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Fig.3. Magnetic 
reconnection

[Holmon G.D.,
Scientific American, 

2005]
Fig.4. Schematic of the process of 
magnetic reconnection [Lyon J.G.
Nature, 2000 ].

A. No reconnection and no energy flow into 
the magnetosphere. Energy flow is 
indicated by solid arrows.
B. Reconnection opens the magnetosphere 
and allows entry of plasma, momentum and  
energy. Magnetosphere convection is 
indicated by the open arrows. 



Fig.5. The data by Bazilevskaya [Advanced in Space Research, 2004]
illustrate the explicit and exact example of inverse correlation between 
the GCR intensity with energy above 1.5 GeV and the solar activity 
(protons with energy above 1.0 GeV) on the basis of the LPI balloon 
observations during the 1958-2002 years. 



Fig.6. Data by Svensmark and Friis-Christensen [J. Atmos. Sol.-Terr. 
Phys., 1997] demonstrate the high positive correlation of galactic CRF 
and cloudiness during long-term cosmic ray modulation in the 11-year 
solar activity cycle.



Fig.7. [Marsh and Svensmark,
Phys. Rev. Lett., 2000]. Global
average of monthly cloud 
anomalies for   (a) high (<440 
hPa), (b) middle (440 – 680 
hPa) and (c) low (>680 hPa) 
cloud cover. The cosmic rays 
represent neutron counts 
observed at Huancayo (cutoff 
rigidity 12.91 GeV) and 
normalized to October 1965.



Fig.8. How particles form 
and grow [Kulmala M., 
Nature, 2003]: Nucleation 
may involve homogeneous 
ternary water-sulfuric acid-
ammonia mixture or may be 
ion-induced.

The initial steps of growth include activation of inorganic clusters by soluble 
organic molecules, heterogeneous nucleation of insoluble organic vapors on 
inorganic clusters, and chemical reactions of organic molecules at surfaces of 
inorganic clusters. Finally, cloud condensation nuclei (CCN) form through 
addition of organic and sulfuric acid molecules.



Fig.9. Effect of aerosol on 
cloud droplet: mean cloud 
droplet effective radius 
(CDR) as a function of 
aerosol load [Breon et al.,
Science 2002]. The two 
curves show the mean  CDR 
as a function of aerosol 
index (AI) for land (lower 
curve) and ocean (upper 
curve).



Fig.9b. Effect of aerosol 
on cloud droplet.

On possible relation between cosmic rays-cloud and indirect aerosol effects
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where Vatm const is the total volume of the atmosphere, pi is the portion of the atmosphere vol-
ume "over the ocean" or "over the land", r kr reff is the mean radius of cloud droplets. 
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where Sland and Socean are the areas of land and oceans respectively; Sland /( Sland + Socean ) 0.29. 



Fig. 10

This minimum can be seemingly 
associated with the so-called 
precipitation threshold [Rosenfeld 
D., et. al., Science, 2002]. In further 
considerations, we take into account 
the left-hand portion (with respect to 
the minimum) only of this relation.

TbabrakV wweffww ,                               (6)
since (on basis of known experiments [Rosenfeld D., et. al., Science, 2002])

cloudrreff Tbar .                                            (7)

Then total volume of liquid and vapor water in atmosphere: 
TbaV wvwvvw .                                                (8)



On the one hand, such an influence must be conditioned on the effect of inverse correla-
tion between the magnitude of GCR and land temperature, T, which was experimentally ascer-
tained by Svensmark [Phys. Rev. Lett., 1998]. This fact can be conditionally written as follows 

               TGCR ,                                              (9)

where the arrows " " and " " show the increase and decrease of physical quantity respectively. 
On the other hand,  (on basis of known experiments [Rosenfeld D., et. al., Sci-

ence, 2002]), 
                       cloudrreff Tbar .                                                      (7)

Hereinafter, taking into account the Eddington approximation for the outer boundary of
atmosphere, we suppose that Tcloud ~ const T. Then, subject to Eqs. (7) and (1), the following
conditional dependence can be written 

                         AIrT eff .                                (10)



At last, by virtue of dependences (7)-(9)-(10) 

GCRAI
We can suppose that it is possible to take into account the additional influence of GCR intensity
variation GCR in the atmosphere on aerosol index (AI) distribution as additional variation of to-
tal volume Vw+v , which was obtained by Eq. (1): 
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where following approximate equations are using: 

      
00M
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Here M  is relatively geomagnetic paleointensity, which measured for past 2.25 million years
[Yamasaki T. and Oda H., Science, 2002], 0 and M0 are cosmic rays flux and Earth’s magnetic
field measured, for example, in October 1965. [Svensmark H., Phys. Rev. Lett., 1998].



Catastrophe theory and energy-balance model of global climate

Fig.11. Balance of the absorbed 
and emitted energy currents on 
the surface of the Earth. With 
the purpose of simplification, 
we not consider other 
greenhouse gases. 

Since the radiant equilibrium can be achieved at time scales of 104 years, the inclusion 
of greenhouse effect results in the following energy-balance equations for the ECS (see also 
Fig. 11)
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where the first member of equations U(T,t), if it not equals to zero, describes a magnitude of so-
called "inertial" rate of heat variations in the ECS; PSun(t)=(1/4)S(t) is the heat flow of solar
radiation at the top of atmosphere (W); S(t) is the insolation (W/m2); is the albedo of ECS;
IEarth= ( T4), W; =0.95;  is the Stephen-Boltzmann constant; T is the temperature of Earth's
surface (K);  is the area of atmosphere outer boundary (m2); t is the time, for which the energy
balance is considered. 



