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ABSTRACT

Our analysisof the nawv ISCCP (InternationalSatellite
Cloud Climatology Project) D2 cloud datarevealsthat
thereis a correspondencbetweenthe low cloud cover
andthe galacticcosmicray flux. Using several proxies
for solaractiity andthe radiative forcing for the ISCCP
cloud types, we estimatethe possibleimpactthat such
a solarterrestrialconnectionmay have on climate and
find that much of the warmingof the pastcenturycould
be quantitatvely accountedor by the directandindirect
effectsof solaractvity. We have alsoanalysedhe be-
haviour of the available proxiesfor cloud cover existing
for thelastcenturysearchindor thecloudcoverdecrease
predictedby the low cloud- cosmicray flux correlation.
Thesunshinegecordsandthe synopticcloudrecordsoth
indicatethatthetotal cloud cover over the oceansdasin-
creasedluringthepastcenturybut the evidencefor alow
clouddecreasés unclear
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1. INTRODUCTION

The extent to which the recentglobal warming hasan
anthropogeniorigin (e.g. via the enhancedyreenhouse
effect) asopposedo a naturalorigin (e.g. throughvol-
canicactivity or solarvariability) is of crucialimportance
for ourunderstandingf how the Earth’s climatehasvar-
ied in the pastandhow it may vary in future. Detailed
fits of global and hemisphericatemperaturesincethe
mid-19thcenturywith empiricalmodelsinvolving theen-
hancedgreenhouseffect andsolarvariability requireat
leastoneparametelinkedto solaractvity for a satisfac-
tory fit in the mid-20thcentury(Kelly & Wigley, 1992;
Soonetal., 1996).

A possiblemodulationof the Earth’s albedoby changes
in cloudinesgesultingfrom changesn theflux of galac-
tic cosmic rays was proposedby Svensmark& Friis-
Christensse(i1997). Thismechanisntiookedparticularly
promisingaftera strongcorrelationbetweercloudfactor
over mid-latitudeoceansand cosmicray flux wasfound
by theseauthorsfor the period 1984-1991. They sug-
gestedhat cosmicrays promotethe formationof terres-
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Figure 1. Total cloud cover (solid thick line) and low
cloud cover (brokenline) over the S-C areas as obtained
with the D2 dataset frominfrared (low clouds) and visual
plus infrared (total cloud) observations. The solid thin
line represents the Climax Cosmic Ray Flux scaled for
comparison. (from Palle and Butler, 2000a)

trial cloudsthroughionizationof particlesin the tropo-

sphere As boththeflux andtheenegy spectrunmof cos-

mic raysareknown to bemodulatedy theinterplanetary
magnetidield, whichin turnis stronglyinfluencedoy the

magneticfield of the Sun, it is feasiblethat cosmicrays

provide thelink wherebysolaractiity affectsthe global

climate(Svensmark1998). Herewe will analyserecent
evidenceto supporthislink.

2. CORRELATION BETWEENCOSMICRAY
FLUX AND CLOUD FACTORS

Our first objective wasto ascertairwhetheror not pre-
vious reports (Svensmark& Friis-Christenssen1997;
Svensmark,1998), that the total cloud cover over mid-
latitude oceans,excluding the tropics, (hereafterSFC
zones)correlatesstronglywith cosmicray flux, aresub-
stantiatecby a new improvedsatelliteclouddataset(1S-
CCPD2). In Figurel we plot thetotal cloud cover over
this latituderangetogethemith the cosmicray flux, suit-
ably scaledfor overlap. We notethata closecorrespon-
dencebetweerthe cosmicray flux andtotal cloud cover
is maintainedrrom 1983till 1991,the periodpreviously
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Figure 2. The 12-month running mean of the total, low-
level, mid-level and high-level cloud cover for the period
1983-1995 covered by the ISCCP D2 dataset. Five dif-
ferent series are represented in each panel, ordered from
bottom to the top as follows: Cloud cover over the whole
Earth, the tropics (+22°.5), mid-latitudes (+ 22°.5 = +
60°), the SFC zones (ocean areas excluding the tropics)
and poles (& 60° = =+ 90°). Cloud cover ismeasured as
the fraction of the sky covered by clouds. The amplitude
of the cloud cover variation is real, but the mean value
is shifted for plotting purposes. (from Palle and Buitler,
2000a)

studiedby SvensmarkandFriis-Christensse(iL997),but
that subsequento this, the curves diverge. Thus,when
we includethe datafrom 1992to 1994, we find thatthe
new D2 dataserieddoesnot confirmthepreviousfindings
in respecto the total cloud cover. Insteadthe correla-
tion with the galacticcosmicray flux now appearsnore
stronglycorrelatedwith thelow cloud cover.

