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TEHKERBREEERMGETIEXTLL
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2. UM T A SR EE R AR SEBE, U0 310014;
3. ERA B R At L S AR ST T WA S BT R S SR, B 210008;
4, P EBLERBE R, AL 100049;
SR AL R BRI S IREE AR, KM 450002

B OE: WNOKERRZERE R MR AR E LR T, B A RKIRR R W EE TR,
JE ST ST A AN )3 PR K AR A T P 45 5, T b3 T B R I ) 2 ) K A 3 2 R R I i ol R M A et — 45
9T, ARWFITLAT S AR IE X, A Landsat 8 T2 5, XTH 73T FEH RN E (RTE) . Bk
(MWA) , 5GP AL (GSCA) . SEAHHGEET L (PSCA) . BFE L (SWA_D MISWA_G) #l Landsat 8
Collection 2 Level-2 (C212) kB ™ 5 (0RG B, 4RFE T & 50k thoH E S 4009 38 M Aviisiem: . 20 T 5% 0
20134F—2021 FF /KRR Z IR LB 28 A RRIE . WSR2 R (1) #1% Landsat 8 B4 A5 1O R 11 BE, T &%)
R I LA KR LU AR 285501 0.9926 F10.9877; (2) &4k b, BFEIRIL AR R THEER Y, Landsat il ™
mn AR REE b . o, BYRBIE SWA_G KRR, ~FIUMIXT 22 (MAPE) H7.61%, ¥4 (RMSE)
H}2.0°C; (3) TEMUKERZEERA B ENRZ 0 FRE. 200, TRBKERZRELAZRIN (142
0.6 °C), HFERE (31.0£0.5°C), 25 b, FHILEKX (23.0+0.3°C) MPERMERX (228 +02°C) KIEKZR
FER, RILEX (222 £0.3 °C) /KIRRZREBAL . ABFFEGUE T AS [R5 B2 I8 075 7035 T R R K e 1) 3k
FAE, i i AR K R K R 6 2 R B R AR T A 2
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FESES: P2
SIS SHHEL, ISR, MBI, 2, e AR B E, B, BFE, TEIK.2024. T Bk R RREEREE A .
EREIR,28(8): 2113-2130
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S (SharmaZE, 2015; GuZE, 2021),
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4 BRAE R AN ZE T S in i i SRR S T
7] RS RA SRS Z A 1) ] =N A R 1R B2 = SN 912
fb . R KRR L E N A K (Xie &, 2022;
Zhang 55, 2018; JEHX 4, 2022). WIiAKAER
JE TR T LR AR K A AT A RE S AC e (Alcantara
%5, 20105 Sima’F, 2013), JEFEAPRKHRE H
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T AE ) FOIF I S A AL . AR R A AEY) =
(Adrian 5%, 2009; Zhu%§, 2020), = fEA4k .
WK T . WA AR A R E R N N T
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RUTITIA LR S PR ORI XT3

R Ge i ALK IR I & 07 v, R EIHFERE A
T 71, AR EAEAE I [ A A [a] EORESE, HELL
YA 220 1 98 VA KR 2R 2 IR B R L R R AR
b (Zhao %5, 2020). K TR REIEEA B AW K
J&, ORI Z 1 TR A% RS TR s I 38 3 K A
RIZME . W B TR AL A MODIS (Ghent
ZE . 2019). Landsat &%) D E LRSS (Sekertekin
H1 Bonafoni, 2020; Du%, 2019). AVHRR (Liu
4%, 2019) . ATSR (Kogler %, 2012) #H1 ASTER
(Singh %, 2022). T Landsat &%) 255 H A
B[R] A B AR R A s =S R R (30 m)
Landsat 5 91 T8 B85 5 h 52 0000 1) M 2 i B 2 3
B IR

