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Russian Meteor-M series satellites for environmental monitoring
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101,41 min

Orbit time
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[lokpbiTHe TeppuTopruu PO nanubimu KMCC 3a

ofauH AeHb (1 Hosa6psa 2020 roaa)
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Tepputopua Poccumn nonHocTbio NokpbiBaeTcs nsobpaxkenHmamm KMCC-M 3a 3-5 aHen,
a coBmecTHO ¢ KMCC-2 —3a 1-2 gHa (pa3peweHune 60 meTpoB)



KMSS-M and KMSS-2 viewing geometry
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KMSS-M (Meteor-M 2) KMSS-2 (Meteor-M 2.2 and Meteor-M 2.3)
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Meteor-M satellites and KMSS spectral cameras specifications

400

Characteristic KMSS-M (Meteor-M- 2) KMSS-2 (Meteor-M- 2.2)
Technique Pushbroom Pushbroom
Altitude 832 km 820 km
Green: 0.535-0.575 pm Green: 0.520-0.590 pm
Spectral bands Red: 0.630-0.680 pm Red: 0.640-0.690 pm
NIR: 0.760-0.900 um NIR: 0.785-0.900 um
Spatial resolution at nadir 60 m 55m
Revisiting rate 5 days 5 days
Radiometric resolution 8 bit 10 bit
Total swath 960 km 1020 km

KMCC/MCY-100M KMCC/MCY-100M
KMSS-M interband parralax is 8.6°

MSU-100M KMSS-M relative spectral response
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MSU-100TM KMSS-2 relative spectral response
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ABTOMaTHUYeCKasd TEXHOJIOTHWs 00paboTKHU AaHHbIX KMCC
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More details on KMSS data and AC accuracy assessment over Northern
Eurasia

. remote sensing @\Py

Article
Accuracy Assessment of Atmospheric Correction of KMSS-2
Meteor-M #2.2 Data over Northern Eurasia

Dmitry Plotnikov #(0, Pavel Kolbudaev, Alexey Matveev, Andrey Proshin and Ivan Polyanskiy

Space Research Institute of Russian Academy of Sciences, 117997 Moscow, Russia
* Correspondence: dmitplot@d902.iki.rssi.ru; Tel.: +7-333-53-13

Abstract: Atmospheric correction of satellite remote sensing data is a prerequisite for a large variety
of applications, including time series analysis and quantitative assessment of the Earth’s vegetation
cover. It was earlier reported that an atmospherically corrected KMSS-M (Meteor-M #2) dataset
was produced for Russia and neighboring countries. The methodology adopted for atmospheric
correction was based on localized histogram matching of target KMSS-M and MODIS reference
gap-free and date-matching imagery. In this paper, we further advanced the methodology and
quantitatively assessed Level-2 surface reflectance analysis-ready datasets, operatively produced
for KMSS-2 instruments over continental scales. Quantitative assessment was based on accuracy,
precision, and uncertainty (APU) metrics produced for red and near-infrared bands of the KMSS-2
instrument based on a reference derived from a MODIS MODO09 reconstructed surface reflectance.
We compared error distributions at 5%, 20%, and 50% levels of cloudiness and indicated that the
cloudiness factor has little impact on the robustness of the atmospheric correction regardless of the
band. Finally, the spatial and temporal gradients of accuracy metrics were investigated over northern
Eurasia and across different seasons. It was found that for the vast majority of observations, accuracy
falls within the —0.010-0.035 range, while precision and uncertainty were below 0.06 for any band.
With the successful launch of the most recent Meteor-M #2.3 with a new KMSS-2 instrument onboard,
the efficiency and interoperability of the constellation are expected to increase.

Plotnikov D.E., Kolbudaev P.A., Matveev A.M., Proshin A.A., Polyanskiy I.V. Accuracy Assessment of Atmospheric Correction of KMSS-2
Meteor-M #2.2 Data over Northern Eurasia // Remote sensing. 2023. Vol. 15. Issue 18. P. 4395. DOI: doi.org/10.3390/rs15184395.
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Plotnikov D.E., Loupian E.A., Kolbudaev P.A., Proshin A.A., Matveev A.M. Daily surface reflectance reconstruction using LOWESS on the example of various satellite

systems // IEEE Xplore. VIl International Conference on Information Technology and Nanotechnology. (ITNT). 2022. DOI: 10.1109/ITNT55410.2022.9848630.



