Decision MakersNBIDare very important and have significant impact
on the planning of the blood supply chain, the gmerfices of SDMs are precisely taken in to account.
Also, with respect to importance of blood productsaving the human life, particularly in times of
disaster, it would be reasonable to select a nigkeaverse approach; therefore, the higher valfies o

and A is required.

It should be noted that currently only permanenbbtldonation centers are used and temporary blood
donation centers have been used in the past. Buheet the demand for blood products from
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applicants, it is essential to consider a varidtyooations for temporary blood donation centerd an
based on the demand in each period, these centeimwome active. Therefore, it can be concluded
that the existing conditions are not sufficientgatisfy demand of disaster conditions and in this
problem considering temporary blood donation centewe responded to a lot of demands.

Also, according to the obtained information, Velslmod bank is the only blood bank in Tehran and
must be strengthened against earthquakes. Thisriescmecessary because if the blood bank be
destroyed, the city will be at great risk. Therefat is necessary that different locations foaksshing
other blood banks in this city are considered byeets, so that many costs such as transportaten ar
reduced and the coverage level of blood productagplicants is increased.

7- Conclusions

In this paper, the complete structure of the@lproducts supply chain under earthquake disaster
presented. The purpose of the proposed model isni@ing common costs of blood supply chain and
maximizing the covering of blood donors so thag, decisions related to the amount of blood donated
to permanent and temporary blood donation centies,amounts of blood products transported
between different levels of the chain, receivedoblgroducts by blood applicant regions from
hospitals, holding blood products in hospitals @wbd banks and lost demands in blood applicant
regions and the locations of activated temporaopdbldonation centres at times of the occurrence of
earthquake disaster are decided to the most optistat®.

Also, to make the model closer to reality, ta¢a and information of the blood transfusion nekwo
of Tehran and JICA for earthquake disaster is usederify the proposed model. To handle the
uncertainty of input parameters a credibility-basezyy chance constrained programming method is
used. Moreover, an interactive multi-objective fwzlution approach is employed to solve the
proposed model and the corresponding results gqertesl in order to show the usefulness of the
developed model.

The opportunities for future research are in the fellowing areas:
(1) Considering backup plans for disrupted routetinies of disaster.
(2) Routing of blood transfusion vehicles and tpamgation of blood products from other provinces in

times of disaster.
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