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6- Sample average approximation
7- Epsilon-constraint approach
8- Pick-the-Farthest Algorithm
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10- P-Median
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Figure 1: Overall process of proposed method
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Figure 2: Population subsystem
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Figure 3: Destruction-Building subsystem
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Table 2- The charachteristics of important fault of Mashhad
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Figure 4: Vulnerabilty of buildings to maximum speed
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Figure 5: The proportion of casualty in day to night
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Figure 6: The validation of system dynamics model
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Table 6- The earthquake scenarios in Mashhad
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Figure 7: The initial location for emergeny location
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Table 8- The casualty and demand for emergency location

Downloaded from geographical-space.iau-ahar.ac.ir at 12:43 IRDT on Friday May 9th 2025

Bt C Cf |t ¢ C g |t ¢ Clp |y | L ¢
O F B & E £ £ & § £ £ B § £ £ &

q wiy/ ey q VA¥AY/ YA/ q yeay/ Yevea/ q WY/ | vy
§AOA %% Ve 0 V) ° A /4

Ve VVevv/ yeqyov/ \e Yoo\ Yayyig/ Ve Year/ YYVaAv/ Ve VeYYe | aves)
oY oYYy ay o \f ) Ira A

1) W/ VeYVYA/ 1 EVYYY/Y | yveyvi/ W | vasaxfe | Yveasy/ 1 VOAVY | avyor
%% V440 0 A /a1 Iav

VY Yq0.Y/ 41+4y/ \Y VAVYY/ Yovee/ \Y 8vyy/ V4ATe o/ \Y YUY | AVYAA
AY) YTV Yi £ 00 ¢ Ir o)

) £19A0/ Yvrov/ Ve \ ssAo/ Yoovas/ 1) \ Yyovv/ VA0 &V/ \Y \ vy, | YAose
Yag (2 Yv ¢ Ao q \FAd M

Y VAYVY/ YYAM Y Y VEATY YYAr e/ Y ot YVY/ \oYAY/ Y YAV | vEev
001 oY Y q vy A Ivs /)

Y A YvoAra/ v rasyv/ Yrray/ Y YA/ 141+ YY/ Y oq0v/ | yavar
\ VAV AFVA A v VA A 041 [iA

3 WAAYY/ YiAYoo/ § TovYVIA | Yrvysa/ § svwv/ \WYAAA/ £ 4qYY/ | YoA+\
WA YA 1 X% % " oy

° g00v/ YVYAYA 0 syavy/ YlovA/ 0 V1 1e/ VAAQEY/ ° AV | rary.
iall vvoy vy \ Yv 0 £Yo I

1 Vo o/ YEYVAY/ 1 v/ YYyyoo! 1 ovagy/ Vv g/ 1 VeAVY | orEany
h\a% Y14 Y A V't Y AR Ive

v Yyago/ YA¥EY /] % ryi04/ YV Y % YYAYo/ 1q1yvy/ v ivia/ | teA0n
AYY \qa Y Y4 ) Y YA Iy

A 0894/ YYYVA/ A ovevy/ Yortit/ A YA+Yo/ AV A vave/ | YVAA
VYY 04 VA Vo Y oY 3 £14 [0

q VA 84/ yavavy/ q wWyvely | YAsYso/ q yyeaa/ Yo/ q ARUAVAREFACER!
VY CAVQ 1 1 Y 48y /5y

Ve YooAY/ YAVY o Ve YAVYo/ Yviron/ Ve YoAvY/ VAAATY/ Ve £YrU | LAY
4y Yiv 01 A vy q OAY oA

1) £00A YVAYEV/ 1 £s0A Yoqe oA 1 YYyey/ VAVASY/ 1) WA | ey
31 AT A q o A wy [ov

VY 3w Yr404./ \Y viav/ YYAVVY/ \Y ovvrv/ 1104\A \Y VAT | YEoYy
YEA YA4AA ¥ A 1Y b Iy /a1

o7 ol s = L0
ﬁ)la-wﬁdb“‘-’“w:e-’uﬁrbdjg;’LLOK‘VNu:*’”)->°"“:““S‘J‘ﬂli)d')"‘)‘”w"”‘b“-l"fw‘)J

