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Extended Abstract

Introduction

Today, relief and fire services are one of the
most important urban services provided by
city managers to protect the lives of citizens,
their assets and the environment against fire
and other urban hazards, Therefore,
approaches related to fire prevention and, in
fact, fire management require efficient and
practical planning by urban planners. Because
the operation of fire stations due to its
systematic nature, in addition to the pre-factor
of compliance with the required rules and
standards, is affected and controlled by the
structure of cities in terms of obstacles and
urban constraints and forces causing time
delays.

One of the main concerns in managing urban
fires and minimizing their casualties is the
issue of dispersing fire stations in suitable
urban areas, as this is a vital step in responding
in a timely manner to emergencies, most
notably urban fires. In other words, the service
area and its optimization process determine the
area covered and services of each station and
have a direct relationship with how the spatial
distribution of those stations.

In this research, two important aspects in the
field of locating fire stations, namely access
and maximum service coverage, are discussed.
The first refers to the ease of access to the
areas where the fire occurred and the second
relates to the service area of the fire station,
which usually has a maximum distance of (2
or 3 km) or a travel time equal to (4 or 5
minutes) from The station is considered to be
the scene of the accident. Both components
reflect major concerns about the optimal
response time in emergencies such as fire
rescue and emergency services (EMS).
Therefore, this article moves in order to
identify the relevant hazards and reduce the
resulting vulnerability in urban environments

Methodology

This research is descriptive-analytical in terms
of methodology and applied in terms of
purpose. The spatial optimizer model proposed
in this research is an extended version of the
LSCP and PMP models. This model has

conditions in order to locate the selected
facilities so that this type of facility is closer to
the areas of demand with fire risk in addition,
the current fire stations with the desired
location are also considered in the final
calculations of the model. This research model
was performed using Gurobi optimization
software  (version 7.0.2) and Python
programming language in the ArcGIS
environment.

Results and discussion

The proposed model in this study has been
used in a practical way to improve the
efficiency of the firefighting system in Zabol.
As mentioned, the purpose of this study is in
the first step to improve the efficiency of
existing fire stations and in the second step to
optimally locate new fire stations. For this
purpose, two scenarios have been considered:
the first scenario, assumes the absence of
existing fire stations, and the second scenario
emphasizes the need to maintain a number of
existing efficient stations.

Scenario 1: Optimal locations for fire stations

In this scenario, the model is solved assuming
that in the current situation there are no fire
stations in the city (q = 0). The result is the
best solution proposed by the model, which
shows the most potential locations for the
construction of new fire stations. Using the
two-objective solution method, the lower limit
for the number of new fire stations (with a
coverage time of 4 minutes) is 6 (Pmin = 6). In
other words, in order to cover the standard
urban area of Zabol, we need at least 6 fire
stations.

Scenario 2: Based on maintaining existing
stations

Scenario 1 showed that we need at least 6 fire
stations to achieve a maximum and optimal
coverage level. Since the establishment of 6
new stations seems unrealistic regardless of
the distribution of existing stations, in order to
find the most optimal locations for the
establishment of new fire stations, the
preservation and even relocation of existing
stations is inevitable. The second scenario
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moves in the same direction and its priority is
to maintain one or two existing stations next to
the new stations in the city.

The results showed that the existing station in
Zone 2 has ideal conditions for maintenance
due to various advantages such as proximity to
the center of the district and suitable distance
from other installed stations, while the station
in Zone 3 due to improper placement
compared to new stations ( p) and unnecessary
proximity to another (preserved) station does
not have survival conditions and requires
removal or relocation.

Conclusion

The results of this study indicate that although
the existing stations in Zabul are located
almost in the central part of districts 2 and 3 of

the city, but with increasing the number of
stations and even relocating existing stations,
access and service coverage will increase
significantly. The research findings also
showed that of the two fire stations in Zabol,
the station in District 2 due to suitable features
such as adaptation and proper distance to the 5
proposed stations, proximity to crowded areas,
access and proper service coverage, conditions
for maintaining and continuing services,
However, the existing station in District 3 of
Zabol city does not have the conditions to
continue  providing  services due to
disadvantages such as lack of proper distance
from new stations and finally access and
double coverage level with other proposed
stations, and if retained, impose additional
costs on municipality and city management.

Journal of Research and Urban Planning (Isuue 50, Autumn 2022)



8¢ o o AY Jlw AP b

Aoy 4D ,_;’quuﬂ Lol Kuw! olad g5lwaugs
(15 5o 280590 addllao) (Sloud Wilgy g (ow

YYVE —YAYD 1 Siig il LLs — YYYA —OVYR 1 s L

gy Al

L Ui . ) il .

s (JE S & o) (ommE Gl g (G H9RR L

Ol el e liwe sy 5 b oKl Jaste (5305400 g Ldlyie 0uSLil> ¢ g0 (6 5y400 0 g Ll s 09,8 Hlusils =)

Ol el e cliwe sl 5 b ol ¢ oo (655400 1 g Ll s 008Ul (g o (5 30)40b 5 Ldlyie (658> gzl =Y

Ol el e liwa sy 5 b ol ¢ Jae (6335400 g Ldlyan 0 S0LlD (g e (53 yd0lp o Ll i (6587 (gommiily =Y

............................................................................................................. fesssnssnssssssEsssEsssEssEEsEEnERnnnun

5_\35% s/ ¥/yo :CA.éLg‘)b é)U

Capie ghgots STy 5 A8 Ao )3 e Slygrd S o ST (sloelSiunl At (235 S eigpel WYY 8y 2,6

Flas lSe 5 olad (ol o Shy I & olab (gjlodtae slagty) cul Jlas] clbbe & s VEV-10R 1o 8 Lo

