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)NTRODUCTION
)T�IS�NOW�WELL�KNOWN�THAT�THE�STATE�

OF�THE�TROPICAL�0ACIl�C�CLIMATE�HAS�

A�LARGE�INm�UENCE�ON�THE�GLOBAL�CLI


MATE��AS�EVIDENCED�BY�THE�INTER


ANNUAL�VARIATIONS�ASSOCIATED�WITH�

THE�%L�.I×O�3OUTHERN�/SCILLATION�

�%.3/	�AND�ITS�GLOBAL�TELECONNEC


TIONS��)F�THE�MEAN�STATE�OF�THE�TROPI


CAL�0ACIl�C�WERE�TO�UNDERGO�SHIFTS�

ON�LONGER�TIMESCALES�� IT� IS� LIKELY�

THAT�SUCH�CHANGES�WOULD�ALSO�HAVE�

GLOBAL�IMPACTS��4HIS�POSSIBILITY�HAS�

PROMPTED�DEBATE�ABOUT�WHETHER�

THE�TROPICAL�0ACIl�C�HAS�UNDERGONE�

CHANGES�OVER�THE���TH�CENTURY�THAT�

ARE�AKIN�TO�THE�WARM�PHASE��%L�.I×O	�

OR�COLD�PHASE��,A�.I×A	�OF�%.3/��

AND�ALSO�WHETHER�SUCH�SHIFTS�WILL�BE�

PART�OF�THE�CLIMATE�RESPONSE�TO�IN


CREASED�GREENHOUSE�GASES��'('S	�

IN�THE�FUTURE��!T�PRESENT��STATE
OF


THE
ART�COUPLED�OCEAN
ATMOSPHERE�

GENERAL�CIRCULATION�MODELS��'#-S	�

SIMULATE�DIFFERENT�RESPONSES�IN�THE�

TROPICAL�0ACIl�C�CLIMATE�TO�INCREASED�

'('S��WITH�SOME�MODELS�PREDICT


ING�A�DECREASED�EAST�WEST�SEA�SUR


FACE�TEMPERATURE��334	�GRADIENT�

�AKIN�TO�%L�.I×O	��OTHERS�PREDICTING�

AN�INCREASED�GRADIENT��AKIN�TO�,A�

.I×A	��AND�STILL�OTHERS�PREDICTING�NO�

CHANGE��#OLLINS�ET�AL�������	��'IVEN�

THIS�UNCERTAINTY��IT�IS�REASONABLE�TO�

TURN�TO�THE�PAST�TO�LEARN�ABOUT�HOW�

THE�TROPICAL�0ACIl�C�RESPONDED�TO�CLI


MATE�FORCING��AND�WHETHER�THE�INm�U


ENCE�OF�THE�TROPICAL�0ACIl�C�CAN�BE�

SEEN�IN�PAST�REGIONAL�CLIMATE�PROX


IES�AROUND�THE�GLOBE�

-ODELING�RESULTS
)N�THIS�PAPER��WE�PRESENT�RESULTS�

FROM�SEVERAL�RECENT�STUDIES��MANY�

OF� WHICH� HAVE� BEEN� SUPPORTED�

UNDER�THE�.ATIONAL�3CIENCE�&OUN


DATION�S�%ARTH�3YSTEM�(ISTORY�PRO


GRAM�� IN�ORDER� TO� ILLUSTRATE�HOW�

THE�TROPICAL�0ACIl�C�CLIMATE�HAS�RE


SPONDED�TO�SOLAR�FORCING�OVER�THE�

LAST������YEARS��&IGURE��A�SHOWS�

THE�SOLAR�FORCING�AS�RECONSTRUCTED�

BY�#ROWLEY������	��4HIS�FORCING�IS�

IMPOSED�ON�THE�:EBIAK
#ANE��:#	�

COUPLED�OCEAN
ATMOSPHERE�MODEL��

WHICH�SIMULATES�ANOMALIES�ABOUT�

THE�CURRENT�CLIMATE�IN�THE�TROPICAL�

0ACIl�C��2ESULTS�FROM�A����
MEMBER�

ENSEMBLE��IN�WHICH�THE�FORCING�IS�

IDENTICAL�BUT�INITIAL�CONDITIONS�ARE�

VARIED�SLIGHTLY� FROM�MEMBER� TO�

MEMBER	�ARE�SHOWN�IN�&IGURE��B�

�BLUE�LINE	��4HERE�IS�A�CLEAR�ANTI
COR


RELATION�BETWEEN�THE�SOLAR�FORCING�

AND�THE�VALUE�OF�.)./���AVERAGE�

334�ANOMALY�OVER�THE�REGION��ª3


�ª.�AND����
��ª7	�SUCH�THAT�WHEN�

THE�SOLAR�IRRADIANCE�IS�HIGHER��THE�

MEAN�.)./��VALUE�IS�NEGATIVE��AKIN�

TO�A�,A�.I×A�WITH�AN�INCREASED�EAST


WEST�GRADIENT	��AND�WHEN�IRRADIANCE�

���� ���� ���� ���� ���� ���� ���� ���� ���� ���� ����

����

����

�

���

���

���

3
O

LA
R�

FO
RC

IN
G

��
7

�M
�

�
	

4IME��YEARS	

4HE�PAST�-ILLENNIUM��FORCING�AND�RESPONSES
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%VANS�CORAL�RECONSTRUCTED�.)./������YR�LOWPASS	

:#�MODEL�.)./�������MEMBER�ENSEMBLE	
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0$3)�OVER�THE�7EST�����YR�LOWPASS	

&IGURE����4OP�0ANEL��3OLAR�FORCING�OVER�THE�LAST�MILLENNIUM��FROM�#ROWLEY������	��5NITS�ARE�
7M
���-IDDLE�0ANEL��.)./��334�INDEX�SIMULATED�BY�THE�:#�MODEL�IN�RESPONSE�TO�THE�SOLAR�FORC

ING�SHOWN�IN�THE�TOP�PANEL��BLUE�CURVE	��4HE�GREEN�CURVE�SHOWS�THE�.)./��VALUE�RECONSTRUCTED�
USING�THE�METHODOLOGY�OF�%VANS�ET�AL�������	�APPLIED�TO�A�NETWORK�OF����CORALS��REPORTED�BY�
%VANS�ET�AL�������	��"OTH�CURVES�ARE�NORMALIZED�AND�SMOOTHED�WITH�A���
YEAR�LOW
PASS�l�LTER��
"OTTOM�PANEL��0ALMER�$ROUGHT�3EVERITY�INDEX�FOR�THE�WESTERN�5�3��AS�RECONSTRUCTED�FROM�THE�
#OOK�ET�AL�������	�GRIDDED�DATA��.EGATIVE�VALUES�INDICATE�DROUGHT�CONDITIONS�AND�POSITIVE�VALUES�
WET�CONDITIONS��4HE�DATA�ARE�NORMALIZED�AND�SMOOTHED�WITH�A���
YEAR�LOW
PASS�l�LTER�

0!'%3�.%73��6/,�����.ª���!5'534�����
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AN�%L�.I×O�WITH�A�DECREASED�GRADI