— b, MR S SR T L Oy
HERYE (Chatterjee %, 2017; BAEEE %, 2003;
Bendib %, 2017; Jiménez—Mufioz #1 Sobrino, 2003;
Jiménez—Mufioz %, 2009; Wangg"&f, 2016, 2019b).
ZiMiES Y (McMillin, 1975; Wan #l Dozier, 19965
Rozenstein 2& , 2014; Jiménez—Muiioz 25, 2014)
MEmERE (L%, 2013) 325, MUEHALH G
HAKAERZIREE, NS & TR R WNA T T
R 1Y L 2 il 32 TR SR B B X LIS . il
MR4e45 (2020) FJFH Landsat 8 504, 7£ K WX L
T RS R L BT SR A A B T SR
fE, Z5H IR Jiménez—Muiioz % (2014) M EERYEE
T BN Bt o Tavares % (2019) 78 L P4 g 58
A — AN A K I (Mangueira i), X EE T
i MODIS I 7= i (MOD11 FIMOD28) FIXEF
Landsat ETM+% 4 (19 3 Fh b 32 5 88 B2 36 59 7% 1 H
B, W5 ZBMODI 1 B ™ S 7E Mangueira i) 2 AT
B A B o Sharaf % (2019) I Landsat 8 4%
i, FEREWAE E AW (Karaoun 1), 47
Br 1 4m SAR a Jr RR i B A SR SRR SR Y
i, R T A RS B R . e T
LA, AR EAEA R 5T X8 & F AN TR
e AN, A [ 1 3 TR s 8 B3k v 3 2 3 B o vk
SR BURAE R S o BN, 0T SR A i Ak
T URARBE SRR NE 2.5%, IR EE Al
BRI RIRZE SN2 °C (Tavares 55, 2019) .
Prats 55 (2018) AFFE 4B, HLE i A X KUK
oAU, 2 RAUKES B 50%, [
B REAR 29 0.2—0.3 'Co ik, JTIZ M tEAN IR 26

U 7K A AR X AN ] 1 2 T 38 IS 9 B 0 R RS
BRI S R AT AU, A T4
AT 248 N () 303 0 AR, DT B A 1 i K
RRZIBE . SR, H ETE X T s IR AR OK )
1 OKEE) 7K SR 2 IR 3 35k 38 A 23
FIXT ST AN 22 L o

T 5 W00 2 v D 2 i X R KA N TR K
BA R . Wl 3258 . Byt 5T 5 A kOH K B g
FUIfe, TEHL Ao 2T R R X A S IR
PRyrrh i G EE A, (B, AR T 5 W
I 78 Z K BRBE R B (A4 f 4%, 2022; Li%E,
2018, 2020). Mit, AWFFLLT B MIFFIX,
) FH Landsat 8 045, *F b A Rl K AR £ 2R I
AR RS B, R0 v 2 800 R A s
P, 20 R 3 2 L B A I S A A R AR, DL
50 AN [ L BE BT B kAR A O R B IR K A
M OKEE) Wl M, KRR 2 2
HACKLE, T S WK RS AR P e B R Fsis
pz:
2 BRSOk
2.1 MRRXBREZRGANH

TS50, MAPLIKE, A E EE
B, R R I AR R TR AKOK R, FERTT
JKAE R 108 mINF, K PRI AL 573.33 km?®, P~ 34 7KK
3113 m CARJAR 25, 2022) . 1y b B H#HE KR
RAFWIA, T &R E &R RS T —
BIRRUKE (Shi%, 2019), ERK=fAMXHEE
(1) 5 I A VR M FK IR IR R X, T il E AN . 5
LA AT IR T ) B AR KK JR M, 5 WK T
T4 T OE R B R IX 29 1500 T3 N A4 A= A e
(Fkiz bk 45, 2022),

TE P A T 14N IERRK BRI, (E 1),
T PR R 7K T LI 35 4 A HE 4 I A R A4 DX 8
A PARAE T 5 WA R K AR OK BRI R AIE o V3 Al
LRSS T YSIEXO2 K 2 S0 AY, Al L4k
i B 25 W AR TRK B 28015 B AR 5E UK
[ LAF 0.5 m A 4 7K IR A 4 S T 5 7K AR 22 2 R
JE o TEAR K B S E I [RIRAG 30 min A4 h
PR, Hir, BRI HERy 4 h bl , 4R
FE0:00 1}, 4:000F, 8:00/f, 12:00Hf, 16:00
B, 20:00 B A7 AR A ) T A 3T Wil 5 B[] 23 o3
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430 min BYIFERRGE, AR H 0:00, %30 min 2K
FE—YOKKREZKTER.