 It is obvious that Eq. (11) for mean total volume of liquid water in the atmosphere allows
writing down the following relation for the rate of re-emission 

           wwww VtTG ),( ,                                          (15)

where w is the mean radiant power for the unit mass of liquid water, w is the density of liquid wa-
ter. 
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The expression for the rate of heat energy re-emitted by the water vapour can be similarly derived: 
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where v is the mean radiant power for the unit mass of water vapour, v is the density of water va-
pour. 



To examine a question on the functional dependence for the rate of heat energy 
2COG (T,t)

on the temperature of ECS, use the analysis of known experimental data on the variations of
temperature and carbon dioxide content over the past 420 kyr from the Vostok ice core [Petit et
al., Nature, 1999]. It is obvious that these data are highly linear correlated. Therefore, it can be
supposed that the dependence for the rate of heat energy on the temperature of ECS is also linear
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It must be added that the dependence for the effective value of albedo on the temperature
of ECS is chosen as the continuous parameterization 

                           )273(0 T .                                           (19)

Equation (19) represents well, for example, the behaviour of albedo (under 0=0.7012,
=0.0295 K-1) in the temperature range of 282-290 K. 



Finally, assembling all partial contributions of heat fluxes (16)-(18) and IEarth = ( T4)
into the final energy-balance expression (14), we derive 
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Let us remind that the normalized variations of insolation, Ŝ =(S S0)/ S, with mean value 
Ŝ =0 and dispersion 2

Ŝ =1 is applied more often for the simulation of the ECS. 
Deriving an equation in the form of Eq. (20) with respect to , the following expression

for the increment of heat rate U  can be defined 
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The canonical form of the variety of the fold catastrophe, which represents a set of points
)~,~,( baT , satisfies the equation (see Fig. 6a): 
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Thus the general bifurcation problem contained in the arriving at a solution (t) is re-
duced to the determination of the solution set of Eq. (22) for the appropriate joint trajectory

)(~),(~ tbta  in the space of controlling parameters (Fig. 12). 

Fig.12. The canonical view of variety
of the fold catastrophe as a set of
points )~,~,( baT  comply with Eq.
(28); hatched lines are the unstable re-
gions for solutions of Eq. (28). 
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where w+v w v, i.e. it is supposed that the mean radiant powers
of water vapour and liquid water are equal, t =10 kyr time scale 
resolution . 



Numerical experiment

Model of climatic response insolation and
magnetic field variations of the past 730 kyr
compared with isotopic temperature data on
climate of the past 420 kyr. Variations in or-
bital eccentricity (a) and insolation (b) at 65 N
at the summer solstice over the past 730 kyr 
[Berger, 1978]. Variations of magnetic pa-
leointensity (c) over the past 730 kyr [Yama-
saki and Oda, 2002] and adapted data (d) of
magnetic paleointensity (c). Vostok time series 
of isotopic temperature TS (e) at the surface 
[Petit et al., 1999] and result of our model cal-
culated (f)  by Eq. (28): evolution of the in-
crement of temperature T relative to the av-
erage temperature T0=286.6 K over the past
730 kyr. Any underestimates of temperature 
changes TS ( ) are defined by underestimates 
in the design formulae ( ), where T1 is the 
temperature at the atmospheric (inversion) 
level, Dice and 18Osw is the globally aver-
aged change from today’s value of isotopic
content of snow Dice and seawater 18O re-
spectively. Dotted line (f) is the solution of bi-
furcation equation (28) under fixed magnetic 
field ( 2)(tM n ). 



• Fig.13. Comparison of time series of 
seawater 18O (ice volume proxy) 
from (a) Bassinot et al. [36] and (c) 
Tidemann et al. [37] with time series 
(b) of climatic sensitivity w+v (ice
volume proxy) calculated by Eq. (38). 
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where WK and K is the modified Kramer’s rate Kramer’s time 
[38],
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the residence-time distribution (44) a series 
of peaks, centered of odd multiples of the half driving period
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At large noise, the term x causing the asymmetry in (39) (40) can be 
neglected. ,

abrupt glacial climate changes 
due to SR [40] (t), (42)

:
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A weak-
forcing limit Axm << ( U (x,t)) = U (0) U (xm). Here, xm=
denote the potential minima and ( U (x,t))= the potential barrier, (t) is a 
white Gaussian zero-mean-valid noise with correlation function (t), (0) =2D (t) .
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(43)
climate model [40]

“ ” the residence-time distribution. 
, the modeled warm events, 

the residence-time distribution, 
of the Dansgaard-Oeschger events recorded in Greenland ice 

and other climate archives [40].
, ,

“doubling CO2”. time-dependent
,

( . (26)): radiation
forcing of total mass water (vapour and liquid) 

radiation forcing of CO2. (26)
, t=0 730 kyr (
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anthropogenic perturbation 

, present-day
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It can be concluded from the above mentioned that the 
most important, in our opinion, statement of presented model 
is the fact that the Earth climate, on the one hand, is 
completely defined by the two controlling parameters –
insolation and galactic cosmic rays – and, in the other hand, 
is quite predictable on the millennial time scales if only 
theoretical or experimental values on long-term variations of 
relative of relative paleointensity are present.)(tM

Conclusions