ENT	��)T�SHOULD�BE�NOTED�THAT�THERE�

IS�CURRENTLY�CONSIDERABLE�DEBATE�AS�

TO�THE�MAGNITUDE�OF�THE�CENTENNIAL�

TIMESCALE�VARIATIONS�IN�THE�SOLAR�IR


RADIANCE��SO�THESE�RESULTS�SHOULD�BE�

INTERPRETED�ONLY�QUALITATIVELY�

4HE�MODEL�RESULTS�CAN�BE�EX


PLAINED�BY�A�MECHANISM�THAT�HAS�

BEEN�DUBBED�THE�OCEAN�DYNAMI


CAL� THERMOSTAT� �#LEMENT� ET� AL���

����	�� IN�WHICH�A�HEATING�OF� THE�

TROPICAL�0ACIFIC�OCEAN�LEADS�TO�A�

COOLING�OF� THE�.)./��REGION��IL


LUSTRATED�SCHEMATICALLY�IN�&IG���	��

4HIS�RESULT�ARISES�FROM�THE�DIFFER


ENT�SURFACE�TEMPERATURE�RESPONSE�

IN�THE�EASTERN�AND�WESTERN�0ACIl�C��

)N�THE�WEST��WHERE�THE�THERMOCLINE�

IS�DEEP��THE�RESPONSE�TO�SURFACE�

HEATING�IS�LARGELY�THERMODYNAMIC�

AND�THE�MIXED�LAYER�ADJUSTS�WITH�AN�

INCREASED�TEMPERATURE��)N�THE�EAST�

WHERE�THE�THERMOCLINE�IS�SHALLOW��

COOLING�BY�VERTICAL�ADVECTION�OFFSETS�

THE�SURFACE�HEATING��PRODUCING�A�

SMALLER�TEMPERATURE�RESPONSE��4HE�

INCREASED�ZONAL�SEA�SURFACE�TEM


PERATURE��334	�GRADIENT�ACCELER


ATES�THE�TRADE�WINDS��WHICH�LEADS�

TO�FURTHER�THERMOCLINE�SHOALING�AND�

COOLING�BY�VERTICAL�ADVECTION�IN�THE�

EAST��FURTHER�ACCELERATING�THE�WINDS��

4HIS�@CLIMATOLOGICAL��"JERKNES�FEED


BACK��AKIN�TO�THAT�WHICH�OPERATES�

ON�INTERANNUAL�TIMESCALES��LEADS�TO�

A�COOLING�OF�THE�EASTERN�EQUATORIAL�

0ACIl�C�IN�RESPONSE�TO�A�HEATING�OF�

THE�"ASIN��)S�THERE�ANY�EVIDENCE�OF�

SUCH�BEHAVIOR�IN�THE�PALEOCLIMATE�

RECORD�

0ALEOCLIMATE�OBSERVATIONS
!N�EXTREMELY� IMPORTANT�ARCHIVE�

OF�PAST�BEHAVIOR�OF�%.3/�AND�THE�

MEAN�STATE�OF�THE�TROPICAL�0ACIl�C�

COMES�FROM�BOTH�LIVING�AND�FOS


SIL�CORALS��%VANS�ET�AL�������	�HAVE�

USED�A�NETWORK�OF�CORAL�RECORDS�TO�

RECONSTRUCT�334�FROM�THE�TROPICAL�

0ACIl�C�OVER�THE�LAST�SEVERAL�CENTU


RIES��4HE�REDUCED�SPACE�OBJECTIVE�

ANALYSIS�METHODOLOGY�OF�%VANS�ET�

AL�������	�WAS�APPLIED�TO�A�LARGER�

NUMBER�OF�CORAL�RECORDS��%VANS�ET�

AL�������	��AND�THE�RESULTING�.)./��

RECONSTRUCTION�IS�PLOTTED�IN�&IGURE�

�B��GREEN�LINE	��!GREEMENT�BETWEEN�

INDEPENDENTLY
RECONSTRUCTED�.)./��

AND�MODEL
SIMULATED�.)./��IS�EN


COURAGING��BOTH�LINES�OF�EVIDENCE�

SUGGEST�A�MAXIMUM�VALUE�IN�THE�

MID
�TO�LATE
��TH�CENTURY��COINCID


ING�WITH�THE�-AUNDER�-INIMUM��

AND�A�SHIFT�TOWARDS�LOWER�VALUES�OF�

.)./��FROM�THAT�TIME�UNTIL�THROUGH�

THE���TH�CENTURY��4HERE�ARE��HOWEV


ER��NOTABLE�DIFFERENCES�BETWEEN�THE�

MODEL�AND�DATA�ON�MULTI
DECADAL�

TIMESCALES�WHICH�MAY�BE�DUE�TO�

DEl�CIENCIES�IN�BOTH�PRODUCTS��7E�

MUST�ASSUME�THAT�THE�INTERPRETA


TION�OF� CORAL
RECONSTRUCTED�334�

HAS�l�DELITY�ON�TIMESCALES�LONGER�

THAN�ARE�AVAILABLE� FOR�STATISTICAL�

CALIBRATION��4HE�MODEL�SIMULATES�

A�TREND�OF�DECREASING�.)./��OVER�

THE���TH�CENTURY��WHILE�THE�DATA�DO�

NOT�SHOW�SUCH�A�TREND��PERHAPS�BE


CAUSE�CHANGES�IN�GREENHOUSE�GAS�

CONCENTRATIONS�ARE�NOT�MODELED�

4HERE�ARE�OTHER�CORAL�RECORDS�

THAT�SUPPORT�THE�PICTURE�OF�A�WARM�

EASTERN�EQUATORIAL�0ACIFIC��OR�RE


DUCED�EAST
WEST�GRADIENT	�IN�THE�

MID
��TH�TO�MID
��TH�CENTURY��#OBB�

ET�AL�������	�FOUND�RELATIVELY�LIGHT�

VALUES�FOR�b��/��WARM��FRESH�CONDI


TIONS	�IN�CORALS�FROM�0ALMYRA�)SLAND�

DURING�THE���TH�CENTURY��4HEY�ALSO�

FOUND�RELATIVELY�HEAVY�VALUES��COLD��

SALTY	�DURING�THE���TH�TO���TH�CENTU


RIES��A�TIME�WHEN�THE�SOLAR�FORCING�

WAS�HIGH��)F�THE�MODERN�BEHAVIOR�

OF�b��/�ON�INTERANNUAL�TIMESCALES�IS�

EXTENDED�TO�THE�PAST��THIS�WOULD�IN


DICATE�A�REDUCED�EAST
WEST�GRADIENT�

FOR�THE���TH�TO���TH�CENTURIES��AND�

AN�INCREASED�GRADIENT�FOR�THE�EARLIER�

MEDIEVAL�PERIOD��CONSISTENT�WITH�THE�

MODEL�RESULTS��$AMASSA�ET�AL�������	�

ALSO�SHOWED�THAT�CORAL�RECORDS�FROM�

THE�WESTERN�)NDIAN�OCEAN�INDICATE�

THAT� 334S� WERE� WARMER� DURING�

THE�MID
��TH�TO�MID
��TH�CENTURY��

!GAIN��IF�THE�MODERN�%.3/�ANALOGY�

IS�EXTENDED�TO�THE�PAST��THIS�WOULD�

IMPLY�A�REDUCED�EAST
WEST�GRADIENT�

AT�THAT�TIME��ALSO�CONSISTENT�WITH�THE�

MODEL�RESULTS�

4HIS�COLLECTION�OF�MODEL�RESULTS�

AND�CORAL�DATA�FROM�THE�TROPICAL�

0ACIl�C�APPEARS�TO�SUGGEST�THAT�SO


LAR�FORCING�HAS�AN�INm�UENCE�ON�THE�

TROPICAL�0ACIl�C�CLIMATE�IN�A�MANNER�

CONSISTENT�WITH�THE�OCEAN�DYNAMI


CAL�THERMOSTAT��4HE�IMPLICATIONS�OF�

THIS�MAY�EXTEND�BEYOND�THE�0ACIl�C�

"ASIN��3EAGER�ET�AL�������	�AND�(ER


WEIJER�ET�AL�������A	�HAVE�USED�OB


SERVATIONS�AND�MODEL�SIMULATIONS�

TO�ARGUE�THAT�DECADAL�TIMESCALE�,A�

.I×A
LIKE�334�CHANGES�WERE�RESPON


SIBLE�FOR�THE�SIX�SEVERE�MULTI
YEAR�

.ORTH�!MERICAN�DROUGHTS�SINCE�THE�

MID
��TH�CENTURY��(ERWEIJER�ET�AL��

�SUBMITTED	�USED�A�GRIDDED�DROUGHT�

RECONSTRUCTION�BASED�ON�TREE
RING�

DATA�FROM�#OOK�ET�AL�������	�TO�SHOW�

THE�EXISTENCE�OF�@MEGA
DROUGHTS��

DURING�THE�MEDIEVAL�PERIOD�THAT�

HAD�A�SPATIAL�PATTERN�VERY�SIMILAR�

TO�MODERN�DROUGHTS��4HEY�ARGUED�

THAT�THE�TEMPORAL�DROUGHT�VARIABIL


ITY�WAS�SIMILAR�TO�THAT�OF�THE���TH�

CENTURY�BUT�THAT�IT�OCCURRED�AROUND�

A�DRIER�MEAN�STATE��SUCH�THAT�PERI


&IGURE����3CHEMATIC�REPRESENTATION�OF�THE�@THERMOSTAT��MECHANISM��SEE�TEXT	�PROPOSED�BY�
#LEMENT�ET�AL�������	��&IGURE�COURTESY�OF�,OWELL�3TOTT�

0!'%3�.%73��6/,�����.ª���!5'534�����
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ARIDITY��LASTED�FOR���
���YEARS��'RA


HAM�ET�AL���SUBMITTED	�HAVE�USED�

PROXIES�TO�ESTIMATE�MEDIEVAL�334S�

AND�DEMONSTRATED�THAT�WHEN�THEY�

ARE�USED�TO�FORCE�AN�ATMOSPHERIC�

'#-��DROUGHT�RESULTS�OVER�.ORTH�

!MERICA��4HE�ALTERED�MEAN�STATE�

OF�THE�MEDIEVAL�PERIOD��NOT�ONLY�IN�

.ORTH�!MERICA�BUT�ALSO�IN�OTHER�%.


