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ABSTRACT KEYWORD
Purpose: This study views fire casualty occurrence in industrial parks not simply as a matter of distance to fire ~ £HITH2|

stations, but as an urban-architectural issue shaped by the combined effects of road network structure and industrial ;{ S:l: _*_rl E _S_}ZH

location conditions. Method: This study examined 1,468 building fire cases that occurred in 41 industrial parks in E;l A ,;T_ gl A8

Busan, South Korea, in 2023. Using GIS, building characteristics, distance to the nearest fire station, and

surrounding building density were constructed. Choice and Integration values were then calculated for 400 m, 800  Industrial Parks

m, and 1200 m radii using DepthmapX. Pearson correlation analysis and binary logistic regression analysis were ~ Industrial Facility Fire
subsequently conducted to examine the relationships among road network structure, building density, and fire Is_gzci:tiscyllll:zagxression Analysis
casualty occurrence. Result: The results show that Integration was positively correlated with surrounding building

density, indicating that industrial facilities tend to be concentrated around highly central road networks. Fire A CCEPTANCE INFO
casualty occurrence showed the strongest correlation with nearby building density within a 50m radius, while  Received Jun. 24, 2026
building density and Integration were significant in the logistic regression analysis. These findings suggest that fire ~ Final revision received Jul. 2, 2026
casualty occurrence in industrial parks is closely associated with the spatial concentration of buildings and ~ Accepted Jul. 8, 2026
industrial activities around central roads, rather than being explained solely by individual building characteristics or

distance to fire stations.
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industrial

Fig. 1. Location of the fire in the target area (The figure presents
industrial parks among the 41

examples from two
complexes in Busan)
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Table 1. Summary of variables