BocctanoBsieHHbIM NDVI 1o aHHBIM pa3JIMYHbIX

cucteM Ha 1 mag 2020 roga




KMSS daily gap-free images and scatterplots

KMSS daily gap free NDVI (1.08.2020)
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[IpuMep exkeJHEBHOT'0 6€300JIa4HOI0 U300paKEHUS
KMCC 3a 1 urosg 2022
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IR =
avwreeld e [0

ARCTIC OCEAN

©
Hara ¢ 2020-07-01 [F] no 2022-08-01
OtoSpasuTs Ea Taiaiize
£4| Tomexo 217 5:GPAHHOrO NepHEOIa 5 TOTY
| ¥ Pumtp ]
zammEBIe
2022-07-01 KMSS 100 (MKM PAH) ‘
Tlepuoxst
Cuenbr 1-98, Beero 98

) 2022-07-06-2022-07-06  KMSS 100 o
O 2022-07-05 - 2022-07-05 KMSS 100

O 2022-07-04 - 2022-07-04 KMSS 100

O 2022-07-03-2022-07-03  KMSS 100

o 2022-07-02 - 2022- KMSS 100

EJNZI—OS—OZ -2021-08-02 KMSS 100

O 2021-08-01-2021-08-01  KMSS 100

(O 2021-07-31-2021-07-31  KMSS 100

O 2021-07-30 - 2021-07-30 KMSS 100

O 2021-07-29-2021-07-29  KMSS 100

o 2021-07-28 - 2021-07-28 KMSS 100

O 2021-07-27-2021-07-27  KMSS 100

() 2021-07-26 - 2021-07-26 KMSS 100 o

[ Tpemnopus ] [ B xopouny
[ Gremnopuz | [S

Tomexo 21% SHIGPARHOrO NPOXYKTA

THIIEI KOMITO3HTOB:
[E el
Koymosnrer:
[KmsS
TIpoayKTeI: ?
Curtes (RED+NIR)/2,NIR,RED v|
O Orobpaxars = suze xoxTYPOE 3 Ashghbac ) ) v ! z Wbt
O S ¢ o
| 0 : | f'\},;'[ﬁs';““‘ Bisl;kek
[ Caeners snmwaimo | ustgnve o > .

7 Eict
JRyongyang
x
Seoul

,Bo Hal
= = femiialile X \

Mpumep eme,u,HeBHoro 6e3061a4HOro n3obparkeHna KMCC Ha TEPPUTOPULO PO




BpeMeHHbIe cepvH BOCCTAHOBJIEHHBIX 3HAYEHUU
NDVI no gauubiMm KMCC 1 MODIS
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KonnuyectBeHHOe n KayecTtBeHHOoe coBnageHue anHammkn NDVI gna pasnmyHeix rpynn
KyNbTyp NO3BOAET MCNO/b30BaTb BOCCTAHOB/IEHHbIE BPEMEHHbIE CEPUN ANA
MOHUTOPUHIra BbICTPOMEHSAIOLWMXCA KAaCCOB PACTUTENbHOIO NOKPOBA



ABTOMaTH4YeCcKOe pOpPMHUPOBAHHE TEMATUYECKUX MPOAYKTOB JIJIsI
CeJIbCKOX03IMCTBEHHOI0O MOHUTOPUHTIA HAa OCHOBE e3Ke/IHEBHbIX
6e306s1a4HbIX JaHHbIX KMCC ypoBHs L2A

ABTOMaTHnyeckoe PasHOBpemeHHOM CUHTE3 ABTOMaTMYECKaA cermeHTauus
pacno3HaBaHUe UCNONb3yemMoil eXXeaHeBHbIX 6e3061auHbIX ANA pacno3HaBaHuUA
nawHu no agaHHbim KMCC-M ¢ MYNbTUCNEKTPANIbHbIX Ce/IbCKOX03AUCTBEHHbIX
pa3peweHnem 60 metpos n3obpaxkeHuit KCA no aaHHbIM KynbTyp

KMCC-M ypoBHa L2A



Texyiuas neapb npoekta PHO

» co3faHue 6asbl JaHHbIX HA OCHOBE MeTa-aHa/iM3a U In
SItU A@aHHbIX U MHBEPCUA MOLE/IN NepeHoca U3NyYeHUs
PROSAIL Ha 6a3e meToa0B MaLIMHHOIO 0by4yeHus ¢
uenbto anctaHumoHHoun oueHkn LAl Ha ocHoBe
pa3Hoyrnosbix namepeHmnm KMCC



Leaf Area Index

Leaf Area Index

The leaf area index (LAI) is measured in
square metres of leaf area per square
metre of ground. LAl is an important
measure in plant ecolo%]\/ indicating
quantity of foliage and how much
photosynthesis |s takm% place. In
addition, LAl can also help determine
how much water will be stored and
released by an ecosystem.

