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Disaster relief logistics planning decisions can be divided into two categories: strategic decisions
before the crisis, and operational decisions during and after the crisis. One of the strategic challenges
in disaster relief logistics planning is the identification of the location of disaster relief warehouses and
distribution relief centers, and their inventory levels for each type of relief goods. In the present post-
disaster relief process, relief goods are usually provided in distribution relief centers by disaster relief
warehouses. The main purpose of this paper is the determination of the required number of disaster
relief warehouses and distribution relief centers for providing an optimal relief process in District-1
of Tehran. The proposed approach is based on a mathematical optimization model by considering the
augmented epsilon constraint method. To ensure an optimal general solution, a robust two-objective
planning model is implemented using GAMS software. The numerical results of the proposed model are
provided by combining the humanitarian goal of minimizing the maximum shortage and the economic
goal of minimizing relief cost under possible scenarios. To achieve these goals, Mulvey’s scenario-based
stochastic programming is used to minimize the average cost of relief (economic goal), and Aghezzaf’s
scenario-based stochastic programming is used to reduce the number of casualties (humanitarian
goal) by maximizing the relief efficiency rate. Therefore, the best balance between humanitarian and
economic goals is obtained related to the allocated relief budget. Thus, the results of this study help to
decrease the costs, as well as accelerate the relief process, and subsequently minimize the casualties in
disaster situations.
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PemreHust mo rjiaHWPOBAHUIO JJOTMCTUKU IO OKa3aHUIO MTOMOIIM TPU CTUXUHHBIX OEICTBUSIX
MOXHO pas3iejluTh Ha JIBe KaTeropuu: CTpaTerMuyeckue pelieHUs] A0 Kpu3uca U OlepaTUBHbBIC
peleHust BO BpeMs U Tocjie Kpusnca. BakHbIM cTpaTerMuecKrMM BOIMPOCOB MPpHU MJIaHUPOBAHUU
JIOTUCTUKU Ul OKa3aHUs SIBJSIETCSl OMNpeesieHUe MECTOMOJOXEHUsI CKJIaJo0B Uil OKa3aHus
MOMOIIM TIPU CTUXUIHBIX OCICTBUSIX U LIEHTPOB paclipefe/ieHns], a TaKXe YPOBHs 3amacoB IS
KaXJIoTo THMIIa CPEACTB OKa3aHus momolnu. [lpomecc oka3zaHWsS TIOMOIIM TTOCAE CTUXMAHBIX
OenCTBUIN 3aKJII0YaeTCs B TOM, YTO TOBapbl TYMaHMTApHON TMOMOIIM JOCTABJISIOTCS B LIEHTPBI
pacnpeneneHus yepes ckiaanbl. OnpeaeaeHue MECTOMOMOXEHUST CKIAA0B i OKa3aHUs TTOMOIIU
MPU CTUXUIAHBIX O€ICTBUSX U LIEHTPOB pacIpeeIeHUsI MOMOIIIM, a TAKXE YPOBHEU MX 3aMacoB IS
KaXIIOro TUIIa TOBAPOB 'YMaHUTApHOM ITOMOIIIY SIBJISIETCSI OTHUM M3 CTPATeTUYECKUX BOTIPOCOB MPU
TUIAHUPOBAHUM JIOTUCTUKM OKa3aHUs TIOMOIIU TIPU CTUXUIHBIX OencTBusiXx. OCHOBHAs 1eJib 9TOM
CTaTbM — OTIpe/iesIeHe HE0OOXOIMMOTO KOJIMYECTBA CKIIAI0B 71T OKa3aHUST ITIOMOIIIY TP CTUXUITHBIX
OeNCTBUSIX U pacTpeleIMTeIbHBIX IIEHTPOB MOMOIIM Jisi 00ecTieYeHUsT ONTUMAJIBHOTO Tpoliecca
okaszaHus momoliuu B paiitoHe No 1 TerepaHna. [IpemiaraeMblii TOAX0 OCHOBAH HAa MaTeMaTU4ECKOM
MOJIEJIM ONITUMHU3ALMY C YIETOM PACIIMPEHHOTO METO/a ATICUIIOH-0TpaHU4YeHU . HTOObI 00ecTieunTh
OINTUMAJIbHOE YHUBEpPCAJIbHOE pEIIeHWe, C IOMOIIbI0 IporpaMMHoro obtecrneyeHus GAMS
peajim3oBaHa MOJeJIb TUIAHUPOBAHUS C IBYMS lLieasiMy. YMClaeHHBbIe pe3yJbTaThl MPeIIokKeHHON
MOJeIn 00eCIeYnBaAIOTCA C YYeTOM KaK TYMaHWTapHOW IeJM MWHMMU3AIUUA MaKCUMaJTbHOTO
neduimTa, Tak M SKOHOMMYECKOW IieIM MUHUMM3AllMM 3aTpaT Ha oOKa3aHWe TIOMOIIU TP
pPa3HbIX BO3MOXHBIX CLieHapusX. asg AOCTUXKEHUS STUX LeJiell MCIOJb3YeTCsl CTOXacTHUYeCcKOoe
nporpaMMupoBaHue MajBu Ha OCHOBE CLIEHAPUEB AJIsI MUHUMU3ALUU CPETHEN CTOUMOCTU OMOIIU
(sKOoHOMMYECKasl 1eJb). A JISI MOAEJIMPOBAHUS TYMaHUTApPHOU LIeJM 3a CYET MaKCHUMM3alUU
neduluTa MOMOIIM MCMOJIb3YETCS CTOXacTUYEeCKOe TporpaMMHUpOBaHWE Ha OCHOBE ClIeHapHeB
Are33ada. BaxkHO OTMETUTD, YTO HAMJTYUIITHI GajaHC MEXIy TYMAaHUTAPHBIMU M 9KOHOMUYECKUMU
LIEJISIMA TOCTUTAETCS TIPY TTOMOIIY BBIJAETEHUS OI0KETHBIX CpeACTB. TaKuM 00pa3oM, pe3yIbTaThl
3TOr0 MCCJIEeNOBaHMS MOMOTAIOT COKPATUTh PAcXOJbl HAa OKa3aHWE TMOMOIIM, a TaKXe YCKOPUTD
MpolLEecC OKa3aHUs caMOii MOMOIIU U MUHUMU3UPOBATH KOJIUYECTBO MOCTPaJaBIIUX.

