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Donsqocrrd ond Shockleton
ReceiVe 1995 Crofoord Prize

PANASH
Science ond lmplementqtion Plqns

The Rovol Swedish Acodemv of Sciences hos
owordeJthe 

,l995 
Crofoord Frizeto Prof. Willi

Donsooord of the Universitv of Cooenhoqen ond
Prof. Klicholos Shockleton 6f th" Uhiuersiü of
Combridge in recognition of their pioneeiing
contributiäns in ooläoclimololoov.' The Acodemv
honored both siientists for their"fundomentol stuäies of
isotope prory records ond Quoternory climotes.

The Anno-Greto ond Holger Crofoord Fund,
estoblished in 

.l980, 
promötes bosic reseorch in

mothemotics, ostronomy, biosciences, geosciences
ond oolvorthritis throuoh' o orestioious internotionol
o*oid äs well or oronir for SweJish scientists.
Donsooord ond SHockleton will shore the SEK 2.8
mlllioi (US $4OOOO0I Crofoord Prize. They occepted
their owords ot o ceremony ot the Royol Swedish
Acodemy on September 28,.l995.

On beholf of the PAGES community, we express our
conorotulotions to Prof. Wllli Donsociord ond'
Prof] Nicholos Shockleton on this iäpressive ond well-
deserved honor.

Willi Donsooord hos contributed oreotlv to our
u ndersto nd i rig of cl i mote cho nge by"developi n g
methods for tKe onolysis of Olä voriotions in iöe core
somples. These isotdpic onolyses provided science
with o continuous record of quontitotive intormotion
thot hos shoped our view of ölimote over the lost
l60,000 yeors. Nicholos Shockleton pioneered the
studv of th'e relotionshio between the Ol 8 record in
dee6 seo sediments oÄd th" historv of qlobol ond
reoibnolclimotes. This work loid the föndotion for
thä owoen isotooe time scole ond heloed present o
.oherdn"t oicture bf obbol environmeniol ohd climotic
chonge tlirough the"Quoternory.

The reseorch of both Donsooord ond Shockleton hos
hod on enormous imooct on"the studv of the Eorth's
climote system. lndeäd, modern glo6olchonge
science. from ice ond loke corino proiects to deep
drilling'"ffortt in the oceon, ow"I ä trämendous debt
to the'lost thirtu veors of work done bv Donsqoord ond
Shockleton. Th6ir recoonition bv the'Rovol Slwedish
Acodemy is fitting proiö for o säientific legocy thot
hos benJfited rräll.

PAGES hos published the science ond
imolementotion olons for the PANASH Proiect
lPäleoclimotes oT the Northern ond Southei'n
hemisoheresl. This oublicotion links the olons for
the th räe PE P'tro nseits (PoleEq uotor-Polef o nd
reoresents the moior observotionol focus of the
pÄOfS Proiect. The PEP tronsects will provide on
opportunity to ossess regionol poleerecords in relotion
to odiocent reoions. therebv exoondino our
u ndeisto nd i ng"of thä i nter-häm i Jpheric äyno m ics of
post climole chonges.

The oools of PANASH ore to document climotic
recordi from the two hemispheres, to focus on the
sequence ond phosing of moior climotic fluctuotions,
onä int rh.misbheric älimotic'mechonisms ond
couolino. the pRNRStt oublicotion stresses the
impbrto"nce of new reseoi'ch in doto-poor regions of
thJ olobe. There is cleorlv o o"oorobhic imEolonce in
ooläclimotic informotion'thoicoX bäst be oddressed
ihrouoh increosed colloborotion between scienlists of
the N"orth ond South ond o focus on North-South links
in poleoscience octivities. Continuous, high resolution,
reiords with the most occurcte ond detoiled dotino
control will be the kev to understondino olobol
c h o n o e. W h e reve r rlo ss i b I e. m u I ti-p ro"xv: stu d i e s wi I I

be co"rried ouf to molimize the infolrmotion retrieved
ond speciol ottention will be poid to the needs of doto-
model intercomporisons. All'PANASH doto will be
orchived in the World Dolo center for
Poleoclimotoloov to provide open occess ond free
i ntercho nge of YÄformotion to interested scienti sts.