29°50'N F

29°40'N

29°30'N i
f2"
F

118°45'E 119°00'E 119°15'E

* ERAR
= RAEHIK

o VEBRMEA  COEILHIX X
R . X
Bl R XL

Fig. 1 The location of Lake Qiandaohu and the buoy stations

2.2 Landsat 8 T2 #IENiZiRKIBEHE
R Z T 5 KR R 2 IR I 25 AR R e, AR

B

1 1 1 1 1 1 1 1 1
2013 2014 2015 2016 2017 2018 2019 2020 2021
Fh

(a) Landsat 8 ZUHE FU4F B2 434

(a) The annual distribution of Landsat 8 images

F 5% DA% [ b 5T 9% A5 J5) B (hittps : //earthexplorer.
usgs.gov/[2022-09-26]) FRHL T 2013 4£—2021 4F
TR GARTT515 0 120/039) Hit 37 5
Landsat 8 Collection 1 Level-1 (CIL1) J& = %t ¥
(¥12) . Landsat 8 TLA 554 76 T 5 i i il B B[] oy
F 108 30437645 o

35T, AHIFERECT 20164F 2 ] 22 2018 4F
4 JY 18] 04 T B 90 2 T b il i 0K R DU B s . 2%
B A B2 () 20 B4k DR E AL ) R $E 4
20155 Liu %, 2015), ASHIEFELE£F 77 Ar WL i (8]
5 T A S 55 B 8] 15 22 24 10 min P Y P2 bR 08 7R 0
B R8O T S TR AN ] iR 32 S e AR v A A
JERE TR . gad ik, AWFESRILEE 63 4 A2 b
[F] 25 B9 17 b K T 08 A 8 5t 2 M [R] 25 B9 Landsat 8
CIL1 B2 %14 . ~ % UE Landsat 8 Collection 2
Level-2 (C2L2) ™ ah BB RG R ,  [R]20 3k
T 585 MR A Landsat 8 C1L1 LR 1% (%
B (8] — 2 49 Landsat 8 C2L2 (¥

15 F

10

MBHE

BE H=E = K
=
(b) Landsat 8 5 B9 215 /041

(b) The seasonal distribution of Landsat 8 images

K12 Landsat 8 B4 i 4F B2 1215 ) [] 7 A1s

Fig. 2  Annual and seasonal distribution of Landsat 8 images

8 5t A M [F] 20 TR S AR AR I 8] 435 2
20164F2 125 H, 20164:3 H 28 H, 20174F2 /]
11H, 201745 18 H, 20174E10 H9 H, 20174F
10 H25H, 2017412 H 12 HF120184F4 H 19 H .
[G] s, 63 A~ B b W] 25 19 3 A 7K LB e /B R
10.93 °C, i K{H }27.64 °C, H{E K 18.07 C.
el UFE Y, BRHMFELEREES T HE. FRA
Wl BRFEMA S, AR BEE SR, B
A —E RN

AN, SRk b K Bl BUR AR T X KRR )2
T 8 AL RS B R, ASHIR ST U T 5 W K B
BF N30 m (Li%E, 2022), 7Elbas ok
INHEAT T 52 W K A 38 )2 1R f 1
23 KEREBEBEREEE

254 Landsat 8 KU I Brise B M 45 FhoK R R )2
R ST AR AE , AU L 6 FlK AR JZ
TR BB v K Landsat 8 C21.2 5 B 7= 5 76 T 55 10
b X A9 38 Y
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231 E TFiEHEH 5 E % RTE (Radiative

Transfer Equation)

RTE FA RS FRARAHE AR, RIS
bR KA AT BN ATHR T 50 B K A E A G
TR, SEPUKARRZEEA R, %A EA
0P LAl AN R AT TR B, (AR AR R AR
Bk RASEORBOES S, (B 558, 2021),

RTES ¥R EAR IR (HD—=K (2) Fris.

