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E T E2%Z POLDER K F#HHEIE/ 319 BRDF =

a2, BT, TEQY?, BEL"?, KT,
BEE OFEEY OERF, HEY

L AbHUME R MR, 1B R 5 TR, Jbat 100875;
2. Jb s R @Rl E R T N S0 =, Jbat 100875;
3. JEEUIMYE KA AKBREIFIE BE, dE AT 100875

OE: KSR XA AR 045 1) Sk SRR, X AR BE P MoK RIS EEAE . AT, EN
IhpB KB T — RN T oK 35 1) w1 B 540 4 A BRDF  (Bidirectional Reflectance Distribution Function) 45t
R, AT H R FITA ik B AR Y X A2 3 2 1 R S i b 55 A R YR PR S N E A T L, AL T
4Bk POLDER VK25 £/ BE R 30800, B0 3 VAR, ifiikaksh . L4501 MODIS Ml 55 b RTLSR #5544 | ik
A i BEASE AR ART DA ROHT & B RTLSRS AL HEAT T &Mt e i, SR 45 SRR M. (1) 7EREA
POLDER $¢#5Ht, RTLSRSHEIRIAREAT fe mikl B, AT TR 45504, RTLSRS LAY ) fie /N UG 1 B 7 Al i
% (RMSE) [t ARTHIRIREAR T 45.45%, 1A RTLSR BRI 18.46%, % FIELEE £4E, RTLSRS % 5 RTLSR
R ) $U A BE T B R 2 HIA K, {AH RMSE H RTLSR A BUFEAIR T 67.5%, ARTHIEIMIRS R 2. (2) BAR
RTLSRS 1 DL S5 A i AT 500, (HiZA il 4408 (R?=0.969, RMSE=0.012) FEEftFIE4iE (R*=0.926,
RMSE=0.013), (3) X RTLSRS#ARIHATIML, (L fr B HA M R PEAZFIH A% ISM. (Isotropic—Snow Model) , B iE45
SRR RS Y RE S AR AT M RAE TS 09 i HUR BB, H POLDER @2 [ AR AT B A 8, RBH T
0.949, RMSE 4 0.034, < 3CH BT P 76 8 0K S5 22 £ B 500 A 18 43 00545 Y BRDF BT | [] sk Xof IR ffp sk e A
R IRERE T H M EN S
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IR W, EFH, TR0, ETE,KNT,EZ, 7R, S, 5155 .2022. &£ F E 2 POLDER ik T H#E ¥4 31 BRDF
A BRI, 26(10) : 2060-2072
Guo J, Jiao Z T, Ding A X, Dong Y D, Zhang X N, Cui L, Yin S Y, Chang Y X and Xie R. 2022. Evaluation of
three BRDF models’ performance using spaceborne POLDER snow data. National Remote Sensing Bulletin, 26(10) :
2060-2072[DOI : 10.11834/jrs.20210010]

National Remote Sensing Bulletin i & 5 4k

1 5 7

Mo AR AR, S S A A S AL
] {28 AL 284k (Bréon #l Maignan, 2017), —.[A]
P I 28 4345 BB BRDF  (Bidirectional Reflectance
Distribution Function) R $ 1A kb 3¢ 5 5455 =8 Y [
g @t (Schaepman—Stmb & 2006; Wen 45,
2018) . MHT, X ] KRR BT C 48K
€ BRI — A E MR W (E A,
2017), MEE—FhEE R RE G RAL, X4 Bk
IKAEER | A SO A S i B F R X (Jiao