The publicotion is the outcome of o series of
workshops in eoch of the PEP tronsects (Chino,
Ponomd, Switzerlond, Tunisio). Although the scientific
ooendo Tor eoch troniect is re'ioted to eäch PEP

r"i ion't u n iq ue cl imotic o nd terrestrio I cho rocteristics,
on"overoll scientific ooendo ond stroteov emeroed
from these olonnino rieetinos. lt will bä'the tosl of the
PANASH ond PEPleodership to focus the ottention of
scientists on the reoionol ond olobol obiectives of the
proiect. ond to 

"närroo" 
notänol ond'internotionol

i."tdorih to oddress theFANASH gools.

The PANASH publicotion con be obtoined from the
PAGES Core Prdiect Office in Bern, Switzerlond.



RECENT WORKSHOPS PEP lll, INQUA ond the Poleomonsoons Proiect

ln August 1995, twenty scientists from six different
notions were invited to B'erlin os port of o Writers'
Workshop of the Poleomonsoons Proiect {PM lll in
connection with PEP lll (PAGES AfroEuroöeon Pole
Equotor-Pqle Tronsect). PM ll is o ioint pöiect of
PAGES ond INQUA (lnternolionol Union for
Quoternory Reseorch). The workshop presented on
ossessmeni of the current knowledoe'concernino
poleomonsoon voriotions in Africo] Asio ond thä
surroundinq oceons. Pooers contributed to the
meelinq de'toiied rer.orih bosed throuohod northern
ond eo"stern Africo os well os in Arobio", western lndio
ond Chino. The reseorchers opproochäd questions
concerning voriotions in the extent ond intensity of
monsoono-l roinfoll usino o ronoe of climote oroxv
doto collected from eoliän, locüskion ond päl.otol
sequences. All souqht the oreotest possiblä time
co'itrol in their proü doto äs o bosis for climote model
improvement throug'h poleodoto /model comporison.

Ailhe end of the meeting, H. Zimmermon {USA,
PAGES CPOI outlined theäbiectives of PMAF
(PoleoenviroÄmentol Multiproxy Anolysis ond
Mopping Proiect) whlch will sei stondords ond quolity
controls lor mokino ooleomoos. He stressed the'neeäl
for better interoctiön beWeeri modelers ond proxy
workers ond colled for closer coooerotion betwe6n
reseorch qroups in North Americä. Eurooe ond Asio
in modelävolüotion. After the *oikthoo INQUA ond
PAGES soonsored o svmoosium entiiled
'Poleomdnsoon Voriotions ond Globol Chonoe durino
the Lote Quoternory' os port of the I Oth lNa-UA
Conqress meetinq in Berlin. The svmposium included
popäs on hlgh räsolution poleocll'mote records from
throuohout the monsoon bblt os well os on monsoon

' modeTing for Africo ond Asio.

A selection of the oooers oresented ot the workshoo
ond the symposium wiil be published in o speciol issüe
of the iouincil "Globol ond Plonetorv Chonäe" bosed
on the'topic of poleomonsoon vorioiions. l[reloted
themoticolly, odditionol contributions moy be
considered for this publicotion.

For more informolion on the svmoosium ond
workshop or on the PAGES/INöUh Poleomonsoons
Proiect cbntoct Stefon Kröpelin, Coordinotor of the
Poläomonsoons Proiect Office ot the Free University of
Berlln (FAX.+49 30 84,|-00363; E-MAIL lnrerner:'
skroe@zedot. fu-berl i n. de) .

Aröheocl i motology Workshop

Reid Bryson of the University of Wisconsin/
Modison, Center for Climotii Reseorch led on
Archeoclimotoloqv Workshoo ot the INQUA Conoress
in Berlin lost Auöt. The workshoo hiohliohted 

v

Bryson's hiqh-rölution. sitespecifi. räd"I for climotes
of ihe lost Ü,000 y"orr. The model runs on PC
spreodsheets ond iolculotes qlociol ice volume ond
cinnuol lotitudinol temoeroturä voriotion. Throuoh
comoorisons with moäern svnootic meteorolooüol
doto, the model olso providäs dstimtrted montH! meon
volues of temperoture ond precioitotion for onv'site.
The workshoö included r-"räor.li"rt exoeriencäd with
vorious poleöclimote pro>ry records wlio provided
poleomäteorologicol ästimotes for their wbrking oreos,
helping to volidäte the model.

