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Abstract. Various aspects of the connection between I1l. RESULTS
cloud cover (CC) and cosmic rays (CR) areanalysed. A | ong-term variations and the fraction of LCC corre-
We argue that the anticorrelation between the tem- |14 \rith CR intensity
poral behaviour of low (LCC) and middle (MCC)
clouds evidences against the causal connection be-
tween them and CR. Nevertheless, if a part of low
clouds (LCC) is connected and varies with CR, then
its most likely value averaged over the Globe should
not exceed 20% at the two standard deviation level.
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|I. INTRODUCTION

A correlation between CR intensity and global LCC
was observed for the first time more than 10 yearsg

ago [1], [2] and led to a new direction in science g Fx m A |
- cosmoclimatology [[3]. It is based on the conceptjom | Jb“\*ﬂv“\ A . MUMA% !
of a causal relationship between CR and CC. Somes 3 - kWWW\/W V V

arguments against this causality were presentedlin [4f
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. The purpose of this study is to continue further an 98¢ 1988 1990 1992 1994 1996
analysis of possible reasons for the observed correlatlog = bfg,;gﬁ,o,mw L0C va. OR lang—term corvalction ©
between CR and LCC : bes(‘ fit = 0.97827 + 0.01775%x**8.6. o

[I. INPUT DATA - '

As the input CC data, we took the same observationg
with weather satellites ( ISCCP project ) that were used” =
in [1], [2]. We analysed sky fractions covered by clouds, ' ' CR relative intensity
averaged over observation months (D2 series). In coms
pliance with the ISCCP cloud height classification mades
according to the pressure at their upper boundary, cloud$
were separated into low (LCE680 hPa), medium
(MCC, 440-680 hPa) and high (HC&440hPa). Be-
cause of the ongoing discussion on the calibratio .
quality of ISCCP radiometers after 1996 [5] we used CR relative deviation
both the data obtained earlier, during the 22nd cycle
of solar activity (July 1986 - December 1995), and the
complete set of data, till 2005. For comparison of CEig. 1. CR and LCC variations and their correlation during #2nd
and CR variations we used the data from several neutrexgle of solar activity. (a) CR variation (counting rate etClimax

; ; .+, heutron monitor); (b) global LCC variation; (c) correlatiof CR and
monitors of the worldwide network (Thule, Apatity, LCC variations with respect to their average levels over ftkeod

Moscow, Climax, Huancayo). 1986-1996 (long-term correlationp, = 0.157 + 0.023,7 = 0.538,

In an analysis of the latitude dependence of CR anik best fit is0.978 + 0.018z%67; (d) correlation of CR and LCC

P ; : : ariations with respect to the average temporal evolutionves -
LCC variations we split the entire latitude range (fronfo @0 L5 185Re Figures 1a Ay (ghon_term cormmi

—90° to 90°) into nine equal intervals o20° width. 4 = —0.055+0.057, » = —0.0904. The short-dash lines in all panels

We also analysed the dynamics of global (i.e. globev+e the average levels over the period 1986-1996, the laap-tines

averaged) CC. To better reveal the CC variations of nofj--'9ures 1c and 1d are linear regression lines with a slopiee thin
. 2 . srpooth line in Fig.1c is the best power-law fit to the scattet, @nd

trivial origin, we subtracted the winter-summer seasonals ihe correlation coefficient.

