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Retrieval of Fire Radiative Power from Himawari-8 Satellite Data
Using the Mid-Infrared Radiance Method

A - o] e
Kim, Dae Sun - Lee, Yang Won

i =]
= H

BEYAL AU A (fire radiative power) AHEZHE WEEHE UXZA AHES] Axd oA dAS= 7}
25 FA7) 91 712AEE o] &¥h 1, ok e|gl, ohlgst A9 AAHAE ARFAMNES FHAT] A

AN UA & 4k 2 Al AR OV\] ool ol AZMA] AAAE AA719H] FAA D AFEEAL
A AEEo] AFE A ka k. B Ao = T HAS] W (mid-infrared radiance method)S ©]-8-3}
3lulele](Himawari-8) 914 7]9ke] ARG UAE H 22 FEs o, A4 E 71587 28 9%y
Alo} ulEE}l X Aol thsl]l Aqua/Terra 914 2] MODIS(moderate resolution imaging spectroradiometer) AHE AL
AquA] AEEFe vugFTS AAESITE o] oA NDVI(normalized difference vegetation index)®} FVC
(fraction of vegetation coverage)E ©|-&3le] F4 2] EAZ = FA82IAQ A xH WEES AHIE FF
whe} AlLksisl o, A4t AdS Esle] 3vkele] AHI(advanced Himawari imager)2] AAAIF a = 3.11& =&
5}"35} 2 AFE B AbEE slutekE] A “o}*}oéoﬂbﬂxlh MODISE 7]F22 oF 20%<] HHMEu] 2}
SRRSO ol va FRATel AAAESI S ARBAANIA AEAAE AT T AT
BT Sjelstel AHARe LA ) A s Aol ) A4 REe Thel A Aol S wgloLt o
S

>

pul

Lo |y
N

rLlr
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FARZE BA Bt I A9 G AL & 5 AT o] A oprlolle] FAANESA AR}
QoA A5 98 FuARzA BEI7 dov] HEYE 2Aks F4 V2R 288 5 e 4
o= g @

A4-go] ; ARAIAOA, St FH9) WA Y, BEE

Abstract

Fire radiative power(FRP), which means the power radiated from wildfire, is used to estimate fire emissions.
Currently, the geostationary satellites of East Asia do not provide official FRP products yet, whereas the American
and European geostationary satellites are providing near-real-time FRP products for Europe, Africa and America.
This paper describes the first retrieval of Himawari-8 FRP using the mid-infrared radiance method and shows the
comparisons with MODIS FRP for Sumatra, Indonesia. Land surface emissivity, an essential parameter for
mid-infrared radiance method, was calculated using NDVI(normalized difference vegetation index) and FVC(fraction
of vegetation coverage) according to land cover types. Also, the sensor coefficient for Himawari-8(a = 3.11) was
derived through optimization experiments. The mean absolute percentage difference was about 20%, which can be
interpreted as a favourable performance similar to the validation statistics of the American and European satellites.
The retrieval accuracies of Himawari FRP were rarely influenced by land cover types or solar zenith angle, but parts
of the pixels showed somewhat low accuracies according to the fire size and viewing zenith angle. This study will
contribute to estimation of wildfire emissions and can be a reference for the FRP retrieval of current and
forthcoming geostationary satellites in East Asia.
Keywords : Fire Radiative Power, Himawari-8, MIR Radiance Method, Emissivity
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LA &
AR ATl whE V)R, HE, B W

sl wnIieel 4wyl Srekal vkMiller and
Safford, 2012). 53] AHe T}zke] oo]2z o &2
7t mjEd o R 7% B 7| R ] Fagk HeR
RE T

AHEHIALE AU A (fire radiative power, FRP)= 2H&
2HE g9ATHE HEEE BAUA ] AEE 9
13HH(WMO, 2016), 2= ol] edas= 2o
Hlo| e ujzeke] MEFAR] IAE Fal AALER
A3k 7 Qv o] EX|uEd upE 247k ¥
SIS} A o] 8H o] ARRENH WEEE 247}

