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Consideration of Land Surface Temperature Calculation Formula Using Himawari-8
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Yuhei YAMAMOTO and Hirohiko ISHIKAWA

Synopsis

The purpose of this study is development of estimation method of the land surface

temperature (LST) from Himawari-8 data. By utilizing the feature that Advanced Himawari
Imager (AHI) onboard Himawari-8 has three thermal infrared (TIR) bands in 10-12.5 pm,
we developed the non-linear three-band algorithm that can calculate LST using three TIR

bands. we verified satellite zenith angle dependence and land surface emissivity dependence

of estimation accuracy by using AHI observation data which were simulated by Rstar6b. As

a result, it was shown that the non-linear three-band algorithm can calculate LST accurately

with RMSE lower than 1.5 K for satellite zenith angle lower than 60°. Moreover, the result

showed that this estimation accuracy is better than that of the non-linear split-window
algorithm that was applied to the Meteosat Second Generation (MSG), the Multifunction
Transport Satellite (MTSAT) and any other satellites.
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1. [FC®IZ

Hh R TR IR TR e b O b BRI E T, Hkx
IRAT— MBI D RAEEH AR O ¥ —/F7 X —
2 —Thod. HMEELE T LD HigkE 2 kix
HWEmMRBEOEE LT L, TNRHERRT T > 7
ADEALE S L TRE AR — T4 T KRB LW
STREMBE~NER TS, 2ok, HRmRE
DEALZIET 2 Z LITEETH D, HKmiEEDOB
P IR E R & AVt R, R
R T AP UNRK =S TRCE TRy - Hi [N e
o, NLEEBLARCHT 2 BN TR e - TH)
BRRBEOMERRBET — X %2HoNbZ thb, Z
AU D ORI EIREE T — & 1 IR 35 1 D AEAE AT
PRI OFAELH TR ESE THW S TE 72 (Sobrino

and Raissouni, 2000; Oku et al., 2007; Weng, 2009). f#ig
DRI R AW R EIRER ML, ZhET
{Z the Moderate Resolution Imaging Spectroradiometer
(MODIS), the Advanced Very High Resolution Radiometer
(AVHRR), Landsat-8 Thermal Infrared Sensor (TIRS), the
Spinning Enhanced Visible and Infrared Imager (SEVIRI),
the FengYun meteorological satellite instruments, the
Geostationary Operational Environmental Satellite (GOES)
imager and Japanese Advanced Meteorological Imager
(JAMI) OF —Z AW T-fEx 2 FESERERI LT
% (Wan, 2014; Sobrino and Raissouni, 2000; Rozenstein et
al., 2014; Akiter and Sobrino, 2009; Tang et al., 2008; Sun

and Pinker, 2003; Takeuchi et al., 2012) .
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2014 fF 10 A 7 BICH b LF b A iR

OEbHY 8 51%, 2015 4 7 H 7 HEY MTAT2 (O
Fbh 7 B) O%MEEE U CEANMS S, Bk
140.7°D 58 FZ8 35786km DOFFILEIEIZALE L, AR
A EF AHI (Advanced Himawari Imager; A T, AHI)
ZHEHLTWS. AHL OF T SR EHITTH 3 N
K (0.47,0.51,0.64m) *#R413 /S K (0.86,1.61,2.25,
3.9,6.2,6.9,7.3,8.6,9.6,10.4,11.2,12.4,13.3 ym) TH Y,
TR STV D JAMI I R CRIAEC 2 8
YR, RAT 9N RBEMEN . FEETRIZE
B KIS fEEE X AT A (Band 03) 2% 0.5 km, A[{R
(Band 1,2) & ¥T7R4: (Band4) % 1.0km, #RSb 12 /3>
K (Band 5~16) 78 2.0km T& ¥, BEHEMFREIT A AL
BT 25, 2EKBHITIONTHD. ZDOLHIZH
B DRFZE I3 FEFERE © MTSAT-2 L vt SN TR,
BR, #IERSREO T T b R A B2 A
T EHD—>L 725 T3, Himawari-8 |2 L 5 HiF
IREBHINERT L Z & T, MEREEETH > =ik
REDINA = VEBEEE=X Y TR ERRICR D &
W CcE 5.