rim HEA: 2020-01-20; FEDZR: 2020-06-04

8%, 2019; 3%, 2006), KA HA T RO EU R
X R PR A I EEAEH] . a5 2 R A ok
B E AT Z— (Wiscombe fll Warren, 1980), 7F
ALOLCYEE A, BT B RS 1 (Singh 5§
2010) . A b, FHEARET 0 EORE, JUH
TERKIARTMA SZA (Solar zenith angle) SR
(Peltoniemi ¢, 2005; & Bk £, 2015; FEHL
&, 2016) TEBLBN B, FARW ML ML &4
FAsk o=, JUHAEHIE 2 A28 5 1y
Mo X, BB A 2 A U K AR X AR
(Robinson 55, 1993), Xf TiX 2L X, R FHHLAL
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B 3 2 A AL SRS O AR IR A R Y
FB, Wik, —8ZmE TR, W MODIS
(Moderate Resolution Imaging Spectroradiometer) I
POLDER (Polarization and Directionality of Earth
Reflectances) 55 2 ffi B R © 24245 2 )2 b
(Lucht #1 Roujean, 2000; Schaaf &5 2002; Jiao
&%, 2016)

B T XK 2 A BB R Tz W R, FRHL
5P SR JE G R AR TR 5 A O N B G R R
(Kokhanovsky 1 Bréon, 2012; Jiao %%, 2019; Ding
4, 2019). HAT, EASMFRAR TSR IFL
JR& T — F G0 B 1) B S R R SR Al A S Y
J5 I PERISS AL, X SERR F 20 328 (1) )
PRAERL, im0 B A S R — W W AR A
(Wiscombe 1 Warren, 1980) . 5 U2\ A b5 5 51 1%
i (DISORT) %Y (Stamnes 55, 1988), HRHET
45 1 B Ry W 9F B G 1% B P BB B ART
(Asymptotic Radiative Theory) (Kokhanovsky F1 Zege,
2004) FIEE T 5245 R % G438 BRH R AR I 15 5
FEIE 2 1 B9 bic—-PT #E 50 (Xiong M1 Shi, 2014) ;
(2) B, Flan, 5Tt nyZett Walthall £
A (Walthall 55, 1985), — Bk Sk R 24 57
WHIEZ: (3) FRBmBA, filn, RPVELAE
(Rahman—Pinty—Verstraete) (Rahmah %5, 1993) 1
RTLSR B % (RossThick—LiSparseReciprocal ) (Lucht
il Roujean, 2000) . Qusf (2014) K FEy %
RN LA S RTLSRS A (RTLSR- Snow) (Jiao
4, 2019),

RTLSR 5 R MODIS Jiz #2572 i 14 M1 55 fL 54
2, AR A TR G SRR, Hih
TAE BT R G AR BAT ] A [R) B O e
RN R AR UG S5 R IR BAE (W 45,
20115 T %, 2019). Wud§ (2011) ¥ Xx1Z%
BAA VKRS ROR AT IE, 4550 3RM], A
LY ZEUN, TURE A% AU 2 80
A, I X AU LG B, TELDG BB
¥ iiR2E (RMSE) “40.0485, {HIHI JCi% i B
TIES BRI Y PR Lo ) MODIS Ml 55 1L 53
XPIZAI SHOA YR F AR (A R AL
ARG T 0% (2019) % RTLSR B EAES
(9 1) PR LS RE DR AT 1 PRA BRI B A R
FHEOR RmAEE, R ART B A Bk L T 284 4>
POLDER i TRITHAT LG, TELDGIE BERIE &

¥(R) 4 0.2774, RMSE 2} 0.0378; Jiao 55 (2019)
FIFH RTLSR AR 7R X e A UL £ 328 o 45 B A T 40
21969 BE RMSE 3£ 8 7 0.094, Jf H RMSE Bifi ) K
(R BE TN 8 K

