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A b s t r a c t  
 

In the light of the latest scientific achievements the great role played by the geomagnetic 
processes in a variety of phenomena in the world (in the atmosphere, the biosphere and the social 
sphere) becomes more and more apparent. It is known that the temporal variation of the geomagnet-
ic field is determined by interplanetary processes, the Earth's rotation, as well as fluctuations in solar 
activity. In this connection, the data on the phenomena on the Sun and changes in the Earth’s mag-
netic field have been widely used in various fields of science and technology and in solving many ap-
plied problems. The impact of artificial magnetic fields on the crop growth was demonstrated in the 
vast number of scientific publications. However, the effect of fluctuations of the natural Earth’s 
magnetic field caused by the influence of the Sun on the crop yield is still practically unknown. The 
evaluation of the level of correlation was conducted between solar-caused fluctuations in Earth's 
magnetic field and statistical wheat yield for countries where the crop is grown. This crop is cultivat-
ed in many countries of the world, which allows to include in the analysis regions with different nat-
ural and agronomic conditions. Actual information about the wheat yield was obtained from FAO’s 
statistical database FAOSTAT (http://faostat.fao.org/site/339/default.aspx). As an indicator of the 
global geomagnetic activity Kp index was used. Kp index values were averaged for individual days, 
months, and years. The average value of the index is rounded to the closest standard value of it. 
Monthly average Kp values were used to calculate the average values of the index for the period of 
wheat growth. As a result, a statistically significant correlation between the annual change in the 
yield of wheat and solar-caused changes of Earth’s magnetic field was found. The coefficient of cor-
relation in some countries reaches a sufficiently high value. The highest rates of positive correlation 
set for Belgium (r = 0.7), Kenya, Mali and North Korea (at r = 0.6 for each country). The negative 
relationship is most pronounced in Russia (r = 0.8), Ukraine, Moldova, Uzbekistan and Bolivia 
(r = 0.7 for each). Specificity of the manifestations of the correlation around the world suggests the 
presence of both direct and indirect (through a change in the meteorological conditions) impact of 
fluctuations of the geomagnetic field on crop yield. In the case of direct impact, the observed corre-
lation of crop yield with the Kp, index averaged for the growing season, should be expressed more 
clearly than with Kp index, averaged for the year. Our analysis revealed more countries with a statis-
tically significant correlation in the case of usage of seasonal Kp index. It is often observed the fol-
lowing situation: in the case of a negative correlation of crop yield with the annual value of the Kp 
value of r increases when using the seasonal Kp index, and for a positive relationship between crop 
yield and the annual value of the Kp index r in the case of the seasonal index decreases (sometimes 
up to statistically insignificant values). The latter can be explained by the inertia of the reaction of 
atmospheric processes on the impact of fluctuations of geomagnetic activity, which is similar to that 
in relation to the impact of El Niño and La Niña on changes in air temperature and precipitation 
(R. Stefanski, 1994). A more confident conclusion about the importance of the direct and indirect ef-
fects can be apparently obtained by carrying out a similar analysis for other crops, as well as through a 
more precise allocation of time during the growing season in each year and growing region. 
 

Keywords: solar activity, solar-terrestrial linkage, wheat yield, geomagnetic field, crop 
yield variability 

 

Sun effects on the life on Earth have been discussed in the studies per-
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formed by the scientists of almost all generations since the dawn of science. Al-
exander L. Chizhevsky's (1897-1964) works gave this research area a huge 
boost. One cannot but agree with L.V. Golovanov's opinion: "A.L. Chizhev-
sky's achievements can be compared with the Nicolaus Copernicus's deed. 
Similar to Copernicus who saw the actual Earth's movement in Space, he, in 
turn, found that all the terrestrial pulsates in the rhythm of the Sun <...> A.L. 
Chizhevsky completed the break-up of geocentrism in its last refuge — in the 
science of life" [1, p. 7]. 