Kumiouessbie cjioBa: riiaHMpoBaHUE JIOTUCTUKY TIPY CTUXUAHBIX OEICTBUSIX, TyMaHUTApHAS JIOTUCTH -
Ka, MOJIeJIb TUTAHMPOBAHUS C ABYMSI LIEJISIMU, OTITUMU3ALIMU Ha OCHOBE ClIeHapueB, MPOorpaMMHOe 00e-
cneyeHrne GAMS, paciiMpeHHbI METOI OTpaHUYEHUS ATICUIOH
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Introduction

A disaster is defined by the Oxford dictionary of disaster management as a “sudden accident or a natu-
ral catastrophe that causes great damage or loss of life” [1]. A disaster of moderate scale can easily result in
heavy causalities and loss of hundreds of millions of dollars. In fact, high cost is not the only consequence
of disasters: social problems, destruction of infrastructure, and other aftermaths of disasters can cause
long-lasting adverse consequences in the affected regions [2]. In addition to these direct losses, disasters
also have a negative impact on the businesses in the affected areas. Furthermore, because of business fail-
ures, economic deterioration impedes their recovery. Disaster management is a cross-disciplinary research
field that brings together practitioners and academics, volunteers and professionals, as well as non-govern-
mental organizations, governmental agencies, and international organizations in a common endeavour to
coordinate efforts to save lives and reduce loss under difficult working conditions [1]. Since disaster man-
agement is a multifaceted process, it is imperative to deploy proper management that optimizes planning
and responses. Due to the limitation of resources during and after disaster periods, collaborative efforts at
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the governmental, private, and community levels are indispensable. In the field of disaster relief, data-driv-
en logistics can reduce the losses both during and after the disaster greatly. Data-driven disaster manage-
ment is an emerging research area that has undergone considerable progress during the past decade [2]. Its
main advantage over traditional disaster management is that it connects different partners and entities in
a system, allowing users to find valuable information that makes them aware of the disaster situation and
recovery status in real-time. Moreover, the community participants can collaborate to exchange critical
information, evaluate the damage, and make practical recovery plans.

