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Space Weather Operations in CMA

Wang Jingsong
(National Satellite Meteorological Center /National Center for Space Weather, China Meteorological Administration,
Beijing 100081)

Abstract: The appearance and evolution of the term 'Space Weather' suggest the inevitability of the initiation of space weather
operation and the natural connections between space weather operation and other meteorological operations. As an essential
part of the Chinese meteorological operation system, the CMA space weather operation is achieving significant successes in
observation, forecast, service as well as R & D. Nevertheless, space weather operation is still far from maturity and the possible
breakthrough should be made in productive services.

Key words: space weather, space weather operation
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Influences of Space Weather Events on the
Spacecraft

Hu Yangqi, Cai Zhenbo
(Institute of Spacecraft System Engineering, China Academy of Space Technology, Beijing 100094)

Abstract: The spacecraft orbiting in space will be affected by space weather inevitably, while the solar explosive event is the
source of space weather variations. From October 2008 on, the sun enters solar cycle 24. It is predicted that the solar maximum
will arrive in 2013—2014, while the solar activity will be enhanced significantly and severe space weather events may occur. In
view of spacecraft engineering, this paper introduces the common principle of the solar activity and the basic characteristics of
space environment during the solar maximum, and then describes the mechanism and process of space weather events having an
effect on the spacecraft, in order to comprehensively and objectively understand the possible influence of the upcoming 24th solar

maximum on the spacecraft.
Key words: space weather, solar maximum, spacecraft
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The International Space Weather Projects
and Activities

Guo Jianguang, Zhang Xiaoxin
(National Satellite Meteorological Center /National Center for Space Weather, China Meteorological Administration,
Beijing 100081)
Abstract: With the development of science and technology, more and more organizations and countries have recognized the

importance of space weather. This paper reviews the activities of some organizations and countries related to space weather in
recent years, including space-based and ground-based observation projects and the international cooperation. A brief description

of China’s effort in space weather is also given in the paper.
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36Jm = M RME K2y, COSPARSICSURKA 70 T 3T
(MG EY  (Advance in Space Research) ,
BT E A (R I BB T USRI
A W— ARG AT AR ORI R RARSE, HocHE
% K HCOSPARZE R[5 Ffi2x il . HEANCOSPARIEFE
RREPEFAL T — R G w5 IIEE, HIf
FECOSPARIEE R (1 0T A% 3RS HT O AR, i e Jig
o AR R () R UK BE g, AR R R 28 S g
JZ%2 DERFEMNES 587 (20044, HEIERD M
“HERRUTRERIEE” (20094F, HEBIREE) H
ANEFINPE

2.3 HitvIERFERS (SCOSTEP)

SCOSTEP &R JEICSU M X — [ 5 7% i) K
AL, B e MYERSSHNEL S
(IUCSTP, Inter-Union Commission on Solar-Terrestrial
Physics) , JRAZT19664F, 19724 H H 4 B4y
ME 2y, 197348 4 0 HH B R & bl o, Rl
SCOSTEP, 201045 J & A5 A B AE I 5= K2 i K
o W E AR E S H19904F S, AE N A4 51
ANICSU T J&¥JSCOSTEP.

SCOSTEP - 5 I NICSUMHLAL A 1E, Hhif Al
YL By R 0 H M2 R B E R, S st « [
FribER) BE4E”  (IGY, International Geophysical
Year: 1957—1958) . [ElPr7*iff AP (1QSY,
International Quiet Sun Year: 1964—1965) . [E[r#
JZHF9T (IMS, International Magnetospheric Study:
1976—1977) + AR (SMY, Solar Maximum
Year: 1979—1981) . 2K Titkl (MAP, Middle
Atmosphere Program: 1982—1985) , LA IEBr H i
fE AL 41T R] (STEP, Solar-Terrestrial
Energy Program: 1990—1997) .
FFIGY 2t F7 2% [ 28— s k4 2
AT S MUBOW I, A 6 5 v [
EN 6T E X2, LIRS F Ak #
Mo A X . R IE Hb DR R 2
X HEAT T A ERE RSO, ¥ K&
IR AIIE A ARG s
Hor . BOG. AL .
S KBES) . Tl & S5,
SN E . KN W
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Solar Orbiter

International Living With a Star
Some Candidate Missions

HAE Z 51 br 2 8] A 7E w0
R— “Hpr 5 KB (ILWS,

International Living With a Star) , JL
P TIS DEAXRMER, %
TRl & AE R GE I K B 21 ek 22

Coropas-Pho}EE_ Kuafu-B1

S‘TEREO Solar-B

Geostorm
(SubL,)
>

4

g
o K
t

Solar

Sentinel Iuaf-A

Bepi Colombo /

Solar Dynamics‘} Mag Multiscale
Observatory

~agd -

.“: —
STEREO

Distributed network of spacecraft providing observations of Sun-Earth system.

observing Sun & tracking disturbances from Sun to Earth.