2=0] ws F8eke W oR diHT T
7] R A (European  center of medium range

weather forecast, ECMWF)2] HAX|FAHE 5 3}A| 2 H]
(global fire assimilation system, GFAS)-> ©]2{gl ®
Hel] A8k MODIS(moderate resolution imaging
spectroradiometer) AHEMALEAIRE Sl AT
AHE WETRS AR E AR

g AHEANEES V1EHeR AHE mlId(fire
mask) 9} AHEEA] A1 % (fire confidence level)ol] ¥
g ARE EFREL Rl o= AREo] Aol
gk AHoln o] 5Rko R LHE-o] g} vkt 54
Mel7ldl= T2t whEt) vhE AREYALE
2HEol| ofgh A& gt HHE AlFsl] o
| AHEA ] AR T AR} 3 SEEW A
22710l FH o] 7lssltHWooster et al.,

AT

o
=

|

N

5

On‘,
e

2005).

o] ALl UA] S4L Axdeld A%
150l ojEA 0oLt o= AFREA] 17} vl A
A Fatel] glolet Ftolli= FHLIe 2|99 &
AR U] Ak 91l DA EAL 7
=5 olgstaL glom Sl el d i Aol S
o]-§3k A AN || Aol 7 el tiKaufman
et al., 1998; Wooster et al., 2003).

7o) AHERIALEC A= AVHRR(advanced
very high resolution radiometer)©]-} MODIS 9} &
A% AN ENE AEE7] ARG eH, WMO
OSCAR
(observing systems capability analysis and review
tool)i= MODIS®| A=At del|A] AbaseE 57
% 9 F kY 58 EoR Wiy
(WMO, 2016). SFARE S5 9142 sl FU3
AE 1-:23] B53P7] wiitel A5 ArAlo] of

R B IR

&)

Es s

i

> o
o O 1l J

(world meteorological ~ organization)2]

. o] ok

e

o] 4ol whis ARS BRlEk) 2 4 9)
t}. ¥PA GOES(geostationary operational environmental
satellite)2] Imagert} MeteoSat®] SEVIRI(spining
enhanced visible and infrared imager)2} -2 ||
L= AN E AA R, obzelgh, otHlezkel 3
Ak Kol thef 10 ~ 30% 7HA 2] FAAZE ALk
F55 ARkl Stk obrof A9 e] A= e
=+ COMS(communication ocean meteorological
satellite), Fengyun A]2]Z% MTSAT(multifunctional
transport satellite), ~12]31 3]7}e}2](Himawari-8)7}
Q)3 9. STk oblol W @ Alohlo Alefe 9l
Ao}, 55, Allelol Sl vaile] WNls
AT B7E ob7A AR STie)
FAHe) HRAEES AFHA B 3

2 AFolA= d]vlele] AHI(advanced Himawari
imager) AXEHE ¥ 4vlo]g2] AHIAEE
53 5749 BAAEE A8l Folalol A/oje)
IS A2z e svlele) 9
73S AL 140.7°E ol 1Ak 20150 7€ o] %
2 3719] tkm ZPIA 13719] 2km AR E 5
3l 103 HA9] AmE Akt Stk Ak vt
2] ARl A ofxjole] tlA AREAfelAIe]
<l lm=viAlore] 2015 89U 16 ~ 31l i3l &
A3k AgFrom v o] 7Fedk SH%= 914 Aqua/
Terra®] MODIS AHEHAIG A AMEE3) vlughoe
2 ASS FsIGith B8 A E S gl
a17] sl EATE, AR A7, ezt 9 94
W57l e oAk EAsITh

g

L
L

2. o]&%4 nj74

ik

7 AR Ao UA] AT dnkA
o|F 53 H(bi-spectral method), T2 F=2%
(mid-infrared temperature method), F24%] HA}3]
H(mid-infrared radiance method)2.2 TEF T}