Nowadays, data is being generated at a rate as never before. In this digital age, data is constantly being
produced and accumulated, and these data help to make major decisions. In order to make better deci-
sions, managerial decisions increasingly rely on data analytics, instead of a leader’s “gut instinct” [3]. In
recent years, some researchers have developed analytical methods that use data for better decision-mak-
ing in organizations [4]. Vidgen et al. state that analytical capability mediates between the data that an
organization generates and accesses and the value that the organization can derive from the data through
actions based on better decisions [5]. While other researchers [6] view management challenges as predom-
inantly covering issues related to privacy, security, governance, and ethical aspects; these challenges also
target much broader management, leadership, and decision-making aspects that impact organizational
performance. The expanded scope also uses accountability to measure organizational performance [7].
Thereupon, data-driven decisions make or break organizations. This is where the importance of online
data visualization becomes operational. Therefore, the importance of data in decision-making is based on
data consistency and continuous growth. Data enables organizations to create new opportunities, generate
more revenue, anticipate trends, optimize current operations, and generate actionable insights. In this
case, data-driven logistics improve the growth of an organization. Consequently, the organization becomes
more adaptable. From this perspective, in the case of disaster relief logistics, all around the world, improv-
ing disaster management and recovery techniques is one of the national priorities given the possible major
toll caused by natural and man-made calamities [2]. Therefore, data-driven disaster management aims at
applying advanced data collection and analysis technologies to achieve more effective and responsive dis-
aster management [2]. This research field has undergone considerable progress in the last decade.

The case study of the present work is District-1 in Tehran, Iran. Tehran, as the capital of Iran, is subject-
ed to a significant risk of earthquakes because of geologic faults, which are located around the city (see
Fig. 1). The potential risk of earthquakes caused by these faults (Mosha, North of Tehran, South Rey, and
other floating faults) illustrates the need for optimal earthquake relief logistics planning to realize the hu-
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Fig. 1. The map of existing faults around Tehran
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manitarian and economic goals mentioned in this work [8]. In particular, District-1 should be considered
as a specific area to apply disaster relief logistics plan (DRLP) in the pre- and post-disaster relief process.
Especially because this district is located directly on the North Tehran fault and some of the most historical
buildings of the last two hundred years of Iran are located there. Furthermore, District-1 has an important
role in politics because more than 30 embassies are placed there. The overall information on the topolog-
ical structure of District-1 is provided in Table 1.

The main purpose of the work is to improve the current process of the disaster relief logistics, which is
used in Iran in case of disaster.

Table 1. The geographical and demographic information of District-1, Tehran

Information Quantity
Population 487508
Area 101 [square km]
Density 4827 [per km?]
Number of families 166881
Altitude 1800 [m]
Number of zones 10

Number of metro stations

5

The purpose and objectives of the study

Due to importance of strategic pre-disaster issues, the efforts of present study are dedicated to draw
an effective organizational chart for the collaborations of governmental and non-governmental organiza-
tions. Besides, some of the operational issues related to disaster relief logistics planning (DRLP), including
the determination of the number of the disaster relief warehouses (DRWs) and relief distribution centers
(RDCs), are studied.

Three interrelated research tasks are the following:

1. Redefinition of the relations between different organs participating in the relief process after a
disaster.

2. Improving the disaster relief chart, which is used in case of earthquake.

3. Determination of the adequate number of disaster relief warehouses (DRWs) and relief distribution
centers (RDCs) by considering humanitarian and economic goals simultaneously.

Case study

Iran has a high earthquake potential due to its special geological structure. The Iranian plateau is lo-
cated in the middle of the Alpine-Himalayan tension belt, which has not yet reached its final equilibrium.
This causes regular devastating earthquakes in different regions of Iran, in particular Tehran. The national
disaster management organization of Iran (NDMO) was established according to the law approved on
15.01.2008 [9]. The national disaster management organization is responsible for creating integrated man-
agement in policy-making, planning, and coordination in the fields of implementation and research. Be-
sides, this organization provides a platform for the cooperation of different ministries and organizations.
Accordingly, the national disaster management organization is one of the governmental organizations of
Iran that operates under the Ministry of Interior of Iran. However, in practice, the performance of this
organization is disrupted by parallel governmental or non-governmental organizations. This is due to the
political rivalries between the parties, the systematic corruption of the ruling system [10], the efforts of var-
ious organizations to obtain financial and non-financial benefits, and finally the intense interest of various
institutions to use propaganda to ordinate people’s opinions and sentiments in direction of their organiza-
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Fig. 2. The current logistics process

tion interests [11]. This organizational parallelism causes major problems in term of disaster management
and disrupts the relief process. It also expands the scope of administrative, political, cultural, and social
damage. The arising problem of such process includes unorganized relief, low efficiency of the relief pro-
cess, slow relief process, the possibility of increased casualties in the early hours due to delays in relief, un-
balanced relief, increase in operating costs, increase in the criminal behavior of people and organizations
due to lack of supervision (theft, money laundering, etc.). Needless to say, for such a corrupt and unorgan-
ized system in which all its organs are aware of the existing problems but do not seek to overcome obstacles
and problems due to organizational interests, the relief process chart has not been published. However, by
monitoring the official sites [9, 12—14] of these organizations and reviewing the news published by them
after disasters, the present relief process can be modelled as shown in Fig. 2.

