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Influenee of Cosmic Rays on Earth's Climate
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Dpring the Lest solar cycle Farth's dood oover
chmely in phase with the galscth ommbc ray Sux than witholbes solar sciivity
parsmators Foribaor b5 ks fogsd that Barib's cempesst ure &llows smore closely
dramfle wr iations (o ggalaer e oo ray Ao, snd modar eycle leng th, cham other
moler sciivity para=céers The main conduosion & thai g svorage stabe of

the Helimpbeor affocts Earth's o lmain.
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For mastw Lhas i husdoed yoiss thieo have biin niports of an agpasenl asnmoction itwivn
solas activily and Eatbs cimate (1. A seong indication of a link betwom long erm
varistioss in molar activity s Barth's climate was found in 1000 by Frige-Christomion sand
Lassen [4.5] when ghownd that an ampirically cons nected mossare of solar s tvity, the filsonos
solar oycle length, maiched vory closely wrlstioos in sontbem bembpherc tompersare
during the D 0 yeara. Ancther evsnphe l8 the 11 voas varistios of stotcapberie s
evels, P Lo im plie with solar scviviny [3. In spive of Ulsse oo poets & mooepied causal
link betwors solee activity s offort in Earth's lewes atsphess bid nol bshen fsand. The
initial spoculations wore dirocied towards the most obvioss and direc way solar activisy
ootk afiect Earth's climase, namely via disnges in the solar imadianee. But beaed on
recend mibellive messiremenis of the solar comstant [ |8 found thar the waelatlons are wo
armall (0.1%) vo caplaln e chaerved bEnperatuse changes [i].

Hecentdy it was foand chat the Eanb's o eover, obmrved by sateilivs, is ssongly
enrredated winh solhr evele vaiation of galeete cesemie eay fux [GOT) menivos 7). Clouds
&% impestant in Exrih's mdistion balget and n sysemalic mriation will hawe cimaic
ifficta 7], GOH comsima of ey eimgetic partides (mainly protem) the are podiscnd
in stellar proomses in o galagy. Some of then ater Earth's atmoeplere wheee socear
procemes Laee place and peeduoe soncedasy particks which can pesctrate sull deeper [no
the almospbeee [3] losteaion = ke lower pam of the aumosphieee B dmoee el vely
predueed by GOH, asd B the ssetonrelogieal varinlde sabjot w the begest solar cyele
malulation [0], Provious and cureemt speculitions oo the dfect of Lhe lonizudm haw bem
mainly nelated vo opiical Lrasdparimey, by eithér changei in aeeoiad cheiri @ ry or &n inflyenoe
an the trangticn betwoen the different phasm of wwter [7.9-13],

Il there i@ acsss melstion beteyen cmmic ray Bux sd cloud cover 5 18 expocted shas
the kg tonm varistioss Lo ooamle ry shodd reflect wistbons s Esrth's sempersture, ssid
ahoeld be Enpomast s an explanstion of te high comelation betwon solar cycle loagth
aed global vempermn .



This Letter is ceganinod s follows Firsy i will bo shown thay the Earth's cload oo
within the ks solar oade follows vad atbong in GOR moae dosly tin il 10,70 sl flaz,
the Ltk being indeative of other solas activity parssetens, By mauming flay, there mxiss
& capml relstion berwoen Earth s cloud oover sl varistions in GOCTL it i aegued and fousd
that boog fomm varisthoms (1537 - 1096) i solar activity given by GOT eeflocts varisthons in
Earth's tempemture.

Figare (1] b i oo pos v of SevedEne chacrmticos of Earth's vowl doud cover. The cloed
dita cespes the NIMBLS-T CMATHX projeet |14] (urissgha), and ohe Isternaticaal
Savellive Choud Climstlagy Projoct (I30CF) [15] (Squanm). Finadly daa from the De-
femae Savellice Metsorologionl Progmm (DAEP) Specal Sensor Microwwee/Imager [335,1)
[Damcends] |16, These data sets refbect difevent suelite covempe, Benumeniation sd
adgorithing w derive the eloud cover, and & & pesuly oaly weistos in doud eovwer will oo
pased, The ernee bars in L Bguee e puscly suaeziical om and do 2ot incdede sysusantic
aleifis that doild lee in the dita. Foe ditails seo Sweisisk and Fa-Chrbw men [7]. Isohe
figrare the cload dats i compaend with variation B GOR flux and the 10T e eadio fux
fovn the Sun, Chno s that there ae cearly Efeoracn betworn the vasiat on of GO asd
the radio ux. From 18T 1o present the two Bllow cach oghor, Howewer, theee i@ 6 lag
begwren the two of almst Ewo veam prior to 1087, 'What 8 crudal in 6hs conbexi bs thas
Earth's elozd cover follows thee vasiation soen in GOR, s st sreesardly the varisliom in
the 1T em raca By which follows ¢laely warintiood in wetal solas imradmee, ol X-raga,
aand in mliravioles sadiation [6).