Kuafu-B2

.~ Enhanced Polar TN RS U IR P < PEZC S |
TR R TR AR,
Hih X R KL EH (STEREO, Solar
TErrestrial RElations Observatory,

20064E 10 AN TH25) « K30
W B A (SDO, Solar Dynamics
Observatory, 201052 H & i Tt
25 L RSP KRR T2 (RBSP,

Rad Belt Storm Probes, Fii120124F %

Network

/

with constellations of smallsats in key regions of geospace.

B2 ILWSHhEg s & D25

JIME . Mg KEi S N BREHEMI3ATH .
STEPNZ 201 22904 A s b AR d5¢ 2 K HO [ B
HEvR, RS E . A RE. HARSESCH AN E
FIHLIX (11202 BRI A SN H T ELE AT IR 2
P 38 2825 i) U AR Ui i) (CAWSES,  Climate
and Weather of the Sun-Earth System) , & 7E M 34k
B LT H s ) &R g8, H ATz &) S N 5524
(CAWSES II: 2009—2013) .
2.4 ERRZEFBAA (JACG)

B 720 I 5 AR, A KR AE [ A
HMIEBR EIFRE T — F 50 H M2 [ I5S 0 -55 58 K
LG AR I EZ M MiR R (NASA, National
Aeronautics and Space Administration) . ESA. [l
RE) T BHAWEF T (ISAS, Institute of Space and
Astronautical Science of Japan) FIHT FR R B T2 6
P42 (Intercosmos Council of the Soviet Academy of
Sciences, Jo AP WIS MIR)R, RASA, Russian
Aviation and Space Agency) ZH B% 19 ] i 25 (1] ey Bp il 241
(IACG, The Inter-Agency Consultative Group) , 4
AV oINS i R N E 731/ 7 2] B EE ) T & B 7 B
1I&l (ISTP, International Solar-Terrestrial Physics)
SR B R H bR s H S — > ik
RYE, A H MR ) S 2 A, QK BH A H R
&% (SOHO, Solar and Heliospheric Observatory,
1995E12 R T4 BRI (Cluster 1T,
200047 M8 H &S THA) , X H MR e B AL 4L
) B L R HEAT TR WA 5T . 20024FTACG AR
TR NR2 T AL T 204E s KFRBE R, A B+

U\ WEZ RE R (MMS, Mag
MultiScale, Filit20144 %50 S5 it41".
2.5 Bt FNE T RSFENE (JAGA)

IUGG & ¥ [ b b 2 F0 i 2 KR4

(IAGA, International Association of Geomagnetism
and Aeronomy) &> [ Br k) 2% (A KA R,
FAL T 19194F, I HTUGG I Hi g AT L4, 1930
SR A [ B g A L 2 (TATME,  International
Association of Terrestrial Magnetism and Electricity)
1954 4F 5 o [ bR b 2 R iy 25 KA s, B
TAGA, =BUE N T {8k MG 27 F vy 23 K2 7 T )
BB a1 S0, W SRR ER AP s 2
KA W BN, ULSCKRBE . KB AT AT
RBRRARSE, BRILZ AL, Gl A3 TRBONEERSE
2R TAGA S I .

