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Estimation of the water surface temperature of Lake Kasumigaura with
split-window technique

using Himawari-8 satellite data

Abstract

The surface temperature is an important factor in many fields. For
example, an extreme temperature could be a cause of vegetable diseases in
agriculture. Higher temperature biologically contributes to the increase of
insects, and in meteorology, it influences the development of atmospheric
boundary layer. In hydrology, it influences the flux of water vapor and
carbon dioxide.

Many observations of surface temperature have been carried out by
installing observation instruments on the ground, but it is difficult to obtain
an accurate value in a wide area, especially on the water surface since it is
difficult to set observation instruments. In such a situation, observation
using satellite remote sensing is suitable.

In this study, the split-window technique was applied to estimate the
surface temperature of the Lake Kasumigaura (Nishiura) using the satellite
data of Himawari-8.

The accuracy was determined by comparing surface temperature
observed at the Koshin observatory located at the center of the lake.

In the estimation using formulas and coefficients proposed in the
previous studies, the highest estimation accuracy was only 9.43 °C. The
combination of Band 13 and Band 15 resulted in the lowest RMSE of 2.31 °C.

It was also found that the combination of Band 13 and Band 14, which
produced the lowest estimation accuracy, could yield the same estimation
accuracy as combination of Band 13 and Band 15 and combination of Band
14 and Band 15 in certain periods. It became clear that when the brightness
temperature difference was very close to 0 or negative, the estimation
accuracy was extremely reduced. Also, it was confirmed that the estimation
accuracy dropped when the water surface temperature was larger than 40 °C.

The estimation accuracy of the combination of Band 13 and Band 15
at night was 1.39 °C, which was higher than that reported in the previous
study. The reason for the higher estimation accuracy in the nighttime appears
to be fewer periods during which the water surface temperature became
higher than in the daytime.

In the combination of Band 13 and Band 14, a higher accuracy could
be obtained when different coefficients for different temperature ranges were
ditermined. However, no improvement in accuracy was observed when the
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brightness temperature difference was low. Even when the brightness
temperature difference was negative, it was considered that the estimation
accuracy is further improved by using this approach.

From the results of this study, it was revealed that temperature
estimation with high accuracy is possible by using the split-window
technique also on the water surface. From now on, it is desirable to
determine the coefficients of the split-window technique with high estimation
accuracy by using the different coefficients for different temperature ranges
in the whole year data.

Keyword: Himawari-8, Split-window technique, water surface temperature
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17.5 Average temperature: 15.95
Standard deviation : 0.36
Wind speed : 3.02 m/s
17 Weather : sunny
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18.5 Average temperature: 15.83
18 Standard deviation : 0.61

Wind speed : 3.02 m/s

Weather : sunny
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# 4 A@)ITHB T 5% (Yamamoto et al. 2018)
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Ts (°C)

y=0.905 x+ 3.851

RMSE=2.40
R?=0.610
a=3.330

10 15 20 25 30 35 40 45
T*s1415 (°C)

45 8 HIZ B % H i fH Tyyqq5 & BLHE T

y=0.317 x+ 20.208

RMSE=6.41
R?=0.258
a=14.346

10 15 20 25 30 35 40 45
T*s1314 (°C)

46 9 HIZ BT % HE i fE Tyyzq4 & BLHE T

32

50

50



y=0.907 x+ 2.699

RMSE=2.33
R?=0.501
a=2.700

10 15 20 25 30 35 40
T*s1315 (°C)

47 9 HIZ B D #EE MH Tyy345 & BLHIET,

y=1.015 x- 0.451

RMSE=2.42
R?=0.451
a=3.180

10 15 20 25 30 35 40
T*s1415 (°C)

48 9 HIZB T D #HEE MH Tiy4q95 & BLHE T,
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y=1.156 x+ 4.362

RMSE=7.58
R?=0.562
a=6.184

10 15 20 25 30 35 40
T*s1314 (°C)

