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OUTLINE 

1. Introduction: Sun, Weather, and Climate 

2. March 2012 CME extreme events 

•Rainfall in Greece 

•Globally Meteorological Extreme records. 

•Historical heat wave in USA 

5. March 2015 CME 

   from…. -9o C  to…  22o C  

3. Major CMEs-Temperature increases (Wisconsin): 

  A statistical study  (ACE s/c  era: 1997- today)  

6. Conclusions. Short term SEP effects to  weather  
 

 

 

 

 



 2. S.M.CL-r research: social applications 
Separate natural –  

 anthropogenic 

 influences. 

 

Improve Climate  

 changes  -  predictions  

 Understand  / predict 

 Extreme weather events: 

 protect People’  

 food / health / life 



Physical 
Phenomenon/ 

Parameter 
Height 

Time Delay From 
Flare  / SSC 

Number of 
Events 

Authors 

ΔP 
>0 

500mb≈ 5km < 24 hours (SF) 53 Flares 
Schuurmans 

(1965) 

 
ΔP 
>0 

 

500mb ≈ 5km 
 

<6 hours (SF) 
 

 
81 Flares (≥2 +) 

 

Schuurmans & 
Oort (1969) 

 
ΔBe7,  
ΔP32  

> 0 
 

2.96km / 
Zugspitze 

 
2nd day (SF) 

  
(Max Vsw / Ap) 

 
 

≥ 2 
Schuurmans & 

Oort (1969) 
 

∇P (S-N) Earth’s surface 2-3 days / SSC Mustel (1972) 

∇P (S-N) 
Earth’s surface 

 
3 days / SSC 

14 cases/ 
20 years 

Sidorenkov 
(1974) 

Clouds SEP, Aurorae 
Roberts 
(1975) 



1. Current research 

 Sun-Magnetosphere- Climate relationships 
research is a topic of  increasing interest in 
the last 20 years.  

 

 

 

 

    

 

Review by Grey et al. (2010) : ~350 references   
(1995-2010 ) 

 

 

  



 
 Emphasis on Solar cycle 

Climate trends 
solar irradiance  
 open solar B-field flux 
Geomagnetic Activity  
cloudy ( cosmic ray) 
Stratospheric changes 
Sea  S. Temperature  
 ( ~4 years delay)  

Polar temperatures & winds 
  [Grey et al., 2010 & references therein] 

Quasi- biennial oscillation   

   [Labitzke, 1987; Labitzke and van Loon, 1988; 

  Labitzke et al., 2006].   

 

[Grey et al., 

 2010]  



Recent studies: 

 

“…energetic particle forcing driving dynamical 

changes in the atmosphere …in the form of electron 

and proton precipitation…” are important and that 

… (were found to be) as intense as those arising from 

the known solar irradiance variations”. 

 

Seppala and Clilverd (2014) 

Clilverd et al. (2015 and references therein)  



The results of this presentation  
have been gained  because of 
a case study… 
on superstorm of March 7, 2012 
 

Second Biggest Flare Of the Solar Cycle 
 (NASA SDO) http://www.nasa.gov/mission_pages/sdo/news/solar-activity.html 
 

(March 7, 2012 CME)  

http://www.nasa.gov/mission_pages/sunearth/news/News030712-X1.5.html


Collaboration with Dep. 

of Environmental Eng. 

/DUTH: 

Correlation of  

Geomagnetic activity (Kp), 

 

 

 

 

fluctuating geolectric field 

(~1500 V/m), 

 

rainfalls  

 

 

 

 

 

 

 

and strong winds 

 

(Kp) 

Ξάνθη 

Normal values:  

100-150 V/m 

rainfalls 

winds 

Geolectric field 



8 March  

Alexandroupoli Greece 

Aλεξανδπούπολη 

Rainfall in  

Alexandroupoli / North Greece 

 on days of SEP  

ACE / EPAM  

enhanced Electron fluxes  

 