TAGA 1 KA I B Br Mo i 2 % 1 (IGRF,
International Geomagnetic Reference Field) LAz ith 5}
Wi 5w 434l (WDMAM, World Digital Magnetic
Anomaly Map) , 7EHBEKAF. Hiie. HEg 2 F0E)Z
SEUH A AR T I KN A, i s ) R AR A R
R B AE 10 2R 7 1% ) /K1 I g 4580, WK p A1 Dst
SEHREL MRIAGAM BRI ARY . AL, TAGAESE
W2E R R, W BORTRRMITHERE (L1t [ by 1)
HIRMEE/E Chttp://www.iugg.org/IAGA/)

2.6 BREEFMFFAIEZEZR (COPUOS)

HI A I & [ rpp J o ) R A 55 1 1 SRR
J& G [ RS- A A0 2 2% 0 2= iy (COPUOS,
United Nations Committee on the Peaceful Uses of Outer
Space) , HLATGLHE P EAE N 69 1 b [, A 4k
BAELE ). COPUOSHI SR 5 2 il A Ah 4 1
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SEVANHide 51D L
b Current instrumental ISWI projects are 15{Nay201)
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JECOPUOSA 2RI B A7 HLUFE st = S [
br®b G R R, SR AT0Z A E K4
T4R RS HId, L2 H b
HE XS K B 55 i 35k K )2 2 T o R T
BRAAE,  H [ o A 23 0 ACBH LA R 2 ) R
SR IE Y b S RN R TN
FEEWTSE. AIHY )G, COPUOS XK
& B 2 AR R (ISWIL, The
International Space Weather Initiative) ,
Ak S 4 3 A BH T Hh S 18] 2R 885 1 5% i
WEoT, R1gy i T#EUERI2011455 A A

E3 ?Jﬂ)\lSW|E"J?Efﬁlfﬁh"ﬁﬂﬂlﬁ'fﬂla‘]ﬁ?ﬁ'ﬁ;ﬂ
JE PRI =, AR % R ) H b 23 Sl 1) 5 1
WEIT 5 R R FNH T Hb 254 5 19 R )l M) g = 24
(AR ] . COPUOSTE 7 ) KA A ) 48 55 1 W 3))
A WHOIMRHERRRK . TERRAE . A% WfE,
ML AR RN S R U A o R TR [ B
PEs 28R BRI XS] (R BI85 AT 23 A
YFESJHE: (AN )22 (R AE 90 R 1 T AT #2558 s H
BRY)#4E (IHY, International Heliophysical Year) ,

T ANISWIRYZ= B R S LMt %I

ISWI 1542 (| A I vk %), oA

L3 (http://www.stil.bas.bg/ISWI/Projects/) .

27 EFR=EXSIHRIEE ICTSW)

TR EE, TAEEL IR,
Sbr b, AR RAAOS L DEAH LW,
T L) 5N BRI R 55 R AT FEWMO
PR Z T AF ARG W AR I ECR W [FE L, WMOR] BAAE
PR SR I H A ORI S AT e 55 A )
() 1 s S VR D7 SR B P &, I HWMOZE 5 %
I FH 485 FH P AZ B 5 T ) 48

AL g 2 ) R TR 55 DA EE

R, EHWMO S [H b A4l
72} (ICAO, International Civil
Aviation Organization) FI[EBr
HfFBER (ITU, International
Telecommunication Union) 2 [i][K]
R A BT 5] S B A5 0]
(Y3 ) R RS

20074F6 H15H, WMOUWLH|
—HISESHIKAE, {5 KA
TISESAH 5 WMOA 1R & .
200846/, WMOil L TISESH
A CWMOTE 5 [H] R AU 1) 7%
TEVERDY #is, A R AR
ARG Al it RN BN SR E Bl AL
HAA KRB, JF Bt 7E R/
B BRI K BTG sh R, X —
AP LN RN o
555 3 ) R AR 55 22 8] ()78 A 1)
BrFEEFI™. 201045 H3HWMO
EXAZICTSW, HHIERS
1 I e i) 1 225 [) RS0 3
B % 1) KA T B T 1 54
R S0 2 ek TSES 2 /) 1 2 A

Eiac EEP it H 44 F%
| Em AR RIE 2 ) E B S GPS P
African GPS Receivers for Equatorial Electrodynamics Studies (AGREES)
African Dual Frequency GPS Network (AMMA )
s m TR
African Meridian B-field Education and Research (AMBER)
FAT WA AR UE R RS U R R R 4
4 eS| Atmospheric Weather Education System for Observation and Modeling of Effects.
SID, Sudden Ionospheric Disturbance Monitor (AWESOME )
FT el A 2 ORI £ AR BAS IO 75 RS A s
5 St Compound Astronomical Low-cost Low-frequency Instrument for Spectroscopy and
Transportable Observatory (CALLISTO)
p i H a B g b il
Continuous H-alpha Imaging Network (CHAIN)
7 £ B Z AT 2 ik
Coherent Ionospheric Doppler Radar (CIDR)
) Ha EEATHRN
Global Muon Detector Network (GMDN)
0 aa EEORIIGRS
Magnetic Data Acquisition System (MAGDAS)
0 Ha CHERBELERR
Optical Mesosphere Thermosphere Imager (OMTIs)
I g BRI B R RS
Remote Equatorial Nighttime Observatory for Ionospheric Regions (RENOIR)
5 N L
South America Very Low Frequency Network (SAVNET)
13 £ FL D S D B3 e 0 Y
Scintillation Network Decision Aid (SCINDA)
2 [ A S5 IR 53 A 99
i LRJEL Space Environment Viewing and Analysis Network (SEVAN)
s g BIESURICSE/ES

