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Abstract

This study relates to environmental biology and examines a possible link between
atmospheric radiation ecology, modulated by space weather, and human cognitive
development by analyzing correlations of solar activity phenomena with various
indicators of intellectual potential. A novel metric, the Proton Flare Index (PFl), is
introduced to quantify the influence of high-energy solar proton events on the terrestrial
atmospheric environment. Using systemic comparative analysis across interdisciplinary
datasets, a strong correlation (r = 0.98) was identified between the number of Nobel
laureates born and the ratio of the cumulative magnitude of powerful Forbush
decreases to the PFI, averaged over three 4-year intervals, adjusted for a six-month
prenatal offset. A similar pattern (r = 0.76) was observed in the positive and negative
trends of average population IQ (the Flynn effect), based on known intelligence tests,
conducted over the several decades in different countries. In both cases, no meaningful
associations were found when not adjusted for prenatal timing and with conventional
sunspot-based solar cycle data. These findings suggest that atmospheric radiation
patterns, induced by specific solar and galactic cosmic rays, may act as environmental
stressors affecting neural circuit formation during prenatal development. While the
precise biological mechanisms remain unclear, such correlations provide a preliminary
foundation for rethinking the influence of space weather on human neurodevelopment.
In addition to forecasting 1Q trends for birth cohorts from 1992 to 2017, the paper
explores potential additional contributions to environmental biological effects by
secondary particle cascades in the atmosphere, which originate from galactic cosmic
rays. This interdisciplinary framework invites further investigations into the role of
space-environmental factors in shaping human intelligence, as suggested in the paper.

Keywords: environmental biology, human intelligence, neural development, Earth's
radiation background, space weather, solar modulation



1. Introduction

Starting with the pioneering works from the past century (Douglass, 1919;
Chizhevsky, 1936), researchers have addressed the interdisciplinary challenge of
quantifying how space weather phenomena, including solar activity (SA), temporally
modify the Earth's atmospheric environment and influence biological systems. In
particular, in the recent work (Nasirpour et al., 2021), in addition to the results of
(Chizhevsky, 1936), it is shown that the world’s main pandemics occurred in sunspot
number relative extrema, both in maxima and minima. The annual numbers of human
births in different countries regarding an eleven-year solar cycle during a long period
were analyzed in (Randall & Moos,1993), where 11-year rhythms and correlations with
sunspots, solar flares and some terrestrial disturbances were found. Most works have
focused on the use of tree rings as an indicator of the background ionizing radiation
(BIR) and the long-lived '*Be and 'C radionuclides conserved in them has become one
of the popular probes of this problem. The results from this research suggest that the
concentration of radionuclides is correlated with the periodicity of SA rhythm — see
(Brehm et al., 2021) and references therein.

On average, up to half of the natural BIR value (around 0.87 mSv/yr) is produced
by cosmic radiation from space (around 0.39 mSv/yr) — galactic cosmic rays (GCRs)
and solar cosmic rays (SCRs) (United Nations Scientific Committee, 2010). The
properties and mechanisms of interaction among GCRs and SCRs with the Earth's
atmosphere, as well as their participation in the formation of BIR, have been studied in
sufficient detail by now — see, for example, (Mertens et al., 2012; Kampert & Watson,
2012; Potgieter, 2013; Meier et al., 2020) and references therein. SCRs and GCRs with
particle energies orders of magnitudes higher than SCRs (but less than 10" eV) create
many relatively long-lived radionuclides in the upper Earth's atmosphere. These
radionuclides are then distributed globally by geostrophic wind as they settle on the
Earth's surface, in particular, due to gravity and clumping with aerosols, including
cosmic dust. As a result, they become potentially capable of producing adverse ionizing
radiation effects on living organisms at the cellular and molecular levels.

At the same time, being initially constant, this GCR flux is modulated by frequent
SA events — Forbush decreases (FDs) — see (Potgieter, 2013) and references therein.
These modulations have durations from hours to months and are regulated by the
impact of sporadic ejections of solar plasma and recurrent flows of high-speed solar
wind, which are also one of the most powerful manifestations of SA rhythm. The weak
geomagnetic field practically does not affect most of the above processes due to the
high energies of GCR and SCR protons from relativistic flares.

At energies around 10" eV and more, GCRs are capable of creating powerful
atmospheric particle cascades - «extensive (extended) air showers» (EAS) — see
(Kampert & Watson, 2012) and references therein. Furthermore, the GCR particle flux is
isotropic and continuous, unlike the SCR. Recent measurements of secondary particles
fluxes also provide evidence that modulations by SA are subject to the GCRs even for
primary energies near 2 x10" eV (Agostini et al., 2019; Maghrabi et al., 2021), which is
relatively close to those generally considered as sufficient for EAS production.
Therefore, this result indicates a modulation of the occurrence rate of EAS. The
secondary muon flux dominates the other hadronic-interaction products of the EAS at
sea level, potentially affecting biological processes at sea level (Atri & Melott, 2014).



This feature is exacerbated by their high penetration ability, allowing them to be used, in
particular, for human radiography (Morris et al., 2021).

The brains of animals can be classified as one of the most complex
biostructures. Previous works have shown that the consequences of exposure to the
brain at low doses of ionizing radiation are of great importance as a health risk — see,
for example, (Lowe et al., 2009). This negative effect is manifested, among other things,
by a significant influence on the origin and formation of the brain which are associated
with the emergence and development of human neural circuits underlying intelligence
(Korr et al., 2001). Note here that the development of neural circuits begins during the
first months of the prenatal period with the completion of one of the key stages by its
last month (Tau & Peterson, 2010). The influence of SA on the human brain, as well as
the general relationship between BIR and extraterrestrial factors with human health,
remains an open ended and still somewhat controversial problem, which requires
detailed research and analysis. However, many works in this field have been published
— see the comprehensive review (Zenchenko & Breus, 2021). Additionally, a recent
study (Yun et al., 2024) reveals that GCR exposure can have a long-term negative
impact on cognitive health in rodents.