CAPE: A New PAGES Proiect for the Arctic

On September I -3 I 995, thirty scientists met in
Copenhogen to form CAPE (Circumpolor Arctic
PoleoEnvironments), on internotionol orqonizolion
focused on focilitotino studies of Arctic
poleoenvironmnents änd poleoclimotes.
Svonte Bioerck, Anders Elverhoiond Gifford Miller
orqonized the Copenhoqen meetinq which wos
otänded bv o wide ronie of olobofchonoe
reseorcherj. The group"estob'llshed CAPE"os o Tosk
under Focus ll of IGBP-PAGES to serve os o unifying
northern cop to the PEP lPoleEouotor-Polel troniects
ond IMAGES {lnternotioirol Moline Gbbdl Chonge
Study) efforts iir the world oceons.

CAPE will perform those octivities thot connol be
eosilv occomplished bv reoionol reseorch Drooroms.
such os hemiipheric sfnthäis, modeling 

"ffort! 
ond 

'

integrotion wilh other working groups. ln port, it will
be ö communicotion link betüeän ile voriäd reseorch
efforts oimed ot unrovelino tlre Arctict ,niou".liroi"
history. Progroms thot hoVe olreody been äctive in the
PAGES scientific community, such os PALE
(Poleoclimote from Arctic Läkes ond Estuories), will
form o key port of the CAPE network.

A l3-member CAPE Steerino Committee. choired bv
A. Elverhoi ond G. Miller. is pleporino o Slience ond'
lmolementotion Plon. Th; firÄt CÄPE ileetino. set for
Adril I 997. will focus on sootiol ond temooYäl
vdriotions iÄ Holocene Arciic environmeniol chonoe.
Sheilo Hicks (Finlond) will heod the meeting's five"
person internotionol Orgonizing Committee.

A CAPE listserver is now online, ond inlerested
oorties con subscribe bv emoilino:
t'listproc@lists.colorodoledu" 

with"the following
r"t'toq""'su bscribe co pemembers <you r ndne>".
The lisiproc will outomotibolly put you dr1 the list using
vour relurn emoil oddress. Queslions obout CAPE con
be oddressed to " I istproc@lists.colorodo.ed u" texl:
"help". A documenf will be sent by return e-moil.

Abstrocted from o report by Gifford Miller.

PEP I & the lnterAmericon lnstitute

The lnter Americon lnstitute for Globol Chonoe
Reseorch (lAl) held o workshop in Belem, BrozJl,
August, 

,l995 
to bring together scientists, science

diröctors, ond science monogers of multinotionol
olobol c6onq" proqroms in i6e Americos. Dr. Vero
florkgrof, cKoiiofftP l, the PAGES interAmericon
po leoenviron mento I tro nsect i n itiotive, wos o mong
ihose invited to this lAl meetino. The workshoo
detoiled oreos for cooperotive"reseorch withiri o set of
scientific themes focused on problems of
environmenlol ond climolic ihonge.

PAGES reloted studies plov on imo'ortont role in such
core lAl themes os lmooit of Clirnotb Chonoe on
BiodiversiV, Comporätive Studies of Tempeäte
Terrestriol Ecosystäms, High Lotitude Proc'esses, ond
El Nino Southdrn Osäillotr.on ond lnteronnuol Climote
Voriobiliv. A coll for proposols in the first round of
lAl gront{ brought nur"tärr submissions from the
PEP lcommunity.

Abstrocled from o report by Vero Morkgrof.
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For more informolion obout fie workshop ond
Bryson's poleoclimole model, contoct R. Brvson
fTELi t I 408-26258 1 4;-FAX: +1 408-262-5964;
EMAIL: robryson@focstoff.wisc.edu).

For more informotion obout PAGES in Jopon ond the
upcoming PEP ll meeting contoct the sympösium choir:
Dr. Eiii Motsumoto. Noqovo Universitu
[TEL: i81-s2-799:sl I t"ei<t. 3467; FÄX: +81-52-799-
3436l|.