2 e sl 4 plgie dlse cnl o Fedes Sy e ol 53 (sled S 3 (50 Mg b lape
ol Sllas Sl il oKl 93 13 d9390 Caundg 13 bl yed 255 0 )lsl Sloss ibey yShs 5 obobe

3,05 1y (50 DBl 5 nlgs & Ggllas (oSl oUlg (ol @ (Sojd dawgi g o dbj Conmsg > 4 a5 ONlgs g oSl sl 93 ol 5|
ol gy BUY Sl 5ol 30 sl Cllae 35 b bnolSiul S Gl 5 i ins wefls gyply) | 2 O ol Sope o

2SS L Gigh ol sl Slge @lamyy g bl Sldlae y ie 5 @) Ban Ld)l oy

by S g e s> b hagye Slial & bl e A ) Banriz QLS iludinge Jho S IS )l

Obgy 3 bl b colegyd 5 03,8 S5 el |y b b > Slaspsl el il diej > Gloss

Amd o inles ) (U T o] i) O dilisee plie (6,8 b (owpied D90 ki i)l (gilwdige

s Gilises sla iS5 bolKil §) e ol 2lidl b a8 ol lis Limgd (sbagyliw j Jols slaasily

wasiie Jolgd )0 sl £ ol il (5,8 b e (sly S o Mo douy Solite il b (e

a3l G yao 43 g WS oo I Dampe Mo )d A U D93 g0 Cundg b duslio )0 (aw piwd 500 o2 4 Canad

S o I ) o )d Fo B L piwd 3590 WY U S slaojly

] oliw.ul (oo
Slad Gidbey gl ¢ piuwd

9 Lo yd Ao} 30 (Sl W1 golKiun] obad gilwaings ((VFe)) et s g o s bl o o690k oL
AFY-y104 I ‘ﬁ‘uﬁbpf D D)Lo..f') s\\"JL» ‘d)@ d):)dnla): 9 u:..m5}» dolilad ¢ uSLoJ& < ’AM 9)

DOI: 10.30495/JUPM.2022.5515

9 e ol g 2 gham B3kan g5

Ol eclanly e liwe sy 5yl oKl ¢ Jae (o525 4ol 5 Ldlyre 0aSisly 1Sy (gommitils 1 S
)0 FOVAYY :als

vahid.pashan30@gmail.com : g sSJ! S

(V523 Sl e 0)led) (6888 (S32,%0U 2 9 93 L0



(15 e 260590 axllas)  Tlodd Liwdgy g (ow piansd dino 3 (SLid WiT (SL0wn! (g Lad (g 5lwdings

e~ Slildy o 3 (oo () Su > Jle ol
5 Alsz o Jl a8 LT ool (b Ke (sl
aile oLasiS1s | gl ok 1 YoAY o ) oylSan
250558 3 e g Sl il eleelKiw] LS, sluws
Vol Jlw )by oS (5)50)d ead a5 i ) b ygsTé
sl pslatoay YAV Jluw )3 ohlSen 2L
i by Ll 4 le plaaile ) LT (gloelSau]
= oMl 53,8 ool (g calisce (sladiny (gjom s
Ol Ay lod S S ay o ol tagh o
eoolS) b lSKe dieeg )3 36390 i T (slmelStuy]
Kanoun et al ., 2010; ) cowl oais an g5 > SLis 5]

Murray, 2015; Plane & Hendrick, 1977; Reilly &
Mirchandani, 1985; Schilling, Revelle, Cohon &

.(Elzinga, 1980

O 4o} )3 ppe Al 93 4 Slmgi o ol
Dy M g (s (i Sl 5] claolSiy)
Ay (o yiwd Clgpw dy o)Ll Jol 2ad 0 By Jless
9> 9 Sl 0338 (55831 ] 53 45 315 lmaiay
sl S5 25T clbolKiug) 4 baye Sloss 4l b L e
obei L (a8 ¥ L Y) Lyl (bl 81as Ygoms oS
2 ol bl b oS! 1 (485 0 L F) b sl (st
Yao etal, & Vb AYAY Montazeri) 39 0 43,5 L
Olej dixe )0 odes (glracaed adlhe g3 o (V)41 WAY
9 &= Jl @by Wl hlad] glacdls s STy Cgllas
o srormli) S e eSaine [FEMS) sl gl closs
SialS 5 a by e ol blse oLkt bl 5 allis
S 0 S o (e slabaome 3 o ) Jols (6T
13 g (e g iy

s g awyiwd ke  SMawl &S cusly cpl 4 drg5 b
Flowe a0y ciiwd (LS ladgio I Sloss by,
@ pgody St T (ool Ko L basy—
P aS olas gilwau sla s, sl eolauel b glos s
5 (GIS) (Ll CleMbl i Ly oS 5 5 bL3)|
Aktash et al., )>,.5 . plosl sswn Sl sla Jas
v.yy; Chevalier et al,, 2012; Liu, Huang &

Chandramouli, 2006; Murray, 2013, 2015; Murray
SPMP) il (ol yigy (o yiwsd diso ,3 (& ToONG, 2009

- Chevalier et al. (2012)

' chatay (2011)

"- Aktash et al (2013)