Following the above facts and phenomena properties, it can be assumed that in
complex biostructures such as the human brain, there is a relatively high sensitivity to
constantly existing relatively small changes in the Earth's BIR. At the same time, the
brain, unlike simple bio-organisms and their parts, adapted sufficiently over its
evolutionary history, reducing its dependence on dramatically changing local terrestrial
factors such as climate and weather. An exception to this trend can be made for viruses
following the results of (Nasirpour et al., 2021). Within this paradigm, it is natural to
expect that space weather events, which cause variations in BIR (as a partially
space-generated basic radiative component of the global environment), will modulate
not only the annual numbers of human births (Randall & Moos, 1993), but also brain
development, particularly the formation of neural circuits. Whereas a specific birthday
for the human brain is only a time marker for our purposes, since, as noted above, the
key development of neural circuits occurs during the prenatal period.

Some of the most prominent representatives of individuals with outstanding
intelligence are Nobel Laureates (NLs) (as a global phenomenon), about whom there is
long-term and publicly available information. The rest of the dataset, which is necessary
in the framework of systemic-analytical methodology, is also available and reflected in
the subsequent paragraphs of the article. Further this work is devoted mainly to
systemic comparative analysis of space weather data together with the time distribution
of NL births and with global prolonged fluctuations of the mean 1Q score for large
populations, in order to search for possible influence of secondary ionizing radiation on
the forming of their intelligence.

It should be noted that a similar attempt at finding necessary correlations was
made several decades ago (Vinogradov, 1989) on a more extensive but more
heterogeneous biographical dataset including various celebrities, as well as using
outdated, incomplete data on SA. However, since this publication contains a rather
problematic description, lacking a rigorous approach, illustrations of results, as well as
any references, this does not allow its use in the analysis here. Furthermore, it's
important to note that correlation alone does not establish causation. For example, a



formal correlation exists between the normalized number of NLs and a seemingly
unrelated factor, such as chocolate consumption in different countries. As shown in
(Aloys, 2020), this correlation can exist even if there is no connection between these
phenomena when the analysis lacks a systemic approach.

2. Results and discussion

Here, to maintain a more homogenous data set for this analysis, a dataset of all
NLs until 2024 inclusive awarded only in the fields of sciences (including economics)
and literature is chosen from (The Official Website of the Nobel Prize). For an averaged
comparison over 11-year cycles N 6 — 20 during years 1817 — 1974, the revised data of
the monthly sunspot number (Clette et al., 2014) was used as an index of the general
level of SA. For a more systemic comparison and analysis, an additional dataset from
(Shea & Smart, 1990) was used. This dataset contains solar proton flares having a flux
over 10 particles (cm? s ster)™ above 10 MeV over the last SA cycles in which there is
NL birth data. These flares are the main indicators of the most powerful SA events. High
energy proton flares (~1 GeV) were also taken into account (Cliver et al., 2020). This
data covers the last four cycles, which account for approximately 20% of the available
NL birth statistics. FDs data cataloged since 1957 for the subsequent SA cycles is taken
from (Catalog of the Forbush-effects, 2020).

2.1. Comparison of average NL’s and SA data

The processed data is presented in Fig.1 as a distribution histogram (shown in
green) of average annual numbers of NLs depending on lag or lead times of their birth
time relative to the nearest absolute monthly (not calendar year) maxima of sunspot
number within SA cycles.
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FIG. 1. Comparison of temporal distributions of NL birth rates with solar activity indicators over
fifteen 11-year solar cycles. The green histogram shows average annual NL birth rates relative
to the year of peak monthly sunspot number in each cycle. Overlaid is the solar activity
metacycle (stepped purple line) derived from average annual sunspot numbers (over the fifteen
cycles), with a normal distribution fit (dashed purple). Red histogram (top) indicates proton flare
occurrences, with large red dots marking relativistic flares. Blue histogram (bottom) shows
frequency of FDs with magnitudes 2 — 5, with large blue dots marking FDs = 5. All data are
aligned relative to years of peak monthly sunspot numbers within each cycle. Proton flare and
FD data cover approximately the last quarter of the full period.

The histogram is overplotted with FD and proton flare occurrences also relative
to the SA monthly maximum. The accessibility of the used data allows one, if necessary,
to easily verify the results obtained in this work. It is also worth pointing out that all 16
SA cycles used for the analysis vary in duration, in the magnitude of the maximum
values (both monthly and annual) of the sunspot number, as well as in the degree of
symmetry and smoothness of changes from maximum to minimum (both within a
calendar year and within 11-year cycle SA). As a result, the method used here to obtain
the distribution of birth times, lagging, and leading periods of the absolute monthly
maximum of SA within a cycle should reflect all of the parameters mentioned above
even after averaging over all cycles, given that interdependence may exist. Therefore,
to estimate the accuracy of this method for a one and a half-century time scale, it is



necessary to compare NL birth frequency to the metacycle, built by averaging the
distributions of the annual sunspot number within the considered SA cycles.

The metacycle, constructed following the same averaging procedure as for the
histogram, is shown in a purple line on the background of the histogram. The positions
of proton flares, both the most powerful ones and those with the above indicated flux
values, as well as the powerful FDs, are marked at the top and bottom of Fig.1,
respectively. Much less powerful (mag. < 2) FDs are almost uniformly distributed, with
approximately 100 events per year. These are not shown in the figure.