variations from the temporal curves, although in some

cases seasonal variations were considered as well. Figure 1 shows the temporal evolution of (a) CR
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intensity, (b) global LCC and (c) the correlation of CRecorrelations in short-time CR and LCC variations, we
and LCC deviations from their means. To illustrate thexcluded the contribution from long-term variations. For
CR intensity evolution we took as a proxy the data ahis purpose we approximated the temporal evolution
the Climax monitor, which is situated at a latitude obf CR and LCC by a fifth-order polynomial (smooth
39.4°N. The CR intensity fluctuations at other latitudesolid lines in Figures 1a and 1b) and calculated devi-
show qualitatively similar temporal behavior, althouglations from this approximation. Because we used the
with different variation amplitudes. The CR and LCOmonthly averaged D2-series data, this analysis is related
deviations from their means are positively correlatedo monthly variations. We did not find any statistically
The linear regression slope is 0.250.023 and the significant correlations between the CR intensity and
corresponding correlation coefficient is 0.538, whiclglobal LCC. The estimated regression line slope is
confirms the existence of positive correlation betwedn= —0.055 + 0.057 and the corresponding correlation
CR and LCC that was found inl[1],][2]. coefficient is -0.090 (Fig.1d). This negative result is in
However, an attempt to understand what is the reasilirect agreement with the absence of even shorter (few
and what is the consequence here failed. We wantddys) correlations ( Forbush decreases, CR ground-level
to find a possible time shift between the CR and LC@nhancements ) pointed out n [4]] [6].

variations by the method of least squares. However, ) ,

it turned out that the sum of squared deviations h&s Latitude dependence of correlations between CC and

a flat broad minimum at a respective shift of the c®R

and LCC curves from -11 to +6 months. That is , one Because the CR intensity depends on the latitude it is
cannot say which variation is the cause and which is tleasonable to analyse the variation of CC characteristics
consequence. with latitude. Figure 2a shows the latitude dependence
On the assumption that CR are indeed responsible for

at least some part of the CC one can use the observed

correlation to estimate this part. This estimation depends R ‘

on the model for the relationship between CR and LCC. _ | 7l sreies = uee” «
With a linear model &/(A) = a + b(I/{I))¢, where -l

c¢=1; A and/ are the cloud coverage and CR intensity
respectively; andA) and () are their mean values ),
the regression slopé = 0.157 gives the CC fraction
related to CR, to be approximately 16%. Within two ‘ ‘ ‘ |
standard deviations this fraction should not exceed 20%. ~ —s° -so -0 -=20 o " 20 4o 0 &0
However, a least-squares estimation of the parameters _

a,b and ¢ shows that the relation between CR andz |@ieces=wes

open stars — HCC
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a = 0.978,b = 0.018 and ¢ = 8.65 ( thin solid line in
Fig.1c ). This shows that the most likely CC fraction
related to CR does not exceed 2%.

The above conclusion is valid only if the models of =
relationship between CR and LCC are correct and the © —sc —so -0 -
CR variations at the Climax latitude,40° N, adequately

describe the global variation picture. Foer< 1 the

CC fraction which positively correlates with CR carfig- 2. The latitude _dependence of CQ characteristics: taplate
b h higher. Unfortunatelv. because of the relative alues of LCC (open circles), MCC (full circles) and HCC (optars).
€ muc gher. Y, M) LCC, MCC and HCC correlations with CR (Climax). Notatsoare

small magnitude of CR and LCC variations one cannge same as in (a).
reliably estimate the parameteand thus evaluate more
precisely the positively correlated CC fraction. Althouglof LCC, MCC and HCC. It is seen that there is a small
the method of least squares is more adequate>atl, minimum for LCC in the equatorial region, which could
in the domain of available experimental data (Fig.1d)e connected with the reduction of CR intensity, but
the behavior of the curves for different values ofs it is not confirmed by the local maxima in MCC and
similar, as well as the corresponding sums of the squarkl€C. In polar regions, where the CR intensity is the
deviations. highest, there is an opposite decrease of LCC, which
apparently is connected with the dominant influence of
the atmospheric conditions, eg. low temperatures. The
Figure 1 and the analysis given in the previousighest LCC is in the southern latitude bands with the
section concern the total variations of CR and LC@rgest part of the area occupied by oceans, i.e. with a
relative to their average values. The main contribution t@latively large density of water vapor.
these variations is from the long-term variations relatethe altitude dependence of CC does not correspond to
to the 11-year solar activity cycle. To reveal possiblthe altitude dependence of the CR intensity: a further bad
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feature. In most of the latitude bands, MCC and HCC IV. DISCUSSION

are S”.‘a”e.r .than I.‘CC’ WhiCh s op.posite to CR with thgir In our opinion the analysis performed here, as well
intensity rising with height. All this shows that even 'fas our previous arguments [4], gives grounds to assert
there is a causal connection between CR and LCC, H,§ '

