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Lecture 4. Lecture 4. EFFECTS IN THE EARTH ENVIRONMENTEFFECTS IN THE EARTH ENVIRONMENT

• Terrestrial effects of CRs: 
An overview

• CR data: 
Direct use in Space Weather

• CR data: 
Indirect use in Space Weather
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CRsCRs

CR DETECTORSCR DETECTORS

NEUTRON MONITORS NEUTRON MONITORS 
MUON TELESCOPES  MUON TELESCOPES  

ALSOALSO

UNDERGROUNDUNDERGROUND

Adapted from NASA

ION CHAMBERS + AIR SHOWER ARRAYS, ION CHAMBERS + AIR SHOWER ARRAYS, ……
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Il Nuovo Cimento, 20C, 1027-1032, 1997.
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Space Weather requires the development of algorithms and 
codes to forecast dangerous effects in the terrestrial 
environment.  From previous lectures it is clear that CRs
have their room inside the field. This is true not only for their 
direct effects but because, being probe of the heliosphere, 
they can tell us in advance the arrival of  outstanding “space 
storms”.
Cosmic ray data are also used for creating:

- numerical models of the ionization-radiation environment (use: 
space dosimetry, CR effects on materials, atmospheric process 
including the role in cloud formation,…);

- codes able to reproduce SEP effects on the ozone layer;

- catalogues of worst cases.
Kudela K., et al., Cosmic rays in relation to Space Weather, 

Space Sci. Rev., 93, 153-174, 2000.
Kudela K., Storini M., Cosmic Rays: Basic characteristics and relations to Space Weather, 

in Sun-Earth Connection and Space Weather, SIF Conf. Proc., 75,101-118, 2001.
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Navigation and radio communication failure in their 
performances are well documented since the discovery of the 
PCA effect (Polar Cap Absorption).  

See See CanderCander L. & L. & KerselyKersely L. LecturesL. Lectures

Radiobiological damages are the same described for the man-
made space journey, but  now concerns flights, specially over 
polar areas (Dosimetry is strongly improved). 

See See KudelaKudela K. LectureK. Lecture

Ozone is monitored by terrestrial satellites and a high statistic 
confirms that SEP events are related to an ozone depletion at 
least in the mesospheric region. Modeling of such effects are in
progress. The role of GCRs still has several controversies, as the 
one of auroral particle precipitations.

SeeSee MarshMarsh D. D. LecturesLectures

[ [ alsoalso StoriniStorini M., M., AdvAdv. Space Res. 27 (12), 1965. Space Res. 27 (12), 1965--1974, 2001; 1974, 2001; KrivolutskyKrivolutsky A.AA.A., ., AdvAdv. Space . Space 
Res. 31 (9), 2127Res. 31 (9), 2127--2138, 2003; 2138, 2003; LastovickaLastovicka J. And J. And KrizanKrizan P., P., AdvAdv. Space Res. 31 (9), 2139. Space Res. 31 (9), 2139--
2144, 2003 2144, 2003 ; ; KrivolutskyKrivolutsky A.A. A.A. etet al., JASTP 67, 105al., JASTP 67, 105--117, 2005, 117, 2005, amongamong othersothers ]]
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There is a scientific work/debate on the ability of cosmic rays to active 
cloud formation. 

See Hamilton K. & See Hamilton K. & HaighHaigh J. LecturesJ. Lectures

(e.g. (e.g. SvensmarkSvensmark H., H., FriisFriis--ChristensenChristensen E., JASTP, 59, 1225, 1997;E., JASTP, 59, 1225, 1997;

SvensmarkSvensmark H., Phys. Rev. H., Phys. Rev. LettLett. 81, 5027, 1998; . 81, 5027, 1998; KristjKristjáánssonnsson J.E., J.E., KristiansenKristiansen J., JGJ., JGR 105, R 105, 
11851, 2000; 11851, 2000; MarshMarsh N.D., N.D., SvensmarkSvensmark H., Phys. H., Phys. Rev. Rev. LettLett. 85, 5004, 2000; Marsh N.D., . 85, 5004, 2000; Marsh N.D., 
SvensmarkSvensmark H., Space H., Space SciSci. Rev. 94, 215, 2000; . Rev. 94, 215, 2000; CarslawCarslaw K.S., Harrison R.G., Kirkby J., K.S., Harrison R.G., Kirkby J., 
Science 298, 1732, 2002; Marsh N.D., Science 298, 1732, 2002; Marsh N.D., SvensmarkSvensmark H., JGR 108 (D6), art. 2002JD001264, H., JGR 108 (D6), art. 2002JD001264, 
2003; 2003; KnivetonKniveton D.R. and Tinsley B.A., JGR 109, D11201, doi:10.1029/2003JD00423D.R. and Tinsley B.A., JGR 109, D11201, doi:10.1029/2003JD004232, 2004; 2, 2004; 
UsoskinUsoskin I.G. et al., I.G. et al., GRLettGRLett. 31, L16109, doi:10.1029/2004GL019507, 2004 among others). 31, L16109, doi:10.1029/2004GL019507, 2004 among others)

Relationships with water precipitations are also under study.
e.g. e.g. StozhkovStozhkov Y.I. Y.I. etet al., Il Nuovo al., Il Nuovo CimCim. 18C, 335, 1995.. 18C, 335, 1995.

It was proposed a link between CRs and terrestrial climate derived from 
exposure ages of Iron meteorites (periodic modulation of CRs by spiral 
arm dynamics of the Milky way).

See See ShavivShaviv N.J., IJMPA 20 (29), 6662N.J., IJMPA 20 (29), 6662--6665, 2005 and references therein.6665, 2005 and references therein.

Most of the Space Weather effects are related to geomagnetic storms 
occurrence.
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Kudela K. 
Lecture
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Storini et al. – EGU 2006

GEOMAGNETIC
High Latitude
Middle Latitude
Low Latitude

See Kudela K. Lecture



Flückiger and  Desorgher, 2005 

COST 724 – WG2 (Athens)
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MAGNETOCOSMICS PROJECT

ENHANCED

DEPENDENCE

Middle Middle 
latitudelatitude

LowLow
latitudelatitude

HighHigh
latitudelatitude

CR DETECTOR

LOCATION

DesorgherDesorgher, L., MAGNETOCOSMICS: Geant4 application , L., MAGNETOCOSMICS: Geant4 application 
for simulating the propagation of cosmic rays throughfor simulating the propagation of cosmic rays through
the Earth's magnetosphere,the Earth's magnetosphere,

http://http://reat.space.qinetiq.com/septimess/magcosreat.space.qinetiq.com/septimess/magcos/, 2004/, 2004

APRIL 6, 2000APRIL 6, 2000
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Storini et al., 29th ICRC, 2, 413-416, 2005

Derived from NM data:

the hourly nucleonic intensity 
normalized to the past 24 hours,  
i.e. I(t) =N(t)/N[t-25,t-1]. 

the CR variability over 24 h 
without the diurnal wave: D[t].

the CR variability over 
different time scales: D[k], i.e.  D[3] for [t-4,t-1],... D[24] for [t-25, t-1]. 



CONCLUSION

These lectures intend to give only the background 
knowledge of the field. No completeness should be 

expected due to the few hours allowed.

Students are encouraged to visit the web site of COST 724


