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Ileab padoThI:

PaccmoTtpeHue no gaHHbiM 13 cocTosIHUS
PACTUTENBLHOCTU CyXMUX Tepputopunmn KaszaxcraHa,
B acrnekTte ee peakuum Ha U3MeHeHUA NOrogHbIX

ycrosum B TedeHnu nocnegHux 23 net (2000-
2022 rT.)



National Aeronautics and Space Administration
Goddard Space Flight Center

CE€S Working Group on Calibration and Validation

CEOS VALIDATION HIERARCHY

Validation Stage - Definition and Current State Variable
Mo validation. Product accuracy has not been assessed. Product considered
beta.
Product accuracy is assessed from a small (typically < 30) set of locations and Snow
time periods by comparison with in-situ or other suitable reference data. Fire Radiative Power

Biomass

Product accuracy is estimated over a significant (typically = 30) set of locations fAPAR
and time periods by comparison with reference in situ or other suitable Phenology
reference data. Burned Area
Spatial and temparal consistency of the product, and its consistency with LAI

similar products, has been evaluated over globally representative locations and
time periods.
Results are published in the peer-reviewed literature.

Uncertainties in the product and its associated structure are well quantified
over a significant (typically > 30) set of locations and time periods representing
global conditions by comparison with reference in situ or other suitable
reference data. Validation procedures follow community-agreed-upon good
practices.

Spatial and temporal consistency of the product, and its consistency with
similar products, has been evaluated over globally representative locations and
time periods.

Results are published in the peer-reviewed literature.

Vegetation Indicies
Albedo
Soil Moisture
LST & Emissivity
Active Fire

Validation results for stage 3 are systematically updated when new product
versions are released or as the interannual time series expands.

When appropriate for the product, uncertainties in the product are quantified
using fiducial reference measurements over a global network of sites and time
periods (if available).

Land Cover




NDVI (Normalized Difference Vegetation Index) - HopMann3oBaHHbIN OTHOCUTENbHBI MHAEKC
PacTUTENBHOCTU - NPOCTOA KOMMYECTBEHHbIM NoKasaTenb KonuyectTsa GoTOCMHTETUYECKW aKTUBHOM BuoMacchl
(06bI4HO Ha3bIBaEMbIN BEreTauMOHHbIM MHAEKCOM). OAMH U3 CaMbIX PAcnpOCTPaHEHHbIX M UCMNONb3YyEMbIX
WHOEKCOB ANA peleHns 3a4a4, UCNOMb3YLWMX KONNYECTBEHHbIE OLEHKWN PACTUTENBHOMO NOKPOBA.

BruiuncnseTtca no cneayolleit dopmyne:

rae,
NIR - oTpaxeHue B 6nuxHel MHdpakpacHoi obnacTu cnekTpa
RED - oTpaxeHWe B KpacHoii obnactu cnekTpa

KoMmbuHauum kaHanoB KaMep CNYTHMKOB Mcrnonb3yemble gns pacHeta NDVI:

MSS Landsat(4,5) 5 (0.6-0.7 MkM), 6 (0.7-0.8 MkM) uan 7 (0.8-1.1 MkM)
TM Landsat(4,5) 3 (0.63-0.69 MkM), 4 (0.76-0.90 MKM)
ETM+ Landsat? 3 (0.63-0.69 MkM), 4 (0.75-0.90 MkM)
AVHRR NOAA 1 (0.58-0.68 MkM), 2 (0.72-1.0 MKM)
MODIS Terra(Aqua) 1 (0.62-0.67 MKM), 2 (0.841-0.876 MKM)
ASTER Terra 2 (0.63-0.69 MkM), 3 (0.76-0.86 MKM)
LISS IRS(1C/1D) 2 (0.62-0.68 MkM), 3 (0.77-0.86 MKM)
F R 0.1 0.2 0.3 04 Ve S S | W e

HE O

OwnckperHaa wkana NDVI



Xapakrtepuctmnyeckune 3HadeHna NDVI ans
PA3NMUYHbIX TUNOB NMNOACTUNAIOLEN NOBEPXHOCTU

OTpaeHue B OTpaXeHue B

- - 3Ha4yeHue
Tun obbekTa KpacHoW obnactu nHdppakpacHon obnacrtm NDVI
cnekTpa cnekTpa
Nyctana pacTUTeNbHOCTb 0.1 0.5 0.7
Paspsa)xeHHan

pacTUTEeNbHOCTb 0.1 0.3 0.5

OTKpbITas Nousa 0.25 0.3 0.025
Obnaka 0.25 0.25 0

CHer n nep 0.375 0.35 -0.05

Bopa 0.02 0.01 -0.25

MUckyccTBeHHbIe
maTepuansl (betoH, 0.3 0.1 -0.5
accanbT)



