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Muccum no nccnegoBaHuiro r;aBuTalMoOHHOIoO nons

CHAMP - 3anyweH GFZ B uione 2000 r. Ha op6UTY BbICOTOM OKONO 450 KM.
C uenblo M3yyeHUsa rpaBUTaLUOHHOrO U MarHMTHOro nosei. [laHHble noctynanu 8 ner.

GRACE - skcnepumeHT no nccheaoBaHUIO rPaBUTALMOHHOrO NOAA U KAMMATA,

ABa CNyTHMKa — 6nu3sHeua, pa3paboraHHbie NASA/DLR, 3anyuieHbl ¢ Kocmoapoma
Mneceuk 17 mapta 2002 r. CNyTHUKKU cneayroT OAUH 33 APYIrMM Ha pPaccToaHUM ~220 Km
No oKosononApHoOM opbuTte Ha BbicoTe ~500 Km, noKpbiBaa 3emnto 3a ~30 CyTOK.
OCHOBHbIMU U3MeEpPAEMbIMU BE/IMMMHAMMU ABNAIOTCA PACCTOAHMUE MeXKAY CNYTHUKaMU U
ero UsMeHeHUA Noa, BIMAHUEM YCKOPEHUiA, 06yCNOBAEHHDbIX NPOaAEeTaMM HaA,
NPUTArMBalOWMMKM maccamm. Muccma 3akoHumna paboty B 2017 .

GOCE - 3anyweH 8 mapTe 2009 r. Ha op6uTy BbicOTOM 260 KM. C NOMOLLbIO BLICOKOTOYHOTO
rpagueHTomeTpa nosy4yeHa BbICOKOTOUHaA moaenb NpaBuUTaulMOHHOro nons. lNMorpewHocCcTb
BbICOT reonaa 1 cm npu paspeweHum 100 kKm, meHee 1 mm ana 6onbinx
NPOCTPAHCTBEHHbIX YacToT. OTpabortas, cnyTHUK ynan 11 Hoa6pa 2013 r. B oKeaH.

GRACE Follow-On - npuwnan Ha cmeny GRACE sanyuwieHbl NASA paketoit SpaceX




paBuTaumMoHHoe none 3emau no gaHHbim GRACE (GGMO3s)

Gravity Anomaly (mGal)
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Knumatuyeckue tpeHabl B AaHHbIX muccun GRACE

2015-2003
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(A) Surface air temperature anomaly north of 65°N

(B) Anomaly of sea ice extent (NH)
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(C) Awomaly. of frozen ground extent (N )
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(D) Anomaly of snow cover extent (NH)
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{G) Surface air temperature anomaly south of 65°S
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CHUMKM NeagHMKa Baltoro co cnyTHUKOB
Landsat 5 and 7 ¢ 1991 no 2002 rr.




TpeHAab! B nusmeHeHnmn macc ¢ 2003 no 2016 r. Haa Poccuen
no pgaHHbiMm GRACE
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CpaBHeHue aaHHbIX GRACE ¢ AaHHbIMU
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N3meHeHnA macc Ha Amype
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CtaTtbsa B XypHane lNpupoaga N 5 3a anpenb 2016 r

L3 P

Jeound BAleNMUKOSHY F0MO8, KaNdudam O rr*
PUIUKO-MGMEMAMUNECKUX HAYK, J0uerm Moc-
KOBCKOZ0 UNCMUMYMAa 33eXMPONUXY U MaG-
mesamuxy HayuoNassHoI0 UCCALIOEAMEN,.-
CXO20 YHUSEPCUMEMA +BUCIGR WXONd KO-
HOMUKYs, CMGPWUR RAYNHLUN COMPYONUX I'0-
CYOGPCMECHNROZ0 GCMPONAMUNET KO20 WHCMU-
myma usmeny Il XKIHimepiGepza MI'Y umenu
M B J1aMONOCOSE. OGRACML. NAYNHIX UHMEDE-
COB — BpaAmeNue FeMAU, ZPASUMARUOKNOE
Nare, KIKMAMUNECKIUE UIMEHENUN.

Hamdasa JJeonuoosua ®POX08d, npogec-
COp, AOKMO) 2e02PAPUNECKUX NAYK, 3GE8LTYI0-
AR Kageopol ZUIPOROZUN CYIun 2e0zpagdu-
NEeCKOZ0 Paxysemema MocKosCcK020 20Cyaap-
CHIBENNOZ0 VHUEEDCUMEMa weeny M.B.JlaMo-
HOCOBA. JGHWMACIRCR UIYNENUEM CIMOKA PeX,
AUCIMANKUONALIMI MEMOGIAMI NCCACOOEANUN
Jewau, 20pH00 zuoposoryen.

