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Earth & Space Science News
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scientists involved with the Global Climate Observing
System (GCOS)—a group that seeks to ensure that data
necessary for climate studies are made available to the
public— together with the Commission for Climatology
(CC1) of the World Meteorological Organization (WMO),
established a Task Team for Lightning Observations for
Climate Applications (TTLOCA; bit.ly/TTLOCA-lightning)
in October 2017.

Number of lightning strokes accumulated for the years 2008-2017, pre-
sented as strokes per year per square kilometer on a 0.1° x 0.1° global
grid. Data are from the World Wide Lightning Location Network, and the
map Is an upgrade of the 0.25° x 0.25° global climatology published by
Virts et al. [2013]

Lightning: An Essential Climate Variable



Kocmuueckaa reopesmna XXI Beka

Cuctembl nosuumnoHuposaHua — PCAB, I/1C, 111, DORIS ana
nccnenoBaHMA 3eMHOM NOBEPXHOCTU, ee BpalleHUs, MoHochepbl

[nobanbHblie HaBUraymoHHble cuctembl GNSS —

GPS, GLONASS, GALILEO, Beidou, IRNSS, ana moHUTOpPUHra
NPUPOAHbIX PECYpCcoB, 3€MHOU NOBEPXHOCTU, Tponocdepsl,
MoHocdepbl, NbAOB, BOA, ABUXKEHUN KOPbI

AnbtumeTtpua — Jason, ENVISAT, CryoSAT, IceSAT HaxoauT
NPUMEHEHMEB rNALMNONOTUN, TMAPONOTNN, OKeaHorpadumn

UHTepdepomeTpuyeckne CUHTETUMYECKME anepTypHble paaapbl —
ERS, RADARSAT, ENVISAT, ALOS, TERRA, Cosmo, ana co3gaHuA
MC, MOHUTOPUHIA NPUPOAHDLIX PECYPCOB, MNPOLECCOB HA 3€MHOWU
NOBEPXHOCTU, B aTMmOCPepe U Ha Boae

[pasumetpua — LAGEOS, GRACE, GOCE, Ajisai, SAGM —
MOHUTOPUHTI NepepacnpeaeneHna macc, yposeHb reounaa
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HaBuraunoHHble CNYTHUKOBbIE CUCTEMBI
GPS, GLONASS, BEIDOU, GALILEO
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International Terrestrial Reference Frame (ITRF) 2008
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https://www.iers.org/IERS/EN/Publications/TechnicalNotes/tn36.html

OrHeHHble NoAca 3eMnu

Preliminary Determination of Epicenters
358,214 Events, 1963 - 1998
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NUVEL-1A mopaenb ABUXKEHNA NNTOCHEPHbBIX NANUT
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CnpeaunHr Cybnykuuns
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CmelLeHunAa Kopbl U LyHaMu npu 3emneTpaceHnn Toxoky B AnoHum B mapte 2011 r. M9.1
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Figure shows horizontal displacements based on ARIA verion 0.3 position estimates for -L l L L | _
GEONET stations. Coseismic displacement is shown in red, and first 8 hours of postseismic -10-0.8-06-04-02 0.0 0.2 04 068 08 1.0
motion is shown in blue, including motion caused by aftershocks. Bars at end of vector show Water height (m)

95% error estimate. Solutions courtesy of ARIA team at JPL and Caltech (email
aria@jpl.nasa.gov or aria@caltech.edu). All original GEONET RINEX data provided to Caltech by
the Geospatial Information Authority (GSI) of Japan.
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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, US4, E-mail: leivangalldeo.co limbia.edu

Accepted 2012 September 6. Received 2012 September 6; in original form 2012 Jamary 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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U3BseprkeHue sysnKkaHa Cumbre Vieja Ha KaHapcKux octpoBax
Landsat 8, 27 ceHTabpa 2021 r.
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Nenen n cHer Ha BynIKaHe KambanbHbin
OLI, Landsat-8, 28 mapta 2017 r.

