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Abstract
Inseok Seo / Byungsub Yun

This study conducted an analysis by applying a panel negative binomial regression
model that reflected the characteristics of the workforce variables in order to calculate
appropriate firemen in Gyeonggi-do. As independent variables, fire equipment, fire
objects, number of fires, and population were considered as functions of firemen, while
firemen by fire department were used as subordinate variables. The analysis confirmed
several implications.

First of all, the number of fire equipment was the biggest factor in the allocation of
manpower. It showed that about three people were assigned to each of the number of
fire equipment. This is the number of manpower allocations compared to 0.29 per fire
case and 0.006 per fire target. Second, it was analyzed that there was a significant
shortage of firemen in non-city areas such as Gwangju and Paju. In the case of fire, the
extent of damage is often greater when it occurs in non-urban areas than in urban areas.

It will also have to consider expanding the number of firefighters to non-urban areas.

Keywords: Personnel Allocation by Fire Department, Panel Negative Binomial
Regression, Methodologies for the Estimation of Personnel
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ofof FAASH(OL)o] o 7HiAtmE &40 29kt ol 3] EA] (Poisson Regression)¥}
203 3]FE A (Negative Binomial Regression)°] L& EHtH(Allison, 1999; Choi & Yim,
2005).5)

5 ZolE FF|HFP2 x| EAA it HAlo] F-dsfof sttt A|fxAo] BEH(PAE - HEE,
2014: 166). FHAW @AARANE BFEeE Bito] 2A Ut BAE 28T 5 AHCox,
1983). o] st A (over dispersion)”t EA|5H= AR Eokd BAA] 2370 ji—:—&x}-— H3F
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Kernel density estimate
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280l = AL
kernel = epanechnikov, bandwidth = 19.5864

Fobd B AR EAHQA AP ARG o2 Hgat Bito] 2 2w o84 £ 9l
CHA Q14 9], 2013). Abd BHERIE7} (eket 9o 2ol mggolch(o]-fad - A4, 2019:
139-140). (272 & A9 thado] e £HARIY £8 XFo=, 3y o] vzrt J
=] e YE(density)E YE2& ol Wl Yepih= AP Eolrh. oF 1009ollA 2008 A

0|9 ARFAEo] i, 1 o]49] AvtA Uk FASH WolAls AL AT & . 2
AT FHEHPE HAS0 8 tha A3 FE(TY Hw)Q] oAHEERRE 7L Qe AL
2 upofg 4= Qv oA EREE Xobd REE T = AR Eold EX= Hdt
¥} 24bo] FAR Amofl AREE 4+ Rlo] Alefo] Wt o]dt Aok AT 4+ U= Aol
20]g B2t} 2o|gt EX(negative binomial distribution)= Eof& EE O] UulstE P o
2 4] o] B4 (hetero-skedasticity) & 3|86t BAG=2 Holx|o] HFT} EAilo] 374 &

A0l Eold BxO EAFE dAsF= o] HoHAIS-QHEH, 2012: 40).
TAHOZ, Zopd: FlF o] 2F HHy 2F BAbo] FUstth= A2Fo] =
A2 ZofALE (over-dispersion) A 7F YA A X7} At (Cameron & Trivedi, 1998). I}t

A AR 2HAE AEHA E = 24% 5 e
G013 Smel o BEA, B AL ol & 7 £4E ol HEold LAE Aol
st
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T2 B71%7 Bttt SFHolHE AAS st 5 /gt =Xl Ffstal vz

& X IR gEE AHIAE AlEs] fs SE F3dlelE A 2"l
(https://data.gg.go.kr/portal/intro/intro/selectIntroPage.do). 2019 10¥ @4 w574
74 T A8V 1764, 7HEEAEA] I A=T) 32671, WEESAS B BT 1794
AAGRPd B AmTE 524, SESAIG T AR oo, AFAAAl T AR7F 153