Variables Description Unit Source
Dependent Casualty occurrence Whether casualties occurred as a result of a fire accident. Dumm
P due to fire accidents No casualty=0; casualty occurrence=1 Hnmy Korea Fire Safety
Month Month in which the fire accident was reported Month Big Data Platform
Hour Hour in which the fire accident was reported Hour
Building Area Footprint area of the building where the fire occurred Square Meters
Dummy variable indicating whether the building where
Building Structure the fire occurred is a steel-structure building. Dummy
characteristics Non-steel structure=0; steel structure=1
Building Height Height of the building where the fire occurred Meters
Above Ground Number of above-ground floors of the building Floors Ministry of Land,
where the fire occurred
Infrastructure and
Building Age Years elapsed since building construction Year Transport
Dist: fi he fire-afft ildi
Independent ' Dist fo Station istance from the fire-a ectefi building to Meters
Density and the nearest fire station
accessibility o . Number of buildings within a 50, 100, 250m buffer
Buil D Ni
uilding Density around the fire-affected building umber
. Width of the nearest road segment to
Road width the fire-affected building Meters
Choice r400m Choice within a 400m local radius Number
Road network| Integration r400m Integration within a 400m local radius Number
structure Choice r800m Choice within a 800m local radius Number
Integration r800m Integration within a 800m local radius Number
Choice r1,200m Choice within a 1,200m local radius Number
Integration r1,200m Integration within a 1,200m local radius Number
24& Uehdth A5 E 15 95 sh 2 A5 ES 7 33. A7 ¥
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Table 2. Descriptive statistics
Variables Mean Min Max SD
Dependent Casualty occurrence due to fire accidents 0.275 0.000 1.000 0.446
Month 6.125 1.000 12.000 3.194
Hour 11.155 0.000 23.000 6.321
Bl Building Area 3,883.056 96.000 66,711.820 5,480.588
urame. Structure 0.764 0.000 1.000 0.425
characteristics — -
Building Height 16.870 4.500 208.500 17.924
Above Ground 3216 1.000 60.000 5.053
Building Age 16.575 3.000 51.000 8.145
Dist to Station 1,720.888 73.147 5,140.123 1,192.762
Independent|  Density and oL T Buffer Som 3.156 1.000 22.000 2.827
accessibility Densit Buffer 100m 10.354 1.000 78.000 9.022
Y [ Buffer 250m 52.084 3.000 316.000 42957
Road width 15.826 2.000 40.000 6.708
Choice r400m 21.138 0.000 760.000 02222
Road network Integration r400m 17.162 -1.000 65.764 6.749
Oztrulclfure"r Choice r800m 239.075 0.000 3,767.000 297.558
Integration r800m 44.149 10.205 122200 16.940
Choice r1,200m 878.619 0.000 8,862.000 1,055.157
Integration r1,200m 79.275 15.164 324.701 33.559
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o A2 EA W50 A9, AR AW A o B8 3,883.056m? A AS5E T B2 P A5E IF HY A= A
dor, gk 66,711.820m* 2 L5 it A Al o] Zte] I FAEE HY & glon, B4 dh o] dojEfE AAg e viF
o] Qe HolEth A% E 12 A9 Po-2 0.764%, 24 A TEFUIA ddidor 22 HIAAN SHAS A= AT H
S A5E F A2 T2 AFRO MFO LA Be o AN U4 UL Ak
Aot AE =0l Fd 16.870m, 2o 208.500m=Z YEF S H, A
- - - - _ Aratab Al B
B4 W 32165, A 60502 B9 BB AL Y 3) A £ 4% o |
7165750 0.2 el #4 g 158 L 1% 15BHE 509 Pearson JT ] A, Z2F A% 5 SHHY Integrarion
oVg AT NEEIA G Bt A0 Helmge o S0m 100m, 250m B A A%E Tt W02 G SR
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UE 0 43H 9O BS WA AFE R ble £ TIEE tﬂﬁﬁj 1k03m % 230m Pl ] BSE PO S
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v 7F B A2l 1,720.888m .0 M, 45\_ 73.147Tmell A H JTHAE Hole Helon, 250m M1 A& 4oke] ¥
] 7}3] Lk L H ) =
5,1401231717]]'1] —‘L—Eﬁ]"ﬁ‘:]' 50m tﬂ-ﬂ q_] Z]ji' Zj‘:l U]E_‘_‘:_ Tgﬂ. 7:]]7]' H]—E’—X—l 7(}01'7‘” 1’]-‘:’]-)»7\]:} O] . ﬂ-ﬁg—xl LH_]_Oﬂ/\-] EJEQ}T
_ ] ©° = =4 3] ] L A3
315670, Heh 22702 ek}, AR SR Aol 0 A% Bl upg  HACIES mRY T ASEel AriH.oR wAlshs Aol
[elKe] =]
WA H HF A AT 7 0 2 gl QT E?L%P 1 = ) | A gulot, E2a 27t 4k A A ] 42 H HF T E
- - 2 0lo o 5 5t A7l AL =] +
<, 91 T2 UH|= B 15.826m, 24 2.000m, 2t} 40.000m= + SEE AAIT olefd Avke ATA) vy w2y pao] ot
Uehtey 2 4+ AT} 7150l AEE 4 itk 712 EolohE Rekd
[24~26]
2) 7 FRE 24 A3 g0 2, F4u4l S AR Q1 APA A of el A%
B ARE A E £ Choice= B4 vh7o] AA42 i glo] = = 4= 94 7] Pearson A A GE H| W g JJr 50m Hm W A=
7¥ote AFS B4t Choice r400me] B+ 21.138, Choice B 377 =2 AETAE 2 TH(Table 3.). o]of what & o1
r800me] B+-& 239.075, Choice r1,200me] B+ 878.61902 A= 100met 250m H 1 H4-Z A 9|5k, SOm Ho Y A&
et o] & 24 thd A eA] E2god A2 A9 B= 5 TE AT 052 U MR 8ot ol g A3k 3 AV
3} 7H5Ad0] AR WA R R uh el Al B 3A dehts A% A} o7k B SR U 27T sk B A58 Qe &
& mojrh olo] Weh A e Fo ol ol BR 5 4 Wmet o Wys) eE AL HojRe,
FeNE A5E QK B2 pERTE 94 WY oo me T
% oA o F351 g42 7540l 9 42. 2A2E 29 24 A3
Integration HA| §H o] A-SE Patglo] S7lohe AFS B 1) 9AAE 2229 37 24 A7
STt Integration r400m®] -2 17.162, Integration r800m <] H AlH 2228 FPREe AL Hw Ay}, BE 139
-2 44.149, Integration r1,200m <] B2 79.2752 1= it Omnibus AAo] EAZ 02 &5 Ueht(pd.001), 2 2
ol AIEA Ere] THAol v 2AE R E W2 T SHA) AP A o] Bot B El 991 sl B BAH R 4
714 W9 A o ZotA ek AeS ofuldich, olejst Akt
Table 3. Result of the correlation analysis
Casualty Density and accessibility
X occurrence Choice Integration Choice Integration Choice Integration
Variables I 1400m 1400m r800m 1800m 1,200m | r1,200m
. _50m _100m _250m
accidents
Casualty occurrence 1 0265" | 02567 | 0214 0.063" 0.153" 20.018 0.117" 20,048 0.120"
due to fire accidents
Buffer 50m 0.265" 1 0.873" 0.700” 0.188™ 0.353" 0.027 0.259" -0.032 0.238™
Buffer 100m 0.256" 0.873" 1 0.860" 0.200™ 0.410™ 0.027 0.357" -0.014 0.315™
Buffer 250m 0.214" | 0.700" | 0.860" 1 0.180" 0.425" 0.033 0.502" 0.012 0.470"
Choice r400m 0.063" 0.188" | 0.200” 0.180" 1 0.639” 0.695" 0.344" 0.446" 0.241"
Integration r400m 0.153" | 0353 | 0.410” 0.425" 0.639" 1 0.639" 0.735" 0.579" 0.574"
Choice r800m -0.018 0.027 0.027 0.033 0.695" 0.639” 1 05117 0.863" 0.366"
Integration r800m 0.117" | 0259 | 0357 0.502" 0.344" 0.735" 0.511" 1 0.610” 0.891"
Choice r1,200m -0.048 -0.032 -0.014 0.012 0.446" 0.579" 0.863" 0.610” 1 0.509™
Integration r1,200m | 0.120” 0.238" | 0315”7 0.470" 0.241" 0.574" 0366 0.8917 0.509" 1
"p<.05, “p<.01.
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Table 4. Comparison of model fit for stepwise logistic regression models
Model_1 Model 2 Model 3