ART #5#1 J2: Kokhanovsky Fll Zege (2004) %54
P 55 B REAEAS 2 A0 4 S AR B A, 7E 4 BRIl R Ry
fEZ & (GLASS) 1Y B8 7= S Ak 9% vh & 48 T 1R
KAEH . Kokhanovsky Fll Bréon (2012) fifi FHA&#K>2
5 FIEE BN 9 POLDER £ DA K ma A5 o 35 B i) sty
MR EATIE, SRR, RSB,
ART #5570 (1 K5 400 45 5 5 POLDER W 0 55 8 AH 56 P
AEIAE0.85 LA b, 22/ 0.1, [HIR %A B £ i
] KOULIN F R AR TN AR . HAT, A WAE
IE J5 00 4% 3R 2 455 A0 25 1T vk S 0y S SRR, RD
QuZE (2014) R4 RPV BRI 21 1Y vk 5 55 4% Al
Jiao %% (2019) FLF ARTHLAUE IEAS 2] 1 UK T 8
Fio QuiF (2014) & JE 1 DU AZ 9K 2h A R 7E K FH
£ R 35°—55° B ME LA FRAE VKT B RRAE , T Jiao %5
(2019) % & B AR 0 AT DUFE 454N K P A T 343545
g SRS

R T G bl FH e 28 5 1 A% BK B AR A AR S5 1Y
BUFHARAE , Jiao%% (2019) Xt ART A RIEATAS 1IE4S
Uk FHUR R, 454 RTLSR A 41 % 2 T RTLSRS
iR, ZBIRIRR S RAEM G- IE-KTF RS, 5
ARTAAUAA b, RTLSRS #5271 vk &5 U 4238 1 5|
T ) R S8, AT b SR AE 5 A 1)
Fetk, JCHAEKRME T . i H POLDER %4 155
B ol SRS A TR E, R F RS E (R~
0.9), RMSE#I/NTF0.04 (Jiao %, 2019). Ding %5
(2019) MYBFFER LI, JiaoSE (2019) #EH K
T A% BE A T 4 b AP0 & R K T 2 A B A .
Rl AS SCHEH T ART A7) | RTLSR B8 LA J & A
T ARSI 5 Y RTLSRS B HEA THIFST

B2, LRSI L% 8 T A0S 5
XA RS AT 56 E , ] 40, Kokhanovsky 1 Bréon
(2012) *%F ARTHAYHEATIRUERS, HIEH T AR
By MR 8 s TR0 A (2019) TEXT
MODIS M. 55 {155 7Y 3F 47 P Al i), L35 J5 B o
100% . 7E 8 BB 1) RS 3RK T 0.4 DL S ART A AU
P 35 e 1) 5 AR Ry i 8 2% 12 ok T 3 4 25 540
Jiao % (2019) 7EAALGEIE I BE B B h e e
B DL KR AR 2= B i B . X TR AR o AR Al
(BP—AMgoeh & m A s DL bR 254 1
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R SR N, R0 2 B T POLDER 04l A B0
f 25 0] 3 B (R Ty 1) 25 (] 43 BE 3R 29 6 kmx
7km)o BEAR, XXSCRIRIPEAT R G, JLHAE
XT 5 (%) BRDF i dis , o] i — 20 fii /b RTLSRS 15
B RGP P, SRR AL
W R R 8, R, BRATTE—
AL T B & R B9 RTLSRS A5 AU 47 X T RTLSR
FEAUF ART LAY 1y 34

ARSCULEE T 2006 4F (649 4M%Z 0 ) i1 2008 45
(600 M4 78) 1945k POLDER 7K 35 £ #f 15 504 |
oz B AR AR R “Y " (homogeneity) S
W Lo ar el s (B =100%) Mk 4%
(M RE<100%) Hdis . 43l ] bk 3 SRR )
X Rl B AT LA, RS R°. RMSE Fl i 25
(bias) IX 385 HAGK 3 FPA AL XS AN [ %5 48 1)
PLERE S, AP TER ST BE£E A 18 A A A
PEALRE o [FIEE, 2 R o T AL R 0 7
3K, XFRTLSRSHEAUHEAT Tk, (UL T 4 1) [F] 4k
MRS R, IF X B AN 4 =5 (%) RAE g ) i
T35 M FNERAIE