'l

e
T /.-.' s

Kambalny

Ash-covered snow




MNenen u naBa Ha By/IKaHe KnoueBCcKouU
OLI, Landsat-8, 21 anpensa 2020 r.
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BynKaHbl KamuyaTtKu

MODIS, Terra 1 nwona 2013 r.
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KasvaToomm hurmanom GenepansHorn
cysfia PAHs (KO oML EI'C PAH) »
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Volcano F

Detecting
Undemater
El'll])tl()ns By Philipp A. Brandl
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Fig. 2. Composite bathymetry of Volcano F from ship-based multibeam data col-
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This satellite imagery shows the sea surface on 6 August 2019 following the eruption of Volcano F. Abbreviations
are UTC, coordinated universal time; Bft 5, Beaufort scale category 5 winds, corresponding to 29-38 kilometers

per hour. Credit: European Space Agency, Copernicus Sentinel-2, modified by Philipp Brand| 22 Eos /| SEPTEMBER 2020



U3BeprkeHue By/sIKaHa duadbatnanokyanb B UcnaHamnm
MODIS, Terra, 6 maa 2010 .
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fopAuMe TOUKM By/ZIKaHa duadbatnanokyanb B UcnaHamm




Lava erupts from a fissure in the Holuhraun lava field during the 2014 eruption of Bardarbunga volcano in Iceland. New research reveals how
tectonic forces contributed to the underground flow of magma before it erupted. Credit: GISEA/iIStock

By Sarah Stanley  © 23 May 2018
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CnyTHuKoBasa rpynnuposKa NASA

International Space Station
LIS on ISS 2017

SAGE lll on ISS 2017
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NASA Earth observatory
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In Vegetation Growth Studies, What You Measure Matters

mental health as well as shifts in climate. Large-scale monitor-
ing of vegetation patterns relies on several proxy measurements
derived from satellite observations. Although these proxies all corre-
spond roughly to the amount of plant material observed, each one
depends on a different aspect of plant biology.

P lant growth is an important indicator for diagnosing environ-

o mxploits the fact
that ch]ﬂn:rphy]l is h]ghlg.T absurhent ﬂf red llght{hence plants’ distinc-
tive green color) and highly reflective of near-infrared light. Thus, it
acts as a measure of total photosynthesis capability. Another proxy,

Imoge of a forest in Puerto Rico taken in 2017 by Goddard's Lidar, Hyperspeciral
and Thermal Imoger (G-LiHT), a portable, airbome imoging system. Combining
multiple vegetation metrics that each relate to different aspects of plant biology
offers a fuller picture of plant growth cycles and may better indicate vegetation
responses to changes in cimate. Credit NASA Goddard Spoce Flight Center

|vegetation optical depth (VOD}, gauges water stored within plant mat-

ter through the use of microwaves, offering an estimate of total vege-
tation mass. Andfolar-induced chlorophyll fluorescence [SIFilneasmes
the light emitted during photosynthesis, making it a proxy for active
photosynthesis.

Using data collected from multiple instruments between 2007 and
2015, Wang et al. compare these metrics over the course of the growing
season to evaluate how closely they track the yearly cycle. They observe
that the three indices indicate similar timing for the start of vegetation
growth in a given region. After that, however, the indices begin diverg-
ing, such that the timing of the peak 5IF signal occurs roughly 10 days
before that from NDVI, which in turn is about 10 days before the peak
signal from VOD. The end of the growing season indicated by the three
proxies varies by more than a month.

These differences appear to be consistent with the biological property
traced by each metric. For instance, the end of the season as measured
by NDVI lags that of SIF. This lag corresponds to a known reduction in
photosynthesis activity that precedes the actual loss of chlorophyll indi-
cated by changing leaf colors. The end of the season indicated by both of
those proxies precedes that indicated by VOD, which is sensitive to an
overall reduction in plant mass. VOD levels, which depend on the avail-
ability of water, also vary on the basis of local climate.

The authors conclude that obtaining a full picture of large-scale plant
growth cycles requires considering all three metrics together, and they
suggest that the metrics’ relative variation could offer key insights into
how plants respond to local climate changes. ( Journal of Geophysical
Research: Biogeosciences, https:ffdoi.org/10.1029/2020]G005732, 2020)

—Morgan Rehnberg, Science Writer

SCIENCE NEWS BY AGU [/ Eos.org 41
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CloudSat )
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Aura (A8

HIRDLS |

Aura — Xxumua 1 AnHamuKa atmochepsi, MOHMTOpMHI’_O3OH‘a BblOpOCHI
CALIPSO, PARASOL — pacnpenenexune aaposonew Bva:' Mo‘ccbepe

CloudSat —~ 06a1a4HOCTb, CHUMKK LI,MKITOHOB TaVId)yH<
Aqua — BOAHbIV U 3HepreTquCKMM 6anch =

"SHIZUKU" (GCOM-W1) — BoAHbIN 6anch, B/1ara B atTmocdepe, CHer, TemnepaTypa
Orbiting Carbon Observatory 2 (OCO-2) — yrnekucabi ras



O30HOBbLIM CNOW Haa AHTapKTuaoun

Ozone Monitoring Instrument OMI, Aura
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HekoTopble MUcCUK EOS NASA/CNES/CSA/JAXA =

r_ﬁ._..—"» e S — T L PR N g .
. Terra — s3KCNepuUMeHTbI MODIS MOPPIT —aTMOC(I)eprIe Bbl6bpochl, BKAo4vasa CO, MISR - Qﬁ

. asposony, ASTER - CTEePeOCHUMKM 3eM1m CERES - :-)Hepremqecmu 6ana|-|c ;

g SORCE, ACRIMSAT, SDO — conHe4yHoOe u3ny4yeHue B pasHbiX AUana3oHaxX 4YacToT, NoJsIHOe
CO/IHEeYHOe U3ny4yeHue

QuickSCAT, ISS-RapidScat — none sBeTpoB B OKeaHe
Jason-1,2,3 OSTM - tonorpa¢du1a BogHOU NOBEPXHOCTU, A/IbTUMETPUSA

ICESat — Tonorpadusa negosbix NOKPOBOB, 06/1a4YHOCTb, PAaCTUTENIbHOCTD, /1IE40BbIN U
‘ CHEeXHbI 6anaHc (3akoHuun paboty B 2010 r), ICESat-2 3anyweH B 2018 r

aOrbwew LUBeT OKeaHa, 6uonnaHKToH, LANDSAT — cHUMKu 3emnu, Kaprtorpadus, GIS.

TRMM — muccua no nsyyeHuto Tponuueckmnx ainBHen. Ocagku B Buae AoXAA, CHera.
LLMKNOHDI, rpo3bl, TaPYHbI.
CATS — 06na4HbI NOKPOB, a3p030/1U

U GRACE- FO — rnobanbHoe rpaButaLoHHOe none 3emam

Biosphere (MODIS) CO (MOPITT) Aerosol (MISR) Elevation (ASTER) Net Radiation (CERES)



Global Precipitation Measurement Mission (GPM)
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http://global-flood-database.cloudtostreet.info/
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PacnpepeneHue aspo3sonen B asrycre 2010, MODIS, Terra-Aqua

Aerosol Optical Thickness coarse

0 0.1 0.2 0.3 0.4 0.5 fine

MODIS (Moderate Resolution Imaging Spectroradiometer) — npmubopbl Ha 6opTy cnyTHUKOB Aqua+Terra
ANA onpeaeneHna TemnepaTypbl OKEAaHOB U CyLLU, LBeTa BoAbl, 06/1a4HOCTH, npodunein atmocdepsl,
NenaHoro n CHeXXHoro NoOKPoBOB, PacTUTeNbHOCTU, OTOCMHTE3a, a3po30aen, anbben







[JaHHble KOCMUYECKUX an napaTtoB

O6nayHbIX noKpos, MODIS, XI 2009 OTpa)keHHoe conHeyHoe usnyyeHue, CERES,
X1 2009

Antarctica

Reflected Shortwave Radiation (W/m?)

Fractional Snow Cowver (%) Chlorophyll Concentration (mg/m?)

=) 50 100 0.01 0.1 1 10 50
Vegetation Index
- T
0 0.2 0.4 0.6 0.8

CHeXXHbli1 noKkpos, MODIS, XI 2009 doTocuHTE3, pacTutenbHocTb, SeaWiFs, 2008



ConeHocCTb OKeaHa 1 BNaXHOCTb MNo4B
SMOS
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Phytoplankton blooming in the North Atlantic Ocean reveal the complex stirring from ocean eddies and currents.
Credit: Norman Kuring/VIIRS/NASA
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eartn's energy buaget

The Earth’s energy budget describes the
various kinds and amounts of energy that
enter and leave the Earth system. It includes
reflected by ) both radiative components (light and heat),
clouds & reflected by  total outgoing that can be measured by CERES, and other
) ) atmosphere surface infrared radiation components like conduction, convection,
Incoming 77.0 22.9 239.9 and evaporation which also transport heat
solar radiation from Earth’s surface. On average, and over
340.4 the long term, there is a balance at the top
of the atmosphere. The amount of energy
coming in (from the sun) is the same as the
amount going out (from reflection of sunlight
and from emission of infrared radiation).