As can be seen from Fig.1, the shapes of the histogram and the distribution of
SA in the metacycle are quite different. The average annual birth frequency of NLs
varies slightly around a mean value of about 5 yr !, while the corresponding values of
the sunspot number vary by up to three orders of magnitude from the marginal
(minimum) zones to the central (maximum) peak. We emphasize, however, that these
differences, as well as the dissimilarity of the histogram and the metacycle shapes, do
not necessarily rule out the dependency of NL births and SA activity. In particular, this
may indicate an insufficient use of the existing and rather generalized SA index based
purely on sunspot numbers for analysis of solar-terrestrial interconnections.

All FDs selected according to the power criterion, except for one, are
concentrated in the zone * 4 years from the SA maximum (see Fig.1). At the same time,
the number of FDs in the post-maximum part of histogram is artificially higher than in
the pre-maximum, which may be a consequence of the different number of the full
pre-maximum and post-maximum SA half-cycles represented in the existing database
for the period under consideration. For relativistic proton flares, this asymmetry is less
pronounced. FDs are in general randomly distributed within the pre-maximal and
pos-maximal half cycles, with a tendency to increase in frequency near the SA
maximum. There are twice as many post-maximal half-cycles considered as compared
to pre-maximal ones, resulting in an asymmetric FD distribution overall.

Hence, the average annual frequency of NL births during solar cycles, centered
on the monthly maximum of sunspot number, does not change significantly. However,
there is an exception for the years of the solar minimum, which go beyond the average
duration of some 11-year cycles, meaning we cannot make unambiguous conclusions.
Moreover, as noted earlier, the behavior of the general histogram does not match with
the normalized metacycle curve based on these same sunspot number data and having
a high central peak. Using the cycles with the most abundant data of NLs (14 — 17:
1902 — 1944), we find that the number of NLs born does not show a relationship with
the total sunspot number per each cycle. In summary, the number of NLs born changed
from cycle to cycle within 15% relative to the mean (NLs ~100). However, the monthly
maximum or total sunspot number changed by up to a factor of 2 between cycles.

2.2. Introduction of the PFI for systemic data comparisons

Proton flares are one of the most powerful manifestations of SA rhythm and may
play a role as one of the channels for the primary source of atmospheric ionizing
radiation that could potentially affect the probability of NL births. In particular, this is
indicated by the fact that most of the so-called “pulsed nitrate events” in the polar ice
cap, which are generated by exposure to extremely powerful SCR flows (>30 MeV
proton fluence > 2 x 10° cm) during SA cycles 13 — 17 (McCracken et al., 2001) one



year preceding or coinciding with the annual strongest decreases in the NL birth number
— see Fig. 2. The annual distributions of NL births and impulsive nitrate events are
generally independent of the sunspot number extrema.
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FIG. 2. Annual distribution of NL births during solar cycles 14 — 7, which have the most
complete data. The green line represents the number of NL births per year. Red dashed vertical
lines indicate the occurrence of impulsive nitrate events, which are generated by powerful SCR
streams. Blue tick marks at the top of the figure denote the positions of absolute monthly
sunspot number peaks within each solar activity (SA) cycle.

The number of proton flashes by itself may not fully reflect the quantity and
properties of BIR radionuclides formed by them in the Earth's atmosphere, since the
particle energies in different flashes may differ by at least two orders of magnitude.
Therefore, here, for a more accurate comparison and analysis, a quantitative impact
index — “Proton Flare Index” is proposed. It is defined by analogy to the sunspot number
index (Wolf number): PFlI = N, + 10 N, , where N, is the total number of proton flares
and N, is the number of most powerful events among them, where the flux of protons
with energy more than 30 MeV is around 103 p.f.u. and more, and/or mostly where the
proton energy reaches 1 GeV. Since N, -type flares are quite rare events, summing
them over several years is needed to determine the PFI adequate for the purposes of
this work.

Another most powerful manifestation of SA is FDs, which significantly modulate
the SCR fluxes, occurring mainly in near-maximum periods, as can be seen from Fig.1.
Therefore, it is logical to assume that comparison based on the distribution and specific
parameters of FDs and proton flares yields the most significant result. However, a more
detailed analysis is possible only during a part of the entire period under study — the last
three half-cycles (the second half of the 19th and the first half of the 20th cycles (1957 —



1969 years), for which all the necessary data on SA are available (Shea & Smart, 1990;
Cliver et al., 2020; Catalog of the Forbush-effects, 2020).

When comparing the values of PFl and the summed magnitudes of FDs, the
following should be considered. Firstly, the annual values of the PFI index, constructed
according to the data of (Shea & Smart, 1990; Cliver et al., 2020), changed significantly
on short timescale (and often asynchronously both with respect to FDs and the variation
of the sunspot number) throughout the entire duration of the above half SA cycles. The
PFIl index changed by as much as sixty units, because these cycles, unlike the previous
ones, were anomalously contaminated with relativistic proton flares. Secondly,
according to the data of (Catalog of the Forbush-effects, 2020), the number of powerful
FDs also changed significantly from zero in the regions of SA minima up to one and a
half dozen with their total (summed) magnitude up to more than one hundred near the
maximum of the anomalous cycle 19.

Here also, when comparing the data over time, the period of registration of both
specified types of space weather events (PFI values and the summarized magnitudes of
powerful FDs) must be shifted back by around 0.5 years relative to the real birthdays of
NLs (or, if necessary, on the contrary, shift birthdays of NLs forward relative to SA data).
The length of the shift was chosen to synchronize the radiation effects with the middle
of the prenatal period, taking into account an additional 1.5-month interval sufficient for
radionuclides to reach the near-surface layers of the atmosphere. Since the available
data (Catalog of the Forbush-effects, 2020) covered only the second half of 1957, here,
for example, the total number of NL births for the period 1958 — 1961 was compared
with the ratio FDs/PFI, which is compiled using total data for the second half of 1957,
the full years 1958 — 1960 and the first half of 1961. The data for the remaining two
intervals were compared in the same way. All these circumstances must also be
considered in the study of other helio-biological problems.