UPCOMING WORKSHOPS

_ 4IEP I workshop will be held in Lo Poz, Boio
Colifornio, Noveniber l6 to I 9, 1995, for Mbxico,
CenfolAmerico, ond odiocent reqions. PEP I hos 

'

been octive in the poleoclimote coämunity in the
Americos sponsoring two regionol workshops held
eorlier this yeor, the North Americon seqment
$lb_uqgerque, U.9., Jonuory 1995, EOS 

.l995, 
vol.

76:22.5-226) ond the southbrn South Americo segment
{Mendozo, Argentino, Morch 1995; PAGES
Newsletter v.ol. 3, June 

,l995). 
The Lo Poz meeting will

focus on high+esolution (onnüolto decodoll morinä
ond terrestn=ol poleoclimäte prox/ records ond their
linkoges, for the lost 2000 v'eors'ond the lote
qlociäl/full glociol intervol.' Working groups will
discuss questions specitic to the centrol portion of the
PEP I tronsect, such os the climote forcin'q of the Pocific
(ENSO) versus the Atlontic (thermoholinö circulofion;
monsoono.l octiv'rty)- The workshop will. especiolly siress
the region's role in interhemispheric collobbrotiori.

symposium 6nfitled'Long,Continentol ond Morine
R'ecords of PoleoclimotJ. Dr. H. Mommersteeg ond Dr.
E. Ron of the UniversiV of Amsterdom ore orodnizino
the symposium to exomine polynologicol recärds 

v

covering ot leost one full glocidl-intefulociol cycle. They

Houslon TX lune 23-28,
The 9th lnternotionol Polynolosicol Conqress in
custon TX (June 23-28,]'996)IÄ/ill incluJe o)willi

seek contributions deolinö with such iopics ojorbitol
forcinq, cyclic ond obrupi climotic choho.. ond lonJchonge, ond lond-forcing, cyclic ond obrupi cli
seo correlotion of proxv reccseo correlotion of proxy' records. Otheipoleoclimote

. 
Those interested in porticipoting in this meeting

should contoct H. MommeriteeoTse. PAGES
Colendor) by November I , l9ö5. Pleose include o
tentotive title, o preliminory summory ond o desired
length tor your presenlotion.

science communitv.

. The mopr gool 'of the symposium is to obtoin onThe mo[or gool 'of 
the symposium is to obtoin or

integroted picture of post climote chonge from the
vorious proxy sources ovoiloble olonq the PEP ll
tronsect, i.e., pole to pole between 6ö'E ond I thonsect, i.e., pole to pole between 6ö"E ond l8O"E.
The first holf of the seisions will include invited

On November 28 to December 1,lgg5, the lGBp
Jopon Notionol Committee ond Nogoyo University
will host on IGBP-PAGES symposium'oh rhe lost 2dO0
yeors of climotic ond environmentol chonqe olono the
PEP llAustrol-Asion tronsect. The symposi'um, to Üe
held ot Nogoyo University, is open'to'the internotionol

Lotin Americon Pollen Doto Bose

PEP I is developino the Lotin Americon Pollen Doto
Bose (IAPD), follbwing the some formot os the North
Americon Pollen Doto Bose. A pollen site inventorv is
now on the World Wide Web, NOU-NOOC '
Poleoclimote Progrom, ond is beinq prepored for
publicotion. Ovti'r O0 pollen recoräj fr"r ocross the
Lotin Americon region ore ovoiloble, l9 of these ore
online ond the remoinder will oppeor shortly.

. Alwynne Beoudoin hos put together o Quoternory
Acronym, ond, Abbreviotion Dici'ronory (aAAD). lt'
contoins hundreds of obbreviotions for iocietiei,
proiects ond ogencies, mony of which ore commonly
tound in PAGES reports. lt olso includes identifiers för
such things os rodiöcorbon ond AMS loborqtories.
More thon 350 entries con be occessed from the
Conodion Associotion of Polynoloqists/Associqtion
Conodienne des Polynologuäs (CAP) World Wide
Web oooe ot
http: /' /,riww. uolberto.co/-obeoudoi/cop/cop. html.

