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Tablel GLASS products and unique features (Covering the world’s land except North—hemisphere snow cover extent)
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Fig.1 ~ The current major global albedo products in the world characterized by their temporal ranges and spatial resolutions
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TER 22 PN U5 A5 1 4 KA i 2 1 221 LST
P TR AR ERAS TR AEE . H Al Zhang
A5 (2020a) I FH Bk S 10 FnFALL S0 5 A g A
1 km 42 K Ag LST XA 7 o Zhang 55 (2021)
TE B T[] At feff ) 328 B B 2T AN R i v A 2 0 A
WS, AR AE RS A BE A 4 K LST 7™ i o
Jia%F (2021, 2022) T Hb R RE &1 i 19 7 B A
FEFRRI I, IR B EdE (Eban MODIS |
VIIRS) Fl#f ik A ABUEUE , #AT LAUAE W kG B2
B 42 KA LST 7= i o

GLASS LST = i 32 2| T 1 W 3th ¢ 05 % K i
AT (Good &5, 2022) . 4= K6 Hb 3 i BE il 55
(Jia %5, 2022; Wu%s, 2021) LAKT 26 <R AG
) (Valipour F Dietrich, 2022; Wang 4 2022)
SIS

2.5 MAIHNEIRE R 5% (BBE)

b 3R % 232 A A [ i BT 2% AR G 5
ROV T AR S G HER . GLASS M A LT A 5
I B & 5 % BBE (Broadband Emissivity) & 8—
13.5 wm GEPE B . BBE 15 F56 SHk
T RRAT B, MRS KRR
T 7K SCASE TR 1A= 4y 3t BR ) BB TR A G B 45 F R
SN ) A 2 G 2L . ply T o] SR 0
At T A 2 DA B 4 BRI AR X ) o v 2ot A v, G
BN il 28 D B R R R H Bk A R T R
MSEAL T ERATA,  BARRREAR LS H R AF 5L PR
(R 2 ARk, 33 R ) 2 A5 AT B 4 v 1 — A~
FEHE . Jin A Liang (2006) UE B T ) FH i
MODIS Y63 % 5 3% 7= i 48L& 19 BBE 1T LA 5 35 ek 5
MR R REBIOR L

T E PR T Al B SE D BR B A B —
R TR, R RIS AR W — > [
TE IR STE R B S ) ) A B )
R IE e . AR RN B (Dl
KR B R E D E R BBE (54 . X mFp
J7 ARG BEAS = R o B — POy B AN F
R B A B S M AR A6 DL AR B R B R ) 2
AR s B AN I AR G 52 BIGIE R BE
FEBESZA o GG & O 3 SO AEAS BT E A2 8 T
A, Bh NI (BB KM N+ Ak
HEC (NDIEIE RS HRA—ALST) , KRIEHEEA
R o BN, BEF S0 5 0 HHE 1Y) 30 R 4 SR 3R
W1, MODIS C5 )G &S i (MOD11B1) 7EJF
AR B AR E A B S, 4 0 e 25
0.0193 (Hulley %5, 2009). %4k, Seidik il 58
W BOR SPRICTERA B2 ar 3% . teln, ASTER
(Vi EI R 16 d, JL-F-AS AT RESE B0 A B8] 5 3
FRI A BRI B S AR s MODIS 7% % Be & St
B e B MRAE ROEAT B Y, 25 ] 4y B 2
5km , XFIGEFSE] 1 km BBE,

GLASS BBE = /iy &5 FE AR 5 k. Hb
Tk KE . B MR LI,
HBBE &4 BG4 . 7 GLASS MODIS BBE ;= /i,
Hykrh, B BBE S22 I ASTER Y6k & i %t
1Y BBE 5 MODIS 7 A % iz JE % 2 [a] 1) 4 4 ¢
ZAEH (Cheng Al Liang, 2014), XFhCRAY)
B KL Al 3 Ao 5 AL A AR B T S — 20 i B E
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(Cheng %%, 2018) . i ¥ BBE /2 & T fh iif J2 5
AT ARG ) A R AR RN, A S
Sy A BBE. 4 BBE #l 4 #% LAl (Cheng 4 ,
2016) . & ¥ Hb Ay BBE f& #f + AR 9% BBE () F- 14
B VK FKIR ) BBE J& 45 & 8 5 44 S it 40l 25 IR
IS / B AN 25 530 % B R H 40 (Cheng
45 2010) . GLASS AVHRR BBE 7 fi 2t 2581 1Y
LA, AS[F A 28 AVHRR Hb3 7] WL AI
VT 1AM 5 A MODIS 6% [ I8 % (Cheng FlI
Liang, 2013).

GLASS MODIS BBE ;™ fify /2 3 T Ml [fi U 5 19 &
SR IR . 2006 4F— 2011 4FH [F
At 75 1l DX B A S R A e 3 W AR b BBE 25 R 7R
0.02 AN (Dong%%, 2013). H|H 2008 41k 3 bk
HiL DX 6 3 11 1 T N e A 2 BH BBE 1573 254
90.016 (Cheng Fl Liang, 2014) . 8 FH 76 ] 55 #5
B 5 1Y) /N A2 5 )22 R B R W] BBE 77 i 5 D
Z A 225/ F0.005 (ChengZ, 2016). HT7E
2000 4F Z [iF, AT 3R HAY b i 08 I A b, A B
AVHRR BBE J7 i 70 BER80H, SRS E A1
MODIS BBE j= fit #4728 55 F o ATk & T
2000 4E L) J5 55 GLASS MODIS BBE 7= fit By — 2Pk .
P 25 4 X R34 7 ARAR 22 /N T 0,001, 8K
GLASS BBE 5]t 35 ASTER M1 2 & 5 5038 1 04T
T % (Cheng%¥, 2014), KMAFEEFMAZE
BB ARG 1 — Bk

GLASS BBE /7 i # FHAEAL T HLTH ET (Yang 1
Cheng, 2020) . #r ET i 5.9 9 LW S (Ma
A, 2018, 2019), VUIKPEHY BT B K FH 15
it (1) 2 TR B R BN A (Lids, 2017),

2.6 KiETIT. LTSRS

MR K BT S (LWUP) (45 %15 b
G R A Dk A S A M T R S Y R Dk R AT AR
(LWDN) . %57 Hi i & S 3 FH SRR B, b 1) |-
R S A A D S R A B R — B R 2% 2 A
B MR LWDN &k [ )2 KA R 5T, Hh3R
U i 5 LWNT=LWDN-LWUP. i 7 $58 5 7
WIS AR A3 B R PR 2 W
IR STV Py MRy 3L L Al AH G R0 B 27 il i
FH IR A R R A, M AR X — 4
T RZHOR, KRS 3 S bR Ae P .