‘- Emergency medical service
°- P median problem

1dodde

aizej > ol il slacae JLS )3 )b Jsb > 2]
oy Cdgge S Cn S 1 o)l (bl JolSS
(i slacuwl il a8 03 i Cumjlace g arlopw
ot P Sye (g et (Sagll (oolatdl cins
Sl imgly sy 5l 014l SleMb] ulul el azls
Brushlinsky, ) (soliel ciless g (g5om 51 die; 5> Caliseo
3y9-0 y5uiS YV 3 yd (Ahrens, Sokolov & Wagner
Al Vere a5l bwgie jobas VN Jluw ) (5155
Ay 45 ol 031F ) (Sigm T 3550 YO Slisi | SoSume
ol 45 ¥F e il (il (o) g 8 VAYOY S yo 4y i
(Yao etal, 2019, 184) .l

ot 3 e el Sl g ool (gla g
SRS Olpde Bl &5 Do (o0 Cguime (b Oloss
bgye Cmjlaome g ool g el ple bais jolaied,
Ol g Sbloee ;503 5 (giamoiis] w0 gl 4
&9 9 xS L b ye (6ladSag) 950205l 9dise
g 3l (o 5 3Ll (i paoli Kiojl (o Copte
Sl sl ool 3,Slee 15 cunl (g oy aoliy
@ lidyge saa)lilinl g bulgs cole) )5S iy 0g)e
il 58 5 5805 cod (o Sl Cpale e
Loy 5 b slacadgiome 5 &lge 3929 slaijl b e
(Aga babai, 2009: ¥A) 3)l> )3 Sloj @l sl eaiSalo]

Sl g3 5T o e die ) bl glaacass (S
S eou ol bl il JBlas 4 g (0
L5 ool (65 camlio (slaaigy 5o Sl yisT (sloolSKiw]
2 Bgpdn (Sl jolatedy (Sl ph Sl S alia
b $lacsipm it ol ooy 2 5 syl lacumsg
ol ilwainge 3l s g Sleas edgdxe 5)lie 4 cul
035 oSl y o lod s 5 yiudgy Cod ddlaie suLS pusS
259 (SeSe L sentiuwe byl o (Kevin, 2007: 108)
Roknedin Eftekhari, 2012: ) 5,ls oS! ) oLias

(0

bl clab 3 olas il cbolfiu) by Yoo
U ot Jgeneygbts & cusl gaaix dltus K 0)lgen
(s Cama o815 (Lo ay5a Wile (gl slaygSl
5 Sigmoisl ogily clba gy oy (S35 e lie oy
Aktash, Ozaykin, )il e oS pwe—ad slacuslsl
Bozkaya, Ulengin & Onsel, 2013; Badri, Mortagy

& Alsayed, 1998; Chevalier et al., 2012; Church &
Li, 2016; Hodgart, 1978; Hogg, 1968; Kanoun,

.(Chabchoub, & Aouni, 2010; Murray, 2013, 2015

(VF+) 5k D o)led) (6 e (525800 2 9 iR9 5



(15 e 260590 axllas)  Tlodd Liwdgy g (ow piansd dino 3 (SLid WiT (SL0wn! (g Lad (g 5lwdings

sgbatodsy 0dbiiyyd b (e o (hg) o g
Ol argedy 5 05500 48,5 LS 4 i)y Sl it
5 Sl il oS gl S S slagy )l s
23,5 Jutes dbogyye (slogil o
H = o)ly—or Glodsd oy (oloolSe alins
039 (gl ilaio o gy (g yaoliyp o wlol sladciaes
sl b o ggdge Cuplo 4 dagi b 3 ()b el
Loy 5 wdigs o 6 ppd s wlow Ll u b
Drezner & Hamacher, 2001; Hodgard, ) ¢l ¢35,
L s b Ot (bl b lasipe Plus (g 5> (1372
sal)5" (gl ybyy 5 (Sl (sloaing (ldlie coals
5 S ool aej 3 sy polie (b (Lt Gl
Murray & ) cewl lag e sba gilo pronal (idigy (micred
4538 sladaas Jo by (Tong, 2009; Murray, 2010
g ) Jha g (e boSe slagdy, I slod S il
ol g0 g diiliaxwg ST cbolEiugl b olKe
Ly js slodes )90 ,5 o (Church & Li, 2016) & 51,8
o 3 S oasipbl (ablS )y sl 3,4 GIS
Lwdgd Aoy 3855 £9d90 L baipe (slagydy) il oS
Hgdieo predl Slake 5 Lidg lare (JS
oS (Lawly 4> L) ale sloJice 3 0,3l 45 jsblon
1l by g 48,5 JSs PMP e Sl (slasisS lgieas
sz e Gl Lsedes Bua (Hakimi, 1964)
Sl i (S les Ly aliold &S (g pgboty ol Mgt
Sy e Sl oy 5 Blas @ (Caa) Wole bl 4 i,
@ 35y bl (o gmes oSl aelsl )3 bl oS
Cably dmlgs
Oloms Cod dpeg ;0 VoYY Jlw o o,Kes 9 Rahman
Sl 455 (30040l (sl S0 panass (il e
Sy Jlois 165y5—0 dalllas ¢ 533l yixiw 9 GIS L
e ldd e oo 5 (lolis jlaiea " (23U
S5 5T ol 5 lislass oshie 25l (5l s
Oibgiy ol .ales S ealatwl PMP Jus 5l Juw jlys yo
9 Slodds guj98 gllas jobay Hlaisyge S1ye a5 ol i
Feo glojiie y im) Lyl 1y Galles Sl ycleds LUles
g Reilly (o) Lol bl plos ay ylg5 o o dddd
sobaied 4 Ske Jio il VAAD JLw ,> Mirchandani
Gualy 5 S pases b o SLi T slaolKiul Lo