AEZ 7|9¢] o] F R4 H(Doizer, 1981)2 4vjo]=1
2] F49|(mid-infrared, MIR) 3|=2=9} H49]
(thermal infrared, TIR) 3|7} Q¥ ch 2Lt
ol HHE AL AME Ete] ke whY
ol MODISH A 7%= 9183 o] Aaidi=gl ¢
AR Ee] A8 79 A A(subpixel) A7} T
248 4= 9)=Tl(Giglio and Kendall, 2001; Peterson et
al,, 2013) o= Y2 IRIIEE 8l AR AR
Ae] P 5r) AbEo] opd FAAe] Flm o}
=He A Rtk

M1 o



slutely] SIHAEE o) &

olelgh LAIE AstaA G2 ] Aol #Aeglo]
) sl SA0) ARLE A4S olgal
= A9 Fm2=Re] a8kE2l o™ MODIS®] ks
WAL UR] Aol o] 2]tk (Kaufiman et al.,
1998)(Eq. (1)).

FRP =434 x 10" (Thgg — Ty ) (M

where T ?,HR and Y}fMR : eighth powers of the
MIR brightness temperature (K) of a fire pixel and

the neighbouring non-fire background.

Eq. (D14 4.34 x 10772 d248S 58 4=
¥l MODIS®| gz Bheld AlAel 288 4
S 70| " asltiKaufman et al., 1998). SIX|RF &
A9l I Es A oR Al AR

el Agshs e A @Y sied se

AR Qlo) Fsals Fasle) Zlet L
OAEE T, yp & ARFEE] 13 A3 5 T_]—LT
MAgo] golshx Rah] uhielct

FH9] BAREGE v gEHs FHs)
EHARS] E(radiance) 9} AHE2] HAR5(T) 7He] TAl
w3 Z3A IHHS A= FTHEq. (2)).

Liymm = €ram B (A T) = Ef;MRaT4 @

where €, : MIR emissivity of the fire, A :

wavelength, 7 : temperature, a : constant with

units Wm™sr''m'K*

v

FoIF g A o 2% T ellM9] BEES 5U
25 T W= BARIES SAEAA A =
= AR RS HlEE AHOETHLI et al, 2013). T
g a= A 9T ool o8 AARHE Eq. ) o F
o] FAstha & w) WEHE T & AAY F 9o
m] 12Qle] 2ol ek Jrgle] AHEY e FH9)
EARERR O 2 ARl UA S AR 5 Qlot

(Wooster et al., 2005)(Eq. (3)).

o€y
FRP = (—1)L,
A€s vIR

the Stefan-Boltzmann constant(5.67 x

(©)

MR
where o :
10" Wm2K™), ¢; : broadband emissivity of a fire

pixel, a : constant for observing sensor

3l AHE-

yal

WAt e UA] At 107

Table 1. Constant a for several satellite sensors with
the emitter temperature range of 650-1300K

Sensor a (x 107)
Terra MODIS 2.96
Aqua MODIS 2.98
GOES-8 lamger 3.07

GOES-9/10 Imager 3.06
GOES-12 Imager 3.08
Meteosat-8 SEVIRI 3.06

=49 HAH%C%& FHAESE ek Bgle]
AHERNE UEEE TA9 BAR RS AR A
5o AE Olﬁsktﬂl AT a5 B3l A b
At eke] eabs HAskehch ALl
A A AN ES 3 Adsell Afol7t EAlEH]
wjzof 24zt OﬂAE NS Sl TAE] AR Ee} Ak
o] AAlRE ko] AYPAREE HHH 491 A
‘IT—LO]'O:] AEATE A A] AREdarE]E
2ATK Table 1).

]I

AT aE
ggskar

Eq. (3) ol I3 F&%E= 49 H*Hﬂ—‘é‘ﬂ* o T
W S0 BAL3nel A g WEEo) slule}

g ek okx B HQl WEE Aol A
A @022 temperature independent thermal infrared
index (TISI) (Gillespie et 1998),
temperature/emissivity method (TES)
(Becker and Li., 1990), vegetation coverage method
(VCM) (Valor and Caselles, 1996) 52 53+ Alito]
Zesit) 22y TISI = 5318 ARl oz Ay
B, TES = =298 WEEs oshs #HelA
Hhshs B84ado] 23 = Slti(Sobrino et al.,
2008). webr] 2 Aol A= A ARt EXM
Bl w2 AupisE 2A%E Bl dsl WEE
& ARK 4= 9low TISI®H TESOl F3h= d5S
oli= VCM < ©]€31Iti(Park and Suh, 2013). VCM
A sre] wes] AT v =Rt ATk 7
Aatell Eq. (4%t 2ol WEES ARt

spectral al.,

separation

SANe)

R

— (FV0)) Q)

maximum MIR emissivity for

e =¢, X (FVC) +e, X (1
where €, and €,

vegetation and bare ground.