Sl e Gl s sdd e 505 MATLAB 2017 i35k 5 5 bl Jio ool ol o § jaseie



http://geographical-space.iau-ahar.ac.ir/article-1-3380-fa.html

Downloaded from geographical-space.iau-ahar.ac.ir at 12:43 IRDT on Friday May 9th 2025

1F44 5l VY o lach calkeass o o oalssl i (sLds sale (sasliluad A

) S Kos Gpobew sldas o gl aS el 83 0L Ll ol 1l VU i 53 el &S151 gla gl
ol &)\JS (“\) J)Je-)a dol> @L’b J}«w oalaiul o.,LJ:JSJ J..Lc)\ Q‘}S&)ﬁw‘ ol wjfjja.:)b&bd

G

ke 2 Gl & gy et -8 g
Table 9- The optimum allocation in each scenario
ailaie )
20l ) A v ¢ 0 VY
Ol ol VAYoi AL VIVAEY VeoEvs VY OATA VOVEA
sl ksl
R ¥, 18, o, ¥, g, e, Ve, T8, Ve, | g, e, VeV, |, A, o, ¥, g, o,
é\lj]dd” Yo., Yo Yo., Yo Yo, Yo Yo., Yo you VY,Yor, Yo
/
/
/
aibeie VY
)ijt““ A Y Y ¢ 0 \Y
Ol sl FAOE s AETARI A\aly FOA Y. vEoTV
sl ksl
Sl ST 0A, 04, v, £Y, 84, £0, OA, 0A, 04, 1, £Y, £8, £0, OA, oA, 04, 1+, £Y, 84, £0, OA,
Sl sl W, Y 04, 1+, Y, Y A\ 04, 1+, 1, Y 1, Y 64, v, Y, Y
é .
S oS

3555 So VYV dle s dgde gl o3 S Sl e ag olkesl O s sk 4 Gl s
Jatms Sl 2 6555 3l oy Gotosd ol gl 1 oslinel b S0s Sl tanl 0 oolitl e il
ol el s e dms e i Ly 3l ol oS SISl O 5 aie a s Ol deasl sl slass 35
3 ol 5 O3S ol e adaly GBSl esliial L ol e 55 sl e el Al e Y s 240 s
Comazr JS 58 B 3 b oS 558 e arsloe sl a4 gy Sl slas Sl (e (g3l dus
SO GIS s LY (£)l08 s 5l el b pys o 53 il wlons LB (sl sl OISl (sLols
O Jie ) el b LY e 3 5 sd e et dgde b gl 3 gl ksl OIS
)cﬁy@wﬁwﬁd)#@mdn‘%ﬁ&ﬁQ&ﬂ‘d@&&p@&&w‘h}lﬁjwJﬂ:«.—bvj
03 dgie g e A5 o et 53 p Ll VY Gl s s Blus (ool ksl OGOl sl
Ll CllB 5o Kos Jaies Sl o Sl 4 il Jie ool Sliaseio @ a5 L oS ol ol ab § L
Sl st 5 Shgn s 0 5SU VY Y gLt (sl sl oS s o OLE Gk ol 51 ol s ol



http://geographical-space.iau-ahar.ac.ir/article-1-3380-fa.html

Downloaded from geographical-space.iau-ahar.ac.ir at 12:43 IRDT on Friday May 9th 2025

