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lNMpoekKT:
MynbtMnnatdgopMeHHbIN ANCTAaHLNOHHbIA MOHUTOPUHI BO3AENCTBUA U3MEHEHUN KNumaTta Ha

ceBepHble rieca Poccu.

Llenb npoekTa:

pa3paboTka TeXHONMOrMu AnA oueHKM AMHaMukmn putomacchbl ceBepHbIx fiecoB Poccum ¢ 200 r. B
CBAI3N C U3MEHEHUSIMM KINMMaTa, AaTb TaKylo OL,eHKY Ha KINKueBbIX y4YacTKax Ha OCHoBe o6paboTku
MeTepuanoB MynbTUNNaTPOpPMEHHbIX KOCMUYECKUX U aBMaCbEMOK, Ha3eMHbIX ob6cnegoBaHUN U

CNEeKTPOMETPUPOBaAHMUSI.
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CopepxaHue

1) bBa3oBas nutepartypa



basoBas nutepartypa— Myneni et al

SPATIALLY AVERAGED NDVI (= 45N)
== o = o 5 e [ 9 [ 5 .
LEr 30

0,36 —

EURASIA (40N~70N) o EE:E -

2 _ ES& 85 |

5 | |mmm TEMPERATURE = -

1 t|—e—NDVI 22: e g

: 05 I l:} - 4 Day Deday )
< 0s B i Fall |
g 05 018 — “'F::g;""_":‘"“ o]
= A F 016 !
<t 014 — =
15 012 — =
2] - g
2.5 o..u - =

82 83 84 85 8 8 8 8 90 91 92 93 %4 9% 9% 97 9B 9 :': = |

0 5 6 an : :

Persistence index T ,‘,:;",::I B z

11
" T 10 160 w0 M0 0 3w
DAYS OF THE YEAR

I.EE_“_‘" l.-lﬂ'l'lf ; ]F'.Iﬂ'l' HOW 20w Z0E WE S LOOE o L40E 180E

* AVHRR 8-km, 15-aHeBHble komno3ntbl NDVI, 1981-2001, 40°-70° N.

* NcknioveHbl N3 aHanuaa paspexeHHas pactuternbHocTb (NDVI<0.1).

» B CeBepHon Amepuke n EBpasnm obHapyxeHbl TpeHabl NDVI- ce30HHOro nmuka NpoaomKUTENbHOCTY
BereTaumoHHoro nepunoga. TpeHasl NDVI koppenupytoT ¢ TpeHaammn TeMmnepartypbl.

Myneni et al, (1997) Increased plant growth in the northern high latitudes from 1981 to 1991. Nature, 386, 698-702.
Zhou et al., (2001) Variations in northern vegetation activity inferred from satellite data of vegetation index during 1981 to 1999,
JGR, 106(D17), 2069-2083



basoBas nutepartypa— EncakoB u gp.
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(-0.003 < <0.003)

cunvivle noaoxcumenvuoie (0.006 < B)

MODIS 250m, 16-gHeBHble komno3nTbl NDVI, 2000-2016, 65°-80° N
doKyc nccrnegoBaHnn Ha TyHOPY, He neca

TpeHabl CyLLEeCTBEHHO OTNMYaloTCs ANisi NEPBON 1 BTOPOM NOMOBMHbI BCEro MHTEpBarna HabnogeHuit-
2000-2009 and 2009-2016

Eacaxos (2017) IIpocTpaHcTBEeHHAs M MeKI0/10Basi HEOAHOPOAHOCTh U3MEHEHHN I PACTUTEILHOI0 IOKPOBA TYH/POBOIi 30HbI
EBpa3uu no marepuanam cbemku MODIS 2000-2016, CI11133, 2017, 14(6) 56-72.