AR TITOEDY 8 BITHITBINS NIz BH
RIS L, &I 7e 3 RS R %
BRTHIEEAMET S, 2 ETE, MFRERIEE
SR VR O SERE PR G & PR EE A2 4T 5 Hi S IR SR Y
KIZHOWTHRAR L. 55 3 BTk, HiFRmiRER LD
FEERFEZ W T2 BURHMBR =T T /L Rstaréb D2 X =2 L
— g VIRE R ERGEFEIZOW TR S, 4
TS EERRAERS T & eI IR E S 7z R iR 5
HEc >\ Tk~ 5.

MTSAT-2 |

2. MREEREFHK

W & RPN R H Y, tikE —t
VHRNCERNMFE LR WG R IE L L&,
IS 2 I BLIZ LT Oz iR TR s N
% (1 %1% Lietal., 2013).

N R

Ii(gr (P) = Ri(e! (p)ri(er (P) + RatiT(el (P)

+ RsliT(B, 40) 2.1

ZIT, 0,03 ENENEKRTEA, T THD. R

IR 2 O OB R, « ITEE—t YR OoFEE

EThD. AUE-HIIRRIC L DEEE 2T

[ D DR &, 55 “IHD R 1 1FREMN S D L[ & i

SR, B ZIHORg I REIC K D EGEL & = 72 K

OEMEBFHRETHS. IHIZ, HMEREHI DO
R 4 S DR Sy DT,

Ri(e, (p) = gi(ei w)BL(TS) + [1 - gi(ei (p)]Ratil
+[1 - &8, @)]Rg1
+Pp,(6, 9, 05, 95)Eicos(85)7;(0s, ¢s)

2.2)

THRIND. glIMFEH M, TITHFERE, B;(T,)
HRMRET\CRB 277 7B Ths. HUE
—IHIIHIR H ) & O ERI RS R, BT RR O
TR E RS RO RSy, BEHEIIRRIC X D EELE
ST T KRB O Finl & BUR &0 RS RSy, 5 EEITN
B DEEN D Th 5.

BRI D L5 22 KGR D8 %2 % T 7 R
D sHrE AT, X (2.1), 2.2 6 KBS
T OHEARINL

lig = Bi(T;) = €igBi(Tsc)Tig + Ravior + RresiTio
2.3)

LB, TAI N RiCBHN SN HERETHS.
Ryepilds
Rresi = [1—&(0, 9)]Rary (2.4
EREND. X Q23)NTEIT D 1, Raer, RaellIRES T
BIZRVERT HRFA—=FThHD. 2FEV, KK
2 & BIEE - BEL + M oo R b 3R T R AR
THIUE, N RiCBUH S5 B )~ b R iR B
EWETDHZENFAETHD.
LinL7edn, 1 80 ROBOBIHREFRAD D
KRR X DI OB EMET 5 2 LIXNE#ETH
D, ZD, BIRINRICET D 2 8 ROMEIRE
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ZIZ X o THHBEOR 2% ZE S 5 Linear split-
window algorithm N % < O CTHW LN TE 7=
(Sobrino et al., 1996; Wan and Dozier, 1996). Linear split-
window algorithm |Z X 2 #EEIFLL T D L Sk
5.

Tspe = ap+ aq Ty + ap(T; — T)) (2.5)

Tspl THRRE, T, Tj13 10~12.5 mOPE RIKIZH 5 2
DO ROBEEIRETH 5. 10~12.5 im DRIk T H
R HEOEDVNES <, IR EBE KIES
KZITIZFKRBZROHATHD. 2D, ar(k =0,1,2)
I R jORER g, g5, MR e, g, KK
K[REWV, HEREAVIAKET HET,

ay = fi(9i, 9j, &, 8, WV, VZA) (2.6)

ERTENTED., LrL, R (25 ICLrHFKE
REHEE L, ARKEOLVEREE T TRE RENE
UTLEH (Lietal, 2013). & Z CHEHREO R EL
XV IEREICBET 720, K (2.5 I ROEEZMA
7= Non-linear split-window algorithm 7% #& % & 1 7=

(Sobrino and Raissouni, 2000; Wan, 2014). #E =i

Tsre = by + by Ty + ba(T; — T;) + b (T; — Tj)? 2.7

L7, b(k=0,12)F (25) LFERIZANY Ri,jo
INE B g, g;, MRS R, g, KR E, WEXR
THAORME LTEEIND., IBIC, FHIEHLERED
The Meteosat Second Generation (MSG) <> Multifunction
Transport Satellite (MTSAT) 5 — % Z /- iR iR
JFEFLHITIZ, Sobrino and Raissouni (2000) 232 L7,
b \ZHi S R, FIRRK R, WIRERTEAZEE LT
IVSNF-V

Tsre = Ti + 1 (Ti — Tj) + ¢2(T; — T)? + c3(1 — €) + c4A¢

+esW(1 — &) + ccWAe + ¢
2.8)

A3 STV (Akiter and Sobrino, 2009; Takeuchi et
al,, 2012). B ROWIETATEEK & (glem?), € = (g + &)/
2, he=¢g—ThD.