Hi Kl ) 1R AR S A S T KR HE R

fHEXT TR . WP (~1km) MR
U FR AN LA R i &, MO TAEIFAZ I,
FEJRy B RO b R T 7 e B A ik RUBE mT B A
FERLZ B AR

FeA14E R T 2 F MODIS Al AVHRR $4f 1) 4 K
AP RS 7 o N TR A 4R
2.6.1 EFMODIS#HEMKIKES ™M

FIFR A A A ARY 1 528 BT B s I 25 1
LWUP (Cheng#lLiang, 2016) FILWDN (ChengZ%,
2017) 77 hh. LWUPIRG T EEMIGR G535
EHPEREL, LWUP FE R RIRERE, EES
BRI N H A BR B 23 AR A, i 28 R
P = T G b — IR 25 P B R R A I RE AR
MCEIR A R IE . 7R R R RO IRIE
JE R LR LR b, ffiFH GLASS LWUP 3t Bl & £iF 3T
TG 25 AU EE R MODIS 565 29 i B4 20 i S i o
KA B 50 A, HE AR BB 25 LWDN. 75 5 1
Pt X sk TR X, RAEKEIEFMEK, AR
SO R K B ML % LWDN &8 % %, FH
MODIS FJ B7K 187™ fih J H28 50 56 A5 LWDN,

T2 n RGN, MHREBA, Jfl
H MODIS = 7= i B b i A SR Al 1T LWDN, = R
LWUP i GLASS LST #1 BBE 7= S iHEAS5] . 76 F—
FSAS R SR & S Y . BRI B e 4 B2
=AY (Yang il Cheng, 2020) {8 =K LWDN,

A ER 6 4N ST 1) I 285 16 137 43 F2: i 5 0
TUESCHE X I 25 GLASS K U 5 3 = b A7 17 3830 o
25 R K], LWDN 19 e 22 1 34 J7 AR 15 22 43 01l ok
-3.77 Wm™F126.94 Wm™, LWUP (¥ 2% Fl1 ¥4 7 kR
R4 A -4.33 Wm? H118.15 Wm™>, i LWUP Al
LWDN 2 B3 2 A P m F (LWNT) #9025 4
0.70 Wm™, ¥ HHRZEN26.7 Wm™, K5 RAL
THABRZE 4 (Zeng %, 2020).

Jihh, R ZAE IE 5% R BN i AR T R
Pish R K P AR S 7 (Zeng Fl Cheng, 2021), E
(1) 25 (B 73 HESR N 0.05°, i 25 FIX J 2215 22 40 il
-4.15/13.74 Wm(LWUP) ,—1.3/27.52 Wm*(LWDN)
#12.85/25.91 Wm>(LWNT)

2.6.2 ETFAVHRRHERNXBKIRIES =M

¥R KBRS, AT — P EEE
LB MR (Xa 55, 2022b), A= T
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GLASS AVHRR i 25 % 252 1) K 34 K I 4 S 5540 4
HAKTM 7, f#i /] CERES, ERAS5 #il GLASS MODIS
B R S B, ST REALARAR (RF) Bk al S
A T8 S A IR 0 ) R R A 2 T 2 R
AVHRR K52 T0 1) 465 9% I 3 % (Zhan 1 Liang,
2022) FIFLT Hh e B T R A, R P8 L
{5 E, LA ERAS R HE (KR, K
R, MXHRRE) RARRAY A, Hoh i
DB AE KSR IR K 2 B 5 s I 30 X
TR RS KB RI A HERGFR B . EB%
> 1 07 AR i b i e 1K U0 R A E R AROK IR
ARG LT PR AN LN, o 2 N7 56 I 1) 45 SR 4 B
25 X 25 R ELA AR e (AR

5 CERES, ERA5, LM GLASS MODIS K %
FE SR AR B, A A ) %) b T 3 S5 S0 2%
PFF, GLASS AVHRR K It 4% S5 HA 3 i i R
&, LWDN {22 F134 5 i iR 22 73 51 -2.65 W m™
F119.08 Wm™, LWUP [ 2= F13 7 R 1% 22 53901k
-3.70 Wm™F115.80 Wm™, LWNT A i 22 F135 J5 AR
BR2ZE0 98 0.49 WmH116.29 Wm™, HH LA 5,
HoAx 3 B 00 ik A I Y 38 O AR R 22 L Ry
20.95—27.82 Wm? (LWDN), 17.46—17.93 Wm™
(LWUP), 18.32—25.97 Wm™ (LWNT),
27 ERERRES

P B S (R, LAURRIFREGHRS) Bk
MW (0.3—4 wm) BB (4—100 pm) %
TR N N AT SR AT O 2 2% o VR R AE M
FARGTRE R, EREAR TS 2 A BRKER G 2
B E RS 7

GLASS R, it B THAR RS kA i, ds H
] (HRBIAYE) R (WEARSKEIE) WA
B B RURE o H [H) 4 559 7 i i A B8 B2 & GLASS
DSR. H—fbAE #8550 (NDVD) FI Sz BER P 5,
DL S MERRA2 P4 BT 50 i R 2 8508 . FEIR R 4
PEENFRY (Jiang %5, 2015) FZFALESF > )7
% (Jiang 46, 2014) M Eal L, FRATERE T
MARS FIBEHLARAR (RF) 83k, @it 4 Bkid 6004~
Ul SR A B (Jiang %5, 2016, 2019).

P CPE T R P PV N E PNINR S
it — 50 H M AR 5 AL, JFHA T
GLASS MODIS #il GLASS AVHRR Wi &= i o 75 5
X, T DSREWE M ARE S E A KRE,

GLASS MODIS 77 ity 2R IR B2 2 2] J5 1 A MODIS K
SZ Tk B s B4 (Chen 58, 2020) 5 1M
GLASS AVHRR 7 ity U] (5] 52 A1) R B ), >R ]
TE&MBIER ERAS LAY, f 245 2 BRI 25 ok
() GLASS AVHRR RIS ™ i o bt g T
FI R 2 5 75 8 N AVHRR SR T 08 00 55040 17
PR T RBIGHR S ™ i (Xu 5, 2022a).

Yo A1k, GLASS K245 i 7= i J 23 1] 4y
PR (0.057) AR5 H 4Bkt 25 Toak
(1) 38 JE 4 e O P o o AR B, BT P
T M X 2013 4F 6 ] CERES 5 GLASS ¥ 48 5 7
o HTEOMMZS E 3 HE (1°), CERES/™ MK
2 Z W GLASS 7= & I 22 B A9 1F 40 (4 25 (8] 40 15

A

4N 4Nt b *,
Y ' W e,
39°N " 300N | é < o
36°N 36°N L L L
114°E 117°E  120°E 114°E 117°E  120°E
CERES R,/(W/m?) = 12571,30 i
Fl2 v EGTHEF X 2013 4F 6 ] CERES 5 GLASS iR 5
axis

Fig.2 Distribution of CERES and GLASS R, in the Beijing—
Tianjin—-Hebei region of China in June 2013

Jiang % (2019) FE T 4Bk 142 /> 0l 7 52 0 £
it LA B UE LA R 55 A At [] 28 v 4 5 7 o 1) 22
XL XF GLASS H [a] 4R 55 7 o JF R VR,
GLASS H [1] 4+ 5 53 7= & B AR 58 UE A 2 o R°=0.80,
RMSE=51.35 Wm™, MBE=0.18 Wm™, 1T XN i
CERES SYNldeg Ed3 7= #& (R=0.81, RMSE=
54.96 Wm™2, MBE=22.72 Wm™), H.{EA[q] )1
s . m A AR ARG Y R IR . i
X SE BRI B )2 B GLASS RV da 51 7= i, H)
AR 574 A0 55 S0 B T R AS B 50k, JF S
CERES4A . ISCCP-FH # /8™ /it &t ERA5. MERRA2
T BT 7 i S 5B e i 2 LA . BREZE R
1983 4F—2018 4F J 2000 4F-—2018 4F- ¥ 4~ i ] B¢
77 SR PE RS S 5 0k AT S B e X . &
7R, GLASS W22 K 34 5 5 7 b 76 P A Bsf i) B
PR R ARG BE ER AL T P IR . JGHL GLASS
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MODIS 7= 78 2000 4E—2018 4E 1} ] B 4 L) RMSE=
26.18 Wm[F)K5 £ 4 F GLASS-AVHRR (RMSE=
33.21 Wm™) 5 1 F 40 B 77 ERAS 9K B2 5
GLASS AVHRR #124, {H GLASS-AVHRR %5 [6] /3 ¢
T

2.8 EHE(ET)

ET (Evapotranspiration) J& 45 i ¢ H 128 & |
MY ZENE | MR R R . KRR K ULk Tt
e BT il TR OKIWRSRIRE) MK
SALRKIE I, B R ZEEUR R K IE . RS
AP REK o MBE R sC R 2 S, JEBli
RIZREHIGER . KGO FIRRAE I v fe e A 53 04 15
W2 —, KBPORER . KSR, R
DA A AR AN ] 2 i B AR

HEf 2 ERIERET =ML, BT
1z, B4 250 SRR R B —ROA R Y, 7
A AN E PR, 77 b A 25 55 AT 36 52.5 Wm™® (Li
45 2021c).

