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Abstract. We propose an index of efficiency of the 

solar activity effect on the tropospheric temperature, 

which takes into account the spatial irregularity of the 

response to this effect. As a proxy of solar activity we 

take the PC index of geomagnetic activity, designed to 

monitor the geomagnetic field at high latitudes. Using 

NCEP/NCAR reanalysis data, we carry out a compara-

tive analysis of variations in the proposed index and 

lower-troposphere temperature variations during geo-

magnetic disturbances. We identify the presence of a 

high degree of correlation between the temperature in 

the 925–700 hPa layer and the proposed index of solar 

activity effect. The spatio-temporal analysis of the index 

and temperature variations shows that the index of effi-

ciency of the solar activity effect describes well both the 

value and the sign of the observed variations in the spa-

tial distribution of the lower-troposphere temperature as 

compared to the frequently used geomagnetic activity 

indices. 
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geomagnetic activity index, temperature, humidity, so-
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INTRODUCTION 

Temperature variations near Earth’s surface [Gruza 

et al., 2015] are now caused both by internal factors of 

climate variability and by processes external to the cli-

mate system. External factors that can affect climate 

system components can be natural, i.e. related primarily 

to the effect of solar and volcanic activity, or anthropo-

genic. Defining the role of the natural and anthropogen-

ic factors in climate changes will promote the further 

development of predictive climate models. 

The question of how the Sun – the primary energy 

source on Earth – affects processes in the lower atmos-

phere has been discussed for more than a century. The 

assertion that natural processes on Earth are controlled 

by solar activity was made at the beginning of the last 

century. With the development of ideas about solar ac-

tivity effect on various meteorological and biological 

phenomena [Guglielmi, Ruban, 2016], the question 

about physical mechanisms of solar-terrestrial relation-

ships becomes particularly interesting. It has been found 

that the direct effect of solar flux on surface temperature 

is much less than the effect of carbon dioxide [Mokhov 

et al., 2012]. Therefore, trigger or parametric mecha-

nisms are being searched for in which minor effects can 

lead to major changes in the natural system. These 

mechanisms include the effect on the radiation balance 

in the troposphere, caused by changes in the global elec-

tric circuit due to variations in the solar wind and inter-

planetary magnetic field [Zherebtsov et al., 2005; Tins-

ley, 2000; Kniveton et al., 2008]. A number of studies 

analyze the impact of galactic cosmic rays on aerosol 

and small gas admixture in the atmosphere and hence on 

processes in the lower atmosphere [Pudovkin, Raspopov, 

1992; Svensmark, Friis-Christensen, 1997; Mironova 

et al., 2015]. 

Nonlinear effects of solar activity on the lower at-

mosphere can be realized in the global circulation sys-

tem. The data obtained in [Veretenenko, Ogurtsov, 

2012, Karakhanyan, Molodykh, 2017] confirm that 

there is a considerable spatio-temporal inhomogeneity 

of the tropospheric response to the solar activity effect, 

which may be associated with circulation processes in 

the atmosphere. It has been found that the greatest re-

sponse in the troposphere occurs at middle and high 

latitudes. Therefore, as a parameter that accounts for 

this regularity we can consider indices describing geo-

magnetic activity in the auroral zone – a region of max-

imum solar influence. It should be noted that in spatial 

distribution geomagnetic activity characteristics, which 

depend on solar activity, reflect only the latitude de-

pendence, whereas the response of meteorological pa-

rameters to the solar activity effect has a significant 

longitudinal inhomogeneity. In this paper, we therefore 

propose an index of efficiency of the solar activity ef-

fect (ESAE), which describes this effect, taking into 

account tropospheric conditions before and during a 

geomagnetic disturbance. 
 

DATA AND  

ANALYSIS TECHNIQUE 

In this work, as a proxy of solar activity we take 

the PC index of geomagnetic activity 

[http://www.geophys.aari.ru/pc_about.html]. This index 

is designed to monitor the magnetic activity in the po-

lar cap, which is due to the geoeffective solar wind; it 

describes the interplanetary electric field, which af-

fects the magnetosphere, regardless of the universal 

time, season, and observation point [Troshichev et al., 

1988]. Moreover, unlike the planetary index aa [Zabo-

lotnaya, 2007], which is calculated from data obtained 

http://www.geophys.aari.ru/pc_about.html
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at two antipodal observatories and describes global 

geomagnetic disturbances, the PC index is calculated 

for each hemisphere. Variations of the PC index are in 

good agreement with variations of the AL index [Tro-

shichev, Janzhura, 2009]. 