Logistics process description

Disaster relief logistics (DRL) decisions regarding relief goods can be divided into two phases; pre-dis-
aster decisions (strategic planning related to the forecasting and preparation of relief goods) and post-dis-
aster decisions (operational planning related to the distribution of relief goods to the affected areas) [2]. In
the event of a disaster, the relief process is usually such that relief goods are delivered to the relief distribu-
tion centers (RDCs) through disaster relief warehouses (DRWs). Identification of the location of DRWs
and RDCs, and their inventory levels for each type of relief good is one of the strategic issues in Disaster
Relief Logistics planning (DRLP). Besides, it should be considered how to allocate the relief from DRWs
to RDCs, and cover the affected areas [15]. Furthermore, the operational planning of the supplying and
distribution of relief goods depends on the scenarios under which the disaster occurred [16]. Therefore,
the DRLP problem can be divided into three main problems; the first is the location of DRWs, the second
deals with the management of their inventory, and finally, the third deals with the distribution of relief
goods to the applicant areas [17]. In this work, the DRLP procedure is defined by considering economic
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(decreasing the number of DRWs and RDCs) and humanitarian (increasing the number of DRWs and
RDCs) goals simultaneously, which is suggested in the work of [8]. It is worth mentioning, here in this
work, the problem is simplified to the determination of the required number of DRWs and RDCs for pro-
viding an optimal relief process. This process is illustrated in Fig. 3.

According to the current logistics process (Fig. 2) and proper decision-making process in case of disas-
ter (Fig. 3), this work aims to determine the adequate numbers of DRWs and RDCs. To aim this purpose
and improve the process, at first, to keep away from unnecessary parallel functions, which are implement-
ed in reality, the current logistics process should be reconsidered (see Fig. 4). Secondly, to determine the
optimum number of DRWs and RDCs in Tehran-District 1, a new two-objective mathematical optimi-
zation model, which was provided in the previous work of other researchers [8], is used. As the results of
these two steps the optimum numbers of DRWs and RDCs will be defined based on the allocated budget.
In particular, the main benefits of the present work include troubleshooting of the following issues: de-
fects in the existing structure and organization, inefficiency of existing rules in different stages of disaster
management, lack of transparency in roles, duties, and responsibilities, lack of preparedness to respond to
disasters and problems.

Research method

In this work, the proposed approach is based on a mathematical optimization model. For this purpose,
a robust two-objective planning model is applied. The reason for using this approach is justified by the
uncertain nature of the demand for relief in the disaster relief logistics planning (DRLP). Therefore, two
considered parameters include the numbers of DRWs and RDCs which are uncertain at the beginning
of the mathematical model and should be assumed by the modeller according to some assumptions. The
considered assumptions during modelling and DRLP problem solving are as follows:

— At the beginning of the solution, there are one DRW and one RDC for each zone (10 zones in total),

— Distance between two DRWs, as well as two RDC:s, is considered the same,

— After the disaster, if there is an internal supplier of relief goods, the location of the internal supplier
will be considered as determined,

— The location of areas seeking relief after the disaster is known and their demand is considered un-
certain,

— Delays in receiving relief aids after a disaster are considered to be negligible,

— The basic disaster relief supplies kits include: water, food, the first aid kit (health goods), accommo-
dation tent, and warm clothes (blankets),

— The necessity of all goods is not the same and it is considered by the weight value,

— After the disaster, the amount of deterioration in the contingency reserve of the DRWs is considered
negligible,

— RDC:s can only distribute relief goods to areas within their coverage radius,

— Before and after the disaster, RDCs keep no relief goods.

The modelling and solving of DRLP are based on the presented algorithm in Fig. 5, in which the
humanitarian and economic goals are considered under the possible scenarios [18]. The augmented ep-
silon constraint method provides the best balance between the economic (decreasing DRWs & RDCs)
and humanitarian (increasing DRWs & RDCs) goals. GAMS software is used to implement the proposed
model. Furthermore, this software ensures an optimal universal solution. Finally, in order to minimize the
average cost of relief (economic goal), Mulvey’s scenario-based stochastic programming [19] is used, while
Aghezzaf’s scenario-based stochastic programming [20] is used to model the humanitarian goal through
maximizing relief deficiency.

