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$EVWUDFW£$�FRPELQDWLRQ�RI�VDWHOOLWH�PLFURZDYH�GDWD�VHWV�DUH�XVHG�LQ
FRQMXQFWLRQ�ZLWK�(&0:)�DQG�1&(3�PHWHRURORJLFDO�DQDO\VLV�ILHOGV�WR
LQYHVWLJDWH�VHDVRQDO�YDULDELOLW\�LQ�WKH�FLUFXODWLRQ�DQG�VHD�LFH�G\QDPLFV
RI� WKH� :HGGHOO� DQG� 5RVV� 6HDV�� 5HVXOWV� RI� VHD�LFH� WUDFNLQJ� XVLQJ
660�,��6FDWWHURPHWHU�DQG�6$5�LPDJHV�DUH�FRPELQHG�ZLWK�LQ�VLWX�GDWD
GHULYHG�IURP�$UJRV�EXR\V�DQG�*36�GULIWHUV�WR�YDOLGDWH�REVHUYHG�GULIW
SDWWHUQV��6HDVRQDO���PRQWK�FOLPDWRORJLHV�RI�LFH�PRWLRQ�DQG�GULIW�VSHHG
YDULDQFH� LOOXVWUDWH� WKH� UHVSRQVH� RI� WKH� VHD�LFH� V\VWHP� WR� VHDVRQDO
IRUFLQJ�� $� PHOW�GHWHFWLRQ� DOJRULWKP� LV� XVHG� WR� WUDFN� WKH� RQVHW� RI
VHDVRQDO� PHOW�� DQG� WR� GHWHUPLQH� WKH� H[WHQW� DQG� GXUDWLRQ� RI
DWPRVSKHULFDOO\�OHG� VXUIDFH� PHOWLQJ� GXULQJ� DXVWUDO� VXPPHU�� 5HVXOWV
VKRZ� WKDW� ZLQG�GULYHQ� GULIW� UHJXODWHV� WKH� VHDVRQDO� GLVWULEXWLRQ� DQG
FKDUDFWHULVWLFV� RI� VHD�LFH� DQG� WKH� LQWHQVLW\� RI� WKH� F\FORQLF� *\UH
FLUFXODWLRQ�LQ�WKHVH�WZR�UHJLRQV�

INTRODUCTION

'\QDPLF�DQG�WKHUPRG\QDPLF�SURFHVVHV�LQ�WKH�6RXWKHUQ�2FHDQ�FRQWURO
QRUWKZDUG�DGYHFWLRQ�RI� VHD�LFH�DQG� WKH�JURZWK�SURFHVVHV� WKDW� UDSLGO\
UHSODFH� LFH� LQ� RSHQLQJV� LQ� WKH� GLVSODFHG� DQG� GLVORFDWHG� LFH� FRYHU�
%DVLQ�VFDOH� LFH� G\QDPLFV� OLPLW� WKH� JHRJUDSKLF� GLVWULEXWLRQ� RI� OHDG
IUDFWXUHV� DQG� SRO\Q\DV�� ZKLOH� DW� WKH� VDPH� WLPH� UHJXODWLQJ� VSDWLR�
WHPSRUDO� YDULDELOLW\� LQ� RFHDQ�DWPRVSKHUH� KHDW� IOX[HV��7KH� VHDVRQDOO\
HYROYLQJ� VHD�LFH� FRYHU� KDV� D� VLJQLILFDQW� LPSDFW� RQ� ZDWHU�PDVV
PRGLILFDWLRQ� SURFHVVHV�� SDUWLFXODUO\� LQ� WKH� :HGGHOO� DQG� 5RVV� 6HD
EDVLQV�� ,Q� WKHVH� WZR� UHJLRQV� RI� IRFXV�� LFH� IRUPDWLRQ� DQG� VHDVRQDO
PHOWLQJ� LQIOXHQFH� XSSHU�RFHDQ� VWDELOLW\� WKURXJK� FKDQJHV� LQ� WKH
KRUL]RQWDO�DQG�YHUWLFDO�VDOLQLW\�DQG�EXR\DQF\�JUDGLHQWV��,FH�IRUPDWLRQ
LQ�SRO\Q\DV�FDQ�LQGXFH�FRQYHFWLYH�RYHUWXUQLQJ�RU�VHDVRQDO�PHOWLQJ�FDQ
VWDELOL]H� WKH�PL[HG� OD\HU��%RWK�FDQ�KDYH�DQ� LPSDFW�RQ�NH\�SURFHVVHV
GULYLQJ�WKH�JOREDO�WKHUPRKDOLQH�RFHDQ�FLUFXODWLRQ�

7UDGLWLRQDOO\�� LQVWUXPHQWHG� EXR\V� >�@� DQG� PRGHOV� >�@� KDYH� EHHQ
XVHG� WR� WU\� WR� XQGHUVWDQG� ODUJH�VFDOH� VHD�LFH� SURFHVVHV�� %XW�� WR�GDWH
$QWDUFWLF� GULIWLQJ� EXR\� GHSOR\PHQWV� KDYH� EHHQ� OLPLWHG� LQ� WLPH� DQG
VSDFH� �)LJ�� ����8VLQJ� WKHVH� GDWD�� LW� LV� GLIILFXOW� WR� DFFXUDWHO\� TXDQWLI\
VHDVRQDOO\� YDU\LQJ� EDVLQ�VFDOH� LFH� G\QDPLFV� DQG� VXUIDFH� IRUFLQJ
H[SHULHQFHG�E\�WKH�LFH�FRYHU��RU�WR�YDOLGDWH�WKH�QHZ�JHQHUDWLRQ�RI�ILQH�
UHVROXWLRQ�FRXSOHG�LFH�RFHDQ�PRGHOV�

5HFHQW� GHYHORSPHQWV� LQ� SURFHVVLQJ� DQG� JULGGLQJ� (56����� :LQG
6FDWWHURPHWHU� �(6&$7�� DQG�1$6$�6FDWWHURPHWHU� �16&$7�� GDWD� >��
�@�DOORZ�WKHP�WR�EH�H[SORLWHG�ZLWK�H[LVWLQJ�660�,�GDWD�LQ�WKH�VWXG\�RI
$QWDUFWLF� VHD�LFH� YDULDELOLW\�� 7HFKQLTXHV� KDYH� DOVR� PDWXUHG� IRU
WUDFNLQJ�VHD�LFH�GULIW�LQ�$QWDUFWLF�6\QWKHWLF�$SHUWXUH�5DGDU��6$5��>�@�
(56�����DQG�16&$7�6FDWWHURPHWHU�>����@��DQG�660�,�LPDJHV�>��������
������@�

DATA SETS

&ROORFDWHG�:HGGHOO�DQG�5RVV�6HD�VDWHOOLWH�PLFURZDYH�UHPRWH�VHQVLQJ
GDWD�IURP��D��660�,���E��(6&$7�DQG�(56�����6$5��DQG��F��16&$7
ZHUH� XVHG� LQ� WKLV� VWXG\�� )RU� LOOXVWUDWLRQ� RI� ODUJH�VFDOH� G\QDPLFV�
VLPXOWDQHRXV� JULGGHG� LFH�PRWLRQ� GDWD� �DW� ��� �� DQG� �� GD\� LQWHUYDOV�
IURP�6FDWWHURPHWHU�DQG�660�,�DUH�VKRZQ�IRU�WKH�HQWLUH�\HDU�RI������
&RLQFLGHQW� ILHOG�GHSOR\HG� $UJRV� EXR\� DQG� GULIWLQJ� LFH� FDPS� *36
SRVLWLRQV�LQ�)LJXUH���DUH�SUHVHQWO\�XVHG�WR�FKHFN�WKH�YDOLGLW\�RI�WUDFNHG

GULIW� YHFWRUV� IURP� HDFK� LQVWUXPHQW�� 7HPSRUDOO\� DQG� VSDWLDOO\
RYHUODSSLQJ� 6$5� PRWLRQ� YHFWRU� JULGV� KDYH� EHHQ� HPSOR\HG� IRU
FRPSDULVRQ�SXUSRVHV�LQ�RUGHU�WR�FRPSDUH�WKH�FRQVLVWHQF\�EHWZHHQ�WKH
GHULYHG� VPDOO� DQG� ODUJH�VFDOH� PRWLRQ� ILHOGV�� (&0:)� DQG� 1&(3
PHWHRURORJLFDO� DQDO\VHV� DQG� ODQG� VWDWLRQ� GDWD�ZHUH� XVHG� WR� LOOXVWUDWH
V\QRSWLF�VFDOH�DWPRVSKHULF�IRUFLQJ�

ICE DYNAMICS

&RPSDULVRQV� EHWZHHQ� JULGGHG� 660�,� LFH�GULIW� YHFWRUV� DQG
(&0:)�1&(3� DQDO\VHV� �)LJ� ��� LQGLFDWH� WKDW� GDLO\�� RU� ORQJHU� WLPH�
VFDOH�ODUJH�VFDOH�VHD�LFH�FLUFXODWLRQ�LQ�WKH�:HGGHOO�DQG�5RVV�EDVLQV��LV
JRYHUQHG� E\� JHRVWURSKLF� ZLQGV� GULYHQ� E\� VHDVRQDOO\� YDU\LQJ� PHDQ�
V\QRSWLF� SUHVVXUH� SDWWHUQV�� +LJKHU�IUHTXHQF\�� VXE�GDLO\� GULIW
IOXFWXDWLRQV�� FDXVHG� E\� VZLIW�PRYLQJ� ORZ�SUHVVXUH� V\VWHPV� DQG� WLGDO
IRUFLQJ� �RYHU� VKDOORZ�ZDWHU� FRQWLQHQWDO� VKHOI� UHJLRQV� RQO\��� DQG
FDSWXUHG�RQO\�E\�6$5�LFH�WUDFNLQJ�RQ�WLPH�VFDOHV�RI����KRXUV�RU�OHVV
>�@��LV�QRW�FRQVLGHUHG�KHUH��&RPSDULVRQV�EHWZHHQ�GDLO\���*+]�660�,�
WUDFNHG�GULIW�DQG�EXR\�GDWD� LQGLFDWH�D�*DXVVLDQ�HUURU�GLVWULEXWLRQ�DQG
QHDU�]HUR�PHDQ� ELDV�� ZLWK� [�� \� GLVSODFHPHQW� HUURUV� RI� a�� NP� LQ� �î
RYHUVDPSOHG� GDWD�� 5HVXOWV� LQGLFDWH� WKDW� UPV� HUURUV� DUH� UHGXFHG� LQ
SURSRUWLRQ�WR���¥Q�ZKHQ�WKH�WUDFNLQJ�LQWHUYDO�RU�WHPSRUDO�DYHUDJLQJ�LV
SHUIRUPHG��ZLWK�DQ�[��\�UPV�HUURU�IRU�WKH���GD\�PHDQ�PRWLRQ�ILHOGV�RI
a� �� NP�� 7KLV� LV� D� VLJQLILFDQW� LPSURYHPHQW� RYHU� ��GD\� ILHOGV�� EXW
QHYHUWKHOHVV� VXJJHVWV� WKDW� VHDVRQDO� FOLPDWRORJLHV� DUH� D� IDU� PRUH
VXLWDEOH�VROXWLRQ�WKDQ�RIIHULQJ�GDLO\�PRWLRQ�ILHOGV�DW�WKH�SUHVHQW�WLPH�
&RPSDULVRQV� RI� GDLO\� GULIW� DQG� ��� KRXU� PHDQ� (&0:)� RU� 1&(3
SUHVVXUH� DQG�ZLQG� ILHOGV� DOVR� LQGLFDWH� RIIVHWV� EHWZHHQ� V\QRSWLF� ORZ�
SUHVVXUH� FHQWHUV� DQG� FLUFXODWLRQ� SDWWHUQV�� UDLVLQJ� TXHVWLRQV� DERXW� WKH
TXDOLW\�RI�PRGHOHG�ZLQG�IRUFHG� LFH�GULIW� LQIHUUHG� IURP�GDLO\�DQDO\VLV
SURGXFWV�

WEDDELL SEA

20.0 W
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)LJXUH� ��� 7UDMHFWRULHV� RI� ,FH� 6WDWLRQ� :HGGHOO� �*36�� DQG� EXR\V
GHSOR\HG�GXULQJ�����������LQ�WKH�:HGGHOO�6HD��$QWDUFWLFD�>FRXUWHV\
6��$FNOH\��'��0DUWLQVRQ��7��9LKPD�DQG�&��.RWWPHLHU@�
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7KH�VHDVRQDOLW\�RI� VHD�LFH�G\QDPLFV� LV� ODUJHO\� OLQNHG� WR� WKH�H[WHQW
RI�WKH�VHD�LFH�ZLWKLQ�WKH�:HGGHOO�DQG�5RVV�6HD�EDVLQV�DQG�WUDQVODWLRQ
RI� LQWHUQDO� LFH� VWUHVVHV� WKURXJK� WKH� SDFN� LFH�� 6XPPDULHV� RI� DXVWUDO
ZLQWHU� WKUHH�PRQWKO\� FOLPDWRORJLHV� RI� LFH� GULIW� LQ� WKH�2FHDQ� LQGLFDWH
ORZHU�PHDQ�VXPPHU�GULIW�VSHHGV�LQ�UHVSRQVH�WR�UHODWLYHO\�OLJKW�ZLQGV�
$V�ZLQWHU�SURJUHVVHV��WKH�F\FORQLF�LVREDULF�FLUFXODWLRQ�LQ�WKH�:HGGHOO
DQG�5RVV�J\UHV�EHFRPHV�FOHDUHU��,Q�ERWK�FDVHV��VHD�LFH�DFFHOHUDWHV�DV�LW

)LJXUH� ��� &OLPDWRORJLFDO� PHDQ� ����� GDLO\� LFH� GULIW�� GHULYHG� IURP
660�,����*+]�LPDJH�GDWD�IRU��D��-DQ�0DU���E��$SU�-XQ���F��-XO�6HSW�
�G��2FW�'HF��&RORUV� LQGLFDWH� VSDWLDO� YDULDWLRQV� LQ� WKH� GULIW� VSHHG� DQG
ZKLWH�DUURZV�LQGLFDWH�GULIW�VWUHDPOLQHV�

HVFDSHV� WKH� FRDVWDO� HQWUDSPHQW� RI� WKH� $QWDUFWLF� 3HQLQVXOD� DQG� WKH
9LFWRULD�/DQG�FRDVW�WR�HQWHU�WKH�$QWDUFWLF�&LUFXPSRODU�&XUUHQW��$&&��
7KH�ZHVWZDUG�H[WHQW�RI� WKH�5RVV�*\UH� LV�GHOLQHDWHG�ZLWK� LFH� OHDYLQJ
QRUWKZDUGV�WR�WXUQ�HDVW�DQG�IORZ�EDFN�WRZDUGV� WKH�$PXQGVHQ�6HD��$
GLVWLQFWLYH�FRQYHUJHQFH�]RQH�RFFXUV�DORQJ�WKH�FHQWUDO�D[LV�RI�WKH�5RVV
6HD��a�����(��ZKHUH�ODUJH�IUDFWLRQV�RI�FRDVWDO�SHUHQQLDO� LFH�IURP�WKH
$PXQGVHQ�6HD�PHHW�QHZO\�IRUPHG�LFH� IRUFHG�QRUWKZDUGV�DZD\�IURP
WKH� 5RVV� LFH� VKHOI� E\� NDWDEDWLF� ZLQGV�� :KHUHDV� WKH� 5RVV� *\UH
LQGLFDWHV� D� VHDVRQDOO\� YDULDEOH� VRXWKZDUGV� UHWXUQ� OLPE� LQ� WKH
$PXQGVHQ�6HD�� WKH�:HGGHOO� J\UH� LQGLFDWHV� QR� HTXLYDOHQW� IORZ��ZLWK
DOO�SHUHQQLDO�LFH�VXUYLYLQJ�WKH�VXPPHU�EHLQJ�VZHSW�IURP�WKH�EDVLQ�WKH
IROORZLQJ�\HDU�

)LJXUH����6HDVRQDO�YDULDQFH�LQ�LFH�GULIW�IRU�VDPH�SHULRGV�DV�LQ�)LJXUH���

$V� WKH�VHDVRQDO� LFH�DGYDQFH�WDNHV�SODFH�� WKH� WZR�]RQHV�RI�JUHDWHVW
LFH� GULIW� YDULDQFH� LQ� )LJ�� �� PLJUDWH� SURJUHVVLYHO\� QRUWKZDUG� DQG
HDVWZDUG�RXW�RI�HDFK�EDVLQ��7KHVH�PLG�ZLQWHU�]RQHV��KDYH�YDOXHV�!����
î����� P��V�� DQG� RFFXU� VOLJKWO\� QRUWK� RI� WKH� $QWDUFWLF� GLYHUJHQFH�
FHQWHUHG� DW� ��R� 6� ��R� :� DQG� ��R� 6� ���R� :�� LQ� WKH� :HGGHOO� DQG
$PXQGVHQ�6HDV� UHVSHFWLYHO\��7KH� IRUPHU� LV� LQ� D� UHJLRQ�ZKHUH� LFH� LV
IRUFHG�WR�WXUQ�QRUWKZDUGV�DV�LFH�EDFNV�XS�LQ�WKH�ZHVWHUQ�:HGGHOO�6HD�
ZKLOH�WKH�ODWWHU�LV�LQ�WKH�UHJLRQ�RI�PRVW�UDSLG�LFH�GULIW�ZLWK�ZLQWHU�PHDQ
GDLO\�YHORFLWLHV�H[FHHGLQJ���NP�G���

7LPH�VHULHV� RI� LFH� G\QDPLFV� SDUDPHWHUV� KDYH� EHHQ� GHULYHG�ZLWKLQ
VSHFLILF� UHJLRQV� WR� LOOXVWUDWH� WKH� FRUUHODWLRQ� ZLWK� PHWHRURORJLFDO
IRUFLQJ�� ([DPSOHV� LOOXVWUDWH� ]RQHV� RI� FRQVLVWHQW� GLYHUJHQFH� DQG
SRO\Q\D� IRUPDWLRQ�� LQ� FRQWUDVW� WR� FRQYHUJHQFH� ]RQHV� LQ� ZKLFK� ODUJH
IUDFWLRQV�RI�GHIRUPHG�LFH�DUH�IRXQG��+LJK�VKHDU�GHOLQHDWHV�WKH�D[LV�RI
WKH�$QWDUFWLF�GLYHUJHQFH� LQ�PDQ\�SDUWV�RI� WKH� VHD�LFH�FRYHU�� ,Q� WKHVH
UHJLRQV��WKH�VHSDUDWLRQ�EHWZHHQ�WKH�FRDVWDO�
HDVW�ZLQG�GULIW
�DQG�$&&�
GRPLQDWHG�GULIW�UHJLPHV�DUH�FKDUDFWHUL]HG�E\�]RQDOO\�H[WHQGHG�UHJLRQV
RI� LQWHQVH� VKHDU�� 2WKHU� LPSRUWDQW� ]RQHV� RI� KLJK� VKHDU� RFFXU� DW� WKH
ZHVWHUQ�PDUJLQ�RI� WKH�5RVV�6HD��5DSLGO\�SURGXFHG�QHZ� LFH� H[LWV� WKH
7HUUD�1RYD�%D\�SRO\Q\D�LQ�WKH�FRDVWDO�FXUUHQW��ZLWK�ODUJH�VKHDU�YDOXHV
FDSWXUHG�DORQJ�WKH�FRDVW��,Q�DGGLWLRQ�WKH�ODUJHVW�ZLQWHU�VKHDU�VWUDLQ� LV
PHDVXUHG�DW�WKH�QRUWKHUQ�OLPE�RI�WKH�5RVV�*\UH�ZKHUH�WKH�KLJKHVW�GULIW
YHORFLWLHV�DUH�REVHUYHG�

)LJXUH� ���:HGGHOO� 6HD� ��� KRXU� 660�,� LFH�PRWLRQ� DQG� (&0:)
VXUIDFH�DLU�SUHVVXUH�ILHOG�IRU�GD\������������-XO\�����%XR\�YHFWRUV
DUH�KLJKOLJKWHG�LQ�UHG�
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SEASONAL MELT

