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Abstract. To diagnose and forecast the state of the heliosphere, as well as space weather 

and climate, it is necessary to know the temporal changes of galactic cosmic rays flux at the 

Earth's orbit. The aim of the work is to forecast the cosmic ray flux for the next century based on 

the relationship between the modulation of galactic cosmic rays and the characteristics of solar 

activity. For a long-term forecast, one parameter models of solar activity were used that 

determines the modulation of galactic cosmic rays - the number of sunspots or the potential of 

cosmic rays solar modulation. As a result, a long-term forecast of the cosmic ray flux was 

obtained based on the analysis of a dozen models of solar activity behavior for the next century. 

The analysis suggests that, contrary to earlier forecasts, the probability of a large solar minimum 

at the end of the 21st century is small. This is shown by the majority of long-term solar activity 

forecasts by various authors which was analyzed by us. An almost twofold increase in the level of 

solar activity is expected by the middle of the century and a subsequent transition to 

approximately current level at the end of the century. Reduced intensity of galactic cosmic rays is 

expected at the Earth's orbit by mid-century. 
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1. INTRODUCTION 

 Galactic cosmic rays (CR) affect the Earth's atmosphere, exerting a significant influence 

not only on space weather but also on the Earth's climate [Morner, 2015; Vinos, 2022]. 

Understanding the future development of Earth's climate requires long-term and accurate 

forecasts of solar cycles and the resulting predictions of galactic cosmic ray flux. Forecasting is 

mainly conducted only for the nearest solar cycle. Changes in solar activity on the scale of a 

single cycle is a relevant task and has both scientific interest (since understanding solar activity 

determines the accuracy of its forecast) and practical significance (for long-term planning of 

activities in space).  

 Changes in solar activity on a long-term scale lead to fundamental consequences for 

Earth's climate and for all life on Earth [Gray et al., 2010; Vinos, 2022; Xepapadeas, A., 2024]. 

Therefore, understanding changes in solar activity in the past, present, and future is the focus of 

many studies, being an urgent task.  

 A number of mechanisms of solar impact on the Earth's climate are considered. The most 

obvious mechanism of solar influence is associated with changes in the heating of the Earth's 

atmosphere, occurring due to changes in the total solar radiation flux across the entire spectrum . 

According to direct measurements, the changes observed during the solar cycle amount to only 1 

W/m 2 , and they have remained virtually unchanged over the past 9000 years [Gulev et al., 2023].  

 Another mechanism of the Sun's influence on Earth's climate involves the direct impact of 

observed changes in solar ultraviolet radiation on stratospheric ozone, with corresponding 

temperature changes due to the emergence of temperature and wind gradients.  

 Solar modulation of galactic cosmic rays is also considered as a mechanism of solar 

activity influence on Earth's climate through the ability of cosmic ray flux to affect Earth's cloud 

cover. Ionization of air by secondary cosmic rays leads to the occurrence of many atmospheric 

processes. These include the formation of clouds [Palle et al., 2004; Vinos, 2022] and 

precipitation [Kniveton, 2004], the formation of aerosols as condensation nuclei [Lushnikov, 

2014], processes of baric system evolution in the lower atmosphere [Veretenenko et al., 2012; 

Yanchukovsky, 2024] and the emergence or development of cyclonic circulation [Tinsley, 2012], 

as well as changes in atmospheric transparency [Kudryavtsev et al., 2011] and parameters of the 

global electrical circuit [Tinsley et al., 2006; Tinsley, 2012]. The contribution of the modulated 

cosmic ray flux to tropospheric ionization is continuous. This indicates that ionization of the 



atmosphere by cosmic rays is one of the links in solar-atmospheric connections.  

 Long-term trends in solar activity have been actively considered by other researchers. 

