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Abstract - A suitable monitoring method is necessary for successful policy implementation and its evalua-
tion, required for effective prevention of abnormal fire occurrences. To do this, there were studies for applying
control charts of quality management to fire occurrence monitoring. As a result, it was proved that more fire
occurs in winter and its trend moves yearly-basis with some patterns. Although it has trend, if we apply the
same criteria for each time, inefficient overreacting fire prevention policy will be accomplished in winter, and
deficient policy will be accomplished in summer. Thus, applying different control limits adaptively for each
time would enable better forecasting and monitoring of fire occurrences. In this study, we treat fire occurrences
as time series model and propose a method for configuring its coefficients with ARIMA model. Based on this,
we expect to carry out advanced analysis of fire occurrences and reasonable implementation of prevention
activities.

Key words : fire occurrence pattern, time series, ARIMA model, autocorrelation

Corresponding author:dongil@mju.ac.kr
Copyright (© 2015 by The Korean Institute of Gas

- 20 -



ARIMAE. @ o 7] 9kgh s} A A 7l = o Sl o] A 7|

LM B

A= IR Heo] A& Al T2 skt
ojH, AdHo® Ws= A= AR tif=
AAZQ] Fsol osf LA A YD GS
o] =] Ao s dEE 5 oy, oAE
off ofsh A LA o) -2 AesA HekstA
U, ddshrlels #53 S30] vk

A A AE A7) dsibe F2
FAARJ] ARE RO E AAS FHAY A
£ Aldsks weke] e, ol & Sal AA 24 =
7}01]/‘1“ Y3 2t s o] 71 EEe FHE ol&

SAEASA A 53, ml=elA = 19729 %H

Natlonal Fire Incident Reporting System[1]< TH&

o wiid of Wiul o thgh sh4] FAEIAE TR
sta low, $Eydt= Azt oF 4vk He] FA)AL
IE /A BA 2R(NFDS) ol 553kal St

MEA FLII7] 2% sample2 0128 2LIE 2 EWMA Chart

6L

BHRHAH

6ok

0 2 4 6 8 10 12
Month

Fig. 1. EWMA control chart for fire occurrence
monitoring system.

Table 1. Comparison of monitoring methods
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Method

Strength

Weakness

Multivariate analysis

Possible to analyze correlated data

Hard to understand
Complex model

Analysis without
autocorrelation data

Intuitive, Easy to write

Unsuitable to analyze autocorrelated data

Univariate

analysis Curve fitting

Intuitive, Easy to write

Unsuitable to nonstationary
autocorrelated data

Analysis with
autocorrelation data

Intuitive

Hard to calculate
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Fig. 2. Plot showing autocorrelation of national
monthly fire occurrences.

~ XX, )

13

> @)

u=21

[

71 X dele] AlF, oA BAMEelAL, 5
= FAAE 11T A [lE 2 Ao(lag)ol
o, X B, 21 o= EFAA oIt

B ATolM AR A= At el st
o 271483 E =AIEHE Fig 294 2o

Fig. 2914 1,2, 5, 6, 7, 10, 11, 1270 € #3}2] ©o]
El:= ACF#Ee] 0.25 o)) 5of #oAo] 3= #
714 E 7RITAL = = . ol e A= 3
A BAN=TE Adve #2715 Wi S30 2 q
Sh= ARl(sine) 8 AL FIAIE AT AL 2T,

ANALE 53 Hlolle & A7l A3 ARIMA
(Autoregressive Integrated Moving Average) =3
o= Haxer, AeBEy, ALY 5ol
JTH2]. T2y A BN EE A em st
She MEo)7| e Hio] o Fshs ¥ S
Hol= B4 42 ] (nonstationary) Al A g0 22, &
Aol A= ol2f3t 9ol B} Hgsirial Ak
= ARIMAE D2 AH8-8k3lth ARIMARH-E o)
of Mg o 7px] mdle] AAFER o] FojH e
™, F7144< 71 AAI Loy, Wil o5t Al
Algol thell A= A e wdlo|n, A A x| £4

oly Z+E AlojEolil = g F&E 1w Qo
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2.3.1. Autoregressive model
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2.4. Linear nonstationary model[7]
2.4.1. Autoregressive integrated moving average
(ARIMA) model

ANADe] Fee s FAE e A4S
71t ARMA RRE5 ZESIAEL AAHo)
FAE M Afode ZAE AAS] 95t
ARIMA =95 =f1soF gt

ARIMAE%‘?_ S AX, =X —X,_,

=(1-B)X,Z B3, o]& oA 43 ARMA

(pq) =3} Agste] 4] ()7 2ol Lehaick.

