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PHOTOSYTHENSIS | e e

WATER + LIGHT = CHEMICAL ENERGY_ | ! |
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CHEMICAL ENERGY + CARBON DIOXIDE = SUGAR



[fonybasa nnun 3eneHada nnaHera?

[long nnowaan
nnaHeTbl NOKPbITON
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PacTUTENbHOCTBIO |
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LA 4.5

[ona nuctoBow
MOBEPXHOCTU Mo 101,25%
OTHOLLIEHUIO K 1100 9,
nnowaau nnaHetb

BO,EI,OI7I I'IOKprTO 70,8% * - IGBP DIS Land Cover Data Base, 2000

** - Gregory P. Asner'et al. 2002, Global Synthesis of Leaf Area Index
NOBEPXHOCTH TNaHETHI Observations: Implications for Ecological and Remote Sensing Studies



CTpyKkTypa nekunu

Mpubopbl AUCTAHLMOHHOIO 30HANPOBaHNSA CO CMYTHUKOB ANSA
MOHUTOPUHIa pacTUTENbLHOCTH

¢VI3I/I‘-IGCKI/I9 OCHOBbI ,D,VICTaHLIMOHHOFO 30H,ElMpOBaHI/IF|
PacTUTEeJIbHOCTU B ONTUHECKOM Analria3oHe AJInH BOJIH

CnekTpanbHble oTpaXKaTernbHbIE XapaKTepUCTKN
deHornornyeckas aguHamuka
BRDF dyHKkuUmna

[nobarnibHLIN MOHUTOPUHI PACcTUTENIbHOCTHN
KaptorpadupoBaHme HazeMHbIX 3KOCUCTEM |
OueHka bModPU3NYECKNX XapaKTEPUCTUK PACTUTESTIBHOCTH

MOHUTOPUHT ANHAMUKN PacTUTENBHOro NoKpoBa
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I'op | ConyrHuk (OCHOBHOW CEHCOP)

1972 | ERTS-1/(MSS)
1975 | Landsat-2 (MSS)

1978 | Landsat-3 (MSS)
1979 | NOAA-6 (AVHRR)

1981 | NOAA-7 (AVHRR)
1982 | Landsat-4 (MSS, TM)
1983 | NOAA-8 (AVHRR)

1985 | Landsat-5 (MSS, TM); NOAA-9 (AVHRR)
1986 | SPOT-1 (HRV): NOAA-10 (AVHRR)

1988 | NOAA-11 (AVHRRY); IRS-1A (LISS I, LISS II)

1990 | SPOT-2 (HRV)

1991 | NOAA-12 (AVHRR); ERS-1 (ATSR, SAR); IRS-1B (LISS I, LISS 1I)
1992 | JERS-1 (SAR, OPS)

1993 | SPOT-3 (HRV)

1994 | NOAA-14 (AVHRR)

1995 | ERS-2 (ATSR, SAR); IRS-1C (LISS III); Radarsat (SAR)

1997 | IRS-1D (LISS IIT)

1998 | SPOT-4 (HRVIR, Vegetation)

1999 | Landsat-7 (ETM+); IKONOS, Terra (MODIS, MISR, ASTER)

2000 | NOAA-L (AVHRR); EO-1 (Hyperion, ALI); EROS Al (EROS A1)
2001 | Quickbird-2, PROBA (CHRIS)

2002 SPOT-5 (HRG, Vegetation); Envisat (AATSR, ASAR, MERIS); Aqua
(MODIS)

2003 | ICESat (GLAS)

Radarsat-2 (SAR) @
L ALOS (VSAR, AVNIR-2)
I NASA (VCL)




~ XapaKTepuCTUKN HEKOTOPbIX NPUGOPOR
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Vegetation Spectra

In this graph
o [hemispherical reflectance]

+

[absorption]
+

[hemispherical transmittance]

=1.0

Transmittance

Albsorption

Reflectanece (%)

{35 ) sowwpymusweEL |

Big Bluestem Grass
Hemispherical Refllectance,
Transmittance, and Absorption

Reflectance

| 1
0.4 ns (.6 0.7 0.5 0.9 1.0 1.1

Wavelength, nm

[hemispherical reflectance] is displayed upwards from 0.0;
[hemispherical transmittance] is displayed downward from 1.0;

Rearranging the equation shows that [absorption] is the dark grey area between the two curves.

