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SCIENTIFIC REP?RTS

OFEN Heartbeat of the Sun from
Principal Component Analysis and
prediction of solar activity on a
s e Millenium timescale

Published: 2g October 2015
© V.V. Zharkova®**, 5. J. Shepherd®*, E. Popova®® & S. I. Zharkovs®

We derive two principal components (PCs) of temporal magnetic field variations over the solar

: cycles 21—24 from full disk magnetograms covering about 39% of data variance, with o= 0.67.

These PCs are attributed to two main magnetic waves travelling from the opposite hemispheres

© with close frequencies and increasing phase shift. Using symbolic regeression analysis we also derive

© mathematical formulae for these waves and calculate their summary curve which we show is linked

to solar activity index. Extrapolation of the PCs backward for 8oo years reveals the two 350-year
grand cycles superimposed on 22 year-cycles with the features showing a remarkable resemblance

Cto sunspot activity reported in the past including the Maunder and Dalton minimum. The summary

. curve calculated for the next millennium predicts further three grand cycles with the closest grand
minimum occurring in the forthcoming cycles 26—27 with the two magnetic field waves separating
into the opposite hemispheres leading to strongly reduced solar activity. These grand cycle variations
are probed by « — £ dynamo model with meridional circulation. Dynamo waves are found generated

© with close frequencies whose interaction leads to beating effects responsible for the arand cycles

: (350—400 years) superimposed on a standard 22 year cycle. This approach opens a new era in
investigation and confident prediction of solar activity on a millenium timescale.

Solar activity is manifested in sunspot occurrence on the solar surface characterized by the smoothed
sunspot numbers, which were selected as a proxy of solar activity (see, for example, the top plot in
http://solarscience. msfc.nasa.gov/images/bfly.gif). The sunspot numbers show quasi-regular maxima and
minima of solar activity changing approximately every 11 years, with changing leading magnetic polarity
. in a given hemisphere (or 22 years for sunspots with the same polarity) reflecting changing magnetic
i activity of the Sun’,
: The longest direct observation of solar activity is the 400-year sunspot-number series, which depicts a
i dramatic contrast between the almost spotless Maunder and Dalton minima, and the period of very high
© activity in the most recent 5 cycles™, prior to cycle 24. Many observations indicate essential differences
i between the activity occurring in the opposite hemispheres for sunspots® and for solar and heliospheric
magnetic fields.
: Prediction of a solar cycle through sunspot numbers has been used for decades as a way of testing
" accuracy of solar dynamo models, including processes providing production, transport and disintegra-
. tion of the solar magnetic field. Cycles of magnetic activity are associated with the action of a dipole
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%] AWHAMUKA CPEOHEFOLOBOW MIOLWALX MOPCKOTO NbAA
c 1979 no 2013 rr.

(no paHHbIM National Snow and Ice Data Center, CLUA, http://nsidc.org; ans
1987 r. HeT HchbopmaLmmn 3a geKadpb)
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*Matishov GG, Matishov DG, Moiseev DV (2009) Inflow of Atlantic origin waters to the Barents

Sea along glacial troughs. Oceanologia 51(3):293-312
**Monthly sunspot numbers are from SIDC: http://sidc.oma.be/DATA/monthssn.dat
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HabnionaBweecsi B ceBepHOU YacT ATNaHTUYECKOro okeaHa B KOHUE
1960-80 rr. sBneHue, 3aknovasLLeecd B cyLecTtBeHHOM (4o 1 npomunne)
YMEHbLLUEHMUN CONEHOCTU MOPCKOM BOAbI B NpunerarLLemM K noBepxHOCTU
200-meTpoBOM cnoe

Progress in Oceanography 41 (1995) 1-68 n et al./Progress in Oceanography 41 (1998) 1-65

Propagation of the "Great Salinity Anomaly" of the 1970s Propagation of the “Great Salinity Anomaly” of the 1980s
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PEYHOU CTOK