RO 23

i

A, L&Y A-E AR7F 1364, Eﬂlé e A=t 74, 2AEYR FA A=t 130
Aog FEE 0] AL AUt

(326)

(1786)

ISALNE ==y

(153)

(130)
(67) I

T ZMERH

(96)

Soa

I
ru
Hil
iy
e
02
>
i)
ol
=

A2 47|40/ E- ZE(2019.10.09.)
(13 2) A7|HI0[EEE ERYE NS SAHXI=E

iHJ%‘Lﬂ AwE $A3] A8 widolA Hlole '~ 7= FAEoE ~shete] A~
Mg sttt ANEY =54 819 Am F WV A

(2013-2017)", 7179 A% gEEA4(2012-2016), B71AF 2ATE SF114(2012-2016)
‘77124312012 2016) 9] ARE T2 E Hho} H3lslott. 7P FAlo] Amk 2017dER
ATE I 9lo] F4H9IR ZtHJ?l S 20179ER o2 ¥le 20169 2T HuARE B85
ALt o2t AlAkz ARl Gk 24 IO R SRR ARME SED = 9l
Az} 3717k 20199 10‘31—3J 19014 1097H4] == 0. & A7l A8shs &ol% s‘“ﬂﬂ
2E A WEARE 3t iid S0l 3HRFo] E-8Hrt

gHd, 2 Qs gdk Aut obd HdE ARE 245k HddARdS 285t
stelth. SR ge vHavnyy FEavwgor TR} 1Y avn Y (Fixed Effects
Model)& Z&w27} 9 2}7} A|7He] 320 HFES vhx] oky EY 7} x]dujc} Qlui 7}
AZ ke Zgoltt. 2RIH2 §F Ao =] 317 2] o] Me}sh= Ao] o
Yet. o= AIRe] S50 whet s w49 o] HMeeHA] Gag ittt & A7 A%k
o] 550 wet HeehA] ov] JAEA] of> S M7t A Guitt A o= 1R

P

_:

—
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o
o

3w go] BAo] AFSIHEE, 2008: 122). ¥HAo] A o] THYL BE RGO %
S 0]8 (GRS BAGER B AL FBAYRFo| o APt B 5 9
oo w=ehon B 7o ARt nRaTLYo] APt thek, PR ATE 3
Y} o] AR EYL Fo) VHRHR Y FEAREFS Hesty k. ofe] 319
25t @73 (Hausman Tes)& 53} A=) B4 94 19T BPHLS A=slgint,

T

sl

iy

CERRT

Mo

V.

A
~

Ho

1. 7%

D 71e5A%

G 4490191t
T 7) s 7|25A LY
Ha Az = is HEEX EEN Z|CH
overall N 170 195.9353 | 69.03435 99 449
ENCU between n 34 - 57.4075 108 403.6
within T 5 - 39.3462 112.3353 | 369.3353
overall N 170 7740.624 | 5660.083 525 30168
AHAES between | n 34 - 4430.585 1631.2 19120
within T 5 - 3587.628 -1159.38 | 18788.62
overall N 170 290.3706 | 136.8658 36 694
AUMHESI A4 | between n 34 - 134.0384 48.8 607.6
within T 5 - 34.51356 186.1706 | 435.1706
overall N 170 38.48235 10.9167 17 70
AR5 between n 34 - 10.55848 21.6 66.6
within T 5 - 3.214243 26.88235 | 43.08235
overall N 170 399517.1 | 314848.6 45363 1194041
QT between n 34 - 189498.7 136601.2 | 989605.7
within T 5 - 264817.6 | —-145468.7 | 1057411