According to the model of solar activity effect on the 

climate system [Zherebtsov et al., 2005], the tropospheric 

response to heliogeophysical disturbances depends not 

only on the intensity of the disturbance, which can be 

characterized by the proxy of solar activity (geomagnetic 

activity index), but also on tropospheric conditions before 

and during a disturbance. This model assumes that solar 

activity variations affect magnetospheric convection 

through variations in solar wind and interplanetary mag-

netic field parameters, which, in turn, affects the distribu-

tion of electric potential difference between the iono-

sphere and Earth. Note that the variations in solar wind 

and interplanetary magnetic field parameters also have an 

effect on geomagnetic activity. That is why it can be used 

as a proxy of solar activity. Then, the changes in the ion-

osphere–Earth electrical potential difference lead to re-

structuring of the vertical profile of volume electric 

charge, which affects the water vapor (the main green-

house gas) and consequently the radiation balance. Since 

according to the physical scheme proposed in 

[Zherebtsov et al., 2005] the radiation balance variations 

in the troposphere caused by heliogeophysical disturb-

ances are associated with water vapor variations in the 

atmosphere, it can be expected that the tropospheric re-

sponse to disturbances should depend on the water vapor 

content in this region. As a characteristic of the water vapor 

content in the atmosphere we use the absolute humidity. 

The ESAE index, which accounts for the spatial in-

homogeneity of the response to the solar influence in 

both latitude and longitude, is calculated by the follow-

ing formula: 

  2 2log exp / ,А k a PC d      

where k is the scale factor, a are anomalies of the abso-

lute humidity, PC is the geomagnetic activity index, φ is 

the geographic latitude, φ0 is the geographic latitude of 

the maximum solar activity effect (φ0=60°), dφ is the 

coefficient characterizing the half width of the region of 

solar influence (dφ=20°). Since the PC index character-

izes the level of magnetic disturbance in the polar cap as 

a whole, an additional factor exp(–(φ–φ0)
2
/dφ

2
) ac-

counting for the latitude dependence is entered into the 

formula. In addition, instead of the PC index, we use 

log|PC| because of the wide range of variations in the 

PC index. 

Using NCEP/NCAR reanalysis data [Kalnay et al,. 

1996], provided by NOAA/OAR/ESRL PSD, Boulder, 

Colorado, USA [https: //www.esrl.noaa.gov/psd], and the 

proposed formula, we have constructed maps of the 

ESAE index during heliogeophysical disturbances (with 

regard to water vapor). Daily average distributions of 

anomalies of the absolute humidity in the 925–700 hPa 

layer were calculated as deviations from the mean for 

fifteen days before a disturbance. 

To conduct the comparative analysis, we used the 

NCEP/NCAR reanalysis data to construct maps of daily 

average temperature anomalies in the 925–700 hPa layer, 

calculated as deviations from the mean for fifteen days 

(approximately two synoptic periods of baric structures) 

before the disturbance onset. The synoptic period of cy-

clones and anticyclones is from three to ten days. The 

average of the two synoptic periods is chosen as a norm 

for calculating anomalies to minimize the impact on 

the results of the analysis both of synoptic processes 

and of seasonal variation. 

 

Coefficients of linear correlation between variations of temperature anomalies and ESAE index for different regions during 

disturbances. 

 

 

Date flares 

*Coordinates of centers for  

regions with higher  

temperature 

on 0 day of disturbance 

Correlation coefficient 

for regions 

with higher 

temperature, RT_A 

*Coordinates of centers  

for regions with lower 

temperature 

on 0 day of disturbance 

Correlation coefficient 

for regions 

with lower 

temperature, RT_A 

March 22, 2002 60° N, 130° W 0.90±0.18 80° N, 135° W 0.93±0.15 

 65° N, 40 W 0.94±0.14 50° N, 15° E 0.90±0.18 

April 16, 2002 50° N, 160° W 0.68±0.26 65° N, 165° E 0.96±0.10 

June 16, 2005 65° N, 100° W 0.91±0.17 55° N, 120° W 0.64±0.31 

 50° N, 15° E 0.88±0.18 65° N, 60° E 0.85±0.20 

September 07, 2005 70° N, 180° E 0.90±0.18 75° N, 90° W 0.97±0.10 

 80° N, 105° E 0.51±0.35 65° N, 140° E 0.56±0.34 

 55° N, 50° W 0.78±0.26  70° N, 45° E 0.93±0.15 

*Table lists coordinates of centers for regions under study, the size of which is 5°×5°. 