FAABHOE WIIPABJIEHHE THIPOMETEQOPONOTHUECKOM CIIVXEBB

[MPH COBETE MUHHCTPOB CCCP

MEFOVBEOOMCTBEHHBIH KOMHTET CCCP IO MEACIYHAPOIHOMY
FHOPONOTHHECKOMY NECHTHIAETHIO

rocC¥AAPCTBERHBIR OPIEHA TPYIOBOMO KPACHOIO SHAMERH

THAPONOrHYECKHE HHCTHTYT

I. C. K¥3HH

E-p reorp, Haye

HHUKJIHUYECKVIE KOJIEBAHMS

CTOKA PEK

- CEBEPHOTI'O [MTOJIYIHAPHS

Tabauya 20

‘30HaJpHbIe H3IMEHEHHR NoKa3arened Kcp W PY MHOrOBOJAHLIX H MaJOBOAHBIX (Da3
: ropoBero croxka Ha pekax EBponeiicko# wactu CCCP -

' Mnoroaoxume dasn Maaosogunie ¢asel
~ Pexa _ Hyukr - _ I
' roaul Kep |P%H| T1oani. | Koo |P%
Ipo buap 1I
Koana . | 1429-# km Oxr. x. . |1923—35]1,10| 5 }|1936—47(0,89| 95

THAPOMETEOPOJOTIHYECKOE H3OATEJNBCTBO,

JIEHHHTPALL » 1970




PA3/IMYMA B MUIPALMAX TPECKMU
B BAPEHLIEBOM MOPE
B XOJIOAHBIE (a) U TEIJILIE (6) NEPUOAbI

1989-2006

O6uwas nnowaab npomeicna — 26 %  Obuwas nnowaab npomeicna — 47 %



PENETRATION OF SOUTHERN-BOREAL AND BOREAL FISH
SPECIES INTO THE BARENTS SEA WATERS
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ABUNDANCE INCREASE OF THE RED KING (KAMCHATKA) CRAB
IN THE BARENTS SEA DUE TO THE WARMING IN THE EARLY 21st
CENTURY (BY MMBI KSC RAS AND PINRO DATA)
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Abstract The Barents Seu is a transition zone between  abundance, biomass, and migmtion of marine organisms,
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UCCJIEJOBAHUA B NEPUO
NONAPHOU HOYMU

O WoorEnosars noslsFHul OBACTEN

KONbCKWA PASPE3 B MNOJIAPHYIO HOMb

OpHMM U3 OCHDBHLEX NDNMIOHOR [MA BLINOHEHNS KDM-
MNEKCHBIX 3KOCUCTEMHBIX MCCnenoBanwii B bapeHussom
Mope RERRETCA BekoBoW paspes «Konkckwit mepugmans,
NpoXoAAWKA T Buixona ua Konbckoro sanvea no mepuan-
any 33° 30" B.4. go napannenwn 777 ciu. ¥ NEPECEKADWMA
CTPYW TEYEHUIT, HECYLLMX BOAE ATNAHTHYECKONO MpOMCKON-
penus (Matmwos T, Mxeniok C.J1. Apxuyeckie BHIS0BEI M
npofineme: NonApHOR Hayky /f BecTHuk Poccuidckoi axa-
Aemun wayk. 2012, T 82, Ne 10. C. 921-929). HaGniogeHua
Ha 3ToM paspese Guinm HavaTe 6 mae 1900 r, korpa cocTo-
ANack NEPBas SKCMEAMUMA Ha napoxode «AHapei Mepeo-
3EaHH» nog pykosogcTeom H.M.Knunoewda (Sxcnean-
LR [151 HAYYHO-NPOMBICTIOBLHX UCCNENoBaHWi y Seperos
Mypmana (pafora 1838-1900)/Coct.  H.M.Knunosuu.
1902. T. 1. 605 c.; Tpyas MypMaHCckoi HayyHO-NPOMBICIC-
Boit axcneguumi 1906 ropa: OTyeT HavansHuka skcnean-
unn N.N.Bpeittdyea. Mr., 1915. 537 c.; Knipovitsch N. Uber
die russischen Untersuchungen nach dem Programm der
Conferenz in Stockholm /7 2 Conf. Int. pour I'explor. de la
mer. Bergen, 1901. Suppl. 6. 4 p.). B nepuon ¢ 1900 no
1941 r. uccneposaHna Ha paspese sunonHanuce 147 pas.
Vix NpoBOMMM HE TONBKO POCCHIACKME M COBETCKME Hay4
Hule opraHusaun (MypMmanckan GHONOrMYECKER CTAHUMRA,
MnasmopHnn, TOWMH, MUHPQ), Ho Takke rep

