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(a) Landsat data in the U.S. Archive
(as of Sept. 30, 2021)
4,000,000
., 3,000,000 .
Q
5
@
g 2,000,000
> —
2
2
<
1,000,000
- B
-y
andsat .

USGS EROS Center
Landsat Level-1 Scene Downloads
2008 — present

Pre-Collection / Collection 1

2012 204 2016 018 2020 2022

E7 Fhttt DERHIEE (a) FI2008FHIBARMIURHN TEHE (b)

b Ak T 2 i A TR G OR VF 2 AT PN BROR K B Bt
1o EORERINA I Se-2 TR Be g SR 1 S SR SRR,
M HAES A di 4Bk — Ik, PR ATE10 m, (HffHT
ESOFEAL KA FE LA LR & o 2R3 Wb I [8] ) 2
X THEE N ES RS R KIAEREE R K
AL, RSB, BEE, A E.

4 Pt T2 BHR AR R0 A

Ffidth R ML R RE, RS SR EED FiE
AR, EFLandsat-7HHS, A HEANEIER
AN SE T ) A BRI A AR, A ERARAL AR A
GRS USRI BIT TR I, A Bt b T S SOEF B0 1 A7 e 1)
X LA AT, i R PR R RIS E. Rl
&, APl TEMEZETY 2, R R,
AR RR I OV S R 51 1R P e O 2 4 i b o Bl 3 12
GO0, il bt T A B L g s mT P s i 1] 4
FE, RIRZE ST AIAS AT B A Bt It

41 RENA: itEKiEIE
ity b T2 e S A B 2 O SR AE R BB

A TR R R aefs e “F/ BT KF E, B
B 1R R AT AN e 57 BR OB A . 19765, @it 5l
BEPSTIIE R G0, T LUK b Ak b TR B
NTFENL (EI8), Ml 1 FfiHh T2 ¥ L B4 .
U Bt b PR A RN BN 2 IR, R RS
TREBHE FAERE PR AR M T Hh i 5 0
DA B A A 3 T B 5, 5 15 T i o 5
I AT I . B Ak A 1 S [ B 1 B it . (ETR A
TE 1 [ b T8 = o 2 i B 1 TR R I 45 R
EROS{IR F 5256 == — FLIZ (T R20054E A4 58 42 % ]

4.2 HFHEIL

201280 G 1, NASAHEHEOS (HERW
MERGD WH, BT 4Bk BRI EE 175 P
Z VUL EH bR A S 7 o R X 7 i S R R
GRS IR IE T . fEXFEMTT L, BT TR
T SR I H A R ) B (R M BRI S A D S, A2 F
CEES G

M201H AR B2 1 AL 4h, it T Hdi 225

I I
"
I N
)
13

8 201270 FRApE T EHIEAL IR = (a) FIPSHIER S (b)

Advances in Meteorological Science and Technology S&EHI#E 13 (6) - 2023



Z T IANWIES 7y, 2R g W A BRI % B2 R0 AS B A
. X —22 W EEE T 1D 1999F B N HLiE
ffJLandsat-7 1L TV 1] DA% HY JE AR ST 4> BR 78 55 1) 40
$5; 2) MLandsat-5 T2 R ST UK, A8k T2 Hh i
VE15 3G 2P & ; 3) Landsat-5f1Landsat-7 L& 22 [A] {1
AHEL R HER A 2 35 ek, AT 58 AR HE I B 1 5%
A LLRG ¥ FlLandsat- 1 [IMSS$i# . AEIXFEMIS 5T,
NASAFIUSGS 201 ZL90FAK T4, BR-E#EH) 13
BR7E S HIEEE (GeoCover datasets, HLFR ~NGlobal Land
Survey, ZRKFEHLIAE) WiH, 20014015, &7
Landsat-7 ETM + it T2 20 ds br it

T H (v S it A1 A HE PR AE IR, B RIS T54E
WL s . S JURTRE ) fH T2 HIR L. 1%
HA 45 DU 50 B F #% 20 (analysis ready format, HJ
Level 1T (L1T) # 30 ML HHEH /7, BBk
T OHE B Hh A0S B R B OB AT B LA AT
1E. LITEIEAMCA I Kbt TR E 2 5= 4T
THEERE, N 20084 [ Hb TR B e 4 T RO G B B
A, AT R T il s 12 B N B — A