C.K.Iam (C.K.Sbum), npogPeccop omoese-

| nus zeodezuu NIxoss HAayKk 0 Jemae Ynusep- 3 30108 N1.B., @Pponoea H.J., Wam C.K.
cumema wmama Ozato (zKoxymeyc, ClliA). TPAUBUTALMOHHBIE AHOMANHUHK

Wi -l - r
Oour u3 aemopos omuema IPCC no KsumMa B 6acceiiHax KPYNHBIX peK Poccum

my 2007 z. CREQUAALCT € O6RACMU KIUMA- Cnymuuxoean cucmema GRACE, deiicmeyowan na opou-
MUNECKUX UINECHENRUA, CRYMKUKOCOH 2e00e- me Semau ¢ 2002 2., nozgonnaen UIYHAMb 2PACUMALUON -
3UM, 2eO0MUNAMUKN, NCCREIOLANUN CHCMEMU Hble AHOMANUNU U UX epeMerHble 8apuanui, 06ycioenen-
MOPR, dANNUX GRACE. Hole npoyeccamu macconeperoca 8 000A0HKAX IeMai.
Ha ocroee ananuia zpasumaiuoOHHblX OMKAOHEHU, 3a-
pezucmpuposanrslx ¢ nomoufbio cnymuuxos GRACE,
Y0anocs oueHumMs UIMEHYUBOCMb 8ldzo3anaca oacceli-
Hog 15 xpynuneiuwux pex Poccuu 3a nocaednue 13 nem.
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N3meHeHns1 NpuaoHHOro AaBrieHUS U YPOBHEN
YepHoro n Kacnunuckoro mopeun no anstumetpun u GRACE
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Sea level since 1993 till 2011, filtered by MSSA

L. Zotov, V. Vlasova, Variations of the ocean bottom pressure from GRACE satellites
proceedings of Complex study of Russian seas conference , Sevastopol, Russia, April 2016.
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OTneyvaTku 3emnetpaceHmnmn B AaHHbIX GRACE

Gravitational gradient changes following the 2004 December 26
Sumatra—Andaman Earthquake inferred from GRACE

Lei Wang,* C. K. Shum and Christopher Jekeli

Division of Geodetic Science, School of Earth Sciences, Ohio Stare Universiry, Columbus, OH 43210, USA. E-mail: leivangalldeo.colimbia.edu

Accepted 2002 September 6. Beceived 2012 September 6; in original form 2012 Jamuary 17
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FigureS. Comparison between GRACE-derived (a) geoid height change. (b) gravity change and (¢ ) gravitational gradient change caused by 2004 Sumatra and
2005 Nias events. The black circle shows the spherical cap used to construct the Slepian tapers (Wieczorek & Simons 2005), which are used in the localized
spectrum estimation.
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Kak nomeputb maccy oKeaHa?

U3MEHEHUE YPOBHA MOPHA

CTepuyeckas HecTtepuueckas
KOMMOHEHTa KOMMNOHEHTa

CnyTHMKN-6 nnsHeubl GRACE Busyanunsauma rpaBuTaLMOHHOMU
Gravity Recovery And Climate Experiment mopaenu 3emnu no gaHHbim GRACE




TpeHab! npuaoHHoro aasneHus no gaHHbiIM GRACE
Ocean Bottom Pressure (PC 1), Don Chambers data

PC 1 2003-2015
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Global mean sea level change (2005-2013):

The budegt
N3meHeHnA ypoBHSA MOpSA = cTepuyeckast + MaccoBasi KOMMOHEHTA

30 Observed GMSL
2.78 £0.32 mm/yr
20 | (altimeters)

@ Ocean mass:

0 2.0 £0.11 mm/yr
(GRACE)

0.77 £ 0.28 mm/yr
(inferred warming
Alti. — GRACE: O-bottom)

!

Thermal expansion

0.9 £ 0.15 mm/yr
(Argo: 0-2000m)

Sea level (mm)
o

EL?DDB 2004 2005 2006 2007 2008 2009 2010 20m 2012 2013 2014
Time (yr)
So what about the deep
ocean contribution
(<2000m) ?

Note: uncertainty here just simple fit-uncertainty

W. Llovel, J.K. Willis, F.W. Landerer and |. Fukumori
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The NASA/German Research Centre for Geosciences GRACE Follow-On spacecraft launch onboard a SpaceX
Falcon 9 rocket, Tuesday, May 22, 2018, from Space Launch Complex 4E at Vandenberg Air Force Base in
California. The mission will measure changes in how mass is redistributed within and among Earth's
atmosphere, oceans, land and ice sheets, as well as within Earth itself. GRACE-FO is sharing its ride to orbit

with five Iridium NEXT communications satellites as part of a commercial rideshare agreement. Credit:
NASA/BiIll Ingalls
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GravITY REcovERY AND CUMATE ExPERIMENT Follow-On

GRACE Follow-0On

Science Data System Newsletter

Report: September 2019 (No. 7)
Contact: gracefo@jpl.nasa.gov

Felix Landerer?!, Frank Flechtner?, Himanshu Save®, Christoph

Dahle?, Frank Webb?, Michael Watkins!

!Jet propulsion Laboratory / California Institute of Technology, Pasadena, CA
2 GFZ German Research Centre for Geosciences, Potsdam, Germany
3 Center for Space Research, University of Texas, Austin, TX

¢ Mark your calendars: the 2020 GRACE/GRACE-FO Science Team Meeting will take place
at GFZ (Potsdam, Germany) from Oct 27-29, 2020.

GRACE Follow-On Science Data System: News & Highlights

e Level-2 SDS data products for August-2019 are now available at NASA’s Physical
Oceanography Distributed Active Archive Center (PO.DAAC) and GFZ's Information
System and Data Center (ISDC).

e The GRACE / GRACE-FO Science Team Meeting took place from Oct. 8-10, 2019 at
JPL/Caltech in Pasadena. Over 100 participants contributed 60 talks and 20 posters,
discussing and evaluating the first year of GRACE-FO data, data continuity from GRACE,
and new science results from both missions. An abstract booklet and proceedings will be
available over the next few weeks.

e Mark your calendars: the 2020 GRACE/GRACE-FO Science Team Meeting will take place
at GFZ (Potsdam, Germany) from Oct 27-29, 2020.



NcxoaHblie exkemecAdHble aaHHble GRACE-FO Level 2
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JPL TELLUS GRACE-FO Level-3 Monthly Land Water-Equivalent-Thickness
Surface-Mass Anomaly Release 6.0 in netCDFASCII/GeoTIFF Formats
(TELLUS_GRFO_L3_JPL_RLOG_LMND}

Ocean Pressure, GRAVITY/GRAVITATIONAL FIELD

Platformi/Sensor: GRACE-FO/GRACE-FO ACC | GRACE-FO/GRACE-FO KBR. , GRACE-
FOIGRACE-FO SCA

Processing Level: 3

Longitude/Latitude Resolution: 1 degrees x 1 degrees

Start/End Date; 2018-May-22 to Present

Description: The JPL monthly land mass grids contain land water mass anomaly given as
equivalent water thickness derived from GRACE time-variable gravity observations during the
specified timespan ... more

CSR TELLUS GRACE-FO Level-3 Monthly Ocean Bottom Pressure Anomaly
Release 6.0 version 02 in netCDF/ASCII/GeoTIFF Formats
(TELLUS_GRFO_L3_CSR_RLOG6_OCM_v02)

GRAVITY/GRAVITATIONAL FIELD, OCEAN PRESSURE

Platformi/Sensor: GRACE-FO/GRACE-FO ACC | GRACE-FO/GRACE-FO KBR. | GRACE-
FOIGRACE-FO SCA

Processing Level; 3

Longitude/Latitude Resolution: 1 degrees x 1 degrees

Start/End Date: 2018-May-22 to Present

Description: The CSR monthly ocean bottom pressure grids are given as equivalent water
thickness changes derived from GRACE-FO time-variable gravity observations during the
specified timespan in ... more

JPL TELLUS GRACE-FO Level-3 Monthly Ocean Bottom Pressure Anomaly
Release 6.0 version 02 in netCDF/ASCIVGeoTIFF Formats
(TELLUS_GRFO_L3_JPL_RLOG_OCKN_v02)

GRAVITY/GRAVITATIONAL FIELD, OCEAN PRESSURE

Platform/Sensor: GRACE-FO/GRACE-FO ACC | GRACE-FO/GRACE-FO KBR. | GRACE-
FOIGRACE-FO SCA

Processing Level: 3

Longitude/Latitude Resolution: 1 degrees x 1 degrees

Start/End Date; 2018-May-22 to Present

Description: The JPL monthly ocean bottom pressure grids are given as equivalent water
thickness changes derived from GRACE-FO time-variable gravity observations during the
specified timespan in ... more
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Level 3 GRACE-FO
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TpeHAa ABUXKeHUA NOAKOCa U
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Cornacue 3HauyeHumn C,,; S,, c aperdom nontoca

C21- induced excitation (x-coordinate of the pole)
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S21 - induced excitation (y-coordinate of the pole)
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Comparison of GRACE and SLR C21 and S21 induced excitations with the polar motion
trends. GIA model ICE6G_c is shown with dashed line.