-Source: Nasa Earth Observation




Leaf Area Index

GROUND AREA = 1m* GROUND AREA = 1m?
LEAF AREA = 1m? LEAF AREA = 3m*
LAl » LEAF AREA:GROUND AREA = 1:1 = 1 LAl » LEAF AREA:GROUNDAREA = 3:1 =3

LAl aBnsetca pyHAaMEHTaNbHOM XapaKTEPUCTUKOM PACTUTENBHOCTU U BaXKHeENLLEN
KnumaTtnyeckoi nepemeHHol (Essential Climate Variable, ECV — 1o ectb
NepemMeHHOM, KOTopaa KPUTUYECKN BarKHA A1 ONMMCAHUA 3€MHOT0 KAMMaTa)



Leaf Area Index otHocuTtca k 55 ECV cornacHo
WMO u Global climate observing system

Essential Climate Variables

Upper-air Atmosphere

Q a | Yy X ! poiiny Atmospheric Composition
1/ & @& @ 3 P
B B :
Surface Atmosphere 5 ®, WY




AKTyaJsibHbIe MeTOo/ibl OlleHKU LAl ¥ npoayKThI

Products Version Sensor Spatial Temporal resolution Algorithms LAI T/E References
resolution

CYCLOPES V3.1 SPOT/VEGETATION 1/112° 10-day (1997-2007) NN (red, NIR, SWIR, and SZA) T

EUMETSAT Polar System Vi MetOp/AVHRR 1.1 km 10-day (2015-) Gaussian process regression T

GA-TIP Vi SPOT/VEGETATION and 1km 8-day (2002-2011) Data assimilation retrieval from albedo E

EnviSAT/MERIS (GlobAlbedo)

GEOV2 \ SPOT/VEGETATION, MODIS 1/112° 10-day (1999-) NN (red, NIR, SWIR, and SZA) T

GLASS V3 SPOT/VEGETATION, MODIS 1km 8-day (2000-) NN (red and NIR) T

GLOBCARBON V2 SPOT/VEGETATION, 1km Monthly (1998-2006) Empirical VI-LAI relationship T

ENVISAT/ATSR

GLOBMAP V2 MODIS 500 m 8-day (2000-) Empirical VI-LAI relationship T

JRC-TIP Vi MODIS 0.01° 16-day (2000-) Data assimilation retrieval from albedo E
(MODIS)

MERIS Vi EnviSAT/MERIS 300 m 10-day (2003-2011) NN (13 bands, observation geometry, and T
atmosphere characteristics)

MISR V2 MISR 1.1 km Daily (2000-) LUT (red and NIR) T

MODIS cé MODIS 500 m 4-day (2000-) LUT (red and NIR) T

PROBA-V V1 PROBA-V 300 m 10-day (2014-) NN (blue, red, NIR, and observation T
geometry)

University of Toronto (UofT) V2 MODIS, MISR 250 m 10-day (2003) Empirical VI-LAI relationship T

VIIRS Vi SNPP/VIIRS 500 m 8-day (2012-) LUT (red and NIR) T

» Imnupuyeckme cootHoweHuna VI-LAI
» LUT n metoabl onTummnsaumm

» UnBepcmna RT-mogenn c nomowbio NN
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[losieBbIe pabOTHI

» ToyeyHble (1m x 1m) NpnbOpPHbIE HA3EMHbIE NU3MEPEHUS C
MHOTFOKPATHOM B Te4YEeHUE Ce30Ha MNOBTOPAEMOCTbIO:
LANFAPAR, Bpems namepeHus, Bbicota pacTeHui,
YCNOBUA OCBELLLEHUA (NPAMOE COMHLE NN PaCCeAHHbIN
CBET);

» TouKkM 3amepoB pacnoaarajancb Ha TPaHCEKTe Nons

obwen annHon go 500 meTpos C LWarom mexay ToOYKamu
30-40 meTpoOB;
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CxeMa U3MEpPEHWU HUXKHUM CEHCOPOM JJ14
IIIUPOKUX MEXAYPAIUU

Figure 10: Scenario 1: The two ends of the AccuPAR probe are in
the middle of each row, getting a good representative sample of the
entire area below and between rows.