ba3oBasa nuteparypa— MODIS deHonorus
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Information related to land surface phenology is imporant for a vanery of applications. For example,
peenalogy |5 widely wsed a5 a disgnostic of ecosystem response to global changs In additon, phenology
influences seasonal seale fluxes of water, energy, and @rbon herwesn the land surface and atmosphers.
Increasingly, the importance of phe mlogy for studies of habitat and blodiversity s also being recognized
‘While many data sets related to plant pheno ogy have been colleded at specific sitesor in networks focused

mm‘ﬂﬂ on individieal plants or plant species, remate sensing provides the only way to observe and maonitor
i P pheralogy aver large sales and at regudar infervals. The MODIS Global Land Gover Dynamics Product was

S A developed to support Iwestigations that require regional to global scale information related to spato-
Viegetation dynamics temparal dynamics in land surface phenology. Here we desaribe the Collection 5 version of this produd,
MODIE Collection 5 which represents a substantial refinement relative to the Collection 4 product. This new version provides
information related o land surfsce phenolegy at higher spatial resolution than Collecion 4 {500-mvi_ T-km ),
and {5 based on B-day instead of 16-day input data The paper presents a brief overview of the slgonthm,
followed by an xssessment of the product. To this end, we presant [1) a comparison of results from
Collection 5 versus Collection 4 for selected MODE tiles that span 2 range of climate and ecological
conditiones, (2) a characterization of interannual variation in Collectons 4 and 5 data for North America
from 2001 to 2006 and [3) 2 @mparison of Collection 5 resuls against grownd abservarons for twao fore st
sites in the northes stem Und ted States. Results show that the Collection 5 product isqualitatively similar o
Collection 4. However, Collaction 5has fewer missing valussoutside of regons with persistent cloud cover
andl armaspheric asrosals. Interannial varlsbility in Collection 5 I consistent with expected ranges of
variance suggesting that the algorithm i relishle and robust, except in the tropie where some sysEmatic
differe nces are observed Finally, comparisons with ground data suggest that the algorithm is performing
well but that end of season metrics assoclated with vegetation senescence and dermancy have higher
uncertainties than star of season metrics
0 2010 Elsevier Inc. All rights reserved.

1. Introduction radiation budgets and the partitioning of net radiation between latent

and sensible heat fles (Chen & Dudhia, 2001; Yang et al, 2001).

Imvestigations fomused on monitoring and modeling biospheric
processes reaquire accurate information related to spatic-temporal
dynamics in ecosystemn properties. Because vegetation phenology
affects terrestrial crbon cyding across a wide range of ecosystem and
dimate regimes (Baldocchi et al, 2001; Churkina et al, 2005;
Richarson et al, 2009}, accumte information related to phenology is
important to studies of megional-to-global carbon budgets. The
presence of leaves also influences land surface albedo (Moore et al,
1996; Ollinger et al., 2008) and exerts strong control on surface

* Comssponding authar.
Eomail addrezs: sangramgan guly@gmailom (S Gaguly)

OO38-4257/5 = se= from matier O 2010 Elevier Inc All rights neserved.
hai: 101006/ ree 201004005

Thus, the phenological dynamics of vegetated ecosystems influence a
host of eco-physiological processes that affect hydrologic processes
[Hogg et al. 2000), nutrient-cycling, (Cooke & Weih, 2005), and land-
atmosphere interactions (Heimann et al., 1998).

In recent years, growing season dynamics including shifts in the
timing of bud burst, leaf development. senescence, and changes in
growing season length have been widely studied in the context of
ecosystem responses to climate change [ Oeland et al, 2007). Shadies
using AVHRR data have conduded that northern hemisphere
temperate and boreal regions [~40°-70° N} experienced increased
growing season greennes related to surface warmming during the
period 1981 to 1999 (Myneni et al., 1997; Zhou et al, 2001 ). Moe
recent studies utilizing a longer record of AVHRR data suggest a mome

Onset of
greenness anomalles




CopepxaHue

2) Ontnmumsaumsa LAl anroputma



JTanbl pacyeTta 7-gHeBHOro LAl npoaykra

MODIS rpanyna h19v02 nepwuop 6-13 aBrycta (aHu 218-225) 2018 r.