In his works, A.L. Chizhevsky specified repeatedly that the effects of the 
Sun on terrestrial processes are versatile, and that many terrestrial processes 
change their "normal" behavior under its influence [2[. In the light of the latest 
scientific achievements, the great role played by geomagnetic processes in the 
variety of terrestrial phenomena (in the atmosphere, biosphere, and social 
sphere) becomes more and more apparent [3-5]. Currently, temporal variations 
of geomagnetic field are known to be largely determined by interplanetary pro-
cesses, the Earth's rotation, and solar activity fluctuations. In this regard, the da-
ta on the phenomena on the Sun and changes in the magnetic field of the Earth 
are being widely used in various fields of science and technology and in solving 
numerous applied problems. 

The impact of magnetic field on crop growth has been studied for a long 
time. Thus, one can easily find a great number of scientific publications which 
demonstrate the positive impact of artificial magnetic fields on the crops [4, 8-
16]. Effect is seen in almost all stages of plant development [17, 18]. In addition, 
magnetic fields are noted to have effect on various plant organs [19]. 

At the same time, the effect of natural solar-caused magnetic field fluc-
tuations on the crop yield is still poorly understood. 

In our research, we made an attempt to estimate the correlation between 
solar-caused fluctuations in the Earth's magnetic field and wheat yields for the 
countries of the world where the crop is grown. 

Technique. The data on the actual wheat yields in the countries obtained 
from statistical database FAOSTAT (Food and Agriculture Organization, FAO) 
were analyzed [20]. Based on a preliminary assessment of the data quality, the 
countries were divided into groups. Group I included the countries where wheat 
crops were practically absent or the data quality was doubtful (suspicions of the 
low data quality are based, as a rule, on the presence of too great differences in 
annual yields, or on the same yields reported for several consecutive years). 
Group II included the countries where statistical data visually look reliable for 
the entire period of analysis (visually determined data reliability does not exclude 
the probability of errors). The countries with visually reliable statistical data for 
the last 15 years only were combined as Group III. In addition, the countries 
where spring and winter wheat is grown within two seasons were included in a 
separate group (IV) (FAO statistical database provides the data on wheat yields 
not specifying winter and spring crops for these countries).  

The quality of statistical information was taken into account in the anal-
ysis of correlation between solar-caused fluctuations in the Earth's magnetic field 
and wheat yields. The crop growing seasons in the countries which was deter-
mined using the averaged data of FAO was also taken into account [20]. 

The values of Kp index for the period of this study were obtained from 
the website of the USA National Geophysical Data Center (ftp://ftp.ngdc.no-
aa.gov/STP/GEOMAGNETIC_DATA/INDICES/). Kp index values were aver-
aged for individual days, months, and years. The average index value was 
rounded to the closest standard index value. Average monthly Kp values were 
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used to calculate average index values for the period of wheat growth. 
All initial information (index values and data on wheat yields) was first 

converted to series of data differences (differences with the previous year were 
calculated for annual data). Then, these series were converted to series of differ-
ence signs. Thus, at the end of conversion, each sequence of data contained the 
"1", "0", or "1" values only. These conversions were carried out to identify the 
most general regulations only and at the same time to smooth out the effects of 
statistical data errors on the results of the research. 

Correlation between the yields and geomagnetic activity was assessed us-
ing nonparametric correlation analysis based on generally accepted Kendal 
(tau_b) and Spearman () approaches. Only the values of correlation coefficient 
significant at the levels of 0.005 and 0.001 were taken into account. 

Results. Irregular variations in the Earth's magnetic field are created by 
the changes in magnetosphere exposed to solar plasma flow and by the interac-
tion of magnetosphere and ionosphere. To characterize these variations in mag-
netic field, indices of geomagnetic activity are commonly used. In various histor-
ical periods, several dozen indices of solar and geomagnetic activity characteriz-
ing its various aspects have been proposed. In this study, Kp index was used as 
an indicator of global geomagnetic activity. It was proposed over 60 years ago 
and has been widely used in ionospheric and magnetospheric experiments [6, 21, 
22]. Кр is a planetary average of K indices, which in turn are calculated accord-
ing to the data of a specific terrestrial observatory for the 3-hour interval. The 
index is a value from 0 to 9 for each 3-hour interval. To calculate the index, the 
value of magnetic field for 3 hours is taken, the regular part determined by calm 
days is deducted from it, as well as the value obtained by the special table and 
specific to each station. Planetary Kp index is calculated as the average value of 
К indices estimated at 13 geomagnetic stations located between 44 and 60 
north latitude and 44 and 60 south latitude. 

Wheat was selected as the object of the study due to the fact that this 
crop is cultivated in many countries around the world. Thus, the regions with 
different natural conditions and farming techniques used may be included in the 
analysis. Correlations between statistical wheat yields and the values of Kp indi-
ces averaged for the year and the growing season were analyzed. 

A large number of countries were characterized by statistically signifi-
cant correlation between the changes in annual yields and Kp values (Fig. 1, 
A). Here, the areas of positive and negative correlations were identified clearly 
enough. Thus, a negative correlation was observed in the area which covers the 
territory from Eastern Europe to India and Bangladesh. Also, the correlation 
coefficient was negative for Southern Africa (Lesotho) for the North Pacific 
(Japan-Mexico). Maximum negative correlation coefficients were found for Al-
bania (r = 0.9), Lesotho (r = 0.7), Lithuania, Bulgaria, Turkey, Russia, and 
Japan (about r = 0.6 for all countries). 

Positive correlation was typical of almost all countries in Africa, Brazil, 
New Zealand, and some countries of Western Europe. Maximum positive corre-
lation coefficients were found for Brazil (r = 0.7), Algeria (r = 0.7), Belgium, 
Zambia, and Zimbabwe (r = 0.6 for all countries). 

Analysis of correlations between the changes in the yields and Kp indices 
averaged only for the wheat growing season demonstrated a similar distribution 
(see Fig. 1, B). Negative and positive correlation areas were retained in general. 
At the same time, there was a notable increase in the number of countries with 
statistically significant correlation. The highest rates of positive correlation were 
estimated for Belgium (r = 0.7), Kenya, Mali, and North Korea (r = 0.6 for 
each country). Negative correlation was most pronounced in Russia (r = 0.8), 
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Ukraine, Moldova, Uzbekistan, and Bolivia (r = 0.7 for each of the countries). 
 

Fig. 1. Correlation between statistical wheat (Triticum L.) yeilds for the countries (according to 
FAOSTAT, 1961-2005) and geomagnetic activity indices Кр averaged for calendar years (А) and an-
nual growing seasons (B) (horizontal  and vertical shading mean negative and positive correlations, re-
spectively; dotted lines mark main correlation areas). 

 

Several examples of yield and Kp index variations are presented in Fig. 2. 
It is necessary to note that for some countries (e.g., New Zealand, Bang-

ladesh, Sudan), statistically significant correlations with annual index Kp values 
disappeared in the analysis of correlations with seasonal indices. For some coun-
tries, there was a change of the correlation coefficient sign. Thus, correlation co-
efficients between wheat yields and annual Kp values were negative, while they 
were positive between wheat yields and the seasonal values. At the same time, 
attention is drawn to the fact that the change of the sign (positive annual to neg-
ative seasonal) has not been observed. 

In addition, the cases of lower seasonal values of correlation coefficients 
versus annual ones are of interest. For example, this took place in the case of 
Brazil (rannual = 0.7 and rseasonal = 0.4), Algeria (rannual = 0.7 and rseasonal = 0.3), 
Albania (rannual = 0.9 and rseasonal = 0.6), and some other countries. 

Moreover, it should be noted that the values of correlation coefficients 
increased with shortened observation sequence lengths in many countries. In 
many cases, the maximum correlation is observed for the period of 1990-2004. 
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For example, correlation coefficients (r) were 0.9 in 1990-2004 and just 0.3 
in 1963-2004 for Albania; r values were 0.4 in 1963-2004 and increased to 
0.7 in 1990-2004 for Lesotho. In some cases, correlations that were statisti-
cally significant for the 1990-2004 period became insignificant for the period of 
1963-2004. Conversely, correlation coefficient values for 1963-2004 were 
greater versus the period of 1990-2004 in some countries (Cyprus, Namibia, 
Germany, Switzerland). 