Sun and Pinker (2003){% GOES OiT#R4+ (3.9 um) & 7}
Hh2 80 R (11.0,12.0 um)Z A2, REIZ O A AT

He72 Three-channel algorithm
1- &

o (dy+d, =5
Si)i"' 3t dy 5

1-—¢
+(ds +d—2), 2.9)

TSfC = do + (dl + dz T;

J

i1

AR L, Linear split-window algorithm (Becker and Li,
1990; Wan and Dozier, 1996) X ¥ % IEffE72 KRBIE ED
HEE & FTREIC L7,

ET, OEDY 850 P AHI T 10~12.5 mmDi
ET 3 AU RFEALTWS (Fig. 1) 729, & (2.8)
X (29) TLEBITHEMARETH D, EANETIE,
LV EMICBINRROREEBET 5720, OEDY
8 BOESRI 3 N FAETHEMAWLLF D Non-linear
three-band algorithm % # 7= 12424 L7z,

& )
Tsfc=e0+(e1+ezg—l)Ti+<e3+e4 : ]>

i J

Tj

1—¢
+ (65 +eq T’l) Ty +e,(T, = T))°
L
(2.10)

ERx, X Q9 A7V Y hU 4Ry 2 ROHEE
EBLEBLER-STWS. AFFETIER (2.8), 2.9),
(2.10) THEEEHLEE 24TV, fie b HIFR IR B HETERE BE 203
BENTVDENY FOMAEDEZEE L. ZOEE
WZhico>T, X 2.9) 1THLEED 3.9 mdD T RIVE
BEREEZHWERIETH D0, AR TIIRK & BT
HHATRE R HE X OREL B & LTEIRS 3 N
RZ& A L.
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Fig. 1 Spectral response of AHI bands in 10~12.5 um

3. AHIBFHNNVFDZaL— 3y

Lk (2.8),(2.9), 2.10)DFREUE, HEx e -
REDIRIEICIT 2 R IR FEBLIE > & FRBRAIC S D
N5HLOTH D . KWL TITHEETET T /L Rstar6b %
AWT, FExZpiRE - RKRORBIZEWNT, SRS
& LTH R 2 MRHEIRLE S AHI TR S 2137 0
BEREEOMEZHEL, HohlTr—FEy Mk
W74y b5 I (2.8), (2.9), 2.10)DFRE %K
¥»7-. Rstar6b |% Nakajima and Tanaka (1986,1988) D E 7
ICHSEHEINTZET VT, KEASAOH R KA
£, HROISERE, HERmINE, RinfFEO7 =
T7AMIONWTHRIZRETE, ThHDORERR
b LICKTBORN 7 T v 7 AT 2 3R T 5
ZLWTED. AURDFERFRIE L Table 1 17T, &
VY —DIREBISUL Fig. 1| T/RLUEZ AHI @ 3 N2 R
(Band 13,14,15)% H\ /=, #EERTAMIL 0~70°D&iFH
TG E A T o 72, F72, Bix R RIENR S E b
Ok Az G E LEBIHIZEEL, 6 2OETILAK

(BVF, AR IR, W R RIATE, KERYE

KR) W, KEKEIISET VRRDOKER S
077 ALK 51208, 09, 1.0, 1.1, 1.2 D
GERENTTEISE, 30EOKRER T e 77 A VE
PERE L7z, Fig. 2 ICZNSDKRKLR T2 7 7 A V&R
7. SRR LIS ET AV RROE FEIRET, — 5K
5Ty + 25KFE TIKMIWE T 31 /R¥ — 2 Zi%E LTz, sk
HIREORETHE T — FOFE L, EFETLRED
e PR 2 MR m R & Uiz, HaRm 5 ik
MODIS UCSB Emissivity Library (http:// www .icess.ucsb.

edu/modis/EMIS/html/em.html) TR S TW5 90 F
FoOMEEY 7V (T 70 FEEE, AN THEHM
13 fldA, fRAR 1 FEEE, K 1HESE, oK 1 fEE, 54 )
DO HHET— % % AT, AHI @ Band 13, 14, 15 4
FNOLEH e, %