total reflected atmospheric
solar radiation £ : | ' window

7
7

i




JHepreTU4ecKkmnm banaHc

Energy consumption per year

7.2 TW 32 TW
m

Hydro Geothermal

86,000 TW

870 TW 15 TW

&
_- Global
Solar Wind Consumption

JlyHHO-ConHe4vyHaa npuaneHaa sHeprua 3.7 TBT

[na HarpeBa cnoa okeaHa B 1 Km Ha 0.1° 3a 50 net TpebyeTca
1023 Ok =0.28*10Y KBT'y =28MBT *y= 3.2 TBT'T

Y10 B ~5 pa3 meHblue sHepronoTpebneHmsa yenoBevecTsa
(130 NMBT*4y=15TBT*Tr)




CpasHeHue Temnepatyp 2000-2010
c Temnepartypamu 1951-1980 rr.
GISS (NASA Goddard Institute for Space Studies)

HASA Goddard Institute for Space Studies
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MobanbHble U3MEHeHUs TeMmnepaTypbl Ha 3emre 3a cToneTue

IDCC

Temperature Anomaly (" C)
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-0.6 -

Global Surface Tem peratures INFERGOVERNMENTAL PANEL on Clim3Te chanee

Four independent records show nearly identical long-term warming trends.

0.6 -
—— NASA Goddard Institute for Space Studies
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—— Japanese Meteorological Agency
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[nobanbHas TemnepaTypa Ha 3em/ie

MoSaneHas TemMmnepaTypa

Had R4

J-====c========- =
I
0 <
B e e =
B <
_w e
i — |
q IIIIIIIIIIIIIIIIIIIIIIIIII
w
e =
] x
3 N —
m
g
......................... il -
_ _
_ |||||||||||||||||||1-|-II|JI |||||
_
| o o o e e
_
.................. o
0 ; :
o &




[MPOrHO3 N3MEHEHMM KAMMATA Ha OCHOBE LIUKANYECKUX U A. A. TioGyun

[MONMHOMMANBHbBIX TPEHA0B, CAE/aHHbIN | AHANU3
JII0BYLWMUHBIM 1 KNALWTOPUHBIM | JAHHBIX CHCTEM
[EOOU3NYECKOrO
u JKONOTUYECKOr0
dT, °C : MOHHTOPHHIA
0.4 - pe 2]
P90 e faqger
i r 1 HAYKA
2
0.0 - /
0.4 _T
18601 1§80' 19100, 19I2OT 19]40' 19160‘ IS;SOIZ(JOOI 2(520120]30qu1

Puc. 1.1. Uuxknuueckuin TpeHg rao6anbHON TEMNEPATYPHOH aHOMAIUM (1), Mex-
ropoBblie Bapuauuu d7 (2) u noBefeHrue TpeHAa Ha 2000-2030 rr. (3)

http://alexeylyubushin.narod.ru/Geophysical_Monitoring_Systems_Data_Analysis_Book_Rus.pdf
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TpeHa nameHeHun CO, B Tponocdepe
no AaHHbIM UH(pPaKpacHoro atmocdepHoOro
papapa AIRS Ha GopTy cnyTHMKa Aura

PC 12002.09.01
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MSSA-processed by L. folayv
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‘4"=F'1 IDCC REPORTS SYNTHESIS REPORT WORKING GROUPS ACTIVITIES NEWS CALENDAR

Heports

Synthesis Report

Special Report

ARG Synthesis Report:

Climate Change 2022 The Ocean and Cryosphere in

a Changing Climate

September 2022

September 2019

WORKING WORKING WORKING
GROUP GROUP GROUP

REPORT REPORT REPORT

WORKING WORKING WORKING
: 4 < GROUP GROUP GROUP
ARG Climate ARG Climate ARG Climate REPORT REPORT REPORT

Change Change Change
2022- 2022- 2021: The Methodology Climate

Impacts, Mitigation of Physical Report on Change and
Adaptation Climate Science Short-lived Land

https://www.ipcc.ch/



KnumaTtunyeckue nameHeHus no AaHHbIM IPCC
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Temperature change relative to 18611880 (°C)

CueHapuu notenneHuna IPCC

Cumulative total anthropogenic CO, emissions from 1870 (GtCO,)
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e |

Total human-induced warming

CO_-induced warming

Representative Concentration Pathway
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Topic 2

[MporHosbl IPCC

Future Climate Changes, Risk and Impacts

RCP8.5

RCP2.6
Change in average surface temperature (1986-2005 to 2081-2100)
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Moaenu rmo6anbHoro norenneHus |IPCC
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JlepoBbiit NOKPOB B APKTUKe B ceHTAbpe 2012
- MMHUMYM B UCTOPUM peructpauum (c 1979), GCOM-W1