=» Conclusion: absorption dominates in visible; scattering dominates in the NIR.



Three factors determine canopy reflectance

Leal pigments
in the palisade
mesophyll:
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~ Seasonal variability

In spectral reflectance
(Sweetgum —
Liguidambar
styraciflua L.)




Reflectance increases as leaf dries
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Reflectance (%)
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Near-Infrared

Trajectories in the Spectral Space
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Stochastic model was used to
construct the vegetation
reflectance at nadir in the red
and near-infrared spectral
space.

Soil isoline; background
reflectance constant + LAI
changing.

LAl isolines: LAl is constant +
background reflectance
changing.

Soil line: LAI=0 + background
reflectance changing

Convergence point;
LAl=infinity.



Near-Infirared Reflectance

“Tassled cap” — red & NIR reflectance
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Temporal variability — phenological cycle
of winter wheat

Winter Wheat ; :" ” \)
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Phenological Cycles of San Joaquin and Imperial Valley, California, Crops
and Landsat Multispectral Scanner Images of One Field During a Growing Season
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NDVI

» Characteristics of leaf reflectance
(phenological stage, leafy biomass,
greening, drying, etc.)

NIR — red
NIR + red

NDVI =




Other vegetation indices (condensed
from p. 363 In Jensen)

NIR.,,, — SWIR.,,.
NIR,,,, + SWIR.,,.

Infrared index Il =

Moisture stress index MSI = ddisdbi T
NIRTM4
Soilladitsted indan syt M LI 000 L o
NIR + red + L
Enhanced vegetation index EVI = Prir ~ Prec (1+L)

p;:ir pi Cl p:ed i C2 pglue gl
where the p” terms are atmospherically corrected reflectances



The MODIS EVI, produced every 16




| Light reflecting off of a surface is rarely iSOtropic Most
 surfaces exhibit anlsotroplc reflectance (reflectance amount
. varies W|th dlrectlon) '
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Forward scatter direction

O

Back scatter direction



Backscatter direction Forward scatter direction



Backscatter direction =~ Forward scatter direction



Canopy BRDF is not constant as dlrectlon of
illumination changes during day




YrnoBble 3ddeKTbl OCBeLleHUsa u
HabnageHua nosepxHoctu : BRDF

VI306pa>KeH ne SZA

VZA - 3eHUTHbIX yron HabnwaeHus

SZA - 3eHUTHbIN yron ConHua

N

PHA - dbaszoBbIn yron




'TNoBble XapaKTepUCTUKU HabnogeHuwn,
BbIOpaHHbIX No Kputepuiro max NDVI

M(PHA)

M(SZA)

KapTta necos
CCCP




MRPV BRDF mopgens

In '[fm =1In p, + (k =1)In[cos 8, cosA(cos, + cosd)|—b, cosg
H(p,G)
Ps - KO3(PEPULIMEHT OTpaXxeHUs NoBepxXHOCTU
H(p,G) - hot-spot qakTop
PorKiby i napameTpLl MOAeny
0,,0,9 - 3eHUTHBIW yron ConHua, 3eHUTHLIW yron HabnoaeHus wu

(Pa30OBLIU Yron cOOTBEeTCTBEHHO
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OueHKa SAI no BpeMeHHbIM cepmlM

Ha6J1I-O.D,eHVIVI

OueHKa SAI1 n SAI2 CKONb3AWUM
OKHOM BAOOJIb BpeMeHHoro npocdpuns
HabnoaeHNn B cneKkTpanbHbIX
_KaHanax NIR 7 SWIR
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MISR: Multi-angle Imaging SpectroRadiometer

e Launched on Terra, 12/18/1999

Exploits angular information in signal

— Surface BRDF

— Path lengths through atmosphere

4 spectral bands: blue, green, red, near-infrared

9 angles: 0°, fore and aft 26.1°, 45.6°, 60.0°, 70.5°
Global coverage 2-9 days depending on latitude




MISR: Cenbckoxo3semnu B CapaTtoBckoin obnactu
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[ EVERGREEN NEEDLELEAF FOREST
[ EVERGREEN BROADLEAF FOREST
[] DECIDUOUS NEEDLELEAF FOREST
] DECIDUOUS BROADLEAF FOREST
] MIXED FORESTS