GLASS ET/= Ak RHEZH L EGHE, R
FH UL AR RS (BMA) 5 i 4Bk 240 4~ 5
) FLUXNET i3 B AH OGO . JE Al S P e 28 ik
B (MOD16 ET B . 2 i Penman—Monteith
B 3% I A 2 5L 56 % 1Y Priestley—Taylor 5.
e AR T Priestley—Taylor 370 D) K 36 [ &5 HL 2%
KEFW A2 ETEL) (YaoE, 2014), %
T AT e, FETE T Bkl 751k
KL SRS BE . GLASS ET 7 5 32 %243 4§ MODIS
ET fIAVHRR ETWE ™, 7= i FZER AR R R
BAEGHE . AR SR T
B 28 — ST

22 3 A EK 240 43 5 A9 FLUXNET 38 )3 A1 G 5L
PEIGIE W] . GLASS ET 7 /i ) RMSE=35.3W m,
R’=0.75. @i KE L GLASS ET 7= i fl 4 BRF WL
B ET &&= & (PML_V2, FLUCXOM. MOD16 il
GLEAM) , F W GLASS MODIS ET 7= /i % Ji fi &5
(R*=0.58, RMSE=26.2 Wm™) , JH ¥ /& GLASS
AVHRR ET 7= & (R*=0.58, RMSE=26.5 Wm?) .
Bk GLASS ET ™8k, HAY 4 Fp 2Bk ET ™ o ot 2
¢ = B9 & PML_V2 (R=0.56, RMSE=26.9 Wm™),
H Y J& FLUXCOM  (R*=0.53, RMSE=26.9 Wm™?) ,
LYK & GLEAM (R*=0.49, RMSE=30.5 Wm?), T
MOD16 7E it A ET 7= i th g B i ik (R*=0.42,

RMSE=30.0 Wm™).,

GLASS ET = i fE 2 BRARE A FE . A SR BT IR
A ARSI AE A B Tz N . He,
Song 5§ (2018) LA T Hh[E R A4k 5 4~ LA ET
Fon, R GLASS ET 7 it He BB ARURE B2
Li%E (2021c) B00F T BT i 6 A~ LA ET 7
i, AR GLASS ET ™ fh G fE I 25 22 Fid &
FERS S 7 AR B B A g
29 EHMEESEE

M T S AOR B A LR DL B 1.5—2 m bR
IR, RIEMERIKZ KW PREFL . F
R E Rt SEFERANEERASE, [k
ARz M TSR A B i
T2 S5 U I 25 0 S 0 A ™ it X BB
SRR R S BR AR AT D, X T iR D)
7= L R AR BRI L 3l T AR B W I A — s 1 R
N A B e E B AR X . SR, b sk s
R 2 B TR 22 s AR AR L T EE A BT R
G0 B B 19 2 (8] 4 BE R A X RO . M AR .
MR Z FEG R P E s PR . ke, &
RAGE RN AR 7 55 B9 A0 ™ i o 28T TR 18 IR
PR E L EEASH . (D) ES&%IT
B (2) WE—MPHEEO T (3) HhRAR T
ZHb; (4) BERRFL A D; (5) fl
T k.

GLASS It b 1 25 =il B 7™ i J2 2 T MODIS W
m % % . GLDAS (Global Land Data Assimilation
System) BLXEHE, PIICKEE . 4 KA UL ) H:
fil GLASS R4 T8 AL 8™ i (LA DSR2 R
At FAE ), FHALER 2= 2 7 A i K
. BFas ok AR H RS

ZoOr ke T b E K R X (Chen 55
2021c), ZFIEL R BN TR AR E . 1t
SRR B B0 IE 25 S R AR Y R4 0.98, RMSE
TE 1.4 K22 AT, RWNZDT L REFEAS R R4 F
BAG AR, AR AR | ZY ¥k
LB AP MAE B, PRIE T 7= S S . B 2010 4F
(4 GLASS I B0 42 7 i 5 B 16 3 b ™= it A7
T2 M X e, 4175 CLDAS (China Land Data
Assimilation System) (0.0625° ) . CMFD (China
Meteorological Forcing Data) (0.1°) Fl GLDAS F43
Prgicdls (0.257), Jf ) F #t v o5, S0 B3040 X 7
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W7 HeE . SRR, 4R IR SR 25 4
Jry b B AR — 2, T GLASS Sk ™= i B
WSS E PR (1km) FEALARE (R=
0.992, RMSE=1.010K).

B H SRS, B SR AR
ZW TR . S A 9. GLASS 4
BRA KA LST 7= iy B K i () P 91 L g s 25 4 9%
FOERRRERS R E . Bk, HargA14 =
B4 ERRE 2 X8R 1 km H i . SE RERAR SR
i (2000 5E—20204F ), LA & AR 20758 453k A
Br. PR 50 TR

3 ABRGEEWSE SR

3.1 MEFRIBE(LAI)

LAL (Leaf Area Index) A H5: LAIFIA R LAL
2Oy e HSLLALGE XA B S T R — 2K S
HUE AR, A R DAL LS LAT TR LR AR50
TR 22 B3 TS AR A A5 iy FH = B LS LA

GLASS LATF= {2 H S LAL, B SMRAS (V1—
V5) Al — M TR 4% (GRNN) A Ay
(Xiao %5, 2014, 2016a). 48R ZH0H #h 24 M 4 )5
e FB A A R (R 0 A TR A O S T LA,
GLASS LA it FH— B AF A0 b 21 s S 58 85 ok
Y2k GRNN, A BAMMR R A — 41 LALH| 1
it FH B 1) ) 1) g b 3 5 S5 238 LA FH B i S50 3 (E
WA 5HAKM LA S, GLASS LAI
7 B BIE B LA ) B  RORS JE (Xiao 45,
2017) o M7 HAEER AR R, 5 R2E7 5AE HAR
GLASS LAL™ i s i e AR RIS B2, 423K R*=0.70,
RMSE=0.96, H'EHLIX R=0.94, RMSE=0.61 (Xu%:,
2018) . B —Wiph TG UERF I M, X AT gl
KA E Y REIE Y, GLASS LALY= i BoA e fR A
WiErE, HEGEOVIMIMODIS (Xu%:, 2018).,