(1=¢,B—...—¢,B")(1—B)'X,

23 -

=(1-6,B—..—0,B%a, ©)

2.4.2. Seasonal ARIMA model
EA4 7718 7143, WskEs el Wl o
g ARIMA(p,dq)(PDQm< 2] (7)7} 2o Yehdich
¢(B)o(B™)(1-B)"(1-B""X, =0(B)O(B")aq,
@)

o714 me F719 JAdxZ, B Ao} &
ol 12/1¥& FV1E Yehdtia 7" AfollE 12
oltt. 71& AF p, d ¥ g} Aol W A A
P, D 2 QE AAstd 7+ Al (¢, D, 0, O)
o i3l Al eatE T3l 2 2l o gk A
o] HAxY AFEE HAas) A= PHoE T
Ei3=3

25 &l HE

Rdo] SHEAE I 2P BIAES ok
st Bl 2R o =3 g A 3] &
2+ 271484 92 At ARIMA 22 0]
A7) B/3 e AAT dFe FE] HeHA=
AAG 2o A7 3adE 71 A9 Bdo] ofF
7] test setol] ta)] =& ﬂ%\:{ﬂ]—_‘,:_ AxE wg
o]7] wjZolth.

l. coe 24

AFoM e wHHE LW tgtoA] AlZ}
# Ji"“‘zi MEE o] =2 AA T WAoo A Hol
AHEHE QEZAA EA 2273 RO forecast

packageE AH8-3to] Tlo|EHE 4 5FAHH8I].
20073 1€93E 20113 12€71A1 9] A= 344
T 2P o] NFDSOA -8 Hlo]E & A&
st om, AFoA FAE 20073 1€ 5 20113
1297121 2] 5d%ke] € FAAAYEL] dolHZE
d=rdg AAstY 2012d 1€5E 20129 12€
7HA 9] 1dzke] HolH=E o =9 gadd-E Hrlst
=8 AHESEATE 1 o]+ training set¥} test set
o] A2 TE Hlo|HE AF&3lok 317] wjZo]tH10].

Iv. Zn} 2 &

Fig. 32 AT d=mdS AA3s1] 95+
2007'd~20111d 9] 5% 7 o] shA] AN ==
ERd Zlojth B Ao 2012:d 9] € kA
A AFE dZstaat sh7) wol 9o] Az =

o

Z7} A3 2] A 197 A2F 20154 4Y



AL S 7Fo2 FAE 7R &8ss AAE
o= 127]¥ 2] Seasonal ARIMA model, ARIMA
(p,d,@)(P,D,Q), & 7}H3ta, Zt FFES 7:‘7%}
Atk olul, o5 AFES AAIEY AT
o =z E At AR AT olF A3l 1 7H
4 Azte] wApeh 1 A7) FBAS(ACF) S HA)
FBAAG(PACF)E =A1S A= Fig 49 2ok
Fig. 4= Aol w2 1270 A32] 2o]2] 217
HJJL"(ACF)S’J- A G HE(PACFHE EA
2, 127144 ACES} PACFOlA 3] =7} B2

o
é ]
g |
8
¢ 57
g R
e
g 5
ER-i
8 -
=]
L]
£ g
£ 5
5
= 84
8
g |
8
g |
g
T T T T T T T
0 10 20 30 40 50 60
Time (month)
Fig. 3. Fire occurrences in the year 2007.1~
2011.12.
<
w0
g
L U
]
) ‘ ‘
o ‘ L
w0
2
T T T T
0 5 10 15

Lag

. -JZ—ZH

o

A - AEY

HAoumZ, 1d e velgete] A7 3AdE 7t
2tha #Aste] AlA(season) termoll A MA(1)<
g5tk 18] LAY Fart BEgen
2, non-seasonal term| 4 MA(1)< &ste] o]
245 ARIMA (0,0,1)(0,1,1),, 2 2A8}t1, &
2] AFeds ALY s | 4 8)F 22 =g
dEs F I

o

z,(1— B =(1+0.3422B)(1+0.75978a, (8)

zdo] B}4d-S Fig. 5(c)9} o] o) o3 o
gkt AAIgkel AAke] A7)

= < siXstr]
3t Ljung-Box testE 335t oj@ 2o shA) A4
A7t g 23] daolA drhd Blojyt=A] &
Tttt olw, pakol S5 Wol HojdS on
Figes

Fig. 5(b) == A4k 2007'd~2011'd 2] 7

Yol otk A & g Ao}t AA| LAYAGe] 2ol
3 A7) BAsE JEhd AR, E5mde] 4
A dE2oRel= Wiz mulo) 98t o7k AR
#ke] Hztel tiste] A7) dBA T s TS W
2471 A4l Qo] 2 Al- A AT 3HE Fdort
W mdo] ARty Ity 1ol T}

frojm0.25017h) g A1 BETrE BEEA FU%
ocrz wde ggsitty #Hotslnh

24 = ARIMA model2 AAE &z ¢
3 =3 20121 9] A AN =} AA| kA
AR E=E Fig. 6° YEFH AT Fig. 6914 7125&
04 & 2007d 1€2 st 7223 & 2012d 1292

04

02
|

00

Partial ACF

Lag

Fig. 4. Autocorrelation of difference with the data of 12-month ahead.
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Table 2. Comparison of ARIMA (0,0,1)(0,1,1),5 and ARIMA (0,1,1)(0,2,1);5.

g ARIMA (0,0,1)(0,1,1), ARIMA(0,1,1)(0,2,1)

Test set =

(= (Pk_,mdmdka)Q) u)$- A8 (163116.75) A3+ (530324.58)
n
AICe 751.37 598.32
Ljung-box test 7 %
W7l ACKZk APV A APV U
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Table 3. Comparison of controlled limit width of two models
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