. . . ’ tat CR are not the dominant factor leading to CC
character is more complicated than a direct and POSItiy& 1\ ation. The negative correlation of LCC and MCC
correlation. : '

. ost prominent in the tropics and subtropics and at
we ha\{e a[ready_mentloned that the global LCC'C&:e latitudes where one can expect excess water vapor
correlation is positiver = 0.538. Figure 2b shows

. } formation, allows one to turn to the traditional picture
thg !atltude depenQence of the CC-CR correlation ¢ lescribing the main reasons for cloud formation that are
efficient. Herg again we used as a proxy'of the C nnected with solar activity.
temporal varl_atlons Just the neutron counting rate aéolar radiation increases together with the number of
Climax. In spite of the latitude dependence of the CR
variation amplitude, the value of the LCC-CR correlation
coefficient does not depend on this amplitude due to
the similarity of the temporal behavior of CR variations °.
at different latitude bands. It is remarkable to note that ; ~
in most latitude bands, MCC and HCC have negativeg
correlation with CR in contrast to the positive LCC-CR &=
correlation which was the main argument for the claimed-®
causal CR-CC connection![1].][2].

Global ter'nperature

D. Negative correlations of LCC and MCC

Figure 3 shows the latitude dependence of the sen
sitivity and correlation between MCC and LCC. The
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Fig. 3. The latitude dependence of the sensitivity (slépef the
linear regression line) of MCC to LCC variations (full linajpd their

correlation coefficient- (dashed line).

sensitivity of one variable to another, according to the
definition [7], is the derivative of the first variable on
the second in log-coordinates. In our case the sensitivitig. 4. Temporal evolution of the surface temperature (€CHb),

is the slope of the linear regression lihén the MCC- MCC () and LCC (d) during two last cycles of solar activityhel
dotted line in panel (a) is the average temperature in thie @&ttury.

LCC plot. One can notice two features: Dotted lines in panels (b)-(d) show the average CC level dher
(i) the sensitivity of MCC to LCC and MCC-LCC measurement period 1984-2005.

correlation coefficient are negative at all latitudes, viahic

is another support of their global anticorrelation. Theunspots in the middle of the solar cycle. This radiation
negative sensitivity of MCC to LCC is difficult to explainis strongest in the tropics and subtropics. Although the
in the framework of the causal connection between Ce@lative increase in radiation intensity is insignificant
and CR, since the rise of the CR intensity has to chan¢e0.1%), it leads to an increase in the average ground-
CC similarly at all altitudes; level temperature and enhances vertical convective flows
(ii) the highest negative sensitivity and the correlationf heated air. Since the cloud height in the ISCCP
between MCC and LCC is observed in tropical andxperiment is classified according to the pressure at the
subtropical regiond = —30°/ + 30° as well as in upper cloud boundary, the convective lift of clouds to
southern latitude bands with the highest fraction dfigher altitudes leads to a redistribution of the assigned
water: £ = —45°/ — 65°. altitudes. That is, it decreases LCC and increases MCC,



4 ERLYKIN et al. COSMIC RAYS AND CLOUDS

which is reflected in the negative correlations of LCC surface of the ocean. The simultaneous reduction
and MCC. Thus, an increase in convective flows leadd LCC and of CR intensity is not evidence for a
to a significant strengthening~@%) of the effect of causal relationship between these two phenomena. They
increased solar radiation. correlate due to the presence of a common driving force:
Along with the periodic variations of the ground-levethanges in solar activity.

Earth’s temperature, related to the periodicity of solakcknowledgments
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which are negatively correlated. The data on the graphs
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