4.3 LGACIH

WEREL Bt TR B GRSk, SR1F1ES:
FaskEG, —AEE RS R R A, 2
B PR RE RG], BRI TR BN A
fEAEBE JIJE B B PR #), USGS IV A 315 52 2 1 ik b
PR . —25dE, THEZEEA LA
s, B A7 R 4 3R Mo AS [R) s b i sk 5 A -
o Ak, —Dig Nk TR 2 ERR R G54 (Landsat
Global Archive Consolidation, LGAC) [T H, 2010
FEIFEAHUSGS KRS it LGACH) H brih &% & 2wy

Landsat Global Archive Consolidation Scenes
Landsat 1-3(WRS1)
Number of Scenes as of 31 December 2022: 401,031

MSS 401,031

MNumber of Scenes Per WRS-1 Path /..
m1~10
m]1~50
151~100
m101~250
251~500

Survey 4 % 2 %

fE 22 (1) [ s . 17 5 ) Landsat 50 #E £ €, 42K Landsat
FH PV 28 S R IUEOHE O S 3 B T 4 S S LA A O
BRER, A el b TR R B R A, g s AR
oRIESIE T

Z I H G R 4 BR 22 A b T 5 U 1 B . B2
BIRELSE— MR XMIGRZ R, B, %
A A% ORI AR B 77 5 AR A 25t A QR Ak 38 v
ol ;AN PRGN )« R A ST AP 08 A 2% 55

Fifi T Hl, G O K 2 7E R
e, (H43USGS AR Bt h T2 £ 4 b AR A7 1)
WHEZ, Hp Ky 2 M— 1. USGS#lIILGAC
T H B K X e N — S 1R I R
EH AR R EE ., LGACHIT IS S aEH 24
TRAZ AR, SRICEE . S F RIS A, 15 3 40 BR
BARMILITS M. BZE20154E1 1 H, USGSHEERY %
TEAL AL SS3 sk i P E K, Hd, LGACIHH
TR T RZ9320 5 K G, BURGRIRBER T — &
%. BN, BH230KLGACT H B ik, 1EAE
WINEIRS R . SR, BeWI3H P REIEREEM. JEM
FPE 25 1 X B 25 AN 2 (B9, SRANP R AR K. B
SR JE e T RIEDUE B UF E, (H A /DTE20084F 1 1kl
IR SR 2 A, B 4 Bk 25 1 s B AR AN 2

4.4 PG /EE (HLS ) E

20134, Landsat-87 5, R Fili i 0 ) T2 52 0
L2 AR B S BIFE201 S4EAN201 74E#E N BUIE . 7E
FEMEEE bR, HA T AL B A T
BERISAREA, WRMA - REML? TR,
i flLandsat/M5 fc-2 (Harmonized Landsat Sentinel-2,
HLS) T H I 4 S it «

B9 HizE2022512A31H, it TELGACT B SRHIRISM LR 4R (B P A HERHMER KN IREHE)

Advances in Meteorological Science and Technology S&EHX#RE 13 (6) - 2023 | 7



:
EPLE L/
dvances in Met S&T

HLSTH 44 7 M T EFm & RS HA,
{15 % B B AL AR A5 2 ) s v DL — e, i
Gk AF— B EAE (10D, 1MshbrerEmaipuE b
B TR, W T EEE G R P, HLSE T
iyt T R S PR, RIS 2 NASARMODIS
B, JoHENOAARH ~2 dEHRBENIWRI LT
BEIE, ST E2~3 dAE R BN ERRE S,
K2R — R P ERMEMEIN . BT X7 s A
M, FORBEAMEZHLSTH WA 2 —. filan, KT
Landsat-8 I [T 4 3% (TIRS) %¥E, 7 LLAE AL
HOFUR L o ELAR A e - 288 far e VA T B R R AL
AN, AHTRAMKSR L, R I S -2 Re R AL 1 i
TEECERAN s WAL E, X T AR E

" i

o HLS Processing <
Landsat 8 5
Landsat & OLI data

Data Inputs " Sentinel-2 MS! data

-
Atmospheric Correction and Cloud Masking
-

Geometric Resampling and Geographic Registration
e

BROF Normalization

Band Pass Adjustment

E10 HLS#iEAbEBRTE

45 fEth DEHIESE1MES2MHE
FE20104F L FILGACT H , & 40K B+ 4E 1]
AT () Bt b T 3 BE 4 BR & b R A% B0 AE USGS 1)
EROSHEH . BhEF, SARTT DAFR At 2Bk s, (Hixik
BRI G — AT T AR, TR 5 A7 AT )
AbPH . A ERECE BARAE T 3] T EROS, {H[H PR
B —BUEA, R R 32 LR N [ R R X B
TR R AR AR B R A BRI SRR B, B
TEE TR AR AR . AR B R M T R SBR[
%, LGAC)E, Ffith T2 A0 R geAR¥E H P 2Rk AT
AbFE, T4 ER— S B AR SR AN AT .
20164F9H, USGSiliid 5 — kB T 2 ak B I sk
HIEHE, SRA A e R R AR, #4Landsat-1—
Landsat-8 /2 Level 0% 4l T & & sk MU B, 4b
RN AR il Level U I 9 brid A Collection 1 (£4E
Do GEINTER, SCLT it TR 52 (T1,
T2RIIE SEmf ENTE32) B8, #iff 7 FifiLevel 1