For comparison to the PFI, this approach only considered FDs with a
magnitude equal to or greater than 4.3 units, which can reflect a significant modulation
effect on the GCRs flux. The minimum magnitude taken into account was chosen from
the condition of minimizing the number of semi-annual intervals not filled with data
about these SA events. The time intervals used to determine the total FD magnitude
and the ratio FDs/PFI| were shifted 0.5-year back in relation to the 4-year data of NL
births. In contrast to the previous case, here, due to the abundance of powerful FDs and
proton flares of analyzed period (two SA half-cycles, 1957 —1969 years), the six-month
back shift of the SA data (i.e. have been obtained six months prior) relative to the
number of NL births allows the use of 4-year intervals even in common with zones of SA
minimum. Increasing the number of data summation intervals by shortening them to 3 or
2 years substantially reduces their representativeness due to the small annual numbers
of NL births, the need to have the same length of intervals, as well as due to the uneven
time distribution of particularly powerful proton flares. The third hemicycle (after 1969)
was excluded from consideration due to its extremely weak and intermittent coverage of
data on NL births. The latter data which were obtained from (Shea & Smart, 1990;
Cliver et al., 2020; Catalog of the Forbush-effects, 2020) in each 4-year interval of the
two mentioned SA half-cycles are presented on the histograms of Fig. 3, including
cumulative and annual values separately.
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FIG. 3. Top panel: Data for FDs and PFI are represented separately as combined histograms for
both annual and four-year intervals, colored in blue and red respectively. All aggregated SA data
are presented for four-year and one-year periods and have been obtained six months prior in
relation to the NL birthdays. Middle panel: Ratio of FD to PFI over time, shown as three data
points, demonstrating correlation with NL births (bottom panel — distribution of NL births over
time).

A strong positive linear connection appears in their ratio: the calculated Pearson's
correlation coefficient is 0.98. It is important that here, too, the correlation coefficient
becomes insignificant in the absence of a corresponding six-month shift in data. Note
also that the correlation coefficient decreases by 1.3 and 1.8 times between NL births
and FDs, or NL births and PFI. Meanwhile, the correlation coefficient also decreases by
a factor of 1.3 and 1.7 with and without data shift, respectively when comparing NL
births with total 4-year sunspot numbers according (Clette et al., 2014). The difference
in the extent of the decreases in the correlation coefficient can be considered as an
indication of the prevailing role of powerful proton flares among SA events in modulating
the number of NL births, similar to the data in Fig. 2. However, a significant correlation
exists when comparing NL births to the ratio between FDs and PFI. The inclusion of
FDs with a smaller magnitude, the distribution of which relative to the SA maximum is
also shown in Fig.1, shows a weak correlation instead.

To further validate the determined correlation, the FDs/PFI ratio was compared
for individual NLs whose prenatal periods contained powerful FDs and proton flares to
the FDs/PFI ratio averaged over a 12-year period, as shown in Fig. 3. The comparison
is performed for only 34 out of 38 NLs, where four cases were excluded due to the
absence of proton flares or information about specific birth months in (The Official
Website of the Nobel Prize). This comparison, which considered the entire partially
overlapping prenatal periods, revealed that the average FDs/PFI ratio for NL-related
periods is nearly double the ordinary annual average for the entire 12-year period
analyzed. This relationship supports the determined high correlation between NL births
and FDs/PFI, suggesting that the SA rhythm during periods of NL neural circuit
development is more favorable compared to average conditions.

The result obtained may be attributed to a more trivial explanation. This range is
dominated by younger NL's which represent a subset of the NL population. This is in
contrast to the rather homogeneous age distribution in the previously discussed
half-cycles (cycles 14 —17). This observation indicates the insufficient filling of these
half-cycles with data on the analyzed dates of birth at the moment. According to
comparative estimates, this accounts for about half of the total NL population in
half-cycles within cycles 14 —17. At the same time, even during this period of final and
greatest occupancy (see Fig. 2), 6% of years contain from 1 to 6 NL births. On the other
hand, due to the average occupancy of previous periods being close to homogeneity for
different age groups, it cannot be ruled out that their future filling will preserve the
existing linear correlation within the several-year intervals considered with a possible
change in its slope. This interpretation is further supported by the fact that expanding
the dataset with 31% more NL birth dates from the 2023 and 2024 award years did not
lead to an appreciable change in the correlation coefficient. Nevertheless, taking into
account the already mentioned lack of complete observational data on proton flares and
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FDs for previous years, it can be concluded that the available statistics of all compared
data are still insufficient for a definitive conclusion.

Therefore, the obtained result can be interpreted as indication that NL births are
dependent on the ratio between the frequency and number of the most powerful SA
events — powerful FDs and proton flares, especially relativistic ones. In other words, the
emerging patterns and accompanying features are reasonable for the preliminary
conclusion that differences in annual birth rates for NLs vary according to the rhythm of
SA. Powerful FDs are caused by abrupt changes in GCR intensity via powerful
interplanetary shock waves following sporadic solar plasma ejection as well as solar
wind disturbances. A definitive conclusion cannot be made here, as the available
statistics of these events that coincide in time are still lacking. Future investigation with
more complete data on NL births will be important in verifying the preliminary results of
this work.

The decline in the NLs birth rate did not occur during major global instabilities,
such as war. For example, as can be seen from Fig. 2, the largest annual peaks of NLs
births for the entire period under consideration occurred even at the height of the First
World War, the Great Depression in the US, and the Second World War, unlike powerful
proton flares, which occur (associated with) in the strongest annual decreases. This is
consistent with the assumption made above about the predominant sensitivity of
complex biostructures to the influence of space weather, standing out against the
background of terrestrial negative factors. However, it is possible that due to the low
rate at which powerful proton flares occur over the considered timescale, this
association is partially due to coincidence. FD data, which would have improved
confidence in this result, does not exist for this period.