Building characteristics

Building characteristics+

road network structure

Building characteristics+density and accessibility+

density and accessibility RA00m RS00M R1.200m
-2 Log Likelihood 1489.092 1464.944 1459.029 1460.664 1459.571
Nagelkerke R 0.215 0.235 0.240 0.239 0.240
Omnibus pvalue = e e — e
“'p<.001.
ot Hgoz SRIFGItHTable 4.). UFE EATE ZFgH A& Bt o2’ AvtE L2 27 S o8- wit 279
Model 19] -2 Log Likelihood® 1489.092, Nagelkerke R?= FE v & Stk A9 Ao =98 AFH oz HErohy
0.215% UEtktth of 7o) 9 A5 Pr et A 24 5 & [14,18], AFAHA] W] SpA| APSAH TAY of fof ety =2
AWAE 2716 Model 20141 2 Log Likelihood7} 14649445 7:29] Glafo] Bela a4 mch sl w4 X4 Q120] 244
%2313, Nagelkerke R7H02352 2719150e) ol 29 Ul 30729 o DU B 4 98- Akka
AR A W7 S AR Y o o] A Y Aol A 7 Choice®] 75 400m<} 800m ¥t A= BAH o2 §-2J514]
7o o lge ozt o]t At oA AMdAR EAd o] @eko, 1,200m HHg o A= F(+) ] o= FosHA Yebt
ME A= 548 ofyet spA T A9 JA14 =1 d 97 THp=0.045, Exp(B)=1.000). th¥t A 4-¢} @ =H] 9] ¥} Fol ufj-£-
08 HRATE B 5 Qe A)E @7 oot RgFTE 2 ehgo] Bl Choiced] $AX $914L S5 4
ERu 3RS WY 30 FEE ARE T Model 14 A a7 271k AP0 4T ast ek B2 E2 400m,
£ 13 Hrot Aol 274 o A E Gt 400m ¥ B 800m, 1,200m H& BEoA FAA = FolskA] ¢hsitt. ol=
9] -2 Log Likelihood+ 1459.0292 713 W9k © ™| Nagelkerke A AR HEA o B} A E 2 o] Ba ZHohs Ty 9