B BAA BB E. 20204, fEAELT MW
Hh, 25 G 201455 57 I0 1 il b A A W L DFAl A Al )
(Land Change Monitoring, Assessment and Projection,
LCMAP) Tl H HIBCR, K 334E 5 T T 1 3 [H Fif
b A A B 0] A AR R AT

[i#£20214F Landsat-9 35 #i% N#L1E, Collection
2 (HE2) BH B, %0 HERTHIE sTh Rl
JIRAESAE HERA T A — 0 . SEE2IH KA T
IR 2B BORA™ i, b G N ] PRk pe 2 18] 1R %5 1)
G, filn: 1l 5T R (ESA) M4k 2% K
1% (GRD) E:#ETA, F)H Landsat-8 (¥ OLIF s itk 4
X bR E AL s 2) BB B m AR AR Y (DEMD
HEAT I E R, SO EORE R 3) kg AR T,
It H 24 Xt Landsat-5fllLandsat-8 P2 #d; 4) 44 H
Landsat-4—Landsat-9-4= Bk 75 35 ] Level 233 /¢ KA
SR L s ) i@ B BV IR A Bt T
5 Mt DEMRIFENERAETEZSES

Fii by T B2 1) 7 1 6] 2 4R 20 95 L 21 B 5 S04 BL i
BEIHBARRERBY), XA MBS T, AT
AR M D57 A ot bt TR AR ) T i B
TARE. HLas 2 IS5 HBOR, et kA 4 8 B
PEL G IE MR G T R D o Rl T2 AR W) (AN R
VEA] LG AN 2 AR 2 BN e 3 A5 B A o R
FIPLBON HAR . Sk RAMHIE LA R R
WAL RS (RIS HE IS [A) 5 R ik 3] 2= 20 1) 08 — 3K
PERE G 1) BREG A S 8, 3 — I S0 T2 2 e JR 4
A B R R O SR R ) & AR RR P AR
1B, MREITHRRKE. SZE21HL10F/ P, 43k
I 35N [ S AT TRl TR (1D,

Rt T AE RIS AT IR 20 B, HBR N T AA38
GG EN I 8042, M BRI ST AN W] 8 b0 3 52 B N\ K%
IR BIF ., H 19724 LK, Landsat &1 (18
AU RO TR C 2 5R A T 1100/ Mevel 1 (4%
EL IR HE AR ST ) 375 . Level 2 CRARZIEMI 4 ER
FEH ST R FIR ) FlLevel 3 (Bh&MFKTEH .
PR 78 55 Xk BRBE X380 B2 7= R0 56 18 o A ik 26
s CARD) S54)12 SA Tl PP Ay A0 S0 L 1
I et 7 a5 A0 b R L AR A dn e sz e SR AT
#R, Landsat;= i o] i#l i3 EarthExplorer. Google Earth
Engine. Amazon Web Services (AWS) Commercial
Cloud. Machine to Machine™ F 27 4w fE 8% 11 CAPD).
GloVis. LandsatLook Viewer 1 ¥R J5 Wi 5 Rl 2
(EROS) R} A FEAE Ky (ESPA) F#ERVT M. 20134,

8 | Advances in Meteorological Science and Technology S&EHZ#E 13 (6) - 2023



Survey 4 % 2 %

2020 -
USA. RUS Dmﬁuﬂ BRA KOR UAE WM
RUS IND FRA CHN EUR KOR TuR BLR VEN
2010 - USA FRA % UKR ARE TUR i SGP CHL
USA RUS JPN ZAF Mys GER ESP
USA IND CHM DEU THA A
USA D CHM DEV CAN BRA DN EGY TA
USA g!l.E PN EUR KOR ISR
USA IND CHN GER
UKR TWN
USA ND BRA GER TUR NGA
USA FRA JPN CHM EUR o2ZA
USA RUS EUR DEU PAK
2000 4 IND CHN DEU UKR mamw muon"vs -
ﬁ RUS FRA THA ARG
USA IND
R PN
N USA IND EUR UKR CAN
& USA RUS DEU UKR
USA IND FRA
USA RUS IND - EUR
1990 = __USARUS . . FRA. ___ CHN ... ..
e o
USA RUS FRA
s K3
% RUS IND
1980 7 —Hg-fiR-wo
USA
USA RUS
USA RUS
USA
RUS
usA
1970
0 5 10 15 20 25 30 35