In Figure 2 we shov the meanmonthly cloud factors
for selectedregions (describedon the caption)for low,
mediumandhigh altitudeclouds(2, 4.5and10 km mean
altitude respectiely), each smoothedwith a twelve-
monthfilter to eliminateseasonakffects. We note the
following: (1) the good correlationbetweentotal cloud
factorandcosmicray flux from 1983-91breaksdown af-
ter 1991;(2) the high level andmid-level cloudsshowv no
systematiwvariationovertheperiod1983-94;(3) thelow-
level cloudsfor all latitudezonesexcludingthe polesare
well correlatedwith the cosmicray flux over the period
1983-94.

3. ESTIMATING CLOUD FORCING

The role of cloudsin climate is still not well under
stood;they have two oppositeeffects. On the onehand
they tendto coolthe climateby reflectingshort-wae so-
lar radiation back to space,and on the otherto warm
the climate by trappingthe long-wave radiationemitted
from the Earth’s surface. The balanceof thesetwo ef-
fectsis in partdeterminedoy the cloud height; on aver-
agelow cloudsare believed to cool and high cloudsto
warm the climate (Ockert-Bell& Hartmann,1992; Ra-
manatharetal., 1989). Providedthe above correlationis
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Figure 3. The 11-year smoothed reconstructed cloud
cover for the whole Earth derived from the Zurich
Sunspot number (middle ling) and the aaindex (top line).
In addition we plot the reconstructed cloud cover factor
for the whole Earth derived from the 11-year mean He-
liocentric potential (longer line).

maintainedover long periods,a reducedow-cloud fac-
tor would be expectedduring high solaractivity, andthe
increasedsolaractivity in recentdecadesvould translate
into a globaldecreasén thelow, cooling cloudsthereby
contrituting to globalwarming(Svensmark1998).

In orderto makea predictionof thelow cloudfactor, ear
lier in the 20thcenturyandin the 19thcenturywhencos-
mic ray fluxesareunavailable,we have alsodetermined
theregressiorrelationsbetweerthe SunspoNumber the
<aa> index andthelow cloudfactorasdeterminedrom
the ISCCP-D2data. For even longerperiods,extending
backbeforethe 19th century we usethe HeliocentricPo-
tential, an interplanetarymagneticfield index calculated
by O'Brien (1979)which is basedon the carbonisotope
concentratiorin tree-rings.

Fromthe regressiorbetweerthe variousactvity indices
andthelow cloudfactorover theinterval 1983-1994we
canmakea predictionof thechangen averagdow cloud
factor sincethelate 19th century The resultsindicatea
decreasén low cloud factor by about1% over the past
one hundredyears(seeFigure 3), leadingto a reduced
albedoand positive radiationforcing in recentdecades.
Togetherwith theincreasedorcing from theincreasen
solarirradiancethisleadsto atotal solaractivity induced
changeén theglobalmeantemperaturef ~ 0.5°C which
is closeto the obsered increaseof 0.55°C since 1900
(Leané& Rind, 1998;Jones& Briffa, 1992).

Similarly, we cancomputefrom the changein *C lev-
els, (via the HeliocentricPotential) the effect of activity
inducedcloudinesson temperaturein the late 17th and
early 18th centuriesduring the MaunderMinimum. We
derive a cloudinducedglobal cooling of 0.5° duringthis
periodcomparedo moderntemperaturesThis together
with a cooling of 0.32C from an inferred reducedso-
lar irradianceof ~0.25%at thattime (Rind & Overpeck,
1993)impliesa combinedcoolingof 0.82°C, reasonably
closeto the valueof ~ 1.0°C believedto have occurred
atthistime.
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Figure 4. Total annual sunshine hours for the four Irish
sites (1881-1998).

Thedetailsof thesecalculationsaregivenin Palle & But-
ler (2000a).They aresubjectto severalassumptionsin-
cluding: (1) the correlationbetweenow cloud andcos-
mic ray flux is maintainedverlongtime scales(2) other
cloud typesremain constant;(3) that thereis no addi-
tional changein the cloud factor from global warming,
i.e. nofeedback.