Having matablished thas vesations i GUR & a gosd casdidaie for indmctly inBumeing
Earth's climate, badod oo data oovedng the |as solsr ovd e, it i3 importast. (o comgaro with
varisticos in solar activity over & longer e span. Fowever, theere are po rellabde data of
cloud oover oo tede the godod already wsed. Bt B varlstions bn GOR cose s clmatbe dffect
it shiould be pefected in variations in Earth's ceenpeeniune, and bopelidly beater than vafkn-
Lhiseed b o b Rolar Retivily pashsseteed. To e ipite 1 a loag data sceem of GCR By i



nfidind, [ec@rumsernial seoinbingd of eokede ryd atactod ansand 1985 The fiol satusmments
whize done primarily with issdmlion chenbems, which mowiurs mainly tho mmon fuz, The
mepom s pepssible for mos of the iesdmtion im the lewer past o e tropaghere [8],
Alluwalin hes constructad & measers of oommic ray fax, beed on lon chambom, covering
the periced 1955 to 1984 [17], which i showm in figare {2}, This extended dain siring is
mnde by oombining annually mean bourly eonting raves from Chelven amfFroderkcls b g
[1937-1975) and Yakowtsk (1953-194). These data repescnt pazt of the high eoergy GCR
dpieteisn. [a Ggure (2] B el plotud dats fom e Climas peatson nonites (1963-1095)
in Coloamdo, which memars the low meny mecloonic pak of the GUR spocrwn, For
comparison the redative mimept mamber is plotted, which follows dossly the solar 1007 om
flux. Notcoe st the amplivedes of e solar nctivity cycle and the ampllsudes of GO mre
not ploswly relaned (18], whbch & forosnate snce B gived & posshility o make & dsdsction
leamen Long teren trends En ol twe

Figure (3] dsplays four different meassres of Long term solar activity wgether with
Enrth's temperatene. [n the lgare, 11 yous worcagis of Lhe nortem bemiiphesie bnd geul
marine tanperatuce (19,20 ase shown in all fes pasdde The pand [3a) shews in addition
the usfilvered solar cycle bengih. Panel (3b) displays tee 11 year aveagod (lon chamber
1507-1954) comesic iy B (thick solid line), for comparison the Climas meumron mosinoe
i b shown (Lhin solid line, soale not shown). Nene that the axi e Uoe cosssie rgs has
lvm pevrennd, s Lhat bigher Ly i ceesiapoed W Swer eoimic tays whick also means
higher silar astivity, Pasel (3 shows the 1] years average of sun st mamdeer, ozl fnally
pazerl (3d) B decade wriions in roccastructad sdas irmadissce sdapted from Lesn o al,
. The moas disect correapondenoe begwoen sdlar setivity and tampamiure sems o be
begwren scdar cycle length and wariations in cosmic my Bux. The vari st bons im rooss o
solar bradlance Blbows moe closely the wrlathons (n the sisspot member panel (34).

Clouds pefleet endry eoirgy than ey rap denl lond Lo o cooling in the renge 17 w0 55
Wen Y [21-23]. [t is not easy Lo estimaly the net change in oadiative fondng feen a solas



modislation of the ebol eoves. The mais pooblen i that it i ool known which past of Uhe
el volume that B aSmind This i Exportant beesuse difereet cloud e has differess
raliasive propertion. Altheugh the pet offect of clougds & to oeol (e panct, high tkin douds
tenad &0 warm the Earth'ssurface, and & hevefone one oou ki i magi ne that an inoresss in cofanic
ragy flue could Lo to aownnming. Howeser, high thim cloods which tend 9o wann the Earnth's
aurlere, povur in st ckatbon with hisgh thick cooling closds, asd together the twn clowd types
vemls by eniligane their oot on the energy balance [24) The sl of Ggure (3b) sorns
Lo g Ll as bneriaas B doid eove semil b6 b oooolEmE whish again sigiel thid
larger paet of the cloud volume & afoctod.

