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Simulation and evaluation of mid-infrared sea surface sun glint
directional radiation
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(1. National Engineering Laboratory for Satellite Remote Sensing Applications, Aerospace Information Research
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2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: The energy received in the mid-infrared (MIR) band at the sensor's aperture includes both reflected solar en-
ergy and the emitted energy from Earth's surface. Typically, the reflected solar energy in this band is weak. However,
under certain conditions, such as in sun glint regions on the sea surface, the reflected solar energy detected by the MIR
channel can be substantial. Currently, the application of sun glints physical models in the MIR band is not yet clear.

This study investigates the accuracy of applying different visible light and shortwave infrared sun glint models in the
MIR band to evaluate their applicability. The paper selects three models, namely Breon-Henriot, Ebuchi-Kizu, and
Wu, to first evaluate the sensitivity of each sun glint model. Subsequently, four selected MODIS sun glint images were
used as data sources, and ERAS reanalysis data matched with satellite data was used to calculate atmospheric parame-
ters. The solar radiation intensity reflected by the sea surface was computed using the three models. The accuracy of
each model was then further validated with an MIR radiation transfer model. The results show that the Breon-Henriot
model generally performs best in terms of correlation coefficient and root-mean-square error compared to MODIS mea-
surements. These findings not only extend the application range of sun glint models in the MIR band but also enhance
the MIR forward modeling system, providing new theoretical support for MIR radiation transfer and improving the ef-
fectiveness and accuracy of MIR remote sensing products in climate change monitoring and sea surface temperature dy-

namic analysis.

s B #5:2024-09-05, f& B H #7:2024-09-26 Received date:2024-09-05, revised date : 2024-09-26

EE WA [HZEE A1 (2023YFB3907705)

Foundation item : Supported by the National Key Research and Development Program of China (2023YFB3907705)

1E & 18 /7 (Biography) : 3K 4% /- (2000- ) , 55, L B8R A, M+ BF 5% A=, 35 B AF ¢ 000 w20 4138 S8 07 1 A9 F 9€ . E-mail: zhangzhen-
wu22@mails. ucas. ac. cn

"B 4EZH (Corresponding author) : E-mail: wangning@aoe. ac. cn



2 R 24 - T D K ORIy T I 5V -

Key words: sun glint, mid-infrared, ocean surface

51

T

H 2L AN B TR UG- 20 A0 S ILT Ah ik B
Z[8], MW 7E % Be R B AR OIS R L R 8
AR DI T H A B e AR B AE B IR b
ZLAME D2 — A O ABGE I 1Y R 1, th 2L ARG
AL TR WG EA & 2 R ), 2L A ik s g ]
FH T b 28 B R RE VDA R AU R 8 B i
rh 2T A1 T b il E ARt O R, B e 1Y
L B v il AR AR IR g TR Y Tl A B AR
Rt , 20 AME R Bl 2 I I AE e il H A R0 45
B R ERINRN = s 2 B AR RS T

2L AN BORH BEH A e oA 1 2 RE ) L3
(LR 381 552 o 1) 4 4% i ol o o ) 75 222 SR AR 2
PRUER 481 G R A= B AR 0 AR08 I 55 1 4 % o
ZLAMR SH WSROV Y 5 M n P BT IR B2 I
JEE SR R £ A1 S 1 Sk IR AT W) i 2 114 1R
ST HEAR R, 5 2Z M L, v R O 2 — H A Y
H R 5%, s R BHRE G2 il , A kR 1Y) 5 T S
SRPARRE O v 21 A1 R A A% A ok R R AR T R A
TR AR R B 2 B g i il A T R AR
FF 5 5 5 3R K S A i, VA — R 0 T S R B
o S DR /N, AF A T T R B ' DXk, v 21 Hh i
TE PRI 2 4 S e B S G, HOX R AR A A X
AU e R BB G AE S PR 4 S i) i 2R
JICER G, R H £ A 1 SRR 174 o s A AT SR B A

SE o oK BHRE G YR Bl 3 B T i T 6 R
DG LS R BRI BGEAR ER I A AR 5
DI DA T 5 e 228 SRS 1) 2 k23 A RN o
I, 25 PR B G52 Wil 1) v 21 A/ SR A% A o R X T
i vy e SRR A 1 Y R T S A E R

TEARDT R B CASE B AL 2 (4 52 = Ll o, — 4>
OB R R AE TR B R AR 1 ThD A BRHA 2, X — 24
SR A OK B4R 5 5 1 v R A EAE R R,
7E 20t 22 50 4FAX, Cox Al Munk 18 15 0 8 5z 5 A FH
SRS B T — B R T XU Ay U 1 3 3
WER % B R W EERT AT T B O AR
Cox—Munk BRI HY T — WA A 6] 19 1177 58k
K Mermelstein 25 AGH 32 X ¥ 1R 5 B 1) oK i
9 B AT AR 349 2 Y B S 80 . Shaw Fll Churn-
side 7| F— T 4= 1 SO ONs Bi 08 R 0 0 g T 30 B 42
TH, [R5 1 IR BEME Y S A 248 Y T 6 AR | 75 R