Figure 11: Scenario 2: The base of the probe is in the center of the
row, while the end is in the center of the open space between rows.
When sampling the next row. the same orientation is maintained,
giving an accurate representation of the overall area.

Mpeanaraeman cxema Ans Mpeanaraemasn cxema Ans
mexaypaamn mernee 90 cm mexaypagnm 6onee 90 cm



[IponamHbie KyJbTYpbI: Hallla CXeMa

[nAa nponawwHbIX KyNAbTYp
(moaconHeYHUK, KyKypy3a)
MCNONb30BaJsIaCb CXxema
aKCcnepumeHTta c 4
NONIOXKEHMAMU CeENTOMETpPA:
2 KKpecCT-HaKpecT»,
«BOONb» N KNONEPEKY.

B KaXX4om nonoxeHuu — no
5 3amepos LAl \ FPAR,
Bcero 20 3amepoB C
nocneayrowmm
ocpeaHeHuem

€ € <€ € G € &
b
l

€€ € € € € € €€
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Pacrosio’keHUe TeCTOBBIX I10JIeU




Pe3ysibTaThbl 110JIEBBIX PA0OT

4

ObcnepoBaHo 5 nonen ¢ 4 Kynbtypamm (NOACONHEYHUK (2
rmbpuaa), KyKypysa, A4MeHb, TB.NWeEHULA);

CobpaHa nHpopmauma o bnonornyeckom n ByHKepPHoOM
YPOXXAaMHOCTU KyNbTYypP, HOPMaA BbICEBA, AaTbl CEBA U
yOOpKMK, Wwar mexxaypaanm

Bcero cobpaHo 418 KOMNNEKTOB M3MEPEHMIN 33 NoYTHN 4
Heaenn obcneaoBaHUM C UHTEPBANIOM MeEXAY
obcnepoBaHmamm 3-4 gHA



O61Lee pacnpegeseHre HAa3EMHbBIX U3MEPEHUM
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PROSPECT-D + SAIL

OontTuyeckue
CBOMCTBA
INCTA: moaenb

PROSPECT

ba3a AaHHbIX
CNEeKTpasbHbIX
XapaKTepUCTUK
OCHOBHbIX NOYB

Anbbepo

CnekTp ucxogauiero
HanpaBaeHHOro
U3/1ly4eHuna nonora:
mogenb SAIL

lNpoeKTnBHOE
NOKpbITHE

reome'rpun CbeMKMU:
6..6,¢

OgHomMepHas AByHanpaBAeHHas MOAEAb MyTHOM
cpeabl C NOAJIOXKKOM B BUAE MOYBbI




PacnipeneneHusi BXOAHbIX IapaMeTPOB

Mapametp EAVHUUbI OnucaHue AvanasoH Moporu KBaHTOBaHUA Yucno Knaccos 3aKoH pacnpeaeneHma
N 6e3pasmepHbIi CTPYKTYpPHbIV NapameTp ancTa (mesodpuan) 1.2-2.2 1.53,1.86 3 Maycc

Cab mr/cm2 KoHueHTpauma xnopoduana a+b 20-90 37.5,55,72.5 4 Maycc

Car mr/cm2 KoHueHTpauua KopateHoMA0B 0-20 5,10, 15 4 laycc

Cbrown 6e3pasmepHblit [ona KopUYHEBOro NUrMeHTa (BETOK, CTBOIOB U T.4) 0-2 0.66,1.32 3 Faycc

Cw r/cm2 SKBMBANEHTHAA TONLWMHA BOAbI 0.6-0.85 0.6625,0.725,0.7875 4 laycc

Cm r/cm2 Cogfep»KaHuaA cyxon macchl 0.003-0.011 0.005, 0.007, 0.009 4 laycc

ant mr/cm2 KoHueHTpauuna aHTouMaHoB 0-8 2,4,6 4 laycc

LAI 6e3pasmepHbit (M2/m2)  Leaf Area Index 0-15 2.5,5,7.5,10,12.5 6 Faycc

lidfa rpagycobl MapameTp yrnoBoro pacnpeseneHmsa MCTbeB 30-80 47,63 3 laycc

hspot 6e3pasmepHblit XoTcnoT-napameTp (3epKasibHOro OTpaKeHUs) 0.1-0.5 0.5 1 raycc

rsoil 6e3pasmepHbIi KoadpuueHT naHXpomaTUYECKOM APKOCTU NOYB 0.5-3.5 1.25,2,2.75 4 PaBHOMepHOE
psoil 6e3pasmepHbIi KoadppuueHT OTHOCUTENbHOM BNAXKHOCTM NOYBbI 0.1-0.9 0.3,0.5,0.7 4 CneumanbHoe

