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Polar Environments and Global Change� LV� DQ� H[FHOOHQW�
FRPSHQGLXP� RI� SHUWLQHQW� LQIRUPDWLRQ� KLJKOLJKWLQJ� WKH�
XQSUHFHGHQWHG�FKDQJHV�LQ�HQYLURQPHQWDO�FRQGLWLRQV�IDFLQJ�
WKUHH�RI�WKH�ZRUOG¶V�PRVW�VLJQL¿FDQW�FROG�UHJLRQV�

7KH� YROXPH� LV� GLYLGHG� LQWR� QLQH� FKDSWHUV� DQG�
DSSUR[LPDWHO\�����SDJHV�RI� WH[W��%DUU\�DQG�+DOO�0F.LP�
VWUDWHJLFDOO\� LQFRUSRUDWH� DQ� RYHUYLHZ� RI� KLVWRULFDO�
LQIRUPDWLRQ� LQWR� WKH� ERRN¶V� ¿UVW� FKDSWHU�� ZKLFK� IRFXVHV�
RQ� SDVW� FOLPDWLF� FRQGLWLRQV� FRPSOHPHQWHG� E\� VHFWLRQV�
GHWDLOLQJ� SRODU� H[SORUDWLRQ� DQG� WHFKQRORJLFDO� DGYDQFHV�
WKDW�KDYH�IDFLOLWDWHG�UHFHQW�UHVHDUFK�GHWDLOLQJ�FU\RVSKHULF�
LQWHUDFWLRQV�ZLWK�WKH�RFHDQ��ODQG��DQG�DWPRVSKHUH��&KDSWHU�� 
LV� KLJKOLJKWHG� E\� DQ� H[WUHPHO\� SOHDVDQW� V\QWKHVLV� WKDW�
FRPSDUHV�WKH�JHRJUDSKLFDO�DQG�FOLPDWLF�FKDUDFWHULVWLFV�RI�
WKH�WZR�PDMRU�SRODU�UHJLRQV��$UFWLF�DQG�$QWDUFWLF���ZKLOH�
DOVR�KLJKOLJKWLQJ�WKH�LPSRUWDQFH�RI�WKH�³WKLUG�SRODU�UHJLRQ´�
LQ� &HQWUDO� $VLD� ZKHUH� DOWLWXGH� LV� WKH� SULQFLSDO� FOLPDWLF�
IDFWRU��

7KH�VHFRQG�FKDSWHU�RIIHUV�D�WKRURXJK�RXWOLQH�RI�FOLPDWLF�
KLVWRU\� IURP� WKH� (RFHQH� WR� UHFHQW� WLPHV� �+RORFHQH�
$QWKURSRFHQH���7KH�DXWKRUV�GR�D�PDVWHUIXO� MRE�RI�FOHDUO\�
GH¿QLQJ� WKH�SULPDU\�GULYHUV�RI� ORQJ�WHUP�JOREDO� FOLPDWH�
FKDQJH� �H�J��� LQFUHDVHG� JUHHQKRXVH� JDV� FRQFHQWUDWLRQV�
DQG� FKDQJHV� LQ�(DUWK¶V� RUELWDO� F\FOHV��ZKLOH� KLJKOLJKWLQJ�
WKH� HQYLURQPHQWDO� FRQGLWLRQV� WKDW� FKDUDFWHUL]HG� YDULRXV�
JHRORJLFDO�HSRFKV��

&KDSWHU���SURYLGHV�D� UHIUHVKLQJ�V\QWKHVLV�RI� WKH�DUUD\�
RI� REVHUYLQJ� QHWZRUNV� WKDW� KDYH� HQDEOHG� FRQWHPSRUDU\�
LQVLJKWV�LQWR�SRODU�UHJLRQV��7KLV�VHFWLRQ�LV�ZHOO�VWUXFWXUHG�
LQ� LWV� OD\RXW� DQG� GHWDLOV� WKH� LPSRUWDQFH� RI� LQ� VLWX�
PHDVXUHPHQWV� FRPSOHPHQWHG� E\� FRPPXQLW\�EDVHG�
REVHUYDWLRQV�DQG�WUDGLWLRQDO�NQRZOHGJH��7KH�FKDSWHU�HQGV�
ZLWK� D� VXPPDU\� RI� WKH� PXOWLSOH� EHQH¿WV� RI� HPSOR\LQJ�
VDWHOOLWH� LPDJHU\� �H�J��� /DQGVDW�� 5DGDU�� WR� REVHUYH� DQG�
PRQLWRU� HQYLURQPHQWDO� FKDQJHV� �H�J��� VQRZ� FRYHU� H[WHQW��
JOREDO� VHD� LFH� FRQFHQWUDWLRQ�� ODQGVFDSH� FKDQJHV�� LQ� WKH�
SRODU�UHJLRQV��:KLOH�HPSKDVL]LQJ�WKH�GLVWLQFW�DGYDQWDJHV�
RI� LQFRUSRUDWLQJ� GDWD� REWDLQHG� IURP� RSWLFDO� UHPRWH�
VHQVLQJ� LPDJHU\� WR�TXDQWLI\�FKDQJH� LQ� WKH�SRODU� UHJLRQV��
WKH�DXWKRUV�DOVR�SURYLGH�DQ�XQELDVHG�SHUVSHFWLYH�RI�VRPH�
RI�WKH�OLPLWDWLRQV�RI�UHPRWH�VHQVLQJ�WHFKQRORJ\��H�J���FRVWV�
DVVRFLDWHG�ZLWK�REWDLQLQJ�GDWD��HUURUV�GXH�WR�XQ�FDOLEUDWHG�
LQVWUXPHQWV���

&KDSWHU� �� VXPPDUL]HV� WKH� JHRJUDSKLFDO� GLIIHUHQFHV�
DQG� HQYLURQPHQWDO� IRUFLQJV� EHWZHHQ� WKH� $UFWLF� DQG�
$QWDUFWLF� UHJLRQV��ZKLOH� GHVFULELQJ� WKH� DWPRVSKHULF� DQG�
RFHDQLF� FLUFXODWLRQV� RI� ERWK� DUHDV�� 7KH� LPSRUWDQFH� RI�
FLUFXODWLRQ�PRGHV�LQ�WKH�1RUWKHUQ�+HPLVSKHUH��H�J���$UFWLF�
2VFLOODWLRQ�� DQG� 6RXWKHUQ� +HPLVSKHUH� �H�J��� 6RXWKHUQ�
$QQXODU�0RGH��DUH�OLQNHG�WR�WKH�HIIHFWV�RQ�JOREDO�ZHDWKHU�
SDWWHUQV��DV�ZHOO�DV�KLVWRULF�DQG�UHFHQW�WUHQGV�REVHUYHG�LQ�

VHD�LFH�UHJLPHV��7KLV�FKDSWHU�OD\V�RXW�WKH�FRQFHSWXDO�EDVLV�
IRU�WKH�VXEVHTXHQW�ERRN�VHFWLRQV�RQ�SRODU�ODQGVFDSHV�DQG�
LFH�VKHHWV���&KDSWHUV���DQG���DUH�HQOLYHQHG�E\�WKH�IDFW�WKDW�
%DUU\�DQG�+DOO�0F.LP�KDYH�SUHVHQWHG�UHFHQWO\�UHIHUHQFHG�
VFKRODUO\� LQIRUPDWLRQ�RQ� WKH�HQYLURQPHQWDO�FRQGLWLRQV�RI�
WKH�PDQ\�GLIIHULQJ�VXUIDFH�W\SHV�RI�WKH�SRODU�UHJLRQV��H�J���
GHVHUW�� WXQGUD�� SHUPDIURVW�� ODNHV�� ULYHUV�� LFH� VKHHWV�� DV� D�
UHVXOW�RI�WKH�HIIHFWV�RI�FOLPDWH�YDULDELOLW\��7KH�LQIRUPDWLRQ�
FRYHUHG�LQ�FKDSWHUV���DQG���LV�ZHOO�FRPSOHPHQWHG�E\�WKH�
DGHTXDWH�XVH�RI�FRQWHPSRUDU\�SKRWRJUDSKV�WKDW�SUHVHQW�WKH�
UHDGHU�ZLWK�H[KDXVWLYH� LQIRUPDWLRQ�RQ� WKH�HQYLURQPHQWDO�
FKDUDFWHULVWLFV� RI� YDULRXV� SRODU� WHUUHVWULDO� HQYLURQPHQWV��
7KH�DXWKRUV�FRQFOXGH�WKDW�DFFHOHUDWHG�UDWHV�RI�SHUPDIURVW�
WKDZ��JODFLDO�UHWUHDW��FRDVWDO�HURVLRQ��DQG�ORVV�RI�LFH�VKHHW�
PDVV�DUH�OLNHO\�GXH�WR�LQFUHDVHV�LQ�JOREDO�WHPSHUDWXUH��

&KDSWHU���LV�D�ZHOFRPH�UHPLQGHU�RI�WKH�PDMRU�IDFWRUV�WKDW�
DFW�DV�FDWDO\VWV�WR�JOREDO�VHD�OHYHO�ÀXFWXDWLRQV��7KH�DXWKRUV�
UHLWHUDWH�WKH�LPSRUWDQFH�RI�WKHUPDO�H[SDQVLRQ�GXH�WR�RFHDQ�
ZDUPLQJ�DQG� WKH�PDVV� ORVV�RI� ODQG� LFH� LQ�FRQWULEXWLQJ� WR�
HXVWDWLF� VHD� OHYHO�YDULDWLRQV��&RPSUHKHQVLYH�GHVFULSWLRQV�
RI�WKH�FKDUDFWHULVWLFV�RI�WKH�$UFWLF�DQG�6RXWKHUQ�2FHDQV�LQ�
FKDSWHU���DUH�VXSSOHPHQWHG�E\�ZLGH�UDQJLQJ�QDUUDWLYHV�RI�
WKH�K\GURJUDSK\�RI�WKH�GLYHUVH�VHDV�DGMDFHQW�WR�WKH�$UFWLF�
DQG�$QWDUFWLF�2FHDQV��7KH�SHQXOWLPDWH�FKDSWHU�SUHVHQWV�WKH�
FRQFHSW�RI�WKH�³WKLUG�SROH�́ �DQ�RIWHQ�LJQRUHG�VWRUHKRXVH�RI�
VQRZ��LFH��DQG�IUR]HQ�JURXQG�WKDW�FRPSULVHV�WKH�QRUWKHUQ�
PRXQWDLQ�UDQJHV�RI�&HQWUDO�$VLD��WKH�7LEHWDQ�3ODWHDX��DQG�
WKH�+LPDOD\DQ�UHJLRQ�WR�WKH�VRXWK��)LJ�������S������KWWSV���
QVLGF�RUJ�FKDULV�SURMHFW�VXPPDU\����7KH�DXWKRUV�VKRXOG�EH�
FRPSOLPHQWHG�IRU�GHYRWLQJ�DQ�HQWLUH�FKDSWHU�RI�WKLV�ERRN�
WR�LQIRUPLQJ�WKH�UHDGHU�DERXW�WKH�XQLTXH�FKDUDFWHULVWLFV�RI�
WKH�WKLUG�SRODU�UHJLRQ��H�J���FOLPDWH��SHUPDIURVW��DQG�ELRWD��
DQG�WKH�DPSOL¿HG�VLJQDOV�RI�HQYLURQPHQWDO�FKDQJH�LQ�WKLV�
ORFDOH��7KURXJKRXW�WKH�WH[W��%DUU\�DQG�+DOO�0F.LP�GULYH�
KRPH�WKH�QDUUDWLYH�WKDW�FRQWLQXHG�ZDUPLQJ�ZLOO�IDFLOLWDWH�
IXUWKHU� ODQGVFDSH� FKDQJHV²UHWUHDWLQJ� JODFLHUV� DQG� LFH�
FDSV�� GHFUHDVLQJ� VXPPHU� VHD� LFH� H[WHQW�� DQG� LQFUHDVLQJ�
GHSWK�RI�VRLO�WKDZLQJ²WKURXJK�WKH�HQG�RI�WKLV�FHQWXU\��7KH�
¿QDO�FKDSWHU�HPSKDVL]HV�WKH�ODWWHU�SRLQW�ZKLOH�HDVLQJ�LQWR�
D�ZHOFRPH� GLVFXVVLRQ� RI� H[SHFWHG� IXWXUH� FKDQJHV� EDVHG�
ODUJHO\�RQ�FRPSXWHU�PRGHOLQJ�VLPXODWLRQV��

$Q� HVSHFLDOO\� DSSHDOLQJ� IHDWXUH� RI� WKLV� ERRN� LV� WKH�
SUHVHQFH�RI�VXPPDU\�VHFWLRQV�DW�WKH�HQG�RI�HDFK�FKDSWHU��
7KHVH� VXPPDULHV� DUH� FRQFLVH� VXEVHWV� RI� WKH� ZHDOWK� RI�
LQIRUPDWLRQ� H[SDQGHG� RQ� HDUOLHU� LQ� WKH� FKDSWHU�� 7KH�
GLVFXVVLRQ�TXHVWLRQV�DW�WKH�FRQFOXVLRQ�RI�HYHU\�VHFWLRQ�DOORZ�
WKH�UHDGHU�WR�UHÀHFW�RQ�WKH�VDOLHQW�SRLQWV�RI�WKH�FKDSWHU��,I�
WKLV�ERRN�LV�XVHG�IRU�WHDFKLQJ��WKHVH�HQTXLULHV�FDQ�IDFLOLWDWH�
SHHU� GLVFXVVLRQ� WR� DPSOLI\� VWXGHQWV¶� FRPSUHKHQVLRQ� RI�
WKH�PDWHULDO��)XUWKHU��WKH�H[KDXVWLYH�UHIHUHQFH�VHFWLRQV�DW�
WKH�HQG�RI�HDFK�FKDSWHU�VDYH�WKH�EXGGLQJ�UHVHDUFKHU�VRPH�
WLPH�DV�%DUU\�DQG�+DOO�0F.LP�KDYH�SURYLGHG�D�ZHDOWK�RI�
VFKRODUO\� VRXUFHV� WR� FRPSOHPHQW� WKH� FKDSWHU� WKHPHV�� ,Q�
P\�RSLQLRQ��WKLV�ZHOO�ZULWWHQ�DQG�HQJDJLQJ�ERRN�SURYLGHV�
D�IXQGDPHQWDO�DQG�QHFHVVDU\�EDFNJURXQG�LQ�SRODU�UHJLRQV�
DQG�ZLOO�VHUYH�DV�D�YDOXDEOH�OHDUQLQJ�WRRO�VXLWDEOH�IRU�ERWK�
XQGHUJUDGXDWH� DQG� JUDGXDWH� VWXGHQWV� LQWHUHVWHG� LQ� SRODU�
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VWXGLHV�� 7KH� WKHRUHWLFDO� PDWHULDO� ZLOO� DOVR� EH� RI� JUHDW�
LQWHUHVW� WR� HQYLURQPHQWDO� VFLHQWLVWV�� DV�ZHOO� DV� WKH�ZLGHU�
SXEOLF� LQWHUHVWHG� LQ�REWDLQLQJ�DX[LOLDU\�NQRZOHGJH�DERXW�
WKH� VLJQL¿FDQW� UROH� WKDW� SRODU� UHJLRQV� SOD\� LQ� WKH� JOREDO�
FOLPDWH�V\VWHP��,�KLJKO\�UHFRPPHQG�WKLV�ERRN�WR�DQ\RQH�
LQWHUHVWHG� LQ� EXLOGLQJ� WKHLU� NQRZOHGJH� FDSDFLW\� RQ� SRODU�
UHJLRQV��
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)RU� DURXQG� D� GHFDGH� LW� KDV� EHHQ� D� JHQHUDOO\� DFFHSWHG�
VFLHQWL¿F�IDFW�WKDW�WKH�ZRUOG¶V�FOLPDWH�LV�FKDQJLQJ��DQG�WKDW�
WKH� FDXVH� LV�PDQ�PDGH� FDUERQ�GLR[LGH��7KHVH� HIIHFWV� DUH�
PDJQL¿HG�LQ� WKH�$UFWLF��VR�FDOOHG�³$UFWLF�DPSOL¿FDWLRQ´���
DQG�VWHDG\�UHGXFWLRQV�LQ�WKH�DPRXQW�RI�VHD�LFH�KDYH�EHHQ�RQH�
RI�WKH�PRVW�YLVLEOH�UHVXOWV��,Q�WKLV�VSDUVHO\�SRSXODWHG�UHJLRQ��
WKLV�LV�D�WUHQG�RI�FRQFHUQ�QRW�RQO\�IRU�SRODU�EHDUV��:LWKRXW�LWV�
\HDU�URXQG�LFH�FRYHU��WKH�UHGXFHG�DOEHGR�RI�WKH�$UFWLF�2FHDQ�
KDV�EHHQ�EODPHG�IRU�FKDQJLQJ�ZHDWKHU�V\VWHPV�WKURXJKRXW�
WKH�1RUWKHUQ�+HPLVSKHUH��UHVXOWLQJ�LQ�PRUH�VHYHUH�ZLQWHUV�
LQ�WKH�QRUWKHUQ�8QLWHG�6WDWHV��HDUOLHU�IRUHVW�¿UHV�LQ�&DQDGD��
DQG�ÀRRGLQJ�LQ�(XURSH��7KH�HURGLQJ�ZDYH�DFWLRQ�UHVXOWLQJ�
IURP� WKH� DEVHQFH� RI� VHD� LFH� KDV� ZDVKHG� DZD\� FRDVWDO�
VHWWOHPHQWV�LQ�$ODVND�DQG�WKH�&DQDGLDQ�$UFWLF��7KH�$UFWLF�
LV�DW�WKH�IURQW�OLQH�RI�WKH�JOREDO�FOLPDWH�FULVLV�

:KDW� PDNHV� 0DUN� 6HUUH]H¶V� ERRN� LQWHUHVWLQJ� DQG�
GLIIHUHQW�LV�WKDW�LW�GRHV�QRW�PHUHO\�GRFXPHQW�WKH�FKDQJHV�ZH�
DOUHDG\�NQRZ�DERXW��EXW�WHOOV�WKH�VWRU\�RI�KRZ�WKH�$PHULFDQ�
VFLHQWL¿F� FRPPXQLW\� FDPH� WR� WKH� UHDOL]DWLRQ� WKDW�$UFWLF�
FOLPDWH� FKDQJH�ZDV� UHDO� DQG�PDQ�PDGH²DQG�KDSSHQLQJ�
IDU� TXLFNHU� WKDQ� PRGHOV� KDG� SUHGLFWHG�� 6HUUH]H� KLPVHOI�
DGPLWV� WR� LQLWLDOO\� EHLQJ� VNHSWLFDO� WKDW� WKHUH� ZDV� D� OLQN�
EHWZHHQ�&2��DQG�$UFWLF�ZDUPLQJ��VR�WKH�MRXUQH\�LV�DOVR�D�
SHUVRQDO�RQH�DV�WKH�PRXQWLQJ�HYLGHQFH�JUDGXDOO\�SHUVXDGHV�
KLP�WR�FKDQJH�KLV�PLQG�

&OLPDWH�PRGHOV�KDG�ORQJ�SUHGLFWHG�WKDW�WKH�FRQVHTXHQFH�
RI� LQFUHDVLQJ� JOREDO� &2� OHYHOV� ZRXOG� EH� UDLVHG�
WHPSHUDWXUHV� DQG� UHGXFHG� VXPPHU� VHD�LFH� FRYHU�� EXW� IRU�
D� ORQJ� WLPH� WKLV�ZDV�VLPSO\�QRW�REVHUYHG��%HWZHHQ������
DQG������WKHUH�ZHUH�VHYHUDO�\HDUV�ZKHQ�QHZ�PLQLPD�ZHUH�
REVHUYHG��EXW� WKHVH�ZHUH� IROORZHG�E\�\HDUV� LQ�ZKLFK� WKH�
VHD�LFH�H[WHQW�UHWXUQHG�WR�³QRUPDO´�OHYHOV��6HSDUDWLQJ�WKH�
DQWLFLSDWHG�GRZQZDUG� WUHQG� IURP�QDWXUDO�YDULDELOLW\�ZDV�
VXUSULVLQJO\�FRPSOLFDWHG�

)RU� H[DPSOH�� WKH� HUXSWLRQ� RI� 0RXQW� 3LQDWXER� LQ�
WKH� 3KLOLSSLQHV� LQ� -XQH� ����� FDXVHG� D� GURS� LQ� VXPPHU�
WHPSHUDWXUHV� LQ� WKH�&DQDGLDQ�$UFWLF� WKH� IROORZLQJ� \HDU��
DEUXSWO\� UHYHUVLQJ� VHYHUDO� \HDUV� RI� VKULQNLQJ� VXPPHU�
VHD�LFH� H[WHQW� DQG� REVFXULQJ� WKH� H[SHFWHG� &2��LQGXFHG�
ZDUPLQJ�� ,W�ZDV� QRW� XQWLO� ����� WKDW� 6HUUH]H�ZDV� ¿QDOO\�
FRQYLQFHG�WKDW�D�QHZ�WUHQG�KDG�EHHQ�HVWDEOLVKHG��7KLV�WUHQG�
ZDV� FRQ¿UPHG� EH\RQG� GRXEW� LQ� ������ZKHQ� WKHUH�ZDV� D�
IXUWKHU�GUDPDWLF�GURS�LQ�VXPPHU�VHD�LFH�FRYHU��$W�D�SUHVV�
FRQIHUHQFH�WKH�IROORZLQJ�\HDU��6HUUH]H�VDLG�WKDW�KH�EHOLHYHG�
WKH�$UFWLF�FU\RV\VWHP�KDG�SUREDEO\�QRZ�UHDFKHG�D�WLSSLQJ�
SRLQW� DQG� FRLQHG� WKH� WHUP� ³GHDWK� VSLUDO´� WR� GHVFULEH� WKH�
HYHU�VKULQNLQJ�VXPPHU�VHD�LFH�FRYHU�

$QRWKHU�LQWHUHVWLQJ�H[DPSOH�RI�WKH�SLWIDOOV�WR�EHIDOO�WKH�
VFLHQWL¿F� FRPPXQLW\� DV� WKH\� WULHG� WR� GHWHUPLQH�ZKHWKHU�
&2�� OHYHOV�ZHUH�DFWXDOO\�KDYLQJ�DQ� LPSDFW�RQ� WKH�$UFWLF�
FOLPDWH�ZDV�ZKDW� 6HUUH]H� GHVFULEHV� DV� D� ³PDQLD´� LQ� WKH�
����V� IRU� LQYRNLQJ� WKH�$UFWLF�2VFLOODWLRQ� �$2��� D� ODUJH�
VFDOH� DWPRVSKHULF� SKHQRPHQRQ�� DV� D� FDXVH� IRU� REVHUYHG�
FKDQJHV�� ,Q� IDFW�� KH� FODLPV� WKDW� IRU� D�ZKLOH� WKH� MRNH�ZDV�
WKDW�LW�ZDV�LPSRVVLEOH�WR�JHW�D�SDSHU�SXEOLVKHG�RU�SURSRVDO�
IXQGHG�XQOHVV�LW�KDG�D�OLQN�WR�WKH�$2��%XW�XOWLPDWHO\�WKH�$2�
WXUQHG�RXW� WR�EH�D�UHG�KHUULQJ�DV� WKH�XQGHUO\LQJ�FDXVH�RI�
$UFWLF�FOLPDWH�FKDQJH�

7KH� GLIILFXOW\� RI� GHWHUPLQLQJ� FDXVH� DQG� HIIHFW� LQ�
WKH� $UFWLF� FOLPDWH� ZDV� QRW� PHUHO\� D� PDWWHU� RI� VFLHQFH�
WKRXJK�� 3HUKDSV� WKH� PRVW� UHPDUNDEOH� SDUW� RI� WKH� ERRN�
LV� KLV� GHWDLOHG� DFFRXQW� RI� KRZ� SROLWLFDO� LQWHUIHUHQFH� E\�
WKH�8�6�� JRYHUQPHQW� RI� WKH� GD\� �WKH� 5HSXEOLFDQV� RI� WKH�
%XVK� DGPLQLVWUDWLRQ�� DWWHPSWHG� WR� VXSSUHVV� GDWD� DQG�
KDUDVV�DQG�LQWLPLGDWH�SURPLQHQW�VFLHQWLVWV�ZRUNLQJ�LQ�WKH�
¿HOG��RQ� VHYHUDO�RFFDVLRQV� VXFFHVVIXOO\� VKXWWLQJ�GRZQ�RU�
PLVGLUHFWLQJ�WKH�VFLHQFH�SURJUDPV�WKH\�ZHUH�HPSOR\HG�RQ��

0\� PDLQ� FULWLFLVP� RI� WKH� ERRN� LV� WKDW� WKLV� VWRU\� LV�
YLHZHG� IURP� D� SXUHO\� $PHULFDQ� SHUVSHFWLYH�� 6HUUH]H�
UDUHO\� PHQWLRQV� FRQWULEXWLRQV� E\� QRQ�8�6�� VFLHQWLVWV� RU�
WKH� FRQVLGHUDEOH� LQWHUQDWLRQDO� SURJUHVV� LQ� XQUDYHOOLQJ�
WKH� $UFWLF� FOLPDWH� SX]]OH�� +H� PHQWLRQV� WKDW� WKH� PDMRU�
LQWHUQDWLRQDO�$UFWLF� FOLPDWH� UHVHDUFK� SURJUDP��026$L&�
�0XOWLGLVFLSOLQDU\� GULIWLQJ� 2EVHUYDWRU\� IRU� WKH� 6WXG\�
RI� $UFWLF� &OLPDWH��� ZKLFK� LV� ELOOHG� DV� WKH� ³ODUJHVW� SRODU�
H[SHGLWLRQ�LQ�KLVWRU\´�ZLWK�RYHU�����SDUWLFLSDQWV�IURP����
FRXQWULHV� �KWWSV���ZZZ�PRVDLF�H[SHGLWLRQ�RUJ���� LV� PXFK�
ODUJHU�WKDQ�WKH�8�6��RQH��EXW�WKHQ�WDQWDOL]LQJO\�VD\V�QRWKLQJ�
DERXW� LWV� REMHFWLYHV�� 3HUKDSV� WKH� ELJJHVW� IXWXUH� $UFWLF�
FOLPDWH� WKUHDW� RI� DOO�� WKH� WKDZLQJ� RI� WKH� YDVW� UHVHUYHV� RI�
IUR]HQ�PHWKDQH�K\GUDWHV�RIIVKRUH�6LEHULD��DOUHDG\�REVHUYHG�
WR� EH� EXEEOLQJ� WR� WKH� VXUIDFH��� DJDLQ� UHFHLYHV� EDUHO\� D�
PHQWLRQ��6R��RQH�LV�OHIW�ZRQGHULQJ�KRZ�PXFK�RI�³WKH�XQWROG�
VWRU\�RI�WKH�PHOWLQJ�QRUWK´�IURP�WKH�ERRN¶V�WLWOH�KDV�DFWXDOO\�
EHHQ�WROG�

2YHUDOO� WKRXJK�� WKLV� LV� DQ� HQOLJKWHQLQJ� DQG� RIWHQ�
IDVFLQDWLQJ� UHDG� DQG�ZHOO� ZRUWK� WKH�PRQH\�� ,Q� WHUPV� RI�
WHFKQLFDO� OHYHO��VLQFH�WKH�ERRN�QHFHVVDULO\�IRFXVHV�RQ�WKH�
VXEWOHWLHV�RI�KRZ�WKH�DFDGHPLF�GHEDWH�KDV�HYROYHG�RYHU�WKH�
GHFDGHV��LW�GRHV�UHTXLUH�D�JRRG�JUDVS�RI�FOLPDWH�VFLHQFH�RQ�
EHKDOI�RI�WKH�UHDGHU��'HVSLWH�LWV�RIWHQ�FKDWW\�VW\OH��WKH�ERRN�


