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NASA missions of remote sensing of the Earth
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Huge amount of data is available for the scientific community
(including hydrological)
Its analysis requires international collaboration




Satellite data on hydrology is contained in

Passive (SSM/I1) and active (ERS) microwave radar measurements
Optical and near-infrared imaging (AVHRR)

Altimetry data (Jason)

Ground moisture data (SMOS)

Atmospheric vapor and precipitation profiles

Gravity measurements (GRACE, GOCE)

Mass changes (hydrological) depend on

River and lake levels Snow cover

Subsurface water and biomass Precipitation

Gravity field studies are useful for

Hydrology, meteorology, climatology, geodynamics.

The climate change, for example, influence the river hydrological balance, permafrost, rivers
discharge into ocean, sea level, water and ice balance of the Arctic, etc.

Mass redistribution influence the rotation of the Earth.

The full set of geodetic and geodynamical problems is involved.

Their study is also important for rational resources management, construction work,

flood prediction, agriculture and so on.



Gravity space missions

CHAMP = launched by GFZ in July, 2000 to an orbit of ~ 450 km altitude.
For gravity and magnetic field research. The data span is ~ 8 years.

GRACE - Gravity Recovery and Climate Experiment. Two twin satellites, developed
by NASA/DLR, launched from Plesetsk cosmodrome on March, 17th, 2002. Satellites are
separated from each other by ~220 km. Follow one another on a polar orbit at ~500 km
altitude, covering the Earth in ~30 days.

The basic measurement is the distance between the satellites and its rate, changing
under the influence of the accelerations caused by the flight over the mass sources.
Mission extended to 2017. Battery capacity now is 10 times lower than at the beginning.

GOCE - launched in March, 2009 to an orbit of ~260 km altitude. High-accuracy model
of the gravitational field was obtained by means of high-accuracy gradiometery with ~1
mGal accuracy and heights of geoid error ~1-2 cm at a 100 km spatial resolution, and
better then 1 mm accuracy for higher spatial frequencies. Mission finished 11 November
2013 by falling down into the ocean.




Earth gravity field model GRACE (GGMO03s)

Gravity Anomaly (mGal)

V(p,A,r) = M ( J cosmA+ S sinmA)P"(sin @)
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GRACE data preprocessing

We uses monthly JPL Level-2 RLO5 files with coefficients of spherical decompaosition
up to order and degree 60 since 01.2003 till 06.2016. Tidal and atmospheric effects
were removed by JPL during the stage of the first level processing.

16 files (06.03, 01.11, 06.11, 05.12, 10.12, 03.13, 08.13, 09.13, 02.14, 07.14, 12.14,
05.15, 06.15, 10.15, 11.15, 04.16) were linearly interpolated (N=154 files totally).
Some data in the last months is not delivered because of accumulator problems
onboard.

C,, values from SLR are used.
12-yeae average field is subtracted.
GIA effect is removed according to Paulson 2007 model.

The results are converted into Equivalent Water Height levels (EWH, cm), the
animated maps are constructed with GMT.
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Glacial isostatic adjustment GIA modeling

Over Scandinavia
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Variations in J, from SLR and GRACE
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Initial data GRACE JPL RLO5 Level 2

2016-2003
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Multichannel Singular Spectrum Analysis

1) Lag parameter L selection SSA- gellel'ﬂlilﬂ“ﬂ“ of PCA

Multichannel signal
X = (X;y X550y Xy )

Embedded into block matrix X

2) SVD — singular value decomposition of the matrixis performed

X =USsV'

3) For each singular number s. the matrices are reconstructed

| T
and signal for every component is obtained by Hankelization

4) Similar sighals.are.grouped into-Principal Components (PCs)

PC1, PC2, PC3...



1D SSA example — “caterpillar”
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GRACE data MSSA —singular numbers

L=48 months (4 years)
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L. Zotov, C.K. Shum. Singular spectrum analysis of GRACE observations, American Institute
of Physics Proceedings, of the 9th Gamow summer school, 2009, Odessa, Ukraine.



Trend - PC 1

2016-2003
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Annual component — PC 2

150° 180° —150°

90"

B0

30°

-30°
-B0°
-g80° Fo® o | [SF e A e S
0 an° 60" 0" 120° 1807 180° 150 —120°
. ] cm
T T |
—40 =20 a0 20 40

MCCA, L=48 months

—120°

PC 2 (SN 2+3) 01/2003

120°

-0

MSSA-processed by L. folov



Sum of first 10 singular numbers

sum SN 1-10 01/2003
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Remaining components, Sum of SNs >10

difference 01/2003
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Simulated Topological Networks (STN-30p) database
Used to extract 15 big Russian river basins




Changes over 15 large Russian rivers

Sum PC 1-10 2003/01
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Mass anomaly (averaged field)
In the basins of 15 large rivers or Russia
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The difference between 2016 and 2003 trend (PC 1)

2016-2003
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Changes in the Siberiariver basins

EWH, cm
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Mass changes
In Amur and northern river basins
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Changes in the basins of the European river basins
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Anomalous heat wave in Moscow, Russia 20-27 July 2010
Compared to average over 2000-2008, MODIS, Terra