Leonid Zotov, Christian Bizouard, C.K. Shum, Vera Zinovieva, Analysis of the Second Degree
Stokes Coefficients of Geopotential and Earth Rotation Trends, AIP proceedings & EGU-2018
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[JonroBpemeHHble nameHeHmna LOD u ap. pakTtopos
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MpunneHoe 3ameaieHne BpaLLeHUa 3emnu
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Abstract:

Multichannel singular spectrum analysis (MS5A) is applied to the globally gridded oceanic angular momentum
(OAM) data from ECCO (KF080) model, Atmospheric Angular Momentum from ECMWFE model, and Earth
gravity field from GRACE satellites. Principal components of the oceanic, atmospheric, and hydrological
changes and their influence on the rotation of the Earth (polar motion PM and length of day LOD) are
extracted. The regions where mass and motion terms make the largest input into PM excitation and LOD
changes are identified. The trends, annual, and other global-scale modes are separated. Multichannel singular
spectrum analysis is found to be a promising method for signal filtering and modes decomposition. Possible
connections between climate change and Earth rotation are discussed.
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Study of the links between the Earth rotation and geophys-
ical processes. — Lomonosov Moscow State University, Sternberg Astro-
nomical Institute, Russia, 2019. 302 pages.

The work is devoted to the consideration of geophysical processes that cause the
motion of the pole and changes in the length of the day. Particular altention is paid Lo the
Chandler wobble. The method of its extraction and geodesic excitation reconstruction is
developed. Almospheric and oceanic excitalion lunctions are investigated in the Chandler
frequency band, Using the Earth’ s gravity ficld data from GRACE satellites, the first
coefficients of the gravitational potential decomposition are analysed in terms of the effect
of the corresponding mass redistribution on the Earth's rotation. The classical theory of
rotation of the Earth with a liquid external and solid inner core is given. On its basis,
the Euler-Liouville equations are generalized to the case of the triaxial Earth with oceans.
The work also provides statistical analysis of the Farth rotation parameters predictions.

The relationships of the Earth's rotation and climate processes are discusses.

Scientific advisers: Astronomer of the Paris observatory Christian Bizonard,

Doctor of Physics-Mathematics Nikolay Sidorenkov
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HayuHkle koHcyneTanTsl: KpUCTWaH Buayap, CugopeHKoB Hukonai Cepreesuy
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AHHOTALMRA:

PaGoTa nocssllieHa paccMOTPEHUIO reoPUsn4ecKMx NpoLeccos,
BbI3blBAKLLNX ABWKEHWE NOMOca U U3MEHEHNE OANUTENbHOCTU CYTOK.
OcobeHHoe BHUMaHWe yaeneHo YaHanepoBcKoMy ABUXKEHWIO Nonoca.
PaspaGoraHa meTodWKa ero BblAeneHns 1 BOCCTaHOBNEHNA
reogesn4eckoro Bo3byaeHua. ccneayotcs atMocdepHbIe 1
oKeaHu4eckne Bo3byxJaroLme PyHKUMA B YaHONepoBcKoM guanasoHe. C
MCMNONb30BaHWEM AaHHbLIX MO rpaBMTaLMOHHOMY MoMio 3emnu co
cnyTHMKoB GRACE aHanusupyTcs nepeble KoamUUWEHTLI pa3noXeHWs
rpaBMTaLMOHHONO NOTEHLManNa B acrnekTe BMSAHUS COOTBETCTBYIOLLEro
nepepacnpefeneHns Macc Ha pallenue 3emnu. [laHa Knaccu4eckas
TEOpWsA BpaLLEHNa 3eMMN C KUOKAM BHELLHUM W TBEPAbIM BHYTPEHHUM
A0pOM, Ha e€ ocHOBe YpaBHEHUA 3inepa-Jinysunng obobLyeHs! Ha
cry4an TpexocHon 3emMnu ¢ okeaHamu. B pabote Taike npoBoguTcs
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