[ CLOSED SHRUBLANDS

[__] OPEN SHRUBLANDS

[ WOODY SAVANNAS

[ SAVANNAS

: 45% 3 e

[ GRASSLANDS
[ PERMANENT WETLANGS

] CROPLANDS

[ URBAN AND BUILT-UP

[ CROPLAND/NATURAL VEGETATION MOSAIC
[ SNOW AND ICE

[ BARREN OR SPARSELY VEGETATED

[ WATER BODIES

nobanbHaa KapTa 3eMHOro TMNOB 3€MHOro NOKpoBa Nony4YeHHas
B pamkax npoekta IGBP DISCover no paHHbIM paguomMeTpa

AVHRR co cnytHuka cepun NOAA



Comparison between the IGBP global land-
cover map and the forest map of Russia
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- Global Land Cover 2000

Neca

CenbLCKOX03AUCTREHHLIE Yroabs

YBnaxHeHHbIe 3eMnun

NMucTeeHHbIE BEYHO3eNeH e neca

CenbeKoXosANCTBEHHbIE Yroaba

Jeca, perynapHo saTannvBaeMble NPecHOR UM CONOHOBaToN BOAOH

TcTBEHHBIE NUCTONAAHBIE NECA: COMKHYThIE

CE.I'IE.G[(D“XO:!HI:\CTBBHHHE YrodeA B KOMNNeKkce ¢ necamuy
W pYrol eCTECTBEHHON PAcTUTENBHOCThIO

Teca, perynapHo saTannuBaemMbie CONeHoi BoAoK

NucTBeHHBIE NUCTONAAHbIe Neca: Pa3peKeHHbIe

CeﬂbCKOKOSFII:’IC'[BeHHbIe YroAbA B KOMNNEKSE ¢ TRABAHMCTOR
W KYCTAPHWKOBOW PACTUTENBHOCTBLIO

PE]’yl'lﬂpHD 3aTannueaeman TpaBAHWCTaA U
KyCTapHUMKOBAA pacTUTENEHOCTE

- XBolHble BeuHoseneHble neca HYCTI:IHUI TpaBAHUCTAA U KYCTAPHUKOBAA PAaCTUTENBHOCThL
XBoWHbIE NUCTONAAHbIE NEca [NecyaHble BeuyHoseneHkle KycTapHUKK
CumelaHHble neca [aneuHsie JncronafHbIe KycTapHuku
Teca B KOMNIEKCE C [IPYroi CTECTBEHHON PACTUTENLHOCTLIO KameH1cThie TpaBaHWCTan PpacTUTENbHOGTL

[NoBpeskaeHHEIE NoKapaMKy neca

ﬂEyroe

Paapexceman TPABAHMCTAA UMK KYCTAPHUKOBAA PACTUTENBHOCTL

CHera n nuabl

BogHeie obLekThl

Yp6aHU3upOBaHHbIE TEPPUTOPHUMA

CHera W Nkl

Her aaHHbIx

AHTponoreHHble 06bekTsI







JlereHOa KapTbl TUNOB 3éMHOIo NOKpoBa
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SPOT 4 — VEGETATION UHcTpyMmeHT

NPOCTPAHCTBEHHOe paspelleHue :

v\ 1.15 km npu HabnrogeHun B Haaup

v\ 1.7 KM Npu OTKNOHEHUU OCU BU3UPOBAHUA A0 +/- 50O

~ ChneKTpaJibHblie AUAQINQA30HbLL :
v 0.43 - 0.47 mkm
0.61 - 0.68 mkm
0.78 - 0.89 mkm
1.58 - 1.75 mm

e




MeTtoa aHanu3a gaHHbIX

Atan 1: NpeaBapurTenbHaa o6padoTKa N3odpaxeHNn n
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Hopmanu3oBaHHbIX Pa3HOCTHbLIN
UHpekc CHera : NDSI

NDSI

v\Wcrrcar' \

&SHOW/ ICe

Clouds

Ry R F

2 Vegetation
Ry, + R

NDSI =

SWIr
Red channel

From Hall et al., 1998: "Algorithm Theoretical Basis Document (ATBD) for the
MODIS Snow-, Lake Ice- and Sea Ice-Mapping Algorithms. Version 4.0"