5HIHUHQFH� >��@� UHFHQWO\� GHPRQVWUDWHG� WKDW� DXVWUDO� VXPPHU� (6&$7
$QWDUFWLF�LPDJHV�VKRZ�PHOW�FKDUDFWHULVWLFV�VLPLODU�WR�$UFWLF�GDWD��7KH
EDFNVFDWWHU�LV�H[WUHPHO\�VHQVLWLYH�WR�WKH�DSSHDUDQFH�RI�OLTXLG�ZDWHU�LQ
WKH� VQRZSDFN� DW� WKH� WLPH� PHOWLQJ� EHJLQV�� 6FDWWHURPHWHU� WLPH�VHULHV
GDWD�ZHUH� DQDO\]HG� LQ�FRQMXQFWLRQ�ZLWK�600�,� WR� LQYHVWLJDWH� DXVWUDO
VXPPHU� PHOW� GXULQJ� WKH� SHULRG� ��������� 2QVHW� RI� PHOWLQJ� LV
FKDUDFWHUL]HG� E\� DQ� DEUXSW� GHFOLQH� LQ� EDFNVFDWWHU�� soYY� RI� ��� G%� RU
PRUH� RYHU� D� FRQWLJXRXV� WLPH� SHULRG� H[FHHGLQJ� VHYHUDO� GD\V��+HUH�� D
PHOW�GHWHFWLRQ� DOJRULWKP� ZDV� GHYHORSHG� IRU� JHQHUDO� DSSOLFDWLRQ� WR
(6&$7� RU� 16&$7� GDWD� >��@� DQG� VXFFHVVLYHO\� DSSOLHG� WR� DOO� SL[HOV
ZLWKLQ�HDFK�LPDJH�WKURXJKRXW�WKH�VXPPHU��5HVXOWV�LQGLFDWH�D�SROHZDUG
SURSDJDWLQJ� PHOW� IURQW�� PRYLQJ� SURJUHVVLYHO\� VRXWKZDUGV� ZLWK� WKH
VHDVRQDO� DLU� WHPSHUDWXUH� LQFUHDVH�� $OWKRXJK� UDSLGO\� PRYLQJ� VWRUPV
GHOLYHU� VXIILFLHQW� KHDW� WR� FDXVH� WHPSRUDU\� VXUIDFH� PHOWLQJ�� WKH
VFDWWHURPHWHU� LPDJH� UHFRUG� FRQFOXVLYHO\� VKRZV� WKDW� VXPPHU� VXUIDFH
PHOWLQJ� LV� HSKHPHUDO�� ,QVWHDG� RI� ORQJ� SHULRGV� ZLWK� GHSUHVVHG
EDFNVFDWWHU� FRHIILFLHQWV�� WKH� VXPPHU� LV� FKDUDFWHUL]HG� E\� ODUJH
IOXFWXDWLRQV� LQ�soYY� LQGLFDWLQJ�PHOWLQJ� DQG� IUHH]LQJ� F\FOHV� >��@�� 7KH
WRWDO� FXPXODWLYH� PHOW� GD\V� UHFRUGHG� E\� ERWK� LQVWUXPHQWV� LQ� )LJ�� �
FRQILUP� WKDW� DXVWUDO� VXPPHU� PHOWLQJ� LV� VKRUW�OLYHG�� SDWFK\� DQG
HSKHPHUDO�� 7KH� RQO\� ORFDWLRQV� H[SHULHQFLQJ� SURWUDFWHG� YLJRURXV
PHOWLQJ� �H[FHHGLQJ� ��� GD\V�� LQ� �������� ZHUH� UHJLRQV� ERUGHULQJ� WKH
$QWDUFWLF�SHQLQVXOD��LQ�WKH�:HGGHOO�DQG�%HOOLQJVKDXVHQ�6HDV��DQG�(DVW
$QWDUFWLF� FRDVWDO� UHJLRQV�� 7KH� VRXWKHUQPRVW� PHOWLQJ� UHJLRQ� LV
REVHUYHG�LQ�WKH�5RVV�6HD��ZKLOH� WKH� LQWHUHVWLQJ�SRLQW�ORFDWLRQ�ORFDWHG
LQ�WKH�$PXQGVHQ�6HD�LV�GLVFRYHUHG�WR�FRUUHVSRQG�ZLWK�WKH�ORFDWLRQ�RI
WKH�ODUJH��GULIWLQJ�7KZDLWHV�LFHEHUJ��$�����

CONCLUSIONS

&RPSDULVRQV� ZLWK� PHWHRURORJLFDO� DQDO\VLV� ILHOGV� GHPRQVWUDWH� WKDW
$QWDUFWLF�VHD�LFH�GULIW��WUDFNHG�LQ������NP�UHVROXWLRQ�LPDJHV��LV�IRUFHG
SUHGRPLQDQWO\�E\�IOXFWXDWLRQV�LQ�WKH�ODUJH�VFDOH�JHRVWURSKLF�ZLQG�ILHOG
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