Until the last decade, there were several forecasts of long-term solar activity [for example, Bonev 

et al., 2004; Abreu et al., 2010; Barnard et al., 2011; Lockwood, 2010; Lockwood et al., 2011; 

Usoskin, 2017; Biswas at al., 2023]. All these studies are mainly based on the instrumental series 

of sunspot numbers spanning 400 years, and less frequently on the reconstructed series of 

millennial solar activity obtained from cosmogenic radionuclides ( 10 Be and 14 C) [Knudsen et al., 

2009].  

 In our discussed work, we highlighted only those long-term forecasts of solar activity that 

were based on the observed 400-year series of sunspot numbers and on the 9400-year series of 

solar activity indices reconstructed from cosmogenic radionuclide data. Such works were mainly 

carried out over the last decade.  

 The aim of the work is to make a long-term forecast of the cosmic ray (CR) flux for the 

next century based on available data on the relationship between galactic CR modulation and 

predicted solar activity. Objectives: 1) to analyze published long-term forecasts of sunspot 

numbers and solar CR modulation potential for the current century; 2) to build a pair model of 

CR variations as a function of sunspot numbers, as well as to use the force field approximation to 

relate potential and CR flux; 3) to forecast the intensity of galactic cosmic rays for the next 

hundred years for various scenarios of solar activity prediction.  

 The scientific novelty consists in a critical review of available forecasts of the solar 

activity index for the next century and the solar CR modulation potential, and conducting on their 

basis, using a unified methodology, an assessment of CR fluxes from the perspective of 

application for Earth's climate prediction.  

  

2. FORECAST DATA OF SOLAR ACTIVITY PARAMETERS  

 When forecasting solar activity for hundreds of years, it is necessary to involve millennial 

data from past epochs. Currently, the only way to obtain such a long series of solar activity data 

is the cosmogenic isotope method, based on natural archives of carbon content in tree rings or 

beryllium in ice cores . As a result of calibrating the content of radionuclides, a series of sunspot 

numbers or solar CR potential is formed.  

 Solar cycles differ in duration, shape, and amplitude, and also periodically enter periods 



of almost inactive state, called grand minima of solar activity. But these cycle characteristics 

cannot be obtained from cosmogenic isotope data, as the dating capabilities of radionuclide 

content are limited by a temporal resolution of ~10 years and only from 1510 - annual resolution 

[Stuiver et al., 1998]. All solar activity forecast data are provided for average values or for 11- or 

22-year smoothed values.  

 Forecasts of solar activity for the 21st century, obtained by various methods, are shown in 

Table 1. The most commonly used is spectral information contained in past solar activity. Some 

authors employ a model based on the theory of perturbation of the solar dynamo, founded on the 

interaction of planets with the Sun. Also popular is the model of superposition of observed low-

frequency periodicities (11, 22, 53 years, modulated by the 88-year Gleissberg cycle, the 208-

year de Vries cycle, or even the 2300-year Hallstatt cycle). Below, Table 1 lists the data used and 

forecasting methods. For all forecasts listed in Table 1, graphical material can be found in the 

"Forecast_2100" folder on Yandex Disk ( https://disk.yandex.ru/d/mKHMM2dztqNoHw ), folder 

Forecast_2100. Below are the results of forecasts for both sunspot numbers and cosmic ray solar 

modulation potential for the next 100 years.  

  

3. FORECASTS OF SUNSPOT NUMBERS  

 The number of sunspots is the most easily observed indicator of solar activity level and the 

source of the longest recorded data series on the history of solar activity.  

 For assessments, nine long-term solar activity forecasts for which digital data could be 

obtained were analyzed in this work. In the cited works, along with the duration of the solar 

cycle, either the maximum number of sunspots in the cycle [Clilverd et al., 2006; Hiremath, 

2008; Salvador, 2013; Barnard et al., 2011; Karak et al., 2017] or both maximum and minimum 

numbers of sunspots [Nasirpour et al., 2021; Herrera et al., 2021; Vinos, 2022], less frequently – 

the average number of sunspots in the cycle [Rigozo et al., 2010] were forecasted. After 

converting all data to the same scale, all forecasts and a brief description of forecasting methods 

are summarized in Table 1, and a graphical comparison is shown in Fig.1 (upper panel). For the 

sunspot number forecast [Barnard et al., 2011], an error corridor is also provided. The forecast 

errors are large, for example, for the rightmost time point of 2080  , i.e., about 100%.  

