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Chinese-Russian Joint Research Center
Main research areas

* solar activity related to solar disturbances

* propagation of solar disturbances through the solar corona and
interplanetary space

* dynamic processes of various spatial and temporal scales
associated with the near-Earth space disturbances

* propagation of disturbances in the Earth’s ionosphere and
atmosphere from high to middle and low latitudes

* diagnostics of near-Earth space and forecasting techniques
* interaction between near-Earth space and the Earth’s atmosphere

* global space weather system and its response to external influences
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First Workshop

December 14-19, 2000
Irkutsk, Russia
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CHARTER

OF THE CHINESE-RUSSIAN
JOINT RESEARCH CENTER ON SPACE WEATHER

Cenier for Space Science and Applied Res¢darch
Chinese Academy of Sciences
and
Institute of Solar-Terrestrial Physics
Russian Academy of Seiences
Siberian Branch

General

The Center for Space Science and Applied Research, Chinese Acadeémy of
Beiences (hersinafter refemed to as CSSAR) and the Institute of Salar-Terreésirial
Physics, Russian Academy of Sciences’ Siberian Branch (hereipafter referred o as
ISTF), hercinafter referred t0 as the “Parties”, pursuant o the Agreemenl vn
Scienlific Conperation Between the Chinese Academy of Sciences (TAS) amd the
Sibreriin Branch of the Russian Academy of Sciences (SB RAS) signed on October
13, 1999, and 10 1he agreement for jolnl studies on solar-terresirial physics and s
applications signed by CSSAR end ISTP on MNovember 2, 2000, have decided 10
estnblish the Joint Research Center on Space Weather (hercinafler refemad 1o as the
“Center™).

Thiz Purties have agreed on the following Articles of the Center:

Acrtiche 1
Scope and ohjeciives

1.1 The purpose of this Charter is:

1.1 1 define the menagerial, technical and operntional fmigrachion which slal|
be pecessary tp emsure contnuily of =nd compatibility betwesn ihe respeciive
aciivilies;

1.1.2 1o define ihe roles and responsibalitics of the Parties; and

1.1.3 wo define the legal and financial obligations of the Parties,

1.2 The principal objective of the Center is to organize and promole suctessul
cooperntion between CRSAR and ISTP

1-3 The objectives of the Cenier include:

1.3.1 Evalustion of the sciemific and application significance of joint reseancl
projeis, and promotion of their implementation.

1.3.2 The realization of exchanges of scienists refated 10 the iniplementation of
juind resenrch projects

Undersigned by:

Professor 1t Wu
Date! g:g_o:;ﬁb‘;

Drepuly Direclor mepresenting
the Director of CSSAR CAS




Co-directors of the Chinese-Russian
Joint Research Center

Wu Ji Geliy Zherebtsov Aleksandr Potekhin Wang Chi Andrey Medvedev
Director of NSSC CAS Director of ISTP SB RAS Director of ISTP SB RAS Director of NSSC CAS Director of ISTP SB RAS




Chinese-Russian Joint Research Center
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Chinese-Russian Joint Research Center
Broad cooperation
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Main scientific results
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Main scientific results

First observations of a microwave zebra pattern
>’ ISTP SB RAS, NAOC
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The zebra pattern was observed simultaneously at
the Siberian Solar Radio Telescope and the
spectropolarimeter of the Huairou Solar
Observing Station.
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This combination has allowed us to determine not
only spectral, but also spatial characteristics of
the event.
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It was concluded that the most probable
generation mechanism of the zebra pattern was a
nonlinear interaction of harmonics of plasma
waves known as Bernstein modes.
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Dynamic spectra and time profiles of the
burst with zebra pattern (left). Structure °
of the active region with the zebra
pattern source (right).
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Altyntsev A.T., Kuznetsov A.A., Meshalkina N.S., Rudenko G.V., Yan Yihua, On the origin of microwave
zebra pattern. Astronomy and Astrophysics. 2005. v. 431. p. 1037.