3/�SENSITIVE�REGIONS��E�G���%AST�!F


RICA��NORTHERN�3OUTH�!MERICA��3OUTH�

!FRICA�� THE�3AHEL�AND�THE� )NDIAN�

OCEAN��(ERWEIJER�ET�AL���SUBMITTED	��

IS�CONSISTENT�WITH�A�SOLAR
INDUCED�

,A�.I×A
LIKE�STATE�IN�THE�TROPICAL�0A


CIl�C��4HE�TREE�RING�DATA�ALSO�SHOW�

THAT�THE�,ITTLE�)CE�!GE�WAS�A�RELA


TIVELY�WET�PERIOD�IN�THE�CENTRAL�5�3��

COMPARED�WITH�THE�EARLIER�MEDIEVAL�

PERIOD��&IG���C	��CONSISTENT�WITH�A�

SHIFT�TOWARDS�A�REDUCED�EAST
WEST�

GRADIENT��AS�SHOWN�IN�&IGURE��B�

&INAL�POINTS
/F�COURSE��A�NUMBER�OF�CAVEATS�

APPLY�HERE��&IRST��MODEL�STUDIES�

HAVE�SHOWN� THAT�!TLANTIC�334S�

EXERT�AN�INm�UENCE�ON�CENTRAL�5�3��

PRECIPITATION��3CHUBERT�ET�AL���������

3EAGER�ET�AL���SUBMITTED��3UTTON�

AND�(ODSON������	��SO�THERE�IS�NO�

REASON�TO�BELIEVE�THAT�CONDITIONS�

IN�THE�TROPICAL�0ACIl�C�ARE�A�PERFECT�

PREDICTOR�OF�CENTRAL�5�3��RAINFALL��)T�

SHOULD�ALSO�BE�NOTED�THAT�THE�OB


SERVATIONS�OF�TROPICAL�0ACIl�C�334S�

ARE�QUITE�SPARSE�PRIOR�TO�THE���TH�

CENTURY��AND�CORAL�DATA�FOR�THE�LAST�

�����YEARS�ARE�CRITICAL�TO�l�LLING�IN�

THESE�GAPS��&INALLY��THERE�IS�THE�IS


SUE�OF�THE�MAGNITUDE�OF�SOLAR�IR


RADIANCE�CHANGES��7HILE�THE�:#�

MODEL�IS�FAIRLY�SENSITIVE�TO�EVEN�

SMALL�SOLAR�FORCING��%MILE
'EAY�

ET�AL���ACCEPTED	��IF�THE�MID
RANGE�

VALUE�OF�����7M
��IS�ACCEPTED��THE�

MODEL� RESPONSE� IS� QUITE� SMALL�

�^����ª#	��4HUS��WHILE� THE� LINK


AGES�EXPLORED�HERE�MIGHT�HAVE�

QUALITATIVE�SUPPORT�FROM�MODELS�

AND�PALEOCLIMATE�OBSERVATIONS��IT�

IS�DIFl�CULT�TO�ARGUE�FOR�SUCH�LARGE�

QUANTITATIVE�CHANGES�IN�THE�CLIMATE�

SYSTEM�FROM�SOLAR�FORCING�ALONE��

4HUS�REMAINS�THE�CENTURIES
OLD�

PROBLEM�OF�WHY�THE�CLIMATE�RE


SPONSE�TO�SOLAR�FORCING�APPEARS�TO�

BE�SO�LARGE��0ERHAPS�THE�TROPICAL�

0ACIl�C�IS�PART�OF�THE�ANSWER�BUT�IT�

MAY�NOT�BE�THE�WHOLE�STORY�

./4%

$ATA�USED�IN�THE�STUDY�CAN�BE�FOUND�IN�THE�
@DATA��SECTION�OF�THE�AUTHORS�RESEARCH�PAGE�
AT�HTTP���WWW�LDEO�COLUMBIA�EDU�^JULIENEG�
RESEARCH�HTML�

2%&%2%.#%3

#LEMENT��!�#���3EAGER��2���#ANE��-�!���AND�:EBIAK��3�%���
������!N�OCEAN�DYNAMICAL�THERMOSTAT��*��#LIMATE��
�������
�����

%MILE
'EAY��*���#ANE��-���3EAGER��2���+APLAN��!���AND�
!LMASI��0���ACCEPTED��%.3/�AS�A�MEDIATOR�OF�THE�
SOLAR�INm�UENCE�ON�CLIMATE��0ALEOCEANOGRAPHY�HYHY

