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Precision test of water surface temperature estimation in

Japanese lakes using Landsat-8 TIRS data

Yuji Sakuno' and Keita Makio

Abstract: The objective of this study is to estimate the precision of water surface temperature
(LST) in Japanese lakes using Landsat-8 TIRS data for the just after 1 year launched in February
2013. The satellite / observed data set in 2013 was collected in main lakes of our country such as
Lake Shinji, Lake Nakaumi, Lake Biwa, Lake Kasumigaura, and Lake Ogawara. The following

matters became clear. 1) The LST precision by the single band method was about 1.6 - 3.1 °C. 2)
The LST precision by two band method using TIRS band 10 and band 11 was about 0.9 °C. 3) The
LST precision by two-band method, which considered the effect of the solar zenith angle correction

for water-vapor absorption, was 0.9 °C. Therefore, The LST estimation by simple two-band method

using TIRS band 10 and band 11 only was recommended by this research.
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Table 1 Characteristic of Landsat-8 TIRS sensor.

Band Wavelength (um) Resolution (m) Swath (km) Quantization (bits)
10 10.60 -11.19
100 180 x 185 12
11 11.50 -12.51

SIEKREZIZATIE, IKIBDOICESTRED B REL, K
HEIAD XS 75K &K A DI L 270K CLEREE
R Z b E R E W8, K2 ZaKiR o mitiE
LMoz,

COXIGEMERZIRT B7DICEREYE—F
o7 RS WCXBKEAEEEE, 2
M9 26 1EE=2) 7Y=L LT FENTY
%. 1R RSICKZ/KIAHEEICBI LTI, NOAA
MODIS %5 D R I K> THARE I T & i
H, WO LM /KEZH 2 &M TES (Sakaida
and Kawamura, 1992; Hosoda and Qin, 2011). LA L,
CNEOEEDMGEX km BETHD, HADZ
COMBTHIATSICIE, HITZEMEBETHS.
— 73, LANDSAT TM + ETM 9 Terra ASTER 5 O fi#
R 60 ~ 120 mFL & D &G S D BRI 72
ffioT, Wo/KRAMZHET MBI TN TE
(Lathrop and Lillesand, 1987 ; Becker and Daw, 2005).
2L, WIhotrybkitEmrEA TV
O, BIHHEILOGEBREZFICAELTNWS. 5Lk
JRIE D H, 2013 4F 2 H 11 HI< Landsat-8 (Irons et al.,
2012) EPHENZHEIED NASA/USGS I X->THT B L
oz, COfEICIE, OLI EFEEN S5 30m
O H~HERN DIV FART ML e L EIC
TIRS (Thermal Infrared Sensor) & FEIXN % EG Rt
Y (FREFE 100m) WEEE N TS (Reuter et al.,
2015). fiED Landsat-7 & PEEE LT i 1 H(12bit)
E2NVMENEBHIN TV B28, ORI —
AELTE, XoEksEO/KIE RS ENT
W5, TTIHTB LD S, SENBLTED, i
ST TIRS DIKIRFE LS T D I3 RIS DUV
UHNTWVBEKREHTETWAA (Aleskerova et al.,
2016 ; Huang et al., 2017), U9 & U A 225511 i@
TG, MREENzEITFVEV. FENICES T,
FRMNEE A LTRNE NS DD BLKTH 5.
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3% TIRS 7 — X DFEF| 7z 2, FIHDOHE—HL
LCHHWRFIEIC K S E MK (LST: Lake Surface
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1 T4 2 DNRHIE T 72X T 1 F5m GETT /M)
ICDIHEEZITIL P ZEATVS. TOTva-
D=L T, AF v F—D X IR AT
DRV, FEECENRTVNS. Db, K
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Table 2 Conversion factors for temperature from Landsat-8 TIRS data using Equations (2) and (3).
Band K; K, My Ar
10 774.89 1321.08 3.34E-04 0.1
11 480.89 1201.14 3.34E-04 0.1
PO DEMRELT, FHRTBHIETHS. T =25 LST Z #8922 T, TH Y
RiE] LIRS,
2k’ 1 —7%5, R Q) TREBICE TRADFE (FiTk
Lo exp( he )_1 () AR BRESFHOT, KM LST LIZRES
kA[BT] LAz, TIT, K&HTORE ORGEL T

TTC, L 3RS, h 3752788, ¢ 13CH, k
RV BB KR BT 138 i & (Brightness
Temperature) 7Z7/~9. FENSEHITEZDIE, 2 (1)
DLTHY, RGBS ENMEETEESE, Q)
@ BT », #1 FOWREICHY TS, 22T 1) OE
BIETH B0 2021 77 Ky, A550D 53 RED S5 Y hel
kAl 72 K, L UC, BT Z2fE &, R (2 DEHIRIE L 755,

2

SEE, o Landsat ) —ZXO SR > 57— & (A
kE (Ahn et al., 2006), TIRS T (2) 1Tk D BT Mgt
HEN5. GBI TRMAEINLEEEEHRE (K)
THBHN, A TEFEAREDHALAL CO) IHD
V578, LIZOFRETIE, IXTHA Q) T8EMB
BT OfatHREEMN 5127315 725 Wil LT - 7z,
CTTTLEADEME W m sr'um™] & Tum'| TH
%. &5 Q@ DL 1R (3) &b TIRS BEHHILE
T V%)V (DN: Digital Number) n5155N1%.

