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Development of Fire Weather Index Model in
Inaccessible Areas using MOD14 Fire Product and

S5km—resolution Meteorological Data
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ABSTRACT

This study has developed a forest fire occurrence probability model for inaccessible
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areas such as North Korea and Demilitarized Zone and we have developed a real—time
forest fire danger rating system that can be used in fire—related works. There are
limitations on the research that it is impossible to conduct site investigation for data
acquisition and verification for forest fire weather index model and system development.
To solve this problem, we estimated the fire spots in the areas where access is
impossible by using MODIS satellite data with scientific basis. Using the past
meteorological reanalysis data(5km resolution) produced by the Korea Meteorological
Administration (KMA) on the extracted fires, the meteorological characteristics of the
fires were extracted and made database. The meteorological factors extracted from the
forest fire ignition points in the inaccessible areas are statistically correlated with the
forest fire occurrence and the weather factors and the logistic regression model that can
estimate the forest fires occurrence (fires 1 and non—fores 0). And used to calculate the
forest fire weather index(FWI). The results of the statistical analysis show that the
logistic models(p<0.01) strongly depends on maximum temperature, minimum relative
humidity, effective humidity and average wind speed. The logistic regression model
constructed in this study showed a relatively high accuracy of 66%. These findings may
be beneficial to the policy makers in Republic of Korea(ROK) and Democratic People's
Republic of Korea(DPRK) for the prevention of forest fires.

KEYWORDS - Forest Fire Danger Rating, Fire Weather Index, Logistic Regression, Inaccessible
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FIGURE 1. Spatial distribution of forest fire occurrence in North Korea
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FIGURE 2. Processing flowchart for extracting fire spot of MOD14 product on the basis of the
hypothesis

Zb= wWiE] AHo|7] Wi fire spot™ UV #
E go® FE5I FFS ALt & Y AHE
ko w aEE AAs AAS) wpHdo
2 g5l o 28] AS Al fire spot AR
g vpekeity. 17 2% MOD14 AEZ5E A
ERAAEE AT & FHAEE AA HF
Ao AR s A Sl A
e vebd Aolth. TI9 204% 7 "}E’rb}
0150] MOD14 AH= Z—]E—E‘T‘]ﬂ AHE ;q.

FE37] A F e Am FAS #RIs H:

3

& AR

3. J1ddEel & H X

NARE AR Tk TEE)
Hd' ,ﬂ/\ﬂo] xﬁio]q. ACh oﬂ:rr-o]]}\ﬂl:. AREk
Ao et 71des s f5a] 99

AEsAe] o Az welel A4 714
ARE VoY FAsdT wiw A

X&sh= bkm FFIAAES] W] A3}
A 7P REE ARRAAA e gk FA
S $8l 20119HE] 20159E7F4] 1AIZE 2H
Aow A ARnE T T AR
37,697/M2 BAMZ 14970, FHo2 253719
A2 F3Ee] e, T AR 43,
136°=2 9% 38.0 N¥} AXx 126.0 Eefl 33
stoH(2® 3). 71 2] A3 AEA 714
2529 #HxA| A= Lambert Conic Conformal
AAZ JAF9E AR AxAAE 7]
AaiA #Hawsks skt HE A9l
sk AHEA AR E 25t 7P E DBE 75
71 8l 71, %, vk UV dE, A5

5 574 @9 AR AT ARE Bl

Moo 12
X He o



194  Development of Fire Weather Index Model in Inaccessble Areas using MODI4 Fire Product and Skm ~resolution Metfeorological Data

il

- leodo
| (31.7944N, 123.7613E)

(43.3935N, 123.3102E) %,

EastSea

gN, 131.6423E)

FIGURE 3. Domain of digital weather data. East/West
149X South/North 253, total 37,697 points.

o ASCIL 34& 2= W@ 3ol A= A%
G 919 meade B AEs Ael B
s mste] Agath F5S H UVHE

AEE ol gato] Ak

[o
}11

23 A_vg
B AT el ANy
£5 oJZ3h] $lstel ARAL) Belo] gl

78RR VIR, F5, 5 T JIEREE
3] AL X 5= (Daily  Weather
Index, DWDE 7§35kt 28 72 93
201158 201597k4] #H< 593 MOD14
productellA] F&3t AHEISIR|A (fire  spot)

Ang o]&ste] Ak dEgFs T V)
Q15 ] skl AR e F
W4 (Dependent  variable) &, AR
78RS %] <= (Independent  variable)