2.3. Testing the approach with the ratio FDs/PFI

As a test of the approach described in the previous section, it is possible to
compare it against a well-known global intelligence phenomenon in which the average
IQ scores of a population have risen over time, known as the Flynn effect. A definitive
explanation for this effect is still uncertain, especially because the average IQ scores of
populations have undergone both increases and decreases globally over decades
(Bratsberg & Rogeberg, 2018; Dutton et al., 2016; Flynn, 1987) with the latter referred
to as “negative (anti-) Flynn effect”.

To explore possible correlations between |Q and SA rhythm, it is necessary to
use 1Q scores over extended time intervals, allowing for optimal averaging of data. This
requirement arises from the rarity of extremely powerful FDs and proton flares, which
play a significant role in determining the PFI value. The primary dataset utilized here is
the large-scale, continuous collection of data on I1Q score variations for more than half a
million young Norwegians, with determined birth years from 1962 to 1991 (Bratsberg &
Rogeberg, 2018). Data on powerful FDs of 4.3 units and greater, as well as proton
flares for PFI compilation, were sourced from (Shea & Smart, 1990; Cliver et al., 2020;
Catalog of the Forbush-effects, 2020). Starting in 1977, modern data on proton flares
(NOAA Space Weather Prediction Center), measured by the GOES spacecraft, has
been used in this work.

At the same time, the fluence of protons with energies more than 10 MeV is
around 10 p.f.u. and greater, and were considered as especially powerful events for
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constructing the PFI. Given the substantial dataset available for this analysis, it is
possible to average annual 1Q score data over a short interval (less than 4
years).Therefore, despite the abrupt changes in the annual values of powerful FDs and
PFI, data were averaged across various multi-year intervals, without obscuring the
discernible trends in changes to I1Q scores. Given the absence of specific birth month
data for the subjects in reference (Bratsberg & Rogeberg, 2018), this work performs a
necessary semi-annual shift back to the SA data relative to the birth year considered.

TABLE 1

Observed Total number FDs/PFI FDs/PFI Average 1Q
birth years of people (synchronous) (shifted) score
1962 - 1963 58 783 216/4 38.6/30 99.55
1964 - 1967 25 327 58 /43 80.2 /44 99.97
1968 - 1869 64 196 107.1 /62 90/60 100.85
1970 - 1973 121 337 142.8 /76 149 /77 101.52
1977 - 1979 72 186 150.5/48 126 / 44 101.73
1980 - 1982 71101 191.7 / 64 150.4 / 58 101.20
1983 - 1984 46 330 26.2/19 92.2/48 100.95
1990 - 1991 54 312 362.7 /203 | 245.6/ 160 99.65

Note: Synchronous refers to the absence of a shift of the people's birth years relative to
the SA data.

The dynamics between the two-, three- and four-year average 1Q scores and
FDs/PFI values are shown in Table 1, excluding periods of SA minima without powerful
FDs and proton flares. In this case, unlike the situation in the previous sections, equal
time intervals are not necessary, allowing them to maximize their number without loss of
information near the zones of SA minima. As shown in Table 1, there is a notable trend
where the |Q score initially increases and then decreases in tandem with the FDs/PFI
ratio. Significantly, one of the SA minima aligns with the peak of the 1Q score
distribution, suggesting that the intelligence parameters studied are independent of the
number of sunspots. Additionally, the period of observed 1Q scores from 1962 —1969
overlaps with the finite period discussed in the preceding section. Concurrently, the
annual dynamics of NLs births (refer to Fig. 3) and IQ scores show a qualitative
agreement, exhibiting an annual variability followed by a rise. These patterns lend
further support to the validity of the correlations identified in this study.
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The calculated Pearson's correlation coefficient is 0.76, indicating a reasonably
strong relationship between the IQ score and the ratio used for the most potent SA
events. However, the correlation coefficient is insignificant when comparing FDs and
PFI separately as well as when comparing 1Q scores (Bratsberg & Rogeberg, 2018)
with sunspot numbers (Clette et al., 2014) annually or within intervals of Table 1. In
addition, when comparing FDs/PFI with 1Q score during the periods of its estimations,
i.e.18 years after the births of observed persons, the relation becomes weakly
anti-correlated. The correlation coefficient also becomes insignificant unless the
birthdays are adjusted forward by shifting the SA data back by six months (see column
«synchronous» in the Table 1), similar to the results described in the previous section.

It is noteworthy that these results were obtained even without accounting for the
correction of time shift in cases of possible anomalies in the distribution of birthdays
within each year, which is not feasible due to the lack of such details in (Bratsberg &
Rogeberg, 2018). This uncertainty becomes relevant when using a constant six-month
shift, as evidenced by the fact that the correlation coefficient decreases several times
when comparing annual 1Q scores with corresponding annual SA data for about half of
the 30 years (i.e., without averaging over longer intervals) during which powerful FDs
and powerful or relativistic proton flares were observed. Therefore, more detailed
comparative analyses of this type should take into account at least the months of birth
to adjust the position of the SA data shift for more accurate conclusions.

At the same time, according to (Bratsberg & Rogeberg, 2018), there were no
local decreases in IQ score in the intervals around two SA minima (1974 —1976 and
1985 -1987), which lacked the powerful FDs and/or powerful proton flares. Therefore,
they are not included in the comparative analysis above, in contrast to the previous
minimum where this could have been compensated for by using longer intervals. It is
essential to consider that up to a hundred weak FDs (mostly with magnitudes less than
2 units), as noted earlier based on (Catalog of the Forbush-effects, 2020), typically
remain around the SA minima. They are collectively capable of reducing the GCR flux
and its negative impact without competition from proton flares.