Countries

BN AEERZS S SHRNERERGIERRL (AEFRRELEZF TN EGRALREAERSR, SEERESEK
ISO 3166-A3%R# )

USGS 8 A 7t Ffi b TR A, & B0 % 2 A0
Tt b TR R B ] P A2 20 2 A L TR A TR A
i, IRl b TR R AR K 290,842 JT I TR 1k
RN EL . XK MO 1.35 2V, FEE—
FP b, HRZNFEESESH

[€)] clapsed 05 days 16 hours 25 minutes

Landsat Next A

. Landsat Next C

TR T AL 30FEARHI BN ZAT I R — At T
/£ Landsat Nexthi KRG AML I BETE, SEOl) L4
K M BRI B B4l 3R A (1&112)

LIRS R DA TR B A T, 4
I RE A PP - it b T2 0 1 56 G Bl AN AE R L T I

algal blooms

L 'f-:
plant health = Landsat NeXt
water quality “ plant stress snow & ice soil quality crop water use

shortwave  thermal infrared
infrared

visible light near infrared

E12 Fit DERETEIM I EHNEREE (a) FRNESE (b)

BRI A& ERA NEIAT 7 ki A sl
H BRR 0 TR A DA IE o RV B T R
A Je 52 B BUR BUR IR BN R, (H R 28BS B
20, LR N LA D AU TR TR R
WA e TR SR il EE R T Rl TR AR K AEF
AL, MRZEH MG A HRE TR, Hp
USGS#ie il I 21 Fifi bty T B ) wse i, FL&odi e o FH ok
JE S M ER T2 MO BN AR S, T 5% 1 42
BRNFARAE, FoRHh R E B Rpe R, R

i 3t 12 Ot 2 ] T A R B ) . 2D Sl
TR HERN B BT AT R FBe e — o Bl P2 A
DB R SRR B AW L KRB, SR, K
vt TR GIEG, B BN R AMEE 711
f28, A i TR M DR A B BRI A R
. Hor, Bl TEREMA A, O 7 KERD B
REER L BRI S B Ak . FERT AN SR B0 AR, HE
B SR S T ln 5 ik 55, skt T2 15

(T#207)

Advances in Meteorological Science and Technology S5 &I #RE 13 (6) - 2023 | 9



TEBE

A
dvances in Met S&T

[79] Scheuerer M, Hamill T M. Statistical postprocessing of ensemble
precipitation forecasts by fitting censored shifted gamma
distributions. Monthly Weather Review, 2015, 143(11): 4578-4596.

[80] Delle Monache L, Nipen T, Liu Y, et al. Kalman filter and analog
schemes to postprocess numerical weather predictions. Monthly
Weather Review, 2011, 139(11): 3554-3570.

[81] Baran S, Méller A. Joint probabilistic forecasting of wind speed
and temperature using Bayesian model averaging. Environmetrics,
2015,26(2): 120-132.

[82] Schefzik R, Thorarinsdottir T L, Gneiting T. Uncertainty
quantification in complex simulation models using ensemble
copula coupling. Statistical Science, 2013, 28(4): 616-640.

[83] Clark M, Gangopadhyay S, Hay L, et al. The Schaake shuffle: a
method for reconstructing space-time variability in forecasted
precipitation and temperature fields. Journal of Hydrometeorology,
2004, 5(1): 243-262.

[84] MM, 3KHH, TE X, %. A E A TMRATIEF =42 EWIEE T
A H R K%, 2019, 45(8): 1085-1092.

[85] Rasp S, Lerch S. Neural networks for postprocessing ensemble
weather forecasts. Monthly Weather Review, 2018, 146(11): 3885-
3900.

[86] Herman G R, Schumacher R S. Using reforecasts to improve
forecasting of fog and visibility for aviation. Weather and
Forecasting, 2016, 31(2): 467-482.

[87] Hinton G E, Salakhutdinov R R. Reducing the dimensionality of
data with neural networks. Science, 2006, 313(5786): 504—507.

[88] EF[ 0, B =4F, KA, & MAAMNETEELAFTEEIERER
WP R R A%, 2021, 47(1): 82-93.

[89] AT, M ¥, REAST, . WEE U ERREEZNNEF J1IT
IE77 . BRI AR %4, 2022, 33(4): 489-500

[90] Ke G, Meng Q, Finely T, et al. LightGBM: a highly efficient
gradient boosting decision tree//31st Conference on Neural
Information Processing Systems (NIPS). San Diego, 2017.

