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1.1. Temporal and regional variability Temporal and regional variability 
of galactic cosmic ray effects on troposphere of galactic cosmic ray effects on troposphere 

pressure pressure 
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GCR effects on troposphere pressure in different epochs GCR effects on troposphere pressure in different epochs 
of theof the largelarge--scale atmospheric circulationscale atmospheric circulation
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GCR increase in the minima of the 11GCR increase in the minima of the 11--year cycle is accompaniedyear cycle is accompanied
 

•• Intensification of nearIntensification of near--ground Arctic ground Arctic 
anticyclonesanticyclones
•• Intensification of extratropical cyclogenesis Intensification of extratropical cyclogenesis 
at Polar fronts at Polar fronts 
•• Weakening of the equatorial troughWeakening of the equatorial trough
((tropical cyclogenesistropical cyclogenesis))

•• Weakening of nearWeakening of near--ground Arctic ground Arctic 
anticyclonesanticyclones
••Weakening of extratropical cyclogenesis Weakening of extratropical cyclogenesis 
••Intensification of the equatorial troughIntensification of the equatorial trough

VeretenenkoVeretenenko and and OgurtsovOgurtsov, , Adv.SpaceAdv.Space Res,2012;Res,2012;
GeomagnGeomagn. Aeron. Aeron., 2012 ., 2012 
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..

Most statistically Most statistically 
significant correlation significant correlation 
coefficients  between coefficients  between 
troposphere pressure and troposphere pressure and 
GCR are observed: GCR are observed: 

InIn the highthe high--latitudinal latitudinal 
areaarea (independently of the (independently of the 
time period)time period)

atat Polar frontsPolar fronts ((Polar Polar 
frontal zones) at middle frontal zones) at middle 
latitudes in the periods of latitudes in the periods of 
increasing meridional increasing meridional 
circulation.circulation.
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Time variation of SA/GCR effects on troposphere pressure Time variation of SA/GCR effects on troposphere pressure 
and the evolution of the largeand the evolution of the large--scale atmospheric circulationscale atmospheric circulation

Time variations of the correlation Time variations of the correlation 
between troposphere pressure at between troposphere pressure at 
high/middle latitudes and sunspot high/middle latitudes and sunspot 
numbers reveal a pronouncednumbers reveal a pronounced
~~6060--year periodicityyear periodicity..

Reversals ofReversals of the correlation sign the correlation sign 
at high latitudes occurred  in the at high latitudes occurred  in the 
18901890ss,, the early the early 1920s1920s, , 1950s1950s and and 
the early the early 1980s1980s

The The reversals of the signreversals of the sign of SA/GCR of SA/GCR 
effects coincide with the effects coincide with the changes in the changes in the 
evolution of  the largeevolution of  the large--scale meridional scale meridional 
circulationcirculation (the form C according to (the form C according to 
VangengeimVangengeim--GirsGirs classificationclassification). ). 
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The results obtained show:The results obtained show:

Regional character of SA/GCR effects on troposphere pressure Regional character of SA/GCR effects on troposphere pressure 
which is determined by the peculiarities of baric systems forminwhich is determined by the peculiarities of baric systems forming in g in 
the regions under study;the regions under study;

SA/GCR effects may change the sign depending on the time periodSA/GCR effects may change the sign depending on the time period;;

The sign of SA/GCR effects seems to be determined by the The sign of SA/GCR effects seems to be determined by the 
evolution of the largeevolution of the large--scale meridional circulation;scale meridional circulation;

There are longThere are long--term variations, with the period being term variations, with the period being ~60 ~60 years, of years, of 
the amplitude and sign of SA/GCR effects on troposphere pressurethe amplitude and sign of SA/GCR effects on troposphere pressure of of 
high and middle latitudeshigh and middle latitudes

The aim of this work The aim of this work is to studyis to study
what  processes may influence the evolution of the what  processes may influence the evolution of the 
circulation epochs and the sign of SA/GCR effects circulation epochs and the sign of SA/GCR effects 

on troposphere pressure? on troposphere pressure? 
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2. Main elements of the large2. Main elements of the large--scale circulation scale circulation 
of the atmosphere at middle and high latitudesof the atmosphere at middle and high latitudes