The preceding explanation corresponds to the observational data also mutually
correlating during the above three-year intervals around SA minima, not included in
Table 1. On the one hand, according to (Catalog of the Forbush-effects, 2020), the
summed magnitudes of weak FDs during these intervals are 376 and 370 (taking into
account the corresponding semi-annual data shifts), which even exceed analogous
values for the most powerful FDs during intervals of the same duration. On the other
hand, the average 1Q scores for these intervals are 102.2 and 100.6, which is close to
their absolute and local peaks among the data (Bratsberg & Rogeberg, 2018). These
arguments may also be valid in explaining the occurrence of the world's main
pandemics around both SA extrema (Nasirpour et al., 2021).

It is crucial to note that when the Flynn effect was initially introduced in (Flynn,
1987) and for some time thereafter, it was referred to as a secular 1Q increase in the
population of numerous countries. Generally, the selection of initial data for interpreting
the results was made without focusing on the determined birth years of the observed
individuals, unlike the data in (Bratsberg & Rogeberg, 2018). In some publications, the
ages of the observed cohorts were indicated, being outside the several periods around
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SA maxima by birth year, or it had been noted that this trend is stronger for adults than
children — see references in (Bratsberg & Rogeberg, 2018).

However, as inferred from the tables in Flynn's original article (Flynn, 1987), in cases
where it is possible to determine the birth years of observed children with 1Q gains in
various countries (The Netherlands, Canada, USA, Great Britain, Australia, Japan,
Germany, Switzerland), these years partially coincide with the first half of the period
used in (Bratsberg & Rogeberg, 2018), where the 1Q increased along with the ratio of
FDs/PFI.

Regarding the negative (anti-Flynn) effect, a few works referenced in the review
(Dutton et al., 2016) provide short-term data on the ages of assessed cohorts, making it
possible to determine their birth years. For additional comparison, the results of (Shayer
& Ginsburg, 2007) were also used, which demonstrate significant drops in intelligence
and abilities of younger schoolchildren (aged 11 to 12) in Great Britain within the testing
period from 1995 to 2003. This period overlaps the birth years of the tested children in
(Shayer & Ginsburg, 2007) with the data in (Bratsberg & Rogeberg 2018) used earlier,
during which there was also a decrease in IQ scores, manifesting the anti-Flynn effect.

According to the review (Dutton et al., 2016), the birth years of residents whose
IQ scores were assessed in other countries (Denmark, Finland) for shorter periods
using different methods and showed the presence of an anti-Flynn effect also overlap
with the birth years in the test used earlier, fitting into a correlation with a decline in the
ratio of FDs/PFI. This trend continues, including the period between 1992-1994 of birth
data not covered by (Bratsberg & Rogeberg 2018), with FDs/PFI values of 0.16, which
is pointed out in (Dutton et al., 2016) towards the anti-Flynn effect obtained in 2012 in
Estonia by IQ score testing 18 —19-year-olds.

However, a recent large-scale U.S. study reported that IQ changes "meeting or
exceeding the magnitude of a Flynn effect, or its reversal, were not present across the
full sample of 18- to 60-year-olds" (Dworak et al., 2023). Despite this overall finding, the
Dworak et al. study did observe the largest 1Q point decline specifically within the 18- to
22-year-old age group. Notably, the birth years for this cohort, tested early in the
2006—-2018 interval, align with the period associated with minimal scores observed in
the latter part of the Bratsberg & Rogeberg (2018) testing interval. Furthermore, Dworak
et al. (2023) also noted small, divergent year-to-year fluctuations in average 1Q scores
during their testing period. Within the proposed framework of SA influence, these
complex and seemingly contradictory findings—the lack of an overall trend, a decline
concentrated in the youngest cohort, and short-term fluctuations—may potentially be
reconciled. This perspective suggests that subjects across the wide age range studied
by Dworak et al. experienced varied SA conditions during their critical prenatal
development periods (corresponding to potentially 'more favorable' or 'less favorable'
phases of SA rhythms), which could mask consistent trends when averaged across the
entire cohort or lead to specific effects in narrower age groups.

Based on existing data in (Catalog of the Forbush-effects, 2020; NOAA Space
Weather Prediction Center), during subsequent three-year intervals, excluding periods
around SA minima where powerful FDs and/or powerful proton flares were absent (1992
—1994; 1998 — 2000; 2001 — 2003; 2004 — 2006; 2012 —2014; 2015 — 2017), FDs/PFI
values are determined as 72.9/52; 127.7/58; 231.2/122; 160.8/67; 55,4/77 and
33.6/38, respectively. These SA dynamics can be used in future studies to test the
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correlations obtained in this work. It can be expected that the 1Q scores of people born
within 3-year intervals after observed in (Bratsberg & Rogeberg 2018) (considering the
semi-annual shift forward of their birthdays, i.e. within Jul 1992 — Jun 1995, Jul 1998 —
Jun 2001 and other corresponding intervals) will increase followed by a significant
decrease, correlating with FDs/PFI ratios: 1.4; 2.2;1.9; 2.4; 0.7 and 0.9.

In summary, the SA-related approach test should be considered insufficiently
detailed on a global scale, because the necessary dataset is not yet available despite
adequate statistics. For definitive conclusions, targeted global studies of the Flynn and
anti-Flynn effects are needed, which are beyond the scope of this work. Nevertheless,
this test can be regarded as an additional indication of the influence of the SA rhythm on
the probability of NL births, detectable primarily during periods when the most potent SA
events occur, as well as an argument for explaining the Flynn and anti-Flynn effects.