ULF/ELF/VLF network
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ICTSW H i A7 134, 40 BE MR A . LA
W EPE. mER. L SHEE. SRIEM .
SF2Es AR whREL P SEEAMSEE. 201145 H
AR NREPINIE AT/ IR NS [P Na B RSN
HEGZERIESW L g 28, 23 m)R
AW E AWMORI AR TAEH

ICTSWI) 3 R REAAR L 4

(1) HWHEWMO fFE &4 (WIS, WMO
Information System) SEHLZ [A] KBRS He A4 {1 1)
PRAELL,  JEINBRIZ P AT BB At 5

(2) 55 s S FoAth 32 N R T T B3,
PR 2 B 28 R ARG, 036 TR DR B N B S
HFEARTE?;

(3) I H R AR LRI 75 5K o o i 4% Sk
R, BUR M A A R OM I TR, o0k ) R AU
MBEATES

(4) BUNAE 2 18] R 5T B AR 55k 55 B 22 TR]
TSRS »

ICTSW L8 [/] WMO T A7 8 B4 At % 1] K33 3)
fERE L, IR ) 2 AN AN R S, TP
TEAZ it . HHT S 4 MICAO. HErEFHAL (IMO,
International Maritime Organization) . ITU. ISES.
OOSA (United Nations Office for Outer Space Affairs,
AN AT TP T I BERTP R ] Ab 2 28 1) 2=
ST TS A AR

ICTSW H i () A A2 W 5 25 1) RN 1 A%
oK, FEE TR K H WMO K 125 18] R =Ml 75
SRV BRI, A A AS 45 WMO ) 7% 8] R A=0OW 75
Ko RAFISESH A DO FE rht L&A #4055
BAT PSRN AT SR, EK B AR A I 4LZURAN [
JURPRLI 5 SRR S5 it RABAEH Va2 A . — FLi
W T AR B AZ O K, K2 W BUE 24 ) % [A]
RAMMZHE, HEAT 2RO WMOTE B AR 4
Z A HES K, DU RS By WMOTESS Bt = &4k
JTI 25, 8 I WIS SEHL A [ AR AT SR i
WFRAELL, fEWMO 12 KAESHEZL A (context of
multi-hazard WMO activities) KA W 2 S {54 R 4
P i 55«

3 AFAREEZRKZEXRSITXISE
3.1 ¥(E

2 E ) 5K A% 1) R AR s TR T ML
IR TR, A 8N ASF B T J&8 41 2L F LA
Z Y, WA, EHEE. NBGE, GEEE. 18
Bt W45 B, NASAFIE KB =542 (NSF,

National Science Foundation) -

e “ A RIS TH R iR, SREm
R R AR REIE, A7)0 57 50 K 0 ) R
WL AR S5 R 2R, A5 AR RS T IZ RN
2 B 3 ) R UGS E 2L INOAATT J& i 28 ) R il
s (SWPC, Space Weather Prediction Center,
J 7S ) 3B Hty, SEC, Space Environment Center)
SR e % 1 [l 7 58 1) 5% )Rl (AFWA,  Air Force
Weather Agency) fefit, PIERESAE, 200l 2 )
MHFAEHT K. 20054, SWPCIEA A EZK KA
Ji) (NWS, National Weather Service) , Z[i KA
BN AW AR MRS 1) —#8 5y, HIATSWPCZ ]
KA b PRI T) ROBEIA 55 1 SEIRE S 0 (2~5%)
I NS NI =N T EA S Ok rllfl N R L R S Uk kS
R, B HZ W RAFM LR TP TR
WA K5 047 i HSWPCIEEISESH, 1ER “4:
BRTVERIR ", Py A BREE AT 3 R P00 1) =2 A
. SWPCHA AR 557 i 2045 50% 1 K U5
K FINOAARS FIGOES R 4114 LA, 1GOES-R
HAERIEAESAT Y, HAE 2% R R 7 T8 ) 0 e
WA T2