il by s L g Baa bla 4 wiwd 5,58 ls )3l

(VF4) 5k - ojled) (6 e (52800 2 9 HiR9 5

B o pslaieary (1AF) (oSl bawgi (glodpns psboay
ol Tasn 3 (s JS s L) s o b
o g sl 428,54 oy las cladiyy Made 4 Sl 2]
aBua glad gy dy awyiwd diley JSls 4 diej p
adaly 308 o)kl Glgiee (VAAD) (Sl e 9 () Si293
LS by s ale glaby) Slors Jids L
Toregas, Swain, Revelle & Bergman, )(LSCP)
Church J(MCLP) SLSe isgr ySTis dliwe ¢ (Y2
Gloa il &g ods 45 cusl saially) (& ReVelle, 1974
s LT ool G (saal )5 25 jglaten;
Sl slmolSil (235 oS jslatods 29
Chevalier et al., 2012; ) cowl sabazs )5 LS ay st
Church & Li, 2016; Murray, 2013; Murray & Tong,
by Jhe dind (Slosd by sloa Jio (sl v
Murray, 2013, 2015; Murray & Tong ) el
Lo Ly plad i b oSl sy ola wd(ve
4S) LS o S8 dg250 Cumdg I Jols sl igrad 0

29500 00 inled (o yd yguody el

(LSCP 4 PMP) g3y sl 55 odidoplil Jis g3 ,n
Syl diuej 3 48 glodyinS S5 wéjule
s sty Sl T claoli] aboKe b L e
Sleo slaJie Jlos! Jlto glyy iilodgy 55 sinss Ll
B ) (glod by i 3159l Aie3Ls (PMP)
gty pal pl & B9 b b & Cul (laolin|
Ot Alial ay pbccwd pae cel Cunl (San 245
Toregas et ) 54 oddicay =5 (sladlailinl o (g yiSTis)
L LSCP ) e sl gy Jilio dlais s .(al., 1971
Oidey yokatedy p3Y (laoliul Slass P> (4 Ulg5
LSCP 35, ix (Murray, 2013, 2015) 3 ls I, (¢l
yliie glacudgioe g (olad (Sl gwpwd 4 d2gi (o
s o 9 Cdluo 45 3,5 ool 1y 028 o] 4 bogype
Oygo gllan bylpd g oadidy 5 0y lukl S Cg2slee

(Yao etal, 2019) 5,5 .-
B0 50 0005,5D gl e 13 09350 s s S
g ol bl ol sl stes W Sy onims Lt
gt yolatedy |) adanix Ld (gilwaigy Jie S
ol 3 ol s egMe w0 L) (6 S hae gy g (g e

- location set covering problem
- maximal covering problem



(15 e 260590 axllas)  Tlodd Liwdgy g (ow piansd dino 3 (SLid WiT (SL0wn! (g Lad (g 5lwdings

o=l wl PMP g LSCP Juie ddbdawg s ¢ idgh
S5l s (o5 e yglaiedy (bgyd syl Jue
3 b Lol slaagy 4 u)'t.e(w &9 Oi] 45&»]044 ol
oSl o o 0gMe g 039 FSdF s (5w is]
Jice ol Slasle 15 15 Cgllas olSols b b Sl s
itle s il oolasl b idgh cpl Jdo ad oo did)S Hlas jo
el gl g (VorsV (3)9) GUIODI (g5l —waire
Lol 00lpls] ArcGIS L. 45 Python
255 & oS Jle silwesly jolateds p3Y (sl el
Dy e 4iB)S a5 )
o5ily (slag e 5 Lol glaainy Jold iy 1)
ST sleolin] (L35 (e jghaien;
'PI i slolss WY d):.b)b 3)91)9 Wi
J ol om i gloj b e i
oy lodd die) 43 3950 (slad lsbisl :S
cwlio cdyls gl ‘_E:quwl oKl sl :Cj
pli lolds & Sl ol
d9>90 L;’Lw-‘u“i dl_asoli‘;w"l Egomo :E
e 5l dm S dgvge Sl T sleelKiw j eoluwi
Wleggo Bl (loyoloss i > o
g s Ly ) JSS 4 el sl it

Valj o jo alfzusl agng
+ |n'_j|' n_:‘:'"““ 32 b'.ii-._n_l' Jemg pls
)‘] as (L,.ob.» szd\_;.e(;) i 0 d>90 slalols )'I Lgbl.\,.'i Xijj
HipeS oo B Sloyoless 3500 ol Mg
Cy g siedge b g JSS @ odleidiy oo coldy

90 50

minimize Z ¥ (\) abayl,
JEJ
iel

i
minimize Z Z wid; i Xy (V) el
Jec

Subject to jeg, Xij = VViEl (V) sl
X; £ Vivij eC (F) ol
v = (8) 4

JEE
v,={-\vjej (%) ksl
X; = Vi jeC (V) o),

5 oyl Jde ddiaiis> Cunle Jo 4 a8 ol SO 4 piY

(95,b)1)8 (ibodinge Joly 5l Buios (]

- Pareto optimal solution

s Richard, Beguin .4 55,8 sdlaiwl ool 9> J8la»
oKl ol K jolaied 5 VAR JLw o Peeters
PMP ssszdol Jae Sy o3l SyanelS's) s Slis il
B3y )8 & 265l ol pasetie bl Ly L,
oy yo5 3,0kl 5 j Vsane pidisy csloJie ¢ blis
S e G Bua bl 4 Sluyalss gl Slej
9 LSCP ate (nl )3 pgwye Jio 93 45 o)Ll &5 o lon
L alaly j» a5 (Church & ReVelle, 1974) siws MCLP
Sloyoless jglaiody p3¥ S o35 S (035 (S
A5 byt a gt 4B IS a (Lolk) Gan blE &
Sgrge cBolSinl 5| (S alwgas Jilis Lol bl S5
Lgd Sl yloss