a4 o sudi g3 35 5 g 6l el Gls) (la(lSe S a9 S Sl

J)L)J%*iﬂ%’f’f&5}-’@wﬁJ@)@‘%MW;@ﬁdﬁjtﬁﬁuﬂﬁﬁw
Lol led 4 Cond jplis Jlad LS clled b Sl cdh el 0 | Glal Sl o 5k
03 o b SOl o s LI S5 LB Sos saGLnidls dalp g 0 1 Gl Sl o 508 S
Wlesls Golamsl 3550 4 1y 035m0 Sl o F o0 S £ 5T bl e gl ol LSl DLl Ol
Dlpen cpipS Al 1y o3gm b il Olen oS o 350 adlave Ljls 55 1 SLadl Sl Olge 05 ey
Oljee 4 500 & S b 53 315 6 35 oy 2 250 Slasslew (oled 5o Bk Sl Lls 1) Sl ol
JB oan i s 35S S5l 53 530 i he Sl a5 L oS sl e SR L Sl e g5 G
AR S S Aie D oS oSl Al dgde el 5 RS s S0s ol Sl a5l s
foars boogd g el gl e el e w53 alals Sl s e a8 g SSU L
L Ol oo ol 0l S el Comar 5 Slos il s 55 Y ) 2 Gt Salulapionns (3ledde 5o &Syl
23 peman 3358 edd Sl Jde Sl ST Oldw 3 Je (nl 4 58 St 5 ple 03 SLS|
G esdhe 3 pd 538 G (pl g sl Garass - L0 Jis 4 5 ol e Sladde S 55
el Lol o ol RBI sl g 85 Jam g 0 dip ale (e S e SRSl OS] sla0IS
B33 S onsleni dete b o 03 g e laJoS Sl (A0l 5 bl Ol 4 a5 L 23S el
Sk gl s Golepslie g 3 b 5l s asd S el Sl ced ol 0 Slesesle aan s
3L sl Sl Jlezsl 315 &y 50 o Stﬁgwwﬂrmgﬂjzx bl 55 35> 50 03 a3
s Sl lagees SUI L 5 e b SOl il Ded slhel Gk LBl ol dal
ot o5l sk (oSl OISl Ol YOV slias Gudosd l 3 &Senl & 4 55 Ll (e (51 6
slein s e ol Lol 51 ol Ciliss Gla gl 53 435 £ Joe 5 SAE L sline 5 0l
S35 Jomme slasslio 50 53 S0 ok & b Al (6550 Seel & L0 (3lueslel 53,8


http://geographical-space.iau-ahar.ac.ir/article-1-3380-fa.html

Downloaded from geographical-space.iau-ahar.ac.ir at 12:43 IRDT on Friday May 9th 2025

W44 Sl VY o lach caleass Jlo (bl jha SLdS sale saoliliad Voo

References

-Absalan, A., Kongi, A., (2015), "The research report of crisis management system in the
smart city Mashhad", Mashhad: IT Organizations Mashhad Municipality. [In Persian].

- Ahadnejad, M., (2014), "The modeling of the city vulnerability with AHP and GIS in
Zanjan", Geography and Development Iranian Journal, 19: 13-49. [In Persian].

- Barbarian, M., Gharashi, M., (1990), "The deep research on seismic hazard in Mashhad
fault", Tehran: Geological Survey of Iran, Report, 72. [In Persian].

- Akbari, M., Abbaszadeh, Gh., Amini, A., (2014), "The vulnerability of Mashhad based on
global experiments", Journal of Sustainable Development, 3: 7-23. [In Persian].

- Khakpoor, B., Hayati, S., Kazemi, M., Rabbani, Gh., (2014), "The city vulnerability
assessment with fuzzy AHP", Journal of Environmental Control, 22: 21-38. [In Persian]. -
Forrester, J. W., (1969), "Urban dynamics”, The M.L.T. press: Cambridge, Massachusetts. .

- Akgun, 1., Gimiisbuga, F., Tansel, D., (2015), "Risk based facility location by using fault
tree analysis in disaster management", Omega, 52:168-179.

- Barzinpour, F., Esmaeili, V., (2014), "A multi-objective relief chain location distribution
model for urban disaster management", Int. J. Adv. Manuf. Technol, 70 (5-8):1291-1302.

- Bayram, V., Tansel, B., Yaman, H., (2015), "Compromising system and user interests in
shelter location and evacuation planning", Transp. Res. Part B: Methodol, 72: 146-163.

- Bozorgi-Amiri, M. S., Jabalameli, S. M., Al-e-Hashem, A., (2015), "Multi-objective robust
stochastic programming model for disaster relief logistics under uncertainty", OR Spectr, 35
(4): 905-933.

- Chang, M. S., Tseng, Y. L., Chen, J.W., (2007), "A scenario planning approach for the flood
emergency logistics preparation problem under uncertainty", Transp. Res. Part E: Logist.
Transp. Rev, 43 (6): 737-754.

- Chanta, S., Sangsawang, O., (2012), "Shelter-site selection during flood disaster", Lect.
Notes Manag. Sci, 4 : 282-288.

- Chen, Z., Chen, X., Li, Q., Chen, J., (2013), "The temporal hierarchy of shelters: a
hierarchical location model for earthquake-shelter planning", Int. J. Geogr. Inf. Sci, 27 (8):
1612-1630.