49 10 HIiC B % HfE B Tey310 & BLIAET,

y=1.127 x- 3.195

RMSE=2.21
R?*=0.674
a=2.475

10 15 20 25 30 35 40
T*s1315 (°C)

50 10 HIZ BT D HEE B Tyyzq5 & 8L E T
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50
45
40
35
30
25
20
15
10

Ts (°C)

y=1.378 x-9.435

RMSE=1.93
R?*=0.811
a=2.603

10

15 20 25 30 35 40 45
T*s1415 (°C)

51 10 HITE T D HEEE Ty415& BLHME T,

7 % HZ L ® RMSE

RMSE Ts1314 51315 51415
June 6.33 1.42 1.50
July 4.58 2.65 2.65

August 2.64 2.20 2.40

September 6.41 2.33 2.42

October 7.58 2.21 1.93

#£8 HHITLORERK

R? Ts1314 51315 51415
June 0.255 0.509 0.395
July 0.122 0.477 0.610
August 0.447 0.548 0.500
September 0.258 0.501 0.451
October 0.562 0.674 0.811
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1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0
-0.2
-0.4

Tb13-Thia (°C)

Tb13-Th1s (°C)
w ES

N

June

X 52

July Aug Sep

ETb13-Tb14 —RMSE

W FE IR E 72 Tp1s — Tpia & RMSE

June

July Aug Sep

X 53

Tb13-Tb15 —RMSE

W FE IR E 72 Tpiz — Tpis & RMSE
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S
RMSE



Tb1a-To1s (°C)
, N W A U o

o

| Ts-T*s1315|, | Ts-T*s1415| (°C)

12

10

X 55

June July Aug

Sep Oct

ETb14-Tb15 —RMSE

54 LR 25 Tp3 — Tpis & RMSE

Date
BUET, & B E & HEE E o

37

| Ts-Ts*1315]|
o |Ts-Ts*1415]
e Ts

N

=
(8
RMSE

Y

50

45

At 22 |Tg — Tyzgsls |Ts — Toqqqs]

Ts (°C)



3.3.3.FF [l T b Eg

WHDQROIO)TITBRODHEBEN LS, IS5 CREODERETH I &R
_RENTWD, AR TCEHEMEGEOLRM L AN THNTEZIT> TWVWD DT,
B OB TN 2T > G OBEDORIELIToTc, A E 6 KE) 5 18 I,
W Z 18K L 6 KL LEZNZEOMIMIC DWW CTHll 5 m iR O HEE. RMSE
DEEEZIT -2 (F 9. 10), EHE 1032HOF —2lcxf LT, B F —%
N 456 fH, W OT — XN S5T6H Th o7z, fEREK 54~59 12T, ThHaiae
Toi315+ Toias VT ALICB W T L KB OMERREDO F B @ IRole, FICHEER
JERE o To b DI Tozs CHEREIX 1.39°CENHL (2016) L 0 & & W E %
R ZENTERL, EHHOKBIBRETE ZOEEREZZFELEZEZAR
ML 32.8°C, fEUER AL 5.4 L o7, — HEMBIT ¥ 28.5°C, (R
L S52Thole, AZLDOHBETHLHR AN LIICAMEDORATY v FT 4
YERUEORITIEBICBWTEHENAEALTLSLT VW, SRIEMICB W T, #TH
EREDo O ZBMICIEKERE NSRRI PAZGENLENL T
bHoHrEEZLND,

50 ;- 0.510 x+18.462
45 RMSE=7.07 ;

a0 R?=0.744
a=12.632

10 15 20 25 30 35 40 45 50
T*s1314 (°C)

56 H TIZE T D HEE H Toyz14 & BLHET,
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y=0.842 x+ 5.484

RMSE=2.29
R?>=0.858
a=2.812

10 15 20 25 30 35 40
T*s1315 (°C)