GLASS MODIS LAL™ i A< (Ve) [l
T —E4280 Rk UK aicis (Bi-
LSTM) I [aI 5 BF A 28 o £ B AR, 5 0 A e S
Y AER LAL™ 5, il RIS iRk 2
REAC AR M R 55 . AN TR R A AR b 2 I,
ANTR) AR 25 F T R 0T, SR H B/ 25 B
fill & 22 LALP™ b R A 2 (0] )37 51 LATAEAS, I
Bi-LSTM A5 7 37 fif [] 7 51) MODIS Hi 3% J i % 5
LATR G, Y4153 Bi-LSTM Bk, Jf

A 22 4E (2000 4E—2021 4E ) #9250 m 11500 m
LALP= 5804 (Ma 1 Liang, 2022). %:F Bigfoot,
VALERI J IMAGINES YL [ £ 114 79 i LAT i 43 HF
RLHEPTH EHERIERM, 5300 m PROBA-
V LAI, 500 m MODIS C6 1 GLASS V5 LAI #f b ,
250 m 1500 m 43 A9 GLASS V6 LAI = & HA
RS BE (RMSE 439 4 0.96 110.87), B 4§25
(i) R s ) — 35 M o B RRUAS GLASS LAL™ i AH e TH
Ji ) etk R SRR S R e R s (A S
BUERRAE ), ROEAER I . A R 2 B 155
7 T P R ] — S0HE e R TR AT

MODIS F 77 LAL = i & 500 m 73 BF% . GLASS
MODIS LAL V6 7= & i 43 BF % 2 250 m, B & 48k
P LAL b v 28 ] o3 HEoR B s 1 . 16 3 s
250 m LAT = {5t T DB 4 3b Fe AF b 26 ) 25 [R] 4045 .

GLASS LAT ™ fiy 8 FH T M T3 B 55000 v Ak 35 At
A, WHEMI R OE G A AR S I (FAPAR)
(Xiao 5%, 2016b) . ME#EE #E (Xiao %, 2016b).
FE B R T ) G Be & it %8 (BBE) (Cheng 5%, 2016;
Meng %5, 2017) . fHBEHIZE ™1 (GPP) (Tian
4, 2017); DL R ARBA S 22 M8 () N 1 AR
BREGEHBEE (Liu%s, 2017)., GLASS LAI™
8 A A A Tk g T S e IR e
WA ME, L anFRAT O & 4 DN T3 A5 v W] e
flitt—H KRR S B A (Mad,
2017a, 2018, 2021, 2022b).

GLASS LA™ fi i 8 T 3K 21 45 Fi-fl i 3R 2o
PR BB A, a0 sh A 4 BRAE g BL A (LP)-
DGVM), DISEAGE AN GPP (Ma%$, 2017h)
Z )R — B o FH TR R R AR 3 AR R K S
M b7 A 7K SRS (Lin %, 2016)

GLASS LAI 7 it 8 H >k 37 46 fili 38 858 Al
(Tesemma 2, 2015; Druel 25, 2017; Guimberteau
4, 2018) FIHLERARGEAA! (Huang%, 2016), ¥
A B AL A BE A N (Jiapaer %, 2015), PEA
K i 5 4 R B ) E R (Slessarev 5
2016), TPAEBEXT EAS R I RE (Zeng 55,
2017; Alkama 55 , 2022) FI b 3 ) 68 & 4 Ac
(Forzieri 55, 2020), Ha AR A AEAS [ 25 8] RUEE |- 79
AR LR ol A (Piao %, 2015; Zhu %%,
2016b; Li%, 2018; Gao%:, 2019, 2020)., GLASS
LA Ak [ AL 2IBH AR (Mocko 45, 2021),
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MODIS % {1,
RGB & Mg 1%

GLASS LA i [l

(d) GLASS LAI-1 km

0o 05 1 15

(e) GLASS LAI-500 m

(f) GLASS LAI-250 m
25 3 35 4

K3 BN 2S [ B3 0 LA (2015 4F55 145 K, PABE Barrax—LasTiesas (/22465 39.00, ~1.94,{E5[H 6 kmx6 km)
Fig.3 Comparison of the LAT maps at different spatial resolutions Barrax-lastiesas, Spain (center latitude and longitude 39.00, —1.94,
range 6 kmx6 km) on the 145th day in 2015)

32 EHAESEIIEH WKL (FAPAR)

FAPAR (Fraction of Absorbed Photosynthetically
Active Radiation) FAEA S 2IAH 9% 7 J2 T0s i) e &
AR Sk AR B R R LB, B R SRt
GG ARG A E W Y A o, R TR AR B
FEAERA = S0 Fa b, R i M 5 B A R
GLASS FAPAR 7 i (X3 2 i (8] 7 10: 30 11 %
BHE, 2RI RIE .

GLASS i F. Wt FAPAR J7 fil AN J2 FL 42 A T 4k
Pi R A2, 1 & M GLASS LAT 7= i A1 H: A 4l B
5B (Xiao %, 2015) fiiAmisk. Z 7k RER
PR 2 LG A SRS (PAR) & i
FAPAR. GLASS MODIS FAPAR V6 /=5 LAI V6
FEE AR RE— B, SRR A TR EE fTEL A FAPAR
LAL S i3 88 (Ma%s, 2022a), HOAT LR
B S R BT FORS B . B T T A A Bk
FAPAR 7=/ (MODIS C6. GLASS V5 fil PROBA-V
V1), 7TECERM SRR L L, RR/NE
U] A5 BR A FAPAR 77 5 SR A4 2 FAPAR B[]
BIREAS 5 3] FH Bi-LSTM #5584 31| k45 21 B} [71] )7 371
MODIS fz 5% (AUl FZE . 3 2r M oA I B

FAIE(SEE) . GLASS V6 LALFl FAPAR FEAS{f 114 i
BF 3 F, DI AR R 4 BR 250 m 23 ) 4 B K
FAPAR 77 /il . 3T VALERI K2 MAGINES Wi % 4%
1 62 i FAPAR & 73 $E R 2% K11 H 2k R ]
250 m 1 500 m 43 B 3 %) GLASS V6 FAPAR J /iy
(RMSE #25 0.1)  HELA 300 m #1500 m () FAPAR
FE i B S AR R . 5 GLASS LAL V6 TEI 25 4
i b HA 3k

GLASS AVHRR FAPAR V5 7= i 5 B R 2 o)
i (NCELFI GIMMS3g) #47 1 HbAL, GLASS ™ fh
BAHELFR TR ARE (XiaosF, 2018),

GLASS FAPAR /= it AEVF 2 W S 2 W H .
B0, Zhu%% (2016a) H1Wang%% (2017) WEH],
i F F GLASS FAPAR 77 filt £ X MODIS FAPAR
in, FERRAEAH T, AEAGSE GPP IS TR
Kokt . Hu%s (2018) HKf GLASS FAPAR j= i
PIAMAT) GPP I

33 HEWEEZE(FVC)

FVC (Fractional Vegetation Cover) (Zhu %,
2016a) 7E XAy 0 WA E b THT A A3 T AR



RIUbK 45 . Fifi 36 TLE 3% Il GLASS 7= i B2 I & 3 1F e 843

it DR TR A b AR R T R R AR B
TR ACE- 7 R AR 2 S8, fE RS 1
Bl . K B A Y B R b o e s A, R
HReIe B TALAY | RAHRARAY | DX A4 Bk
B, AKSCBERL | A ekARfh | AR AR PR W I A5
G H FRAF b A ORI Y AR

HAr, ETFARDERREIHCSER T2
ADEERFVC ™ i, BRI S AE 7R e 22 52,
T HAETE 7™ i B e A BE AN B 2 K. B[]
) AN SE 4 ) B, 3 GEOV T FVC 7= i 36 UEHRS JE %5
4f (Camacho 55, 2013), {HF A B IX 1) % 22
T XU 000 5 i 1 56 IE 2R BT A T 23k 0.2
(Mu%§, 2015).