Main scientific results

Fine wave dynamics in umbral flash sources
ISTP SB RAS, YAO CAS

January 26, 2015 NOAA 12268 January 10, 2016 NOAA 12480 March 27, 2016 NOAA 12526

S T “, Y % E SN
E > E g E

For the first time, information was obtained on the dynamics of wave
processes in small angular solar magnetic structures associated with the
occurrence of short-term brightening of ultraviolet radiation in the
sunspot umbra (Umbral flashes or UFs).

arcsec

The observed UFs can be categorized into two types:

- background UFs are associated with the random increase of separate
parts of wave fronts propagating in the upper layers of solar
atmosphere;

- local UFs are associated with increased wave activity near the
footpoints of magnetic loops.

arcsec

arcsec

It was concluded that the brightening in the shadow is a response to a
global process of increase of the wave activity covering the entire
atmosphere above the sunspots.

arcsec arcsec arcsec

Sunspot active regions on 26.01.2015, 10.01.2016, and
27.03.2016 (top and middle). Umbral regions are shown by
broken black rectangles, UF sources are indicated by
arrows. Original maps overlapped on variation maps of UV

emission during observation (bottom). The small white Sych R., Wang M. Fine wave dynamics in umbral flash sources.
rectangles show sources of UF's Astronomy & Astrophysics. 2018. v. 618. id.A123.



Main scientific results

The origin of the helicity hemispheric sign rule
reversals in the mean-field solar-type dynamo
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Magnetic helicity observations at the Huairou Solar

Observing Station

NAOC, ISTP SB RAS, IZMIRAN, MSU

Observations of solar magnetic helicity at the Huairou Solar
Observing Station over the past two solar cycles revealed
reversals of the helicity hemispheric sign rule (negative in the
North and positive in the South hemispheres).

The obtained results suggest that the magnetic helicity of a
large-scale axisymmetric field can be treated as an additional
observational tracer for the solar dynamo and it probably
can be used for the solar activity forecast as well.

Pipin V.V., Zhang H., Sokoloff D.D., Kuzanyan K.M., Gao Y. The origin of the helicity
hemispheric sign rule reversals in the mean-field solar-type dynamo.
Monthly Not. Royal Astron. Soc. 2013. v. 435. p. 2581.



Main scientific results

Improvement of full-disk measurements of the Sun
longitudinal magnetic fields at the Huairou

Observing Station

SMAT. 18.04.2017. Hole center HMI. 18.04.2017,
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Comparison of improved SMART magnetograms (a)
with data from the SDO/HMI space telescope, which are
considered exemplary (b).

NAOC, ISTP SB RAS

The SMA Telescope of the Huairou Observing Station is one of
the few instruments in the world capable of receiving full-disk
magnetograms.

As a result of joint Russian-Chinese studies of the instrumental
characteristics of SMAT, some problems were identified that
impede high-precision measurements of weak background
magnetic fields of the Sun.

However, methods to improve the quality of SMAT
measurements were proposed, resulting in a significant increase
in data reliability.

Demidov M.L., Wang X.F., Wang D.G., Deng Y.Y. On the Measurements of Full-Disk Longitudinal

Magnetograms at Huairou Solar Observing Station. Solar Phys. 2018. v. 293. A146.



Main scientific results

Saturation of the magnetosphere and the polar cap

during superstorms
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Saturation during an increase in the SW dynamic
pressure Pd in 20.11.2003 storm:
electromagnetic energy flux Qel (a), subsolar

ISTP SB RAS, NSSC CAS, CALT CAS

Using data from more than 110 ground-based geomagnetic
observatories and the magnetogram inversion method
developed at ISTP SB RAS, new patterns of the magnetosphere
saturation process were obtained: stopping the growth of the
electromagnetic energy flux through the magnetosphere
boundary and the polar cap from the solar wind (SW) with its
unusual intensification during superstorms.

It is shown that saturation is caused not only by the growth of
the southern component of the interplanetary magnetic field but
also by the increase in the SW dynamic pressure. Saturation
was explained by the magnetosphere finite compressibility.

This result was confirmed by global MHD modeling with
PPRML Chinese model.

magnetopause radius Lmp (b, ¢) Mishin V.V, Mishin V.M., Karavaev Yu., Han J.P., Wang C. Saturation of the Poynting flux and the finite
compressibility of the magnetosphere during superstorms: Results of the magnetogram inversion technique

and global PPMLR-MHD model. Geophys. Res. Lett. 2016. v. 43. p. 6734.