(1) ExxeaHeBHOe N306paxeHue (2) koMno3uTHOE n3o6paxkeHune (3) BoccTtaHOBRNEeHHOe n3obpaxeHue

LAl

o0 o1 93 05 08 12 16 21 28 34 44 54 70 90 120 150

1) EXepgHeBHble JaHHbIE pacCUHNTLIBAOTCA ONA KaXJ0ro nukcena Ha OCHoBe (PU3NYecKon Moesniv BHe
3aBMCUMOCTU OT aTMOCEePHbIX yCrnoBun (BkNoYas obrnayHble nukcerbl)

2) KomnosnTHble AaHHble paccyMTbiBalOTCA 3a nepuog 7 AHen Kak Hanbonee 6nmnskoe K cpegHemy
3HayeHue LAl nocne mackupoBaHus 0brayHbIX NUKCENoB
3) KoMno3uTHble JaHHbIE NPOXOAAT NpoLeaypy BOCCTAHOBIEHUA (3arOfHEHU Oblp U CriaXuBaHus) Ha
ocHoBe Mmetoga LOESS nonnHomamu BTOpOn cTeneHun
h19v02.218.2018



AHomanuu npoaykra MODIS LAI

cyTouHble LAI cytouHble LAI QC

nonocChbl

LAl QC

00 01 03 05 08 12 16 21 2B 34 44 54 70 90 120 150 Main Saturation Back-up Back-up(geom)

h19v02.276.2016 obs 3



CurHaTtypbl aHOManuMu B rMcTorpaMmme KpacHoro KaHana

CyTo4YHble AaHHble KpacHOro KaHana

250m MODIS (obs=23, tile=h19v02, date=2016278)
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[aHHble ¢ aHoManusamu obpabaTtbiBatoTca 3anacHbiM LAl anroputMom- 3T JaHHblE UMEIOT
N30NMPOBaHHbIE MAKCUMYM MPU HU3KUX 3HAYEHUSX KpacHoro kaHarna [<0.02]

[Mpobnema “aHomanui nonoc” pelaeTca Ha ware NOCTPOEHNA KOMMO3UTOB NyTeM yaaneHus OaHHbIX
Red<0.02 npun SZA>60°

h19v02.276.2016 obs 3



UameHeHUe moaenbHbIX gaHHbIX LAl anroputma (LUTS)
(npumMmep Ans Knacca XBOMHbIX NecoB)

HoBble LUTs
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* OpvrnHanbHble MogesnbHble aaHHble gna MODIS NASA LAl anroputma 661 pa3paboTtaHbl ¢
ncrnone3osaHvem 1D mogenu (cpefbl C NOMHbBIM NepeMeLLIBaHNEM) BEPCUM CTOXaCTUHECKON MOoLeNu
YpaBHeHus lNepeHoca (SRT). Tonbko HeaaBHO pa3paboTka TeopeTndeckon b6asbl bbina 3aBepLueHa-
MNONyyYeHbl aHaNUTUYecCKkMe Moaenu Ansa CTPYKTYpbl Cpeabl- NapHas KoppensaumoHHasa OyHKUnSa v
BEPOSATHOCTb Hannuunsa dgutoanemeHToB (Huang et al., 2008, Shabanov et al., 2018). Hosble LUTs
ncnonbayT Bo3MoXXHOCTU 3D moaenupoBaHua SRT mogenu.

* [nnasoH MmogenbHbIX JaHHbIX Obln paclumMpeH, YToObl BKITIOYNTL Donee BbICOKME 3HAYEeHUs1 3€HUTHOIo
yrna conHua (SZA) [15°,30°,45°,60°] --> [15° ,30° ,45° ,55°, 60°, 65°, 70°, 75°].