4. OTHERCLOUD DATA AND CLOUD PROXIES

The above analysis,working from the obsered correla-
tion of low cloudfactorwith cosmicraysandsolaractiv-
ity indices,hasseriousimplicationsfor our understand-
ing of the causesf climate changein the pastcentury
as it suggestghat most of the global warming during
this period can be attributedto the combineddirect (ir-
radiance)and indirect (low cloud factor) effects of so-
lar activity. However the actualamountof the varia-
tion in cloud factor predictedis small (~1%) andcould
easily be swampedby otherfactors. In this respectwe
notethattheabove correlationappliesonly to low clouds
whereas comprehense forcing computatiorwould re-
quireknowledgeof the variability of cloudsat all levels.
It is important,therefore to examineary otherevidence
we canfind thatcouldgive usactualmeasuredloudfac-
torsover the pastcentury

Since satellite-basedtloud recordsdo not extend for

morethana coupleof decades@ndcalibrationproblems
betweerthe existing datasetslo not allow a straightfor-

wardcomparisonye have examinedcloudproxyrecords
and synoptic cloud obsenations, both measuredrom

groundstations,to study the cloud cover behaiour on

time scaledongerthanadecade.

One such relevant cloud proxy is sunshineduration.
Daily record=f thedurationof brightsunshinénave been
obtainedat four stationsin IrelandsinceMay 1880using
astandarcdCampbell-Sokessunshingecordef(Obsenrers
Handbook]1982). Two arelocatedin the eastof Ireland;
atArmaghObsenatoryandTheOrdnancesurey Office,
PhoenixPark, Dublin; onein the extremewestat valen-
tia Island/Cahircieen,Co Kerry; andthe fourth, in the

Figure 5. Adapted from Norris (1999). Yearly global
mean departure (thick dash) and zonal mean departures
(thin) from long-term mean daytime total cloud cover
over the ocean. Zonal means are for 10°-lat bands be-
tween 60°N and 40°S. Units are percent sky cover. Three-
year running mean smoothing was applied.

midlandsat Birr Castle Co Offaly.

Themostprominentfeatureof the data,for all four sites,
is a gradualdeclinein the total annualsunshinehours
over much,if notall, of the118yearperiodduringwhich
recordshave beenobtained(seeFigure 4). The effect
is particularly conspicuousat the most westerlysite of
Valentialsland/Cahircieen,on the CountyKerry coast,
where the number of sunshinehours has droppedby
~ 20% sincethe end of the lastcentury If we plot the
seasonativeragesthegradualdecreasés seenin all sta-
tionsin mostseasons.Similar resultswere reportedby
Stanhill (1998) using recordsof sunshinedurationover
Israel,thoughover a shortertime thantheIrish records.

The sunshinedata has beenshowvn to be a very good
proxy for total cloud cover over monthly to yearly time

scales, at least over the Irish region (Pallé & Butler,

2000b). Unfortunatelythe sunshinerecordsare related
only to the total cloud factoranddo not give usary in-

formationon cloudtype. It canalsobe aguedthatthe
sunshingecordsarealocalmeasuremergndthattheob-

sened trendsare not necessarilysimilar for otherareas.
However, Pallé & Butler (2000b)comparedhe variabil-

ity of the ISCCPD2 satellitecloud recordsover Ireland
andotherareaf theglobeandfoundthatthelrish cloud
variability is very similar to thewhole North Atlantic re-

gion andin generalto all mid-latitude oceanicregions,
overtheperiodcomprisedy thedata(July 1983-August
1994).Thusit seemghatthesunshindactoroverIreland
couldbeparticularlyusefulin indicatingwider trends.

If theIrish sunshinalataareindeedrelevantto theglobal
trendthey would indicatea rise in the total cloud factor
sincethe late 19th century whereaghe low cloud- cos-
mic ray correlationwould predictafall in low cloudfac-
tor over the sameperiod. Oneexplanationcould be that
high cloud hasincreasedn this periodto a greaterex-
tentthanlow cloud hasdecreasedAs, on average high
cloudswarmandlow cloudscool the climate,increased
high cloud anddecreasetbw cloud would both give an
additionalpositive radiative forcing incremento the so-
lar irradianceorcing therebyleadingto furtherenhanced
globalwarming.



Table 1. Sunshine records and synoptic cloud data compilations from the ground. Satellite cloud measurements from
different satellite measurements are also displayed, however the short duration of those records makes them unsuitable
for long-term studies. References: ! Palle and Butler, 2000b; 2Stanhill, 1998a; *Sahle et al., 1991; *Sun and Groissman,
2000; ®Norris, 1999; ¢ Sun and Groissman, 2000; Karl et al., 1995; Liepert, 1997; DCSCVC, 1998 and therein; ? Sanhill,
1998b and therein; Liepert, 1997; ®Kernthaler et al., 1999; °Palle and Butler, 2000a; '°Kristjansson and Kristiansen,

2000; *'Menzel et al., 1996.