Russia

Creenland

C
Alaska AL

1,000 km (U.S.A)

Sea lce Concentration (percent)

6.7 M/TH KB.KM 3.41 M/IH KB.KM




ApKTMHeCKMM nen \"‘”r\‘m P

Rucsian Federation

P. J. Hezel et al.: Arctic sea ice in CMIP5 extended RCPs

September
b) 12 S —
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Neorpacdma AHTapKTUAbI

8
OHHAT ~ TR
AHTARKTUAA
NOAIOC
October 3 - Novembe

BbicoTa Hag ypoBHEM mopHA
AHTapkTugpbl, lceSat, 2004



U3ameHeHne cpegHen temnepatypbl B AHTapktuge 1957-2006 r.
LIMA, RadarSat, EOS AMSR, POES AVHRR

Temperature change per decade (degrees Celsius)
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O6pasubl N1bAOB NO AaHHbIM BYPEHMA Ha CTaHLUUM BOCTOK B AHTapKTUae

ANTARCTICA
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CpaBHeHue aaHHbIX GRACE ¢ AaHHbIMU
abcontoTHOM rpaBMMeTpuUn

[aHHble abcontoTHLIX rpaBUMETPOB npegocTaBun Buktop KOLWKWMH

[ MaBHbIN rpaBumMmeTpuyecknt nyHkt CCCP

MockBa, KpacHasa npecHsa, long=37, lat=56
Cymma 'K 1-10
GIA
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CryTHUKM GRACE 1 GR




Muccuum no uccneagoBaHuio r;kaBuTaluMoOHHOIro nons
CHAMP - sanyweH GFZ B ntone 2000 r. Ha opbuTy BbICOTOM OKOIo 450 KMm.
C uenbto U3ydeHus rpaBmTaLMOHHONO U MarHMTHOro nosien. [laHHble noctynanu 8 ner.

GRACE - akcnepuMeHT No nccrnegoBaHUo rpaBUMTauMoOHHOIO Nons v Knumara,
OBa CrnyTHMKa — bnuaHeua, paspaboTtaHHble NASA/DLR, 3anylleHbl ¢ KocMogpoma

[Mneceuk 17 mapta 2002 r. Muccus 3akoH4una paboty B 2017 r.

GRACE-FO — npuwnu Ha cmeHy 22.05.2018 r. CnyTHUKM criegytoT OAVH 3a APYrM
Ha paccTosiHuM ~220 KM No oKonononsipHon opbute Ha BblicoTe ~500 KM, NOKpbIBas
3emnto 3a ~30 cytok. OCHOBHbIMW N3MeEpPSEeMbIMU BeNMYUHAMU  ABJISAKOTCA
pacCTosAHMEe MeXOy CMNyTHUKaMu U ero M3MeHeHus nod BIIUAHMEM YCKOPEHWMN,
00yCnoBMEHHbIX NpofieTamMmu Hag NPUTArnBaroLLLIMMN Maccamu.

GOCE - 3anyuweH B mapte 2009 r. Ha opbuTty BblicoToM 260 KM. C NOMOLLIbIO

BbICOKOTOYHOIO rpagmMeHToMeTpa nosiydeHa mogens [pas. nond. norpewwHoCcTb BbICOT
reonga 1 cm npu paspetwteHnn 100 km, meHee 1 MM ang 0onbLUNX MPOCTPAHCTBEHHbIX

yacToT. OTpaboras, cnyTHUK ynan 11.11.2013 r. B okeaH.




Knumatunyeckue tpeHabl B AaHHbIX Mmuccum GRACE

2015-2003
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Macca conngHoro ancbepra
2500007
(50*50*100 m )

Ancbepr paamepom
10x20 Km
BblcOTOM 50 m

Becut 10 mapa TOHH




The agreement focuses on facilitating access to research areas, research

infrastructure and facilities, and data.