2 B P

2.1 HHEiEAA

POLDER-3 1% J& % #5 76 125 [ 23 [W] A 58 v o0
1 PARASOL B A I, #S[E3HFsl, BT A0
HER L) 6 kmx7 km, WL K T VZA (View
zenith angle) TJi5%] 60°—70°, HHX} 75 {7 fi RAA
(Relative Azimuth Angle) 7 LA 35 0°—360° [ ]
J7 i o POLDER-3 f #1141 & — A Se M7 & 55 1y
TYE CCD FEBE L, TEUTHOT ) B W A R] LGk
FN+51°, BT UL F T DLak B 437, [H I,
REAR U R 22 # BE 495 . PARASOL 2 K FH
2 TR, BOFER A BUGE 1k O it i o BH £
PAUANAS 1% T A DL SR AN R a4 ad Al
(] () b e i, RO [m) A B LI B, s — %
oz ] RRE 16 CENA 144Y) KRR
WM (Deschamps %5, 1994), Hit, POLDER-31X
ATRERS U R 2 0 2 A R, SR E H AR R
S A A I 2 ) 22 AR BE AR R (Kokhanovsky
Fl Bréon, 2012; HHESF 45, 2019; T &0 5%,
2019)

POLDER Z#s A48 7] WY 52140 9k B

BT 0 430 O 443 nm 490 nm . 565 nm
670 nm, 763 nm. 765 nm. 865 nm, 910 nm #1 1020
nm, H: #1490 nm . 670 nm Fl 865 nm £ & Y ) e I=
il . H, Lacaze (2009) ¥J# T POLDER-3
@ 51T 2005 47 11 H %2006 4F 10 H 1) £ 5 55
TRYE T (A SCFR 2006 4F B4 5, http : //postel.
mediasfrance.org [2020-01-20] ); #HiF, Bréon fll
Maignan (2017) ZEA4 % T 2008 4542 4F 1 £ £ 4
P, A PR b oK S o AR [ P Ay el
R (IGBP) MERAR 3, HABOTh S ]
B (575%) WBEE AT LA, X0 B pR
JCHI ] BRDF BRI BT i 4543, B> H i e 1543
e B 50 MG T MU 2 BRI, DA PR B
JE v B A T LA 5 T 32 A R A Y 8 AL
(https://doi.pangaea.de/10.1594/PANGAEA.864090
[2020-01-20]), POLDER % ff £ 4% 4 © 28 5+t 4t
PRGHAY . RGP E R . RAKIEM E =B, LU
ASCIAR AP, FEAFHFEITHI LS | IGBPE
5. NDVI, B> . GOk . A, K
PHERTOUM . WL R THAR . AHRS 5 2 A . & By
FSt 3R VA K S BE R IE 2504 . 2006 4F K 2008 4F:
POLDER VK= 8048 4 b i A 2 5 1) s 3250 A
TE RN RIS PR 22 B B, B — B 53 43 A e h
AR, TR 5 R DU 32 A TS AR 2 B B
NG b, A — B s AT E P E X

2.2 HiEwmALE

POLDER Il £ AN [F] 35 B 0 UL £ A N i) 22
5o Bréon fll Maignan (2017) ## 7 %50 ds 4 h 25
S AT K T £ ANAFGE 57 £ J2 670 nm I BEAL 11
X I AR LA I B 1 o A 2T L e B S
PP A IE A AT IE o T AR SO 8 ) 4K
P 3478 670 nm AR ERAE , P CRERSE .

AR SCHR 4 POLDER 088 & v 37 ity 35 s g7
JET N 100% W) A Gy AR (e Seh Rk R
| o CdRai T ), T SCHEA
POLDER 1% JT H 0> X Ji f 5x5 4~ MODIS 14 ot
IGBP =5 AR T T i 1Y e 45] (Bréon F1 Maignan,
2017), B3k Sk H 19 ASCIT SC 1 047 40 4 4k B A5

PGS WM KRTA (6) 7. AR T LA
(6) 7 “KRMHKXTUf (6) " “ KI5

() 7 PARASAWEEB PR BRI, o
A H P BEAET . 454 2006 4F 1 2008 4 11 7Kk S5 %
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W, A S BRI A 897 MG T, ARAi T Bk A
352 M& .

