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This talk

Space Weather today
Relation with Space Climate
60 years space age

e coronal imaging

 CME monitoring

* flare monitoring

What have we learned?

Hands-on

* the quiz

* |lpo Virtanen: OMNIWeb
& CDAWeb

* |Helioviewer
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INFO FROM SIDC - RWC BELGIUM 2016 Apr 01 12:30UTC

Solar flaring activity was limited to three Bl flares from NOAA 2526. No
earth-directed coronal mass ejections (CMEs) have been observed over the
last 2 days.

Quiet conditions are expected to continue.

Solar wind speed decreased from initial values near 450 km/s to values
around 400 km/s by the end of the period. Bz varied between -3 and +3 nT.
The interplanetary magnetic field was directed away from the Sun till about
08UT, then slightly towards between 08-12UT. Geomagnetic conditions were
quiet.

Mostly quiet to unsettled geomagnetic conditions are expected until the
arrival later today or tomorrow (2 April) of a sector boundary crossing and
the co-rotating interaction region ahead of the wind stream of the small
negative equatorial coronal hole. This may result in minor geomagnetic
storming on 2 and 3 April, with a small chance on moderate storming on 2
April.

http://sidc.be




“‘Space climate is an interdisciplinary science
that concentrates on the long-term change
(tens to thousands of years) in the Sun and
its effects in the heliosphere (region of space
dominated by solar magnetic field), in the
near-Earth space, atmosphere and climate.
Space weather is concentrated on studying
these things on shorter time scales from
hours to few days.”

~Website University of Oulo



timescale feature impact

billion years stellar evolution Armageddon
I 1
centuries grand minima climate change?
decades solar cycle

E_arth orbital

perNoae
month solar rotation recurrent storms
(CIRs)
day Earth rotation CME arrival
hour eruptions SEP
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SO why bother?

h

space climate is good for space weather
large scale statistics (=space climate) are essential

references when making short term forecasts
(=space weather)

* space weather is good for space climate
real-time space weather data accumulates since the

beginning of the space age untill it becomes relevant
for space climate




WIKIPEDIA: The Space Age began
[...] on October 4, 1957, with the
launch of Sputnik 1 by the Soviet
Union. This was the world's first
artificial satellite, orbiting the Earth in
98.1 minutes and weighing 83 kg.
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Towards routine imaging
of the hot corona






NRL experiment:
Spectrograph flown onV2-rocket in 1946
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"SOLAR. X-RAY PHOTOGRAPH -
NRL; APRIL 19,1960

Pinhole camera
flown in 1960

Friedman (1963) IAUS, 16, 45



reflecting X-rays is hard
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XMM mirrors during tests at Centre Spatial de Liege



Skylab
g (1973-74) *
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http://history.nasa.gov/SP-402/ch | .htm







MSSTA & NIXT (1990)

FeXll 193 A

MSEST A

1991 May 13 19:03 UT

http://solarscience.msfc.nasa.gov/MSSTA.shtml




0 A ,. FeIX/X 171 A 1.1 million K
He I/SiXI 304 A 80 000K
onboard SOHO J—

1995-present

FeXII 195A 1.5 million K Fe XV 284 A 2 million K




20 years
SOHO/EIT between
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since 2010

SOLAR DYNAMICS
OBSERVATORY

He 11304 A CIV1550 A

Fe XIV211 A
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http://aia.Imsal.com Atmospheric Imaging Assembly (AlA)




SWAP onboard http:/proba2.sidc.be
PROBAZ2

PROBA2/SWAP 174 2016-02-18T04:38:04




Coronal EUV images differ in the details EIT 17nm
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" Hemispheric SSN
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Poster COR-1 (De Groof et al)
Unexpectedly Long lived Coronal Structures




Coronal images for space climate?

* different technologies on different missions
* similar telescopes differ in spectral bandpasses
* poor and unstable calibration

e differences in resolution, field of view, cadence,
exposure time

* underused data-sets: breakthrough opportunities
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Towards routine imaging of
coronal mass ejections (CMEs)
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{
BB | Bemard Lyot, 1939, at Pic du Midi

French Astronomer
Inventor of the Coronagraph
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SOHO/LASCO
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A software package for 'Computer Aided CME Tracking'
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Robbrecht 2009 ApJ
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CACTLUS - generated by the software package "Computer Aided CME Tracking" (Automated).

ARTEMIS - generated by "Automatic Recognition of Transient Events and Marseille Inventory from Synoptic maps" (Automated)
CORIMP - generated by automatic detection of SOHO LASCO images (Automated).