2.4. The possible effects of EAS on the human brain

The extremely high energies of GCRs, along with the diverse atmospheric
radiation phenomena they generate via continuous global Earth's irradiation, suggest
their influence is not limited to BIR contributions. Therefore, the impact of GCRs,
capable of generating EASs, on the global environment with possible human health
implications should also be analyzed using a systemic approach, which implies
consideration of the maximum available number of interrelated processes. As indicated
in (United Nations Scientific Committee, 2010), a significant part of the average BIR
value induced by cosmic sources is contributed by secondary muons from GCRs.
However, the muon flux is concentrated mainly in the EAS cross section at the Earth’s
surface (“muon spot”).

The radiation background inside the local area of the “muon spot”, which can
cover up to 10* m?, significantly exceeds the average value of the BIR generated by
them. Therefore, although the average muon flux is rather innocuous, the "muon spots"
produce a more hazardous radiation value when a human enters their region. As follows
from data in (Tanaka, 2022), for a private property with an area 200 m? this is expected
to occur in intervals around a day, which carries the potential risk of damaging trillions of
DNA as estimated in (de Groen, 2022). Therefore, avoiding repeated entry of any
human into the most impactful zone near the axis of the EAS is quite unlikely even in a
relatively short prenatal period.

The transverse dimension encompasses only a few meters in the upper region of
the EAS to hundreds of meters close to the Earth's surface. These dimensions
correspond to observed radio waves in the MHz range (Huege, 2016). Meanwhile, the
longitudinal dimension covers dozens of kilometers or more, especially if the EAS axis
is oriented far from the vertical direction.

An electromagnetic cascade with the production of electron-positron pairs
accompanies the EAS almost along its entire length - see references in (Kampert &
Watson, 2012), owing to muon interactions with solid matter. Therefore, it is likely that
due to EAS, pulsed extremely low frequency (3 Hz — 3 kHz) radio emission also occurs.
This type of radio emission has previously been observed coming from other sources —
see (Tanaka et al., 2011) and their references. Importantly, 60 Hz radio emission by a
laboratory generator has been experimentally shown to be bioactive, having an adverse
effect on the brains of animals (Martinez-Samano et al., 2018).
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As an illustration of the variety of EAS’s effects, we note that they are also
sources of pulsed flashes of Cherenkov radiation (Watson, 2011), which are generated
by secondary electrons that have superluminal speeds in the atmospheric medium.
Therefore, the existence of a similar mechanism that stimulates the occurrence of
transient luminous events, which are associated with the dynamics of the local
properties of the atmosphere (Gordillo-Vazquez & Pérez-Invernén, 2021), cannot be
ruled out. In terms of proposed connections, it is important to note that some of these
luminous events are also sources of extremely low frequency radio emission (Qin et al.,
2012).

Moreover, EAS can additionally generate infrasound, the general bioactivity and
negative impact of which on the brain has been actively studied recently - see (Ascone
et al., 2021) and their references. In this case, infrasound can occur in the atmosphere
due to its local impulse overheating (the so-called “radiative-acoustic* phenomenon) by
radiation losses of EAS particles, similar to the “track-breaking” mechanism (Vasylyev,
Kalinichenko & Vasylyev, 2004) to explain GCRs impact on solids in space. Although
the value of this local overheating is not yet known, this assumption is supported by the
depth of shower maximum (dozens of meters and more) (Giler et al., 2021), which
corresponds to the wavelengths of the infrasound Hz range. Furthermore, according to
radiative acoustics, the frequency of generated atmospheric oscillations is determined
by the size of the overheated zone, but not by the duration of the overheating pulse -
see (Vasylyev, Kalinichenko & Vasylyev, 2004) and references therein.

The existence of infrasound produced by EAS in the atmosphere also appears to
be quite likely, especially given the detection of a series of narrowband signals ranging
from approximately 1 Hz to 22 Hz in the stratosphere that occur a few times per hour
(Bowman & Lees, 2015). A connection has been found between infrasound detections
and one of the types of transient luminous events, sprites (de Larquier & Pasko, 2010).
The similarity of properties between sprites and EAS, such as extremely short duration,
localization in the atmosphere, shape, orientation and size can also indicate that sprites
are stimulated by GCRs, as was recently found for conventional lightnings in the lower
atmosphere (Shao et al., 2025). Further studies are needed to confirm these
interconnections. Therefore, if additional bioactive wave phenomena produced by EASs
are detected, it will significantly expand our understanding of the impact of space
weather on the human brain and its consequences.

3. Limitations

There are several important limitations to this study that warrant consideration.
One limitation is that the existing statistics on NL's birth, in contrast to the datasets
related to population's 1Q score dynamics, are still insufficient to draw definitive
conclusions. The main reason for this is that cataloged data on FDs, which are essential
for constructing the FD/PFI relationship and subsequently comparing it with NL's births,
have only been available since 1957. On the other hand, data on NL's births are also
limited in recent years of the period under consideration. Another limitation of the study
is that, despite the logical sequence of known events linking space weather phenomena
with radiation conditions on Earth's surface, the direct mechanism by which ionizing
radiation affects the development of neural circuits during the prenatal period remains
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unexplored. Therefore, even with the consistent results obtained, the proposed
interpretation—developed within the paradigm of a connection between forming
intelligence and space weather—should currently be regarded as preliminary and in
need of further clarification.

4. Conclusions

Based on the results obtained, the current hypothetical concept that could
explain the specific correlations of human intelligence with the dynamics of space
weather phenomena is proposed. The human brain is measurably sensitive to the
regulation of the Earth's BIR value under the influence of space weather through a
sequence of atmospheric phenomena confirmed experimentally. Moreover, such
sensitivity manifests itself at the stage of formation and development of neural circuits
underlying intelligence, but not synchronously with the state of the space weather during
the day of NL's birth or periods of the average 1Q score estimations.