Intensity-time profiles of SEP events recorded by 

PAMELA in 2011-2012 in comparison with 0.1 GeV intensity 

from GOES 13 (orange line).  
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PAMELA :  

  

0.102 GeV              (red rhombs) 

0.121-0.144 GeV    (blue triangles) 

0.169-0.235            (green circles) 

0.276-0.378 GeV    (grey line) 

0.440-0.592 GeV    (brown line) 

 

 

The March 2012 SEP 

events is characterized  

by a three orders  

of  magnitudes high 

energy (~0.6 GeV) 

proton flux Increase 
 





 The March map of temperature anomalies shows that 

warmer-than-average temperatures occurred all over the 

globe: across the contiguous United States, Canada, Mexico, 

southern South America, the United Kingdom, Scandinavia, 

northern Russia, and parts of southeastern Asia.   

Temperature anomalies 



 (I 

gg 

Historic Heat in North America 

Turns Winter to Summer 
http://earthobservatory.nasa.gov/NaturalHazards/view.p

hp?id=77465 

(MODIS) instrument on the Terra  



Correlation between  

geomagnetic index Dst – Temperature  



“A black swan most probably was observed in March 

2012 (lest we forget 1910)…. Our current estimate of the 

impact of GHG forcing is that it likely contributed on the 

order of 5% to 10% of the magnitude of the heat wave 

during 12-23 March… But there is always the 

randomness”. 

http://www.esrl.noaa.gov/psd/csi/events/2012/marchheatwave/anticipation.html 

12-23 March 

The question: Randmness or  

 a correlation between space & atmospheric 

extreme events?  



 

•High Energy  

 Solar proton 

 impact 

•Amount of protons 

•History of  SEP  

•(not only the Flare  

 / Kp) 

•South warm air flow  

Temperature 

Wisconcin, Madison 

Wind direction 



ACE era (1997 – today) 

 

ACE era (1997 – today) 

28 CMEs with Dst < 150nT 
(Richardson CME list: 

http://www.srl.caltech.edu) 
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                                                                              1998-2015 CMEs (Dst < 150nT) 
                                     ACE / EPAM 

                                                       Winconsin (Madison) 

Most SEP show ΔΤ ≥ 0: 

 

Maximum S. Temperature 

coincides with or follow  

Solar Proton Flux Maximum 

(daily averages) 
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Winter times  are preferable 

 

for  very  large  

  

Temperature  increases 

 

within ~ 5 days or more (<10) 

 

from SEP onset 

 

(i.e. March 2012, 2015 heatwaves) 
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All 
months 
1998-
2015 

ΔT = 6.466 + 1.244 Δt  

r = 0.502 ( P< 0.01) 

ΔΤ = 4.754 + 2.026 Δt 

r = 0.7962 ( P< 0.001). 

Very strong / significant 

Correlation 

r = 0.7962, P< 0.001),  

ΔΤ/Δt = 20C/day 

(Oct. – April) 

Surface Temperature Increase ΔΤ 
 during SEP (CME -  SEP onset) Δt 

 

Strong / significant 

Correlation 

(r = 0.502, P< 0.01 
(All months) 

NO significant 

Correlation 
(May – Sep.) 



Possible Mechanisms:  

 

 

1. SEP – NAO 

 

2. SEP - Large stratospheric / tropospheric pressure gradient 

– downward air flow  

 

3. SEP- Ionization – aerosol particles – cloud condensation 

 

4. SEP- Ionization- Variation in global electric circuit   

 

5. Ozon related chemical / energy changes  

 

 but even more   

 

 

 



 
 
 
 
 
 
 



Possible Mechanisms: 1. SEP – NAO   



A warm engine          Gulf Stream during Solar Max 

our study may support:  

SEP impact on Gulf Stream  

~11 year periodicity in  

Gulf Stream activity  



    ...in order to be able to reliably model the 
response (of meteorological data) from 
geomagnetic sources we also need better 
understanding of the different particle 
sources: This provides a challenge to the 
scientific community working on solar-
terrestrial physics  