57 HHITHT D HEE M Toyges & B M E T

y=1.049 x- 1.642 .
%

RMSE=2.16 °F %
R?2=0.845
a=3.549

10 15 20 25 30 35 40
T*s1415 (°C)

58 HHITHIT D HEE M Toyars & B I E T
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y=0.639 x + 11.999

RMSE=4.34
R?=0.825
a=11.398

10 15 20 25 30 35 40
T*s1314 (°C)

59 HWMICR T D HEE M Toy310 & BLIAHT,

y=1.044 x- 1.255

RMSE=1.39
R?=0.930
a=2.225

10 15 20 25 30 35 40
T*s1315 (°C)

60 KMIZ I T D HE &M Tyz.5 & BLHIAE T

40

45

45

50

50



50

y=1.259 x-7.637

RMSE=1.83
R?=0.916

40

a=2.799

45 50

@)
30
-
25
20
15
10
10 15 20 25 30 40
T*s1415 (°C)
61 KREIZH T D HEE M Ty & B E T
#F9 HHBHEMI LD RMSE
RMSE Ts*1314 Ts*1315 Ts*1415
Day 7.07 2.29 2.16
Night 4.34 1.39 1.83
#£10 HPERBM I EoREHREK
R2 Ts*1314 Ts*1315 Ts*14-15
Day 0.744 0.858 0.845
Night 0.825 0.930 0.916




BABRMEEZAWERT Yy by 4 v RU ik

Toig1a T HEE IR E BTy — Ty FEFHIT/NS VW E X RERBENAELD EE X
bbb, T CTHEREAZICHEBEAEY, BEOELETFTTASY v hy 4 R
DIEDOREBENAICED TG A ORAEZT - 72, 52 b EfEZ 0.6 & L
Ty1z — Tp1a > 0.6 D W] & Tpis —Tpia < 0.6 IZ O WT, TR ENFEEKak it H
L, KEEEZHET LI, BREX 62~64 IZ/RT, Tpiz — Tpia > 0.60 H [ TIX
RMSE 78 3.69 CERFEN X< Rolcs —J7 T Thz—Tpia < 0.6D W T
RMSE 28 6.79 C& R ELS vo7c, 2HMEZ&bHLE S5 L. RMSE (X 5.74 °C&
mEL, EZHNNTCAT Yy by g FyEORXEZ ZHSFELZ2 I2L 5%
PR bon7c, LrL, #EEOE/DFMAKIERK TELTEBY ., LT
Tpis—Tp1a <0E 2D HIZBNWTEZIDBEGETHDLEEZOND, Lo THIHEIC
Tpis—Tp1a <O0Z BT HZETCIVHERERNGEL LEEEZEXDLOND, £ZTH
B % Ty1z — Tp1a < 0. 0 < Tpiz —Tpia < 0.6, 0.6 <Tpyz3—Tp1a® 3 DI A1 L CEF
BEiTo 70, R ZK 65~67 12T o Thiz — Tpra < 0D BT 3V Tix RMSE
23 4.45°C, 0<Tp3—Tp1a <06IZFBWVTIXRMSE N 4.44°CTHVY ., EHIZHA
G ETLHZETHERE M ELE, L2L, 218D RMSE % 4.15°CT &
D\ Taziss NTazslF EHEREIZT LS o Tz,

50
45
40

y=0.555 x+ 15.305

RMSE=6.79
R?*=0.613
a=18.944

10 15 20 25 30 35 40 45 50
T*s1314 (°C)
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50
y=0.516 x+17.374

4 RMSE=3.69
40  R2=0.409
a=11.328

10 15 20 25 30 35 40 45 50
T*s1314 (°C)

63 M E B Ti314 & BLIME T, (Thy3 — Tprq > 0.6)

y=0.579 x+ 14.969

RMSE=5.74
R?>=0.714

10 15 20 25 30 35 40 45 50
T*s1314 (°C)