7 BRG] A 2o]7} 2ol myo] AYSHA gkotch. olo] AR HAHOlE Wakglo] AR E A
gstaint.
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=4, 2¥ddEse ¥ 7740700, AAESHA= 5,000, WET BEHAE
o

ot old AA9] kg2 369, HHEZ 6940130t A, LRGS0 B 380] T
AAEEZHARE= 10.9, Wt E2EHAE 10.5, AAPE EEHAE 3.2% YEEH ofmf A
o] FSg2 1771, HHE2 70 AT oA, A2 B2 399,517 010 A BEHA:
© 3148487, @7t EEHAE= 189,4987, AAE BEHANE 264,817H 2% YEHHT. 74
71N 9] B g 3t A AojHote AAFE Aol7t § Zd Ao wekHEny. ojnf A9
FSgh2 45,3637, HHE2 1,194,04178 0] A

2) ABASE B SPA50 594 A%

SYus 7k SYAol ol Ax 91X steksh] i8] BASE s sheck. G
& ol A4S BAAT oI, AR AN SAS Tkl 71%0) TS
A ABASE BolFUT, APNFESE 2PFUSE 57%9] B AUASE BIZY
oh ESh AP SRS} 2 AR T RS 78%0) ABASE w1 Al o] 4
o Sguel 7k F&us 490 FUFEI BAY & Qo] 2ENSS BT Helo] Was
ok olo] s wiclo] FRstthe WA 7 WS 7+ 2AWSE Z7tsto] A8t uA T
oh 2 ARG xS AL, AR x A, A S A x A
g 37400 2RSS ERAD RN THAS FAT BHE S5k sheir. oo
= 719 2FASS EFSA ke TRRY' T EFAY BY T 7K

Z‘“ih
T
£ =2
)
o rr
o)

7= Ldtd=E() LYME21(b) 2FHIx(c)
2ty Er(a) 1.0000
AR HEBA4(b) 0.7110 1.0000
ARIEH|S(0) 0.5788 0.7879 1.0000

8§ & AFolA B 2F FAACl w240l HiFt AF 2 T FAELS A E2 AR RIFSIt
2PA, A5 SYNS 7E Aol Bk Ao /123 28a BY IA] S} o] Fojzck
Ha indep1 indep2 indep3 var1b Mean VIF
VIF 2.03 3.55 2.65 1.00 2.31

1/VIF 0.493132 0.281380 0.377876 0.995428 -




2. 9 ol AL £42% o]

D71Ery

)

AtA o7 29 Egho] A1, AIC #ho] A24E Bgo] Aet A= wd 4 glor
HAF=-H Y, 2016 337), #AHdeviance)/AHRE(dDS] A7 2SI F-4E 7, 2012
50) A3gdo] =t <& 99 71ERE E4ANE olF Hgo] Hokd Kol vl AIC Lo
Wi, 2I9%gko] A1, BASAERHE 7197 109l As HojEo)h Aok 39

% (1/d.f) Deviance7} 9.9% HjAtE7} ZASIAL ATl & &= Utk BAEF2 Z°1F
ﬁ%’%Eﬁé‘ol o gt Aoz woE it

f
=
i

pSkel

2 9) 2R 2MZY

Hax o) =5 =02t
2= .0000153*** .0000144**=
E- I EloN P -.0000682 .0002146
A A HEH| .0056523*%** .00675
QI+ -0.000000118*** -0.000000130**
o - 3.03984***
N 165 155
Groups 34 34
Wald chi2(4) 129.43%** 25.47***
Log likelihood -1293.339388 -971.0060946
(1/df) Deviance 9.930946 .0473775
Pseudo R2 0.5459 0.1157
AIC 16.75277 12.59363
Hausman test9 99.82%x* 11.69%*

* p€0.1, ** p<0.05, *** p{0.001

= AR 7= R29] A% 0.1157=2 11.57%2]
AES 7M1 Qe A 0& ERIFQIL. ojnf SRS BAFCR {oulgt ey AYHIE
T} QIR SR T ATHIES F(HY TAES, I+ F0O TALS Yerigich &%
ARl 3 AASE 0.0000144FEM AHAAE©] 1717F 27FE 0 exp(0.0000144)=1.000014%
2RI o] 9F 0.0014%7F S71oke 2 & &= Ut ool whafl, ARA I ESA 140 AR
£ BAA foldS st Fotdtt. ol ¥Ql 71| AAtA7 ot vehd A3t olsiHtt.
wetA, s oSl el RS HES