2 gkl ZAAYH 3953 (Logistic regression
model) & 4843 }04 A lelE S skt

5499 A ERYS AAE 71k
SRS Aol e 71de]D & Ak
=38l 75 dehdlle=  gvHS (Dummy
variables) & ©]g3t] AHERAASERPS
wsilch =, ARl {5l YuiisTE
SHTE 3, AR o] gl 7]
IES SYNITE FUE w9
(Regression model) & T2 2] 13} 79|

(3

O
A I o

el FO o2



MODIS Fire Spot 22t Skn T4 AMEN ANBE 43t FEES

4 % ek

. exp(By+ BXy+...+ B X))
Fexp(Bot X~ +BX) (1)

o
e
e
o
g
o
2!
ofl
1o
o\
B
1)
o
o
o>
it
i3
o
o
—

o
I og,
2
il
rlr
[\]
(@]
[t
—
rf
>
Do
(@]
—
[@)]
rL
S
D)
1
rL
o~

AR AFARE olgIAgirh. Muws
AgA e a Spgues = AF)
o

>

o I B rlo 0 fo lo
o
i
K
N
e
1o,

B
2
N
rfo
1o,
ot
Ml
o
)
)
I
1o,

9] FHAE olgson, AaLE AF()
75 ARSI (Hong, 1987).

fr R my R
i
ofl
ne
1o
o
)
ofy
ki
it
ke
5]
_0|£
2
1
ne
or
oz
=
ofx

o

. Hy+ r(Hy)+r (Hy)+r (Hs)+r (Hy)

>
Ltrdr o+ (2

o714 Hetv AAEHFE, HOS Yo A
&5, Hne nd # Ass, r =

A0.7) 5 oJmgi.

1. HZESKF0AM FHE &

MOD1425E FFH HIEsAY9] iHE
ARE 2011E%E] 2015974 547F 8kl
T A% F 3650709 WdoENE AL
t} gx}A o7 MODI4EFE F=% 3,637
9 fire spot AR+ 19 29 7HE4 g3 =
d 2R FHE AAES AAYE BF 3
1,46971 0% °F 60%7F &0 & A= b
tH(2d 4).

7 B Ab=o] ek Ao =
20149& 299Y 4€947px] Fehe] B A
o] 23.5m= 32 Tl 7P AL o)

f
Y

o

o i,
Ir

DEEEA AT 7HE @Y I A=
Z7 At} (Korea Meteorological Administration,
2015). 749 A= AR gEE 74
g A3l 395Y 5E7bA] Aol HFAoR
Wgs Ao VERTHGE 1), 53], H bd
B2 LS 49 AbEo] HFA o whAls)
Sedl, o3t A¥E Lee et al(2016)0] &
A3t 16d7H2000~20151) FHFE Ak
GIS dlojguo] 5 AtellA A€ A
9} FAsk Ao® yepsith olefd HItEsA
oo G AHEUAY A 295 WARIETL
AA8] ol 7] Al&tslEA 5ol Ak Ay
RIE7E sholx]= ko] w3 AR sjd
AR 2 o2 UERGTHAN et al, 2005; Choi
et al, 2006; Won et al, 2011, 2011; Yoon
et al, 2016). #H* 537 ko] ¥ Akt
A& 490 64.3%E AHAste] 7P w2 HIE
= HYow, uvLow 59(18.7%) 3 3€
(11.2%) O Ak=o] o] ¥lsh= Zow
el Al71H oz 393 4€] AHEEA
o] AFHE Fety nlmste] 1718 7 =2
493} 5ol AHEo] thish= AeS Balrh
7ol oJsl AlRAlE FHE 5zt AdEs
A o] AHEAY FIREEE Thelslr] 3l 1km
7 ER AGUEEA (Kernel  density
analysis) & T3 A¥, ditkre] Abso] %
AEe}t FHE T TRt As FHOE A
FTH= A RH(Y 5). o= vid 53
o= B4 AEFY dFe
Abofl A 2 HAY Q13
ZAf A A AR 913/ 0]
7F E=9ke Zlow ddEdh FH 54
Fe] AT PH B Al -9 B) AR
A% & 38171(25.9%) 0= 713
, Uhroz dnsl ST 747
4871(16.9%), 23471(15.9%) O= EFTh
Solgt AL USH R ol - H3k
A= AHEo] HImsHA #Agsta itk
loltt. - Hgto] HAstaL e BlFEA
ME W AREo] gXEglew, Tt <l
Y FoHE W2 AbEo] B

T oo 2
n
>,
(o]
T HU

,4
o,
o

Az
o lr_ﬂ

-
!
rir

A ooz AL
i

32
!