An iceberg floats past Bylot Island in the Canadian Arctic Archipelago in July 2017. Credit: AP Photo/David Goldman

By Randy Showstack © 24 May 2018
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CHUMKM NneagHuMKa Baltoro co cnyTHUKOB
Landsat 5 and 7 ¢ 1991 no 2002 rr.
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CtaTtbs B XypHane lNpupoaa N 5 3a anpenb 2016 r

Jeouno BAleNmuKOSHY F0MO8, KANIUIGM
PUINKO-MEMERAMUNECKUX HAYK, d0erm Moc-
KOBCKOZ0 UNCMUMYMa 33eXmMPONUKY U Ma-
menamuxt Hayuonaitnozo ucciedoeament. -
CXO20 YHUSEPCUmMEMA + BUCIIGR WX0Ad IXKO-
HOMUKY., CMGPUWUR RAYNHLUL COMPYINUX I'o-
CYOGPCMECHNO20 ACMPOHAMUNEC K020 RECMU-
myma wumenyu Il XKIHimepriGepza MI'Y wumenu
M _B1aMoNOCOSGE. OGRACTIL NAYNRIUX UHMEDE-
CO8 — BPAWENUE TeMAU, ZPASUMARUOKNOE
NQIE, KIKMAMUYECKUE UIMCHENUA.

Hamdarsa JJeonudoenda ®Potosd, npogec-
Cop, AOKMOp 2802PAPUNECKUX HAYK, 3GELIYI0-
AR KAPeIPol ZUIPOROUN CYIUN 2802PaPU-
NECKOZ0 PaKysLmema MoCKoscK020 20Cydap-
CMEEHNOZ0 YNUEEPCUMEemE wneny M.B.lavo-
NOCOEA. SGHUMACINCR UIYUENUEM CIMOKA PEX,
OUCTRANKUONHNILMN MEMOIGMU UCCACIOEANUN
Jewau, 20pH00 ZUPOIOIHEN.

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

| nus zeodezuu NIxoss HAayKk 0 Jemae Ynusep- 3 3otoB J1.B., Pponoea H.J., Wam C.K.
cumema wmama Ozato zKoxymeyc, ClliA). TPUBMTALMOHHBIE AHOMANUHM

2C -l - r
Oour u3 aemopos omuema IPCC no Ksuma B 6acceliHaXx KPYNHBIX peK Poccum

my 2007 2. CROYUAAUCT £ O6RACMU KIUMA- Cnymuuxoeasn cucmema GRACE, deiicmeyowan na opou-
MUNECKUX UIMEHENULA, CRYMKUKOCOU 200086- me 3emau ¢ 2002 2., no3eonaem uyuams 2pacumaiioH-
JUM, 2E0JUNAMUKN, NCCREIOLANUN CHCMEMU Hble AHOMANUNU U UX 8peMeriHble 8aPUALUU, OOYCN06IeH -
MOPR, dANNUX GRACE. 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.
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U3MeHeHna NpUaOHHOIo AaBreHns U YPOBHEMU
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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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3acyxu Ha o3epe barKan n ApanbcKoe mope

Initial data Aral Sea Region (43+4 N, 58+4 E), Sum1-10
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MHOTOJIETHHE KONIEGAHWA CTOKA PEK B BACCEHHE CENEHTH

@©PONOBA HJ.!, BENAKOBA MN.A.Z, TPUFOPLEB B.H0.12, CASOHOB A.A.L2, 30TOB N.B.*
1 MockoBCKMIA roCyAapCTBeHHbIA YHMBEPCUMTET MM, M.B. NMoMoHocosa
z MapomeTueHTp Pocom
3 MHCTUTYT BoaHelx npobnem PAH, 119333, r. Mookea, yn. MybkuHa, 3
4 MoCyAApCTBEHHBLIA ACTPOHOMWHECKMA MHCTHTYT 1M, [.K, WTepHbepra



ApanbcKoe mope

South Aral Sea

50 km #
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3aners B1ITHIe ‘Ha y61/1¢xe3 3.1960-¢ ronk

Fﬁ OBH{ BOIp TCHQpL AJIeraloT Ha L
I ' M \.-' ,

Gurjap Singh, a farmer in the village of Harlgarh in Punjab, cannot grow rice this year. His tube well. dua about
30 meters deep, no longer reaches the groundwater. Credit: Gurpreet Singh 10 Eos [/ OCTOBER 2020




Anerna Kentoro Mops ApocTtu sTon cnenown!
Conblo OTpPaBNEHO cepAaLe MOE,

A B CYLLLHOCTM YNCTbIN py4en, Pa3gasneHo cpegue Moe...
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N3mepeHne guHaMn4eckon
Tonorpadumn okeaHa (anbtumeTpua)

ENVISAT RAZ/MWR Pr‘Od}L-JCt Handbook i
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STANDARD SAR DIFFERENTIAL SWATH ALTIMETRY
ALTIMETRY ALTIMETRY ALTIMETRY SWOT