TAHOE, FHURY AQAYSE A3,
(o]

oA SO R ElElE Eart AT
9 oF9-2ut AAL “hausman fe re’ O & AAEH, oo 1PFT} HEO| Jo]4LS oIt}



(E 1009 2= A4Sz 1y A S0l o] Hofd ol Hs)] H3st LgFA A
S HoJEth = AIC FFo] ¥ 1(12.62828), 21T FFo] AH(-970.6918402), EAH=X](AF-S-
T 7|F)7F 1990 2(.0440688) BR1E L Zold 3R F ] AL (1/d.f) Deviance”} 9.162.

2 FojikRrt EASHAL el & 4 Sl

H 10y 45588 T3 2X4A}
M ZO0KS =
2AY =S 0.000068*** 0.0000617***
ENC I E<E=loN P 0.0027102%*** 0.0029015**
AETEH| 0.031887*** 0.0309634**
A DTS X AUAHESR 4 -0.0000000681*** -0.000000069**
AT AE S X AREHH| 4 -0.000000432** -0.000000328
AU HSR 4= X AUFH| 4 -.0000504*** -0.0000502**
ol -0.000000142*** -0.000000139**
ChE - 2.09961 ***
N 155 155
Groups 34 34
Wald chi2(7) 273.50%** 53.3b5***
Log likelihood -1222.031007 -970.6918402
(1/df) Deviance 9.163437 .0440688
Pseudo R2 0.5783 0.1298
AIC 15.87137 12.62828
Hausman test 58.62*** 10.83*

* p€0.1, ** p<0.05, *** p{0.001
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= A& & 5 Ak A, ATAESIAAS 94 Z(+HQ
AAS Bt ARAESE AL 3] AIST= 0.00290152 4 AAES A7 14
Z7F 1 exp(0.0029015)=1.00290572 AHF12o] oF 0.2905%7F S7Fh= A& & 4= Ut

a
BRI 10 712 9 exp(0.0309634)=1.0314478% &RfRl=o] 3.1444%7} S713tth= A

O o
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2RIk &= Qict, upA|to 2 | Q14L9] F- FAKOE Folulstil F(-)9] B3Ql AoT o
ot 3HAS7F -0.0000001392 4 199 ®H3HE o exp(-0.000000139)=-0.000000139F2
o] 0.00001% Fortt= Ao oJgfE 4 Ut
H

HQon, BE 29 IAQ AR IRt A, AFHESF xATA S AR
3] #AS7F -0.0000000692H AFHAFES x ATA B AL7E 159 WHsHE
0.000000069)=0.0000001% AX1Z 0] 0.00001% Hordth= A2
A B A x 2173859 I AAS7T -0.00005022H A B A x 217
7} 15+9] HsHE 1 exp(-0.0000502)=0.00005022 AHFRIZ 0] 0.00502% RolRtt= Z o
olsfd 4 it

S, 7 3l A AR ol FolA SHs g o #s S4819] Wsks
Ig5l= SARHE SAE 5 gt SAANE HEE 74
2 o33 2t ZF HRl9] 7)HEkE exp(Bz,)olH, z, oA HSH= S&5HR] RS 9u
SHA k. AEHS ;004 kitg BB exp(8k)2] ARl AR =W 100(exp(8;;)-1)
e W28 (%) H3EE 7HA2t g A7 717 o] AT 1% ol Ao
o}, o]4e] Axg AEe Zolth (& 11)9] Zfo|tt.