- Das, R., Hanaoka, S., (2013), "Robust network design with supply and demand uncertainties
in humanitarian logistics", J. East. Asia Soc. Transp. Stud, 10:954-969.

- Dekle, J., Lavieri, M. S., Martin, E., Emir-Farinas, H., Francis, R. L., (2005), "A Florida
county locates disaster recovery centers", Interfaces, 35 (2): 133-139.

- Dessouky, M., Ordonez, F., Jia, H., Shen, Z., (2013), "Rapid distribution of medical
supplies Patient Flow", Springer: Newyork.

- Feng, C. M., Wen, C. C., (2005), "A bi-level programming model for allocating private and
emergency vehicle flows in seismic disaster areas", Proceedings of the Eastern Asia Society
for Transportation Studies, 5 (5): 1408-1423.

- Hong, J. D., Xie, Y., Jeong, K. Y., (2012), "Development and evaluation of an integrated
emergency response facility location model", J. Ind. Eng. Manag, 5 (1) : 4-16.

- Verma, A., Gaukler, G. M., (2015), "Pre-positioning disaster response facilities at safe
locations: an evaluation of deterministic and stochastic modeling approaches", Comput. Oper.
Res, 62: 197-209.

- Ye, F., Zhao, Q., Xi, M., Dessouky, M., (2015), "Chinese national emergency warehouse
location research based on VNS algorithm", Electron. Notes Discret. Math, 47: 61-68.



http://geographical-space.iau-ahar.ac.ir/article-1-3380-fa.html

Downloaded from geographical-space.iau-ahar.ac.ir at 12:43 IRDT on Friday May 9th 2025

¥ Sl el g9 a3 5 s 6l sl (sl (lGlse O wssa 0 S35 S @l

- Lin, Y. H., Batta, R., Rogerson, P. A., Blatt, A., Flanigan, M., (2012), "Location of
temporary depots to facilitate relief operations after an earthquake", Socio-Econ. Plan. Sci,
46 (2): 112-123.

- Bozorgi-Amiri, A., Jabalameli, M. S., Al-e-Hashem, S. M., (2013), "A multi-objective
robust stochastic programming model for disaster relief logistics under uncertainty", OR
Spectr, 35 (4): 905-933.

- Kilci, F., Kara, B. Y., Bozkaya, B., (2016), "Locating temporary shelter areas after an
earthquake: a case for Turkey", Eur. J. Oper. Res, 243 (1): 323-332.

- Kedchaikulrat, L., Lohatepanont, M., (2015), "Multi-objective location selection model for
Thai red cross’s relief warehouses", The Eastern Asia Society for Transportation Studies,
10: 14-26.

- Marcelin, J. M., Horner, M. W., Ozguven, E. E., Kocatepe, A., (2016), "How does
accessibility to post-disaster relief compare between the aging and the general population? A
spatial network optimization analysis of hurricane relief facility locations", Int. J. Disaster
Risk Reduct, 15: 61-72.

- Pérez-Galarce, F., Canales, L. J., Vergara, C., Candia-Véjar, A., (2016), "An optimization
model for the location of disaster refuges", Socio-Econ. Plan. Sci, 59: 56-66.

- Murray, P. M., Mahmassani, H. S., (2017), "Model of household trip Chain sequencing in
an emergency evacuation", Presented at 82nd Annual Meeting of the Transportation Research
Board, 9-10 May 2017, Washington, D. C.

- Celik, E., Nezir, A., Aleve, T., (2017), "A stochastic location and allocation model for
critical items to response large-scale emergencies: A case of Turkey", An International
Journal of Optimization and Control: Theories & Applications, 7: 1-15.

- Ramezankhani, A., Najafiyazdi, M., (2008), "A system dynamics approach on post-disaster

management: a case study of Bam earthquake", System dynamics conference, Bahonar
University Kerman: Iran, 3 desember 2004.

- Coburn, A., Spence, R., (2002), "Earthquake protection", John Wiley and Sons: West
Sussex, England.

- Earthquake  Researchand  Environmental Centre  of  Tehran and International
cooperation agency of Japan (Jaika), (2002), Micro-size earth quake of Tehran, final report
Tehran: Jeologly organization of Iran.



http://geographical-space.iau-ahar.ac.ir/article-1-3380-fa.html