Main scientific results

Local empirical models of regular ionospheric

variations
ISTP SB RAS, NSSC CAS

Hainan (19N, 109E) NmF2 F10.7=70 Hainan (19N, 109E) hmF2 F10.7=70
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Local empirical models of regular ionospheric
variations were created based on long-term
ionospheric measurements with vertical sounding
ionosondes located in Irkutsk, Norilsk and on Hainan
island.

Local time
Local time

)

=
=

Local time

General properties and regional features of the high-,
mid- and low latitude ionosphere were identified
based on the created models.

Local time

0 3 9 ' 0 3 6
Month

Month

. < . . Ratovsky K.G., Shi J.K., Oinats A.V., Romanova E.B. Comparative study of high-
- 5 -3 ’ ’ 9

Diurnal-seasonal variations in NmF2 [10° cm™] (left) and latitude, mid-latitude and low-latitude ionosphere on basis of local empirical models.

hmF2 [km] (right) under low solar activity. Adyv. Space Res. 2014. v. 54. N 3. p. 509-516.



Main scientific results

The estimate of the peak density of atomic oxygen
between 2000 and 2004 at 52°N
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Nocturnal behaviors of the [OI] 557.7 nm nightglow emission
intensity (a) and the derived max [O] (b) in four seasons (the
dotted line represents midnight in SLT).

NSSC CAS, ISTP SB RAS

A method for deriving the peak density of atomic oxygen in the
Mesosphere and Low Thermosphere (MLT) region from atomic
oxygen [OI] 557.7 nm nightglow intensity was developed.

Nocturnal and the seasonal variations in the 557.7 nm intensity
and in the derived peak density of atomic oxygen were analyzed
based on data obtained at the ISTP SB RAS Geophysical
observatory in 2000-2004.

The results show:

- nocturnal variations of the 557.7 nm
change with season;
- nocturnal and the seasonal variations of the peak density of
atomic oxygen are generally similar to those of 557.7 nm airglow
intensity.

emission intensity

Hong Gao, Jiyao Xu, Mikhalev A.V., Wei Yuan, Medvedeva 1.V. The estimate of the peak density of

atomic oxygen between 2000 and 2004 at 52°N. Proceedings of SPIE, 2009. Vol. 7296, 72960M.



Main scientific results

Ionospheric response to geomagnetic storms at the
meridional chains of ionosondes in the East Asian region
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From meridional chains to IMCP
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Observations at the Norilsk and Yakutsk
meridional chains of stations

Led by
ISTP SB RAS,

1969 - 1983
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International Magnetospheric Study
(IMS) 1976-1979

Expeditions
1969 - at the Yakutsk Meridian
1973 - at the Norilsk meridian

1976 - "Siberia-IMS-76",

start of synchronous
observations at the Yakutsk
and Norilsk meridians

1979 -
1982-1983 -

"Siberia-IMS-79"
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Observations at the Norilsk and Yakutsk
meridional chains of stations

Basic organization principles

> Positioning stations along the meridian with the
least scatter in longitude to minimize errors related to
longitudinal effects.

» Two or three meridional chains are required to
study longitudinal effects and monitor the geophysical
conditions.

»  Equipping the chain stations with geophysical
instruments of different types (magnetometers,
ionosondes, photometers) to not only record processes
in different geospheres, but also to study their
interaction and identify physical mechanisms.
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Observations at the Norilsk and Yakutsk
meridional chains of stations
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Substorm in geomagnetic pulsations ag it .

geomagnetic pulsations
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Scheme of substorm development in
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Rakhmatullin R.A. Thesis for the degree of Doctor of Science (Physics and Mathematics). Irkutsk. 2010. latitudes



Observations at the Norilsk and Yakutsk
meridional chains of stations

Model of ionospheric substorm

An equation describing the position of the Main
Ionospheric Through (MIT) under different magnetic
activity was obtained.

Schemes of ionospheric substorm development north of
the MIT in LT-Kp coordinates at different latitudes were
constructed, and the effect of solar activity was revealed.