GLASS FVC 7 i 33 57 AE A 4 3K o0 A 1
o 225 [ 3 3 23 1 TR 4 A i A A Sl A 1 it
b YIgmEE R = S Bk, A AR
FER RO 0 SRR 2 BR FVC B (Jia
&5 2019), W) GLASS MODIS FVC y= i B &
ET GRNNFR (Jia%, 2015), (HIEAERFVC”
an AP B P IFRERSCRAS N R, E ke
FRALES 2 2 7k, A e H A B i B RCR A
A BRSO MARS /7% (Yang %, 2016) .

AN, Ak — 4 GLASS MODIS FVC /™= i
B BsF ) B R, R R ELA I s — BOME Y KB [E] 8
ZERFVC P i, 1 GLASS MODIS FVC 7= i By B 4t
b, BF& T % T AVHRR %09 19 GLASS AVHRR
FVC™=hih (Jia%g, 2019). EE, fERECRAESM
YR, M — S AR Y AVHRR RS
GLASS MODIS FVC 2RI AR S R)g, FIH
BEARSEYI 2k MARS BEHY | B 3% T AVHRR J 5%
BP0 A 0 5 R A . )R, FIAH GLASS
MODIS FVC % AVHRR £ i Al 5 69 FVC 2E 174k Pk
®IE, #3%]5 GLASS MODIS FVC —Z{ i) AVHRR
FVC i,

FET AR 1 VALERI Hb 1] 56 3F BOHE (445 B
K g B2 (Jia%%, 2019): GLASS MODIS FVC
77 4 B9 RMSE=0.157, R°=0.809, W% . T GEOVI
FVC =& (RMSE=0.166, R=0.775); GLASS AVHRR
FVC 7= i B9 56 3E 25 S (R°=0.834, RMSE=0.145)
P F 5 F AVHRR 2045 19 GEOV1 FVC /= i (R’=
0.799, RMSE=0.174). Itk 7E2EmA H X0}
5] 340 9 BV C b T s B ik = W, GLASS FVC
7 RS FE R (R°=0.86, RMSE=0.087) i @Ak

2o
X
i Y

F GEOV1 FVC /= (R*=0.71, RMSE=0.193) (Jia
45, 2018a), B T GEOVI FVC /= 5 Ay el TR 4
(JiaZF, 2016, 2018a),

GLASS FVC ™ it HAT 7 it I ] 55 B 4G L I 8
SRR RS R S BB AR, GLASS FVC ™ i
CAE KA oY . AR AR W I 4 kA5 2] 1
N FH L A9 A TEA T R s b X AR A S, IR
M T H 2 AR AR AR (Xia %5, 2021); 4 E
2001 4E—2018 4 (i AE 1 78 5 A8 fb a3, If o 1k
TRIT T CO, WEE . AR . BERE AN A g 55 A8
155 R R A o 7w AR AR 2 (Mu S8, 2021)

34 EHEBEVMREFTH(GPP)MMEWMRET=N
(NPP)

FEBE W) GAE 77 T3 0T LA 43 R B 9% A 7 ) GPP
(Gross Primary Production) Fl1it#] 2% /= 7 J1 NPP
(Net Primary Production) . Fij # f& 48 £ &5 R 46 4%
AR E A CEERT, WIOR B g I R4
TRk G A B A, J5 3 W3R8 T S99
Az D1 T AN BRAE Y B 35 0T T I FE B A P ) R
RIS o MBI A T IEI T Rl AR S RS
TEHRZM T A Re ST, AR R S R g
PR R GE AT P2 K e ) — > H B AR 455
] F, A T R i bR TR B A 90% LA -, HLXT
SRR T 5 RO PO TR A L R
KA CO MBS i EZAER . AUk, K
2 40% FEBL AR A 77 1B NS B 4% s A 422 0 )
L =N LU SRR A e i LA

GLASS GPP & £ Jii T Eddy Covariance—Light
Use Efficiency (EC-LUE) ##! (Yuan%$, 2010).
JFR U5 ) EC-LUE BRI 4 A28 59K 5y . 328 AT B
BEC (NDVD) | SGEA SRS = R ABCC
AN PGl 5 1Y HAE ) o 53189 EC-LUE B8 H]
B R G AW S GRS E A T,
FEXF RS-PM AU AT THEIE, DIRHAE S R Ge 28
WAk (Yuan 5§, 2010). i, R 7 HEGE GPP
R AR LR AE , GLASS GPP P2 f i F 1 Je 5 i
A B EC-LUE f4Y , & AR5 T LA GPP
KA R & RACOME . HHEM
G 4 G KRR TR S (Yuan 58, 2019;
Zheng %, 2020). 7E GLASS GPP 3£t |, R
TRENDY B L1 B30 i 19 10 A4 2l 25 48 4R 7 A5
PLE MY H 35 PR 5 GPP Y FL (R, B 8L AR A
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GLASS NPP =i .

EC-LUE BRI 28 7E 035 | RRUH AR A FH i
Bl A OC B 19 B B #E AT T 89 E ( Yuan 55,
2007, 2010, 2014; Li%, 2013). K:iF4s %
W], EC-LUC/HEIRIGEMSE LT P30 GPP 7E A ) AR 2
ARG Ry 2 AR AR o R ) d 3 1Y 9 I
R KY], EC-LUE BIAIBEUE AR ff MBIl GPP 25 [H]
FIEF ] AR fL a3 (Zheng 55, 2020) . JLAMELRL )
LR, EC-LUE AL T H AL LUE &R, LA
TER IR EC-LUE B8 5 B v [ AR B it sl A
5 3 I g MODIS GPP 7= &h B 47 T He s, K3
EC-LUE £ %I b MODIS & 3% % Bl 4F  (Xu %,
2013) o IR —TMFSE AL T 8 AN BT LA
GPP 1A 7E AN ] 32 2w A S RG2S 1 R BHL,
K ILEC-LUE R R bt (Jia 5§, 2018b) . X
P ATE AR 85 NI S A SIS I PPAL R T, i T
GLASS GPP /= fh 8 il T EHEL A I A e, AL AE
AR PRI E# (Zheng 55, 2020)

GLASS GPP 7= i &L 4232 #b H T I AS [ B
25 RE ) GPP ARk (Han %%, 2015; MaZ%, 2015;
Wang 4%, 2015b; XuZ%¥, 2013). 40, Yuan%§
(2019) FIH GLASS GPP =i fiff 5% T KA VPD X} 4
BR[ti Hs GPP 5200, & B 20 28 90 4E AR A LU G
T VPD I3, GPPHF&iis T [, #KiH T 1E
CO, i ABRZ N . 47k, GLASS GPPAA LB Wi H T
FF & A ek i H A GPP S 7Y (Kanniah 45, 2009;
Restrepo—Coupe &%, 2013; Pasquato%$, 2015; Verma
4%, 2015),

3.5 HMi EEYM=E(AGB)

FRARA: Wy G B 1 AR K 0] AR 4
A HLRR B, A A T
R, BAALK tha i Mg/ha, FEFKAGB (Above—
Ground Biomass) f5 A9 & H3ELL FAr A M4 Y)
E e i SN TN 0 S AN SN 25 1 1) A O3
M AGBAE N b b A 25 R G B RRAE I, 748k
B I ARSI AT TR B