Dxeriox C.J1., Makapeauu MN.P, ©ponosa E.A. TuppoGuo-
NOTHYECKWE MHOWKATOPbI LMKNMYECKMX W3MEHEHMIA K-
mara 3anapHon Apktikm 8 XX-XXI s8. // Becthuk 10xHoro
Hayuroro uedtpa PAH. 2011. T. 7. N2 2. C. 54-68). B to xe
CamOe BPEMA CMELLANACh k Cesepy rpaHnua mexgy Go-
PEaNbHBIMIA M EDKTUMECKHMIA BUaMu 3ooGenToca. Cneu-
unka soofenToca Baperuesa MOPA COCTOMT B TOM, 4TO
[AoHHaR diayHa OTKIMKAETCR MAaBHbIM 0GPAa30M Ha KPYMHbIE
W MPOACIXMTENLHLIE KTMMaTHueCKHe anomanku. B coor-
BETCTENN C KITMMATMHECKMMA LIMKNAMK HE TOMBKO BUAOUS-
MEHAETCA TENNOBOAHEA dayHa, HO M COKDALUAETCA 0GHIME
‘OPraHM3MOB, KONMYECTEO BUAOE WM NNOWAAKW MX APEancs.
Co casurom 4-8 net WsmeHREeTcA GUOMACCE AOMWUHWDY-
0up BUAoE. B Nepuoap © MaKCHMANBHO TEMMbIM 1 Mak-
CHMaNEHO XONOAHEIM COCTORHWEM MPMAOHHOTD CNOA MOPA
OTEENBHLHE BUOE MOTYT NEPEMELLATECH Ha MHOTWE COTHW
kunomeTpoa. Mpu NoTENNEHMN BEKTOP MUrPaUnK A0HHON
GiOTH HANPABNEH HA CEBEPO-BOCTOK, B (asbl NOXONCAE-
HiS — B NpOTMBONGNoXHOM Hanpasnesus. MpuysenueHn
CPEHETOA0BLIX TEMNEPATYP GMOMACCA N YMCNEHHOCTS Go-
PeankHo- BpKTUMECKHX BUOE BOSPACcTANT, 8 Y apKTHHECKIK
BWAOB — CHUXAOTCA. B nepuon noTennenns paclumpance
Apean KamHaTCckoro Kpata. BuiCTPHIA POCT YWCNEHHOCTM
sToro ua B Havane 2000-x rm. MOXET GbiT MH-

pasa) n nopeexckue (1 pas), yuenwe. (fepiorun K.M. Ba-
perueao mope no Konsckomy mepupmary (337307 5.0 )/
Tp. CesepHoit Hayuro-lNpomeicnosoi Skcneguun. 1924,
Bun. 19. 102 c.). MNocne sofnn perynapHeie HaGmogeHHs
Ha pa3pess B030GH0BMMMCE. B HacToRLLEE BpEMA 5TOT Be-
KOBOW PA3PEs ABNAETCH YHUKANLHLIM OGLEKTOM [UTR M3yue-
HIS KITMMETUHECKNX W3MEHEHHI MODCKMX 3KOCHCTEM.
Cranumm paspesa pacnonarawTcs Ha paccTosHan 30
MOPCKI MWL ApyT OT Apyra. O6buHo HaGMIoAEHKS Ha 3TOM
cTaHaapTHoM paspeas Ne B BrinonHaw TR Tonsko 8o 747 c.w.
(Kapcakos AJl. OkeaHorpadvyecke WCCNEN0SaHWA Ha pas-
pese «Konboknil Mepuamanrs 8 BapeHuEesom mope 3a nepuos,
1900-2008 . Mypmanck: Mag-so MUHPO, 2009. 139 c)
Oppako ropasao GONMBWWA MHTEPEC NPEACTABNHET WCCne-
[AOBAHNE TEPMOXANMHHON CTDYKTYDPbI H3 NAHHOM Paspese He