64 T’EE{ETZISIAI-& EE{/E\IJ{[E:TS (Tb13_Tb14->0'6:£‘;§@“ Tb13_Tb14<0'6:E@‘)
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y=0.571 x+ 13.593

10 15 20 25 30 35 40
T*s1314 (°C)

y=0.435 x+ 14.014

R*=0.121

10 15 20 25 30 35 40
T*s1314 (°C)

44

RMSE=4.44
R?>=0.496
a =24.503

45

RMSE=4.45

a=-22.280

45

50

50



X 67

y=0.697 x+ 10.326

10

RMSE=4.15
R?=0.659

15 20 25 30 35 40 45 50
T*s1314 (°C)

?& E ,fﬁ T;1314 & EHJ ?/E\IJ /ﬂE: TS (Tb13 - Tb14_ < OE ?‘%% /@A N 0 < Tb13 - Tb14 < 0 67k

@4\ 0.6<Tb13—Tb14:u7§‘3é)
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4.5 5

BrBlEHICBNT, OXb 8 50fET — 4% L LB R0 B T —
ZHEHAWTATY v b7 4 RUIEICKDKEREOH T 21T o 7=, 4T 0k
TOREBEBETHWZHEEIZENT, #HEHEITIRDDE WS DT 9.43 L{EW
FR Lo, THITHER & KT TOREE Lo B LR E O KD
LHZlltkraboThiEEZLND,

WMOBHMFTOKBRET — 22 WE2A7) v b0y FUEICK2KE
BE OH T TIE RMSE i & /N & /o 72 D 1% Bandl3 & Bandl5 Ol A A bt
THEREEIX 2.31°CTH o 7=,

AZElT—42%2RTWolzb ZAHEKEN —FE) -7 Bandl3 &
Bandl4 ZflA A5 DL O b Tz TansE B b WHEEREE & 72 5 WM
WY, WHERBENELS L2ERICHEEREZPEBK/L TV Z ERHL M
Elrofe, FFICHEREZN OWCHFICHEVWESLAOHEZRT & XICZE0H
ERENKEICELLIEEZOND, £, HEREEN+SICHHILA T
HAKMIEEN 40°CUL EE R D L X CHERENEDLLD Z ERERINT,

BLEHEDOT— X Ok TIIHICTE T 5 Bandl13 & Bandl5 O A A D O HE
EREN 1.39°CEEITMAIV bR WEZ R Lz, HEICEB W THEHFE RN
BB ERELT, KEFAFR &L T, KEEENESERE 254N
DL ThLEEZLND,

BERERE ZIC L2 HEERE N S L7z Band13 & Band14D # A & o
FICEBWT, MEZHWVWT, 2027V v by g RuEoXRZ2 VR
RLEEEAHCEVEALVEWVWVEEEZSL N TE, LML, HMEIR
FEENMIWEEZOBEOM EIZR N7, 22T, WEREZEZNAD
EThr e CbEELrHWWSAIZ LT, LOVHERKER R EL -,

AFREOERIVAKTICEWTHA TV y by 4 RUEEH WS Z & T
BWHRECOREOHENETHLZENHLMNE R, SR ITEED
T—ZIZBWT, MEEzHVWL I ETCHEBEODEWAT Y v by 4 Ry
EORBEERETDHDIENEEND,
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Bt LEFTET, 72, WEKREZKRKIBEDHOE LA FITE, B L
%A®%5W*$§@i%§%wtﬁ%ibt [E & 22 4 B A 7 i R

B W EB M OB COBMRERE & T — &ﬂ%%éﬁfm
tt%ibtoﬁmﬁ EOHF AT EITOEERIPWSXOIEROIFE N
ARICETIMELLVWELEEE LA, FICETHARKRL I AL ia&m
BT —FABICETIE R EEREBMEFEICZRDVELE, ESAICEE
O EBRT -2 2L CWnWEEEELE, 2. KFETHAHL -
DFbLY8EOT—HFEy I, UHBAFHAOEXEXICLVEAR - EH S
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