AR AGB 119 HE B A 1 5 X6 R AR K S 2
HAEMZImRE T, NIk, HATAYBFIE K 2 R
PG B OUHE AL TR . Bt
RS R R SR B EE 1 7 X, ST X AR AR
AGB B &, Jfr=d T —2 X ok 2Bk 55
TR AGB 25 [H] 0458 (Zhang %, 2019b)., &L

TR B IEAL AR AGB BT 5T BUS TR R
B 2R ACB i 2 — Lo b 3RO R ST
50 EEURS {0 H AT AR AGB A 5 1 AS B i
PEMCARAR R, I HAS B (8] 77 51 #R AR AGB $icd A0 %of
Bz, R, FRAT T B T Y H
T SEEC S . R R IR 2 o) S m AL . AT
I 3 7R A s A I B i AL AR PR AGB A8 b 4
J5 A TR AT MU B

GLASS FRAR AGB J™ ity 5 T 1 9% fili 2% 18 J8 ™
A B, YNGRk BT DM S L O
B 3k R A3 e A B AR ) B R I R A AR AR
AGB LR Y (Zhang Al Liang, 2020), AR &
f145 GLASS GPP., Albedo. FVC fil FAPAR LA K #i
BOL2E R EE (VOD) Bl R B 45 3 SEdi A %K
WA ge 1ot OO TR IR R B . AR
PR AGB T 25 55 24 CatBoost 82 BB . 7R BT A9
s, FA14& M CatBoost [t RF, GBRT. SVR.
MLP FI MARS 45 58325 7 FU A& 9y £ J7 18 P g 3 47
(Zhang %%, 2020b) . F& T B[] 5 471 1) 228 J% = i AN
CatBoost 5.1, 277 1 1985 4E—2015 4E 4 5 4F — I
(14 BR AR AGB 25 (B 43 A, FF Ak T A4 9 e Sk
B R AT AR AGB AR S AR M. A8 SLBRIE
gER R, GLASSZEAK AGB G R0 0.83, ¥y
AR 224 34.45 Mg/ha, 2BRA 81.47% FRMAG 0 H:
AGB i B R 52 PE<10%, XA 0.84% 1 7% bk 14
JC H AGB b B AN 22 Pk >20%. M4 A I,
GLASS #i#R AGB 53T 43K FRA (Forest Resources
Assessment) A= 4 5E[% ROZEAS 2] 1 RAR AGB 5 %2
i (Kindermann4§, 2008).

4 JbERE AL (SCE)

NG S MRS R T FR , QSR b 3k 3% T A7
FERF RN —F T 55 . BT SCE (Snow
Cover Extent) J&ff; FEEEMEH L. Y
SR BRI AR R AR, X R K S
SR G EN UK, R, BREXRERS
AEENRBEN, DR @i, BEXR
R 7% U AR . 2 1) U = SR IR A FH 52 e o Bk
RIZWBE RV . KGR . KGR AEER
SCE AR H [ S f R gedar I () B HE ARz —, e
JEMARIZHL (WHO) FIBUR [E] AR & 1]

bigx (IPCC) B A A2 AL DAl 4l 4t Y B 228

HZ—



PRbK 25 . Fifi 25 TR 38 8 GLASS 7= i 8 1O IF & 3 ik Je 845

BT DA™ ML, (AAEAER R R E
B HERAL . B I ORE R S I R, s
1] 43 3 3% 3% 35 KT 25 kmo W HR X — AR, L
AVHRR % H b U0 2 e Bdia 4 (AVHRR-SR
CDR) MIEml, /@b, B, s . TR
WM 254200, R SERb i i © & A AL 72 3
gu. B IR AR RAN S L, A TR
40 4 iF 25 JC 4% 1) GLASS SCE 7= i (Chen %,
2021b).

GLASS SCE J* i L85 4 M 5R: (1) R
22 [ G 36 1) R SR A B30 N AVHRR Bl i X 4314
H S A% o0 (NHSCE-D) 1 H: A 25 78 25 2%
R (2) FIHE ZAR PTGk - 5 55/
TCROWM G T A T3 AN, IFiE—25 5 NHSCE-D
HIF, AR ERZ B AUE AU (NHSCE-
De); (3) FIHIBSHZRA, Kl NHSCE-De 75 R4
8 d AN M e RS A 25 i F (NHSCE-8Dc) FlI
/N R TT; (4) R SE5 MU Iy s B E
R, dE 20X e /NS B EAR TTHELT ) W AN
W75, JF5 NHSCE-8Dc & Jf, MM = Az it [a] 534
%4 8 d I ICHI PRI GLASS SCE 7™ i -

FIFHAER DT S E2E M2 (GHCON) i i
R B2 ds . MOD10C2 B3 3= 2 B4 A ok 57 1
CLARA-SAL-A2 Hb 3% 7 BER 46 X GLASS SCE 7™
i TR HEAT TR . FRATEBL, BT GHCON 3
FUFIGLASS SCE 5845 2% 1981 4F—2017 4 [A] 4
SRR S AR B AR DG 0,61 (p<0.05) 5
T MOD10C2 Fil GLASS SCE JH4.159. 5 1 2001 4E—
2019 4 [A] 4 F- 3 PR 55 7 35 =F 8 =22 0] I AH JC e r=
0.97 (p<0.01), LAk, HF CLARA-SAL-A2 15
3219 1982 4F—2018 4[] 4—8 H V- 34 Hh % Jz it %
55K [) sf 1] B PN 5 T GLASS SCE 5345 3 i H 3F
VIR E S F 2 M 28 IER 016, 7£95%
1 ZE KT A AMEM R B R 0.76. 8 i) 52T
CLARA-SAL-A2 Hi 3¢ JZ BRI th i, AT A M
GLASS SCE /™= fh R FE At 2Pk AR 25 S8 Ty T2
CIERRiP

GLASS SCE 7 i 5 NOAA NHSSCE  (fik2s ] 43
HEZ-25km) . Suomi-NPP Fl MODIS ( %7 I} i) %
JE), LAJ ESA SCFG #1 JASMES (%% 8] 35 AN 52
#) M, GLASS SCE =i HARHFIK . 25
W] 20 W (R 2000 4E AT ) 25 6] 78 36 52
G MO, Z5AE KA JASMES FlESA )5

ASCE F= i, PAS d A FE e 1% H LA 1 FR A s
A, 25 T GLASS SCE (123 [H] sg # Mk . #F Bk
8 AT — R P

5 GLASS = A= & A Fiv H

A R R B i LR T A S ) B b
BT SO0 RO S, IR I A7 R
K—EH, S0 ERITEIRS.
GLASS J= ShAE ¥ Ky = A 2E 2 | B le K, i
I, HEREA £t a5 mA% N T
BRI IR | fEAE Ry . fEaE 2 10 B4R, dboe
UE R A R T R W 58 2% T GLASS 7™ i A= 7 R 4t
(Zhao %5, 2013).