Ucnon b3yeéMbl€ CNMYTHUKOBbIE NMPOAYKThbI

MOD13A1 v006 MYD13A1 v006

MODIS/Terra Vegetation Indices 16-Day L3 Global 500 m SIN Grid MODIS/Aqua Vegetation Indices 16-Day L3 Global 500 m SIN Grid

Mepunog: 2000 — 2022 rr.

lMporpammMHoOe obecrne4vyeHue
Google Earth Engine

Google Earth Engine combines a multi-petabyte catalog of satellite imagery and
geospatial datasets with planetary-scale analysis capabilities. Scientists, researchers, and
developers use Earth Engine to detect changes, map trends, and quantify differences on
the Earth's surface. Earth Engine is now available for commercial use, and remains free for

academic and research use.
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Kapra ce3onnoro makcumyma NDVI
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Kapra ce3onnoro makcumyma NDVI




Kapra ce3onnoro makcumyma NDVI

Geometry Imports
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Kapra ce3onnoro makcumyma NDVI
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Kapra ce3onnoro makcumyma NDVI
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Kapra ce3onnoro makcumyma NDVI




Kapra ce3onnoro makcumyma NDVI
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Mann-Kendall Test

The Mann-Kendall Test is used to determine a time series has a monotonic
upward or downward trend. It does not require that the data be normally
distributed or linear.



lNpoekTHasa Tepputopus: KabinopauHckas, TypkectaHCKas,
XamoObinbckaa n AnmatnHckasa oonactn KaszaxcrtaHa
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PesynbraTthl Tecta MaHHa-KeHoenna

Anga AByxX BpeMeHHbIX OKOH

anpenb-MaW : ce3oHHbI MaKCUMyM A5 NYCTbIHHONM PacTUTENbHOCTM (adhemepsbl);
NIOSb-aBrycCT : Ce30HHbIM MaKCUMYM O1A PacTUTESTIbHOCTMW.

Hrwoab - ABryer 2001-2022

Yay4yumenune

Jerpanauus

Anpeas - Maii 2001-2022

Yay4yumenune

Jerpaxauus



PesynbsraTthl Tecta MaHHa-KeHgenna

And AByx BpeMEHHbIX OKOH

anpenb-MaVl . CE30HHbIM MaKCMMYyM AJ151 NYCTbIHHOW pacTUTENbHOCTU (adpemepbl);
NKOJ1b-aBrycCT . CE30HHbIW MaKCUMMYyM O51A paCTUTESIbHOCTHN.

Hrwas - Aeryer 2001-2022

Yayyiuenue

- TPpeHJA He 3HaA'ITUM

Jerpanauus

Anpeas - Maii 2001-2022

Yayumenue
=

- TPpEeHI He 3HaA'INM

Herpagauust



KiuMaTudyeckue XapaKTepUCTUKH TEPPUTOPUU

H3: EXXEI'OAHOI'O BIOJIVIETEHSA MOHUTOPUHI'A COCTOSHUS U UBMEHEHUSA KJIMMATA KA3BAXCTAHA: 2021 rog

Keneuiopamackas 001acThb Typkectanckas 001acTh
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BpemenHble psisibl aHOMaIui TOA0BBIX TemiepaTyp Bo3ayxa (°C), OCpeTHEHHBIX 110
oonactsam Kazaxcrana 3a nepuoj 1941-2021 rr. AHomanuu paccyuTaHbl OTHOCUTEIIBHO
0azoBoro nepuoaa 1961-1990 rr. JIunelinsiii Tpena 3a nepuog 1976—2021 rr. BeiaeneH
3eJIeHbIM 1IBeTOM. CenasicenHas Kpusas nonyyena 11-nemnum cKonb3sauum ocpeoHeHuem.



KiimMaTnyeckyne XapakKTepUCTUKH TEPPUTOPUH
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tepputopuu Kazaxcrana 3a nepuog 1941-2021 rr. AHOMaIMU pacCUUTaHbl OTHOCUTEIBLHO 0a30BOTO

neproaa 1961-1990 rr. Jluneinsii Tpens 3a nepuoa 1976—2021 rT. BeIfeaeH 3€JCHBIM IIBETOM.
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KiuMaTudyeckue XapaKTepUCTUKH TEPPUTOPUU

H3: EXXEI'OAHOI'O BIOJIVIETEHSA MOHUTOPUHI'A COCTOSHUS U UBMEHEHUSA KJIMMATA KA3BAXCTAHA: 2021 rog
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1941
1946
1951
1956
1961
1966
197