Dataset Total CloudCover  Low Clouds  High Clouds Period

Ground Data

1Sunshinen Ireland(decrease) Increase - - 1881-1998
2Sunshinen Israel(decrease) Increase - - 1979-1995
3Sunshing?) CentralUSA (tree-rings) Stable - - 1700-1980
*SynopticCloudsover FUSSR Increase Decrease Increase 1936-1990
®>SynopticCloudover Oceans Increase Increase - 1952-1995
6Synp.Cloud (Austr, N.Am, India, Europe,..) Increase - Increase 1900-1990
"Ground-basedolarradiation(various) Increase - - 1960-2000

Satellite Data

8|SCCPC2 Stable - Increase 1983-1991
°|ISCCPD2 Stable CRF-Decrease  Stable 1983-1994
1°DMSP (watercloudsover Oceans) Increase - - 1988-1999

1HIRS (only Cirrus) -

- Increase 1989-1996

A secondsetof recordswve explorearethesynopticcloud
obsenations. Synopticobsenationsof total cloud cover

aretakenin mary obsenatoriesworldwide. The proce-
durefor the measurements simple,at certaintimesof

the day the obserer notesthe numberof ocktas(1/8 th

of the sky) coveredby clouds. A totally overcastsky is

registeredd andaclearsky 0. At somestationscoverage
by differentcloudtypesis alsorecorded.

Obsenations of synoptic cloud cover over the oceans
from volunteer ships since 1952 have been compiled
and analysedby Norris (1999). Norris found that the
globalmearcloudcover overtheoceansasincreasedy
1.9%((sky cover) betweerl952and1995(seeFigure5).
Global meanlow cloud cover is obseredto increaseby
3.6%duringthesameperiod. Trendsin zonalmeancloud
cover in 10°-lat bandsbetween0°N and40°S wereall
foundto be positive. Several possibleartifactswere ex-
aminedbut it wasconsideredinlikely thatthey could ex-
plainthe obseredinterdecadavariability. Norris (1999)
concludeshowever, thatthetrendscannotbeaccepteds
realuntil they have beencorroboratedy relatedmeteo-
rologicalparametersindsatellite-basedheasurements.

Sun & Groissman(2000), have studiedsynopticcloud
cover variationsover the former USSR from 1936 to
1990. They find high cloud to be increasingand low
clouddecreasingvith thetotal cloudincreasingver this
period. Thoughfor a continental,as opposedo a mar
itime climate region, thesefindings are pretty much in
line with the sortof trendssuggeste@arlierby theIrish
sunshinedata and the cosmicray - low cloud correla-
tion. Thoughthetotal cloudtrendsaresimilar, it is diffi-

cult to reconcilethe resultsby Norris (1999)andby Sun
& Groissman(2000)on low clouds,otherthanto point
out that they refer to very differentregions. However,
it shouldbe notedthatthe Sun& Groissmartrendsare
very statisticallysignificantwhereaghoseby by Norris
areproneto mary systematieffectssuchasmightarise
from achangen thelatitudeof preferredshippinglanes.

Similar reportsto thoseof Norris (1999) and Sun and
Groissmar(2000),usingcloudsynopticobsenationsare
describedn Tablel. They all shav anincreasingtrend
in total cloud cover. No othergeneralstudies(involving
morethanone particularstation)aboutspecificsynoptic
cloudtypevariability areknown to theauthors.

In Table1 we referalsoto the reductionin groundsolar
radiationlevels reportedat a world-wide rangeof sites
during the last 40 years(Stanhill, 1998 and references
therein),suggesting total cloud cover increase. How-
ever, suchradiationdecreaselave not beenalwaysac-
companiedy anincreasen cloudcover andits possible
thatchangesn cloudtypeor atmospherior cloudtrans-
pareng couldberesponsible.

Thusit appearghatthe 'historical’ cloud datasetgsun-
shineandsynopticcloud) indicatea generalincreasen
thetotal cloud cover duringthelastcenturyor at leastin
recentdecadesTheevidencefor low cloudtrendsis less
clearthoughit doesnot rule out a decreasén line with
the predictionfrom solaractvity levels.