A regional model of critical frequencies of the E- and F-
regions for the Norilsk meridian was developed.

Zherebtsov G.A., Pirog O.M., Razuvaev O.I. Structure and dynamics of the high-latitude

ionosphere. Studies on geomagnetism, aeronomy, and the physics of the Sun. 1986. V. 76.
P. 165-177.
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Schemes of the development of ionospheric
substorm under low and high solar activity.



Chinese Meridian Project (CMP)
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CMP-phase 1
Operation period

2008 2012 2019

In the early 1990s, Prof. Wei Fengsi proposed,
for the first time, the concept of a national

meridian circle project.
[http://imcp.ac.cn/en/about/planning/|
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Chinese Meridian Project (CMP)

Phase 1

Joint studies within the
framework of the
Chinese-Russian Joint
Research Center

since 2005.
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Chinese Meridian Project (CMP)
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National Heliogeophysical Complex
of the Russian Academy of Sciences
(NHC RAS)

Led by ISTP SB RAS

Articles on NHC project:
Solar-Terrestrial Physics. 2020.
Vol. 6. Iss. 2.

https://doi.org/10.12737/2500-0535-2020-6-2




IIPABHTEJILCTBO POCCHHCKOH ®EIEPAITHH

IIOCTAHOBIEHHE

ot 26 gexabopa 2014 r. Ne 1504

MOCKBA

06 ocymecTEIeHHH D10 eTHRIX HEEECTHIHI B NPOeKTHPORAHHE
H CTPOHTEILCTEO 00BeKTOR KANHTATLHOI0 CTROATEIBCTEA
"V EpyoHeHHEBN HHEECTHOHOHHEIH npoekT ''HanmonaneHenE
renrmoreoduIgIecki KoMwTeke Poccriickoi akagemuan gayk'', 1 atan”

ITpaeurenscreo Poccniickod Pegepari i 0 c TAHOB I H € T ©

1. Ocymecrerts B 2014 - 2017 rogax OroI#HeTHEIE HHESCTHIIHH 3a CIeT
OMDEETHEIX ACCHTHOBAHHH (eIepalbHOIC OIMESTAa B NOPOSKTHPOBAHHE H
CTPOHISIECTEC OOBEKTOE KANHTAIBHOID CTPOHTEIBCTEA ¥ KPVIIHCHHEIH
HHBSCTHIIHOHHEIA pPOeKT ''HAalHOHANBHEIH relHoreo(dHIHTecKHE KOMILISKC
Poccaiickoll akagenMiH Havk' ., 1 3Tan” cOrmacHO MpHEIOASHHED.

2. ¥VcTaHOBHTE., €Ir0 T[OCYIAPCTECHHBIM 3AKAIHEOM E  OTHOINEHHH
VEAAHHBIX B MNVHKTe | HACTOSIIETO [NOCTAHOBIEHHA OOBEKTOB SBISSTCH
PegepalsHOe areHTICTEO HAVIHELX OPTAHH3ALNHE, 3acCTPONITHEOM (3aKazTHEOM) -
denepameHOSs roOCYZapcTBEHHOS OIOMESTHOS VUpewEIgeHHe HaykH HactaryT
CcormEeTHO-3eMHOH dH3Hrs CHOHpCcKOro oTIeneHRT PoccHiicKofd aKaIeniH HavVE.

3. PegepaneHOMY AareHICTBY HAVIHBIX OpPTaHH3AHE - C[IABHOMY
PACTIIOPATHTEIEO cpencTe denepamnaoro OHOTEeTA, Mummicreperey
obpazopamHa H HayEH Poccuiickoi DemeparrHn, MupHCcTEpCTEY
IKOHOMHIECKOTD pazBHTHA Poccmiickoli Pemepamsn uw  Muamcreperey
duHancor Poccmiickofi  Pemepammm  obecnemmTes B 2014 - 2017 rogax
DHHAHCHPOEAHHE 3a CUeT DIOMKETHEIX ACCHTHOBAHHE defepaleHOrO DIOIEESTA
PadoT Ho MPOSKTHPOBAHHED H CTPOHTEIBCTEY O0BEKTOB, VEAZAHHBIN B IIVHETE 1
HACTOAMETD  [MOCTAHOBICHHA. ¢  pacOpedcdcHHEM B COOTBETCTBHH
© IPHICEEHHEM K HACTOAINEMY NOCTAHOBICHHO.