FESCIE [ 5, E 23R [E 4% (USAF, United
States Air Force) 71 5t SE i [ (R BRRAS, PEAL
2] RSO [ A 25 AN RIS T TR 520 . USAFIE A
LRI AR S, anE R % L2 (DMSP,
Defense Meteorological Satellites Program) - A FHHL¥*
JEEEMIM (SEON, Solar Electro-Optical Network)
B i 3 2RI A 48 (DISS, Digital Ionospheric
Sounding System) LM GPSM %%, BbAb, [E 5L
FE T 2R 5E R (MURI, Multidisciplinary
University Research Initiative) , VA28 0] R 3
B, JFEUSAF@E A 2 [0 Ky (CoE, Air
Force Space Weather Center of Excellence) , M A f{E
% J1 ) FRUFR I 9 2% 2% [) B 5 0] 6] 575 508 45 2R 408 5% Wi
AR, 126 B 4505 % (NRL, Naval Research
Laboratory) JF R FAERHLES 2RI (GAIM,
Global Assimilation of Ionospheric Measurements) , {2
EAEAFWAR AN S5IE1T

NASAJZ J [H [H 5 g 77 8] R AU )28 = AT
ZOR . BARNASA K fi [ TR 800, HEI D
REPAT 55 A 2 18] R A0 55 $ i 17 R & 1) 2 Ta) R AU
DA EL b M 0 % A PR S B i 20 2R I 2%

(ACE, Advanced Composition Explorer) , il ARH
STEREO L2 MISDO LA AF . Ji4h, NASAILTEH:
ZAMURA RS T RE Lt E, gk
WAL S h#58,  DUE R 28 ) R AL 5 3 it S
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Serp, AR S HEA LA S A% TR K S AR

NSF 3 B HF BRI FUTE 80 S H ™ 2R 1) 5 2 R
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WSA-ENLILA 2 F20 L HAERI AN 53817, %45
ST DABE AT 1 204K TR OB XA 2554 s i L &% H
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5 [ 1 — 8 Al DR AL A R AR HE R [ K
A R A s o R 7, SR e 6 T A BOER 1 Hb BT
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B AW RS L e S VST Y e S S EAUNE N4 ¥R
B DX AT R 2% 1R 1 M 2 8] 32 Hi 40 3] 2 ) ORI
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S SEAIE ST AR S8 [ [ 5% e T Je 1 4 ) R o 1E
ARIpA%= (OES/SAT, Office of Space and Advanced
Technology) F& 7 L33 EZ INCOPUOSIHWEEN, fiff
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PRANRE i 56 [ 25 ) 55 BRI 554 by
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3.2 B
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EIPSE R AV NNV P ALV = SN PR R ik
Fis 2 IR R TR IR 2% 45 7 18
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Advances in Space Weather Research
Lu Jianyong, Yang Yafen, Du Dan, Zhou Quan, Mao Tian

(National Satellite Meteorological Center /National Center for Space Weather, China Meteorological Administration,
Beijing 100081)
Abstract: Space weather has a great impact on human activities, relevant to the socioeconomic consequences and national security.

Space weather research and application is now on the increase. With a view to the space weather operation and application, we
present a review of the recent progress in the space weather research, with a specific focus on the main phenomena and elements.

It is our hope to provide readers with an overall knowledge of the space weather and its understanding.
Key words: space weather, sun, magnetosphere, radiation belt, ionosphere, thermosphere
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Abstract: Progress in studies for the last decade on the relationship between solar activity and decadal climate change, is reviewed.

First, recent observations and simulations for the influences of solar activity on the global and regional temperature, monsoon
and precipitation, and the regional climatic modes including the Atlantic Oscillation (AO), the North Atlantic Oscillation (NAO),
ENSO, and the Quasi Biennial Oscillation (QBO) are reviewed and summarized. Second, three mechanisms proposed to explain

these climate observations are described, including the effects of variations in total solar irradiance, ultraviolet radiation and

energetic particles. Finally, we have presented some important and unsolved problems for future research.
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