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ENERGY

Solar-terrestrial interaction
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Quiet time
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Ionospheric daily variation of electric density 
at Ebro Observatory (http://www.obsebre.es/)

Daily variation of ground magnetic field at 
Guimar-Tenerife (http://www.intermagnet.org/)

Hour of 29 November 2016
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Total solar irradiance at Cordoba  
(http://www.agenciaandaluzadelaenergia.es/)



WHEN THE LIGHT INCREASES: FLARES
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Flares and disturbances 
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From Kopp (2016)
http://dx.doi.org/10.1051/swsc/2016025

From Cliver and Dietrich (2013)
http://dx.doi.org/10.1051/swsc/2013053

Solar Flare Effect (SFE) is a indirect 
effect of an ionospheric disturbance 
due to the increase of light

http://dx.doi.org/10.1051/swsc/2016025
http://sohowww.nascom.nasa.gov/hotshots/2003_11_04/


Tsurutani et al. (2003) 

The Carrington event
Carrington (1859) 

Cliver and Svalgaard (2005) 

While the contemporary occurrence 
may deserve nothing…

SFE

Geomagnetic 
storm



When a flare will happen?
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• Nowdays is not possible to 
accurately forecast when a flare 
is going to happen

• Forecasting is based on 
probability 

• Bloomfield et al. (ApJ, 2012): 
McIntosh class and GOES X-flares 
are considered in the statistics to 
determine probabilities for 
different flare magnitudes
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http://www.dslreports.com/



Radio Burst
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From White (2007)
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credits :  Cornell U. GPS Laboratory

10 min
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WHEN THE FLUX OF ENERGETIC 
PARTICLES INCREASES: SEP EVENTS
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From Zhu et al. (2016)

GOES 13

Note: Largest flare on July 23: C2.0



Sometimes SEPs reach the ground

SOLARNET IV MEETING Lanzarote, Spain, 16-20 January 2017 15

M5.1 flare from AR11476

From Berrilli et al. (2014)



...but that happens only at times
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www.nmdb.eu/nest/gle_list.php



Note that not all SEPs are 
related to flares
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No event that day at http://www.nmdb.eu/nest/gle_list.php



WHEN MASS LEAVES THE SUN: CMES
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IP Shock

Magnetic cloud



The ground response
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Credits: NASA



Interaction avoid to 
accurately forecast from 
solar observations 
(…up to date)
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Adapted from Cid et al. (2016)



But the scientific scenario is not 
always useful for society
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A Carrington-like geomagnetic storm 
observed in 21st century 

25

From Cid et al. (2015)



SPT
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BOU

The most hazardous 
disturbances  
disappear when local 
magnetic  field 
measurements  are 
averaged to obtain 
geomagnetic indices
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What triggered the spike?
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From Saiz et al. (2016)



What is the SOLAR trigger 
of ground spikes?
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Thanks for your attention!
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