A compilation of cloud satellite measuremenis given
in Table 1, however the shorttime spanof the datasets
(thelongestis thelSCCPD2 coveringlittle morethan11



years)makeghemunsuitabldor suchlong-termstudies.
Cloud typesreportedas stableasin the caseof ISCCP
C2 andD2 arein fact quite variableanda definitetrend

cannot be clearlyestablishedIn factthe only two clear
trendsare the increasingtrendsfound for DMSP (De-

fenceMeteorologicalSatelliteProject)satellites detect-
ing liquid cloudsover the oceansandthe cirrus clouds
detectedby the HIRS (High-resolutioninfrared Radia-
tion Sounder). The decreasingrendin the low cloud

cover from thelSCCPD?2 is inferredonly on basisof the

possiblecosmicrayinfluence Howeverthesatellitemea-
surementslonot disputethegeneratonclusionseached
usingthe’historical’ data.

5. WHAT IS CAUSING THE TOTAL CLOUD
INCREASE?

We have seenin the previous sectionhow the available
proxiesfor cloudsseemgo indicatethattotal cloudcover

hasbeernincreasingverthelastcentury Butwhatarethe

reasondor the change?Certainlya connectiorbetween
enepgetic particlesenteringtheatmospherandthe cloud

formationwould explain a decreasehut not the opposite
trend.

Could the long term trend in total cloud resultfrom a
meanair and seasurfacetemperaturencrease?An in-

creasein cloud formation might be expectedfrom an
increasein evaporationratesfollowing the rise in sea-
surfacetemperaturesvhich have accompaniedglobal
warming(Reid, 1987). Little is known aboutthe effects
thata changedn temperaturavill have on clouds.Global
circulationmodelspredicta cloudamountdecreasahen
climatewarms(Cess,1996)which hasnot beenseen.A

progressie moisteningof the atmospheréasbeenseen
(Wentzand Schabel 2000). However, sincetherelative

humidity hasremainecconstantanincreasen thewater
contentof the atmospheravould not necessarilyeadto

anincreasen cloudfactor.

An increasean tropospheri@aerosolould alsogive rise
to increasedcloud formation. However Norris (1999)
statedthatthe 10°-lat bandstrendsin synopticcloud ob-
senationsbetween60°N and40°S, are generallylarger
for the SouthernHemisphereand Tropics than trends
in the mid-latitude Northern Hemisphere. For Norris
(1999),this aguesagainstattribution of increasedtloud
cover to increasedanthropogeni@erosolsandsuggests
thatit is possiblethatglobalcloudcover is respondingo
someotherglobalparametemperhapglobaltemperature.
Pallé & Butler (2000b)found a correlationbetweenthe
sunshingecordsover Irelandandthe solarcycle length.
Sincethe sunspotycle lengthwasshawn to be strongly
relatedto the NH air temperaturgFriis-Christenssei&
Lassen,1991),they concludedhatin the vicinity of Ire-
land, it seemdikely that decreasedunshinehours(in-
creaseccloudinessyesultsfrom the increasedempera-
turesassociateavith globalwarming

Anothereffect to takeinto consideratioris the effect of
increasedaircraft traffic. In mary of the siteswherea
decreasén total solarirradiancehasbeenfound, anin-
creasingrendof cirruscloudformationhasalsobeende-

tected. A shift from stratiformto higherfrequenciesof

corvective cloudshasalsobeenobsered(Liepert,1997;
Stanhill, 1998). Finally, anothermossibilitycould be nat-

ural weathervariability associatedvith shiftsin weather
patterns.

6. CONCLUSIONS

Thereappears$o beasignificantcorrespondendeetween
the low cloud cover as seenfrom modernsatellite data
andthe galacticcosmicray flux. However the extent of
this datasets shortandgivesspacefor mary uncertain-
tieswhentrying to establishthe long-termbehaiour of
the cloud cover. The potentialeffect of sucha relation-
shiphasbeenexploredandtheauthorsdemonstratethat,
if it weretrue,it would be of dramaticimportanceto the
climate.