 

Seppala et al., JGR, 2009 
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May-September 
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 D. GENERAL CONCLUSION-1 

The great CME / superstorm of March 2012 was followed by 

A FAST (few hours) response  TROPOSPHERE -
MAGNETOSPHERE  

A sequence of physical events (GREECE) 

 

Probably suggests that radiation 

 belt  electron precipitation 

 into the middle latitude atmosphere  

may create an excess ionization 

under special S.M.Cl conditions 

 

 

 



Magnetospheric 

  ion bursts  

9/3 

B. CASE STUDY: MARCH 2012 EXTREME EVENTS / GREECE 

FOCUS: 9 / 3 

Flare 

Southward  

 IMF 

CME 





! 

   4. CORRELATION OF  

SPACE – METEOROLOGICAL   

EVENTS 



>> 0.6 GeV flux 

 Ion-pair production rates due to 
solar protons  

1, Nov. 2, 1969;  

2, August 4, 1972, 1500- 1600 UT; 

 3, August 4, 1972, 1508 UT; 

 4, August 4, 1972, 2200 UT; 

 5, September 29, 1961) galactic 
cosmic rays  

6, ssmin; 7, ssmax;  

8. precipitating electrons,  

 

1,Zmuda and Potemra (1972); 2, Kohl et al. 
(1973) and Bazilevskaya et al. (1973); 

 3, Reagan and Watt (1976);  

4, Kohl et al. (1973); 

 5,Bryant et al. ( 1962);  

6,7 Webber (1962);  

8, Larsen et al. ( 1976) 



Space weather a good tool to 

understand unexplained so far extreme 

meteorological phenomena 



Conclusions  
 

Comparison of SEP events with Temperature in Wisconsin related with CME 
induced great (Dst ≤150nT) storms 

 

Main Results  

 

1.  SEP enhanced flux duration is linearly correlated with temperature 
increases (ΔΤ/day ≈) before CMEs. 

2.  Most of TMax values were recorded close to the CME (day): within a time 
internal [ø-7day, 0+7day],16 cases with TMax (over a total of 26) were 
recorder within the internal [ø-1, ø+1 d]. 

4.  The Temperature increase is related with the Gulf Stream ( warm air 
streams from south/tropical latitudes). 

3.  Geomagnetic activity contributes to Temperature increases. 

5.  Rainfall, winds, cold clouds and extreme variation of geoelectric field 
were recorded in Greece in the correlation with Kp changes in Greece during 
the March 2012 CME. 

6.  Larger Temperature increases were observed  between October-April 
than May-September: 7/15 versus 1/11 cases with ΔΤ/15o C . 



Top Cloud 

Temperatures 

Geomagnetic activity 

Kp index 

Top Cloud  

Temperature 

(Greek Longitude) 

L
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Greece 

Precipitation 

9/3 

9/3 

Cold Top Clouds 

during main storm 



Several big (Dst<-100nt) storms  between 1998 – 2015 show S.M.CL-r 





…and a collaboration  
Dep. of Enviromental 

Engineering 

(Pr. K. Kourtidis)..  

 

 

first correlation  

 CME 

Magnetospheric 
activity 

 Geolectric field 
disturbances 

the days after the CME 

(8-9.3.2012) 

 

 

Stanard deviation of E-Field 
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March 2012- GENERAL CONCLUSIONS 

FAST MAGNETOSPHERE - TROPOSPHERE RELATED 
PROCESSES (GRECE: ~4 hours;  N.E. USA: < 1 day) 

 Geomagnetic Storm (Kp, Dst) rainfall in Greece / heat wave 
in N.E. USA correlation  

 

   Correlation between Temperature variations in USA – 
Greece with ~3 days delay 

 

 Highly disturbed / variable in direction geoelectric field 
during rainfall in Greece and close relation with 
magnetospheric particle precipitation >>> may suggest 
strong contribution of  cloudy  ionization to the rainfalls 
[Markson, 1981; Tinsley et al., 1989; Tinsley, 2000; Markson and Muir, 1980, 
Harrison and Usoskin, 2010]; Chalmers, 1967; Gunn, 1965; Zhou and Tinsley, 
2007;. Nicoll and Harrison, 2009; Bennett and Harrison, 2009]. 