Ba30oBbIN 1 HOBLIN KOMMNO3UTHLIE NpoaykTbl LAI
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CopepxaHue

3) lMpepBaputenbHble pe3ynbraTtbl aHanu3a LAl TpeHpoB



Pa3paboTtka meTtoaonormmn aHanu3a LAl TpeHaoB- aHanus
¢deHonorunum!
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mean LAI = LAI"¢(9) delta LAI = AU LATED), 4009
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AHanuns TpeHgoB Ha OCHOBe rognyHoro makcumyma LAl nHdopmaTtmeeH, HO BeCbMa orpaHnyeH! Takon
noaxon He OUKCUPYET BaXKHble acnekTbl PeHONOrM4Yecknx N3MeHeHNNn- HeNnoOCPEeCTBEHHbLIN OTKIUK
pacTUTENbHOCTN N3MEHEHMAM norodbl/knumara. oaTomy npeanaraetcs caenatb perpeccuto BCen
CE30HHON KPMBOW. ATU AaHHble MOryT OblTb KOMNPECCUPOBaHbl B METPUKU, XapaKTepusyoune BCro
CE30HHYI0 KpuBYHo (4 6a30BbIX TOYKWU + MHTErpan nog KpuMeBon u 14).




MODIS rpaHynbl ncnosib3yemMble B NPOeKTe

panynbl MODIS mncnonb3osaHHble B pabote (psg v02):
[MnaHnpyetcsa Takke pacwmnputb Habop ¢ psgom v01: h19v01, h20v01, h21v01, h22v01, h23v01



mean_LAI v delta_LAI ana 2000-2018
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KapTbl delta_LAIl v pactutenbHocTn* ansa rpadHynsl h19v02

delta LAI
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*UKWU kapTa pacTutenbHOCTU, 27 KrnaccoB




KapTbl delta_LAIl u pactutenoHocTtn gns rpaHynbl h20v02

-40.0 200 0.0 20.0 40.0

[ ] sedge (tundra)
B shrubs

[ | Evergreen light needleaf forests
_ Evergreen dark needleaf forests

[ ] Broadleafforests




KapTbl delta_LAIl u pactutenbHocTtn gns rpaHynbl h21v02

delta LAI
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KapTbl delta_LAIl u pactutenbHocTn gns rpaHynbl h22v02

delta LAI

-40.0 -20.0 0.0 0 40

_ Evergreen dark needleaf forests

[ | Broadleaf forests




Ce30HHbIe nameHeHnst mean_LAI n delta_LAI gnsa rpaHynbl h19v02
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KoHuentyansHo ans rpaHynbl h19v02....

INOHMKECHH E
MaKC

PaHHSA
BECHA

PaHHSA
OCCHb

Jan Dec

Kak BecHa TaKk 1 0CeHb HacTynatoT paHbLLe.

KpynHble obrnactun K ceBepy MMEKT TEHOEHUMIO YMEHbLLUEHMS NMUKOBOIO 3HAYEHUS
LAI.

Hebonblune pa3po3HeHHble 06nacT UMET TEHAEHUNIO YBENMNYEHNSA NMUKOBOIO
3HavyeHusa LAI.



Pabota Ha bnunxaunwuee dyayulee:

3aBepwntb nepeodbpaboTky npoaykta MODIS LAI gnsa psigos v02 and vO1 1 BbINOMTHUTL
CE30HHYI perpeccutio.

BbinonHuTb perpeccuto ¢ ncnosnesdosaHnem MODIS NDVI n nytem cpaBHeHUS BbISIBUTb
npenmyuectsa npoaykta MODIS LA

Bbluncnute TpeHabl Ha NonoBuHY Bcero nHtepsana (2000-2009 and 2009-2018) u
CpaBHUTb pe3ysnbTaThl.

PaspabotaTtb MeTogonornto Ana cxxatmust pesynsratoB CE30HHOW perpeccum B
KOMMaKTHbIE METPUKU, XapaKTepusytoLmne naMmeHeHme CE30HHOW KPMBOW.

BblumncnnTb koppendauuio mexay npodpunamm LAl v Temnepatypbl 4na TeCTMpPOBaHUA
rMNoTesbl YTO paHHee NosBreHne 3eneHn cBa3aHo ¢ bonee paHHMM HacTynneHneMm
Tenna.

[MpoBecTn aHanu3 3aBUCMMOCTU TPEHO0B OT TMMNa PacTUTENbHOIo MNOKPOBa.