3 FEAN Sk
3.1 RTLSR#EZ!

% K sh AR A B 2 B Roujean % (1992) 421
FHR FAE b3 ) M R A 2 R g0 R, 3%
BRI 3B A o (ST RIPEBOR . ARE . L
a2 ) A AR B, X SR 21 )
AT AR Ak Ry A2 R B, A i SO0 D0 0 S R AT o7
BT AL A OK SRR () SEAR ek =R T

R(6,,0,.¢.A) = fi.,(A) + [ (MK, (0,0,.¢0) +

(1
S (MK, (6,0,.0)
A, RO, 0, ¢, A)JEAPERKAM PR, W
FIPERZAE 15 K, (0, 60, o) RERTEE N2 K
ol ARECE R, B aTE A A9 £ 24 Rossthick
B Ml Rossthin # 5 K, (6,, 6,, @) IUERE B
BAYRHU GRS 0 LA G2 RO (BTS2 ) 4%,
AL Roujean& . LiSparse ¥ . LiDense % fl
LiTransit #% UL X E 10 5 5 & (F W& 4,
2014; Dong%, 2016; Dong%, 2018a f12018h),
AL AR IE O T R IR T 0, LI KT £ 6, FlIAH
XA b BIRREL; £, (A o (D) FLEL (X) 50510k
3AMEBIRCE BB, £, (A) AT LA R 1E K TA IR
IS SR 7 1) (8 B SR AEL, f (A) R, (A) SRS
R 4510 S S 8, R AR M R S R AR
J(ERé

MODIS Ml 55 1k 55 2% ok 0 48 B S ok
RossThick #% . JU G2 BN A% by LiSparseR #%, i
FRA RTLSR #5 %1, RossThick #% 3% T Ross 48 5% i
PRSI B I B 5, A X — ZE B AL 53 A
Rl AR, R R AEHEIR (1) BRDF 5t
B (Jiao 2, 2018a), LiSparseR # 42 (Li F
Strahler, 1985; Li il Strahler, 1992) %&T A4 JLA
FEEFRERI R T3, IR TS EOE B — A 2 4 S
B AE T T 7= A2 B LA G2 B, FE R AR
J& TR 1) BRDF S S A2 . RTLSR 458 AU J2 £ X 4E
Pi-tHIERGRMA (W 25, 2012; T %0 %,
2019), BHULRBEAF LA AR BE - 3 R 48 BRDF #054
F4) e Tl HCE AR

RTLSR 5 AL (R 05 A L] 6 22 % 0 3 A
AAF -

K, = (% —&)cosé + cosé ~

T

— 2
cos B, + cosf, 4 2)
K = 0(6,.0,.¢) — sec B — sec . +

1571+ cosé)sec 0] sec 6] ®)
Aqrh,
cosé = sinf,;sinf, cosg + cos b, cos b, 4)
0(6.0,.0) = % (arccos X — Xm) 5)
(sec O] + sech’)
6" = arctan( % - tan ) (6)
D* + (tan0," tan 0, sin @ )’
x= % s(ec 0, 7 + sec 0’ o @

D= ,\/tanzﬂf tan’6’ — 2tand] tan 6’ cos ¢ (8)
Ao, WM I 1) 5K A S Z 18] 89 A A
06, 6, @) EHESHRE, AL TGRS AW
LIS EAF T BIEAR, b/ F1 b/ 53 50 2 1 A A e
TEARFNARXS (51 BE OS5 H S8, h AR et 0 1)
AT P 247 1 B85, b A 3 S0 s A (BT 5 ) 4
AVl A, XA BB S h/b=2,
b/r=1,