Zj]

108 oA

. o]k

gl

Table 2. Maximum mid-infrared (MIR) and broadband emissivity values by land cover types

IGBP land-cover types Land-cover category | Land-cover type Mi d—infrj:ilsswl];yroa dband
1 Evergreen needleleaf forest 1, 2 0.9964 0.9972
2 Evergreen broadleaf forest 3,4 0.9949 0.9939
3 Deciduous needleleaf forest 5,6,7 0.9956 0.9956
4 Deciduous broadleaf forest 8 0.9900 0.9931
5 Mixed forests Vegetated areas 9, 16 0.9883 0.9928
6 Closed Shrubland 10 0.9867 0.9926
7 Open Shrublands 12 0.9950 0.9958
8 Woody savannas 13 0.9912 0.9941
9 Savannas 14 0.9924 0.9946
10 Grasslands 1,2,3,4,5 0.8252 0.9646
11 Permanent wetlands Areas not covered by 6,7, 8,9, 10 0.7622 0.9572
12 Croplands vegetation 12, 14 0.7807 0.9643
13 Urban and bulit-up 13 0.9138 0.9516
14 |Cropland / natural vegetation mosaic 16 0.7660 0.9271
15 Snow and ice 11 0.9842 0.9901
16 Barren or sparsely vegetated Water areas 15 0.9844 0.9832
17 Water 17 0.9741 0.9841
1 A7) AE MeteoSat SEVIRION 374 0.5 AR Pest — Poss
531 )= IGBP (international geosphere-biosphere NDVI = Pss7+ Peas ©)

programme) EX|T)E0]| w2 HUWEE 2AHE
Z33tH(Table 2). 31 FAde] AHES ofn|eh=
FVC(fraction of vegetation coverage)x Kerr et
al.(1992)e] WHo=  AXX]4= NDVI(normalized
difference vegetation index)E ©]&3lo] AXEATH
(Eq. (5)).

(NDVI) — (NDVI) i
(NDVD),.. — (NDVD) )
where NDVIyox and NDVly,i, : NDVI values when
a target pixel completely consists of vegetation or

FVC =

min

bare ground.

kAo 2 X FHoA NDVIE 0 ~ 1 Alo]e] Zks
el 85 A gde] AadEnrt & 3S 9
gty o Ao A= NDVI AEE Aqua/Terra
MODIS 1km 16¥ A=(MYDI13A2, MODI13A2)E
o]g3l3ltl T 21449 169 AEE= 8Y 9] ARIAIE
7AW T ARE BT olgste] Akt 22
NDVI 89 Aa& FAsle] ARSIt MODIS
NDVIE 857 nm 4¢] Ad7} 645 nm AA4zd <] dk
Ate] o3 AXFEATHEq. (6)).

NDVI= dRHE o= A)zke] S50 weh H7AQl
SRS BRItk AR Y)47]9 NDVIC] AlAE Zdell
e 5 FEold AMeFdl <3t Z9-9)=(low
peak)7} AL oAt M= Al WEI It
A eS8 31338k Park et al.(2011)2] aE5S
alo] RV IES HASIY] ARSIt Fig 12
20151 8 S1mdrfote] loje] 107] Axdel ohgk
NDVI HAFIE Bol5a gtk Fig. 1(a)= MODIS
NDVI®| ¢ Apzom] AAIE “dellA] 343] 7143181
Wt S7keE vl 29913 I 5 ek
Fig. 1(b)+= ©]&]3dt 29-u]TE50] HAZZQ] Suleo
§-818h= NDVI #to= HAE Z7E HojEch