From figere [3) it & seon that the temperatare im che period 1990 - 1000 roae by ap=
prommanely 0.3 %C. In ks peosesd We o oompare the varintbon i omsmbc my Sux (esening it is
dipevtly cormelated with choud oover) and Uhs venperatise chasge vin @eme SEnple Mo
Loz, From elewl satellive oleervntioes and sumedical dosd mo-deling b is fousd s & ]
% chasngs bn the ote] eienpaentisa of Easth s deud cmvs sorropond w5 W/ e change
in oot sadlintive forcing (35, Fran Svmenark and Frib-Chrigisem (7] it B kown thas
fovun DOST bo 1900 ghobal clogdinms dumped approdmately 10 H which <an be otimatod
to L3S0 W/m® [T In gl mune period ossic rms fnom the bon chamber changed 35 % as
soen in figare (2). We can nes caloalate the approximaie radiative foocing by noting thas
Lhe sotmn 11 yeas srenpe Docroae of eomnic eayd in lipee (3) foem 1976 10 1589 0a 1.2 %
which then o nrapond to o posslle 05 W is® change in cloud Breing. This 5 a faisly lasge
fiwcing, about 4 o the timated change in solar irradianoe, The rmlting Lo we
change & dificali (o sitimade oxnctly. Siudoi obilained from & proaral droulatien mede]
gave & snssiviy (0.7 o 190 Wm™ for A 8 = 0259, whore 8 i the solar oonstant ) ([16).
The drect influence of chasges (s solar Irmdissoe b estimaied o be anly 0.0 %C [i§]. The
cloud foerisg bowever, ghom for the above sesltivity, 0.3 - 0.5 *C, and has theeefore Che
pobmntial of expladsing neadly all of the vempemture chasges s the period soudied.

Thtr sasdar eyediy bingth has bovs sdaiwn by ke a0 Enporiest pasassetis due W0 il oo
ognnection with semperaban variationg of the Bacth. This parameter i dotermined omgin-
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cally kol it hid not bovn straightSeswasd 1o interpees, The pevsent wock giv a hing on why
it is erlevant to Eartbs dimate, The phyaical inerprgation is basel oo the chis sgmomrat
begwron varistioss in solar oycle lengih, GO Bux, e oogperatane s wen in Sguee (3],
The solsr cyele kength s therefore be o messure of the proomss soourring within the San
of unlmosn dymambcal origin which manifes themaehves in the Solar activity wishin the
Hledi g loera: nhit mnefuilites thie GOTE. semnged over thie solar oyele

This dors =0t boply that ether fetos e sot alfect clouds or elimate. However
el oo thid B enodalited by solis Retivity i chis way will have ol on climate,
#redl could be impertant in cxplaining e observed sgroomeent betwoen climage prosies amd
solar setivity [145). Theee is at posent no detailed mndemmnding of the mirophysioal
mechanben the conscots sole sctivity and Earth's doud cover. [t s seomsary 1o dently
& mbvoepliyaoal mechanbaes, whisth might ot be as sy ek The praent stidy B hogad
Lo increase ol ot e interot i finding & physical sechassen, bt belp o point ol wikeee
sl B 00 LosRte B EL B0 e alsnd phite,
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FHI. 1. Compsite lgure showing changss in Fari's dosl eovor Tesn Ear satellite chouad daa
s By wilk cominit nig fuses from Climas (el conve, sormalined 1o May 1985 and
107 o= Solar Bux (leuken oo, i ki of 107 ™Wm~THe "), Triaogios sv the Nimbol daa,
spuare av ibe [SOCT.C2 and BOCT D daks, dismossds ane the DAST dais. AL the digplonsd
dais havwe boen mnoothed weing & 12 momkhs muoning mmn, The Nimbea? is for the Soylkaem
Rembsplawe over oomes with S wophs mocleded. The DMEP dats sv ioiad cloud oows for ihe
Seuibern Hemisphers iver oorasa, aeed Anally the BSOTT dats have besn derived from g ol e ey

mabrllion ovr ocvasa wilk Lhe Broplos cxduded. Also sk ape 2 laee] deviatbon crmar bam

o ibhe throe diska soin, ooe S sach & monibs.
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FIG. 3, 11 prar awereage of Noribern Hemispharic murine and lund teepeeraiurs (lroken. Ene)
wompaeed witk, a) unfilimed sobe orcle leogih, Bj 11 poar sverspe of mesbe ray Bux (feom koo
dhumtews HOT- 1Bl noomalied b 1G5, thick solld bae), she thin solkd line s cosmbe my Aux
fromm Climas, Colrado peotron mon i (arbdirarily pesbe), €] 11 pear sversgs of relative panspos

member, ) devade varinibon in reconstrumal soar imadisses [pon kevel oo eresgond 1w 1367 Wim®,
mc wgptna] Brocm Lown ot ol ). Nobe the §1 yosr aversgn has mosoved the solar cycle in b azad o],
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