TEPNPETMPOBAH KAK DEAKUMA HA NOTENNEHUE M YCUNEHME
anpexumn atnadtwuecikn sog (Matishov G., Moiseev D,
Lyubina O., Zhichkin A., Dzhenyuk S., Karamushko O.,
Frolova E. Climate and cyclic hydrobiological changes of the
Barents Sea from the twentisth to twenty-first centuries //
Polar Biol. 2012. Vol. 35. P 1-18. Published online: 02
September 2012. DOI 10.1007/s00300-012-1237-9).

K 2012 r. okoH4aTensHo chOpMMPOBANMCE OCHOBHLIE
HAY4HLIE 330344 ANA WCCNEAOBATENECKON SKCNEAWLMN Ha
Konecruit pazpes B oceHHe-auMHui nepuo. B yactHocTy,
0COGLIA MHTEPET NPENCTABNAND M3Y4EHME OCOGEHHOCTER
YHKUMOHMPOBAHMRA MNAHKTOHHLIX ANbrOLEHO308 B NEPMOL
NONAPHOR HOWM M YTONHEHUE MPaHL NONFPHOTD GpoHTa.
PatoTsl N0 MCCNE0BAHNIO MIAHKTOHHLIX ANLIOUEHO308 B
3UMHWA Nepuog paHee yxe sunontanucs MMEW ¢ Gopta

Tonsko A0 T4 c.w., Ho W ropasao cesepl 700~
800 kM. 3T0 0OLACHASTCA TEM, YTO Paspes A0 74" C.w. He ne-
PpecexaeT BCE CTPYM 3aToKa amnaHTHseckie 8o/l B Baperueso
mope ¢ 3anana (Matishov G.G., Matishov D.G., Moissev D.V.
Inflow of Atlantic-origin waters to the Barents Sea along glacial
troughs // Oceanclogia. 2008. Vol. 51(3). B 293-312)
MypMaHCKuil MOpPCKOR BMONOrMYECKMA MHCTHTYT Kons-
«ckoro HaysHoro uestpa PAH (MMEW KHLL PAH) perynapho
BLINO/HAET KOMMNEKCHLIE SKOCUCTEMHLE WCCNENOBAHUS
Ha Koneckom paspese. B nocnegHwe rofsl skcneguuuu
NPOBOAMIMCE B OCHOBHOM B NETHWIA nepuog. 3a 310 Bpemsa
GhiNl HAKOMNEH W NPOAHANN3MPOBAH OTPOMHBLI MaTepuan
Mo NPOCTPAHCTEEHHO-BPEMEHHON AvHaMuke cooGlecTs
MNaHKToHa, MATUobayHE, MaKpo3ooGeHTOCE B MEHRI-
WMKCH MMAPONOTMYECKMK M MMIPCXMMIECKIX YCNOBMSX.
B yacTHoCT, GbUIO NOKAIAHO, YTO B YCNOBMAX TEMLIX NET
Haumnan ¢ 1989 1. cyWeCcTEEHHD M3MEHANUCE SOMUHUPYIO-
wpe Buab 30onnamxTona. Peaxuns coofwecTs soonnan-
KTOHa HA NOTEMNNEHWE STNAHTUNECKDN BOAHON MACCH Xopo-
LU0 BLPEKEHA B NENArMANK Iro- sananHoi yacTk Bapetue-
Ba MopsA. B npubpexHbix Bonax Konbcxoro nonyoctposa v
Ha 1oro-BocToke BapeHuesa MopR NpectnafasT BnuAHIe
NIOKANBHEDX METECPONOTHYECKMX YCNOBNA M PEYHOIO CTOKa
(Marvwos [T, Moncees [.B., MioSuna 0.C., Kuusmn AT,