R%= 0.2400 2 vrebytth 800me} 1,200m ¥t 23 A] Zhzh
Nagelkerke R%7}0.2399} 0.240.2 & el Model 13+ Model 25
o g2 A9 Y-S Byl ol 3P AMIA A of ©7} eeo] 7
S5 E4olu 2 Aete] Agute & AR w7 H, ShA) T 7]
o Err L2937 A3 200 E #E 4 Qe

EEY 2 RSE AL RS ToM e £ 5= 27t

WA 7h5 Aol F7KES itk o] et Auk TR ) 1%
294 7ol 3, B3, A3 BREL, 9% AT 5ol
Qg ste] Y Hs Aol 7] whiol, v sk s sk
A A 2 AU kg B 2714 Aokel BA SN 4 98
2 ARSI W AA o] Avls BAHOR felsh ghot,
APQIEA O S AP A st A Al B AR
A%20 WA 227 o YR BATE Ao Lt

R A 24 Aah B2y 7 fo] §-991
ke A §HA of whet 2ko] & B G th(Table 5.). ¥4] Integration
2 400m §HE0 A k()9 BFo g FAH R FolotA Uetst
tH(B=0.034, p=0.018, Exp(B)=1.035). o] kA =AY 2] 4
400m HolA =2 FHETL =345 AV TA 7He ol
S7Fte 3] SaS ougitt. ¥hH, 800me} 1,200m §HE 2

s
A EAR 02 folokA ghgrout, 10% SEel A QA A

A, T8E, AR AT 22 72 A BT o T 4 9l
58 HojZr}

Hosmer-Lemeshow A% 23}, 400m, 800m, 1,200m 23 2]
p-valuet= 22} 0.244, 0.915, 0.2400. 8 RE 0,052 27 Ut
ek ol 53 BE3 2ol BAH 0 R fog Aol 7t gl
oulsie, Al W7 Bg BT 58 7Hs3 HPLE 2k Ao 3t
gtk Sk, v FUE WS FolAE 400m 0
Integration®] 7F¢ Wahet #AAS Wolom, 1,200m $Fo
Choice GA] 5AH 2. S Bk ol2|g A= 4t