HR A 22 f B WL B4, R e /s — 3 ik J i
LR 3 ACE RS, fo T, RJEERIE L
S0 T AT B8 2 BH DG A S RO 1] £ — [ i
SR, DA KRGS 3RS IR dR /D et 2 R AL
LU

62 ()\) — 916Z(p(anewgov/\()u_(f)(anewgov/\)) (9)

Krp, « WEHBE, BNAES S8 2%,
p(0,, 0., ¢, M)FIR(, 0., ¢, A) 53 AR
BADME AT, o, (A) 2R W A A . 2
F/IN AR 22 RR BB/ IMELIN AR RSB g 31
W R EABUE  (Roujean %5, 1992; Luch Fl
Roujean, 2000),

32 HtiESTfEmRE

i 1 i B A% 55 ) J2  Kokhanovsky Fll Zege
(2004) i1, MFRASEHA, LA BTk
FRHARNK -, DA KA RIS e P 78 AR
hEEREHSE, B E AT

R(0,.0,.0) = R(6:.6,.0) exp (=3f (6,.0,.¢)) (10)
K, 0, 0, oMEXSA (1) [H; R ERFT
FR . AR B TR 1 SR, TR AT
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_ K, + Kz(/"ﬁ +/'L\~)+ Ky - pip, + P(¢)
4(/"Li +/-"v)

R()(Mi’/“’v? @)

(11)
A, K, =1247, K,=1.186, K, =5.157, u, Hl
M, 51K cos 0. % cos 0,
P(&) = 11.1exp(-0.087(180 - &)) +
1.1exp(-0.014(180 - &)) (12)
Y 48 B GRS T BRI Y
TR, HEAXWT

y=JBL (13)
B=4m(y+ M)A (14)

mal (13) 1 (14) 7145
y = JamL(x + M)A (15)

Kb, LBEESAEMERAEJAL, TN 134d,
M 55 G i B R R L . BT AR
AL 5 Y O B R T I RAR PR R] DUR ]
1020 nm 40 1 S5 SRR Tk AR . A8 ok AR
Ja B A B R S A AT LU TS RS RS
e Xt ny e (RP 2% M) (Kokhanovsky Al
Schreier, 2009), HiTHE AT .

2
R R
(KZIH(RO)) X Ao

L= 16
AT x 100 (16)
2
R R
el e
B 4L a7)

A, KRR R, ik TOLIRAEN P i
BRERFZ ALY, M BR-AR MW 5= 1R 1% A e 1Y

80T (Kokhanovsky g0 Zege, 2004), ¥HRA
[y R T
K, = 34 (1+26) (18)

f(6, 6., @) &—>5 I -RE B L AT AH 5C 19 Ff 3
PRIEL -
116.0.0) = £5 00 (19)
i TS5 4 MI7E 1020 nm 7 B AW AR5, Rt
R Z 0k B s Bk L, AT RABM=0, A0 N
1020 nm P, Xio 1020 nm 3K XF B (19 2K 1K)
ST HHHR B KR s MAE 55 Y 2 P R
By RaE L, JF H 5K AL (Kokhanovsky
F1 Schreier, 2009), {HAE i F X FAH e P78 AT 1L
JEHRGT LT AN By N AR R 55, T RAZ S . R
490 nm A UE BEAF BRI M, Ay Tl x00 19 75 L[]

o FBA AT R A VK 2 BT S B R AN R 1
iV (Kokhanovsky 1 Bréon, 2012),
1 AT R Bk B & I ST EUE E
Table 1 Imaginary part of the ice refractive index for

partial wavelengths

A/nm x(10™)
490 1.78
565 3.52
670 18.9
765 85.8
865 165
1020 2250

3.3 RTLSRSH&EHI

Jiao%F (2019) JET#HTAY ARTBIRY, 58 1f Xf
HATmEC TR I, R — A EEC A, TR
FH T 4% 98 sh 45 7 RTLSR HEZE v, a7 F% 7 RTLSRS
BOARL, R C RE-RIE KT KRR,
HAAKT AR N