PAGES NEWS

presentolions outlining recent work usinq different
climote proxy doto suih os tree rings, cörol skeletol
chemistry ice cores ond historicol documents. The lost
h.q[ of the symposium will focus on comporisons of
different proxy records for specific periods. such os fie
Medievol Wcirm Epoch ond the Lifile lce Aäe.
Add itiono I presentätions wi ll cover *onroo"no I

voriobility iir Asio over the lost 2000 yeors ond
possible connections to ENSO ond di'fferent climote
forcing mechonisms.

The meeting will be o truly internotionol event with
more thon 55 reseorch popers presented from
scientists of I4 different'ncitionsl lt will therefore serve
os on excellent forum for communicotion between
globolchonge reseorchers ond will foster future
colloborotive efforts on the PEP ll tronsect. The
meeting will olso serye os on exhib;tion of Jopon's
impressive contributions to PAGES science. These
include modeling of climote ond veqetotion chonoes
os well os detoiläd poleoenvironr"-ntol ond poleä
climotic reconslructi'ons of Jopon ond Monsobn Asio
derived from historicol, terreitriol, deep seo ond ice
core sources. This reseorch currently iirvolves scientists
in six differentJoponese institutes oÄd universities.
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lcelond ond PALE Colloborutive EfGorts

For the post three yeors, reseorchers in lcelond hove
been kev'oorticioonis in the PAGES PALE

lPoleoclimotes Iöm Arctic Lokes ond Estuoriesl Tosk,

iokino odvontooe of the islond's unique poleoclimote
,".oär. lcelonä's oosilion ot the boündärv beween
worm ond cold oir'mosses, between Polor'ond
AtJontic woter mosses, ond where North Atlontic deep
woter forms mokes it o key strotegic locotion for
studies of the North Atlontic climote syslem.

Scienlists from the UniversiV of Colorodo, Boulder,
USA hove been omong the r6seorch groups
colloboroti no with lcelöndic poleocli mote ipeciolists.
Their work häs been cenlereä on the retrievol ond
studv of sediment cores from lokes in western ond
southern lcelond. ln Morch 1995, the group retrieved
from Loke Hestvotno o 25 m core thot promises lo
contoin imoortont doto obout lcelondic
poleoenviänments during the lost deglociol tronsition.

A Conodion reseorch vessel hos olso obtoined o long
core from on estuorv in western lcelond. Moteriol
from this core is beihq studied bv reseorchers from the
Ünlu"riiv of Colorodä, the Univärsity of Tromso,
Norwoy'ond the lcelond Morine Reieorch lnstitute.

As contribution to the new CAPE Proiect, more
lcelondic PALE reseorch is plonned 1or'1996, with o
proposol oimed ot strengthening the estuorine/shelf
älerirent of the oroiect bi o cruiG on on lcelondic
reseorch u"s"l. This loint lcelond,/USA proiect will
concentrote on coring'troughs off the northwestern
peninsulo of the islonä. -

For more informolion on these or other PALE proiects
in lcelond contoct Dr. Aslouq Geirsdottir ot üe
UniversiV of lcelond, DeporTment of Geosciences
[tEL: +354-5 25-4477 ; FAX: +354-5 25-4499 ;

E-MAIL: oge@rhi.hi. is).

PAGES CATENDAR

Oct.23-25,1995: Open session of the ICSU-SAC lV on Noturol gld glltgp-99e.119 chglgg: l-n-4tio; ilpocts on

globol biogeochämicol cycles*; Beiing, CHINA. Contoct: IGBB SWEDEN (TEL: +46-46-816 6448;
FAü: +46-46-816 6405)

Nov. 28-Dec, l, ,l995: 
PAGES-PEP ll internotionol symposium on Poleoclimote ond environmentolvoriobility in the

Austrol-Asion tronsect during the post 2,000 yäori*; Nogoyo, JAPAN. Contoct: T. Swedo, JAPAN
(TEL: +81-52-789 4053; Fl'X: +dl -52'789 4OlZ1.

Dec. 9-1 l, .l995: 
lnternotionol conference of the IGCP 34?plQ^ugtgl9.ry deserts ond climotic chonge*;

AlAin, UAE. Contoct:A. S. Alshoron, UAE (FAX: +971-3-620 4861.