 Three forecasts can be identified [Herrera et al., 2021; Nasirpour et al., 2021; Vinos, 

2022], made in the last few years. They have similar temporal patterns; moreover, the works 

https://disk.yandex.ru/d/mKHMM2dztqNoHw


[Nasirpour et al., 2021; Vinos, 2022] quite accurately predict the maximum of solar cycle 25. In 

the following, we will use only these forecasts (they are shown separately in the bottom panel of 

Fig.1). The figure shows that our adopted forecasts initially agree in phase, but then by the end of 

the century, the forecast [Vinos, 2022] gradually shifts in phase by approximately 4 years. This 

shift is related to the difficulty in predicting the duration of the solar cycle .  
  

4. FORECASTS OF THE SOLAR MODULATION POTENTIAL OF COSMIC RAYS  

 Forecasts of other solar activity indices are also published, for example, the solar 

modulation potential of cosmic rays; however, this index is meaningful exclusively in relation to 

cosmic ray fluxes in the heliosphere, and direct comparison of such a forecast with the sunspot 

number forecast is not possible. The reconstruction of cosmic ray intensity is performed based on 

the force-field model (Section 6).  

 We examined two forecasts of the solar modulation potential of cosmic rays, which were 

based on a 9300-year record of 25-year average values of the solar modulation potential 

[Steinhilber et al., 2008] according to cosmogenic isotope and neutron monitor data, but 

performed using different methodologies (see Table 1).  

 The first forecast of the solar modulation potential of cosmic rays for the period 2000-

2080 was performed in [Barnard et al., 2011] using the polynomial extrapolation method (Fig.2). 

The error corridor, for example, for the rightmost point in time 320370±=φ MV, i.e., about 

100%.  

 Another forecast of the cosmic ray (CR) solar modulation potential for the period 2000-

2500 was performed in [Steinhilber et al., 2013] using two methods: Fast Fourier Transform 

(FFT) and wavelet decomposition combined with autoregressive model (WTAR) of the CR solar 

modulation potential data from the past. The result of the CR solar modulation potential forecast 

is shown in Fig. 2. Both methods predict a solar activity minimum by the end of the 21st century, 

which will be comparable to the Dalton minimum. It should be noted immediately that this is not 

confirmed by the forecasts shown above in Fig. 1. Unfortunately, the 21st century range of 

interest is obtained with low resolution, and the presented data only indicates a rapid decrease in 

the CR solar modulation potential by the end of the current century. The forecasts from [Barnard 

et al., 2011] and [Steinhilber et al., 2013], performed on the same experimental material 

[Steinhilber et al., 2008] but using different methods, are consistent with each other.  



  

5. MODEL OF COSMIC RAY VARIATIONS  

If the solar activity forecast is made for the number of sunspots, then to estimate the 

expected CR variations, it is necessary to: 1) obtain the expected variations of CR in 

interplanetary space (global spectrographic method - GSM) using data from the ground-based 

network of CR detectors, and 2) build a model of long-term variations of either CR flux intensity 

as a function of the number of sunspots R z (model of long-term variations LTV).  LTV). 

1) The estimation using the GSM method of the expected CR variations in the isotropic 

approximation in interplanetary space  was carried out using data from the World Network of 

CR detectors [Belov et.al., 2018; Belov et al., 2018]. If a spectrum of primary particles ( )J R  

falls on the magnetosphere and atmosphere, then the count rate of the iN  i th ground-based 

detector is determined as  
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i
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0( , ) ( )U

i
c

ii R

i iR

m h R JN J R dR
N N J
δ δ

= ⋅ ⋅∫  = 0( , , ) ( )U

i
c

R i i i
cR

JW R h R R dR
J
∂
⋅ ⋅∫  ,  

where 0( , , )i i i
cW R h R  are coupling functions (determined experimentally or by calculation), J Jδ  

is the spectrum of primary CR variations (protons, nuclei).  

Effective rigidities of detector particles (stratospheric sounding, neutron monitors, and 

muon telescopes) from ~0.5 GV to 70 GV, which allows studying the energy characteristics of 

variations. Finally, the observed secondary variations iv  are related to the spectrum of primary 

variations J Jδ  of cosmic rays by a system of Fredholm integral equations of the first kind:  

0( , , ) ( )U
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where the coupling function 0( , , )i i i
cW R h R  serves as the kernel of the integral equation, and the 

unknown function is the variation spectrum J Jδ  , i.e., the energy dependence of cosmic ray 



variations.  

In our case, an important circumstance is that the sought variation spectrum v J Jδ=  can 

be found in the form of an analytical function with a certain number of parameters. We 

considered a three-parameter spectrum 0/ ( )J J a R R γδ −= ⋅ +  . For long-term variations, γ = 1÷2 

and changes with solar activity, 0R  depends on the polarity of the Sun's magnetic field, a  is the 

amplitude of the variation spectrum, which is shown in Fig.1.  

2) The found variation spectrum is used to construct the simplest one-parameter LTV 

model, i.e., a model of linear pairwise correlation between cosmic ray variations ( )v R  in the 

heliosphere and the number of sunspots R z  

0 1
i i i

zv = a +a R ± σ⋅ ,       (1)  

  

the solution of which for the period 1985-2023  
  

v model = – (1.56±0.30) – (0.078±0.001) R z [%].  

  (     )  

 Fig.3 compares the observed and model values of cosmic ray variations with rigidity of 10 

GV and their residuals. Variations are calculated relative to the base period of 2009, which is also 

indicated in the figure. For such a simple model, the residual is several percent, however, in 

certain periods it can be significantly higher.  

 For the considered model, the coefficient of multiple determination R 2 = 0.709, i.e., 71% 

is explained by the considered factors; the standard error of the model σ = 3.21%; the condition 

number, as an indicator of the solution stability of the system, equals cond = 143, i.e., the system 

is sufficiently well-conditioned and when the right side of equation (1) is perturbed by δX , the 

left side will change by no more than δY = cond δX .  

 For applied tasks, it is important to know the changes in CR intensity J  at Earth's orbit 

outside the magnetosphere, which are related to the found CR variations v . For such a transition, 

the "NM network" detector was calibrated for the base period of 2009 using PAMELA data ( 

"Payload for Antimatter Matter Exploration and Light-nuclei Astrophysics" ) [Yanke et al. 2023]. 

By definition 2009/ 1ν = J J −  , where the intensity at Earth's orbit equals 2009 1J = J (ν+ ) for the 

intensity in the base period 2009 PAMELAJ J≡  = 26.869 p /(m 2 s sr GV ) for 10 GV with an error of 



~4%.  

It is possible to transform the bases and transition from the base level 2009J  to the level of 

interstellar intensity LISJ  : intensity variations 2009J  relative to CR intensity LISJ  at the 

heliosphere boundary equal 2009 2009 / 1LIS= J J∆ −  . From which 2009 2009 1LISJ = J ( + )∆  and  

  

2009 20091 1 1LISJ = J (ν+ )= J (Δ + )(v+ ) ,      (2)  

  

here LISJ  = 33.2 p/(m 2 sr GV ) [Bisschoff et al., 2019] is the intensity of 10 GV particles at the 

heliosphere boundary with an error of ~25%, 2009 0.19Δ = −  [Yanke et al. 2023] is the amplitude 

of residual modulation of galactic CR in the heliosphere for the base period of 2009.  