Initially steady fluxes of GCRs, which significantly contribute to the creation of
BIR, are the key stressors, negatively affect the human brain and health in
general.These stressors manifest in the Earth's atmosphere, in which both its ionization
with the formation of radionuclides and nuclear interactions of the most high-energy
GCRs ions occur. Nuclear interactions play a decisive role in driving EAS phenomena
with their multiple accompanying atmospheric effects and secondary particles that reach
the Earth's surface and even deeper.

Moreover, secondary particles such as muons are capable of locally exerting a
much greater influence on the human brain than the average value of BIR. This
influence is ensured by the high probability of a human coinciding within the "muon
spots", especially near the EAS axis. Meanwhile, proton flares generate episodic fluxes
of SCR particles, which in turn contribute to the formation of BIR by the radionuclide
production in the atmosphere and therefore act as an additional stressor.

However, SA is capable of affecting the discussed processes in a dual manner
according to the diversity of its rhythm, which is instead manifested in the interplanetary
environment. FDs, whose magnitude reflects the strength of SA modulation of the GCR
flux, act opposite to the effects of GCRs and SCRs, thus functioning as a dynamic
"interplanetary shield" for the neural circuit formation.

Even in cases of temporal coincidences in total for several years of both SA
phenomena, such as powerful plasma eruptions and proton flares with the latter’'s SCRs
reaching the Earth's atmosphere, the GCR flux can decrease in strength which in turn
reduces the BIR and its accompanying negative impact. However, if the number of
powerful plasma eruptions (measured as powerful FDs) is comparatively small, then
conditions are created for an increasing BIR with its negative impact.

Therefore, as a result of this relatively non-trivial superposition of competing
impacts from all these transient-type SA phenomena, the probability of more favorable
conditions for the birth of intellectually outstanding individuals remains quasi-constant
over 11-year solar cycles. However, the probability may decrease during periods of
intense proton flares or increase during periods of strong FDs, considering the quantity
of atmospheric radionuclides and their dynamics due to varying half-lives. Variations in
the 1Q scores of the average population behave similarly with the same trends in
different countries, not correlating with the SA rhythm during the testing period. Due to
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cell regeneration and brain adaptation, such an impact may not be severe but is
sufficient for noticeable modulation of intelligence against the backdrop of negative
terrestrial factors.

At the same time, the similarity in the number of NL births during periods around
both SA extrema, determined by the number of sunspots, and the insensitivity of IQ
score to the 11-year SA cycle in the Flynn and anti-Flynn effects, can be explained by
the "protective" role of up to a hundred weak FDs that remain yearly. During SA minima,
they are collectively capable of reducing the GCR flux and its negative impact without
competition from proton flares also creating the BIR. In general, periods on Earth that
are “more favorable” for the development of human cognitive abilities alternate with
“less favorable” ones.

The results obtained should be regarded as preliminary, because the available
statistics that coincide in time with all datasets compared, especially regarding the NLs
birth rates, are still insufficient to draw definitive conclusions. In other words, more work
is required before a definitive association can be made between intelligence forming
and space weather phenomena, but these results are a requisite step in proving it to be
the case.

5. Future perspectives

Nevertheless, the results obtained can already be considered as a platform for
further prospective studies that can contribute to our understanding of the factors
shaping human intelligence and cognitive development across populations. These
studies are essential for a more comprehensive analysis of the space weather effects
on human health, particularly on the brain, both within the Earth's atmosphere and in
space.

Primary research areas can include the search for sufficient evidence of global
synchronism in the manifestations of positive and negative Flynn effects and their
dependence on participant birth dates in relation to the SA rhythm by comparison with
the FDs/PFI, taking into account the predictions proposed in this work. In this case, it is
advisable to consider not only the year of birth, but also the month or day in order to be
able to compare their IQ score with the SA rhythm directly during a time interval, which
includes the entire prenatal period. In turn, when testing a cohort with the same birth
dates among its members, this will contribute to obtaining more unambiguous results.

Potential negative stressors may also include recently detected and not yet
explained, but probably related to EAS, Hz-range infrasonic signals, as well as yet
undetected bioactive electromagnetic short-term extremely low-frequency (3 Hz — 3
kHz) waves in the Earth's stratosphere, capable of being generated by EAS similarly to
the well-known MHz radio pulses. To validate these hypotheses, a cross-correlation
between these phenomena needs to be established. However, as of now, there is no
information available about research being conducted in this direction.

It is well known that these types of waves have weak attenuation over planetary
distances, and that at least 10" EASs occur on earth every second, which may lead to
the existence of constant bioactive radio- and infrasonic backgrounds everywhere at the
Earth in addition to BIR. Direct or indirect detection of these backgrounds may be aided
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by their supposed variability depending on SA. Therefore, it is especially important to
confirm the modulating effect of SA on primary GCR particles, at least for their minimum
energies, at which they can produce EAS.

Beyond that, it would be a useful exercise to compare and systemically analyze
global statistics of a wide range of phenomena and incidents in human life — from
diseases to car accidents. It is also important to conduct biological experiments on
animals at various geomagnetic latitudes and altitudes above sea level to detect and
analyze brain responses to the most powerful SA phenomena. In this context, it is
possible that the ratio FDs/PFI may turn out to be more universal for searching for
dependencies between various properties of living organisms and space weather.

Additionally, there is a dependence on the parameters of solar plasma flows that
produce FDs, namely, their type, extent, velocity, density, magnitude of the frozen
magnetic field, etc. Correctly considering the influence of these parameters on the
modulation effects of FDs, especially for the high-energy component of GCRs, is a
separate and rather complicated problem. Therefore, future acquisition of data from
direct measurements of all these parameters in the interplanetary medium by spacecraft
will be able to specify the roles they play in attenuating GCR flows. Generally, all further
steps to clarify the complex space-brain relationships should be based on adopting a
holistic and systemic approach.
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