Dec. I I -,l5, I 995: Americon Geophysicol Union Annuol Foll Meeting*; |on Floqcilco, 94 qSA Speciol sessions

of interest to the PAGES comniunitv: I . Polor Clirnote;'How (Un)stoble is it? 2. Tropicol Oceon-Atmosphere
lnteroctions: Post ond Present. 3. Ouoternory Poleoclimote of Africo. 4. Climote System Processes ot the Lost

Glociol Moximum. 5. Abrupt Climotic Chonge During the Current lnterglociol.
6. Solor Voriobility Effects on Climote ond Poleoclimote.

Dec. I 7-22, 1995: Symposium of the lnternotionol Chemicol Congress of the Pocific^Bosin Rim Societies on- -- 
Vol.oirootmosp6erä inbroctions*, Honolulu, Hl, USA. Contoct: R. Andres, USA (FAX: +1-907-4746087;
E-MAIL: ffrio@öuroro.olosko.edu)

Morch 14-16, 1996: 26rh Annuol Arctic Workshop*, lnstitu-teo-f Arctjc. o1{ Alpine Reseorch (INSTAAR) Bouldel
CO, USA. Contoct: M. Duvoll, USA (FAX: +1 303-4920246; E-MAIL:duvoll@colorodo.edu).

Mov 6-l O. 1996: 2I st Generol Assembly of the Europeon Geophysicol Society, The Hogue, NL. "Towords on
' lnteoroted Model of the Eorth System"* consists bf 4 sessions. Contoct: John Schellnhuber, PlK, Germony

(FAX: +49-3 3 1 -288-25 I O; EMA L: ioh n@pi k-potsdo m. de).

Mov I 9-22. 1996: AAPG-SEPM onnuol meeting. Speciol session on Geochemicol Dynomics of Modern ond
' Ancient Lokes". son Diego, cA, usA. cöntoöt: K. Kelts (TEL: +1-6124240275;

FAX: +1-612425 3819).

Mov 20-24.1996: TthlnternätionolConference on Accelerotor Moss Spectromehy (AM$Z).. Speciol session on
' Troce'Elements coverinq new developments ond opplicotions reloted to TEAMS. Tucson, M, USA.

conrocr: D. L. Knies (TE"L: +',| -202-767 5653; FAX: il -202-767 5301; E-MAIL: knies@nrlfsl.nrl.novy'.mil).

June 2L -30, 
.1996: 

lnternotionol Conference on Quoternory-Glociotion ond Poleoclimote in the Andes Mountoins,-- 
ond srrroundinq tropicol ond subtropicol mountoins. Contoct: W.C. Mohoney

[EL: +1 -416-756 2'100 ext.33923; Fl']t': +1-416-736 5103).

Jvne23-28, 1996: 9th lnternotionol Polynologicol Congres-s. Houston, IX, qSA. Speciol symposium of interest to

the pÄOfS communiV: Lonq Continentol-ond Mori-ne Records of Poleoclimote*.
öonto.r' ti. Morr"r"t""g ff-URtt' mommersteeg@bio.uvo.nl) or E. Ron (E-MAIL: ron@bio.uvo.nl).

* Open meetings. All interested scientists ore invited to ottend.
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PAffiES
PAST GLOBAL'CHANGES

1 369
1 368
1 367

1 366
1 365
1 364
1 563

Fioure l. Cosmooenic isolooe records of solor voriobilitv {A'oBe ond 
^ 

''Cl ore compored with reconstructed
toiäl solor irrodionäe, bosed bn historicol records of sunsfoi group numbers ifrom LeoÄ et ol., 1995).

Figure2. Decodol overoge volues of reconstructed totol solor irrodionce (diomonds) ond northern hemisphere
suirmer temperoture onori'olies from l600 to the present. The Brodley ond Jones (1993) temperoture onomolies
hove been stoled to motch the northern hemisphere IPCC (,l992) dot-o (doshed line) during the overlopping
period (from Leon et ol., 1995).
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The PAGES Core.poiect Office provides this illustrotion in the hope thotyou willfind it useful os on "overheod"
lronsporency for lecture purposes.