1 glo3 328 ysbods (MCLP 5 LSCP) o)Lsls g0 Jao 95 o
gl ;S0 5 i T el holSe e
3 v ol ) 51 ams 1z 51,5 eolizulsge Laiye loss
s bwy poliie ciladss YAFA Jlw ;o Hogg b
JLw ya Hendrick ¢ Plan a_les 3l o) S iagh 5l ol
» Schreuder HAA- Jlw 4, Kea 4 Schilling Havy
»Tong s Murray  ¥+\) JLw ;> Chatay Ay JLuw
Cowl 48,8 &y VoY Jlo y> Chevalier o V-2 Jlo
sloelSl ool | iz lag i el 4
o)Len 5 Chevalier Jle ccly blodls plosl 1y Slis sl
LSCP e jl e piyplad celoaigy obolis L ¥NY Jls
03,5 ozl 3l ) (ST slaelSisl (e sl
Ol jolaied s  imgh 50 VN0 Jlw o Murray .cow!
S 5l (S Sl s e o] (S
iy U 5,8 @) 1) il Lide Jae o Lyalls
93 JBho aliogdy 3,5 oo )13 (s 06 w2 0390000 )3 &S
Tong, ).u5uS ) Slw,cless 590 Slis T ol
s 93 2 YWY Jw o o)L Sen g Aktash (V)Y
5 oilies clogs b ol yskateds |, LSCP 3 MCLP
2,28 a4 Josliaol > ST SlaolSi] oS

B (a9 Eoudjge Gigl Al (IS0 3 & Hoboplen
ObSe aiuej )3 leilo 9 gy (slaJa ) plSym 85
L0y oo alitee gladis & Sl sl eleelKuw! o35
solaledoy dsiz 93y b S (g i (ol Bas g0l
o] b L s Sl 231 sloolSin] (bl
sl b gl

18T (g 9 dlge

F 5l g (o — o (i ey Sl I Giagg ol
o=l ool (sLad jlwdigs Jie (Cunl (53,8 Gum

(VF+) 5k D o)led) (6 e (525800 2 9 iR9 5



(15 e 260590 axllas)  Tlodd Liwdgy g (ow piansd dino 3 (SLid WiT (SL0wn! (g Lad (g 5lwdings

ol )5l s @ g (il §)k Ay ool
oS! 5l pasuin das lp adde O aliue > b
Slye (ks 55 V) P 51 s 50sml 2 Ll (0) 925
Gub )l )k e Joely e () b)) ] cons o
Wan S dlie o g (2led o] dluss) P jlade i3l

9 Ol il Jlads )3 (6550 o SO plgiear bl oed
o9os Solodpw cp 3 ol g o390 LS YAYD Lyl
wHle 4 b @ VEOEPS Al e sl ONuws g (ol
5 e MBI ) LT 35 50) sle lgls FYVe
Gz lpdy alligy o] coiShe s 4 o8 (WA Il
A6 bb &l aub lagisy 5 kg, b
b > B el 8 e bl o men £33 53 (i B
Sloyoless 3550 Slles Sl i oSl ¥ bwg pols

PS8

Cal )|9.»_w| J.ol U"‘ » ‘51>b|) O I).:) ool odo0lbiw]
Commg (obiwd BB Glaal Koo 1w oy Jaidyge Cdun &S
(Cohon, 1978; Deb, 2014)

sl (Slaolin! s (glodingg yslatods oS )
S o 03y |y pj (olul 5 93 B5 2 53 39290

:Js, ﬁ‘f

5035 > (V) o)lomds alayly (gjlusainge Ly i ) Jae
1) P U.»Lo.b g2 )9Jé.;a4g ,o)'\/ oKl sl Q.’)JJB]»
D9 o 4l Pmin coMe b a5 48 o dlgiin

‘P9 ‘o\f

i S5 (gilwdingy dlis Spgody g 03)5 i paiil (g
(A ojloss dary) 1) o5 dlasly Glgs oo bily cl 53 oS oo J>
2,5 sl Jao 4 b P Z Pmin wbdip

> y=p (A)

jer”

sbdse (35 > Gk Jl & cwl S5 4 e

(P owte polie (558 L) A LY Lalyy )3 oadedy e

Google Earth, 1399 :aus axdllaod jg0 83905t Cuzdge 1) JS

02 b J sl scasl 0038 S a5 55 gl g3 jolite
po3) 2 p9> sl 5 29290 LT (loelSiy] 2929 pis
Jo a8 o 08T Wol)S dgmge (cbnolKing! j (colaw Lais
Osy9) GUrobi gilwangs J3dle s 5l eolatwl b iagt oyl
ArcGIS L j» Python awgasly obj o (V.Y

ol 0ldplx]

(VF4) 5k - ojled) (6 e (52800 2 9 HiR9 5

bl &1 5 Coxy

S92 les Gopod Glagh ool slidy Je
01543, 1S 2 By b 3T s 20l S (Sl
Jol o8 )0 gy cpl 5l Bas ad o)lil &S jabjlen ]
psd P 1 g d2se SLE T (slaoliu] 1ol s0,
cne il e LT laolSi] dite (bl



(15 e 260590 axllas)  Tlodd Liwdgy g (ow piansd dino 3 (SLid WiT (SL0wn! (g Lad (g 5lwdings