 Polar vortex Polar vortex 
 Planetary frontal zonesPlanetary frontal zones
 Extratropical cyclones and anticyclonesExtratropical cyclones and anticyclones
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temperature contrasts in the troposphere )temperature contrasts in the troposphere )
Polar vortex (area of low pressurePolar vortex (area of low pressure
In the upper troposphere)In the upper troposphere)

StratosphereStratosphere

Troposphere Troposphere 

In the stratosphere the In the stratosphere the 
polar vortex is seen as polar vortex is seen as 
a  region of low a  region of low 
temperature with temperature with 
enhanced temperature enhanced temperature 
gradients at its edges.gradients at its edges.
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3. 3. Temporal variations of SA/GCR effects on Temporal variations of SA/GCR effects on 
troposphere pressure and the vortex evolutiontroposphere pressure and the vortex evolution
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~~6060--year cycle in the climate of the Arctic year cycle in the climate of the Arctic 
and the polar vortex stateand the polar vortex state

~~6060--year cycleyear cycle in the Arctic climate in the Arctic climate 
manifests itself as themanifests itself as the rotation of cold rotation of cold 
and warm epochsand warm epochs which is closely which is closely 
related to the polar vortex states:related to the polar vortex states:

Strong vortex Strong vortex  warm epochwarm epoch
Weak vortex Weak vortex  cold epochcold epoch

The transitions between warm and The transitions between warm and 
cold epochs in the Arctic detected on cold epochs in the Arctic detected on 
the base of seathe base of sea--level temperatures level temperatures 
were foundwere found in the early 1920s, 1950s in the early 1920s, 1950s 
and 1980sand 1980s

GudkovichGudkovich et al., Problems of the Arctic and Antarcticet al., Problems of the Arctic and Antarctic, 2009, 2009

Anomalies of mean yearly seaAnomalies of mean yearly sea--level temperatures level temperatures 
at latitudes at latitudes 7070--8585N in the Arctic.N in the Arctic.

The reversals of the sign of SA/GCR effects coincide well with tThe reversals of the sign of SA/GCR effects coincide well with the he 
transitions between cold and warm epochs in the Arctic transitions between cold and warm epochs in the Arctic 
corresponding to the different states of  the vortexcorresponding to the different states of  the vortex..
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Time variation of SA/GCR effects on troposphere pressure Time variation of SA/GCR effects on troposphere pressure 
and the polar vortex evolution according to NCEP/NCAR and the polar vortex evolution according to NCEP/NCAR 

reanalysis datareanalysis data

19501950--1980 1980 –– the period of a the period of a weakweak vortex. vortex. 
•• Decrease of pressure  gradients between middle and           Decrease of pressure  gradients between middle and           
high latitudes high latitudes 
•• Increase of stratospheric temperature in the vortex area Increase of stratospheric temperature in the vortex area 
•• Weakening of the C form of meridional circulation.Weakening of the C form of meridional circulation.
•• Cold epoch in the Arctic.Cold epoch in the Arctic.

19801980--2010 2010 –– the period of a the period of a strongstrong vortexvortex
•• Increase of pressure  gradients between middle and Increase of pressure  gradients between middle and 
high latitudeshigh latitudes
•• Decrease of stratospheric temperature in the vortex Decrease of stratospheric temperature in the vortex 
area area 
•• Intensification of the meridional circulation C. Intensification of the meridional circulation C. 
•• Warm epoch in the Arctic. Warm epoch in the Arctic. 