In orderto assesshevalidity of the predictionoverlong
time scalessomeproxieshave beencomparedSunshine
recordsandthe synopticcloud cover over mary areasof
the Earth seemto agreethat the total cloud cover has
beenincreasingover the lastcentury This is in the op-
positedirectionto the trend predictedfor low cloudsby
the cosmicray - low cloudcorrelation.Thereliability of
the datasetshoughis uncertain put the agreemenin the
trendssuggesthatthey arereal,andmaybecausedy the
temperatureise which hasoccurredduringthe lastcen-
tury or other causesot relatedwith enegetic particles
enteringthe atmosphere.lt seemsthenthatthe overall
picture of the cloud variability during pasttimescanbe
far morecomplicatedhansuspectedTheimportanceof
suchchangewill dependonthe variability of the differ-
ent cloud typesand on the geographicabistribution of
thosechanges However, bothmechanismsa long term
trendand a direct cosmicray influence,presenta chal-
lengeto presentandfutureglobalcirculationmodelsand
will have a crucialrole on our understandin@f the cli-
matechange .Until the cloud behaiour ontemporaland
geographicakcalesis understoodyia long andreliable
datasetsglobal circulationmodelsand predictionswill
be seriouslyhandicapped.

ACKNOWLEDGMENTS

We would like to thank Dr. K. O’Brien for discus-
sions and M. Murphy for assistancevith computing.
The sunshinedata for Dublin, Birr and Valentia Is-
land/Cahircveenwerekindly provided by D. Fitzgerald
of Met Eireann,Dublin. Researctat ArmaghObsenra-
tory is grant-aidedby the Departmentof Culture, Arts
andLeisurefor Northernireland.

REFERENCES

CessR.D.etal.(34),1996.J. Geophys. Res. 101, 12791-
12794.



DCVDVC: Decade-to-Century-Scal@imate Variability
and Change.National ResearchCouncil, 1998 Na-
tional Academy Press WashingtonD.C., International
Standardook Number:0-309-06098-2, 17.

Friis-Christenssek., LasserK. 1991.Science 254, 698-
700.

JonesPD., Briffa, K.R.,1992.The Holocene 2, 165-179.

Karl T.R., JonesPD., Knight R.W,, Kukla G., Plummer
N., Razuaer V.N., Gallo K.P, LindesayJ.A., Charl-
stonR.J.,1995Natural Climate Variability on Decade-
to-Century Time Scales. National ResearchCouncil:
WashingtorD.C., 80-95.

Kelly PM., Wigley T.M.L., 1992.Nature 360, 328-330.

Kernthale!S.C.,ToumiR.,HaighJ.D.,1999.Geoph. Res.
Letters 26, num.7, 863-865.

Kristjanssonl.E.,KristiansenJ., 2000.J. Geophys. Res.
105, 11851-11863.

LeanJ., Rind D., 1998. Journal of Climate 11, 3069-
3094.

LiepertB.G.,1997.International Journal of Climatology
17,1581-1593.

Menzel W.R, Wylie D.R, StrabalaK.l., 1996. RS96,
Current problemsin Atmospheric radiation. Smithand
Stamnes(Ed95BN 0-937194-39-5pp 719-725.

Norris J.R.,1999.Journal of Climate 12, 1864-1870.
O’Brien K., 1979.J. Geophys. Res. 84, 423.

Obserers Handbook,4th Edition. 1982. UK Meteoro-
logical Office (Eds).Her Majesty’s StationeryOffice,
London,p 153.

Ockert-BellM.E., HartmannD.L., 1992.Journal of Cli-
mate 5, 1157-1171.

PalleE.,ButlerC.J.,2000a Astronomy & Geophysics41,
Issued, 18-22.

Palle E., Butler C.J.,2000b International Journal of Cli-
matology (in press)

Ramanathany., Cess,R.D., Harrison,E.E, Minnis, P,
BarkstromB.R.,Ahmad,E., HartmannD., 1989.Sci-
ence 243 52.

ReidG.C.,1987.Nature 129, 142-143.
Rind,D., Overpeck,J.,1993.Quat. ci. Rev. 12,357-374.

Soon,W.H., PosmentierkE.S.,Baliunas,S.L., 1996.As-
trophysical Journal 472, 891-902.

StahleD.W.,, CleavelandM.K., Cenery R.S.,1991.In-
ternational Journal of Climatology 11, 285-295.

Stanhill G., 1998. International Journal of Climatology
18, 347-354.

Stanhill G., 1998.International Journal of Climatology
18,1015-1030.

SunB., GroissmarPY., 2000. International Journal of
Climatology 20, 1097-1111.

Swvensmark,H., Friis-ChristenssenE., 1997.J. Atmos.
Solar-Terrest. Phys. 59, 1225-1232.

SvensmarkH., 1998.Phys. Rev.Lett. 81, 5027-5030.
WentzF.J.,SchabeM., 2000.Nature 403, 414-416.