L, =M,xDN, + 4, 3)

CTTME AT ZBURECT, M, & A 13\
RA—ERHBIFEND. ARWFZE TERICH DN K,
LK, BXUMEADIEZRZE2I1TRT. ZlZL M,
& A, DEIIARITS EIF%OKIETHIOEICE &
ZENBTENH BN, A TIRONTZTXTD
FT—=RIFFECMETH -z, 585, TOXIEHNVR
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INDOREINFEICK-STEEZ T EZFHLUTHEE
INY R TRKN R ZHiET S SW % (Split Window
Method) A& <{#141% (McMillin and Crosby, 1984;
FHEIE D, 1991). SN ZISfHd %L TIRS 7—X T
(& Band10 (10pm 4i7) & Bandll (11pm 7)) @D, XD
KX TREADFEZHIET DT ENNREL 755,

LST = BT,, + B(BT,, - BT,,) +y “4)
C ORI HFFR M & 15 E DR DOEGHEIE HRE D EAT
D, WEOEEREOREL >V (0~ 30°C ZE)
WCBWT, 055 2 15O [BT,,-BT, | (KX MHIEHE)
& TLST-BT,) (/230D LST 5453155 1 IED BT, 7%
BATUE) MZIFERBEGRZRT, L0 ERIC
HOWTEHEINZEDTHS RELEH, 1992). %
72id, @ ZIELT, UFDOLS e Hbns.

LST =aBT,, + BBT,, +y (5)
TTTa, Byld, FHPLST L TIRS hHEEN
% [Bandl0 & Bandll @ BT| & OREIIGSTTEDLN
HRBTHB. TDXIE 2NV RTF =25 LST
EHEE S B2 T T, 2 N\ RIEEFESR. 7515,
X @ &G EAENCFAETHZDTAIMIETIE
KOG ZMS. FERKMRZHIET 52 /N Rk
T, LR UIRZKZASINO K TESA (0) #iE& LT
[secO.-1] ZE AL (BEHIE#2HH, 1986; Lee et al.,
2010), UFOEIGREREINT VS, AHET
E DX BANEID N DTz,

LST = a'BT,, + '(BT,, - BT})

+7'(BT,, — BT, )(secd_ -1)+ (6)
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Table 3 Overview of TIRS / in-situ SWT data set in 2013.

Data set acquisition date Number of LST range Data set acquisition date Number of  LST range
Site Calibration data set (°C) Validation data set (°C)
1 L. Shinji 4/13,7/11, 8/19, 11/7, 11/23 5 10.0 - 30.6 5/24,8/12,9/13, 11/16 4 13.9-295
2 L. Nakaumi 7/11,8/19, 11/7, 11/23 4 12.4-31.5 5/24, 8/12,9/13, 11/16, 12/2 5 10.5-30.5
3 L.Biwa 5/17, 6/27, 8/5, 8/21 4 13.3-30.3 5/26, 7/20, 8/14, 10/17 4 17.3-29.4
4 L. Kasumigaura 4/26, 8/16, 10/3 3 15.4-30.4 5/12,9/17, 11/20 3 14.2-26.5
5 L. Ogawara 7/15,10/19 2 16.1-22.9 9/17,11/4 2 13.7-213
18 10.0 - 31.5 Total 18 10.5 - 30.5
Ave. Depth Area Brackish/
Site (m) (m®)  Flesh
1 L. Shinji 4.5 79.1 Brackish ¢
2 L. Nakaumi 54 86.2 Brackish
3 L. Biwa 41.2 670.3  Fresh
4 L. Kasumigaura 3.4 167.6  Fresh
5 L. Ogawara 10.5 62.2 Brackish
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Fig. 1 Observed LST data acquisition points and geographical condition of each lake.
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Table 4 Statistical results of LST model for calibration using TIRS / in-situ calibration data set as shown in Table 3.

No LST estimation model . bias(°C) SD (°C) N
1 SBM*  LST =BT - -2.43 2.22 18
2 LST =BTy, - -2.68 3.13 18
3 LST=1.27BTy,-2.64 0.95 0 1.61 18
4 LST=1.33BT,-3.52 0.88 0 1.65 18
5 LST =0.0032DN,(-58.7 0.95 0 1.65 18
6 LST=0.0039DN;,-69.9 0.87 0 2.67 18
7 TBM**  LST=2.74BT¢-1.63BT,,+0.00571 0.99 0 0.89 18
8 LST=0.0076DN}(-0.00501DN,;-38.5 0.99 0 0.87 18

