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Abstract

Different seasurfacetemperature (SSTreconstructiongor the last glacial maximumare applied to
a hybrid-coupledclimate model. The resultingequilibria are perturbedby North Atlantic meltwater
inputs inorder to simulate the effect of Heinrich Eventson Atlantic SSTs. The model results
suggesthat abreakdowrof the present-dayhermohalinecirculationwould induce amuchstronger
temperaturedrop in highnorthernlatitudesthan a HeinrichEvent during the ice age. Important
featuresof HeinrichEvent SSTsignatures irthe Atlantic Ocean like extremecooling off Portugal,
canonly be simulatedby perturbing aglacial stateof the ocean.

Zusammenfassung

Verschiedene Rekonstruktionen der Oberflachentemperatur (SST) fir dagleztéée Maximum
werden auf ein hybrid gekoppeltes Klimamodell angewahde resultierenden Gleichgewichte
werden durchnordatlantischeSchmelzwasser-Eintrage gestort, um de&nfluss von Heinrich-
Ereignissen auf die atlantische SST zu simulieren. Die Modellergebnisse legerdasdhesin
Zusammenbruch der heutigenthermohalinen  Zirkulation einen wesentlich starkeren
Temperaturabfall in hohen nordlichen Breiten hervorriefe alsHamrich-Ereignis wahrend der
Eiszeit. Wichtige Merkmale der atlantisch&$T-Signatur vorHeinrich-Ereignissen - wie eine
extreme Abkuhlung vor Portugal - kdnnen nur simuliert werden, wenrgkamialer Zustand des

Ozeans gestort wird.



1. Introduction

Transportingheatoverlargedistancesthe Atlantic thermohalinecirculation (THC)plays akey role
in the climate system. Geological recordsfrom the last glacial period suggestthat enhanced
abundanceof ice-rafted debris inthe North Atlantic (Heinrich Events) were associatedwith
shutdownsof the THC and global-scaleclimatic changes(e.g., CLARK et al., 2002;BROECKER
2003).Theconceptof THC fluctuationswith globalimpacthasmotivated darge numberof ocean
and climate modellers tosimulate THCdisruptionsby injecting freshwater tothe North Atlantic
(e.g.,MANABE and STOUFFER1995; SCHILLER et al., 1997;LOHMANN, 2003). The model results
suggesthat the THC s highly sensitive tachanges inthe North Atlantic freshwaterbudget, such
thatanomaloudreshwatelinputscantrigger acollapseof the circulation,therebycausing an abrupt
temperaturerop intheorderof 5-10°C inthe northernAtlantic realm.

Eventhoughthe combinedefforts of paleoceanographeeanhdclimate modellersarewell on
the way to providing a consistentpicture aboutthe climatic impact of Heinrich Eventsand the
importantrole of the THC, acloserinspection still reveals anumberof discrepanciedetween
geologicaldataand modelresults. Inthe presentstudy,we highlight theimportanceof the oceanic
'basicstatefor the patternof seasurfacetemperature (SSTohange imesponse to a THGhutdown.
In mostpreviousmodelexperimentsfreshwatemperturbationsvere applied topresent-daytatesof
theoceanHere,we demonstratéhatimportantfeaturesof the HeinrichEvent SSTsignature inthe

Atlantic Oceancanonly be simulatedby perturbing aglacial stateof the ocean.

2. Glacial climate smulations

We employ three different SSTreconstructionsfor the last glacial maximum to forcethe
atmosphergeneralcirculation model ECHAM3/T42: 1)The CLIMAP (1981) reconstructiorwith
an additionalcooling of 3°C in the tropics LOHMANN and LORENZ 2000), 2)the North Atlantic
reconstructiorby WEINELT et al. (1996)mergedwith CLIMAP (SCHAFERNETH and PauL, 2001),
and 3) the new GLAMAP Atlantic reconstruction(SARNTHEIN et al., 2003)combined with
CLIMAP (PauL andScHAFER-NETH, 2003).Thethreeexperimentsaredenotecasexperiment C, W
and G, respectively.Orbital forcing, reducedconcentrationof carbon dioxide, and topographic
changes(PELTIER, 1994) are takeninto account. Afourth experiment, PDjs carried out with
present-daySSTs. Fig. 1showssimulatedNorth Atlantic surfaceair temperaturedor the three

glacialexperiments relative texperiment PD.