197

1981
1986
1991
1996
2001
2006
2011
2016
2021

Bpemennsie psiipl aHOMaHi TOAOBBIX CyMM ocaakoB (%) 3a mepuox 1941 - 2021 rr.,,
IPOCTPAHCTBEHHO-OCPEIHEHHBIX MO oOyacTaM Kazaxcrana. AHOMaMK pacCYUTaHbl OTHOCUTEIHHO
6azoBoro nepuojga 1961 — 1990 rr. JIuneitnsiit Tpenn 3a nepuona 1976 — 2021 rr. BbijieneH YepHbIM
nBetoM. Cenasicennas kpueas nonyyena 11-1emuum ckonb3sauum ocpeoHeHuem



KiimMaTnyeckyne XapakKTepUCTUKH TEPPUTOPUH
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tepputopun Kazaxcrana 3a nepuog 1941 — 2021 rr. AHomanuu pacCUrTaHbl OTHOCHUTEIHHO 0a30BOTO MEPHO/Ia
1961 — 1990 rr. JIuneitnbiit Tpeny 3a nepuos 1976 — 2021 rr. BeiAeneH yepHbIM 1IBeTOM. Cenasicennas kpusas
nonydena 11-1emHum ckonv3auum ocpeoneHuem



CpeanHemMecsayHas 1 cpeaHeronoBsas koHueHTpauum CO,
MayHa Jloa, Naesan 1958 - 2021
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badHbie : Dr. Pieter Tans, NOAA/ESRL (https://gml.ncaa.gov/ccgg/trendss) n
Dr. Ralph Keeling. Scripps Institution of Oceanography (https://scrippsco2.ucsd.edu/). noctyn va 2021-12-16
https/hw. wiki/4ZWn

C 1982 no 2010 r. B 30He NOAYNYyCTblHb B LLe/IOM Ha naaHeTe Habiro4anca poct
3e/IeHON MaccCbl pacTeHut Ha 11% Npy HEM3MEHHOM KOJIYecTBe 0CaZKoB

[http://compulenta.computerra.ru/zemlya/klimatologiya/10007168]
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http://compulenta.computerra.ru/zemlya/klimatologiya/10007168
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FpaHmu,a «MNYCTbIHHOIO» NO’apa B I'IOJ'IyI'IyCTbIHHOIZ 30HE
(noxap 2006 roaa)




OcTenHeHnE MOMYNyCThIHb

Wood plants of
dry territory

Herbaceous plants
of dry territory

Cnep ot noxapa  JIpeBecHasi KyCTApHHYKOBAasI

PACTUTENbHOCTh

Kalidium foliatum
Reaumuria alternifolia

i
A

Festuca valesiaca
Koeleria gracilis

. Erotia ceri
Dry steppe vegetation



IoaynycTbIHHAA JApPeBeCHASI PACTUTEJIbHOCTD

Burned down hemp




IlyCTBIHHBIE JePEeBbA
Cakcayn [Halo[ylon] (6benbiin, YepHbIn)




BbiBOoAbI :

3ameHeHns PaCTUTENBLHOIO NOKpoOBa Ha CYXUX
Tepputopmax Kaszaxctana ([Npuapanse, lNpubanxawse), B
nepuog 2000-2022 rogos, CONpOBOXOaArnncCb
OOMUHNPOBAHMEM MNONOXUTENBHONO TpeHda B 3Ha4YeHUax
Ce30HHOoro MaKcumyma BeretauMoHHOro nHaekca
NDVI _MODIS. T.e. HanpaBneHua Tekyllero uU3MeHeHUs
TEeppUTOpPMUA, B LENOM, HanpasfneHbl Ha BUOOWU3MEHEHUE
PaCTUTENBHOCTH NYCTbIHL\MOSYNYCTbIHb B boree
NPOOYKTUBHbIE, C TOYKM 3PEHUSA CE30HHOro MakcMmyma
MPOEKTUBHOIO  JNIMCTOBOrO  MOKPbLITUA,  coobLulecTsa.
[IPNUYNHBI  U3MEHEHUN  MHOroobpasHbl, 93TO NOroAHo-
KNMMaTu4yeckne napameTpsbl, BKMNOYas pPOCT KOHLUEHTpauuu
CO2 B armocdepe. Takke Henb3a WUCKMIYUTb BIUSIHUE
M3MEHEHUN  3eMJIeNonb30BaHNSA, Hanpumep, 3awuty
cakcaynbHUKOB.



Cnacmbo 3a BHUMaHue