nenokonos, cnegosaswwx no Tpacce Ceamopry-
i (Maxapeswy N.P., Matvmwos LI Becennwii npoaykumon-
Hulid unkn duronnakTona Kapexoro mops // JAH. 2000
T. 375. Ne 3. C. 421-423; Maxapeswy IN.P. MnaHxroHHbie
ANLrOLEHOSE 3CTyapHeX skocuctem bapenuesa, Kapcko-
ro u Asosckoro mopeit. M.: Hayxa, 2007. 223 c.). OgHaro B
‘ceepHoi yacTu Bapenuesa Mops Takvx Hay4HsX paGoT oo
CHX NOp ELWE HE NpoBoaunoce. B Hostpe 2012 r. Buinonte-
HWIO MCCNEADBAHKIA CNOCOBCTBOBANA AHOMANLHD HU3Kas
NEefOBUTOCTE B AAHHOM PErHOHE (NEBHI HUXHWIA PUCYHOK).
Taksxe HeobXOOUMO OTMETMTL, YTO, NO OMYGIMKOBAHHLIM
AaHHBIM, paGoT MO YTOUHEHMID MPAHAL NONAPHOTO (poH-
Ta G NOMOWEI TMAPONOTMHECKIK CHEMOK BBICOKOTD Mpo-
CTPAaHCTBEHHOMO paspelueHuA B nocnegHue 20 neT He npo-
BOAMNOCH.

Takum o6pazom, k Horbpio 2012 ©. B cOOTBETCTEMM C OC-
HOBHOM UENLIO0 NPOBEAEHMA KOMINEKCHEIX 3KOCHCTEMHBIX
wocnenosannii va Konsckom paspese Guin ueTko onpege-
NEH BECK CMIEKTP HANPABNEHA HayYHsI PatoT NpencTos-
LWEA SKCNEUUMKL ONPEAENEHNE TEPMOXANMHHEI XapaKTe-
PUCTUK BOAHOA ToNWW; oTGOP NP6 BOALI HA FMAPOXMMK-
UECKWE NOKA3ATENN 1 OTEOP ¥ UKCALMA NP6 NNaHKTOHA
CO CTEHOAPTHHX FOPW3OHTOE; oTBop Npo6 makpo3ooben-
Toca gHouepnarenem Ban-Buna w tpanom Curcou; ordop
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Figure 2.2. Distribution of stations in the Eastern Arctic seas in 1827-2013.
Table 2.1. Distnibution of stations by the Eastern Arctic Large Marine Ecosystems
Large Marine Ecosystems Number of stations Period
Barents Sea (including the White Sea
subarea) 238.286 1870-2013
Kara Sea 38.445 1870-2013
Laptev Sea 6,570 1878-2009
East Siberian Sea 3.459 1878-2008
Silver Spring. MD C'hu_kdn Sea 50,858 1849-2012
December 2014 Benng Sea 81,298 1827-2012
Total 418,916
U.S. DEPARTMENT OF COMMERCE
National Oceanic and Atmospheric Administration
National Environmental Satellite. Data. and Information Service
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“Svalbard, a Hub for International Research Cooperation”

You are cordially invited to a workshop on the further development of Svalbard as a hub
for International Research Cooperation. In cooperation with the Research Council of
Norway (RCN), Arctic Frontiers will establish an annual Svalbard Symposium as an
integrated element of Arctic Frontiers beginning in 2017. This workshop is a first step
and will help define the scope and structure of the Symposium and will take place at UiT
the Arctic University of Norway on Thursday 28.01.2016 at 14:00.