The sign reversals of SA/GCR effects The sign reversals of SA/GCR effects 
in the 1950s and in the 1950s and 19801980s correspond s correspond 
to the transitions between the different to the transitions between the different 
vortex states.vortex states.
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VeretenenkoVeretenenko, , OgurtsovOgurtsov, , J.Phys.:Conf.SeriesJ.Phys.:Conf.Series, 2013, 2013
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The Arctic OscillationThe Arctic Oscillation

The monthly NAM index (NAMI) or AO index (AOI) is defined as The monthly NAM index (NAMI) or AO index (AOI) is defined as the difference the difference 
in the normalized monthly zonalin the normalized monthly zonal--mean sea level pressure (SLP)mean sea level pressure (SLP) between between 
3535°°NN and and 6565°°NN

Strong vortex (positive NAM)Strong vortex (positive NAM)
Negative SLP anomalies in the polar area Negative SLP anomalies in the polar area 
Positive SLP anomalies at middle latitudesPositive SLP anomalies at middle latitudes

Weak vortex (negative NAM)Weak vortex (negative NAM)
 Positive  SLP anomalies in the polar area Positive  SLP anomalies in the polar area 
 Negative SLP anomalies at middle latitudesNegative SLP anomalies at middle latitudes

Baldwin and Dunkerton, Science, 2001Baldwin and Dunkerton, Science, 2001
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NAM and the climatic changes in the ArcticNAM and the climatic changes in the Arctic
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The NAM index:   The NAM index:   ~~8080--yearyear variation,variation,
Temperature in the Arctic:  Temperature in the Arctic:  ~~6060--year  variationyear  variation
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Time variation of SA/GCR effects on troposphere Time variation of SA/GCR effects on troposphere 
pressure and the polar vortex evolution according to the pressure and the polar vortex evolution according to the 

Arctic OscillationArctic Oscillation
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Cosmic ray effects under the strong vortex conditionsCosmic ray effects under the strong vortex conditions
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Increase of Increase of GCRsGCRs at the stage of at the stage of 
a strong vortex is accompanied a strong vortex is accompanied 

by by intensification of cyclonic intensification of cyclonic 
activityactivity at polar fronts at middle at polar fronts at middle 

latitudes both in the 11latitudes both in the 11--year cycle year cycle 
and a time scale of a few daysand a time scale of a few days

Effects of shortEffects of short--term variations of cosmic raysterm variations of cosmic rays

SPEA variations of troposphere pressure for 48 events of SPEA variations of troposphere pressure for 48 events of ForbushForbush--decreases in decreases in GCRsGCRs (left) ((left) (ArtamonovaArtamonova and and 
VeretenenkoVeretenenko, , Proc.GeocosmosProc.Geocosmos 2012) 2012) and and SPEsSPEs (>90 (>90 MeVMeV)) (right) ((right) (VeretenenkoVeretenenko and and ThejllThejll, J.Phys.:Conf.Ser.,2013), J.Phys.:Conf.Ser.,2013)

Effects of 11Effects of 11--year variations of year variations of GCRsGCRs



1717

Thus, the Thus, the ~60~60--year variationyear variation of the amplitude and sign of of the amplitude and sign of SA/GCR SA/GCR 
effectseffects on troposphere pressure seems to be closely related to theon troposphere pressure seems to be closely related to the
changes of the vortex strengthchanges of the vortex strength and the corresponding and the corresponding changes of changes of 
the largethe large--scale atmospheric circulationscale atmospheric circulation

Strong vortex : Strong vortex : 
GCR increase in the 11GCR increase in the 11--year cycle year cycle  iintensificationntensification of midof mid--latitudinal cyclones latitudinal cyclones 
and polar anticyclonesand polar anticyclones

Weak vortex : Weak vortex : 
GCR increase in the 11GCR increase in the 11--yr cycleyr cycle  weakeningweakening of of midmid--latitudinallatitudinal cyclones and cyclones and 
polar anticyclonespolar anticyclones

A possible reason for the sign reversals of SA/GCR effects may bA possible reason for the sign reversals of SA/GCR effects may be e 
changes in the tropospherechanges in the troposphere--stratosphere couplingstratosphere coupling caused by different caused by different 
conditions for propagation of planetary waves in the periods of conditions for propagation of planetary waves in the periods of a a 
strong or weak vortexstrong or weak vortex.