R(6,,0,.0.A) = fi.,(A) + £, (MK, (0,0,.¢) +

S (MK, (6,0,.0) + (20)
S (MK, (0,.0,.0)
K, £, WMIREFTEINERE, K, 0, 0., ¢)
RFETZ, HSH0E X520 (1) [, S0
BT (Jiao%E, 2019):
K, (0.0,.0)=R)0,.,0,.0)(1 —a:cosé& -
exp(-cos¢)) + 0.4076c — 1.1081
21

T2 5 T R T0 A R R T A A
THE AR X 3 R, Ko a2 T
LIRS AT R B S8, RS HENE
SCIR] b o SR 4R R B o (H I 7 5
1 RTLSR A7 S50 )7 i — 3k, {05 RTLSR >R f#
T FRAS TR AR, X AR AR ) R VB GR T 4 AL
HRPOAA aff, e/ R 2 R EUER /N X
oM, 4DSHENRFTK . JiaodE (2019) HIHF
FPERW, o MERMIEZ R 0.3, R T RIBCEHK i
WEAAE, fEARSCh, HEHTH IR T 0—0.55E
BNt afB; DA EIE et 55000, i
NIRRT a N R I A R R

TV — U2, TEASTMER T, X
RBGAT TAE SRR, X FEIE T RECN f
(A TC i R B S, [ etk B 1 AR AL
WA ASAT (Wu %, 2011; Jiao%, 2015).
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XFEiE T, AECE AL 24 0 BT ikE
AR/ (Jiao %, 2019; Ding %5, 2019), i,
Sy T AEF R AR A, ASHIE S X AR — 25
faifk, RO & m RPERC (Isotropic) H1E5 HLS
(Snow) PN AORIALAE AL (ISM), DIRZRIZT
PR TR 2 A5 B A W 2 K 2 B0 P X 2l 5 HU65
JEEKR
34 WEFE

FERSAL LA, ARBFgE 45 A T MAVEUE S
5 RBIEG TGP bR T k. |,
21 B AR 255 EE A S e A SRR
JC, F 3By R G AR O AR R 22
(RMSE) |, #E #% (R°) Af2: (Bias) 4545
AT LRSS HT s R )E, A nlfli el s . JEal
EHARIATIA, BRBEERUARCER . A, |
F 670 nm AT I ISHEIT 0, FF FLZIEBEOA o] WG
TN AR B, L, AT L 670
nm Ak (G M 1]

4 ZER 55
41 HEEILL B SR

411 ETHABGEHNERGOHN

TE POLDER #5408 2 4 B — 28 457 T B A i X
I bb e R Y 4l 35 R P (74.97°S, 119.89°E)
4 i >4 IGBP_15_200802BRDF_ndvi02_2970_3800.
ZARTTIH— PR 2 (NDVI) 4-0.04, K
Z1% B L 21 Ak B AT B s 0 B A, A AR R
1] 2008 4F-2 A, iZAZocN BT 4G 777 4> 2 M B
SR, K B R T 40 AR 7E 61.1°—74.7°
TN, A EE S A G LT o

BRI, BRA ST RIS, B/ SR
FALIRASL B, 5 PO (0 5 AR 308 K T A A
KN, AR S AT SR BB,
B AR bR Ay B 32 1 AR B PR, A
&M, MERFRER . WK LA x4
JC B LI £ Y L AE 0—65° [8] , 35 1 5 9 B
TR A JE 0% 22 (WL INAE , A B RAEAR . BOZ AR
JC 670 nm P B AL A AE B, 3 A5 AL 5 Sl X i
WEAR TS, T LAY g R an i 2
R, X HL SRR 3P b A B A I R S Y
il 10° LAY P58, b, TR iy s AQ SR 320 1
I A5, R BH IR TOUA 1 R AR T N LI 1

JITA R BH R THU A A P44
90
il .,ff ___________________

6-sing/(°)
(=]
T

| Bt | T |
=90 -60 =30 0 30 60 90
6-cose/(°)