  

6. FORCE-FIELD MODEL FOR COSMIC RAY INTENSITY RECONSTRUCTION  

 If the solar activity forecast is made for the  cosmic ray solar modulation potential, then 

the assessment of expected variations can be performed using the force-field approximation. To 

describe the effect of solar modulation in this approximation, a simplified parametric force-field 

model was developed [Gleeson et al., 1968; Moraal, 2013; Vas et al., 2015]. Its basis in the quasi-

stationary regime is the diffusion equation, which describes the propagation of particles in a 

spherically symmetric heliosphere with a diffusion coefficient depending only on the particle 

rigidity R and distance from the Sun r ; with no cosmic ray sources present. The analytical 

expression connecting the measured spectrum and the spectrum of particles of type i at the 

heliosphere boundary is given by the following one-parameter formula:  

  
2 2

, 2 2( , ) ( , )
( )i i LIS i i
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E mJ r E J r E
E m

−
= →∞ +Φ

+Φ −
 ,      (3)  

  

where E is the total particle energy, m is the particle mass, J(r, E+Φ) is the measured cosmic ray 

flux, J(r→ ∞ , E+Φ) is the local interstellar cosmic ray flux, ( , , , / ) ( / )i i ir t E Z A eZ AϕΦ = ⋅  - are 

the average energy losses of particles with charge Z i and mass number A i in the heliosphere, 

determined by the ϕ  cosmic ray solar modulation potential.  



 This approximation provides a good description of long-term modulation effects of 

particles with rigidity from ~0.6 GV to tens of GV and includes the effective (10 GV) particle 

rigidity for neutron monitors [Caballero-Lopez at al., 2004]. The methodology for estimating the 

cosmic ray modulation potential from cosmogenic data is described in [Poluianov et al., 2016].  

  

7. DISCUSSION OF RESULTS  

 Our task is to predict cosmic ray intensity for the next century based on known long-term 

solar activity forecasts. Moreover, as noted, we have used two types of solar activity data – 

sunspot numbers and cosmic ray solar modulation potential. This allows us to obtain the planned 

result as independently as possible. All solar activity forecasts are obtained from millennial time 

series, although when creating the cosmic ray variation model, we had to limit ourselves to the 

space era period, i.e., the period of ground-based cosmic ray monitoring.  

 In Section 3, three least contradictory forecasts of solar activity were identified (Fig.1) 

with uncertainty up to 100% Barnard et al., 2011 ]. The assessment of the expected CR intensity 

based on the predicted sunspot number R z was performed using a linear pair correlation model 

(equation 1) between CR variations and sunspot number R z .  

 Comparison of expected CR variations or corresponding CR intensities based on three 

sunspot number forecasts [Herrera et al., 2021; Nasirpour et al., 2021; Vinos, 2022] is shown in 

Fig.4. Like the original sunspot number data (Fig. 1), the resulting CR intensities for different 

data series are in phase at the beginning but gradually diverge by about 4 years by the end of the 

century. The continuous line connects the points of variation maxima (intensity minima) of CR.  

 In works [Steinhilber et al., 2013; Barnard et al., 2011 ] forecasts of the ϕ  solar 

modulation potential of CR were made. To estimate the intensity of iJ (r,K,φ)  galactic CR near 

Earth for rigidities ~10 GV, it is necessary to use the force-field approximation (3). In 

[Steinhilber et al., 2013], forecasts of the solar modulation potential of CR were performed using 

two methods: Fourier analysis and wavelet decomposition, which predict significantly different 

temporal changes in cosmic ray intensity (Fig.5). Moreover, the Fourier analysis method gives 

CR intensity for the end of the 21st century characteristic of the Dalton minimum, which clearly 

contradicts all sunspot number forecasts. The wavelet decomposition method provides a more 

realistic forecast. The CR intensity forecast based on the solar modulation potential prediction 

performed in Barnard et al., 2011 ] qualitatively agrees with the forecast [Steinhilber et al., 2013] 



only until the middle of the 21st century and diverges strongly by its end.  