Chonges of Solor lrrodionce qnd
Temperohrne over the lost Few Centuries

Roymond S. Brodley', Judith Leon' ond Juerg Beer3

I Dept. of Geosciences, University of Mossochusetts, Amherst, MA, USA
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Reconstructions of solor voriobilitv. ond of lemperoture over the lost 300-400 veors roise intriouino ouestions obout
the siqnificonce of solor forcino o'n decodol to tentenniol timescoles. Meosurenients of solor irrädioicä from sotellites
ouer. i6e post l5 yeors hove bäen used to colibrote historicol observotions of solor voriobiliv. These meosurements in-
dicote thät voriotibns on the fomilior -1 1 yeor (schwobe) cycle ore smoll, on the order of only 0.05% between minimo
ond moximo. However. lonoerJerm voriotions opoeor tb hove been lorqer. Leon et ol- {l9921 estimote thot on
odditionol lono{erm increosJin totol irrodionce öf -ö.Zt hos occurred lince the Moundär Minimum IAD 1675-
1710|. This eitimote is. bosed on recent meosurements of inodionce voriotions, ond comporotive studies of other Sun-
like stärs lWhite et ol.. 1992). The totol irrodionce chonoes due to both lonoJerm ond Schwobe cvcle voriotions ore
shown in'Fioure l. fhe recönsrucfion is suooorted bv äeosuremenls of 'oEe ondroC {in oolor ite ond tree rinos.
respective!)l 'oBe ond 'oC ore cosmogenic liotopes p'roduced in the upper otmosphere;'their concentrotion is moäu-
loted by (inter olio) chonges in solor irrodionce such thot increosed irrodldnce leods to lower'oBe ond ''C levels in the
otmosphere (Beer et ol., 19941{Figure I ). Although these different opprooches to estimoling posl solor voriotions hove
morly. orguoble.ossumptions, they.ore quite independent ond so lhe ogreement between them provides some
conlidence thot lhey represenl reol chonges in solor torcing.

How do they compore with temperoture fluctuotions? Fiqure 2 shows fhe reconstructed solor irrodionce record with
estimoted nörthern hemisphere lemperolure onomolies (Blodley ond Jones, 1993) scoled to motch the IPCC '1992l.
northern hemisphere inslrumentol temperoture doto. The temperolure estimotes ore bosed on o suite of proxy records
(tree rings, hisioricol ond ice core doto) from North Americo, Europe ond Eost Asio. From 1610 io ,1800, 

the
correlotiön coefficient lr) of surfoce temoeroture with solor irrodionce is'0.86. Extendino this relotionshio to the oresent
yields on overoll "solor-induced wormiÄo" of .51"C since the Mounder Minimum, o fig;re similor to thoiobtoinäd from
o GCM simulotion experiment involving o chonge in tolol irrodionce of 0.25% (Rind ond Overpeck, 1 993). However,
in the lgth century, iurfoce temperotüres werä below thot expected from thö (l6lO-l80Ol irrodioncetemperoture
relotionship, possibly reflecting enhonced volconic octivity during thot time (Brodley ond Jones, 19921. Subsäquently,
in the twdnti'eth ceÄtury bm[erotures hove generolly äxceedäd levels "bxpect6d" from thä soloitemperotüre rä
lotionship (Leon et ol., I e951.'

lf solor irrodionce chonses hove influenced climote, whot is the physicol mechonism? This remoins the Achilles heel of
solor forcinq studies. Sölor irrodionce chonqes ore known to inlluänce ozone concentrotions ond üe dvnomics of the
upper otmo"sphere. but the mechonisms coüplinq the upper ond lower otmosphere. ond how these riioht influence
tülfo"" temjerotuie remoin uncleor {NRC, \qq1l. Nbvertheless, the observbd reiotionships point to ihe need for
further studiäs, to improve both poleotemperoture estimotes on the decodetocentury timescole, ond poleo records of
posl solor voriobility, os well os odditionöl generol circulotion modelling experiments. Like so mony studies of solor-
iemperoture relotioÄships these results prese-nt-o trcntolizing picture of o poslible link, wifi importorit implicotions for
climole sensitivity, but o cleor understonding of the processes involved remoins elusive.
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