 

 

Fig. 2. Examples of statistical wheat (Triticum L.) yields (1) in various countries (according to FAO-
STAT, 1990-2004) and corresponding geomagnetic activity index Кр (2) values averaged for every cal-
endar year (А, B) or for annual wheat growing seasons only (C, D): A — Albania, B — Brazil, C — 
Kenya, D — Russia.  

 

A large number of countries with statistically significant correlations be-
tween the geomagnetic index and wheat yields show the influence of global ge-
omagnetic field fluctuations on this crop productivity. Potentially, this effect 
may be due to both direct and indirect impact (through the effects on meteoro-
logical conditions) on plant growth. 

The presence of countries with no significant correlation can be par-
tially explained by unreliable statistics. In some countries, wheat is grown for 
two seasons in a year, and statistical data are presented in the FAO database in 
summary which can also affect the study results. In some cases, the lack of 
correlation seems due to the fact that wheat yields are mostly influenced not 
by meteorological conditions but by other factors (such as the amount of ferti-
lizers applied, or a failure to comply with agricultural techniques of crop culti-
vation). In addition, the used indicator of the Earth's geomagnetic field is a 
good indicator of the temporal, but not spatial variation. Theoretically, tem-
poral variation can manifest itself differently in the regions with low or high 
geomagnetic background which can also affect the presence or absence of the 
dependence analyzed. 

The effects of geomagnetic field fluctuations on the functioning of baric 
atmospheric formations have been studied by many authors [5, 23-26]. The re-
sults of earlier studies have been mentioned in A.L. Chizhevsky's publications 
[2]. The authors conclude that high-level magnetic activity results in cyclone 
deepening, in winter (cold) period especially. In addition, they hypothesize an 
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increase in the contrast between atmospheric baric formations (cyclone deepen-
ing and anticyclone strengthening) as a result of increased Earth's magnetic field. 

These results can explain the presence of regions with positive and nega-
tive correlations between Kp index and wheat yields. Analysis of wheat cultiva-
tion period in various countries shows that wheat is grown in the winter months 
in most countries, with few exceptions. Cyclone deepening in the years with 
high-level magnetic field should be expressed in an increase in precipitation 
which in turn results in an increase in wheat yields and, consequently, in the 
emergence of positive correlations between this parameter and the value of Kp. 
Within the main zone of negative correlation, winter meteorological conditions 
are determined by anticyclone dominance (the so-called Siberian maximum). 
Strengthening anticyclones in this region can result in a decrease in precipita-
tion, snow depth and lower air temperatures. All this creates unfavorable condi-
tions for the period of winter dormancy and beginning of active vegetation of 
spring wheat thus reducing the yield. Therefore, the regions with negative corre-
lations between wheat yields and Kp indices may appear. 

In the case of direct impact of geomagnetic field fluctuations on wheat 
growth, the observed correlation between the crop yield and Kp index averaged 
for the growing season should be expressed more clearly than with Kp index av-
eraged for the year. Our analysis revealed more countries with a statistically sig-
nificant correlation with using of seasonal Kp indices. However, this is followed 
by a regularity: in many countries, r values increased where a negative correla-
tion of crop yields with the annual Kp value was found, while r values decreased 
(down to statistically insignificant values sometimes) with the positive correlation 
between crop yields and the seasonal index. The latter can be explained by the 
inertia of the reaction of atmospheric processes against the impact of geomag-
netic activity fluctuations. That is the effect of high geomagnetic background for 
one period of a year may affect the nature of atmospheric processes in the other 
period. A similar effect was noted, for example, when analyzing the impact of El 
Niño and La Niña on the changes in air temperature and precipitation [27]. 

Thus, a correlation between the changes in wheat yields and solar-caused 
fluctuations in the Earth's magnetic field has been found. Despite the large 
number of factors associated with the crop yield, the value of coefficient of cor-
relation reaches rather high values in some countries. Specificity of correlation 
manifestations around the world suggests the presence of both direct and indirect 
(through a change in meteorological conditions) impact of geomagnetic field 
fluctuations on wheat yields. A more confident conclusion on the importance of 
direct and indirect effects can be apparently obtained by carrying out a similar 
analysis for other crops and through a more precise specification of the growing 
season timing in individual years and growing regions.  
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