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AKTyanbLHOCTb UCCNeAoBaHUA: exeroaqHoe 0OHoBNEHWe rnodanbHbIX

KapT pacnpegeneHus buomacchl neca
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KapTta coctaeneHa no aaHHbIiM pagunonokatopa ALOS-2 PALSAR-2 3a 2019 r. n bbina npeacrasneHa
JAXA Ha Pl Meeting (20-24 sHBaps 2020 r., Tokuo). Kapta buomaccel nieca byaeT mcnono3oBaHa Aans
OLIEHOK YrNepoAHOro CToKa.
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‘ SAR Phase - A Measure of the Range and Surface Complexity

The phase of the radar signal is the number of cycles of oscillation
that the wave executes between the radar and the surface and back

again.
Number of cycles
(actually millions!) The total phase is two-way range
57 measured in wave cycles + random
% 1 component from the surface

/ Collection of random path lengths

/?a jumbles the phase of the echo
09@

Only interferometry
can sort it out!

Slide Courtesy of Paul Rosen (JPL)

National Aeronautics and Space Administration Applied Remote Sensing Training Program

https://appliedsciences.nasa.gov/sites/default/files/Session4-SAR-English_0.pdf



A3mepeHune BbICOTbI JIECHOrO NoJiora Ha OCHOBE pafapHoOu
UHTEepdepomeTPUM

\ais ' Interferometric

L-bandgDTM

Kleanthis Karamvasis and Vassilia Karathanassi "Forest
canopy height estimation using double-frequency repeat pass
interferometry”, Proc. SPIE 9535, Third International
Conference on Remote Sensing and Geoinformation of the
Environment (RSCy2015), 95350G (19 June 2015);
https://doi.org/10.1117/12.2192581
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L-aunanason 4
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[nCTaHUMOHHbIE ONTUKO-MUKPOBOJTHOBbIE U3MEPEHNS NapaMeTpPOB fleca: COBPEMEHHOE
COCTOSIHWE UCCINEAOBaHNUMN 1 SKCNEPUMEHTaNbHAs OLEHKa BO3MOXHocTen / T. H.
Unmmutoopxmes, A. B. Omutpues, U. V. Knpbuxekosa [1 ap.] // CoBpeMeHHble npobnembi
OMCTaHLMOHHOIO 30HAMPOBaHKs 3emnn 13 kocmoca. — 2018. - T. 15, Ne 4. — C. 9-26. — DOI
10.21046/2070-7401-2018-15-4-9-24.



Multi-temporal interferometric synthetic aperture radar (MT-InSAR)
technology:

* Persistent Scatterer Interferometry
 Small Baseline Subset
» Stacking-InSAR




Jlns pacyeTa CKOpOCTH CMelIeHUH uctonb3oBaiacsa meron Stacking-InSAR. CyTs meTona

Stacking-INSAR cBoauTcs Kk B3BCHICHHOMY CyMMHpOBaHHMIO Bcex N pa3sBepHYTHIX
MHTEp(EepOMETPHICCKUX (pa3 ¢; € Becamu, MPOTNOPIIMOHATBHBIMEI MX BpeMeHHOU 0aze AT;
(j =1,N). CpenHiol0 CKOpOCTh H3MEHEHHUs (ha3bl, OIUCHIBAIONMICH CMECIICHUS, MOXHO

3aIicaTh B BUJIE

P = X1 @;AT; /X5-1 AT?.

Torma cpemgusas cxkopocTh medopMamuii BIOIbL JUHUU 0030pa pamuoiokaropa (anrir. LOS)
BbIpakaeTcs (hopMysIou

vﬂe(l) — —/1('5/4-7'[ :

Sandwell D.T., Price E.J. Phase gradient approach to stacking interferograms //
J. Geophysical Research: Solid Earth. 1998. V. 103. P. 30183-30204. DOI: 10.1029/1998JB900008



https://doi.org/10.1029/1998JB900008

PaHee 3aToT metop 6b1n anpobupoBaH asTopamMm B cnepymoumx paborax:

* boHayp, B. [. AHomanbHas reoauHamuka nepea semnetpsacenmem 2023 r. B Typuun no gaHHLIM CMYTHUKOBOK
pagapHoun uutepdepometpun 2018-2023 rr / B. I'. boHayp, T. H. Ynmutgopxkues, A. B. Imnutpues // UiccnepgosaHnue
3emnu n3 kocmoca. — 2023. — Ne 3. - C. 3-12. - DOI 10.31857/S0205961423030090.

« Bondur, V. G. The Induced Seismicity Effect in Morocco Caused by a Reduced Aquifers Volume according to
Stacking-InSAR Method and Gravimetric Data / V. G. Bondur, T. N. Chimitdorzhiev, A. V. Dmitriev // Doklady Earth
Sciences. — 2024. — Vol. 517, No. 1. - P. 1269-1275. — DOI 10.1134/s1028334x24601809.

CkopocTtu cmeuwieHms, nonyvyeHHble ¢ nomouwbio Stacking-InSAR m
SBAS-InSAR, coBnapgarroT; CpegHAa pa3HMLA B CKOPOCTU CMeLLleHMA
MeXAay AByMSA MmeTtogamMmm cocTtaBsnser 2,7 mMm/roa, a ctTaHgapTHoe
OTKNOoHeHue - 5,1 mMm/roga.