If it is proposed that (z) is target value under the assumed scenario of (s € S), (xs) is a scenario-de-
pendent variable, (y) is a scenario-independent variable, (c, ds, As, KS, bs) are optimization problem
parameters, (R, g) are the value of definite parameters, and finally (pr) is the probability of occurrence of
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the scenario, then, according to Mulvey’s scenario-based stochastic programming, to minimize the aver-
age cost of relief, an optimization problem is expressed as follows:

2
Min{Z} +Var{Z} + Penalty = Zprs *Z +kz pr, *(zs - Z r, *ZS,J +0)Z pr, *&f,

se S sesS s'eS se s
z,=c,*x,+d yVses,
Ax +K y=b +& Vsels, (1)

Ry =g,
vel,x 20,

where, in the different scenarios, (F,S), (w), and (A), are perturbation part, model stability coefficient, and
factor of significance to the variance of the responses, respectively.

To improve the average performance of the system and reduce response deviations, a penalty com-
ponent is added to the objective function to prevent overruns, which ensures model stability. Besides,
to maximize relief deficiency, according to the Aghezzaf’s scenario-based stochastic programming states
optimization problems as:

Min{Z} =y(Max{zS —z]|s eS})+p2prS *Z,

se S

z,=c,*x,+d yVses,

Ax +Ky=b Vsels, 2)
Ry =gq,
veY,x =0,

Where, simultaneously, the maximum amount of deficit in all scenarios is minimized with the average
deficiency.

Implementation of proposed logistics

As mentioned before, in this work, District-1 of Tehran is considered as a real case study, where the
DRLP problem is very important due to the earthquake-prone nature of its geographical location. The
relative probabilities of earthquake occurrence, which is shown in Table 2, are extracted from previous
researches [18].

Table 2. Possible scenarios [18]

Tehran, District-1 Mosha Fault North Tehran Fault South Rey Fault Other Float Faults
Earthquake Relative Probability 62% 28% 6% 4%
Hours of Occurrence Night Day Night Day Night Day Night Day
Probability of Occurrence 21% 41% 9% 19% 2% 4% 1% 3%

According to the four introduced faults, Table 2 is arranged by considering the occurrence of an earth-
quake at night or during the day, which causes different scenarios of injury and the need for help. Therefore,
in Table 2, eight different scenarios are stated. The results of the proposed robust optimal planning approach
using GAMS software are provided in Table 3. To create this table (Table 3), the number of DRWs and
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RDC:s at the beginning of calculations are supposed to be 10, corresponding with 10 zones of District-1 (one
DRW and RDC for each zone). By using the trial and error method and increasing/decreasing the number
of DRWs and RDC:s, finally, the optimum numbers of DRWs and RDCs are obtained. In the present work,
the optimum numbers of DRWs and RDCs are 13 and 10, respectively. The maximum permissible deviation
from the allocated budget is 10 percent, and the relative error of estimated costs for each scenario is provided
in Table 3. Therefore, decision-making based on this approach guarantees that the planning for the majority
of possible scenarios has been done in the best way and the relief network is in an optimal state. Using these
results, disaster managers can make optimal strategic decisions before the disasters and define the num-
ber and location of relief warehouses and distribution centers. Consequently, besides the decreasing of relief
costs, the relief process will be accelerated, and the lack of relief goods and casualties will be minimized.

Table 3. The comparison of the allocated budget [9, 21] and calculated cost

Scenarios Probability of occurrence Allocatec! b'udget Calculau?d‘costs Relative error percentage
(AB) [Million $] (CC) [Million $]
Mosha fault- night 21% 1.413 1.49 5.45%
Mosha fault- day 41% 1.15 1.14 0.87%
North Tehran fault- night 9% 1.5 1.624 8.27%
North Tehran fault- day 19% 1.262 1.19 5.71%
South Rey fault- night 2% 0.860 0.94 9.30%
South Rey fault- day 4% 0.771 0.71 7.91%
Other float faults- night 1% 0.767 0.833 8.60%
Other float faults- day 3% 0.662 0.61 7.85%
Conclusion