L, =(eB(T)+(1 —&)L))r + L, (1)
K,

K,

ln( B(T2) + 1)
A, TOWKIERZERE (°C), LGRS
(WemZesr'spm™), e RZRKIKILERGTR, B (T) FR
TRy T ) SRR TR S 52 (WemPesr o pum™)
T HILLAM I B RAGE A A, LML R R
1. FATfREEE (WemPesr o pum™) o Hp, 7,
L AL AT LARR 4 T $ 80 it S0 Bt 1) K TR TR 45
R &4, AE M 3 hitp ://atmeorr. gsfe. nasa. gov
[2022-09-26] EREATIHHAIREC, WK, . KA
TAREBIETC ARG

2.3.2 HEBHEEMWA(Mono-window Algorithm)

J TR KRS BRI, HESE
(2001) $2H T MWA B iz EE T 5 ARK
%ﬂﬁ%ﬁﬁ(T)ﬂﬁ b TR R, Tt
THEEAENE (B %, 2021). ML TFRTER
%, MWABREAD THAN KIS E 0, 1
B A RSB R B . RAGE o MM 3R L
FRAPTR3IANSEL, BnT o8 K AR SR 2 B A 5

MWA Bk A (3)—=K (6) .

1

T = - 273.15 (2)

T.=—(a(1-C-D)+(b(1~-C-D)
=l H (3)
€+ D)T,,., - DT,) - 273.15
T = K (4)
ln(Lf.L, N 1)
C=re (5)
D=(1-7)(1+(1 -&)) (6)

Kb, TOKIEERZEE (°C), e ARABELR,
gﬁmmw%%z T WA ISR LI SE IR
,,,,,,, jbfgfiaﬁjzﬂﬁﬁﬂﬁfjuf“ a=-67.355351, b=
0%%%,2Eﬁm$ﬁ¢%mﬁ(mo¢ﬁ%ﬂ

R LR T,(K) A58 T, AT RN 1 fros
(Ndossi fll Avdan, 2016). T8 A TEZI4
Sl P S AR o 7 (ELZE I 3 hittp < //atmeorr. gsfe.
nasa.gov] 2022-09-26 ] TR

R1 RSTHERRETMHEESE

Table 1 Equations for modeling the effective mean

atmospheric temperature

KAME iR TIR
HEERFRA T,=16.0110 + 0.92621T,
AR T,=19.2704 + 0.91118T,

233 L& B @B H & GSCA (Generalized
Single—Channel Algorithm )

Ry ) — o 22 A2 SRR A FH 1 e 9 3R s i
7%, Jiménez—Muiioz fll Sobrino (2003) & T
GSCA B, AL LN HTFIEEEE AN
1 pm B ARETIME ISR, Hii A S B ALT M B
AR . RAEKIR S MR LR R 3405
. 20094 F12014 4F, GSCA BiEWE— 4
M T Landsat TM, ETM+H1TIRS{£/&%#% (Jiménez—
Mufioz %5, 2009, 2014), GSCA %k B i1 H 4%
el FHPE RO KA S BN SO g2 v

GSCA B my it E AKX = (7)—xK (10)
s

= V(i (W L + ) + ¢f3) +8 - 27315 (7)

AT?
~ Sens 8
’y CZLs cccccc ( )
AT?
S~T, —lsmm
C. (9)
U, Ciu Cnn Ci3 || @?
bo|=|cu cn ¢nl||lo (10)
¥, C31 C3 C33 1

{f, TOWKIERZRE (CC), L, WiERG L
SISERE, e AKAR LRI, C€,=1.43877x10" um-K,
... GG LS B, Hat R A= (4)
FRRs A AR, ABFFE LN Landsat 8 TIRS
55 10 BB S RON G . HUEH 10.904 wm; o K
AUKIRE R, AR AR (1) FR (Ndossi
1 Avdan, 2016; Sekertekin F11 Bonafoni, 2020).

w:00%1x@0x06m8x
(11)
)xRH)+OJ€D

17.27 x (T, - 273.15)
P\2373 + (1, - 273.15)
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L, TOMEHE AR (K), RHGAHXHREE, WA
Bl i BUE IR B TRl

Jiménez—Munoz %5 (2014) %5 Hi T Landsat 8
TIRS R TINRES KLy, . o, Flyp BT R AL,
X (12) Fis:

0.04019  0.02916  1.01523
C ={-0.38333 -1.50294 0.20324 | (12)
0.00918  1.36072 -0.27514

234 K A $i# 8 & & PSCA (Practical Single—
Channel Algorithm )

Sk T /0 AT A AR v PR B v R R R M Ak
SR RSB R AL IE 51N 1R 22, Wang %
(2019b) $EH T PSCA F¥k . A LA ASECN
KAKKEGHERFUKKR G EATRIE, 8
1o 5 M T S KR X, Wang % (2019b) &P
AR RS KA & 1Y PSCA B VRS B g T4
KATKIRFr AT 3R SR 1Y PSCA B33

PSCABEATRE AL (13)—K (14) Fk:

T, = C,/A -273.15 (13)

.
C

1 ! +1

n(ASB(TS) )

1
B(Ts)z a, +aw +(a, + a;w + a4w2); +

1
(a5+a6w+a7a)2);L (14)

sensor

Krf, TOWKERZERE (°C), L, e
FIFE T 52 e IR IR TR, A WER K,
HAE M 10.904 pm; €,=1.19104X10° W+ pm*-m?-sr’,
C,=1.43877x10* um-K; B (T,) F/RILE N THHY
MARPER SRR, B, (B=0, 1, 2, 3, -+, 7)
HIBUES % Wang %5 (2019b) MYLEH; w W RAK
"o, A=t (11) i,

2.3.5 EEEHE % SWA(Split-Window Algorithm )

SWA B 0] LR AR B8 B 6 195 A4 FH 4B 4
2141 B S B R AR AR E, sl TR
S 2 B8 A AR BOME 9 1) B, AR F 58 2R ] Wan
(2014) &l my B AL, R AKX (15)
E?ZT_\‘:

Tszb(,+(b] + b,

1-¢ Ag)Ti+Tj
+ 5t

- T.-T
(b4+b5188+b6A8)”21+ (15)

b (T, - 1) - 273.15

Ko, TOMKIERRZIRE (°C), THITH5IEAESE
B R (~11.0 pm) Flj (~12.0 pm) AL AY
RS LR, THAARXI (4) FiR; e

T B Tk masm(a - e gj>),

As EPIN VB KK LR T 2% (Ae=g~&) . Du
& (2015) Fl Gerace 55 (2020) 4351 A [H] )
b TSI D A N FR B b, AT TR S . AT
HERL, (k=0, 1, -, 7) BBUEZ% Dul
(2015) (SWA_D) Al Gerace % (2020) (SWA_G)
(25 R T EIEPERE 43T -

2.3.6 Landsat 8 C2L2 8 E /= &

Landsat 8 ZHE i) C2L.2 7= S 2 4IL 1 b 26 I8 4K
Wi o AR AL (16) X Landsat 8 ¥ 7= it 1
R N € R B IR T R VN o /N
W

T, = 0.00341802 x DN + 149.0 - 273.15  (16)
K, TOAKIRRIZRE (°C), DN ARLIMEIR
e 10 BHUR R E, ALK,
24 JK{RtEIRSTER L

I SCHRAE B, AR SO IE T 8 41 FH 7KK L
RTRME (F2), G AFREED, AR
KA L A S 8 4 3 P

®2 EEHSEKKLLIESE

Table 2 Eight groups of water surface emissivity

415 KM L B B feilt
MODIS University of California,
£,,=0.9926 S
1 Santa Barbara (UCSB) Emissivity
£,,=0.9877 .
Library (Vanhellemont,2020)
£,=0.992 MODIS University of Calif(.)rn-ia-,
2 Santa Barbara (UCSB) Emissivity
£,,=0.998 . P
1 Library (Du%:,2015)
3 £,,=0.99683 ECOSTRESS Spectral Library
£,,=0.99254 CARHE 45F,2015)
4 £,,=0.99383 ECOSTRESS Spectral Library
£,,=0.99254 (faTf 45 ,2020)
5 £,,=0.99683 ECOSTRESS Spectral Library
£,,=0.975115 (RFEMPEE ,2018)
6 £,=0.9908 ECOSTRESS Spectral Library
£,,=0.9902 (PR RN, 2018)
7 £,,=0.991 ECOSTRESS Spectral Library
£,,=0.986 (5K 2 PR AN BRIz, 2019)
8 £,,=0.992 ECOSTRESS Spectral Library
£,,=0.9890 (Meerdink %%,2019)
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2.5 HESHHBRMESN

