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Abstract.  

CO2 is recognized as the greatest contributor to the global warming observed since the mid-

20th century. Being a long-lived gas, the spatial distribution of CO2 is largely homogenized by 

the global atmospheric circulation – particularly near the tropopause, where the effective 

radiative temperature of all atmospheric gases is very low and their impact in the greenhouse 

effect is largest. This spatially homogeneous forcing (inserted on the climate system) is not 

able, however, to explain the regional specificity of temperature evolution, observed during the 

period under review (1900-2010). Consequently, it is quite probable that the regional variability 

of the near surface temperature is determined by the action of some unknown additional forcing. 

The current investigation demonstrates that the geomagnetic field could be a significant 

contributor not only to the regional variations but also to the global climatic changes. Analysis 

of the impact of globally averaged CO2 density and geomagnetic field intensity into the global 

surface temperature variability reveals that the latter could be an alternative explanation of the 

global raise of near surface temperature (typically attributed to the increased anthropogenic 

forcing) – at least for the analysed 110 years. 

Introduction 

The global air surface temperature (T2m) has been increasing substantially in the last few 

decades [IPCC, 2021]. The evidences of such a warming could be found in the field 

observations [Jones et al., 2012] and the model data [Lacis et al., 2010; Miller, 2014]. Many 

authors attributed the rise of global temperatures to the accumulation of greenhouse-gas 

emissions in the atmosphere due to human activity [Hansen et al., 2007; IPCC, 2007].   

On other hand, model experiments of Schmidt et al [2010] show that the impact of CO2 оn 

planetary warming varies between 19 and 24%. In comparison, numerical experiments [Spencer 

& Braswell, 1997] and satellite measurements [Inamdar et al., 2004] demonstrate that about 

90% of the greenhouse effect of the whole atmospheric water vapour is due to the upper 

tropospheric humidity. Moreover, the reduction of the positive trend in surface temperature, 

since the beginning of 21-th century, does not correspond to the continuously increasing CO2 

density. For this reason, the search for alternative explanatory factors of global warming still 

continues.  

The idea about geomagnetic influence on climate appears in the second half of 20-th 

century [Elsasser, 1956]. Furthermore, comparison of paleomagnetic and paleoclimatic records 

leads some authors to the conclusion that strengthening of geomagnetic field is accompanied 

by climate cooling [Valet & Meynadier, 1993;  Worm, 1997; Courtillot et al., 2007; Knudsen 

& Riisager, 2009; Kitaba et al., 2013]. Despite some discrepancy with the results of other 

researches, stating just the opposite [Wollin et al., 1971; Nurgaliev, 1991; Butchvarova & 

Kovacheva, 1993; Gallet et al., 2005;], we decided to analyse the contemporary observational 

records of geomagnetic field and air surface temperature. 
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Data and methods 

We have used average annual values of carbon dioxide from the Mauna Loa Observatory 

in Hawaii – since 1958. For the first half of 20-th century have been used historical records 

acquired from the Law Dome DE08, DE08-2, and DSS ice cores. For geomagnetic field we 

have taken the annual data from the International Geomagnetic Reference Field model. The 

gridded monthly data for the temperature at 2 m above the Earth's surface, for the period 1900-

2010, is taken from ERA 20 century reanalysis (ERA20C). 

The method used for data analyses is a nonlinear regression technic, adopting non-linear 

functional dependences between studied variables. The nonlinear regression coefficients (R) 

are calculated as the square root of the difference between the total variability of the dependent 

variable and the error of the regression model, normalized to the total variability. The square of 

the regression coefficient (R2), multiplied by 100, illustrates the percentage of variability of the 

dependent variable, which the non-linear regression model is able to describe. The accuracy of 

the models is based on a number of criteria, which we will describe in the next paragraphs. 

Results 

We have examined the relationships of carbon dioxide density (CO2) and geomagnetic field 

intensity (F) with the globally averaged near surface temperature T2m, during the period 1900-

2010. For the T2m dependence on CO2 is suggested a second order polynomial (Eq. 1), while 

the T2m relation to F is modeled by a third order expression (Eq. 2): 

𝑻𝟐 𝒎 = 𝒂𝟎 + 𝒂𝟏 ∗ 𝑪𝑶𝟐 + 𝒂𝟐 ∗ (𝑪𝑶𝟐)𝟐                                              (𝟏) 

𝑻𝟐𝒎 = 𝒂𝟎 + 𝒂𝟏 ∗ 𝑭 + 𝒂𝟐 ∗  (𝑭)𝟐 + 𝒂𝟑 ∗ (𝑭)𝟑                                     (𝟐)     

where coefficients ai are regression coefficients, determined by minimisation of the model’s 

error, applying the least square criterion and the Levenberg-Marquardt algorithm.   

The first formal criterion for model’s goodness shows that both regression coefficients are 

identical, having the value R=0.87. This means that each regression model explain 76% of the 

total temperature variability (i.e. R2*100). This result implies that the geomagnetic field could 

be an alternative explanation of the observed warming trend in the surface temperature (since 

the beginning of 20-th century). 

The scatter plots of T2m with the CO2 density and the geomagnetic field (blue dots), together 

with modelled functional dependencies (red curves) are shown in in Fig. 1 and Fig. 2. The 

figures illustrate fairly well the non-stationarity of the near surface air temperature relation with 

average CO2 density and geomagnetic field intensity – especially well illustrated in Fig. 2. 