Ilpencemarems [lpapuTemECcTEA
Poccufickofi Pegsparuan I Meneenes

Scientific Advisor of the Project

Academician Gely A. Zherebtsov

The project «National Heliogeophysical Complex of RAS»
includes interrelated
sub-projects (instruments):

In the field of solar physics:
Large Solar Telescope-Coronagraph;
Multi-wave Radioheliograph;

In the field of near-Earth space physics:
IS-MST radar;

Arctic network of coherent HF radars;
Lidar-Optical Complex;

HF lonospheric heating facility.

Data from the created instruments of the Complex
will be integrated with the infrastructure of the
Shared Equipment Center in the Control and Data
Processing Center.



National Heliogeophysical Complex RAS

Instruments

Large Solar Telescope-Coronagraph

WPRYTCKAR OBNACTD

Multiwave Radioheliograph
Optical Complex

Heating facility

PECTIYE/HKA BYPATUA

Data Processing Center

MOHIONKA

Radiophysical Complex for

. 5 5 % : " . Atmospheric and Ionospheric Research
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Lidar

NHC instruments in Eastern Siberia.



NHC RAS

Large Solar Telescope-Coronagraph (LST-3)

with a mirror 3 m in diameter

Effects of increasing
the telescope resolution

w
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The Earth versus
a Sunspot

General view
of LST-3

0

General view of LST-3
buildings

Groundbreaking ceremony
of the LST-3. August 5, 2023



NHC RAS
Multiwave Radioheliograph

SRH0306 3000 MHz Stokes | SRH0612 6000 MHz Stokes | SRH1224 12200 MHz Stokes |

arcmin
arcmin
arcmin

20 -15 -10 5 0 5 10 15 20 -15 -10 el 0 5 10 15

Solar images at 3.0, 6.0, 12.2 GHz obtained by
Ragioheliograph on September 16, 2023



NHC RAS
Radiophysical Complex (RPhC)

MST mode

space objects monitoring

IS-2 mode

cooperative observation

General view of the IS-MST radar near
radioastronomical mode lake Baikal

Operating modes of IS-MST radar



NHC RAS
Network of Coherent Ionospheric Radars

(SECIRA) S

EKB s EKB radar
Monitoring of the
ionosphere in Arctic Coherent radars
of
ISTP SB RAS

Position of SuperDARN radars

and their fields of view MAG radar




Lidar Optical Complex (LOC) __guymme

Magnetic storms
polar and midlatitude lights

£ &

Complex of passive

optical instruments Monitoring of

atmospheric processes
and phenomena

e —
200 300

X, MNKC.

100

Mesostratospheric lidar



Operating and Data Processing
Center

Irkutsk, in-service date 2024
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Main goals

Large Solar Telescope-

-Shared Equipment Center: carrying out experiments to Radioheliograph Coronagraph

the benefits of scientific organizations

-Preparing data products for end users (customers)
-Space weather conditions: warning s and alarms for
consumers

Radar system

- i [
(] il
] IIII LI RTTY T
LR FTHTT I

-Online control of working modes of the instruments of

the National Heliogeophysical Complex .
-Collecting data from NHC instruments Heating Sia nd MS Lidar
-Data processing
-Data storage




NHC RAS
Data Center
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NHC RAS
National Heliogeophysical Complex RAS

. i [T ilii >

A qualitatively new level of
fundamental and applied
research in solar-terrestrial
physics

_ ENnegy
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Participation in international A o
programs including IMCP e e
and China-Russia  Joint — - =

Research Center




Chinese-Russian Joint Research Center
2 Solar Cycles together

SOHO Solar images
and F10.7

1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024



THE 15TH RUSSIAN-CHINESE WORKSHOP
ON SPACE WEATHER oy BT,

September 9-13, 2024, Irkutsk, Russia

Thank You!
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