 

 



 Strong correlation of surface Temperature to Geomagnetic activity 
for >20 days in N.E. USA, the presence of positive NOA index also 
suggest a fast  interaction between electron precipitation, +NOA,  
air masses steaming from Mexico Golf, high pressure / 
temperatures 

 

 Extreme HIGH INTENSITY/ENERGY ambient  

 SOLAR particle population may contribute  

 to the extreme March 2012 events . 

 

 

 The warm 2011-2012 winter as well as other factors (NAO, AO, MJE) 
may also contributed to the extreme  heat wave phenomenon in N.E. 

USA (Samantha Borth, Richard Castro, Kevin BirkThe Historic March 2012 

Heat Wave: A Meteorological Retrospective ) 

   











 
 
 
 
 
 
 



•Wave-particle interaction 

processes in the radiation 

belts scatter energetic 

electrons into the middle 

latitude atmosphere and 

create direct excess 

ionization 

2st  mechanism 

















 
 
 

Second Biggest Flare Of 

the Solar Cycle 
March 7, 2012. 

 (NASA SDO) 
http://www.nasa.gov/mission_pages/sdo/ne

ws/solar-activity.html 
 

Thales 

An aurora on March 8, 2012 
 shimmering over snow-covered mountains 

in Faskrudsfjordur, Iceland.  (Image 

courtesy of Jónína  
NASA news 

http://www.nasa.gov/mission_pages/ 

sunearth/news/News030712-X5-4.html 

http://www.nasa.gov/mission_pages/sunearth/news/News030712-X1.5.html
http://www.nasa.gov/mission_pages/sunearth/news/News030712-X1.5.html
http://www.nasa.gov/mission_pages/


Correlation between Extreme Space and Atmospheric variations   

March 2012 superstorm 

5. Discussion & Conclusions 



FUTURE WORK 

 

Greek wet weather /NE USA Temperatures 
response to CMEs :statistical studies  

Study of the nature of FAST climate 
responses to CMEs. 
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 9.3.2012 

 

Strong 

Energetic 

particle 

injection events 
observed  

by stationary s/c 

NOAA 13 



           7-8 March 2012: a “busy” period in the geospace  

Intense  

geomagnetic storm 

 

(min Dst ~ -150 nT; 

largest of cycle 24) 

ICME 

   B 

 

  

  Bz 

 

 plasma beta 

 

  Dst  

SREM: Daglis, Sandberg, Anastasiadis, Nieminen 

 

Most intense proton event of 2012   





               Correlation between Extreme Space -                    

Atmospheric variations   

March 2012 superstorm 
 

            Anagnostopoulos G. 

               Contribution:  

              K. Kourtidis, N. Hatzigeorgiu, Efthymiadis) 

 

 

 

 

 

 

 

 

 

 





Magnetospheric e- injection / precipitation in Ionosphere 

               

                                                                                    

9.3.2012  
Injection event B 













Kp – 

Dst!  

   





















Marchh Geolectric Field    (V/m) 

Precipitation 

March                 9 

Kp 

ACE Energetic Ions  

Correlation (d. 8-9): Geo-Electric field / Precipitation / magnetic storm / electrons  



GREECE,  

March 6-13, 2012   

effects 

9. 3. 2012 

Geolectric Field (V/m) 

~3 h 

Delay 

only 

Precipitation 

Injection events 
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March 2012 CMEs …  

… impacts on Magnetosphere  



OUTLINE - MARCH 2012 SPACE AND ATMOSPHERIC EVENTS 

 

 

1.    INTRODUCTION: THE PROBLEM 

 

2.    MAJOR SOLAR-GEOMAGNETIC SUPERTORM 

•  THE SOLAR PARTICLE EVENT  

•  MAGNETOSPHERIC INJECTION EVENTS    

•  IONOSPHERIC ENERGETIC ELECTRON  

•  PRECIPTATION. 

 

3.     EXTREME METEOROLOGICAL EVENTS: 

•  EAST USA /  KANADA HEAT WAVE 

•  GREECE / EUROPE /AUSTRALIA / WINDS /  RAINFALLS,  

•  GLOBAL LOW / MIDDLE ATMOSPHERIC  PICTURE 

 

 

4.     CORRELATION OF SPACE – METEOROLOGICAL   EVENTS 

 

5.     DISCUSSSION  & CONCLUSIONS 

 



 The influence of space weather to the Earth's climate  

has been a controversial scientific issue for a long time.  

Statistical results suggest that  

there is a long time scale correlation,  

but no short time scale correlations  

have been confirmed so far.  

  



 March 2012 extreme events  

have been well known both  

in space and atmospheric communities  

as well as in the public,  

(in particular, from the historic heat wave in North America). 

 

A few reports at scientific & social sites  

In the following few slides 

 

 

 

  



An aurora on March 8, 2012 
 shimmering over snow-covered mountains in Faskrudsfjordur, 

Iceland.  (Image courtesy of Jónína Óskarsdóttir ) 

NASA news 

http://www.nasa.gov/mission_pages/sunearth/news/News030712-X5-4.html 



…the meteorological events were found  

not consistent with “atmospheric models”… 

 

but the “atmospheric models” used have not 

still included space weather extreme 

phenomena  





23201 2  Mar.7    11430N  22E  1200:17–01:3000:17–01:3000:17   –01:3000:20–19:00(nextday)0:15 242012   

               Mar.24  11451N  18E  16500:11–00:40(o)00:10                  –00:3500:10–00:4000:20–10:400:10   







A correlation between  Space and Meteorological events 

 has not been checked...  

…the meteorological events were found  

not consistent with atmospheric models… 

  



 

2. MAJOR SOLAR-GEOMAGNETIC  

SUPERTORM 
 

 

Correlation between Extreme Space and Atmospheric variations   

March 2012 superstorm 







3.   EXTREME  

METEOROLOGICAL 

 EVENTS  
 

Correlation between Extreme Space and Atmospheric variations   

March 2012 superstorm 



Greece  extreme effects 

 

Correlation between Extreme Space and Atmospheric variations   

March 2012 superstorm 



“8. 3. 2012 (day 68): The 

leading edge of the March 6 

coronal mass ejection 

(CME), reached NASA's 

Advanced Composition 

Explorer (ACE) satellite at 

5:42 AM EST”. 
(NASA News / 

http://www.nasa.gov/mission_pages/sune

arth/news/News030712-X5-4.html) 

 

 

followed by 

rainfalls  

in Greece! 
(and north Europe) 

http://www.nasa.gov/mission_pages/sunearth/news/News030712-X5-4.html
http://www.nasa.gov/mission_pages/sunearth/news/News030712-X5-4.html
http://www.nasa.gov/mission_pages/sunearth/news/News030712-X5-4.html
http://www.nasa.gov/mission_pages/sunearth/news/News030712-X5-4.html
http://www.nasa.gov/mission_pages/sunearth/news/News030712-X5-4.html
http://www.nasa.gov/mission_pages/sunearth/news/News030712-X5-4.html


USA-Canada  

March 2012  

extreme effects 

Correlation between Extreme Space and Atmospheric variations   

March 2012 superstorm 



Global  metheorological variations 

Correlation between Extreme Space and Atmospheric variations   

March 2012 superstorm 



March 2012 

Global  

Precipitation 

Anomalies… 

 

 

…increased  

precipitation  

in South East & 

North West 

Europe  



 TIMED  
Particle precipitation 

(ACE, NOAA)… is related 

with  NO and CO2 peaks, 

and temperature extreme 

values (in USA) 