DA T 1 IR S, A5 T A X T TR e X T T
Y S0, Ebuchi A1 Kizu F] FH Bk # 1F <4 1
BRI 2 3 000 J7 A H 1 Hb DX G R
BEURE ' P15 R0 A2 48 3 3410 488 0% s T XU i £ 5
T AR A R %5 21" Breon #11 Henriot 2387 T
POLDER % £ A\ 24 000 1~32 K PFHHE G20 1) WL A
W £R 19 900 J7 A B AR B | I 45 G NASA U X
P b g XU A | i KU 34 0 R 2 A A e
KR, E T Cox—Munk REHGE T 1Y
Gram—Charlier JEFF'7 . HH, A FHORE Y 14 165 1] A5 754
AR S BRI T B A R (H2 R 4346
AR rh A ] WO 21 A B, 6 T 2 A B i
SCHERAL D, SRR AT b £0 A B 1 TR DG X
S HEAE Ry VIIRS 1 2 b B, A 1 ek dk i A2
PEBF A R EANTT R T — AR B
R0, R F AU P i 820 K BTG T4, 4 g [R5
XF L EE™ O 524 NE VR T R4 iy o
CLAMEI R ST, LURE AT AS [F] R B 63 50
W, AR SOR HEAS [R] ) B Y 22 [] 1) 22 S, JF R85
FH R 2151 B ) U T K OB YA AL | b JHL o T 38 v
LLAME SRR,

AL AL L H RS2 5031 5 41 5 A B DI A Y
(9 I8 T BT, DAAG 8 1 T L' R e e 21 9 gl B At fip
Z LA B, B A T A R R TE P B B E,
ZT AR S AR AR R e S . W B EEAN R
It 58 36 Th 2L A1 IE ) AR R B ORA I 8] 77 41 W
B 0 — Bk SRR R HET AR T TR b 2L Ah
TS A7 W ¥ 2 T B Bl 285 43 B 25 45 48 19 1z
BRE-5 R PE
1 ARFAE

AR SCR 0 J7 v F2 B T T g B
3 28 A T XL I A RS AR 3R Y BROYG S
o TR T LAT YA RS : Cox—Munk %\ Wu
IR Ebuchi-Kizu £ % A1 Breon—Henriot £ 41, H
Hi, AR SCHE#E T Wu B2 | Ebuchi-Kizu 452 %1 il Bre-
on—Henriot £ B 17 XJ b 43 B o AR BEFE Cox—Munk
ALY %) Jirt PR 7 T A R i fuli P ) XU i B Dy 1T
I LA 24 12,5 m, i ERAS $ids H XG5 R 10
m, Breon—Henriot # %Y 1 Cox—Munk BRI SEZFR AR 4
AL, A SCiE s b 2 — 7 o br. =T
Shaw—Churnside #5258, | K G 1 3845 5 B fF 55 37 5%



228 O hh 5 2 K 3 2 R 44 3%

AR 23 ORI - 25 LS8 0 L T R e e T o

i 24 K BH D' 2 R S 1) 32 XU Wi T 2 A5 RLRS )
TR , 22N T2 BB RO T2 BOR B B G2
X IR MR B /N TR J B A 358 i 52 22 HE A
FRUAAE LI LAY CRIDR B | T2 5 98 T 1] 8 AR £
) MG R (BRI RO SE) LA
JE L TR RS 2 AR A, LR RS (s R
VRIS R B 27K 73 04 ) Y520

1 OKBH A A R R T ) L AT O 2%

Fig. 1 Geometric relationship between the sun, satellite sen-

sor, and the ocean surface
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Table 1 Accuracy results for the comparison between simulated top—of-atmosphere radiance temperatures from

three models and MODIS observed radiance temperatures

-2 KTt Breon—Henriot 5% Ebuchi-Kizu #&%! Wu F
R2 0. 9479 0. 9464 0. 8842

MODO21KM. A2023047. 2230. 061. 2023048191622
RMSE 0. 4568 3.1272 0.7718
R2 0.9785 0. 8903 0. 9595

MODO21KM. A2023091. 0000. 061. 2023091131723
RMSE 0. 4558 1. 8162 0. 6930
R2 0.9679 0.9155 0. 9606

MODO21KM. A2023182. 0130. 061. 2023182131652
RMSE 0.6148 2. 8462 1. 6674
R2 0.9722 0.9476 0.9411

MODO21KM. A2023275. 0100. 061. 2023275131502
RMSE 0.6742 1.3314 2.0208
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