 [enDS(M) dA
=T s ar

_ ZEo(Sigi + Siv18i41) A1

3.1
T o(Si + Siv1) AX

L LTH M UTRIE L7 (Tahara, 2008). & |34E DK
FiumiZ BT 25 R, SiIFEEiumicB 524
—IGERBETH D, Fig 312 90 FAHOMF MY v
Z W) L7z Band 13, 14, 15 22O 3% R
T, EKEFORHRICEL TE, HEmEIEED
2BK LU TOBEICOARBEHA L, 5HHEE1T>7. LLEo
RELY, KR TITEF 79725 ¥ — > OMRKH -
RERBERE L, T HORMFIZEKIT 5 Band 13,

Table 1 Simulation setting of AHI using Rstar6b

Run No. 1

2 3

Spectral response

Himawari-8 band 13

Himawari-8 band 14 | Himawari-8 band 15

Satellite zenith angle

0 ~ 70° (8 angles)

Land surface type

Lambertian surface

Vertical layer

45 layers from land surface to altitude of 100 km

Model atmosphere

Tropical, mid-latitude summer/winter,
high-latitude summer/winter, US standard atmosphere

Emissivity

(70 soil, 13 manmade materials, 1 vegetation, 1 water, 1 ice, 4 snow)

90 emissivity spectra

Land surface temperature

Temperature of the bottom layer T, — 5K~ + 25 K (31 LSTs)

Water vapor

Water vapor profile of each model atmosphere x0.8 ~ x1.2

(5 water vapor profiles)
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14,15 OMEEEREBLIEAZ > X = L— b L7z, Z D14,
VIal—va il o TH LSRR ORI
#(2.8),(2.9),(2.10) IZfRAL, FiHShiz iR
FEHEEMMR Y I 2 Lb—va VO ANEE LTRELE
MRERE 2 R/ RETERTE L LI L—_uN
— 7 == — MEIC X o TREGEH#HEE LTz,

A 3R R R R DR A HEE R, ONERRD >
Ralb—varBECLL- /LN T—FEY M
FANTHEEHNROBERGEEZITo 7. Z OO MK
BEOEMEbY I 2L —a v OANEE LTREL
ToMERmIRE L Lz, £ 2.8) &3 (2.10) DIER
FRHEIZBE LTI, AHI O 3 32 RO 9 bigize 2 /3
NOMAEOEERET DIVLERHD. LD >THE
WFFETIE 2 ORE S HEIRGEIC L » TIT o 72

4. R

4.1 Non-linear three-band algorithm DX B
Fig. 4 i3iFmEIBER R (2.8), 2.9), (2.10) OfFE
RIAAIZx 5 RMSE OB L2 £ L2 b DT, HfE

HEBRTO2EEOBOFIZE VR 2.8)&K (2.10)
WS D MR 3 AW TH D, Fig 4 LV, HEXR
THAD 0~35°% 7V £ T, F#IEIEEL Band 13 &
Band 15 DFAETHRBLLT 2 HRAF—LANKOHER
SHIREIREZ KRBT 5P, REANRENLD bRX
<72% &30 (2.10) THARPIEIZ Band 13 & Band 14 O
MAGbEEAWE 3 ERMOREHK (ROFH)
fieh RMSE 2V &V, & 512 3 I RA o F A3 2
KIEA 73 70°Tdh - Tt RMSE 28 15K i & 26 LT
W5, X (10)DIERE 3 EAXF— LT Tho
41 Three-band algorithm (35 D HEAR) £ 0 HEEHEE N
<, EMIBEENZT- 2 L OFIEDPHERTE 5.
Fig. 51%, FE#RJEIEIC Band 13, 14 OMAEDEZ HO
X (2.10)& Band 13,15 AW 7=X(2.9) D, HHEKAA
0°lZ31) 2 R L EE DO HEEE & EAEDBIMR & = LTz
LD TH 5. Fig.5 £V, Non-linear three-band algorithm
AR THFIC Non-linear split-window algorithm J ¥
HLHEEREEMELS R TWB 2 B0 5. Z oA
I COREEEIK T, Three-band algorithm TH A& HA1%
Z & 2% Sun and Pinker (2003) CHEfif STV 5.
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Fig. 2 Water vapor profiles for six model atmospheres.
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Fig. 3 Emissivity values of three AHI bands (13, 14 and 15) derived from 90 materials.
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Fig. 4 RMSEs (K) of 7 LST algorithms for 8 satellite

zenith angles.
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Fig. 5 Results of estimation from simulation data at
satellite zenith angle of 0°. (a) non-linear three-band
algorithm including quadratic term of band 13 and 14, (b)

non-linear split-window algorithm using band 13 and 15

Sun and Pinker (2003){%, Three-band algorithm & Linear
split-window algorithm & D ¥5FE Lz 24TV, Three-band
algorithm 73 M5 R EE 285K LI CTHEEHEE N L 722
HZLERL, TR 11 mOBRERE 280K % [