. 
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gg 



8 March  

Alexandroupoli Greece 

Aλεξανδπούπολη 

Rainfall in  

Alexandroupoli / North Greece 

 on days of SEP  

ACE / EPAM  

enhanced Electron fluxes  

 





Ξάνθη 

Xanthi / Greece 
Rainfalls, intense 

(>1500 V/m) fluctuating 

geolectric field, and 

winds  in South East 

Europe (Xanthi, 

Greece)  

 

 

were observed almost 

simultaneously with  

 

 

 

 

 geomagnetic   

storms 

(Dst) and electron 

precipitation 

(not shown here) 

 

 on days 8-11 

11.3.2012 

 winds 

precipitation  

geolectric field  



Ξάνθη 
strong winds, 

rainfalls and 

intense (>1500 

V/m) fluctuating 

geolectric fields in 

South East Europe 

(Greece) were 

observed  

 

almost 

simultaneously 

 

 with  geomagnetic  

storms (Dst) on 

days 8, 9 and 

11.3.2012 









Circulation around a storm in the Northern 

Hemisphere: warm air is moved polewards and 

upwards ahead of the storm while cold air sinks as it 

moves equatorwards behind the storm.  

 

Either way, the warmer air moves upwards, cooling as 

it does so. As the rising air cools, the water vapour it 

contains begins to condense into small liquid water 

droplets. To the onlooker on the ground, large groups 

of these droplets appear as clouds, the familiar 

harbingers of rain. 

 

Small droplets, however, do not necessarily cause 

rain. While the droplets remain small the maximum 

speed at which they fall through the air is low.  

 

The rain comes when the droplets begin to grow larger 

- whether by colliding and coalescing with each other 

or simply by gradual growth from further condensation.  

Larger droplets are able to reach greater fall-speeds 

and they are then able to leave the cloud and drop to 

the ground. 

 



Correlation between Extreme Space and Atmospheric variations   

March 2012 superstorm 

5. Discussion & Conclusions 



“Recently…energetic particle forcing…., in the form of 

electron and proton precipitation into the 

atmosphere, has sparked interest due to it’s potential 

influence on stratospheric circulation . …energetic 

particle forcing driving dynamical changes in the 

atmosphere that are as intense as those arising from 

the known solar irradiance variations”. 

Seppala and Clilverd (2014)  



A series of various Space and atmospheric data reveal 

 a short time (days / minutes)   

correlation between space and meteorological 

events  during the March 2012 superstorm  

(in particular between 8-13.3.2012), 

in Greece, north America and all over the globe.    



The data presented here and data analysis to be 

presented in the near future suggest that a combination of 

two physical processes may be responsible for the most 

striking atmospheric extreme events of March 2012:  

(1) Energetic Particle precipitation during storms forcing a 

positive North Atlantic  Oscillation (NOA) effect, for 

instance between 6-13.3.2012 

(2) a direct  influence of Energetic Particle precipitation 

on the middle latitude atmosphere, as in the case of 

days 8-11.3.2012 



   

1st  mechanism  

 

   >geomagnetic activity  INCREASEs 

 >energetic electron precipitation 
 INCREASES 

 >NOx production INCREASES 

 

       > The NOx production leads to ozone 
depletion in the stratosphere  

 

 which causes changes in the radiative 
budget and the mean meridional 
circulation. In the presence of sunlight 
ozone absorbs solar shortwave radiation 
resulting in heating of the atmosphere.  

 

  



Space weather a good tool to 

understand unexplained so far extreme 

meteorological phenomena 
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MODIS  

30-70 deg. latitudes 

 at  Greek longitudes 

 

 

 

 

 

 

8-11.3.2012: 

Lowest  

Cloud Top  

Temperatures 
 



Correlation between  

geomagnetic index Dst – Temperature  



Positive  NOA  index 

on March 2012  

was related with 

westward cloud motion  

in two directions  

(north – south East Europe 