QI S AP I o]k A8 %
S

u
Jo
Lo
o
T
T,
o,

=9 224 EAoU &
2 Zgto 2 AyE7|Eo} ob 3 21 TR A H B2 5
ST BAH A2 Aol ool =7t o2 AgE 4 USS Al
=
5. 22
B A= ARG S AP IS NE AS5E WS A
U Aanbaete] Agjgto 2 Aisly| By, 155 B4, FH USE
e A A, A S R 22 L2 A% TA DS
A gtz o] AR sfA ot at kgt S AFdaAl = Ayt A
SE e A, 25 olF, AdAt olE, ot w3k, @ Ak
Aol E2iE FHoR A kol HolA, S AHY
2F B3-S olalfsot7] SlelAl= Tt A 718 AR AR ofY
g AAEs o] JFE e 2y Lxo 3 A5E Uy 2Ae
A AEZ Fart it o] & flef & A& 20239 FARF A A] 41
A AAEA] Y AZE S 1,468 oz FF FE2 B,
Pearson 24, ol 222 H I ARAE Fs3th o] F
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Table 5. Result of logistic regression analysis
Variables B S.E. Wald Sig. Exp(B)
Month - - 57.440 <0.001"" -
Hour - - 55.595 <0.001™" -
S Building Area -0.081 0.089 0.818 0.366 0.922
Building
characteristics Structure -0.191 0.232 0.678 0.419* 0.826
Building Height -0.805 0.275 8.581 0.003 0.447
RA00M Above Ground 0.424 0.200 4.524 0.033" 1.529
Building Age 0.020 0.010 3.977 0.046 1.020
Density and Building Density 0.123 0.032 14.465 <0.001™" 1.131
accessibility Dist to Station 0.000 0.000 1.259 0.262 1.000
Road network Road width -0.001 0.011 0.003 0.955 0.999
structure Choice r400m -0.003 0.002 1.665 0.197* 0.997
Integration r400m 0.034 0.014 5.583 0.018 1.035
Month - - 55.365 <0.001"" -
Hour - - 58.326 <0.001™" -
L Building Area -0.063 0.088 0.506 0.477 0.939
Building
characteristics Structure -0.275 0.231 1.418 0.231 0.760
Building Height -0.796 0.278 8.214 0.004 0.451
RE00Mm Above Ground 0.410 0.200 4.175 0.041" 1.506
Building Age 0.019 0.010 3.681 0.055 1.020
Density and Building Density 0.130 0.032 16.967 <0.001™" 1.139
accessibility Dist to Station 0.000 0.000 0.872 0.35 1.000
Road network Road width 0.000 0.011 0.000 0.997 1.000
structure Choice r800m 0.000 0.000 2.553 0.11 1.000
Integration r800m 0.009 0.005 3.603 0.058 1.009
Month - - 55.568 <0.001"" -
Hour - - 55.883 <0.001"" -
S Building Area -0.046 0.088 0.268 0.605 0.955
Building
characteristics Structure -0.279 0.231 1451 0.2221 0.757
Building Height -0.849 0.280 9219 0.002 0.428
o Above Ground 0.403 0.202 3.994 0.046" 1.496
’ Building Age 0.017 0.010 2.716 0.099 1.017
Density and Building Density 0.131 0.031 17.461 <0.001™" 1.140
accessibility Dist to Station 0.000 0.000 0.948 0.330 1.000
Road network Road width 0.002 0.011 0.047 0.828* 1.002
structure Choice r1,200m 0.000 0.000 4.028 0.045 1.000
Integration r1,200m 0.005 0.003 3.742 0.053 1.005
Hosmer-Lemeshow Test
Step Chi-square Df Sig.
R400m R800m R1,200m R400m R800m R1,200m R400m R800m R1,200m
1 10315 3.283 9.804 8 8 0.244 0.915 0.240
"p<.05, “p<01, ""p<.001.
off SpA AP DAY of Hoh AEE A Q] 22 F EAJR ofy et 4t D2 YR A FEet A0l =2 T2 FHf A& 4
A W m2apel 534, A7 A4, AA o] A2, 7 Ho g Wyste AFol ASS ujgiet. &, AdeA o =2}
A%E WY 2707 oY BAYS 2EAS A5Hor PRel LR T o5 7WHAHo] oh 4 A4 9] gA|et F7HA
At A%5e 2Aole 724 2002 A48 4 vk B8 44 A4
=4 A= o 2o AA, G S A W 3 38 A5ES A 5ol A%E Ui 7 PA A= 50m HE f A& 571
AZE R, 72, A4, 54, FH AR UE ERY 12 20 P RS ARWAS BT ol AL EAel BT U 2
oA theFet B 25 Bt §5] 47 3 At £ A AR S g 23 e 2T 224 YL v YASHA
&0l BHE AN BT AL m FRIE . o] = AATA] e E 7S AART
shA) AP EAgo) A8 A%Eo) Zeld SR ohet S By AR, ©AH 2A 28 AR AT ASE SNL Ee
23 FHY A5E M x|} 3 WY 2 Lol A olsiE BTt 7|2 BYET FH A5E Dot At A 5 RS E
e HolE F71 g, 120 3 TEE ARE F71E RN 2 A
E4), AaA £4 A Integration 2] E= 50m, 100m, 250m o] ATt /fE Hao] Ao AR ol nE A B
HE Y A5E ot Agra o2 oF o] JBAE B4t ol & 4y A 2o o 2 [ OotA et om, 21454 G (+) 9 HEFe
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olcHY - UMY - 0|2% - 282
2 §olabA hekgteh, ol AR Sh AR Aol Hheth A ok QAR BH QAR B2 E AARRe 71202 o]
52 FREEE 0520 224 TAT BAD 5 G0 HolE  Brh A4 AR A KA, A4S 8 B R4, 83 s,
of £33 252 Yk 400m, 800m, 1.200m BE BFNH A AF 32 2 ] WA F 5L WA RS PO o]
F(H)S WFOZ FOI5HA LekEITE ol A WA A Qo] Rojxok gtk B8] AR Y B4 W F4ol FHF 4 9l
052 PRI BL5E AR I 5 A0l 48 4 98e b gl dhelAle AR pelsk Baste, oY el A%E )
ofulahu], AQRA SH AT W] A 5B B A B A, Y B W BRAM BE, €5 4487, vy 54 S ks
wohet 9 g1hol U4 2A%E AP BAPL BelETh. AL FAoR AEY Wast otk 2, AAeA s e
ur A Aete] AR BAMOR GOfsA ol ekt ol & P ASR B A el MREd 91, 529 545
A BEA A F R0 b olmlebyneh B el BA WY A5E UEsh A48E 4ES WA Belst 2uAg A