[o

o
=
sk
1
30,
=
K)
ille
o
fu

:c’)é

[e]
o
ot
O
ok
A,
for
i)
e
ox
1o
o

o)
u
z,

o

(& 11) gtA|€ 8K marginal effect)?| =X

e 3| A AR}
2= 0.0000617*** 0.0061701903
AU BSR4 0.0029015** 0.290571343
AUYH|S 0.0309634** 3.144775221
At AU Y= x AYM B A -0.000000069** -0.0000069
AU x 2T -0.000000328 -
AUMESHA T x 2YHH| -0.0000502** -0.005019874
21t -0.000000139%* -0.0000139
Cha 2.09961%** 7.1629

SEEREE LS PEE PR
4 dole] 422 st = o

o o = RS
ol 7} AWA Y AU vlwATHI REE WAL Tt QY $2S BrieE 5 9



(F 12)+& A AR Ao 7|z 20179 ATAE 45U AYet dijolth. & 4
FidEs, AR de, &3 5 2SS 2ot BY0A EAHCE o]
gt W] Al a7 AYAE FAR/AHE AP Aol 18 F59] oA F4UH
I AL A7t 7 2 5N &AM FFA, mEA, BEA, oA, AEAMR FAEH U
A0 A9 24908 22802 B9 12%90] ¥l 11090] 323 Aoz olsjgt). w
249 749 FHAYL 237808 A 143730 HI8) 94o0] REG Aoz ofshech A
Hog gelo] ol WA Zo= Wetdr

(B 12) Z3olz £3  HIR
ot gt ) i
Y =X oo
7= a* b** | cf** | ap*** | petrr oI Cis (261“7) oz | o =9
0.00617 | 0.29057 | 3.1447 | -0.000006 | -0.00501 | -0.000013 | 7.1629

8% | 9898 | 101.7 |132.08| -38.74 -73.79 -4.56 706 | 112 | 222.84 | 110.84 | 1

o= | 111.74 | 12466 | 16982 | -53.61 | -116.29 | -5.99 706 | 143 | 23749 | 9449 | 2

WE | 7446 | 86.01 12894 | -2465 | -60.92 -6.54 716 | 145 | 20446 | 5946 | 3

o) | 7231 | 86.01 10692 | -23.94 | -50.52 -2.92 716 | 140 | 195.03 | 55.03 | 4

dE | 113.35 | 134.83 | 14466 | -58.82 | -107.14 -5.05 706 | 177 |22899| 51.99 | b

EM | 11147 | 109.55 | 144.66 -47 -87.05 -2.15 706 | 206 |236.64 | 3064 | 6

OF | 1851 | 76.71 | 11321 | -5.46 -47.71 -1.58 7.16 | 139 |160.87 | 21.87 | 7

HYF | 113.78 | 132.21 | 169.82 | -57.9 -123.34 -9.2 716 | 214 | 23254 | 1854 | 8

7K | 3449 | 4736 | 1195 -6.29 -31.09 -0.87 716 | 156 | 17027 | 1427 | 9

891 | 11022 | 154.87 {19812 | -65.69 | -168.56 | -13.78 716 | 210 | 22234 12.34 | 10

M | 3266 | 37.77 | 12894 | -475 -26.76 -0.64 716 | 165 | 1744 9.4 "

T2l | 2628 | 43.88 | 84.91 -4.27 -20.47 -2.69 716 | 133 | 1338 | 0.8 12
alg | 186.14 | 201.66 | 188.69 | -144.46 | -209.03 | -891 796 | 222 | 22125 | -0.75 | 13
oMt | 64.37 | 125.82 | 166.67 | -31.17 -115.2 -9.59 716 | 215 | 20807 | -6.93 | 14
g | 3201 | 54.92 | 11321 | -6.77 -34.16 -6.09 716 | 179 |160.29 | -18.71 | 15