CDAW Catalog - generated by visual manual methods (Manual).

NRL LASCO CME List - generated by operators (Manual).

COR1 CME Catalog - generated by the STEREO CORI1 team (Manual)

HI1 Event List - generated by the STEREO HI1 UK team (Manual)



CORRECTED DAILY CME RATE
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CME statistics for space climate?

 CME rates hard to compared between instruments,
affected by duty cycle, contrast and FOV

« SOHO/LASCO: 20 years of consistent high quality
CME observations

* big data: feature recognition, computer vision, ...

* data interpretation: what is a CME?



Towards routine flare
observations
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bandpass shape

quiet stable

GOES 10-15 XRS responses
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XRS data | XRS data

Satellite | Launch Date start date | end date
GOES-15 2010-03-04 2010 present
GOES-14 | 2009-06-27 2009 | present
GOES-13 2006-05-24 2014 present
GOES-12 2001-07-23 2003 2007
GOES-11 2000-05-03 2000 2008
GOES-10 1997-04-25 1998 2009
GOES-9 1995-05-23 1996 1998
GOES-8 1994-04-13 1995 2002
GOES-7 1987-02-26 1987 1996
GOES-6 1983-04-28 1983 1994
GOES-5 1981-05-22 1983 1987
GOES-4 1980-09-09 - -
GOES-3 1978-06-15 1978 1980
GOES-2 1977-06-16 1977 1983
GOES-1 1975-10-16 1976 1977
SMS-2 1975-02-06 1974 1976
SMS-1 1974-05-17 1975 1975




Newer generation

3-axis stabilised, shorter
exposure times

dynamic range extended to
small flares

scaling factors applied

timestamps 1s off

Older generation

* spinning satellites, longer
integration times

* no onboard clock (<3s off)

XRS data | XRS data

Satellite | Launch Date start date | end date
GOES-15 2010-03-04 2010 present
GOES-14 | 2009-06-27 2009 | present
GOES-13 2006-05-24 2014 present
GOES-12 2001-07-23 2003 2007
GOES-11 2000-05-03 2000 2008
GOES-10 1997-04-25 1998 2009
GOES-9 1995-05-23 1996 1998
GOES-8 1994-04-13 1995 2002




Even older: SOLRAD
(1965-19706)

SOLRAD |
Solrad 10 (Explorer 44)

Launched Nov 19, 1965 Launched July 8, 1971

ftp://ftp.ngdc.noaa.qov/STP/SOLAR_DATA/
SATELLITE ENVIRONMENT/XRAY BGND/docs/solrad.txt
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Table 1. The number of flare events for the different SXR flare % 11
classes (B, C, M, X) and the corresponding percentage values @ 2000F ;
are listed. T denotes the total number of flares occurring in the § :
selected period (1976-2000). 2
Class No. events No. (%) g
B 11 558 23.4 ‘g
C 32784 66.4 -
M 4708 9.5 a
X 359 0.7 2
T 49409 100.0 ‘é
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LYRA onboard
PROBAZ?2

GOES Imodiores /(W m™)

http:/proba2.sidc.be/ssa

GOES ¢.1—0.8nm (red), LYRA Al (blue) & Zr (grey) proxy
—T T T T T T T r T T 1 T T T

w07 -
ot B
- 4 X

1074}~ -

- -

- missing C6 flare :

- g dM
-

107 =
- .
:k\); "{» 3
b .1 s S c
VR NG Y
RAAE Y W]

g \1:__;
L\
10— -
- i —
o ]
= B
n 4B

1097 1 1 I I | 1 1 1 1 A L 1 1 1 1 1 1 | 1 1

e} 5 10 18 20

Time / h UTC, 08 Mar 2014

RCB/SIDC, Brussels, Belgium



X-ray/flare monitoring for
space climate?

* exceptionally long data series (1965 - >now) with
relatively stable data quality

* no observation yet of ‘superflares’

* some flares are missed because of eclipses
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What have we learned?

space data for space climate is limited to the last 70 years

during this period, instrument design and performance
was in full evolution

GOES+SOLRAD soft X-rays data set covers 50 years
Imaging data sets are coherent for only last 20 years

comparable older data sets exists but carefull
intercalibration/interpretation is required.

opportunities waiting to be harvested



“The world's longest-running

experiments remind us that

sclence Is a marathon, not a
sprint”

—Brian Owens (editorial nature.com)