AR SERHPEE (2015) A Ik E T S50
EAEIIHT o 1Z TR TE AL S ORISR,
28 —WM/MRZE, T X —UNMRES
BT MRS R R 25 . HoAkd, nTARIH (17)
Sy RIS ER 255 | /K AR 2 TR 1) S T R 2%

AT =|Td(X + AX) - T{(X) (17)
X U T BB A 128 i, AX 2%

TEFEAT KR 2 J2 L BE S 18 531 9 2 B g Rk
SRR, FRATTL 8 S5 2 M R] 25 T s i R
P, L 63 A Bt M [R] A0 i Bl D B X, e
HHR—SHGINRERS, KRRZRE A%
MRS SR 22 o YA I — S RO U R, KA
R JZ S P A S BOU AR s TR AR
ARSI TR], FHT 2.3 952 SR el 5 50
PTG . 3 HRAI T4 TR AR B AR
ZHUE . 583 TR KRR ICH i T = 1)
KAFMN, ABFBRBERTURIE EHF RIS

TET 5 ) By =5 1) — 2

®3 IEMBBABHNXSSHIE

Table 3 Atmospheric parameter values at each satellite imaging date

. KK KA ARSI e *A
’ (g/cmz) /K (W’mfz'sril'p«mfl) (W'mfz'sril'p.mfl) BHrLR
2016-02-25 0.87 275.63 0.47 0.81 0.92
2016-03-28 1.06 279.09 0.43 0.75 0.94
2017-02-11 0.58 272.99 0.16 0.29 0.97
2017-05-18 1.88 290.31 1.91 3.13 0.77
2017-10-09 2.61 293.74 2.73 4.26 0.69
2017-10-25 1.20 284.10 0.72 1.25 0.9
2017-12-12 0.67 275.45 0.32 0.56 0.95
2018-04-19 1.66 286.38 0.94 1.61 0.89
3 LR HEME 55 4 4, H MAPE 2 51 N 7.61%; X F
A

3.1 KEEELIRSTREE RS

%FF RTE., MWA., PSCA. GSCA % 4 Ff 538
R, HHS 10 BB K IR AR ST R (£2);
XFFSWA_D. SWA_G PS5k, (5 10,
PP B KR LR S 3 (22) . JET 6
TR R, 456 DRI DL
X AN [R] A AR B4 5 26T 45 i 9 3R I 1 Bk 1Y
K2 o FIUHSEYI AT 22 (MAPE) Sk s fir4
AR AR SR AE R R SE R R (R 4).

MR AT LI, AN SO A AT 5
T 7K A4 2 )23 T B AV B3 v ) B 3 LKA B A ) R 4%
AR X F RTE Sk 08, KR L 5 fe
K5 740, MAPE 4 9.14%; XFT MWA Fl GSCA
FLRUL, O 6 4 LLARST F N RAE(E, MAPE 43 J
S} 10.44% F1 10.62%; XFF PSCA H LK, 452
2 FES 8 21 J e Ak LU R S R (H , L MAPE ¥
10.70%; XF T SWA_G Bk, 7KK s 5 i

SWA_D ok, /KA L AR S R N 5 S 4,
FEMAPE 4 8.29%. [Alif, FA s B4 Al
B A 5 — KR LU AR S 2T 9 MAPE {22/
A N R B R U B AR 8 ALK AR L AR R R Y
MAPE BJ{H . Z4 RN, 56 1 4 RS R HAT 5L
U I AR A, ELAR AR 2 TR S A i
B, ST 6 E.
®4 AREKELESRAE RS
Table 4 Applicability analysis of different water

surface emissivity

1%
5 MAPE
RTE MWA PSCA GSCA  SWA_D SWA_G
1 9.31 10.65 10.86 10.77 9.98 7.80
2 9.25 10.58 10.70 10.72 13.90 8.97
3 9.78 11.14 11.18 11.15 9.45 7.90
4 9.45 10.79 10.96 10.87 10.95 7.61
5 9.78 11.14 11.18 11.15 8.29 10.66
6 9.69 10.44 10.73 10.62 11.79 7.99
7 9.14 10.46 10.74 10.64 10.23 7.78
8 9.25 10.58 10.70 10.72 10.71 7.80