AOIAE Theg A A Ao R A s A HTo® shgd Wask oot
AL A o2 335 ey o[, skl A A el 2 Q70] S the 3t Lt A, 2 AT 20239 Bl
Belx Wy 200 229 122 P welaol G Ak A AEIRA SH A2 0.2 51wl B AvkE B
YA, B2 TR WSO G LA We] ek AolS B AP fgo Qurstebi Hleli G ek AARAE 9F,
o}, Integration® 400m W7o 4 GF(H)©] o2 folsbl ek S1UE A3 o1, WA 2, E2Y Fef, D52 w4 4] ket
5O, 800met 1,200m Bl AL 5% SN G5 SAISIE T2 2eH £ QOB R, GF AL shetige
QSLOF 10% SN TS Bk ol S AR AT A, BREA, AA-FE F4 ARG 5 R £330 2]
A E2 720 9ol YA ABARG N A AY F 2 HRT B Uk TA, B QL BUARE 75 5T 2
WOl 3204 B0 o WHeA BAY S USS AN £ EA FUASE U, A4 7Y, £2Y 728 FH0R
Choice®] 79 400mst 800m WAlAE folsha spgtovt,  EAstgo A4 sh thgel G 0l 4 o wEe, 2
1200m WACIAE SAM O RoIg BAS Btk GH £2 R AN A4 FAAZ, SBE A, A5E BT v
Eo DE Ul FAROE Golota Shaleh ol S AR A, @A 5o AN A F46] Wsha Rakelck A, 2
Wao] Y £20] B4 B AN B2 | A, BAY, AT oM AR A o] B8 o] B BAs] dhel, At
AR QAT 2o B0 12 SAT Y BAE £ eSS HelE AP S 8] FRo Aol 2 AUsHA gt Yol GHA7} 9]
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2R 55 AU o5, AFE VLA PARNFI 2 YO8 E A SEAT, JTE AR WA A S, AR A e, 3]
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