GLASS /= i A= 7 R Ge 03 & Ge i BRI ™ Ak
FRARL S, H AT B L 3 PB. R EE
EHEEATHMER, MRS E5E
BEFNAT 55 VR EE D Re A B o 7 A R H RS
B Ff GLASS 7= ff (9 A4 7% . GLASS 7= it & Al HDF-
EOS X Ae i . Beah, BATHH IPG %=X iR
PR AR T, R XML A 2CAE A% 7 S e . 7
st [ FF) 45 TR L 5% b P15 52 046 ) 1) i B4 2 45
AR o T 7t SR AR 1 0.05° B SR 2 [A)
SRR

H AT GLASS j iy 32 2238 2 P~ W - ([ 5 Hb
Bk R G Rl 2208 o0 http < //www.geodata.cn [ 2022-
09-09] 1Ly H 2% 2z 4 FH 2R GLASS 72 5 & A5 ) il
http://www.glass.umd.edu[ 2022-09-09]) [ [E] N 5p4=
BRA S & AT, F P nT LGt JE s 2% GLASS
B Hs Wk Chttp: //glass—product. bnu. edu. en [ 2022-
09-09]) FIAEKXTHWIM RGN RGE (GEOSS) %k
P "1 P (https: //www. geoportal. org [ 2022-09-09 ] )
X AT BB () GLASS 77 A5 B A ) 51T o

GLASS j= fiy € 245 2 [= N A1 [6) 47 & B2 A AT,
12021 4512 A, GLASS 7= & 231 F 48 & # it
1.7PB (K 4), B 1059 Fr RHF B2 T A 2l 2047
306368 AR o F P RALAL 5 [ A Ak 2 1 BHIF B A
FATAEEST], A EAMY—LeE AP, Han
EETFHR (NASA) . EERFIEHR (NOAA) .
FEALLH (USDA) 4. ok ik Z i P e e
JH GLASS 7= o

R F) 2021 4F I, FIHH GLASS 7 i & % 1
SCI 3¢ % 3K 31 2033 faf ,  Ho #3578 JF 42 % Hb 3 i
(FE5) . i H GLASS F= i BURBR T & AL T L
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Wik B, i iR SRR Bk R TE
Nature, Science, PNAS & [ x5 2R (1) 58 X 22}
Tl b o ASUOSCHRAS 28 TAE 2N A2 E 2007 H—
2022 47 A GLASS j iy SCEE B IS &0, i H]
web of science W 3 ( SCHR & & — Fr A7 B 48 7
(webofscience.com) ) H1 A FIF A5 i & (£2.45 web of
science 1% 05 5 P E BR 22 5] SCRUIE L KCI-
Korean Journal Database. MEDLINE. SciELO Citation
Index) 1B A TAE 4 R & 2 . A TAEFI
GLASS Myl (http: //glass.umd.edu/introduction.html
[2022-09-09 ]) 51 4 ()2 2% SCHRTE web of science (%

s T AR, KR SRR SRR XA 5]
S HEATE R, R PATIC BAR PI R A4 R

m
300 2000 =@
unb Hu[—q
Z1a1 250 B
ﬂaﬂﬂ% 200 1500 # gy
2 150 1000 fgﬂ%
;gi_l 12§ 500 D

N A N A N A N AN
PPRPARPPPPPPRPAPAPPAPPAP

— TR~ A TRE
El4  GLASS /=S T #mgeit

Fig.4 The temporal changes in the users’ downloading data
volume of the GLASS products

450 2500
400 | E
350 1 12000
7
g 300 |- ' T
® 1500 IH
a 250 1 ®
& B P i &
g 200 1000 =
150 F . . B
100 | il l/ - I 1500
50 F e .
[ . I
o PN ==
" = =w —w= B l__._ 0
2007 | 2008 [ 2009 [ 2010 [ 2011 [ 2012 [2013 20142015 [2016 [2017 ] 2018 [ 2019 [ 2020 [2021
mmfERE| 1 8 11 | 19 | 28 | 25 | 47 [ 94 | 121 | 168 | 190 | 246 | 326 | 337 | 412
—— BiFR#E| 1 9 [ 20139 [ 67 [ 92 [139 [233]354 [522 [ 712 958 [1284]1621[2033
5 FIH GLASS ™ fhiZ4F & 221 SC1iE 3L

Fig.5 The annual published SCI-indexed journal papers based on the GLASS products

FEX L R R A SCISC T, KL 1421 R3¢
S FRE T R . N FH 40 AT D A X S e
SCORHER] B AR A IS i o . 1 6 SR S
i) B AR5 v G ) O P A0 A Tl R BRI 3A
A, HERRER, PORE, AR, ol K
SCKFL, Mok BRI, E A, HMERFRSGE, b
e

AN, FIFH GLASS LAI, FAPAR, FVC. GPP,
NPP 4577 i, BHE AR G b0 A Al T 2012 4F—
2013 4F . 2017 4F 12019 4F 4545 i Bk A 55 18
TSI R 4, B s Tl R G 23 A RRAE AN AR Ak
R XA R AT A O R AP AR A IRE L N X 4
BRAU AL S BUR R R L S 4

FHEUEM, GLASS 7™ i & Bk B N A BHIE A
DU RN ERBESE . GLASS 7 i 1Y i H A
RATEE PR B2, S EX 4 R B
B e e L R A RS AR AR A5 5 T B SR AR T
AN BTk,

E16  GLASS f™= b AEAN [] hi FH 40 & 22 1 SC1 SCFE e i |45
Fig.6 Number of SCI papers on the application areas of the

GLASS products

6 GLASS /= i By Ak ek itk

FATRAE LT JUAS J7 1 AS B b 24 i GLASS 7~
i BT

(1) 48R B 7= fh 1Y 25 [E] 43 HER . 2000 4F LA
Ja—4er= i (W B | LATFIFAPAR) 4 H
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A 250 m (Y55 [l HER . TR AR U 22 19 250 m
SHERE P E . MODIS & &R 48 B & 7E Ko v TAE
T 20 Z4F IR MODIS Bl AN F3i L, FeAi TR
FH Xz TR i MERSIAZ I # BUds , ©F 441
250 m 23 [A] 73 HEZR Y P B

(2) Hi-GLASS /= o 5 GLASS = # i % 3F
17 % R W A OC T4 2 & 25 (] 43 B %8 Hi-GLASS
(High-resolution GLASS) F=& MWt %, ¥4 H
P J2 ) A B 18] Landsat S0 8006 A= % 30 m 43 9K
) Hi-GLASS 77 i o Hi-GLASS 4 77 2 48 5 7 ik,
DURZ R E B TR b, HEfAs mC &
i 10 PB. Hi-GLASS Bl2# A Ak 5t 2ok H E N £
KRB AN, 728 B R B2 9% 10 S 75
T, KRERH “AW TR My Xd gk,
H Ay A =it . =585 (Sui A1 Sun,
2022), HOJEAZIE MRS (Liu s, 2021),
S FEE (Lin %, 2021), M e 8%
(He%%, 2018; Ma%F, 2022¢), HulfiliE (Cheng
g, 2021), AUBARST, LALIFIFAPAR, B
B, SMESE (Luss, 2021), HIERE
(Zhang %%, 2022b), ET (Yao %%, 2017), GPP
(Huang 5%, 2022) %5, U= fymkc e k®,
{Science of Remote Sensing) 1F 7£ 20 41— 145 7 ,
W2 1Y Hi-GLASS S Fl 7™ i SCRETE RS2 A R

1 F Landsat Z0H (09 B o] 23 BN &, Wl A=
4 BRI 23 % 22 ) Hi-GLASS 77 i &4~ B R i1 Bk
o (2 EEdE, FR5E T EE A 16 m 4y HER
PR, AT RAYE et ] 53 B3 . Hi-GLASS HBAIE
ERE RN, AEBEECSERELE
2 (Li%, 2021b; Ma’%, 2022b).