VA (i o D990 G:l.wu».’ii CWoluy! Cusdge Y S0

S ah S Cundy ) Sl (58 b Jue egyliw (pl
= (020) 2,45 392 o g > L2 oK
Jie (g5 3l oadddly) sla Jsoly oy ying HIS dons Dga oo
oK) elisl jolated 1) b lSo oy piaitue 45 Col
Ban 93 o gy 3l ool b o ol e L;:wau‘
M ol do i )5 18 0Ll y50 B oylaus alaly 43 a5 (4
A (s ¥ (b oloj L) s Slas il gloolSiu
Ay 3yluliel idey jelateds Jylke & (Pmin=F) cunl £
ISy Slis T oSl £ a5l JBlos by o0
oy Sl T laolSium] (ST, Cunsg ¥ ol
el (53 b o yiaod g Slosd by Sl b bl e

W o i |y e pdaw 40 oS! £ J8le

ailaio 455 0 sy g pin s Cunidg ¥ o)l JSU3
O 1) 29290 (slaolRi] CpBge uiomen g addllans)ge
059> ol 0l yasudo poal jd as )9]ool_o..m MES
oY 4l hodes 250 yo dgnge clolKin] Sloss
N7EF Goke @)V 4l 5ladeS cbhagy | ond g Y
b glodiing andy g 3,5 00 320 1) (bl e sy
ErolSiug) 5biwl Sloss skl s 5 Mas (£0F) L5
e e (L]

oKl 8wl dpps S0 gl g1 ,buw
Sl i1

YA (s g oyt gebanw 33 (60 \ggubin i Wi T (g La0 g STy Canrag Y S

(P) ol polie b dblea o () ¥ ojlas S
Amd o i 1y oianl VY B 5 5l (Sl T claolSiu))
b bolSiml JS gy Aol ol sppie & joboislen

O3l b o yind bawgie ¢ 4l jials gl sl il

b 015 i (slolSitm] sl astio JS 15 45 oo ylan
0 ity )3 g Soded 4 Cand Solus Ly Jolsd
e oy ol g ode ot B oS (2l
s b Jae 0)lgd J> 9 P )l oliie SRl L gL

ol Cwd ds ol slas 4>

(VF+) 5k D o)led) (6 e (525800 2 9 iR9 5



(15 e 260590 axllas)  Tlodd Liwdgy g (ow piansd dino 3 (SLid WiT (SL0wn! (g Lad (g 5lwdings

..)9.;3‘5@ dw.ul&.o

()

Slosd gt b deldl j3 g sl il ol slas
S je dlols Llodjl ( sles il olSiag] ¥ 31as L) 34350

(<)

WA Bk tauie (S 25T o] lidro 3lani b ow siwd S F S

odgdze (gladady ¥) ojluliwl idbe oble bl e
sl ) 48)Spbxl Jlod (iopen )05 1) adllas e
Dby plaw G 4y obcwd gly oS ol lis Y ojledds
ol Sl il oSl & il 4 s ane g oSl
OGSl A dag b e il £l oS bl
» 9)&‘)] ..\)Lo.é‘_;a mb@ls)& Ls)“ d9>90 lebom‘
el pglaiedy bl (e gyt Sl
L N N - NPV OO | )1 IR Y oW
P9 y)Lu..: ,\Jl.o.:‘_;o ))A:Lul.».ol Lg)..o‘ dg>g0 dlholim»‘
Yl.;.\%Oic;gsls\sob)fdpgé&wdbb)s

Al o b Ayl oK LS 5> 39390 oKl

ol 0dS pgal 4 (&) ¥oojled JSB 3 &5 poboilen

dallland yge ddlaie pd Wdn (laolSium] Sl Liul38l b ow!
b oo S o oy Doy calisre glacoads b o ytwd
65, cud i oK) sl Y asjl s il58l
Jbe (sl 2980 AlS S5 (gt 29000 4 g2y Cunidg
2 e e gy S gilwodly g iyl g 5
300 & &y olKuw! slaws il38l b iangy 55 oddadl)) e
Sygo 3 ol ogdle S o 1y D9ty 1o pd VO B paw yiwd
Lolie wyge V) 5 A & Wi claoliug) Sl 238l

WS (o0 1S90 203 T g Ve U a5 5 (o i

39590 Wl Lo 1 o 1090 92 ylw

29290 (0! 51 (g miio dland Bds b oy ol ! dluad J8lus 20 UGS
WA (B g Slaoles txie

(VF4) 5k - ojled) (6 e (52800 2 9 HiR9 5



(15 e 260590 axllas)  Tlodd Liwdgy g (ow piansd dino 3 (SLid WiT (SL0wn! (g Lad (g 5lwdings

&S Jboyd ol Sl i oKl £ a4 JS 0 b g
)9&2.04} 639?9«0 @wu»..)]' D&M/“ "I 9) ).Q Las U)?Ao ).)

Y o JS 0 adlhedyge odgdme digs g syl b
st 5] S

Las b (Pmin) dds oS! ol Jols 0 o)less JS5
d‘)’. RS uqu ]) (q) d9>90 oK) )'| (§ yxo sy

Le(u E:RTY 039450 u%hn u.»LoA> g2 le.w)‘) Pl )fl JLuo
bas Sloycloss vl 50 39350 olSius! jl 3)50 S

ST Lol ks STy B S

bl b Bl sl 5 0390 i Ll (sl (o)
Lol

Jooly s ooy L ¥ ojleds Kb g0 a8 jebolen

g cilize polie Lo e gyl ol gk ae

oyl JSb Cunl dplone g gy n BB (39290 slaoliiny)

9k dige Joly By 5l oads fols o yiwd gy jlade V

b Sl il ool 8Ty cunsy £ ojlows JSb

oS ebilen nie oL 1y (051) ol 5l S Lais
ilize glacoje J> 4 Hlais)ge olSial 2980 odnlis
Sloolu] 4y jl cuslio dlold g 4l 5 jo 40 (Sed o
ool 9,5 Lais jglaiedy I onl Lulps (ol srdass
s casliol (£ Sils s 4 Gl Ll o) a5 Jbs 5
53 ol & p5Y it (K035 5 (P) i slaolSinl 4