3. Meltwater perturbation experiments

Monthly outputsof the atmospheremodel from experiments C, W, Gand PDare applied to an
improved version of the three-dimensionabcean model LSG,including athird-order QUICK
advectionscheme CHAFERNETH and PAauL, 2001; PRANGE et al., 2003).Forcing of the ocean
modelinvolves arunoff schemeand asurfaceheatflux formulationthatallows for a scale-selective
damping of temperatureanomalies.For a detailed description of this hybrid-coupled model
approachwe refer to PRANGE et al. (2003),for a discussionof the resulting oceanicequilibrium
circulationsand hydrographieswve refer to ROMANOVA et al. (2003).The equilibrium statesare
perturbedby asudden 500-yedreshwatelninput to the North Atlantic between 40°Nand 55°N. A
relatively highfreshwaterinflux of 0.5Sv (= 0.51F m’™) hasbeenchosen toensure acomplete
shutdownof the THC in all experimentsmaking direct comparisonof the resultingtemperature
anomaliesasier.

The temporatespons®f the Atlantic THC tothe freshwaterinputis plotted in Fig. 2. After
terminationof the anomalousfreshwaterforcing, the present-daycirculation remains inthe 'off'
mode,whereasthe glacial circulationsrecoverspontaneouslyThis mono-stablebehaviourof the
glacial THC has beenattributed toenhancedatmosphericmoisture exports out of the Atlantic
catchmenarea LOHMANN andLORENZ 2000;PRANGE et al., 2002ROMANOVA et al., 2003).

Theresponsef Atlantic surfacetemperatures tthe freshwaterperturbationis displayed in
Fig. 3 for the glacial and the present-dayexperiments. Inexperiment PD the strongestcooling
occurs inthe northernNorth Atlantic andthe Nordic Seaswherethe SSTdecreaseby morethan
5°C, consistentwith other meltwaterexperimentsor the present-dayclimate (e.g., RAHMSTORF
1995;MANABE andSTOUFFER1995; SCHILLER et al., 1997). Irthe glacial experiments, theooling
is restricted tdower latitudes. Asalienttemperaturelrop appears irthe easterrNorth Atlantic off
Portugal inexperiments Gand W. Alkenone datasuggestihat pronouncedccooling off Southwest
Europe intheorderof 3-6°Cis atypical featureof Heinrich Events BARD et al., 2000;PAILLER and
BARD, 2002; RUHLEMANN, unpubl.).Comparingthe modelresultswith paleoceanographidatafor
HeinrichEvent 1 &round 16,00§@r beforepresentyevealsthat the overall spatialsignatureof SST

anomaliess capturedmuchbetter inthe glacial experimentghan inexperiment PD (Fig. 3).
4. Conclusions
The Atlantic SSTresponseatternwith respect tameltwaterperturbationsstrongly dependson the

climatic backgroundstate.Compared to Heinrickventsof theice age, aébreakdownof the present-

day THC would induce amuch strongertemperaturedrop in high northernlatitudes. Important



featuresof Heinrich Event SSTsignatures inthe Atlantic Ocean,like an extremecooling off
Portugal,canonly be simulatedby perturbing aglacial stateof the ocean.Unlike the mono-stable
glacial THC,the moderrtirculationcansettleinto astable off mode.Mono-stability may serveas
an explanationfor the recovery of the THC after Heinrich Event shutdownsduring the last

glaciation.
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FIGURE CAPTIONS

Figure 1. Differencesbetweenglacialandpresent-dayannualmeansurfaceair temperaturegor

experiments C, V\and G inthe Atlantic realm.

Figure 2: Temporalevolutionof the Atlantic meridionaloverturningcirculation (ere:netexportof
North Atlantic deepwateat 30°S) intheexperiments C, W, @nd PD present-day). A 500-yr

meltwatermperturbations appliedatyear 0.

Figure 3: Atlantic SSTresponse tthe meltwaterperturbation inexperiments C, W, @nd PD
(present-day)Temperatur@anomalies relative tthe unperturbecquilibriaareplottedat theendof
the meltwaterperiod (i.e.,year 500) For comparisonfemperaturehangesuggestedtby proxy data
from marinesedimentores {aunalandbr alkenonereconstructionsfor HeinrichEvent lare
markedby dotsasfollows: warming (red) temperaturehangedessthan 0.5°C\hite), cooling
(cyan),very strongcooling darkblue).ReferencesMASLIN et al. (1995)PATERNE et al. (1999),
CHAPMAN andSHACKLETON (1998),BARD et al. (2000)RUHLEMANN et al. (1999)KIm et al.
(2002),SAacHs et al. (2001).
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