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Mironova et al., Space Science Rev. (2015) 

The figure is modified after Baker et al. (2012) 

Instantaneous Ionization Raters of the Earth atmosphere  
EPP, Solar EUV and X-ray 

 



  
Seppälä et al. (2014), Progress in Earth and Planetary Science, 1(1), 24, 

doi:10.1186/ s40645-014-0024-3. 

Energetic Particle Precipitation Forcing 
 



Solar Forcing for CMIP6  
 

• Solar Spectral Irradiance (SSI) and Total Solar Irradiance (TSI) 

• Energetic Particle Precipitation : 

  
 
 

Protons –  

galactic cosmic rays (GCR), solar energetic protons (SEP)  

Electrons –  

low energy auroral electrons (LEE),   

middle and high energy radiation belt electrons (MEE an HEE) 

• Proton forcing – ionization rates  =>  HOx and NOx production  
       

• Electron forcing – Ap and Kp index, Ap-based parametrization of  
                                                            auroral production of NOx (by LEE) 
  
  

 

Forcing of MEE an HEE ? 

 



Electron Precipitation Events 
 

Catalogue of electron precipitation 
events as observed in the long-

duration cosmic ray balloon 
experiment  

Balloon experiment 

Lebedev Physical Institute balloon cosmic ray experiment 



 

Balloon experiment 

Cosmic Rays balloon experiment: 1957–up to now 
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SOUTH NORTH 

MIRNY APATITY 

Stations: 
Geomagnetic Locations 

Balloon experiment 

 



Examples of electron precipitation events observed in the stratosphere 

Three minute averages of count rates of single counters during (1) EPEs and (2) quiet conditions, and (3) 
telescopes versus residual atmospheric depth. Count rates of telescopes are multiplied by 5. On the left 
panel is EPE of September 26, 1997; on the right panel is EPE of October 9, 1998. 

0

2000

4000

6000

8000

10000

12000

1 10 100 1000

Atmospheric depth, g/cm
2

N
, 

m
in

-1

1

2

30

2000

4000

6000

8000

10000

12000

14000

16000

1 10 100 1000

Atmospheric depth, g/cm
2

N
, 

m
in

-1

1

2

3

EPE EPE 

CR background 
CR background 

 

Balloon experiment 



Catalogue of Electron Precipitation Events (1961-2014) 

Makhmutov et al., JASTP (2015) 

 



Proton Precipitation Events 

 

SEP, GLE and Forbush decreases of GCR  
 

during events 17th and 20th  Jan.2005 : 



Ionization of atmosphere during Jan.2005 (model results) 

 

IR by using model 
of Ch. Jackman 

IR by using model 
of Usoskin et al. 



Global  mesospheric effect of SEP, GLE  
during Jan.2005  over 900 NH  

 

Model: Chemistry- Climate Modle (CCM) SOCOL (SOlar Climate Ozone Links)  
 



 

               Experiments      Number of assemblers         Explanations 
   

Model Experiment Setups  

Chemistry- Climate Modle (CCM) SOCOL (SOlar Climate Ozone Links)  



SEP 

 

GCR  

GLE 

Response of polar atmosphere to  
SEP, GLE and  GCR 



Summary 
 

 

What we know/ What we can do:  

 

Farther steps:  

• IR by protons – EPP: cosmic rays (CR), galactic (GCR) and solar origin (SEP); 
 

 

• New model that include IR  by electrons  - (EEP) – radiation belt electrons  

• Scheme of impact of  EPP  on chemistry of atmosphere and Earth’s temperature  

• Comparison of model results and observations: chemical components, winds, 
                                                                                                            temperature  etc. => climate 



ISSI Team project 
http://www.issibern.ch/teams/ionizationso

urces/ 
Specification of Ionization Sources 
Affecting Atmospheric Processes 
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Output results  
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Energetic particle influence on the Earth’s atmosphere 
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