39290 (ol 51 (SU Lads U o yuwd D9 Comridg Y JSG

B3 el 39250 srolKi) 5l Sy bais by b las sl
b dgdiee odalie SO 3 &5 jebijlen ad e Gl )

D9y Jeel Gl ol ol ams Vosjles S
Colli]  awyisd dgdy dwe; O $Hb (gjlwdig

(VF+) 5k D o)led) (6 e (525800 2 9 iR9 5



(15 30 283590 anlllae)  Tloud yiwigy 9 (ow yiwd dino 33 S i T (GO 2 UaS (g5 wdiute

ol YoV s o e Ly ) e dge
g oSyl s 8l L g wlead b lSe e
Odar g (g yd 9290 (Slrolun] 0)bgd (olelle g s
LS o M il e g BB as oy Sless
9 G Sl 4 ey polaledr Giagh cpl
A5 cpl 028 Jl gl ) a3 485 s )3 odes gl
ez S il o] g5 aun adlllandyge o3game 4> &S
claag Sl il oKl £ s Luly cpl )3 g 3l
¥) oylulil Sleas b @Sl b g (gy4ad Cumes
GBS i L opes gl b dlddy (sladd
o)ligd 5 ol Lol Juo dgrge Ll (claolSiy
oS ol s Limgls pod sp s ) Jeols (eloaiily 5 Jlac]
g0 oS ¢ bl; pad 50 dgmge S 5T oKl ¢ )
Aol g Gy slo wbie claShas Ui 4 Y anb
gasy, slaaiy 4 (S35 (sl o) B sl
g bas byls Slad cuwle Lide g (awyiwd (gl
A Y 4l 0 o550 oS! Js 3yl 1y Sluycless asbl
ColKuw] l cawlio dlold pae dle wlee Jdo &
5 oyt Coledyd 5 (1 anb )3 5290 ol () >
byl oolpidy ool Soo b dislas ids aaw
sasie Bl Gieo 0 5 adls 1) Sleyclas doll

25 a5 Jreod (60 S e 5 (500 2 |y el

References:

Y. Agha babai, Mahbobe (2009). Spatial analysis
of fire stations and services in Khomeini Shahr
using GIS, Master Thesis, University of Isfahan.

Y. Aktas, E., Ozaydin, O., Bozkaya, B., Ulengin,
F., & Onsel, S. (2013). Optimizing fire station
locations  for the Istanbul  metropolitan
municipality. Interfaces, 43(3), 240-255.

Y. Badri, M. A., Mortagy, A. K., & Alsayed, C. A.
(1998). A multi-objective model for locating fire
stations. European Journal of Operational
Research, 110(2), 243-260.

¢, Brushlinsky, N. N., Ahrens, M., Sokolov, S. V.,
& Wagner, P. (2017). World fire statistics. Center
of Fire Statistics 22. 2017 Report http://www. ctif.
org/sites/default/files/ctif
report22_world_fire_statistics_2017.pdf, Accessed
date: 30 September 2017.

(\\co\ )..;L) D b)l.o.a-f:) ‘SM ‘5}"")4“‘;)‘350@9}’

Comdy & Capmad (o ta0d ST olStag] £l izl (53
ol b Ko ledy A8 o Iy daups Jopd A L dg2g0
I Doty yuiite (glacuad b 58 owyiwd dolSiws] slas
2 ST ol Wil (58 b colesyy S e
8y &5 A oo My W)l oy Fe U wpeds Bl od

Gl ag5 Jo

S35 Al

3 ool Jalge 5l clos g olaal ¢ Slis il cless
Gy (S luste g diloyu o lus] oDl Lads dine;
Apop 2l cblis iy Ssba Bgbe
Sy e SUE g ol S5 g ]
A hals (Seo JBlas a1y g e

sslaiedy iy oy (alolid jolateds hghy cpl )
oyl Sl s b bl clbelSial izl
Sl ool il 5 Slos Jidg ¢ gyt aiibe
4 pY Cwl onddl) adua 50 (gilwaigy Jlo SO 29390
hole b iy Jlue aiej 3 42)5 a5 cwl 55
Cowl oadplul (ooaxie sla yimgd Sl T cleolSKiuw]
wlad @iy 4 Cad Oglite g b Lo il 5 s
P Sk Cundg (5 pS03ll 4 pladl u.:qu.JT oK
5 el jghteas (hagh cul 3 3y pldl il Ll
Silwdgime S5l gl ledige ool ey
el cwl odd Jlos! adlasdyge dalaio lgicds blj e

cholSiny] &5 o5 cul ol Sl gis ol Jobs

°, Catay, B. (2011). Siting new fire stations in
Istanbul: A risk-based optimization approach. OR
Insight, 24(2), 77-89.

1. Chevalier, P., Thomas, 1., Geraets, D.,
Goetghebeur, E., Janssens, O., Peeters, D., &
Plastria, F. (2012). Locating fire stations: An
integrated approach for Belgium. Socio- Economic
Planning Sciences, 46(2), 173-182.

V. Chevalier, P., Thomas, I, Geraets, D.,
Goetghebeur, E., Janssens, O., Peeters, D., &
Plastria, F. (2012). Locating fire stations: An
integrated approach for Belgium. Socio- Economic
Planning Sciences, 46(2), 173-182.