A=z

=0
=22

3.2 AFAIeIIA 4 2 4

B AT srksfele] AT sl met
A9] BAFEWS olg3le] el o= A
o19] 10% 717 2km SPEe] ARPHAI O A AT

=
o

Ao AT RS OO R Slo] ARG
UAE AE3ISith ARE3E MODIS AHEAEE-S Aqua
9} Terra 1km AF(MYDI14, MOD14)o|™ &]njele]
EA1g0] 8ol 7F53 20154 8Y 169 ~312¢] AF
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Figure 1. Effects of time-series MODIS NDVI
correction for 10 random pixels in Indonesia
in August 2015: (a) before correction and

(b) after correction
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EEo] HAA 7|ztolot
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Zre] Ao thgo] Erbssh®, 5ol QoA 7IE
9] Meteosat SEVIRI®} GOES Imager®} 73o] ]2
B w9le] FAAHEE o83l 3|nkele]e] 2km
Aol MODIS 1km 47] ZAdo] Aes] Ix|etA]=
groma  FYaE AR e AR ¥Iue
MODIS FAE7A] a1efslo] HEAE ] HAS FA
22 MODIS 3 x 3 %92 F 97 HAS FefH
2 dsIsinh

Tk et AkERES 3l ol8shr] flsiA
MODIS HZEA] A2 %(confidence level)”} 90% ©]
g1 Alo|znk AT Tt 5ol ofsl] B4 gt
Tt "ol = Qe oRE HAES AlAS] fl8) H)
XA 7N (solar zenith angle, SZA)©] 85° °|3KGiglio
et al., 2003; Xu et al., 2010)°]™ MODIS #7212
7Rl A sl =t a T (bow-tie effect)E 3]
vsp7] st $14d852(viewing zenith angle, VZA)
o] 45° o]&l(Roberts et al., 2005)°1 SHAHES 7
SUPde s AAsh

=g MODIS 4vlo]d24] F49] Ade] x3l2%
= 500K ?1d] Rkl 3julel]= 400K = Tha 2po]7}
B2 3E25 400K o491 I tisir= F 9
QA7 thEA A 7V de] EANRL WA F
gk lofAle] HlaLE fJal 3|nkele]e] Eahek o]
31l WX AECl disid HSS FAsIGith e
o] F7FH9 el 3lds= MODIS AR 3 Aloji= 7
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o] wet FAFAL 172, 7PIRE ] 87 HAe
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4.1 AAAITF =&

2 AFoA EEe FA L EAZ| T E AHEe
Aol T FA el #AE VeRlE Al
AT a 7F 87EY AXAGE 18448 AL
Hof| 23] Aik=|efof st sjnkelE] AHI A= o}
A dadde] Fad nl giok wEbA 3juiele]
AHI AAAT RS 913 ke =z i (reverse
method) S B3l 24 2] AMAATE E=E3h= AlEH0]
e AAEIITl WA Bl 914E2] Al AlI9(Table 1)
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Btk

Roberts and Wooster(2008)= 2004\ 2, 5, 8ol
ofsze]7hx o A TG 2897H AbEel thshe
Meteosat SEVIRI 3km x 3km 3|=2] AHEHIAIE S|
YAE A8 MODISS} 6429 /\]7%‘: $- jol] 3l
ok viAGS TdEte] oF 30% 0] 2AFE SRl
o1 Xu et al.(2010)= 2007 795} 84 opHg|71A|
o] oF 1,000¢1709] AbEo sl GOES Imager
2.3km x 4km 3FES] AHRAIEANUAE AFEdkaL

1400
N=3068
Mean bias = -17.22 MW km % .
MAD = 42.40 MW km 2 -
1200 | RMSD = 70.99 MW knr'? * b
MAPD = 19.96%
r=0.878 g
1000 4

Himawari-8 AHI FRP (MW km2)
o= o -”
5] g H

b
-]

0 200 400 600 800 1000 1200 1400
MODIS FRP (MW km)

Figure 3. FRP comparisons between the values
retrieved using Himawari and extracted from

MODIS products
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