In recent years, data-driven disaster management is an emerging and interdisciplinary research field
that aims at applying advanced data collection and analysis technologies to achieve a more effective and
responsive disaster management. In this case, disaster relief logistics planning decisions can be divided into
two categories: strategic decisions in the pre-disaster phase and operational decisions, which are implied
in the post-disaster phase. In the case of strategic issues before the disaster, the present work provides an
effective organizational chart for the collaborations of governmental and non-governmental organizations
using the definition of the systematic role of each organization in Iran. Besides, some of the operational
issues related to disaster relief logistics planning (DRLP), including the determination of numbers of the
disaster relief warehouses (DRWs) and relief distribution centers (RDCs) numbers, are investigated using
a two-objective mathematical optimization model, which generally is a scenario-based stochastic pro-
gramming approach. In this approach, both the humanitarian and economic goals are considered under
possible scenarios. The implementation of the proposed model is performed using GAMS software. Thus,
due to the study goals, the following results are drawn:

1. The best balance between economic and humanitarian goals is achieved using the perfect epsi-
lon-constraint method.

2. Because of the acceptable performance of the provided approach in terms of such criteria as the
numbers of DRWs and RDCs, and the maximum deviation of calculated cost from allocated budget under
various scenarios, the obtained numerical results indicate that the approach can be used for disaster relief
logistic planning problem solving.

3. The linearity of the proposed model ensures the universal optimization of the results, which are
obtained in GAMS software. Therefore, the calculated cost in each scenario is very close to its allocated
budget, in particular, when the probability of the scenario is more.
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To sum up, in reality before a disaster, decision-makers can make optimal strategic decisions regarding
location and inventory of relief warehouses, distribution of relief goods, etc. Thus, this work can decrease
the costs of the relief process, as well as accelerate the relief process, and subsequently minimize the casu-
alties in disaster situations.

Directions for further research

To develop the proposed model in this article, for further directions of research, it is suggested to con-
sider the delay/lead time of receiving relief goods due to humanitarian aid in future work. In addition,
applying an analysis-based approach to the presented model makes it possible to solve large-scale prob-
lems. Therefore, the developed model will be able to direct calculations for problems with more stochastic
parameters, also for a wider geographical area within an acceptable time frame.

REFERENCES

1. O. Rubin, R. Dahlberg, A dictionary of disaster management. Oxford, England: Oxford University
Press, 2017. 136 p. DOI: 10.1093/acref/9780191829895.001.0001

2. T. Li, N. Xie, C. Zeng, W. Zhou, L. Zheng, Y. Jiang, Y. Yang, H.Y. Ha, W. Xue, Data-driven tech-
niques in disaster information management. ACM Computing Surveys, 2017, no. 50 (1), pp. 1—-43. DOI:
10.1145/3017678

3. O. Miiller, M. Fay, J.V. Brocke, The effect of big data and analytics on firm performance: An econo-
metric analysis considering industry characteristics. Journal of Management Information Systems, 2018,
no. 35 (2), pp. 488—509. DOI: 10.1080/07421222.2018.1451955

4. K. Odero, N.M. Ochara, J. Quenum, Towards big data-driven logistics value chains for effective
decision making and performance measurement. ECISM 2017 11" European Conference on Information
Systems Management, Genoa, Italy: Academic Conferences Ltd, 2017, pp. 233—241.

5. R. Vidgen, S. Shaw, D.B. Grant, Management challenges in creating value from business analytics.
European Journal of Operational Research, 2017, no. 26 (2), pp. 626—639. DOI1:10.1016/j.€jor.2017.02.023

6. U. Sivarajah, M.M. Kamal, Z. Irani, V. Weerakkody, Critical analysis of big data challenges and
analytical methods. Journal of Business Research, 2017, no. 70, pp. 263—286. DOI: 10.1016/j.jbus-
res.2016.08.001

7. R. Rialti, L. Zollo, A. Ferraris, I. Alond, Big data analytics capabilities and performance: Evidence
from a moderated multi-mediation model. Technological Forecasting and Social Change, 2019, no. 149,
119781-10. DOI: 10.1016/j.techfore.2019.119781

8. A. Papi, M. Pishvaee, A. Jabbarzadeh, Robust optimal disaster relief logistics planning using a bi-ob-
jective robust scenario-based stochastic programming model and augmented epsilon constraint method.
Disaster Prevention and Management Knowledge Quarterly (DPMK), 2019, no. 8 (4), pp. 349—364.

9. National Disaster Management Organization of Iran (NDMO). URL: https://www.ndmo.ir/ (Ac-
cessed April 19, 2021). (FA)

10. P. Azadi, The structure of corruption in Iran. Stanford Iran 2040 project, California, USA: Stanford
University Press, 2020. 3 p.