A. Chevalier, P., Thomas, I, Geraets, D.,
Goetghebeur, E., Janssens, O., Peeters, D., &
Plastria, F. (2012). Locating fire stations: An



(15 529 253 )90 adlllaa) (Flosd by g (om yisd iz 43 (L (5T o0lRUnn] 2L2S (5 jLurdinge

integrated approach for Belgium. Socio- Economic
Planning Sciences, 46(2), 173-182.

4. Church, R., & Li, W. (2016). Estimating spatial
efficiency using cyber search, GIS, and spatial
optimization: A case study of fire service
deployment in Los Angeles County. International
Journal of Geographical Information Science,
30(3), 535-553.

V+.Church, R., & ReVelle, C. R. (1974). The
maximal covering location problem. Papers in
Regional Science, 32(1), 101-118.

VY. Cohon, J. (1978). Multi-objective programming
and planning. New York: Academic Press.

VY.Deb, K. (2014). Multi-objective optimization.
In E. K. Burke, & G. Kendall (Eds.). Search
methodologies: Introductory  tutorials in
optimization and decision support techniques (pp.
403-449). Boston, MA: Springer.

\Y. Drezner, Z., & Hamacher, H. W. (Eds.). (2001).
Facility location: Applications and theory. Springer
Science & Business Media.

V€ Hakimi, S. L. (1964). Optimum locations of
switching centers and the absolute centers and
medians of a graph. Operations Research, 12(3),
450-459.

Yo, Hodgart, R. L. (1978). Optimizing access to
public services: A review of problems, models and
methods of locating central facilities. Progress in
Geography, 2(1), 17-48.

V1. Hodgart, R. L. (1978). Optimizing access to
public services: A review of problems, models and
methods of locating central facilities. Progress in
Geography, 2(1), 17-48.

YV.Hogg, J. M. (1968). The siting of fire stations.
Journal of the Operational Research Society, 19(3),
275-287.

YA.Kanoun, 1., Chabchoub, H., & Aouni, B.
(2010). Goal programming model for fire and
emergency service facilities site selection. INFOR:
Information Systems and Operational Research,
48(3), 143-153.

Y4.Liu, N., Huang, B., & Chandramouli, M.
(2006). Optimal siting of fire stations using GIS
and ANT algorithm. Journal of Computing in Civil
Engineering, 20(5), 361-369.

Y +.Montazery, Gholamhosein (2004), Location of
municipal service centers with emphasis on fire
stations in Sari, M.Sc. Thesis in Geography, Shahid
Beheshti University, Tehran.

Y).Murray, A. T. (2010). Advances in location
modeling: GIS linkages and contributions. Journal
of Geographical Systems, 12(3), 335-354.
YY.Murray, A. T. (2013). Optimising the spatial
location of urban fire stations. Fire Safety Journal,
62, 64-71.

YY.Murray, A. T. (2015). Fire station siting. In H.
A. Eiselt, & V. Marianov (Eds.). Applications of
location analysis (pp. 293-306). Springer
International Publishing.

..........................................................................

Y¢ Murray, A. T., & Tong, D. (2009). GIS and
spatial analysis in the media. Applied Geography,
29(2), 250-259.

Yo Plane, D. R., & Hendrick, T. E. (1977).
Mathematical programming and the location of fire
companies for the Denver fire department.
Operations Research, 25(4), 563-578.

Y1.Plane, D. R., & Hendrick, T. E. (1977).
Mathematical programming and the location of fire
companies for the Denver fire department.
Operations Research, 25(4), 563-578.

YV.Rahman, M; Chen, N et al (2021), Location-
allocation modeling for emergency evacuation
planning with GIS and remote sensing: A case
study of  Northeast Bangladesh, Geoscience
Frontiers, 3 (12), pp1-17.

YA Reilly, J. M., & Mirchandani, P. B. (1985).
Development and application of a fire station
placement model. Fire Technology, 21(3), 181-
198.

Y4.Reilly, J. M., & Mirchandani, P. B. (1985).
Development and application of a fire station
placement model. Fire Technology, 21(3), 181-
198.

Y+.Richard, D., Beguin, H., & Peeters, D. (1990).
The location of fire stations in a rural environment:
A case study. Environment and Planning A, 22(1),
39-52.

¥\.Roknedin Eftekhary, A; Ahed allah; Haji pour,
Mojtaba (2012). Assessing the spatial distribution
of quality of life in rural areas (Case study: Central
part of Delfan city), Journal of Rural Research, 2
(2): 69- 94.

YY.Schilling, D. A., Revelle, C., Cohon, J., &
Elzinga, D. J. (1980). Some models for fire
protection locational decisions. European Journal
of Operational Research, 5(1), 1-7.

¥¥.Schilling, D. A., Revelle, C., Cohon, J., &
Elzinga, D. J. (1980). Some models for fire
protection locational decisions. European Journal
of Operational Research, 5(1), 1-7.

Y'¢.Schreuder, J. A. M. (1981). Application of a
location model to fire stations in Rotterdam.
European Journal of Operational Research, 6(2),
212-219.

Ve Toregas, C., Swain, R., Revelle, C.,, &
Bergman, L. (1971). The location of emergency
service facilities. Operations Research, 19(6),
1363-1373.

Y1.Yao, Jing; Zhang, Xiaoxiang; Murray, Alan.
(2019). Location optimization of urban fire
stations: Access and service coverage, Computers,
Environment and Urban Systems, Vol 73, pp 184-
Y4,

YV.Zyari, Karamatollah; Givech, Saeed, Adeli,
Mohsen (2018). Optimizing the location of fire
stations in Gorgan using classification method and
colonial competition algorithm with earthquake
crisis management approach, ournal of Space
Planning and Planning, 21 (3): 257- 281.

........................................................................

(V) Sk @ o)lod) (650 3250052 9 93