Moreover, the Fig. 2 reveals that strengthening of geomagnetic intensity is accompanied by 

cooling of the surface temperature. This result is in a good correspondence with the previous 

findings of [Valet and Meynadier, 1993; Worm, 1997; Knudsen and Riisager, 2009; Kitaba et 

al., 2013], based on the analyses of paleomagnetic and paleoclimatic data records. 

Another diagnostic of model’s goodness is the normal distribution of errors (residuals, i.e. 

measured – modelled values). There are different ways to estimate normality of errors’ 

distribution. One of them is examination of histogram of model’s residuals. In Fig. 3 and Fig.4 

are presented normal probability plots of models’ errors. On the x-axis are plotted observed 

model’s residuals (i.e. the differences between the measured and modelled values of T2m) while 

on the y-axis are plotted standardized values of the expected normally distributed errors. The 

proposed model is good when all values follow a straight line. If the model’s errors are not 

normally distributed, then they will form an S shape pattern. Consequently, the Figs. 3 and 4 

illustrate the fulfilment of the second requirement for model’s goodness – i.e. normally 

distributed errors. 
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Fig.1. Scatterplot of CO2 density and the global air surface temperature T2m (spatially averaged) 

within the period 1900-2010. The functional dependency described by Eq.1 is presented  

by the red curve. 

 

 
 

Fig.2. Scatterplot of geomagnetic field intensity and the global surface temperature T2m (spatially 

averaged) within time interval 1900-2010 (blue dots). The functional dependency described by 

Eq.2 (red curve) matches fairly well the relationship between the two variables. 

 

A third criterion for model’s accuracy requires a randomness of the model’s errors. The 

fulfilment of this criterion could be estimated by the analysis of the autocorrelation function of 

model’s residuals. Fig.5 and Fig.6 illustrate that model’s errors of each functional dependency 

do not auto-correlate. There are a lot of diagnostics, provided by the standard statistical 

packages (like STATISTICA), confirming the accuracy of our models, which have not been 

included in this paper. All of them, however, increase our confidence that temporal variations 
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of geomagnetic field intensity could be an alternative explanation of detected raise of near 

surface temperature during 20-th and 21-st centuries.  

 

 
 

Fig.3. The normal probability plot of T2m residuals for CO2 model. 

 

 

 

 

Fig.4. The normal probability plot of T2m residuals for geomagnetic field model. 
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Fig.5. Autocorrelation of the model residuals T2m = f (CO2). Model’s errors do not correlate with  

each other, i.e. they are randomly distributed.  

 

 

 

Fig.6. Autocorrelation of the model residuals T2m = f (F). Model’s errors do not correlate with  

each other, i.e. they are randomly distributed. 

 

Without a mechanism for geomagnetic influence on temperature, however, this statistical 

relation will remain only a curious result. Fortunately, recently has been proposed a mechanism 

of such an influence [Kilifarska et al., 2020a, b]. The hypothesis goes through the geomagnetic 

Autocorrelation Function of winter  T2m(CO2)_Residuals

 Conf. Limit
-1,0 -0,5 0,0 0,5 1,0

0

 15 +,026 ,0875

 14 -,066 ,0879

 13 -,104 ,0884

 12 -,070 ,0888

 11 -,055 ,0893

 10 +,167 ,0897

  9 -,119 ,0902

  8 +,108 ,0906

  7 +,077 ,0911

  6 +,123 ,0915

  5 +,219 ,0919

  4 +,095 ,0924

  3 +,062 ,0928

  2 +,296 ,0932

  1 +,167 ,0936

Lag Corr. S.E.

0

32,65 ,0053

32,56 ,0033

31,99 ,0024

30,61 ,0023

30,00 ,0016

29,62 ,0010

26,15 ,0019

24,40 ,0020

22,98 ,0017

22,26 ,0011

20,46 ,0010

14,81 ,0051

13,76 ,0033

13,31 ,0013

 3,20 ,0737

  Q p



Proceedings of 

the Тhirteenth Workshop “Solar Influences on the Magnetosphere, Ionosphere and Atmosphere”  

September, 2021 

212 Topic:   Solar Influences on the Lower Atmosphere and Climate 

modulation of the intensity and depth of galactic cosmic rays (GCR) penetration in Earth’s 

atmosphere. The heterogeneously distributed geomagnetic field acts as a lens – focusing GCR 

in some regions over the globe and defocusing them in others – creating in such a way a 

heterogeneous ionization layer in the lower stratosphere (known as Regener-Pfotzer 

maximum). This secondary ionization alters the lower stratospheric ozone density through 

activation of various ion-molecular reactions [Kilifarska, 2013]. The ozone variability at these 

levels impacts the near tropopause temperature and humidity, which alter the strength of 

greenhouse warming and near surface temperature [Kilifarska, 2012; Velichkova and 

Kilifarska, 2019; Velichkova and Kilifarska, 2020]. 

 

Conclusions 

The non-linear analysis of the global air surface temperature (T2m), CO2 density and 

geomagnetic field intensity during the period 1900-2010 reveals an alternative explanation of 

the recent global warming. We found that CO2 and geomagnetic field statistical models 

describes equivalent part of the total T2m variability (namely 76%). The mechanism of 

geomagnetic influence is described by a consecutive chain of relations between: (i) 

heterogeneous geomagnetic field intensity, (ii) secondary ionisation in the lower stratosphere, 

which alters the ozone density there, (iii) the near tropopause temperature and humidity, which 

are projected on the surface through modulation of the greenhouse effect. 

This result indicates that the factors and mechanisms of the observed raise of global 

temperature need more careful examination, especially in the context of the regionality of 

climate changes.  
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