\]
)

;

o S orf oo
= N ol |

&)
o
ox

T
i



196  Development of Fire Weather Index Model in Inaccessible Areas using MODI4 Fire Product and Skm ~resolution Metfeorological Data

2011(1,111 points)  2012(275 points) 2013(283 points) 2014(1,206 points)  2015(762 points)
(Before reanalysis) Extraction of 3,637 fire spot points for five years
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(Reanalysis) Extraction of 1,469 fire spot points for five years

FIGURE 4. Fire spot points extracted from MOD14 product by year

TABLE 1. Monthly estimates of forest fire in North Korea extracted from MOD14 product(from
2011 to 2015)

2011 2012 2013 2014 2015
Fire Ratio(%) Fire Ratio(%) Fire Ratio(%) Fire Ratio(%) Fire Ratio(%)
Jan 3 0.8 0 0.0 0 0.0 0 0.0 1 0.4
Feb 5 1.4 8 5.3 2 1.2 0 0.0 2 0.9
Mar 46 12.5 4 2.6 2 12.8 3?2 5.8 61 271.2
Apr 260 70.7 67 44.4 74 43.0 424 76.5 120 53.6
May 28 76 7 47.0 57 33.1 9 16.4 27 12.1
Jun 0 0.0 0 0.0 5 2.9 2 0.4 8 3.6
Jul 0 0.0 0 0.0 0 0.0 3 0.5 0 0.0
Aug 0 0.0 0 0.0 0 0.0 1 0.2 0 0.0
Sep 0 0.0 0 0.0 0 0.0 1 0.2 1 0.4
Oct 15 4.1 0 0.0 7 4.1 0 0.0 4 1.8
Nov 10 2.7 1 0.7 5 2.9 0 0.0 0 0.0
Dec 1 0.3 0 0.0 0 0.0 0 0.0 0 0.0
Total 368 100.0 151 100.0 172 100.0 554 100.0 224 100.0
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FIGURE 5. Frequency of forest fire in North Korea
from 2011 to 2015.
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TABLE 2. Estimated correlation matrix between weather variables that affect the outbreak of

forest fires (T1D_avg: average temperature of the fire day(C),
C), T1D_min: minimum temperature of the fire day(<C),

temperature of the fire day(<

T1D_max: maximum

RH1D_avg: average relative humidity of the fire day(%), EH1D_avg: average effective
humidity of the fire day(%), WS1D_avg: average wind speed of the fire day(ms)).

Parameter T1D_avg T1D_max T1D_min RH1D_avg RH1D_min EH1D_avg WS1D_avg  WS1D_max
Coefficient ~ —0.0536%+  —0.1104** 0.2036+* —(.2082% 0.3213** —0.4296++  —0.4152+* 0.1234**
**<0.01

TABLE 3. The result of logistic regression analysis between forest fire occurrence and weather

variables.
Variables Coefficient estimated Std. E Wald-value P X
Intercept —2.7425 0.2587 112.3371 <.0001
T1D_avg -0.0664 0.0444 2.2346 0.1349
T1D_max 0.0905 0.0247 13.4266 0.0002
T1D_min 0.0116 0.0230 0.2545 0.6139
RH1D_avg -0.0050 0.0061 0.6909 0.4059
RH1D_min -0.0517 0.0056 84.1784 <.0001
EH1D_avg 0.0334 0.0065 25.8035 <.0001
WS1D_avg 0.1283 0.0273 22.1316 <.0001
WS1D_max -0.0077 0.0140 0.3035 0.5817
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TABLE 4. Estimated interval rate of fire weather index(FWI) in North Korea

Ratio interval FWI Estimated interval rate
10% 1 [.00000~.11138]
20% 2 [[11139~.16559]
30% 3 [.16560~.21032]
40% 4 [.21033~.25141]
50% 5 [.25142~.29238]
60% 6 [.29239~.33452]
70% 7 [.33453 ~.37828]
80% 8 [.37829~.43005]
90% 9 [.43006~.49471]
100% 10 [.49472~.10000]
350 - -~ 1,050
® Observed Fire O Expected Fire X Observed Non-Fire  + Expected Non-Fire
300 * . . 5 1,000
~ o ®
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250 - X o~ - 950
-~ °
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FIGURE 6. The verification of fire weather index(FWI) model.
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FIGURE 7. A case study of forest fire hazard map by fire weather index model in North Korea
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FIGURE 7. Continued
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