  

8. CONCLUSIONS  

 All long-term forecasts of solar activity for the 21st century are based on the same 

experimental material - the observed 400-year series of sunspot numbers or the 9400-year series 

of solar activity indices reconstructed from cosmogenic radionuclide data [Stuiver et al., 1998; 

Steinhilber et al., 2008], but forecasts are made using different methods. The uncertainty of solar 

activity parameter forecasts increases and reaches ~100% by the end of the century Barnard et al., 

2011; Steinhilber et al., 2013]. The error in converting from solar activity parameter to cosmic 

ray intensity does not exceed 10%.  

1) A joint analysis of nine sunspot number forecasts made by different authors over the past 

decade has been conducted. Three mutually consistent forecasts of solar activity for the current 

century (Fig. 1) made by different methods have been identified. According to these forecasts, the 

maximum number of sunspots by the middle of the 21st century reaches values of 200 and, 

overall, decreases to values of 150 at the turn of the century.  

2) A joint analysis of three forecasts of the solar modulation potential of cosmic rays, performed 

by different methods, has been carried out. The forecasts are in satisfactory agreement in the first 

half of the 21st century but are contradictory at the end of the century (Fig. 2).  

3) It has been established that, according to the sunspot number forecast data and the employed 

cosmic ray variation model (1), some decrease in cosmic ray intensity (~6%) is expected in the 

middle of the 21st century during solar activity maxima (Fig. 4), but by the end of the century, 

the intensity will reach contemporary values. No global minimum of solar activity is observed at 

the end of the century.  

4) It has also been established that for the three forecasts of the solar modulation potential of 

cosmic rays, only qualitative agreement for cosmic ray intensity (Fig. 5) is observed until the 

middle of the 21st century. By the end of the century, the forecasts diverge significantly, and in 

the case of the forecast [Steinhilber et al., 2013, FFT model], even a Dalton minimum is 

expected, which contradicts the forecasts based on sunspot numbers.  

5) It is proposed to conduct long-term forecasts directly for cosmogenic data series to reduce 

uncertainties. The evaluation of cosmic ray intensity in this case should be done directly, without 

intermediaries.  
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Table 1. List of used works for forecasting the number of sunspots R z or the potential ϕ  of 

cosmic ray solar modulation.  

  Forecasting method and predicted SA near 2100 (~31st cycle).  

Solar activity index – sunspot number R z (Fig. 1).  
1  The solar activity forecast was modeled as a low-frequency harmonic oscillator (periods of 22, 53, 

88, 106, 208, and 420 years). By the middle of the current century, solar activity of ~200 is 
predicted, and after 2100 – a lower one, close to the Dalton minimum [Clilverd et al., 2006].  

2  Based on an autoregressive model (modeling of forced and damped harmonic oscillators from the 
previous 22 cycles), a forecast of the future 15 cycles until 2175 has been made. For the 31st SA 
cycle (2087-2098), low solar activity of ~60 is predicted [Hiremath, 2008].  

3  Epignosis resulting from spectral analysis of time series of the average number of sunspots over 10 
years and a 1000-year forecast of solar activity. For the current century, moderate SA of ~120 is 
predicted, and for the end of the century – very low solar activity of ~25 [Rigozoet al., 2010].  

4  The model is based on the theory of solar dynamo perturbations, founded on the interaction of 
planets with the Sun and represents four interacting frequencies (orbital parameters of planets 
22.14, 19.528, 19.858, 21.005 years), modulated by waves of 178.8 and 1253 years. The model 
predicts that the Sun is entering a grand minimum, and this minimum may persist for an extended 
period of time: low solar activity throughout the century: maximum ~80 and very low SA ~40 by 
2100 [Salvador, 2013].  