Background

Svalbard, situated on the border between the North Atlantic and the Arctic Ocean, is a natural
laboratory in which to study ongoing changes in the physical and ecological systems uf the
Arctic. In addition, it is a unique observational platform for atmospheric and meteorological
studies, and a key location for satellite communication. Further, the archipelago is already a
hub for research activities and logistic operations in the Arctic and into the Polar Ocean.

Svalbard is already a key site for international education and research on Arctic issues. The
University Centre in Svalbard (UNIS) in Longyearbyen, serves 500 students from all over the
world each year. UNIS has also become one of the world’s main centers in Arctic research.
Institutes from more than 10 countries have research bases in Ny-Alesund, while scientists
from Russian research institutions work out of Barentsburg, and Polish research institutions
work from Hornsund.

Ihe recently established Svalbard Integrated Arctic Earth Observing System (SIOS)
coordinates research infrastructure to promote more openness, better access, data sharing and
knowledge management for the international research community.

The workshop

The Arctic Frontiers Conference is an annual international arena for dialog on development of
business and society in the Arctic based upon the latest and best scientific research.

It is proposed to establish an annual Svalbard Symposium as a side event during Arclic
Frontiers focusing on how Svalbard can be strengthened as a hub for international research,
and how the research results may contribute to the overall goals of Arctic Frontiers.

The institutes having research activities on or out of Svalbard are invited to the workshop.
During the workshop, we will discuss the need for establishing an organizing committee for
development of the program for later Svalbard Symposiums, and take notes of interested
parties to be represented in the committee.

The workshop this January will focus on how research at Svalbard can contribute to
international research on Environmental and Climate Change challenges. Questions to be
discussed include:

ARCTICY
FRONTIERS

*  What does it take to make Svalbard an even better place for research?

* How can the international research teams collaborate in order to increase the impact?

* How can UNIS be an even more successful research and educational hub on Svalbard?

*  Are there any research topics that should be developed to complement the ongoing
research in Svalbard?

Programme

Venue: UiT the Arctic University of Norway, Room 1343 (same place as Arctic Frontiers
Science, but two floor up)

Time: Thursday 28.01.2016 at 14:00 - 16:30.

Introduction by Director Camilla Schreiner, Research Council of Norway
Moderator: Salve Dahle, Akvaplan-niva and Arctic Frontiers Speakers
(10 min each)

* UNIS, Director, Ole Arve Misund: The future of UNIS as an international education
and research hub for the Arctic.

* NTNU, Professor Asgeir Sorensen: Svalbard and Longyearbyen as Environmental
technology hub for future Arctic environmental research

*  UIiT, Professor Paul Wassmann: The new Arctic Ocean: possibilities and opportunities

* NP International Director Kim Holmen: SIOS and the future

*  Germany. AWI, Head of International Cooperation Unit, Dr. Nicole Biebow: German
research on Svalbard: current and future perspectives

* Russia. Academician Gennady G. Matishov, Director of Murmansk Marine Biological
Institute, Academy of Science.
And Director Sergei Priamikov, international Department, Arctic and Antarctic
Research Institute

* Europcan Commission, DG Rescarch & Innovation. Climate Action and Earth
Observation Head of Unit, Andrea Tilche: The European perspective on development
of Svalbard as a hub for international research cooperation in the Arctic”

* Poland. Professor Piotr Glowacki, Institute of Geophysics Polish Academy of Sciences.
Polish current research activity at Svalbard

* UNI Research, Dr Aud Larsen: The importance of the marine laboratories in marine
research

* Norwegian Space Center, Director Bo Andersen: Svalbard as hub for satellite and
rocket based science

Discussion (30 minutes) moderated by Anne Husebekk, Rector at UiT
Tromse. 28" January 2016
On behalf of Arctic Frontiers

Salve Dahle, chairman of the board
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