(a) (b)
2 2
—e—SZA=0° —e—10°
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—e—60° —e—70°
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Threshold value (K)
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EE LT 2o0hT I VIS4 THIRERER HX
BB ERET 5 2 & CIRIBIOHEERE 2 M E S8 T
W5, & ZCAMZE T, Non-linear three-band algorithm
R DBIMEZ R ET 5 2 & THEERE o) E2S fiA
W5 L& %, Band 13 2EIT DR E (T 4) % BE
ELTHWESEORETMAE T 7. 7221, AAF
Fe AT 2 & o 0M KA1 Sun and Pinker (2003) D
FikL 1305720, BfET 4% 270 K235 300 K F
TOFPFATS K TLIBfbsETWE, 72 —0D
HETERERE 2 LBs 32 2 & ChRol 72 BfEDO K & S 2~
7-.Fig. 6 134-BMEIZI T 242 KIEA D RMSE O
EbZ R LB DO TH 5. Fig. 6 L0, HEHRIEIEIZ Band
13 & Band 14 OflA&HEEAWZE RS R b HEE
RENRRELS, SbIZZ0HENICEWTEHET, , =
290 K& L7z & ST BHEERENLEST D 2 L2s
Motz ZdLE® RMSE X, Fig 4 1ZBIJ5ROFE
ML DG, BIRKRTEMA 0°THK 0.5 K 22557 0.45
K, R RIAM 70°TH 14 K 2B 1.2 K2 ELT
W ERSDD . FT2Fig 71X, Tios =290K % BfE
L Lz b & o2 RKTEA 0012351 5 MR EIEE OHEE
EEEMEOBFBRETRLEZELDTHS. Fig.7 & Fig. 5
(a)& DB S, RIRIROHETREE DS FHER B,
MfEx AT 2 >ORINROREERET 22 L0
MED R S HLTz.

285 290 295 300 270 275 280 285 290 295 300
Threshold value (K)

Fig. 6 RMSEs (K) of eq. (2.10) for 7 thresholds and for 8 satellite zenith angles.

(a) quadratic term of Ty 4 — T11.2, (b) quadratic term of Tyg4 — Ty2.4, (¢) quadratic term of Ty15 — Tyia4
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Fig. 7 Results of estimation of the non-linear three-band
algorithm including quadratic term of band 13 and 14

with threshold of 290 K at satellite zenith angle of 0°

U EofRly, tERmBEREXOATIT—FIC
RENZWIEAICE, X (2.10) OIERIZIEIC Band
13,14 DFAEDEEHEHA L, Troa =290 KEL T2
DR AR ET D FES R BHEERBER @D L AR
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Enz. Lanl, EBICK (2.10) &AW CHiFR miRE
BN ZAT 9 BT, BEAMERE L CTH 2 2 skt
RICEENGENED 20, IS K DHEEHE DL
HHABL > TBRERNDHD. £ THEIIETIT,
R (28) X (2.10) TENENEKLEEOR N -T2
Ny ROMAEDEE AW FIEICH L, HRimE
ey +0.01& A[FEAKEPW £ 0.5 (glem?) DL EEE
TR REOIES & 2 ~7. Fig. 8 1xX
(2.8) &K (2.10) DENENIZDNWTAST —F D
5 E2PE S BB RMSE 347 & 2 RTEA BT R
L=boThs. A (2.8) IZBI L Tid Band 13,15 OfH
HEbEEAVEZTED, L (2.10) 2B L TIXIERE
TH|Z Band 13, 14 OB EGOEEMEH L, T4 =290K
R L LT 2 SOREERE Lo FIEOREFN %
1ToTWn 5.
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Fig. 8 RMSE distribution caused by errors of input data of LST calculation formula for 8 satellite zenith angles.
The left figures show RMSE distribution of eq. (2.8) using band 13 and 15, the right figures show RMSE
distribution of eq. (2.10) including quadratic term of band 13 and 14 with threshold of 290 K.
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