11. S. Abedi, A. Ghasemi, H. Mortazavi, The effect of macroeconomic variables on the financial and
casualties of natural disasters in Iran. Iranian journal of Ecohydrology, 2020, no. 7 (4), pp. 921-933. DOI:
10.22059/1JE.2020.307408.1364

12. Tranian Red Crescent Society (IRCS). URL: https://rcs.ir/ (Accessed April 19, 2021). (FA)

13. Islamic Republic of Iran Army (AJA). URL: https://aja.ir/ (Accessed April 19, 2021). (FA)

14. Islamic Revolutionary Guard Corps (IRGC). http://www.sepahnews.com/ (Accessed April 19,
2021). (FA)

15. D. Rahmani, A. Zandi, E. Peyghaleh, N. Siamakmanesh, A robust model for a humanitarian relief
network with backup covering under disruptions: A real world application. International Journal of Disas-
ter Risk Reduction, 2018, no. 28, pp. 56—68. DOI: 10.1016/j.ijdrr.2018.02.021

16. W. Klibi, S. Ichoua, A. Martel, Prepositioning emergency supplies to support disaster relief: a case
study using stochastic programming. Information Systems and Operational Research, 2018, no. 56 (1),
pp. 50—81. DOI: 10.1080/03155986.2017.1335045

119



4 St. Petersburg State Polytechnical University Journal. Economics Vol. 14, No. 4, 2021>

17. C. Boonmee, M. Arimura, T. Asada, Facility location optimization model for emergency human-
itarian logistics. International Journal of Disaster Risk Reduction, 2017, no. 24, pp. 485—498. DOI:
10.1016/j.ijdrr.2017.01.017

18. Iranian Seismological Center (IRSC). URL: http://irsc.ut.ac.ir/index.php?lang=ea?lang=fa (Ac-
cessed April 19, 2021). (FA)

19. A.M. Nezhadroshan, A.M. Fathollahi-Fard, M. Hajiaghaei-Keshteli, A scenario-based possibilis-
tic-stochastic programming approach to address resilient humanitarian logistics considering travel time
and resilience levels of facilities. International Journal of Systems Science: Operations & Logistics, 2020,
pp. 1-27. DOI: 10.1080/23302674.2020.1769766

20. Z.. Ghelichi, M. Saidi-Mehrabad, M.S. Pishvaee, A stochastic programming approach toward op-
timal design and planning of an integrated green biodiesel supply chain network under uncertainty: A case
study. Energy, 2018, no. 156, pp. 661—687. DOI: 10.1016/j.energy.2018.05.103

21. Plan and Budget Organization of the Islamic Republic of Iran (PBO). URL: https://www.mporg.ir/
home (Accessed April 19, 2021). (FA)

CMNMUCOK JIUTEPATYPbI

1. Rubin O., Dahlberg R. A dictionary of disaster management. Oxford, England: Oxford University
Press, 2017. 136 p. DOI: 10.1093/acref/9780191829895.001.0001

2. Li T., Xie N., Zeng C., Zhou W., Zheng L., Jiang Y., Yang Y., Ha H.Y., Xue W. Data-driven tech-
niques in disaster information management. ACM Computing Surveys, 2017, no. 50 (1), pp. 1—43. DOI:
10.1145/3017678

3. Miiller O., Fay M., Brocke J.V. The effect of big data and analytics on firm performance: An econo-
metric analysis considering industry characteristics. Journal of Management Information Systems, 2018,
no. 35 (2), pp. 488—509. DOI: 10.1080/07421222.2018.1451955

4. Odero K., Ochara N.M., Quenum J. Towards big data-driven logistics value chains for effective de-
cision making and performance measurement. ECISM 2017 11th European Conference on Information
Systems Management, Genoa, Italy: Academic Conferences Ltd, 2017, pp. 233—241.

5.VidgenR., Shaw S., Grant D.B. Management challenges in creating value from business analytics. Eu-
ropean Journal of Operational Research, 2017, no. 26 (2), pp. 626—639. DOI: 10.1016/j.€jor.2017.02.023

6. Sivarajah U., Kamal M.M., Irani Z., Weerakkody V. Critical analysis of big data challenges and
analytical methods. Journal of Business Research, 2017, no. 70, pp. 263—286. DOI: 10.1016/j.jbus-
res.2016.08.001

7. Rialti R., Zollo L., Ferraris A., Alond I. Big data analytics capabilities and performance: Evidence
from a moderated multi-mediation model. Technological Forecasting and Social Change, 2019, no. 149,
119781-10. DOI: 10.1016/j.techfore.2019.119781

8. Papi A., Pishvaee M., Jabbarzadeh A. Robust optimal disaster relief logistics planning using a bi-ob-
jective robust scenario-based stochastic programming model and augmented epsilon constraint method.
Disaster Prevention and Management Knowledge Quarterly (DPMK), 2019, no. 8 (4), pp. 349—364.