AT A B2 9 B 22 A 3 A A &) Hi-
GLASS BN . HE5IZWIRIRE 4k % T Landsat £1
Py = sk, A e 5, Hi-GLASS 4=
RGN A RS B SEIAR G H R

(3) HRAFMHLEF T (LR
2)) AR 20 AR, Fenl & Em T
B, s =5 LA MERSIAZ /&4 5
MODIS AL, 1 HAT 44250 m 43 HER P B, A
VR v ok 8 72 i 1180 A 8 00 o

(4) ¥ RKy= g . HapIEAE %S 1 WA R
TR L vy A 2 ) B R B . KR 1
GLASS = i i 2 4 3 i T 2R A AR o, e B
GLASS ZE 7= A i a2k + L 5 1 (Lin 45,

2020) , 3 T BE RN R K AR R G A X 4 A A
(Cui %, 2021). Br 70, FRATE B L&
JE— S iR AL CHeinglk o Ml o P RRSE
KBRS WL FBE ™ & mnT DARE A
JHERAREE A 7 dh

(5) #i9E GLASS = /i B AL o 2 8 AU Hh
TELA ARSI, Y BERL B A EE Y. IR
fiTA 2011 4E LISRAEJL 5T M 2, 2019 4F LISk TE
B K 2 — FL2 Jp o i R PR . AU AE
2021 AF I K2y B e, At 1377
NIRRT YE . FRATTZE 2038 A RIOR = 24 web FH P S i
Bl T2 & GLASS =i FATHIF LT “a&
HIEIRRM” ME ARG, A& GLASS ™ iy
W 2 JRANKT HLAE XA A AT 5 8T

(6) fE#F GLASS =/ i 7820 FIH o FATTIEAE
R & GLASS 7™ ity A BA AW 58 500 B 2Z [ i 54
FFR E A PE Hb %4 I GLASS F= i K4

7 % 15

AR SC TR B MR IR T B GLASS 7= i 1k &
JE, o REE L KRR B, B N BT
GLASS 7 i 1) SR R A e 78 TR (1) 1] B 1 Sk 2 i
L, ABR T EWNAMEAT R AT

GLASS ™ fiy YRR PEAR KRR B b2 oy HUAR v e
FEM o B GLASS P i RS BA — & i BHT M
IF A AA TUAFEHEAEA AR X SR I — T .

(1) HeTmp(a] 5 R B 27 ) i Joisi vk . Bt
A7 B BRI T HAMRIC, GLASS LAL
(Ma fl Liang, 2022) F1FAPAR = i &3 F X
FEBFICAZ (Bi-LSTM)  TRJEEZ2 2] W 4%, FIH 8 2k
SR B ] JEREE R, B 250 m 43 HERE 4k
K7 LALF FAPAR 77 i, Bk 45 SR R %™ i
BT TG ) 28 % P R B RS

(2) fii F 2 AR 4R Ly RO Bk . # X
FEYE R AR %, GLASS ZRbkHb A= ¥4 77 i
KRBT M 205 BB (BOGHIN . hsehar
Ah 3 B N, MU I ) AL A 2 ST 4 Rk
(Zhang 5%, 2022c¢) . B GBI . BOLTE
TR AR HUAY A e DA R DX G R A W) e s () Ay
A, G A A BRE [ AR P RO . AR
Ja, ET 20 E A Ob+k), R
CatBoost B A E AT IR, &7 kY RihA
BAL, va ik 1 O A B ALVECHE I ) LA PR, xE D)
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T FRERA 25 — B0 i

(3) BT 8l B8 RO A% . GLASS &)
KA IR N AT T1 (GPP/NPP) 7 it A1 R
2 A BB EC-LUE B, ZAURR L e, Al
RTS8 3% . H RGBS BT R B B A sk
FEF, RTREW, LUK S AR i AR S0
EXT OB EREENE WA T (Zheng 5,
2020) .

(4) FRA TR 2% ) 55 Wy BB RN i) 4 B AR
B — TR AE A R E P . GLASS Bl 6 1
PR RN 4% (DNN) SR A FR TR
EHGE YL (Shang %, 2021) . L7 4E B B
AT LA B — R R S M, B T
KR

55 bR b Al A 4k bl e TR P S L
GLASS 7= i B — RGN A RE A3

1) FLep=foEh s b —JE T, sy
Prde (1km) FEPEBOR BT 0, & 54F0.05° %%
RH A= i R] R 51 7= i 4

2) fUHFTERRERFEZE S (DSR, HER KR
M BBE. L FATK RS WiEa . LALL
FAPAR, FVC, GPP, NPP, ¥&# . FUE A )
4y Fsf 1) 91 L [ WG9 13T 20 4F . K 2 HUE bR L[] 2K
77 i DA 2000 AF R AF 4G, B RS B R 20 4F 25 4
T AVHRR £l 4= 7= 1) GLASS 7= i 8 (1981 4F
24, W R T 404

3) P E e EREE OB RS  (DSR, K
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Updates on Global LAnd Surface Satellite (GLASS) products suite
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Abstract: The Global LAnd Surface Satellite (GLASS) products suite includes high-level satellite products of land surface essential
variables from multiple universities and research institutes. Producing the GLASS products suite has been undertaken since 2010. The suite
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spans from the initial five products to the current 16 products, which are generated mostly from the Advanced Very High-Resolution
Radiometer and/or Moderate Resolution Imaging Spectroradiometer data. Some of the products have been previously introduced in the
literature, and this study provides an update on the algorithm developments, validation accuracies, and their typical applications in all 16
products. This study also describes the Hi-GLASS products at 30 m resolution and some perspectives for further future improvement and
development of the GLASS products.

Estimating land surface variables from satellite observations is an “ill-posed” inversion problem. For each pixel, the number of
multispectral bands is usually smaller than the number of environmental variables, and the values of many spectral bands are highly
correlated. Some novel solutions have been proposed to address the insufficient information in generating reliable GLASS products. We can
identify at least four approaches. The first is based on the temporal signature of the satellite observations. A typical example is the MODIS
Leaf Area Index (LAI) and the Fraction of Absorbed Photosynthetically Active Radiation (FAPAR) products generated using two-year
observations simultaneously. The second uses an algorithm ensemble. A typical example is the evapotranspiration product based on
integrating five estimation algorithms. The third uses multiple satellite observations. For example, the forest aboveground biomass product is
based on optical, Lidar, and microwave data products. The last incorporates the physical model to generate the products, such as the gross
primary production product.

The GLASS products have several unique features compared with similar products on the market, including the following:

(1) Several products are unique, such as the high-resolution (1 km) broadband emissivity and time-series forest aboveground biomass
products.

(2) Most products have long time series (i.e., over 40 years), while most other similar global products start from approximately the year
2000, with a period of approximately 20 years.

(3) The radiation products, covering the world’s land and ocean surfaces, have a spatial resolution of 5 km, which is an order of
magnitude higher than other such products in wide use, for example, the Global Energy and Water Exchanges, the Clouds and the Earth’s
Radiant Energy System, and the International Satellite Cloud Climatology Project, which have spatial resolutions coarser than 100 km.

(4) Several long-time-series global products have the highest spatial resolution in the world, such as 250 m for the LAI, FAPAR, and
albedo products and 5 km for snow cover extent. Moreover, the all-weather LST and near-surface air temperature products have a 1-km
resolution.

(5) GLASS products are of high quality and accuracy.

Over 2000 peer-reviewed papers based on the GLASS products have been published. Their applications are distributed in many
scientific disciplines and societal benefits areas. We will continue to improve the quality and accuracy of the existing GLASS products and
produce more GLASS products with higher spatial resolutions.
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