Land Surface Temperature Anomaly ( C)
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Comparison with data from hydrological web
CYcle de I'eau et de la Matiere dans les bassins VErsaNTs (CYMENT)
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Comparison with CNES/GRGS RL 03
for Moscow
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CNES and JPL plots from http://www.thegraceplotter.com/



Difficulty of prediction

EVWH, cm
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Gravity changes over Russia from GRACE and
absolute gravimetry

Leonid Zotov!-® (wolftempus@gmail.com), Viktor Yushkin!2, Jaakko Makinen3, Mirjam Bilker-
Koivula3, Roman Sermyagin? and Natalya Frolova*
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Black Sea and Caspian Sea levels,

and OBP from GRACE
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Baikal lake draft and Aral sea

Initial data ) Aral Sea Region (43+4 N, 58+4 E), Sum1-10
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Mass changes in the basins of large rivers of China
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Mass trends PC 1 in hydrOlogy

Jdeouno BAleNMUKOSHY FOMO8, KANIUOGM
PUINKO-MEMEMAMUNECKUX NAYX, douerim Moc-
KOBCKOZ0 UHCMUMYMa S3eXMPONUKU U Ma-
MEMAMUKY HARKONARLHOZ0 UCCALIOEAMENL-
CXO20 YHUSCPCUMEMA + BUCHIGR WXOAA IKO-
HOMUKY., CMGPUUA RAYNHLR COMPYINNX J0-
CYOGPCMECHNO20 ACMPOHAMUNEC KO0 WHCMU-
myma wsmenu Il XKHOimeprGepza MI'Y wumenu
M _BJ1aMOoROCOSE. OGRACTE NAYNHUX UHMEDE-
CO8 — BPAWENUE JeMAU, ZPASUMARUOKNOE
NQIE, KAKMAMUNECKIUE UIMCHENUA.

Hamdnrsn J1eonudosna ®porosd, npogec-
cop, JOKMOP 2002PAPUNECKUX NAYK, 34ELIYI0-
AR KaPeopoll ZUIPOROUN CYIUN 2802PAPU-
NECKoZ0 Paxysemema MoCcKoscK020 20Cyaap-
CMEENHOZ0 YNUECDCUMEME wheny M.B.JlaMo-
NOCOBA. SGHNWMACTICR UIYNENURM CIMOKA DEX,
OUCIMANKUONNILMI MEMOIAMN. UCCACOOBANUS
Jewau, 20pHON ZUIPOSOIHEN.

C.K.lllam (C.K.Sbum), npoPeccop omoese-
HUR zeooezuu KOst Hayk o Jemie Ynusep-
cumema wmama Ozado (zKoxyméyc, ClliA).
Odun u3 aemopos omuema IPCC no KiumMa-
my 2007 z. CREKUAAUCT & O6GRACMU KAUMA-
MUNECKUX UIMECHENRUA, CRYMKUKOCOH 2e00€-
UM, 2e0IUNAMUKU, UCCREIOEANUT CUCMIEML
MOPR, danNuX GRACE.

basins of large Russian rivers
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rpﬂlHTﬂ“HDHHble GHOMGQIMHUH

B 6acceMHAX KPYNHLIX peK Poccum
Cnymnuxosaa cucmena GRACE, delicmeyrwouian na opou-
me 3emau ¢ 2002 2., no3eonaem uyuams 2pacumaiioH-
Hole AHOMAAUU U UX 6peMerHble 8apUalUlU, 00)YCA08.1eH-
Hole npoyeccamu macconeperoca 6 o000A0UKAX IeMai.
Ha ocroee ananu3a zpagumanuoHHblx OMKAOHEHUT, 3a-
pezucmpuposanrslx ¢ nomoufbio cnymuuxos GRACE,
Y0anocs oueHUmMs UIMEeHYUEoCms elazoianaca oacceii-
Hoe 15 xpynueiwux pex Poccuu 3a nocaednue 13 aem.




Conclusions

_GRACE grévity'inforrr'latio‘n allows to study mass redistribution in the Earth
systems,-including the hydrological changes

Multichannel Singular Spectrum Analysis is-a useful. method for satellite data
processing

Data, averaged in the large river basins clearly show anomalies related to
floods and drafts

The climatologically trend over-Russian territory show the-increase of mass
in Lena‘and lrtysh-basins, what can’be'related.to-permafrost.degradation
over 12 years. The negative.anomaly.over Caspian sea could be related to-its
level decrease-asaresult.of Volga river discharge decrease.

GRACE data can be also used for oceanography and non-steric sea level rise
estimation

USA andChina-are actively competing for thelaunch of GRACE Follow-on
mission. GRACE satellites have .been working 3 times longer than there
expected period and should be replaced in'2017. The GRACE-FO mission will
be sufficiently better laser range-measurements will be 100 times more
precise). Russian space agency is also.interested in'space gravity missions.

The attendance at the conference is supported by NRU HSE and Dr. Wenbin Shen
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