TOPEX- CRYOSAT-2 GRAL

POSEIDON CONSTELLATION




N3meHeHnsa ypoBHA mops ¢ 1993 no 2018 r
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SL trend 2018-1993

o 30 60" 30 120° 150° 180° -150° 1200 -80° —60° —30° 0

-150° 1200 8¢’ —80° —30° 0

=2
Lad
=
(4]
=
o
=2
—h
Ma
=
—h
(¥ ]
=
—h
oo
=

-60.0 -30.0 0.0 200 500 200 1200
processed by L. Zotoy



[NobanbHbIN POCT YPOBHA MOpPA

MoSaneHeI M ypoBeHs MO S
CISIRO

mMapabonYacKIMiAa TReHO

Jevrejeva et al
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L.V.Zotov, SAl MSU



Kak nomeputb maccy okeaHa?

U3SMEHEHUE YPOBHA MOPHA

Crtepuyeckasa Hectepunueckas
KOMMOHEHTa KOMMOHEHTa

-
e
'l

CnyTHMKN-6 nnsHeubl GRACE Busyanunsauma rpaBUTaLMOHHOMU
Gravity Recovery And Climate Experiment mopgenu 3emau no gaHHbim GRACE




TpeHab! npuaoHHoro aasneHus no gaHHelMm 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 L (altimeters)

O,

Ocean mass:

2.0 £0.11 mm/yr
(GRACE)

10 |

0.77 £ 0.28 mm/yr

(inferred warming
-10 A 1 Alti. — GRACE: 0-bottom)

!

Thermal expansion

Sea level (mm)
)

—20 1 :'l,‘\‘

1 h

' "_l M i ’
ne'y 0.9 £ 0.15 mm/yr
_3|:| 1 1 1 1 L 1 1 1 1 1 {.r"—.'lrgD: U—EDDDm}
2003 2004 2005 2006 2007 2008 2009 2010 20m 2012 2013 2004
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



[lporHosbl ypoBHA mopAa IPCC

(c) Change in average sea level (1986-2005 to 2081-2100)

20462065 2081-2100
Scenario Mean Likely range © Mean Likely range *
RCP2.6 1.0 0.4t0 16 1.0 03 101.7
Global Mean Surface RCP4.S 14 0.9t0 2.0 18 111026
Temperature Change (*C) RCPE.0 13 0.8t01E 22 141031
RCPE.S 2.0 1.4t026 37 261048
SCenario Mean Likely range * Mean Likely range @
RCP2.6 0.24 0.17 to0.32 0.40 0.26 1o 0.55
RCP4.5 0.26 0.19t00.33 0.47 032 1o 063
Global Mean Sea Level Rlse (m) ®
RCPG.0 025 0.18 to 0.32 048 033 10063
RCPE.S 030 0.22 to 038 063 0.45 to 087







Mpeueccmna U ABUMKEHUE NONtOCa

Mpeueccma n HyTaumAa ¢ nepnoaom
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[eodUn3nyecKkme npoLecchbl, BAUAIOLLUE

Ha BpalwleHne 3emnau
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[1BUXKeHune nontoca
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EOP CO1

Coordinates of the pole
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TpeHAa ABUXKEeHUA NOAKOCa U
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M3meHeHMA TemnepaTypbl Ha 3em/sie U YPOBHA MopA
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LlonroBpemeHHble NU3MeHeHUA CKOPOCTU BpaLLeHNAa 3eMnu
Length of day LOD 3a nontopa BeKa

Length of day (LOD) recon}struction
Earth deceleration trend :‘:
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[MpunnsHoe 3amensieHne BpaLleHna 3emnam

[lputaxkeHue JlyHa
BpalueHue - DKBATOPMaANIbHOIO Ynanaetcs
3eMn B34yTUA JTlyHOU

\< 3.6 cm/rog,
2.2 mm/Bek

[MpuTtarkeHue JlyHbl
JKBATOPMAIbHbIM
B34yTUEM

3ameaneHue
BpalwleHnAa 3emnm I




OTKMOHE HUA CKOPOCTH V, e-10

[TpunuBHEIE KOJIeOaHUs YITIOBOI CKOPOCTH BpalieHusa 3emnu B 2021 roay
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MUNITNCEK

N3meHeHnAa ANNTENbHOCTU CYTOK
Length of day LOD
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Lnpkynaymna atmocoepsl
Subpolar ___Polar high
low e '
A7 )