[91] BL i, BRfEw, EMM. — M ALE 2 3 77 kA2 WAL 2 B KR T
o B B R . AR A R, 2018, 8(5): 46-50.

[92] %2, F4&, @b, % — M ETEAENHE N E B ZE TR
4t B H k. % E A CN202010114142.6,2020.

[93] Shi X J, Chen Z R, Wang H, et al. Convolutional LSTM network:
a machine learning approach for precipitation nowcasting. arXiv,
2015: 1506.04214.

[94] Mg, o, 2E, & ATHEREAEKERITM T 095 A.
N A 4R, 2021, 32(1): 1-11.

[95] &0, W, 4, & ETREFIWFTERTURNSEX
BRI % . K AHF 5], 2020, 43(3): 435-446.

[96] {74, F¥. F TLSTMIE E # £ W 4 6o 48 1 S 08 TR AT 4%
AL 5 B¢, 2018, 35(11): 233-236.

[97] Fawe, A AR, 2 TREAARAM B KEHICIT & S E N, 5
HLIE 5%4F,2019,40(3): 737-743.

[98] Tixrk, ¥rAig, htk, . £ T £ X ELSTM#E WL HA
PDOFEH M % i F W (FXR) ,2022,44(6) : 58-67.

[99] 1TeeZ, E3mA, TR, F ETNEFINELRELSHERES
TR AT IE 77 k. Ak 5 59T %, 2019, 24(1): 116-124.

(L#EIT)

PR NANREERE, 3) PEKE, THEK T
SR B 0 R R RN ] 8 2 AL AR R A
AIATIIRE “ IR a— A B 7 ORI 75 2 [E by A E 16 1
TRJTZE o AR SRty b T 2L B A THT 1 R 2 AN T ] o o
TPRZIEMES) A ARSZR, ik TR E R
GAEMRM, A N AT DR 2 A R -

Hh ] At TR R R R e S R A AR E
FZ—. 19854 H, HEZLIT [EdbfemmEk., K.

Ho PRS2 R g8 S A U A AR IO UUE A5, 19854 AN
19865 56 [ AT (5] 2 3 73 3l 58 O J5 19 s ), s
N GEAEEROS TAE 1 — Brif 6], X i 22 (¥is AT
ANZEY . Bl B AL B AR IR A 1R SR IG . i IE
FEA FH S [ il bty T2 0 e Wt AN SE R 7 T 1) R 1
WA ==

/{ﬁkﬁﬁ

Belward A, Skeien J O, 2014. Who launched what, when and why;
trends in global land-cover observation capacity from civilian
earth observation satellites. ISPRS Journal of Photogrammetry
and Remote Sensing, 103: 115-128.

Blumenfeld J, 2021. A harmonious new dataset, January 25, 2021.
https://landsat.gsfc.nasa.gov/ article/a-harmonious-new-dataset/

Crawford C J, Roy D, Arab S, et al., 2023. The 50-year Landsat
collection 2 archive. Science of Remote Sensing, 8: 100103.

Kazemi J, 2023. Landsat: a case study for transitioning from
commercialization to more open policy. 2023 WMO Core
Satellite Data Workshop, December 5-7, 2023, Geneva.

Landsat Legacy Project Team, 2017. Landsat’s enduring legacy:
pioneering global land observations from space, the American
Society for Photogrammetry and Remote, Sensing, Maryland,
USA.

KMolder E B, Schenkein S F, McConnell A E, et al, 2022. Landsat data

~

ecosystem case study: actor perceptions of the use and value of
Landsat. Frontiers in Environmental Science, 9: 805174.

National Research Council, 2013. Landsat and beyond: sustaining and
enhancing the Nation’s land imaging program. Washington, DC:
The National Academies Press.

Ojima D S, DeFries R S, Goward S N, et al., 2022. Landsat@50.
Frontiers in Ecology and the Environment, 20(6): 340-342.

Popkin G, 2018. US government considers charging for popular Earth-
observing data. Nature, 556: 417-418 ,

Waulder A, Coops C, 2014. Satellites: make Earth observations open
access. Nature, 513: 30-31.

Zhang Y, Woodcock C E, Arévalo P, et al, 2022. A global analysis
of the spatial and temporal variability of usable Landsat
observations at the pixel scale. Frontiers in Remote Sensing, 3:

894618.
v

(EEBG: PESKBESERESAKIR)

20 | Advances in Meteorological Science and Technology S&EHZ#E 13 (6) - 2023