otg | 7877 | 12262 | 1195 | -37.17 -80.5 -2.54 716 | 227 |207.84 | -19.16 | 16
UM | 8048 | 8339 |12265| -2683 | -56.19 0 706 | 239 | 21166 | -27.34 | 17
4 6.11 1598 | 7233 | -0.38 -6.35 -0.89 706 | 124 | 93.98 | -30.02 | 18
NE | 7064 | 7991 | 11636 | -21.72 -51.08 | -1355 | 7.16 | 234 |187.72| -46.28 | 19
29 | 2713 | 56.95 | 11321| -5.95 -36.42 0 706 | 210 | 163.09 | -46.91 | 20
29 | 2674 | 6799 | 9434 | -6.73 -36.24 -4.72 716 | 197 | 14854 | -48.46 | 21
A& | 6833 | 895 [12894| -2354 | -63.39 -2.86 706 | 253 |204.15| -48.85 | 22
ofef | 4252 | 6596 | 912 | -1079 | -33.05 -2.93 706 | 215 |160.07 | -54.93 | 23
U | 59.79 | 802 |14466| -1845 | -63.73 -1.55 7.16 | 269 |208.08 | -60.92 | 24
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S5 | 2232 | 3748 | 912 -3.22 -18.78 -1.37 716 | 217 | 1348 | 822 | 25
A= | 56.83 | 1232 | 1195 | -26.94 -80.88 -b.6 7.6 | 277 19327 -83.73 | 26
=Z | 2765 | 5579 | 94.34 -5.94 -28.91 -3.96 7.6 | 266 |146.141-119.86 | 27
2™ | 77.82 | 109.25 | 154.09 | -32.72 -92.49 -11.83 716 | 336 |211.29|-12471| 28
% | 4576 | 78.74 | 122.65| -13.87 -53.06 -14.45 716 | 319 | 172.94 | -146.06 | 29
ol 585 | 6596 | 1195 | -1485 -43.3 0 716 | 369 |192.97|-176.03| 30
o | 1244 | 3748 | 9434 -1.79 -19.43 -2.18 716 | 326 |128.03|-197.97 | 31
oLk 478 | 97.05 [ 12579 | -17.85 -67.07 -8.3 7.6 | 383 | 18458 |-198.42| 32
A 1 29.02 | 38.65 | 81.76 -4.32 -17.36 -2.9 7.6 | 333 [132.02|-200.98| 33
=3 1154 | 12436 | 22013 | -55.23 -150.4 -16.6 7.6 | 449 |244.84|-204.16| 34
* AT E g o ALMERI S ¥ AT o AUTHA S X AYM SR F0xx: AYME
BRI X AEH|S
AR, oA, QFA, A, £UNE A T AR FARS. T Bl
A% e A% ol A Aol St AGor Ty 4A AEAlY] 42, 1o B
o ATE mYSHE A9l Ao olsEch BAEA 4ol B AEA] S00]
9 Qlelo] WAo] ol 2ol RS A Bk TRAT, A0 A9 B4R B} AR E
o

ool WS A9 I Wik AXE A9 Wk B H9H W she] Hok
Sl 7] whEolch uebAl, 2elele] Aue] e g5 B mulo] Wad Aoz

o] AL &AL YR APE7| wizo] oA EREEE st F7E U] ARl
off the AYAER AR S oA sHlet. £3P3H], A HNGE, sHAS4E &
1o g sho] ojilgrER o] ARt FolF 3] P (Negative Binomial Regression)
& A&sto] B4 Sttt g AAre A7IHClHEHY] A7A Y FRulolHE &85
1A SRITE 201219-201799 Az WA A HdRtwE 5T F o7 AR 3
ok, oluigt Mo S FAIRE e AR HEkeh § 20179 71E0R AHAE 21 S
APgstgint. BAES 9 7] AR 81T & AT

A, AR BEAE VIR0 R Jo|FIARAL 7HIARS] FHIQ £FUHE BAst=T
At EAYUS 1T & et Aot 2EHUAE 1T B Fr9| £4& 12t
HA Q8 49 AU ol ARl AYAHRAS Jola] LRHH A
ol UM = s 7189 A WL7E FEARYS AU W I 2EHAS 1T 2O
P AP H87Fs4S M w2 Zola wE
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