-90

Bl i ARITA A AT, b 0 0 KT, o AT
TIL A BRI ARR R B AL, B/ s AL 1y
AL AR TR A LN A (] — 2K A e L
Fig. 1  The angle distribution of the pure snow, 6 represents the
zenith angle, ¢ represents the relative azimuth angle. The larger
points are the solaction of sun, and the smaller ones are the viewing

positions. Observations of the same color are obtained in one day

1.8
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Fig. 3 The angle distribution of the impure snow pixel, 6
represents the zenith angle, ¢ represents the relative azimuth
angle. The larger points are the solaction of sun, and the
smaller ones are the viewing positions. Observations of the same

color are obtained in one day
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Evaluation of three BRDF models’ performance using spaceborne
POLDER snow data
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Abstract: Snow and ice scatter solar radiation in a strong anisotropic fashion, especially in shortwave region, which, in turn, causes a
significant difference in the study of the global energy balance and water cycles. The remote sensing community has developed a series of
reflectance models for various applications in snow surface. Comprehensive comparison and evaluation of these models help in choosing an
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algorithm to produce satellite multi-angle remote sensing product. In this paper, we use the Polarization and Directionality of Earth
Reflectances (POLDER) multi-angle snow data to compare and evaluate the performance of three models to characterize snow scattering.
Three models including the kernel-driven linear Ross Thick-Li Sparse Reciprocal (RTLSR) model as the Moderate Resolution Imaging
Spectroradiometer (MODIS) BRDF/Albedo operational algorithm, the Asymptotic Radiative Theory model (ART), and the lately developed
RTLSR-Snow (RTLSRS) model have been well used in studies. First, the POLDER data are divided into pure snow data and impure snow
data by the using the homogeneity index provided by the POLDER database. We then use three BRDF models to fit (1) a single pure snow
BRDF dataset; (2) the entire archive of the pure snow BRDF data; (3) a single impure snow BRDF dataset; and (4) the entire achieve of the
impure snow BRDF data. We analyze the result on the basis of the R*, RMSE and bias. As the volumetric scattering kernel and geometric
optical kernel contribute little to pure snow reflectances, we further simplify the RTLSRS model by keeping only isotropic scattering and
snow scattering kernel in the kernel-driven model framework (i.e., isotropic and snow-kernel model, ISM). The performance of the ISM
model has further been evaluated using the POLDER pure snow data. The results are as follows: (1) The RTLSRS is the most accurate
model among all models being considered. For a single pure snow BRDF dataset, the RTLSRS model has an RMSE value that is 45.45%
lower than that of ART models and is only 18.46% of that for RTLSR model.For a single impure snow BRDF dataset, the BRDF curve of
RTLSRS model is generally similar with RTLSR model’s, but the RMSE is 67.5% lower than RTLSR. The RMSE of the ART model is the
largest in this case, arriving at 0.136. (2) The accuracy of the RTLSRS model in simulating the pure snow data (R*=0.969, RMSE=0.012) is
higher than that of the impure snow data (R*=0.926, RMSE=0.013). (3) The simplified ISM model can characterize the pure snow BRDF
data well. The R* and RMSE can reach 0.949 and 0.034 for the entire POLDER pure snow data, which is even better than the ART model.
RTLSRS has the highest accuracy in fitting various POLDER BRDF snow data. Although the ISM has low accuracy relative to its original
RTLSRS model, it shows higher accuracy than the ART model in fitting the POLDER pure snow data. Results present that the index of the
“homogeneity” provided by the entire archive of the POLDER snow database cannot necessarily meet the requirement to identify the pure
snow pixels of POLDER snow data. Therefore, a new method must be developed to refine the POLDER snow data and provide more details
that can improve the understanding for potential users in relation to snow optical scattering.

Key words: snow, ART, RTLSR, RTLSRS, POLDER, kernel-driven BRDF model
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