5  Forecast until 3500, based on the dynamo model; randomness and nonlinearity in the emergence 
of bipolar magnetic regions in the model lead to variable magnetic cycles. The forecast 
satisfactorily agrees with later forecasts, for example, [Herrera et al., 2021] except for the beginning 
of the current century. [Karak et al., 2017].  

6  Epignosis and forecast using algorithms and machine learning analysis applied to sunspot time 
series (1700-2019). For the current century, relatively high SA is predicted, around 200, which does 
not decrease by 2100 [Herrera et al., 2021].  

7  Forecasts from the ARIMA method to modern approaches of long short-term memory (LSTM) 
with various neural network architectures. For the current century, high SA is predicted with some 
decrease toward the 31st SA cycle [Nasirpour et al., 2021].  

8  Forecast by spectral analysis method of time series of the average number of sunspots for five 
different frequency series. By the middle of the current century, solar activity of ~200 is predicted, 
with a downward trend toward the end and after 2100. [Vinos, 2022; 
https://judithcurry.com/2023/07/04/solar-activity-solar-cycle-25-surpasses-cycle-24 ].  

9  For the current century, relatively low SA of about ~100 is predicted [ Barnard et al., 2011 ].  
The solar activity index – potential  ϕ  of solar modulation of CR (Fig.2).  

1  Forecasting the potential of solar modulation of cosmic rays for the period 2000-2080 using 
polynomial extrapolation method. By the end of the century, a moderate value of the potential of 
solar modulation of cosmic rays of ~400 MV is predicted, close to the current value Barnard et al., 

https://judithcurry.com/2023/07/04/solar-activity-solar-cycle-25-surpasses-cycle-24


 
  

  
Figure captions  

  

Fig. 1. Long-term forecasts of sunspot number R Z according to Table 1. The maxima of sunspot 

numbers for each forecast are connected by a continuous line. For the forecast [Barnard et al., 

2011], an error corridor is also shown. The upper panel shows all 9 available forecasts, the lower 

panel shows 3 selected forecasts.  

  

Fig. 2 . Reconstructed up to ~2000 and predicted potential ϕ  of solar modulation of cosmic rays 

for two forecast models (FFT and WTAR) for the period 2000-2500 (22-year smoothing) 

[Steinhilber et al., 2013] and potential forecast from [Barnard et al., 2011]. The inset shows the 

annual average values of the solar modulation potential of CR according to the ground-based 

neutron monitor network [Usoskin et al., 2017].  
  
Fig. 3. Comparison of experimentally determined by GSM method amplitude variations v of 

galactic cosmic rays with rigidity of 10 GV outside the magnetosphere and variations determined 

by the model v model (1). The model residuals v v v model are also shown.  

  

Fig. 4. Comparison of predicted variations/intensity for 10 GV (left/right scale) in Earth orbit 

 in the current century for three sunspot number forecasts [Herrera et al., 2021; Nasirpour et 

al., 2021; Vinos, 2022]. The maxima of variations (minima of intensity) for the forecast [Vinos, 

2022] are connected by a continuous line. The CR intensity in the interstellar medium J LIS is 

shown schematically.  

  

Fig. 5 . Reconstructed cosmic ray intensity J 1AU (left scale) and its variations (right scale) at Earth 

orbit based on the predicted potential of solar modulation of cosmic rays for three forecast 

2011 ].  
2  Forecasting the potential of solar modulation of cosmic rays for the period 2000-2500 using Fourier 

analysis and wavelet decomposition methods. By the end of ~2100, a fairly low value of the 
potential of solar modulation of cosmic rays of ~200 MV and below is predicted [Steinhilber et al., 
2013].  



models: [Steinhilber et al., 2013] − (FFT and WTAR) and [Barnard et al., 2011] (Fig. 2).  
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