The polar vortex state seems to play an important part in The polar vortex state seems to play an important part in 
the mechanism of solarthe mechanism of solar--atmospheric linksatmospheric links
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4. 4. Specific features of the vortex locationSpecific features of the vortex location



1919

-79

0.5

12

3
7

11

0.5

1
2

3
7

11

15

 -160 

 -120 

 - 80 

 - 40 

    0 

   40 

   80 

  120 

  160 
   0 
  20 

  40 

  60 

  80 

Temperature. 20 hPa. January 2005.

-80

-75

-70

-65

-60

-55

-50

-45

-40

-35a)

C

The area of the vortex formation is The area of the vortex formation is 
characterized by characterized by low rigiditieslow rigidities, so , so 
GCR particles with a broad energy GCR particles with a broad energy 
range may precipitate here range may precipitate here 
including the low energy including the low energy 
component strongly modulated by component strongly modulated by 
solar activity. Ion production rate in solar activity. Ion production rate in 
the vortex area is higher compared the vortex area is higher compared 
with that at middle and low with that at middle and low 
latitudeslatitudes

The polar vortex location and vertical geomagnetic The polar vortex location and vertical geomagnetic 
cutoff rigidities (in GV) according to  Shea and Smart cutoff rigidities (in GV) according to  Shea and Smart 
(1983).(1983).

VeretenenkoVeretenenko, , OgurtsovOgurtsov, , J.Phys.:Conf.SeriesJ.Phys.:Conf.Series, 2013, 2013

The polar vortex location and geomagnetic The polar vortex location and geomagnetic 
cutoff rigiditiescutoff rigidities
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••The The highest values of ionizationhighest values of ionization due to GCR due to GCR 
are observed in the are observed in the lower part of the vortexlower part of the vortex
(10(10--15 km) where temperature gradients at the 15 km) where temperature gradients at the 
vortex edges start increasing.vortex edges start increasing.

•• The The 1111--yr modulation of GCR fluxesyr modulation of GCR fluxes is the is the 
strongest at 20strongest at 20--25 km where the 25 km where the vortex is vortex is 
most pronounced. most pronounced. 

Height dependences of the Arctic air mass Height dependences of the Arctic air mass 
characteristics in January 2005 and  the characteristics in January 2005 and  the 
ionion--pair production rate in free air at polar pair production rate in free air at polar 
latitudes (latitudes (R R = 0= 0--0.6 GV)0.6 GV) according to according to 
BazilevskayaBazilevskaya et al. (2008).et al. (2008).

VeretenenkoVeretenenko, , OgurtsovOgurtsov, , J.Phys.:Conf.SeriesJ.Phys.:Conf.Series, 2013, 2013

Height dependence of the vortex characteristics and Height dependence of the vortex characteristics and 
ionization rate at polar latitudesionization rate at polar latitudes
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Conclusions:Conclusions:

The evolution of the stratospheric polar vortex seems to play The evolution of the stratospheric polar vortex seems to play 
an important part in the mechanism of solaran important part in the mechanism of solar--climatic links.climatic links.

The vortex location is favourable for the mechanisms of solar The vortex location is favourable for the mechanisms of solar 
activity influence on the atmosphere circulation involving activity influence on the atmosphere circulation involving 
variations of GCR intensityvariations of GCR intensity

The vortex strength reveals a roughly 60The vortex strength reveals a roughly 60--year periodicity year periodicity 
influencing the largeinfluencing the large--scale atmospheric circulation and the scale atmospheric circulation and the 
sign of SA/GCR effects on troposphere pressure.sign of SA/GCR effects on troposphere pressure.

The detected longThe detected long--term oscillations of correlations between term oscillations of correlations between 
tropospherictropospheric pressure at middle/high latitudes and SA/GCR pressure at middle/high latitudes and SA/GCR 
characteristics seem to be closely related to the longcharacteristics seem to be closely related to the long--term term 
changes of the polar vortex strength.changes of the polar vortex strength.