Image from NASA's Remote Sensing Tutorial: The Water Planet - Meteorological, Oceanographic and Hydrologic Applications of
Remote Sensing. http://rst.gsfc.nasa.gov/Sect14/Sectl4 1c.html



http://rst.gsfc.nasa.gov/Sect14/Sect14_1c.html

CunbHoe cobbitne El Nino 2015-2016 roaa

January 1, 2015 November 1, 2015

Sea Surface Temperature

-5 -2.5 0 2.5 S

Anomaly (C°)

AMSR Aqua-Jason-2
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[onoBoe KonebaHne AAM pasneHusn
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ssential Climate Variables
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1o AncaTbCs Ha »&pﬂan_.

MarHuTHoOe none semMnu: WCTOpUA, SBOTHOLIAA U NPOTrHO3bI

KaHgnaat ousmko-MaTematnyecknx Hayk Banepwia NeTpos, BeAyLuiA Hay4HbliA COTPYAHUK USMUPAH

Bo3pacT 3emMnun oKono 4,5 MApA NeT, a reoOMarHUTHoe nofae NpoiexmnBaeTcy, no K p-flf':'—i%:{ MEpe, AC

» MIPA NET Ha3aj.

BospacTt 3emnu okono 4,5 MapA neT, a reoMarHUTHOE NoJjie NPOC/IeXMBAETCA, MO KpaliHeid Mepe, A0 3 MAPA NeT Ha3aa. Takum 06pasom, passuTune 3eMam Kak
NAaHeThbl U pa3BUTUE BNONOTMYECKON XN3HWN Ha Hell 3HAUMUTETIbHYH0 YaCTb BPEMEHU MPOUCXOANAN MPU HAIMYNN MarHUTHOMO NOAS. 3TO, eCTeCTBeHHO, 0TPa3nuIoCh
KaK B reoNiormyecknx npoueccax, Tak u B passutum brochepsi.

Puc. 1. AunonbHoe marHutHoe none 3eman. PucyHok us craten: Volkwyn, Trevor & Airey, John & Gregorcic, Bor & Heijkenskjold, F. (2019). Transduction and Science Learning: Multimodality in the Physics Laboratory.
Designs for Learning. 11. 16-29. 10.16993/dfl.118.
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E:mﬂh’s magnetic field is acting up

Erratic motion of north magnetic pole forces update to model that aids global navigation.

BY ALEXANDRA WITZE

omething strange is going on at the top of
the world. Earth’s north magnetic pole has

been skittering away from Canada and
towards Siberia, driven by liquid iron sloshing
within the planet’s core. The magnetic pole is
shifting so quickly that it has forced the world’s
geomagnetism experts into a rare move.

On 15 January, they are set to update the
World Magnetic Model, which describes the
planet’s magnetic field and underlies all mod-
ern navigation, from the systems that steer
ships at sea to Google Maps on smartphones.

The most recent version of the model came
out in 2015 and was supposed to last until
2020 — but the magnetic field is changing so
rapidly that researchers have to fix the model
now. “The error is increasing all the time,”
says Arnaud Chulliat, a geomagnetist at the
University of Colorado Boulder and the
National Oceanic and Atmospheric Admini-
stration’s (NOAA’s) National Centers for
Environmental Information.

The problem lies partly with the moving

MAGNETIC MOTION

The north magnetic pole is heading from Canada into Siberia, and recently crossed the International Date
Line. Its rapid maotion, plus other shifts in Earth’s magnetic field, have forced scientists to revise magnetic

models that guide navigation.

CANADA

70" N

80° N

@ Magnetic north pole
® Geographic North Pole

South America and the eastern Pacific Ocean.
Satellites such as the European Space Agency’s
Swarm mission tracked the shift.

Arctic
Ocean

GREENLAND

so inaccurate that it was about to exceed the
acceptable limit for navigational errors.

pole and partly with other shifts deep withig ___Bvearlv 2018 the World Macnetic Model  WANDERING POLE

SOURCE: WORLD DATA CENTER FOR GEOMAGNETISM/KYTOTO UNIV.



Cycle 24 Sunspot Number Prediction (2013/07)
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Sunspot number S
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Hauyano 25-ro uuMkna coHeYHOM aKTUBHOCTM

International sunspot number S, : last 13 years and forecasts
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NeKuusa /1. 3otoBa "3emna N3 KoOcmoca — 4YTo
BUAAT COBPEeMEHHbIEe KOCMU4YecKmne mmccmn"