Ce30HHbIe MO3auKn N3obpaxeHnu




deHoNnornvyeckme UsMeHeHus B recax

HacaxxpeHus nucTtBeHHUUbI B AKYTUN




NHTepnpeTauuna knactepoB B RED-NIR
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SNOW COVER MAP
OF EURASIAN TAIGA
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Version 1.0
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~ Forest areas in global land cover maps

G ;
CMEE . e

-

Forest in different land cover maps {
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- Forest definitions:
IGBP legend : percent tree cover >60% / tree height >2m
GLC2000 legend : percent tree cover >15% / tree height >3m
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GLCZOOO translated to IPCC
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Vegetation satellite monitoring:

F, (1)
F, (t)

Fy(t)

e (t)

possible approach

F(t)=F () +F,(t) +F,(t) + e (t)

trends of land cover properties

periodic component due to land cover
phenological changes

rapid changing component due to land
cover disturbances

random noise due to factors of technical
and natural origins, which are not
corresponding to changes of land cover
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Change in NDVI from 1982 to 1990

HIGH LATITUDE GEEENING TREND {1952-1891)

There has been a
documented change
In the seasonality
of the NDVI In
high northern

latitudes (Myneni et al.,
Nature, 1997)

% CHANGE IN MAY:SEF AVERAGE NDVI
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CUHIyInAapHbIM cnekTpanbHbI aHanums:

BblOEJ1IEHUE TpeH,EI,OBO-VI KOMITOHEHTbI U3

BpemeHHoro npodounga NDVI

Source&reconstructed series
HOV2.0AT - Series : "Time".
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CUHrynspHbIA CneKkTpanbHbI aHanus:
BblgeneHne Ce30HHON KOMMOHEHTbI U3
BpemeHHoro npodounga NDVI

[Freview| Source&reconstructed series
HOW2.0AT - Series : "Time".
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CUHrynapHbIv cnekTpanbHbI aHanus:
BblAeneHne KOMMOHEHTbI BO3MYLLAMLLIUX
N3MeHeHnn n3 BpemeHHoro npodgpund NDVI

Source&reconstructed series
HOW2.DAT - Series : "Time".
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anOpMTeTHbIe HalpaBJieHUA pa3BuUTuA
MeTOAOB aHAJIN3ad AdHHbIX

WHTerpauua gpusuveckux mopesnel B npoLecc aHanusa :
® Mopeneu cnekTpanbHOro cmelueHus ;

® BRDF mopeneu ;

® Mopeneu ce3oHHOW AUHAMUKU PACTUTENBHOCTU ;
WHTerpauna Tematmyeckmux akTos U 3HAHUW B npoliecc aHanusa :
® Basbr npocTpaHcTBeHHBIX (He CMyTHUKOBBIX) AAGHHBLIX ;
@® DkcnepTHbIE CUCTEMBI ;

® BuoknumaTtuveckue, aKosnoruveckue U Ap. mogenu ;
MynbTuceHcOpHeIU noaxon (cvHeprusm AAGHHBLIX)

® Ha yposHe uUcxoAHbIX AGHHLIX ;

® Ha ypoeHe pe3ynbTaToOB aHanNusa AAHHLIX ;



[lpuoputeTHblIe TeMaTnyeckue 3agaun

® suraeneHWe U OLeHKa KaYeCTBeHHLIX U3MeHeHU PacTUTenbHOro
NOKPOBA C UCMOJMb30OBAHUEM AAGHHBIX HU3KOTO MPOCTPAHCTBEHHOro
paspelseHus U BbI6GOPOUHBIX HA6MHOAEHU BLICOKOrO paspelueHus

® MOHUTOPUHI (PEHONMOrUYECKUX U3MeHeHU PacTUTesNbHOro NOKpoBa
Mo AGHHLIM HWU3KOFO MPOCTPAHCTBEHHOro paspelueHus

@ oleHKka 6MOPU3NMECKUX NAPaMeTPOB U CTPYKTYPHBIX XApPAKTepUCTUK
pactutenbHocTu (nNouckoeasa ¢asa) :

® napameTpbr ropu3OHTANBHOW CTPYKTYpbI (NPOEKTUBHOE NOKpLITUE,
(PPAKLIMOHHLIIA COCTAB)

® napameTpbl BepTUKANBHOU CTPYKTYPLI pacTUTENbHOCTU

® LAI, FPAR, APAR, NPP
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