Xu, Y.; Li, T.; Tang, X.; Zhang, X.; Fan, H.; Wang, Y. Research on the Applicability of DInSAR, Stacking-InSAR and SBAS-InSAR for
Mining Region Subsidence Detection in the Datong Coalfield. Remote Sens. 2022, 14, 3314. https://doi.org/10.3390/rs14143314



[TocTaHOBKa 3agauu

1) Bymem cuuTarh, 4TO CILIONTHOM
JIECHOU TOAPOCT MPU YCPEAHEHUN
o0pa3yeT IMMOBEPXHOCTh, KOTOpas
MMEET OJUHAKOBBIC (DA30BBIE LIECHTPHI

Mean Canopy Height

Mean Scattering pacCesiHus,
Phase Center Height 2) Jlins mamepenuii OyneM HCIOJIb30BaTh
M300paKEHUS

MHTEpPEpOMETPHUUECKOM (Pa3bl ¢
IPOCTPAHCTBEHHBIM pa3pelIeHueM

40 M, TTOJTy4EHHBIE MPU pacueTax Ha
ooOnake ASF.




Mcnonb3yemblie gaHHbIe
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MepBOHaAYaNbHO A/1A pacyeToB Obl/IN UCNOAb30BaHbI BCE AOCTYMNHblE AaHHble (He3aBUCUMMO OT ce30Ha) ¢ 2014 no 2021 r.:
344 nHutepdeporpammbl paanosiokatopa Sentinel-1B c BpemeHHom 6a301 12, 24 n 36 AHEN Ha HUCXOAALLEN opbuTe Ha
COMNaCoOBaHHOM BEPTUKANIbHOW NONApmU3aLunn.

fop, 2014 2015 2016 2017 2018 2019 2020 2021 Utoro

Kon-Bo

uHtepd. 15 15 30 79 83 42 29 51 344




Moab6bop AaHHbIX

JLs1 yuéTa ce30HHBIX 3¢ ¢eKTOB (CHEKHBIHI
CesohHble BAPMALIMIA OBPATHOTO PACCEAHMS MIOKPOB, CYTOUHBIE MEPEXOIbI OT MOJOKUTETBHBIX
Sentinel-1 TEeMIIepaTyp K OTPUIIATEILHBIM U OOPAaTHO)
BBIOpAHBI JITAHHBIE C Masi 110 CEHTSAOPh
BKJIIOYUTEIIBHO.
"W M\ o Jlyisi HUBeJUPOBAHMS BPEeMEHHOM
et T A Y ' nexoppeasinun (M3MEHEHUE BIAYKHOCTH WA
| 1 § “ CTPYKTYPBI H3-3a CHIIBHOIO BETPa, HEYYTCHHOE
| s BJIIMSIHUE aTMOC(EpBI) UCIIONB30BAaHbI JTAHHBIE CO
o] — vimarot | i CpEOHEN KOTEPEHTHOCTHIO M0 BCEMY TECTOBOMY
-_—— ‘ moJIMrony He menee 0,5.
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VH backscatt

Date

Mullissa, A.; Saatchi, S.; Dalagnol, R.; Erickson, T.; Provost, N.; Osborn, B uTore BceM BEIIIIE ICPCUYUCICHHBIM KPUTCPHUAM U C
F.; Ashary, A.; Moon, V.; Melling, D. LUCA: A Sentinel-1 SAR-Based o o
Global Forest Land Use Change Alert. Remote Sens. 2024, 16, 2151. Y‘IGTOM paBMepa BpeMeHHOH 6330]301/1 JINHUH (He

https://doi.org/10.3390/rs16122151 60.]166 36 I[Heﬁ) COOTBETCTBOBAJIM:

16 unrepdeporpamm 2017 r.,
17 uarepdeporpamm 2018 1.
1532 2019 rr.



TecTOoBbIN Y4aCTOK 3aseceHUa Ha Beb-pecypce Google Earth
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X-auanazoH

Takum 06pa30N\, NMOKa3aHa NpnHunnmaaibHana
BO3MOXHOCTb ANCTAHUWMNOHHbIX M3M€p€HMIZ CKOPOCTH
nM3meHeHUnA BblICOTbIl CNJTIOWHONO J1IieCHOro nosaora.
MeToauKa moxeTt 6bITb MCMONb30BaHA TaKKe AONA

MOHUTOPUHIa BMOMACChI Jieca. Hanpumep B pamkax

metogonornm REDD (Reducing Emissions from Deforestation and forest

Degradation in developing countries) nokasaHo, YTo yBeanYeHue

6uomaccbl Ha 14.9 T/ra COOTBETCTBYET YBE/IMYEHUIO HA 1 meTp cpegHen

MHTepPepoOMEeTPUYECKOU BbICOTbI S1Ieca MO AdaHHbIM PagnO/Z1I0KaTOPOB X-

Anana3oHa TerraSAR-X/TanDEM-X.

SolbergS., Naesset E., Gobakken T., Bollandsas O-M. Forest biomass change estimated from
height change in interferometric SAR height models. // Carbon Balance Manage. 2014. V. 9, No.
5. https://doi.org/10.1186/s13021-014-0005-2