%VANS��-�.���+APLAN��!��AND�#ANE��-�!���������0ACIl�C�
SEA�SURFACE�TEMPERATURE�l�ELD�RECONSTRUCTION�FROM�
CORAL�DELTA�/
���DATA�USING�REDUCED�SPACE�OBJECTIVE�
ANALYSIS��0ALEOCEANOGRAPHY��HYHY ����!RT��.O�������

(ERWEIJER��#���3EAGER��2��AND�#OOK��%�2�������A��.ORTH�
!MERICAN�DROUGHTS�OF�THE�MID�TO�LATE�NINETEENTH�
CENTURY��A�HISTORY��SIMULATION�AND�IMPLICATION�FOR�
-EDIAEVAL�DROUGHT��4HE�(OLOCENE������	�����
����

3EAGER��2���SUBMITTED��4HE�TURN�OF�THE�CENTURY�DROUGHT�
ACROSS�.ORTH�!MERICA��$YNAMICS��GLOBAL�CONTEXT�
AND�PRIOR�ANALOGS��*��#LIMATE�

&OR�FULL�REFERENCES�PLEASE�CONSULT�

WWW�PAGES
IGBP�ORG�PRODUCTS�NEWSLETTERS�REF����?��HTML

4HE�MYSTERY�INTERVAL������TO������KYRS�AGO
'%/2'%�(��$%.4/.

���7!,,!#%�3��"2/%#+%2
��!.$�2)#(!2$�"��!,,%9

�

�$EPARTMENT�OF�%ARTH�3CIENCES�AND�#LIMATE�#HANGE�)NSTITUTE��5NIVERSITY�OF�-AINE��/RONO��53!��GDENTON MAINE�EDU
�,AMONT
$OHERTY�%ARTH�/BSERVATORY��#OLUMBIA�5NIVERSITY��0ALISADES��53!
�0ENNSYLVANIA�3TATE�5NIVERSITY��5NIVERSITY�0ARK��53!

4HE�TIME�PERIOD�BETWEEN�THE�BE


GINNING�OF�(EINRICH�EVENT�����(
�	�

AND�THE�ONSET�OF�THE�"�LLING�!LLER�D�

RIVALS� THE�9OUNGER�$RYAS� IN� IM


PORTANCE�TO�OUR�UNDERSTANDING�OF�

HOW�THE�PLANET�RESPONDS�TO�ABRUPT�

MODE�SWITCHES��4HIS�INTERVAL�ALSO�

CONSTITUTES�THE�ONSET�OF�THE�MOST�

RECENT�TERMINATION��ARGUABLY�THE�

MOST�FUNDAMENTAL�CLIMATE�SHIFT�OF�

THE�LAST����
KYR�GLACIAL�CYCLE��!S�

SOME�OF�THE�RESPONSES�DURING�THIS�

TIME�APPEAR�TO�BE�MUTUALLY�CON


TRADICTORY��WE�TERM�IT�THE�h-YSTERY�

)NTERVALv�

+EY�OBSERVATIONS
.OTABLE�EVENTS�DURING�THE�����


YEAR
LONG�-YSTERY�)NTERVAL�ARE�AS�

FOLLOWS��&IG���	�

s�4HE�(
��ICEBERG�ARMADA�WAS�DIS


CHARGED�INTO�THE�.ORTH�!TLANTIC�

/CEAN��"OND�ET�AL���������(EM


MING������	�

s�%XPORT�OF����0A�FROM�THE�!TLANTIC�

TO�THE�3OUTHERN�/CEAN�AP


PEARS�TO�HAVE�COME�TO�A�HALT��

SIGNALING�A�SHUTDOWN�OF�.ORTH�

!TLANTIC�MERIDIONAL�OVERTURN


ING�CIRCULATION��-C-ANUS�ET�

AL�������	�

s�4HE�NORTHERN�!TLANTIC�/CEAN�AND�

THE�-EDITERRANEAN�3EA�BE


CAME�UNUSUALLY�COLD��"ARD�ET�

AL���������#ACHO�ET�AL�������	�

s�#ONDITIONS�IN�'REENLAND�WERE�

HEAVILY�WEIGHTED�TOWARD�HY


PERCOLD�WINTERS��STADIAL�'3
�A��

$ENTON�ET�AL�������	�

s�.ORTHWESTERN�%UROPE�WAS�SIMI


LARLY�DOMINATED�BY�HYPERCOLD�

WINTERS��,ATE
0LENIGLACIAL��

2ENSSEN�AND�)SARIN������	�
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