*SBM: Single band model
**TBM: Two band model
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Fig. 2 Relationship between in-situ LST and TIRS LST for the calibration. (a) Single band method. (b) Two band

method.
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Fig. 3 Relationship between in-situ LS7 and TIRS LST for the validation. (a) Single band method (No.5 and No6 of

Table 5). (b) Two band method (No.7 of Table 5).
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27°C LNl TH D, HHERAE (SD) & 2.2°C &
3.1°C TH-ol. THUTXLT, No3 & Nod T, SD
1% 1.6°C & 1.7°C L THIEMNIH LTz, BT DZDHDIC
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HEIC K BHE 58, BT, DN &80 SD A¥) 0.9°C THD,
SBM & E#Z LT, 0.8°C FEEMN m< Aoz 2 13K 4
OIS BT Z2ffi> 7255 OFLAKEE TIRS KR
BfRZz/Rd. TD5H (a) HHENVRE, (b) 2N
YRIEETHS. Tk, FRC25°C DL EDOEIRET
HNYRD SD BRELESTNABTENDLS. T
Nk, SRR 2I1ZEKIEK DB ERZ TR
Mol EZS.

CDOXH RN Gz o7 LST OKIEHEE
FEEDEICDWT, WEERIHIAICIB VLT AVHRR
MODIS 7% ffi > 7= i T & 0.5°C ~ 0.7°C £ J& 0 SD
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MbBeMEINTVS (BEAIEY:2H, 1986
Steissberg et al., 2005). E5IC TIRS [Alkk, mEfiRfRE
TIR % &% ASTER BR41 5 /3 RO BT & {fi>
722NV RIETH 0.5°C (W28 2F) & 1.4°C (R
D5 L HE XN TV (Tonooka, 2005). Fiz&n
D WDIRE 2 B350 2 RT{RIECTh 54
2 i VR & 2 NEDT (Noise Equivalent Temperature
Difference, 2 sl 2 HIE U Z DR EZZE 5 & M
HEOLTH STME) OB EMNSEHTE, MODIS
AVHRR %5 0 Lt 85 09 75 W NEDT (0.02-0.1K@300K)
DOt YL H#g LT, NEDT /% 04K@300K C & %
TIRS Tl&, & EID#] 0.9°C (SD £ L TIZ 09K & [FIE)
EWVWHHEE SD IFZUHHMETH B EZBNS.

TIRS |2 LB K BHEE X DIREE

—J, 4 DEIERERXMEEOHTEMZ R
X, ERHOBANSRIERICNG. 22T, %4
IR UTe LST #E 8TV K 3 Gl REN ST —
2l Mo TRGEELTz. £ 5137 OGRS EZ R
LTW5. &, £SHOETFIVOMEEZ, £4&
[ 8 FifHTHA. Fiz, K313ES5DHHN5 BT %2
ffi>7=5 B DERIKIRE TIRS /KIROBZRZ/RT. T
D55 (a) WENVRE (B 5D Nos & Noo DET
WREEERD, (b) M2 N R (E 5D No7 DET
WREMHH) TH%. kb, HAVRTIE, £S5
DEFD, bias£SD HY 0.7-3.5£1.6-2.3°C & 2 NV RiEL
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Table 5 Statistical results of LST model for validation using TIRS / in-situ calibration data set as shown in Table 3.
No LST estimation model r’ bias SD(°C) N
1 SBM*  LST =BT\ - -1.02 1.32 18
2 LST= BTy, - -0.68 1.84 18
3 LST=1.27BT\-2.64 - 1.83 1.57 18
4 LST=1.33BT},-3.52 - 2.17 1.81 18
5 LST=0320DN,(-58.7 - 2.41 1.61 18
6 LST=0.00390DN,,-69.9 - 3.51 2.25 18
7 TBM**  LST=2.74BT\,-1.63BT;,+0.00571 - 0.6 1.45 18
8 LST=0.0076DN,¢-0.00501DNy;-38.5 - 0.45 1.42 18
*SBM: Single band model
**TBM: Two band model
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Fig. 4 Relationship between in-situ LST and TIRS LST using Equation (5). (a) Calibration result. (b) Validation result.

HRTRENTEDDNS. 2 3 RiEE bias B 0.6°C
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Lake Shinji and Lake Nakaumi Lake Kasumigaura
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5 2013 4E0D Landsat-8 77— 272 fli>T& 4 D No7 DIIEXDNSHEESNIE, H, MckIT2HAHEO
Kk~ w7, () JRaEl, (B &7, (D HEE.

Fig. 5 LST map of Japanese lakes in spring, summer, autumn estimated from the calibration equation of No. 7 in Table
4 using Landsat-8 data of 2013. (Upper left) Lake Shinji and Lake Nakaumi, (Upper right) Lake Kasumigaura, (Lower)
Lake Biwa.
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B5N7/zSD X, ZNFN09°C & 1.3°C (X3 (b) D
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T LI I i Z—r B ER TV, Bz,
SOEITCIE, ZEFIRRCE (K5 O A #Hi) PHA
(X 5DBHI) DM THEELICKOTHRE
% L ENBEFIRD B W0IE T IV —LIRDFEHIKDIL
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