9. National Disaster Management Organization of Iran (NDMO). URL: https://www.ndmo.ir/ (Ac-
cessed April 19, 2021). (FA)

10. Azadi P. The structure of corruption in Iran. Stanford Iran 2040 project, California, USA: Stanford
University Press, 2020. 3 p.

11. Abedi S., Ghasemi A., Mortazavi H. The effect of macroeconomic variables on the financial and
casualties of natural disasters in Iran. Iranian journal of Ecohydrology, 2020, no. 7 (4), pp. 921-933. DOI:
10.22059/1JE.2020.307408.1364

12. Iranian Red Crescent Society (IRCS). URL: https://rcs.ir/ (Accessed April 19, 2021). (FA)

13. Islamic Republic of Iran Army (AJA). URL: https://aja.ir/ (Accessed April 19, 2021). (FA)

14. Islamic Revolutionary Guard Corps (IRGC). http://www.sepahnews.com/ (Accessed April 19,
2021). (FA)

15. Rahmani D., Zandi A., Peyghaleh E., Siamakmanesh N. A robust model for a humanitarian relief
network with backup covering under disruptions: A real world application. International Journal of Disas-
ter Risk Reduction, 2018, no. 28, pp. 56—68. DOI: 10.1016/j.ijdrr.2018.02.021

120



4 H. Malah, S. Ramzani Movafagh, E.N. Uskov, K.M. Paardenkooper-Suli  DOI: 10.18721/JE.14408>

16. Klibi W., Ichoua S., Martel A. Prepositioning emergency supplies to support disaster relief: a case
study using stochastic programming. Information Systems and Operational Research, 2018, no. 56 (1),
pp. 50-81. DOI: 10.1080/03155986.2017.1335045

17. Boonmee C., Arimura M., Asada T. Facility location optimization model for emergency humanitar-
ian logistics. International Journal of Disaster Risk Reduction, 2017, no. 24, pp. 485—498. DOI: 10.1016/j.
ijdrr.2017.01.017

18. Iranian Seismological Center (IRSC). URL: http://irsc.ut.ac.ir/index.php?lang=ea?lang=fa (Ac-
cessed April 19, 2021). (FA)

19. Nezhadroshan A.M., Fathollahi-Fard A.M., Hajiaghaei-Keshteli M. A scenario-based possibilis-
tic-stochastic programming approach to address resilient humanitarian logistics considering travel time
and resilience levels of facilities. International Journal of Systems Science: Operations & Logistics, 2020,
pp. 1-27. DOI: 10.1080/23302674.2020.1769766

20. Ghelichi Z., Saidi-Mehrabad M., Pishvaee M.S. A stochastic programming approach toward opti-
mal design and planning of an integrated green biodiesel supply chain network under uncertainty: A case
study. Energy, 2018, no. 156, pp. 661—687. DOI: 10.1016/j.energy.2018.05.103

21. Plan and Budget Organization of the Islamic Republic of Iran (PBO). URL: https://www.mporg.
ir/home (Accessed April 19, 2021). (FA)

Cmamows nocmynuaa é pedakyuro 19.04.2021.

CBEAEHUA Ob ABTOPAX / THE AUTHORS

MAJIAX Xamuz,
E-mail: hamid.malah@gmail.com
MALAH Hamid
E-mail: hamid.malah@gmail.com

PAM3AHM Mosadar Capa
E-mail: sara.rm84@yahoo.com
RAMZANI Movafagh Sara
E-mail: sara.rm84@yahoo.com

YCKOB 9Dpuaect Hukonaesny
E-mail: erikerni@mail.ru
USKOV Ernest N.

E-mail: erikerni@mail.ru

ITAAPIEHKYIIEP-CYDJIN Knapa
E-mail: k.m.paardenkooper@hr.nl

PAARDENKOOPER-SULI Klara M.
E-mail: k.m.paardenkooper@hr.nl

© CaHkT-MNeTepbyprckuii NoMTEXHUYECKUI yHuBepcuTeT MeTpa Benwukoro, 2021

121