[ononHuTenbHbIMM NapameTpamm mogenn SAIL agnseTca reomeTpua ocBeLLLEHMA U
HabnogeHuA: Tporka yros 6,0, — 3eHnTHbIN yron ConHua, 3eHUTHbIN Yron
HabntoaeHua u $pa3oBbln (OTHOCUTENbHbBIN a3MMYTaIbHbIN) Yo

CnekTpbl noyB — 6a3a gaHHbIXx ASTER (HyXHa nepepaboTKa)



[eomeTpuyeckue napamerpbl cbeMKU KMCC:
ViewZenith, SunZenith, RelativeAzimuth
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CuHTeTHYecKasl 6a3a TaHHbIX

» [nAa co3paHua obydatoulen 6a3bl gaHHbIX (BbIOOPKKM) MCNONb30BaNaACh
CXeMa MOJTHOro OPTOrOHA/IbHOIO 3KCNEPUMEHTA

» Ymcno 3anuceit B KOHCEPBATMBHOM C/lyyae (ogHa 3anucb Ha OA4HO
YHUKa/IbHOE coYeTaHMe K/1acCoB) COOTBETCTBYET NPOMN3BEAEHMI0O KNaccos,
T.e. 663553
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ApXUTEeKTypa HEUPOCETH

N

NMonHocBA3HasA HenpoceTb ¢ Npobpocom ceazein (Skip connection)

ObyuyeHune npounssoannocb ana KMCC-2 (6e3 napannakca) ¢ BXoaHbIMK NapameTpamu:
ViewZen, SunZen, RelAzimuth, Red, NIR
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OLieHKa OIITUMaJIbHOI'O0 06’beMa 00yyvarolen
BbIOOPKH (MaKCMMaJIbHOU MOIHOCTHU Bb/l)
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[anbHenwee yBennyeHme obbema BbIBOPKM 3a Npeaenbl 0A4HOKPaTHOM MOJIHOM
OPTOroHasibHOM cxembl aKkcnepumeHTa (~10° anemeHToB) NnpeacrasnaeTca Mano3pPeKTUBHbLIM



BriBOIbI

» CobpaHa 6a3a AaHHbIX NoseBbiXx 06cneaoBaHNIN KYbTYP
n namepenunmn LAI, oxBatbiBatoLLaa mecAaYHbIN nepmnos,
TOYeYHbIX HabatoaeHU peHoNormn paga KarUeBbIx c\X

KYNbTYP;
» MMocTpoeHbl pacnpeaeneHnsa reometTpmumn HabntoaeHum
ana npnbopos KMCC-M 1 KMCC-2 ana obyyeHus;

» MpoBeneH meTa-aHanAn3 n cobpaHa MHdopmauma ans
CO3aHNA CUMHTETMYECKOM oby4atoLlen 6a3bl AaHHbIX;

» OnpegeneHa oNnTMMa/ibHAA apPXUTEKTYpPa HEMPOCETU ANA
nusepcumn moaenn PROSAIL;

» MonyyeHa oueHKa oNTUMabHOU MOLLHOCTM 0byyatoLlen
BbIOOPKM



JlaJibHeMIIMe 1arv

4

MapameTpu3sauma obyvarowen 6a3bl AaHHbIX NO4, AaHHbIE
KMCC-M (c napannakcom) n nccnegoBaHue
3P PEeKTUBHOCTMN Pa3HOYINOBbIX HabtoaAEHUI

[ToaKkntoyeHune 3eneHoro KaHana KMCC

3aBepluieHne obydyeHuns n cosgaHue LAl Kak
CTaHOAPTHOro NPOAYKTa C Aa/ibHENLLIEN BaAUAALNEN

PeweHue 3aaa4 BTOporo roga MpoekTa



Cnacubo 3a BHUMaHue!

p H ¢ UccneposaHue BbINOAHEHO B paMKax npoekta PH® 23-27-00412 ¢
ucnonb3oBaHuem pecypcos UKIM « UKU-MOHUTOPUHI»