BSTTER 9.46 10.72 10.88 10.83 10.66 8.31
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Landsat 8 C2L2 y7 i A1 6 Fir b 3 15 & sz 73 450 1k
FEAS A S AL 0 7K AR EG B3R 25 T 1) R YRS R %
Hean il 3 s . 25K, SWA_GFISWA_D ik
RS B % O, Landsat8 C2L.2 y7= 5 09 K5 )5 1&
GSCA Il PSCA HIEMG B fe Ak, Horfr, SWA_G
SWA_D B MAPE 5331l 8 7.61% F18.29%, 475
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Comparison of lake surface water temperature retrieval algorithms:
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Abstract: Lake surface water temperature is an important indicator of water quality, lake physical environment, and climate change.

Monitoring lake surface water temperature and understanding its spatiotemporal variations are critical for local governments to protect lake

ecosystems. Remote sensing is an effective method to monitor lake surface water temperature, and many algorithms have been developed

and applied to retrieve lake surface water temperature. However, the suitability of these algorithms varies in different lakes. Especially, the

suitability of these algorithms in deep, oligotrophic-to-mesotrophic lakes still needs to be discussed. Thus, taking Lake Qiandaohu, China as

the study area, we attempt to validate the performance of various land surface temperature retrieval algorithms, analyze the sensitivity of the

parameters in each algorithm, and map the spatiotemporal distribution of lake surface water temperature.

In this study, six land surface temperature retrieval algorithms (i.e., radiative transfer equation algorithm, monowindow algorithm,

generalized single-channel algorithm, practical single-channel algorithm, and two split-window algorithms) were selected to retrieve lake

surface water temperature using Landsat 8 data in Lake Qiandaohu. The performance of these algorithms and the Landsat 8 Collection 2
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Level-2 (C2L2) temperature product were validated with in-situ buoy data. By applying the best performing algorithm to 37 cloud-free
Landsat 8 data collected from 2013 to 2021, the spatial and temporal distribution of lake surface water temperature in Lake Qiandaohu were
mapped. Furthermore, the sensitivity of the relevant parameters (i.e., water surface emissivity, effective mean atmospheric temperature,
atmospheric water vapor content, upwelling radiance, downwelling radiance, and atmospheric transmittance) in each algorithm were
explored.

The results showed the following: (1) For bands 10 and 11 of Landsat 8 data, the most suitable water surface emissivity in Lake
Qiandaohu is 0.9926 and 0.9877, respectively. (2) The accuracy of the split-window algorithm is better than that of the single-channel
algorithm, and the estimation accuracy of Landsat temperature product is moderate. The split-window algorithm, SWA_G, showed the
optimal performance, with a mean absolute percentage error (MAPE) of 7.61% and a root mean square error (RMSE) of 2.0 °C. The MAPE
and RMSE values of the Landsat 8 C2L2 temperature product were 9.33% and 2.08 °C, respectively. (3) Lake surface water temperature in
Lake Qiandaohu has considerable spatial and temporal variation. Seasonally, the lake surface water temperature of Lake Qiandaohu has the
lowest value (14.2 £ 0.6 °C) and highest value (31.0 £ 0.5 °C) in winter and summer, respectively. Spatially, the lake surface water
temperature was higher in the northwest segment (23.0 + 0.3 °C) and southwest segment (22.8 + 0.2 °C) and lower in the northeast segment
(22.2 £ 0.3 °C). (4) The radiative transfer equation algorithm is sensitive to the upwelling radiance and atmospheric transmittance. The
monowindow algorithm shows less sensitivity to the effective mean atmospheric temperature and atmospheric transmittance.

In conclusion, in Lake Qiandaohu, the Split Window algorithm has the best performance and the least dependency with atmospheric
parameters. By contrast, the single-channel algorithm is suitable for retrieving long-term lake surface water temperature utilizing Landsat
series data. Our study validated the performance of various land surface temperature retrieval algorithms in a deep, oligotrophic-to-
mesotrophic lake and provided a reference for the remote estimation of lake surface water temperature in other similar lakes.

Key words: remote sensing, lake surface water temperature, Landsat, Lake Qiandaohu, water surface emissivity, sensitivity analysis
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