 
Note that the presence of long-term variations of so-
lar activity (with periods over 30 years) precludes 
using the commonly used norm from 1961 and 1990 
to account for seasonal variations. 

 

RESULTS AND DISCUSSION 

To compare the spatial distribution of the proposed 

ESAE index with the distribution of temperature 

anomalies, we have constructed a sequence of maps of 

these parameters for some heliogeophysical disturb-

ances with the daily average PC index >1.5 (see Table). 

As an example, Figure 1 shows a variation in the spatial 

distribution of temperature anomalies and ESAE index 

during the geomagnetic disturbance caused by the solar 

flare of September 07, 2005. Results of the comparative 

analysis demonstrate the similarity between variations 

in the spatial distribution of temperature and ESAE index. 

We can clearly see several distinct regions of positive  

https://www.esrl.noaa.gov/psd
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Figure 1. Spatial distribution of temperature anomalies 

(left) and ESAE index (right) during a geomagnetic disturb-

ance: a — the disturbance onset (September 08, 2005); b — 

its maximum (September 11, 2005); c — its end (September 

14, 2005) 
 

and negative changes in the characteristics considered. 

The spatial distribution of the correlation coefficient 

between temperature anomalies and ESAE index is dis-

played in Figure 2. The similarity in the variation of the 

spatial distribution of temperature and the proposed 

index suggests that this index does reflect the spatial 

structure of the temperature response to geomagnetic 

disturbance. 

It is interesting to examine the temporal dynamics of 

temperature anomalies and ESAE index for different 

regions during a disturbance. For the analysis, we have 

selected regions with the largest amplitude of variations 

of the parameters under study. The analysis has shown 

that during disturbances in different regions temporal 

variations of temperature anomalies are similar to 

ESAE-index variations (see Table). Figure 3 presents 

the averaged temporal dynamics of temperature anoma-

lies, ESAE-index variations, PC- and aa-index varia-

tions for regions with higher temperature. The data in 

Figure 3 indicate that an increase in the ESAE index is 

accompanied by a temperature increase in these regions. 

Note that for these regions the fact that water vapor is 

taken into account in the ESAE index leads to an in-

crease in the linear correlation coefficient 

(R=0.94±0.14) while the correlation coefficient between 

temperature variations and variations in the geomagnet-

ic activity indices is 0.80±0.24. Figure 4 displays the 

 
Figure 2. Spatial distribution of the correlation coefficient 

between temperature anomalies and ESAE index during the 

geomagnetic disturbance associated with the solar flare of Sep-

tember 07, 2005 

 

Figure 3. Temporal dynamics of temperature anomalies 

(thin line), ESAE index (thick line), variations of PC index 

(short dashes) and aa index (long dashes) for regions with 

higher temperatures during the geomagnetic disturbance. 0 is 

the day of the geomagnetic disturbance onset (September 08, 

2005) 

 

Figure 4. Temporal dynamics of temperature anomalies 

(thin line), ESAE index (thick line), variations of PC index 

(short dashes) and aa index (long dashes) for regions with lower 

temperature during the geomagnetic disturbance. 0 is the day of 

the geomagnetic disturbance onset (September 08, 2005) 
 

temporal dynamics of temperature anomalies, ESAE-

index variations, PC- and aa-index variations, averaged 

for regions with lower temperature. The comparative 

analysis of the data presented in Figure 4 shows that 
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a decrease in the ESAE index is accompanied by a 

temperature decrease. For regions with lower tempera-

ture, accounting for water vapor leads to the fact that 

variations in temperature and ESAE index 

(R=0.92±0.16) correlate. Notice that in regions with 

lower temperature, temperature variations anticorrelate 

with PC- and aa-index variations (R=–0.68±0.30). 

 

CONCLUSIONS 

Our findings suggest the following conclusions. 

1. The index of efficiency of the solar activity effect 

has been proposed which describes the solar activity 

effect on the troposphere with regard to the spatial in-

homogeneity of tropospheric response to the solar influ-

ence both in latitudinal and longitudinal direction. 

2. The results of the analysis of spatio-temporal 

structure of temperature and ESAE-index variations 

suggest a high degree of correlation between tempera-

ture and the proposed index. 

3. The ESAE index describes well the observed var-

iations in the spatial distribution of temperature in the 

lower troposphere both in magnitude and in sign, as 

compared to the commonly used indices of geomagnetic 

activity. 
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