


WHAT�WE�KNOW:��THE�REALITY,�RISKS�AND�RESPONSE�TO�CLIMATE�CHANGE�

� 1 

7KH�RYHUZKHOPLQJ�HYLGHQFH�RI�KXPDQ�FDXVHG�FOLPDWH�FKDQJH�GRFXPHQWV�ERWK�FXUUHQW�

LPSDFWV�ZLWK�VLJQLILFDQW�FRVWV�DQG�H[WUDRUGLQDU\�IXWXUH�ULVNV�WR�VRFLHW\�DQG�QDWXUDO�V\VWHPV��7KH�

VFLHQWLILF�FRPPXQLW\�KDV�FRQYHQHG�FRQIHUHQFHV��SXEOLVKHG�UHSRUWV��VSRNHQ�RXW�DW�IRUXPV�DQG�

SURFODLPHG��WKURXJK�VWDWHPHQWV�E\�YLUWXDOO\�HYHU\�QDWLRQDO�VFLHQWLILF�DFDGHP\�DQG�UHOHYDQW�PDMRU�

VFLHQWLILF�RUJDQL]DWLRQ�Ę�LQFOXGLQJ�WKH�$PHULFDQ�$VVRFLDWLRQ�IRU�WKH�$GYDQFHPHQW�RI�6FLHQFH��$$$6��

Ę�WKDW�FOLPDWH�FKDQJH�SXWV�WKH�ZHOO�EHLQJ�RI�SHRSOH�RI�DOO�QDWLRQV�DW�ULVN���

6XUYH\V�VKRZ�WKDW�PDQ\�$PHULFDQV�WKLQN�FOLPDWH�FKDQJH�LV�VWLOO�D�WRSLF�RI�VLJQLILFDQW�VFLHQWLILF�

GLVDJUHHPHQW�L�7KXV��LW�LV�LPSRUWDQW�DQG�LQFUHDVLQJO\�XUJHQW�IRU�WKH�SXEOLF�WR�NQRZ�WKHUH�LV�QRZ�D�

KLJK�GHJUHH�RI�DJUHHPHQW�DPRQJ�FOLPDWH�VFLHQWLVWV�WKDW�KXPDQ�FDXVHG�FOLPDWH�FKDQJH�LV�UHDO��

0RUHRYHU��ZKLOH�WKH�SXEOLF�LV�EHFRPLQJ�DZDUH�WKDW�FOLPDWH�FKDQJH�LV�LQFUHDVLQJ�WKH�OLNHOLKRRG�RI�

FHUWDLQ�ORFDO�GLVDVWHUV��PDQ\�SHRSOH�GR�QRW�\HW�XQGHUVWDQG�WKDW�WKHUH�LV�D�VPDOO��EXW�UHDO�FKDQFH�RI�

DEUXSW��XQSUHGLFWDEOH�DQG�SRWHQWLDOO\�LUUHYHUVLEOH�FKDQJHV�ZLWK�KLJKO\�GDPDJLQJ�LPSDFWV�RQ�SHRSOH�LQ�

WKH�8QLWHG�6WDWHV�DQG�DURXQG�WKH�ZRUOG���

,W�LV�QRW�WKH�SXUSRVH�RI�WKLV�SDSHU�WR�H[SODLQ�ZK\�WKLV�GLVFRQQHFW�EHWZHHQ�VFLHQWLILF�

NQRZOHGJH�DQG�SXEOLF�SHUFHSWLRQ�KDV�RFFXUUHG��1RU�DUH�ZH�VHHNLQJ�WR�SURYLGH�\HW�DQRWKHU�H[WHQVLYH�

UHYLHZ�RI�WKH�VFLHQWLILF�HYLGHQFH�IRU�FOLPDWH�FKDQJH��,QVWHDG��ZH�SUHVHQW�NH\�PHVVDJHV�IRU�HYHU\�

$PHULFDQ�DERXW�FOLPDWH�FKDQJH��

����%NKOCVG�UEKGPVKUVU�CITGG��ENKOCVG�EJCPIG�KU�JCRRGPKPI�JGTG�CPF�PQY��%DVHG�RQ�ZHOO�

HVWDEOLVKHG�HYLGHQFH��DERXW�����RI�FOLPDWH�VFLHQWLVWV�KDYH�FRQFOXGHG�WKDW�KXPDQ�FDXVHG�FOLPDWH�

FKDQJH�LV�KDSSHQLQJ��7KLV�DJUHHPHQW�LV�GRFXPHQWHG�QRW�MXVW�E\�D�VLQJOH�VWXG\��EXW�E\�D�FRQYHUJLQJ�

VWUHDP�RI�HYLGHQFH�RYHU�WKH�SDVW�WZR�GHFDGHV�IURP�VXUYH\V�RI�VFLHQWLVWV��FRQWHQW�DQDO\VHV�RI�SHHU�

UHYLHZHG�VWXGLHV��DQG�SXEOLF�VWDWHPHQWV�LVVXHG�E\�YLUWXDOO\�HYHU\�PHPEHUVKLS�RUJDQL]DWLRQ�RI�H[SHUWV�

LQ�WKLV�ILHOG��$YHUDJH�JOREDO�WHPSHUDWXUH�KDV�LQFUHDVHG�E\�DERXW����Ľ�)�RYHU�WKH�ODVW�����\HDUV��6HD�

OHYHO�LV�ULVLQJ��DQG�VRPH�W\SHV�RI�H[WUHPH�HYHQWV�ė�VXFK�DV�KHDW�ZDYHV�DQG�KHDY\�SUHFLSLWDWLRQ�HYHQWV�
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ė�DUH�KDSSHQLQJ�PRUH�IUHTXHQWO\��5HFHQW�VFLHQWLILF�ILQGLQJV�LQGLFDWH�WKDW�FOLPDWH�FKDQJH�LV�OLNHO\�

UHVSRQVLEOH�IRU�WKH�LQFUHDVH�LQ�WKH�LQWHQVLW\�RI�PDQ\�RI�WKHVH�HYHQWV�LQ�UHFHQW�\HDUV��

����9G�CTG�CV�TKUM�QH�RWUJKPI�QWT�ENKOCVG�U[UVGO�VQYCTF�CDTWRV��WPRTGFKEVCDNG��CPF�

RQVGPVKCNN[�KTTGXGTUKDNG�EJCPIGU�YKVJ�JKIJN[�FCOCIKPI�KORCEVU��(DUWKĜV�FOLPDWH�LV�RQ�D�SDWK�WR�

ZDUP�EH\RQG�WKH�UDQJH�RI�ZKDW�KDV�EHHQ�H[SHULHQFHG�RYHU�WKH�SDVW�PLOOLRQV�RI�\HDUV�LL�7KH�UDQJH�RI�

XQFHUWDLQW\�IRU�WKH�ZDUPLQJ�DORQJ�WKH�FXUUHQW�HPLVVLRQV�SDWK�LV�ZLGH�HQRXJK�WR�HQFRPSDVV�PDVVLYHO\�

GLVUXSWLYH�FRQVHTXHQFHV�WR�VRFLHWLHV�DQG�HFRV\VWHPV��DV�JOREDO�WHPSHUDWXUHV�ULVH��WKHUH�LV�D�UHDO�ULVN��

KRZHYHU�VPDOO��WKDW�RQH�RU�PRUH�FULWLFDO�SDUWV�RI�WKH�(DUWKĜV�FOLPDWH�V\VWHP�ZLOO�H[SHULHQFH�DEUXSW��

XQSUHGLFWDEOH�DQG�SRWHQWLDOO\�LUUHYHUVLEOH�FKDQJHV��'LVWXUELQJO\��VFLHQWLVWV�GR�QRW�NQRZ�KRZ�PXFK�

ZDUPLQJ�LV�UHTXLUHG�WR�WULJJHU�VXFK�FKDQJHV�WR�WKH�FOLPDWH�V\VWHP��

���6JG�UQQPGT�YG�CEV��VJG�NQYGT�VJG�TKUM�CPF�EQUV��#PF�VJGTG�KU�OWEJ�YG�ECP�FQ��:DLWLQJ�

WR�WDNH�DFWLRQ�ZLOO�LQHYLWDEO\�LQFUHDVH�FRVWV��HVFDODWH�ULVN��DQG�IRUHFORVH�RSWLRQV�WR�DGGUHVV�WKH�ULVN��

7KH�&2��ZH�SURGXFH�DFFXPXODWHV�LQ�(DUWKĜV�DWPRVSKHUH�IRU�GHFDGHV��FHQWXULHV��DQG�ORQJHU��,W�LV�QRW�

OLNH�SROOXWLRQ�IURP�VPRJ�RU�ZDVWHV�LQ�RXU�ODNHV�DQG�ULYHUV��ZKHUH�OHYHOV�UHVSRQG�TXLFNO\�WR�WKH�HIIHFWV�

RI�WDUJHWHG�SROLFLHV��7KH�HIIHFWV�RI�&2��HPLVVLRQV�FDQQRW�EH�UHYHUVHG�IURP�RQH�JHQHUDWLRQ�WR�WKH�QH[W�

XQWLO�WKHUH�LV�D�ODUJH��VFDOH��FRVW�HIIHFWLYH�ZD\�WR�VFUXE�FDUERQ�GLR[LGH�IURP�WKH�DWPRVSKHUH��

0RUHRYHU��DV�HPLVVLRQV�FRQWLQXH�DQG�ZDUPLQJ�LQFUHDVHV��WKH�ULVN�LQFUHDVHV��

%\�PDNLQJ�LQIRUPHG�FKRLFHV�QRZ��ZH�FDQ�UHGXFH�ULVNV�IRU�IXWXUH�JHQHUDWLRQV�DQG�RXUVHOYHV��

DQG�KHOS�FRPPXQLWLHV�DGDSW�WR�FOLPDWH�FKDQJH��3HRSOH�KDYH�UHVSRQGHG�VXFFHVVIXOO\�WR�RWKHU�PDMRU�

HQYLURQPHQWDO�FKDOOHQJHV�VXFK�DV�DFLG�UDLQ�DQG�WKH�R]RQH�KROH�ZLWK�EHQHILWV�JUHDWHU�WKDQ�FRVWV��DQG�

VFLHQWLVWV�ZRUNLQJ�ZLWK�HFRQRPLVWV�EHOLHYH�WKHUH�DUH�ZD\V�WR�PDQDJH�WKH�ULVNV�RI�FOLPDWH�FKDQJH�

ZKLOH�EDODQFLQJ�FXUUHQW�DQG�IXWXUH�HFRQRPLF�SURVSHULW\���

$V�VFLHQWLVWV��LW�LV�QRW�RXU�UROH�WR�WHOO�SHRSOH�ZKDW�WKH\�VKRXOG�GR�RU�PXVW�EHOLHYH�DERXW�WKH�

ULVLQJ�WKUHDW�RI�FOLPDWH�FKDQJH��%XW�ZH�FRQVLGHU�LW�WR�EH�RXU�UHVSRQVLELOLW\�DV�SURIHVVLRQDOV�WR�HQVXUH��

WR�WKH�EHVW�RI�RXU�DELOLW\��WKDW�SHRSOH�XQGHUVWDQG�ZKDW�ZH�NQRZ��KXPDQ�FDXVHG�FOLPDWH�FKDQJH�LV�
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KDSSHQLQJ��ZH�IDFH�ULVNV�RI�DEUXSW��XQSUHGLFWDEOH�DQG�SRWHQWLDOO\�LUUHYHUVLEOH�FKDQJHV��DQG�

UHVSRQGLQJ�QRZ�ZLOO�ORZHU�WKH�ULVN�DQG�FRVW�RI�WDNLQJ�DFWLRQ���

,�� &/,0$7(�5($/,7<�

$�� &OLPDWH�VFLHQWLVWV�DJUHH��+XPDQV�DUH�GULYLQJ�FOLPDWH�FKDQJH�

0DQ\�$PHULFDQV�EHOLHYH�VFLHQWLVWV�GLVDJUHH��%DVHG�RQ�ZHOO�HVWDEOLVKHG�

HYLGHQFH��DERXW�����RI�FOLPDWH�VFLHQWLVWV�KDYH�FRQFOXGHG�WKDW�KXPDQV�DUH�FK

DQJLQJ�WKH�FOLPDWH���

,Q�������RQO\�����RI�$PHULFDQ�DGXOWV�XQGHUVWRRG�WKDW�ęPRVW�VFLHQWLVWV�WKLQN�JOREDO�ZDUPLQJ�

LV�KDSSHQLQJĚ�DQG�����VDLG��ęđ�WKHUH�LV�D�ORW�RI�GLVDJUHHPHQW�DPRQJ�VFLHQWLVWV�DERXW�ZKHWKHU�RU�QRW�

JOREDO�ZDUPLQJ�LV�KDSSHQLQJ�Ě�7ZHQW\�SHUFHQW�VDLG�WKH\�ęGRQĜW�NQRZ�HQRXJK�WR�VD\�ĚLY�

(YHQ�$PHULFDQV�ZKR�KDYH�FRPH�WR�UHFRJQL]H�WKDW�FOLPDWH�FKDQJH�LV�RFFXUULQJ�NQRZ�WKHUH�DUH�

OLPLWV�WR�WKHLU�DELOLW\�WR�PDNH�WKLV�MXGJPHQW�IURP�WKHLU�RZQ�H[SHULHQFHV��,W�PLJKW�DSSHDU�DV�LI�LWĜV�

UDLQLQJ�PRUH�RU�OHVV�RIWHQ��WKDW�LWĜV�KRWWHU�WKDQ�XVXDO��RU�WKHUH�DUH�PRUH�VWRUPV�WKDQ�WKHUH�RQFH�ZHUH��

%XW�LV�WKLV�WUXH�FOLPDWH�FKDQJH��RU�MXVW�QDWXUDO�YDULDWLRQ"�'RHV�D�SDUWLFXODUO\�FROG�RU�VQRZ\�ZLQWHU��

VXFK�DV�WKH�RQH�WKH�HDVWHUQ�8QLWHG�6WDWHV�H[SHULHQFHG�LQ������DQG�����RU�YDULDWLRQV�LQ�UDWH�RI�LQ�

JOREDO�VXUIDFH�WHPSHUDWXUH�FKDQJH��FDOO�JOREDO�ZDUPLQJ�LQWR�TXHVWLRQ"�,I�WKH�FOLPDWH�LV�FKDQJLQJ��DUH�

KXPDQ�DFWLYLWLHV�RU�QDWXUDO�IDFWRUV�UHVSRQVLEOH"�

$PHULFDQV�ORRN�WR�H[SHUWV�IRU�JXLGDQFH��,I�SHRSOH�EHOLHYH�WKH�H[SHUWV�DUH�LQ�GRXEW�DERXW�

ZKHWKHU�JOREDO�ZDUPLQJ�LV�KDSSHQLQJ��LW�LV�QR�VXUSULVH�WKDW�WKH\�ZLOO�KDYH�OHVV�FRQILGHQFH�LQ�WKHLU�

RZQ�EHOLHIV��3HUFHLYHG�H[SHUW�GLVDJUHHPHQW�KDV�RWKHU�FRQVHTXHQFHV�IRU�WKH�$PHULFDQ�SHRSOH��

5HVHDUFK�VKRZV�WKDW�$PHULFDQV�ZKR�WKLQN�WKH�VFLHQWLILF�H[SHUWV�GLVDJUHH�DERXW�KXPDQ�FDXVHG�FOLPDWH�

FKDQJH�DUH�OHVV�OLNHO\�WR�EHOLHYH�WKDW�LW�PLJKW�KDYH�VHULRXV�FRQVHTXHQFHV��)DLOXUH�WR�DSSUHFLDWH�WKH�

VFLHQWLILF�FRQVHQVXV�UHGXFHV�VXSSRUW�IRU�D�EURDG�VRFLHWDO�UHVSRQVH�WR�WKH�FKDOOHQJHV�DQG�ULVNV�WKDW�

FOLPDWH�FKDQJH�SUHVHQWV�Y��
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6R�OHW�XV�EH�FOHDU��%DVHG�RQ�ZHOO�HVWDEOLVKHG�HYLGHQFH��DERXW�����RI�FOLPDWH�VFLHQWLVWV�

FRQFOXGH�KXPDQV�DUH�FKDQJLQJ�WKH�FOLPDWH��

7KLV�ZLGHVSUHDG�DJUHHPHQW�LV�GRFXPHQWHG�QRW�E\�D�VLQJOH�VWXG\�EXW�E\�D�FRQYHUJLQJ�VWUHDP�

RI�HYLGHQFH�RYHU�WKH�SDVW�WZR�GHFDGHV�IURP�SROOV�RI�VFLHQWLVWV�LLL�LY�FRQWHQW�DQDO\VHV�RI�SHHU�UHYLHZHG�

OLWHUDWXUHY�YL�DQG�IURP�SXEOLF�VWDWHPHQWV�LVVXHG�E\�YLUWXDOO\�HYHU\�H[SHUW�VFLHQWLILF�PHPEHUVKLS�

RUJDQL]DWLRQ�RQ�WKLV�WRSLF�YLL�7KH�HYLGHQFH�LV�RYHUZKHOPLQJ��OHYHOV�RI�JUHHQKRXVH�JDVHV�LQ�WKH�

DWPRVSKHUH�DUH�ULVLQJ��7HPSHUDWXUHV�DUH�JRLQJ�XS��6SULQJV�DUH�DUULYLQJ�HDUOLHU��,FH�VKHHWV�DUH�PHOWLQJ��

6HD�OHYHO�LV�ULVLQJ��7KH�SDWWHUQV�RI�UDLQIDOO�DQG�GURXJKW�DUH�FKDQJLQJ��+HDW�ZDYHV�DUH�JHWWLQJ�ZRUVH�DV�

LV�H[WUHPH�SUHFLSLWDWLRQ��7KH�RFHDQV�DUH�DFLGLI\LQJ���

7KH�VFLHQFH�OLQNLQJ�KXPDQ�DFWLYLWLHV�WR�FOLPDWH�FKDQJH�LV�DQDORJRXV�WR�WKH�VFLHQFH�OLQNLQJ�

VPRNLQJ�WR�OXQJ�DQG�FDUGLRYDVFXODU�GLVHDVHV��3K\VLFLDQV��FDUGLRYDVFXODU�VFLHQWLVWV��SXEOLF�KHDOWK�

H[SHUWV�DQG�RWKHUV�DOO�DJUHH�VPRNLQJ�FDXVHV�FDQFHU��$QG�WKLV�FRQVHQVXV�DPRQJ�WKH�KHDOWK�

FRPPXQLW\�KDV�FRQYLQFHG�PRVW�$PHULFDQV�WKDW�WKH�KHDOWK�ULVNV�IURP�VPRNLQJ�DUH�UHDO��$�VLPLODU�

FRQVHQVXV�QRZ�H[LVWV�DPRQJ�FOLPDWH�VFLHQWLVWV��D�FRQVHQVXV�WKDW�PDLQWDLQV�FOLPDWH�FKDQJH�LV�

KDSSHQLQJ��DQG�KXPDQ�DFWLYLW\�LV�WKH�FDXVH��7KH�1DWLRQDO�$FDGHP\�RI�6FLHQFHV��IRU�H[DPSOH��VD\V�WKDW�

ęWKH�(DUWK�V\VWHP�LV�ZDUPLQJ�DQG�WKDW�PXFK�RI�WKLV�ZDUPLQJ�LV�YHU\�OLNHO\�GXH�WR�KXPDQ�DFWLYLWLHV�ĚYLLL���

%�� &OLPDWH�FKDQJH�LV�KDSSHQLQJ�QRZ��$QG�LW©V�JRLQJ�WR�JHW�ZRUVH��

&OLPDWH�FKDQJH�LV�DOUHDG\�KDSSHQLQJ��0RUH�KHDW�ZDYHV��JUHDWHU�VHD�OHY

HO�ULVH��DQG�RWKHU�FKDQJHV�ZLWK�FRQVHTXHQFHV�IRU�KXPDQ�KHDOWK��QDWXUDO�HFRV\

VWHPV��DQG�DJULFXOWXUH�DUH�DOUHDG\�RFFXUULQJ�LQ�WKH�8QLWHG�6WDWHV�DQG�ZRUOGZL

GH��7KHVH�SUREOHPV�DUH�YHU\�OLNHO\�WR�EHFRPH�ZRUVH�RYHU�WKH�QH[W�������\HDUV�

DQG�EH\RQG��

1R�PDWWHU�ZKHUH�WKH\�OLYH��$PHULFDQV�DUH�H[SHULHQFLQJ�WKH�HIIHFWV�RI�FOLPDWH�FKDQJH��2I�

FRXUVH��H[WUHPH�ZHDWKHU�HYHQWV�RI�YDULHG�LQWHQVLW\�KDYH�DOZD\V�RFFXUUHG��)DPLO\�SKRWR�DOEXPV��

FRPPXQLW\�ORUH�DQG�KLVWRU\�ERRNV�UHFRXQW�WKH�ELJ�VWRUPV��GURXJKWV�DQG�IORRGV�WKDW�FRPPXQLWLHV�
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KDYH�ERUQH��$JDLQVW�WKLV�EDFNGURS�RI�QDWXUDO�YDULDWLRQ��KRZHYHU��VRPHWKLQJ�GLIIHUHQW�LV�KDSSHQLQJ��

*UHHQKRXVH�JDVHV�IURP�PDQPDGH�VRXUFHV�VXFK�DV�VPRNHVWDFNV�DQG�WDLOSLSHV�KDYH�DOWHUHG�RXU�FOLPDWH�

V\VWHP��*UHHQKRXVH�JDVHV�KDYH�VXSHUFKDUJHG�WKH�FOLPDWH�MXVW�DV�VWHURLGV�VXSHUFKDUJHG�KLWWLQJ�LQ�

0DMRU�/HDJXH�%DVHEDOO��2YHU�WKH�FRXUVH�RI�D�EDVHEDOO�VHDVRQ�LQ�WKH�VWHURLG�HUD��ZH�ZLWQHVVHG�PRUH�ė�

DQG�ORQJHU�ė�KRPHUV��HYHQ�WKRXJK�ZH�FDQQRW�DWWULEXWH�DQ\�VSHFLILF�KRPHU�WR�VWHURLGV��6LPLODUO\��HYHQ�

WKRXJK�ZH�FDQQRW�DWWULEXWH�DQ\�SDUWLFXODU�ZHDWKHU�HYHQW�WR�FOLPDWH�FKDQJH��VRPH�W\SHV�RI�H[WUHPH�

HYHQWV�VXFK�DV�KHDW�ZDYHV�DUH�QRZ�PRUH�IUHTXHQW���

([WUHPH�ZHDWKHU�LV�QRW�MXVW�DQ�DEVWUDFW�FRQFHSW��,W�LV�D�UHDOLW\�WKDW�DIIHFWV�SHRSOH�DFURVV�WKH�

FRXQWU\��,Q�������WZR�RXW�RI�WKUHH�$PHULFDQV�VDLG�ZHDWKHU�LQ�WKH�8�6��KDV�EHHQ�ZRUVH�RYHU�WKH�SDVW�

VHYHUDO�\HDUV��XS����SHUFHQWDJH�SRLQWV�VLQFH�VSULQJ�������0DQ\�������VD\�ZHDWKHU�LQ�WKHLU�ORFDO�DUHD�

KDV�EHHQ�ZRUVH�RYHU�WKH�SDVW�VHYHUDO�\HDUV��1RW�VXUSULVLQJO\��WKHQ��WKH�JDS�EHWZHHQ�ZKDW�ZH�NQRZ�DV�

VFLHQWLVWV��WKDW�JOREDO�ZDUPLQJ�LPSDFWV�DUH�KHUH�DQG�QRZ��DQG�ZKDW�$PHULFDQV�SHUFHLYH�LV�QDUURZLQJ��

DERXW�VL[�LQ����$PHULFDQV�DOUHDG\�VD\��ęJOREDO�ZDUPLQJ�LV�DIIHFWLQJ�ZHDWKHU�LQ�WKH�8�6�ĚL[��

7KH�FRUH�VFLHQFH�RI�JOREDO�ZDUPLQJ�

$IWHU�UHPDLQLQJ�UHODWLYHO\�VWDEOH�DW�DURXQG�����SDUWV�SHU�PLOOLRQ��SSP��IRU�PLOOHQQLD��FDUERQ�

GLR[LGH��&2���EHJDQ�WR�ULVH�LQ�WKH���WK�FHQWXU\�DV�SHRSOH�EXUQHG�IRVVLO�IXHOV�LQ�HYHU�LQFUHDVLQJ�

DPRXQWV��7KLV�XSZDUG�WUHQG�FRQWLQXHV�WRGD\�ZLWK�FRQFHQWUDWLRQV�EUHDNLQJ�WKH�����SSP�PDUN�MXVW�ODVW�

\HDU��7KH�UDWH�RI�LQFUHDVH�GXULQJ�WKH�ODVW�����WR�����\HDUV�KDV�EHHQ�PXFK�PRUH�UDSLG�WKDQ�LQ�RWKHU�

SHULRGV�RI�WKH�(DUWKĜV�KLVWRU\��7KH�ZDUPLQJ�HIIHFW�RI�&2��DQG�RWKHU�KHDW�WUDSSLQJ�JDVHV�LV�ZHOO�

HVWDEOLVKHG�DQG�FDQ�EH�GHPRQVWUDWHG�ZLWK�VLPSOH�VFLHQFH�H[SHULPHQWV�DQG�VDWHOOLWH�REVHUYDWLRQV��

:LWKRXW�WKH�QDWXUDO�ęJUHHQKRXVHĚ�HIIHFW�IURP�JDVHV�LQ�RXU�DWPRVSKHUH��(DUWK�ZRXOG�EH�D�IUR]HQ�

SODQHW��

,Q�DGGLWLRQ�WR�JUHHQKRXVH�JDVHV��WKHUH�DUH�PDQ\�RWKHU�IRUFHV�WKDW�FDQ�FDXVH�FKDQJHV�LQ�WKH�

(DUWKĜV�FOLPDWH�ė�LQFOXGLQJ�WKH�FUHDWLRQ�DQG�GHVWUXFWLRQ�RI�WKH�(DUWKĜV�FUXVW��WKH�SODQHWĜV�ZREEO\�SDWK�

DURXQG��DQG�WLOW�WRZDUG��WKH�VXQ��YDULDWLRQ�LQ�WKH�VXQĜV�HQHUJ\�RXWSXW��YROFDQLF�HUXSWLRQV��VKLIWLQJ�
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RFHDQ�FXUUHQWV��DQG�QDWXUDO�FKDQJHV�LQ�&2��DQG�RWKHU�JUHHQKRXVH�JDVHV��7KHVH�IDFWRUV�KDYH�GULYHQ�

WKH�SODQHW�WKURXJK�HUDV�RI�EOD]LQJ�KHDW�DQG�PLOH�WKLFN�LFH�VKHHWV��%XW�GHFDGHV�RI�KXPDQ�JHQHUDWHG�

JUHHQKRXVH�JDVHV�DUH�QRZ�WKH�PDMRU�IRUFH�GULYLQJ�WKH�GLUHFWLRQ�RI�FOLPDWH�FKDQJH��FXUUHQWO\�

RYHUZKHOPLQJ�WKH�HIIHFWV�RI�WKHVH�RWKHU�IDFWRUV��0DQ\�VWXGLHV�VKRZ�WKDW�WKH�FRPELQHG�HIIHFWV�RI�

QDWXUDO�GULYHUV�RI�FOLPDWH�FDQQRW�H[SODLQ�WKH�WHPSHUDWXUH�LQFUHDVH�REVHUYHG�RYHU�WKH�SDVW�KDOI�

FHQWXU\���

6LQFH�WKH�ODWH���WK�FHQWXU\��(DUWKĜV�JOREDO�DYHUDJH�WHPSHUDWXUH�KDV�ULVHQ�E\�DERXW������)��

$OWKRXJK�WKLV�PD\�DSSHDU�WR�EH�D�VPDOO�FKDQJH��WKH�(DUWKĜV�WHPSHUDWXUH�KDV�UHPDLQHG�QHDUO\�DV�

VWDEOH�DV�WKDW�RI�WKH�KXPDQ�ERG\�RYHU�WKH�FRXUVH�RI�:HVWHUQ�FLYLOL]DWLRQ��-XVW�DV�D������)�IHYHU�ZRXOG�

EH�VHHQ�DV�VLJQLILFDQW�LQ�D�FKLOGĜV�ERG\��D�VLPLODU�FKDQJH�LQ�RXU�(DUWKĜV�WHPSHUDWXUH�LV�DOVR�D�FRQFHUQ�

IRU�KXPDQ�VRFLHW\���

7KH�GLIIHUHQFH�ZDV�DERXW����)�EHWZHHQ�WKH�ODVW�,FH�$JH��ZKHQ�KDOI�RI�1RUWK�$PHULFD�ZDV�

FRYHUHG�LQ�D�PLOH�WKLFN�LFH�VKHHW��DQG�WRGD\��+RZHYHU��ZKHUHDV�WKDW�ZDUPLQJ�RFFXUUHG�RYHU�

WKRXVDQGV�RI�\HDUV��WRGD\ĜV�DWPRVSKHUH�KDV�DOUHDG\�ZDUPHG�E\������)�LQ�MXVW�RYHU�����\HDUV��7KH�

SURMHFWHG�UDWH�RI�WHPSHUDWXUH�FKDQJH�IRU�WKLV�FHQWXU\�LV�JUHDWHU�WKDQ�WKDW�RI�DQ\�H[WHQGHG�JOREDO�

ZDUPLQJ�SHULRG�RYHU�WKH�SDVW����PLOOLRQ�\HDUV��7KH�,QWHUJRYHUQPHQWDO�3DQHO�RQ�&OLPDWH�&KDQJH�

VWDWHV�WKDW�FRQWLQXLQJ�RQ�D�SDWK�RI�UDSLG�LQFUHDVH�LQ�DWPRVSKHULF�&2��FRXOG�FDXVH�DQRWKHU���WR����)�

ZDUPLQJ�EHIRUH�WKH�\HDU������[��

+HUHĜV�D�EULHI�VXPPDU\�RI�VRPH�WKH�LPSDFWV�RI�FOLPDWH�FKDQJH�WKDW�DUH�DOUHDG\�RFFXUULQJ�DQG�

ZLOO�LQFUHDVH�RYHU�WKH�FRPLQJ�\HDUV��

6HD�,FH��

$UFWLF�VHD�LFH�KDV�EHHQ�VKULQNLQJ�GUDPDWLFDOO\��DQG�WKH�UDWH�RI�ORVV�LV�DFFHOHUDWLQJ�[L�,Q�

6HSWHPEHU�������$UFWLF�VXPPHU�VHD�LFH�IHOO�WR�D�QHZ�UHFRUG�ORZ�DW�KDOI�WKH�KLVWRULFDO�DYHUDJH���D�ORVV�

LQ�DUHD�QHDUO\�WZLFH�WKH�VL]H�RI�$ODVND�[LL��
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,FH�6KHHWV�DQG�*ODFLHUV��

7KH�PHOWLQJ�RI�WKH�*UHHQODQG�DQG�$QWDUFWLFD�LFH�VKHHWV�KDV�DOVR�DFFHOHUDWHG�QRWDEO\�[LLL�

*ODFLHUV�FRQWLQXH�WR�PHOW�UDSLGO\��FRQWULEXWLQJ�WR�VHD�OHYHO�ULVH�DQG�DOVR�DIIHFWLQJ�ZDWHU�VXSSOLHV�IRU�DV�

PDQ\�DV�D�ELOOLRQ�SHRSOH�DURXQG�WKH�ZRUOG�[LY�

2FHDQ�$FLGLILFDWLRQ�

7KH�RFHDQV�DUH�DEVRUELQJ�PXFK�RI�WKH�&2��WKDW�VPRNHVWDFNV�DQG�WDLOSLSHV�HPLW�LQWR�WKH�

DWPRVSKHUH��$V�D�UHVXOW��WKH�RFHDQV�DUH�UDSLGO\�DFLGLI\LQJ��ZLWK�HDUO\�LPSDFWV�RQ�VKHOOHG�RUJDQLVPV�

VXFK�DV�R\VWHUV�DOUHDG\�GRFXPHQWHG��7KH�FXUUHQW�DFLGLILFDWLRQ�UDWH�LV�OLNHO\�WKH�IDVWHVW�LQ�����PLOOLRQ�

\HDUV�[Y��

(FRORJLFDO�,PSDFWV�

$V�WKH�ZRUOG�KDV�JRWWHQ�KRWWHU��PDQ\�RI�WKH�ZRUOGĜV�SODQWV�DQG�DQLPDOV��RQ�ODQG�DQG�LQ�WKH�

RFHDQV��KDYH�EHJXQ�PRYLQJ�WRZDUG�WKH�SROHV��:KHUH�SRVVLEOH��VRPH�WHUUHVWULDO�VSHFLHV�DUH�PRYLQJ�XS�

PRXQWDLQVLGHV��DQG�PDULQH�VSHFLHV�DUH�PRYLQJ�WR�GHHSHU�GHSWKV�DQG�KLJKHU�ODWLWXGHV��7KHVH�FKDQJHV�

DUH�KDSSHQLQJ�RQ�HYHU\�FRQWLQHQW�DQG�LQ�HYHU\�RFHDQ[YL[YLL[YLLL��,Q�VRPH�SODFHV�VHDVRQDO�EHKDYLRUV�DUH�

WDNLQJ�SODFH�WZR�RU�WKUHH�ZHHNV�HDUOLHU�WKDQ�WKH\�GLG�MXVW�D�IHZ�GHFDGHV�DJR�[L[�7KH�RUJDQLVPV�WKDW�

FDQQRW�DGDSW�WR�WKH�QHZ�FOLPDWH�FRQGLWLRQV�Ę�EHFDXVH�WKH\�FDQQRW�PRYH�IDVW�HQRXJK�RU�UXQ�RXW�RI�

URRP�Ę�ZLOO�EH�ZRUVH�RII���

([WLQFWLRQV�DUH�OLNHO\�WR�LQFUHDVH��DV�FOLPDWH�FKDQJH�FRPELQHV�ZLWK�RWKHU�KXPDQ�UHODWHG�

HQYLURQPHQWDO�SUHVVXUHV��0RUHRYHU��WKH�LPSDFWV�RI�FOLPDWH�FKDQJH�RQ�HFRV\VWHP�SURFHVVHV�VXFK�DV�

GHFRPSRVLWLRQ��SODQW�SURGXFWLRQ�DQG�QXWULHQW�F\FOLQJ�ė�SURFHVVHV�WKDW�GHWHUPLQH�KRZ�PXFK�IRVVLO�

IXHO�GHULYHG�&2��WKH�ODQG�DQG�RFHDQ�ZLOO�FRQWLQXH�WR�VHTXHVWHU�LQ�FRPLQJ�GHFDGHV�ė�UHPDLQ�ODUJHO\�

XQNQRZQ��
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6HD�/HYHO�5LVH�

6HD�OHYHO�ULVH�KDV�DOVR�DFFHOHUDWHG��PDNLQJ�VWRUP�VXUJHV�KLJKHU�DQG�SXVKLQJ�VDOW�ZDWHU�LQWR�

WKH�DTXLIHUV�WKDW�FRDVWDO�FRPPXQLWLHV�GHSHQG�RQ�IRU�IUHVK�ZDWHU��DQG�LQFUHDVLQJ�WKH�H[WHQW�RI�FRDVWDO�

IORRGLQJ��2YHU�WKH�ODVW�WZR�GHFDGHV��VHD�OHYHOV�KDYH�ULVHQ�DOPRVW�WZLFH�DV�IDVW�DV�WKH�DYHUDJH�GXULQJ�

WKH���WK�FHQWXU\�[[�6DOW�ZDWHU�LQWUXVLRQ�FDQ�EH�ZLWQHVVHG�LQ�VRXWKHUQ�)ORULGD��ZKHUH�VHD�OHYHO�ULVH�LV�

FRQWULEXWLQJ�WR�VDOW�ZDWHU�LQILOWUDWLRQ�RI�FRDVWDO�ZHOOV�[[L��

)ORRGV��+HDW�:DYHV�DQG�'URXJKW�

*OREDO�ZDUPLQJ�KDV�FKDQJHG�WKH�SDWWHUQ�RI�SUHFLSLWDWLRQ�ZRUOGZLGH�[[LL�)ORRGLQJ�LQ�WKH�

QRUWKHUQ�KDOI�RI�WKH�HDVWHUQ�8�6���*UHDW�3ODLQV�DQG�RYHU�PXFK�RI�WKH�0LGZHVW�KDV�EHHQ�LQFUHDVLQJ��

HVSHFLDOO\�RYHU�WKH�ODVW�VHYHUDO�GHFDGHV��7KHVH�UHJLRQDO�IORRGLQJ�WUHQGV�LQ�WKH�QRUWKHDVW�DQG�XSSHU�

0LGZHVW�DUH�OLQNHG�WR�LQFUHDVHV�LQ�H[WUHPH�SUHFLSLWDWLRQ�DQG�DUH�FRQVLVWHQW�ZLWK�WKH�JOREDO�WUHQGV�

GULYHQ�E\�FOLPDWH�FKDQJH�[[LLL�$W�WKH�VDPH�WLPH��DUHDV�VXFK�DV�WKH�8�6��6RXWKZHVW�DUH�ZLWQHVVLQJ�PRUH�

GURXJKWV��DQG�WKHVH�WRR�DUH�FRQVLVWHQW�ZLWK�JOREDO�FOLPDWH�FKDQJH�SDWWHUQV�SURMHFWHG�E\�FOLPDWH�

PRGHOV�DV�D�FRQVHTXHQFH�RI�ULVLQJ�&2��OHYHOV�[[LY��

6LQFH�������KHDW�ZDYHV�ZRUOGZLGH�KDYH�EHFRPH�ORQJHU�DQG�PRUH�IUHTXHQW�[[Y�2QH�VWXG\�

LQGLFDWHV�WKDW�WKH�JOREDO�DUHD�KLW�E\�H[WUHPHO\�KRW�VXPPHUWLPH�WHPSHUDWXUHV�KDV�LQFUHDVHG����IROG�[[YL�

DQG�WKH�ILQJHUSULQW�RI�JOREDO�ZDUPLQJ�KDV�EHHQ�ILUPO\�LGHQWLILHG�LQ�WKHVH�WUHQGV�[[YLL�,Q�WKH�8�6���QHZ�

UHFRUG�KLJK�WHPSHUDWXUHV�QRZ�UHJXODUO\�RXWQXPEHU�QHZ�UHFRUG�ORZV�E\�D�UDWLR�RI�����[[YLLL��

:LOGILUHV�

&OLPDWH�FKDQJH�KDV�DPSOLILHG�WKH�WKUHDW�RI�ZLOGILUHV�LQ�PDQ\�SODFHV��,Q�WKH�ZHVWHUQ�8�6���ERWK�

WKH�DUHD�EXUQHG�E\�ZLOGILUHV�DV�ZHOO�DV�WKH�OHQJWK�RI�WKH�ILUH�VHDVRQ�KDYH�LQFUHDVHG�VXEVWDQWLDOO\�LQ�

UHFHQW�GHFDGHV��(DUOLHU�VSULQJ�VQRZPHOW�DQG�KLJKHU�VSULQJ�DQG�VXPPHU�WHPSHUDWXUHV�FRQWULEXWH�WR�

WKLV�FKDQJH�[[L[�&OLPDWH�FKDQJH�KDV�LQFUHDVHG�WKH�WKUHDW�RI�ęPHJD�ILUHVĚ�ė�ODUJH�ILUHV�WKDW�EXUQ�

SURSRUWLRQDWHO\�JUHDWHU�DUHDV�[[[�:DUPLQJ�KDV�DOVR�OHG�WR�ZLOGILUHV�SUHVHQW�LQ�VRPH�UHJLRQV�ZKHUH�

WKH\�KDYH�EHHQ�DEVHQW�LQ�UHFHQW�KLVWRU\�[[[L��
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(IIHFWV�RQ�+HDOWK�DQG�:HOO�EHLQJ�

&OLPDWH�GLVUXSWLRQ�LV�DOUHDG\�DIIHFWLQJ�KXPDQ�KHDOWK�DQG�ZHOO�EHLQJ�LQ�PDQ\�ZD\V��DQG�KHDOWK�

WKUHDWV�DUH�H[SHFWHG�WR�LQWHQVLI\�[[[LL�6RPH�RI�WKH�ZHOO�XQGHUVWRRG�LPSDFWV�LQFOXGH�WKH�GLUHFW�HIIHFWV�RI�

KHDW�DQG�WKH�HIIHFWV�RI�RWKHU�ZHDWKHU�FRQGLWLRQV�VXFK�DV�GURXJKWV��IORRGV��DQG�VHYHUH�VWRUPV��+HDW�

ZDYHV�FDXVH�GHDWKV�DQG�LOOQHVV��ZLWK�XUEDQ�GZHOOHUV��WKH�HOGHUO\��WKH�SRRU��DQG�FHUWDLQ�RWKHU�HVSHFLDOO\�

YXOQHUDEOH�JURXSV�[[[LLL�:KLOH�KHDW�UHODWHG�GHDWKV�DQG�LOOQHVVHV�KDYH�GLPLQLVKHG�LQ�UHFHQW�GHFDGHV��

WKDQNV�WR�EHWWHU�IRUHFDVWLQJ��HDUO\�ZDUQLQJ�V\VWHPV��DQG�RU�LQFUHDVHG�DLU�FRQGLWLRQLQJ��IDFWRUV�VXFK�DV�

WKH�DJLQJ�RI�WKH�SRSXODWLRQ�DUH�H[SHFWHG�WR�LQFUHDVH�YXOQHUDELOLW\�[[[LY�6WRUPV�DQG�IORRGV�FDQ�LQMXUH�

DQG�NLOO�YLFWLPV�LQ�WKH�VKRUW�WHUP�ZKLOH�OLQJHULQJ�FRQVHTXHQFHV�PD\�UDQJH�IURP�PROG�JURZWK�LQ�

IORRGHG�EXLOGLQJV��DJJUDYDWLQJ�DVWKPD��WR�FRQWDPLQDWHG�GULQNLQJ�ZDWHU�VXSSOLHV�WR�SRVW�WUDXPDWLF�

VWUHVV�DQG�RWKHU�PHQWDO�KHDOWK�GLVRUGHUV�[[[Y�[[[YL�6RPH�DLU�SROOXWDQWV�LQFUHDVH�ZLWK�FOLPDWH�FKDQJH��ZLWK�

WKH�SRWHQWLDO�WR�DJJUDYDWH�KHDUW�DQG�UHVSLUDWRU\�GLVHDVHV��6RPH�SODQW�SURGXFWV�VXFK�DV�UDJZHHG�

SROOHQ�UHDFK�KLJKHU�FRQFHQWUDWLRQV�IRU�ORQJHU�VWUHWFKHV�HDFK�\HDU��DIIHFWLQJ�SHRSOH�ZLWK�DOOHUJLHV��

[[[YLL�[[[YLLL��[[[L[�[O���

6FLHQWLVWV�KDYH�H[WHQVLYHO\�VWXGLHG�WKH�LPSDFW�RI�FOLPDWH�FKDQJH�RQ�WKH�ULVN�RI�LQIHFWLRXV�

GLVHDVHV�[OL�&OLPDWH�FKDQJH�DIIHFWV�WKH�OLIH�F\FOH�DQG�GLVWULEXWLRQ�RI�GLVHDVH�FDUU\LQJ�ęYHFWRUVĚĘ

PRVTXLWRHV��WLFNV��DQG�URGHQWV��ZKLFK�WUDQVPLW�VXFK�GLVHDVHV�DV�:HVW�1LOH�YLUXV��HTXLQH�HQFHSKDOLWLV��

/\PH�GLVHDVH��5RFN\�0RXQWDLQ�6SRWWHG�)HYHU�DQG�+DQWDYLUXV�[OLL�7KHUH�LV�XQFHUWDLQW\�DERXW�KRZ�

FOLPDWH�FKDQJH�ZLOO�DIIHFW�LQIHFWLRXV�GLVHDVH�ULVN��VLQFH�PDQ\�IDFWRUV�RWKHU�WKDQ�FOLPDWH�DIIHFW�WKH�

VSUHDG�RI�GLVHDVH��7KH�UROH�RI�FOLPDWH�FKDQJH�RQ�WKH�UDQJHV�RI�YHFWRU�ERUQH�GLVHDVHV�LQ�WKH�8�6���VXFK�

DV�/\PH�GLVHDVH��:HVW�1LOH�YLUXV�DQG�GHQJXH�LV�DQ�DFWLYH�DUHD�RI�UHVHDUFK�[OLLL�

&OLPDWH�&KDQJH�DQG�1DWLRQDO�6HFXULW\�

5HFHQW�UHSRUWV�IURP�8�6��'HSDUWPHQW�RI�'HIHQVH��'2'��DQG�1DWLRQDO�$FDGHP\�RI�6FLHQFH�

VWXGLHV�KDYH�FDOOHG�DWWHQWLRQ�WR�WKH�LPSOLFDWLRQV�RI�FXUUHQW�DQG�SUREDEOH�IXWXUH�FOLPDWH�FKDQJH�IRU�

8�6��QDWLRQDO�VHFXULW\�[OLY�7KH\�LGHQWLI\�REYLRXV�FRDVWDO�FRQFHUQV�UHODWLQJ�WR�VHD�OHYHO�ULVH��DQG�RWKHUV�
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OLQNHG�WR�VWRUPV��IUHVKZDWHU�DYDLODELOLW\��DQG�DJULFXOWXUDO�SURGXFWLYLW\�DURXQG�WKH�JOREH��)RU�H[DPSOH��

ę&OLPDWH�FKDQJH�FRXOG�KDYH�VLJQLILFDQW�JHRSROLWLFDO�LPSDFWV�DURXQG�WKH�ZRUOG��FRQWULEXWLQJ�WR�

SRYHUW\��HQYLURQPHQWDO�GHJUDGDWLRQ��DQG�WKH�IXUWKHU�ZHDNHQLQJ�RI�IUDJLOH�JRYHUQPHQWV��&OLPDWH�

FKDQJH�ZLOO�FRQWULEXWH�WR�IRRG�DQG�ZDWHU�VFDUFLW\��ZLOO�LQFUHDVH�WKH�VSUHDG�RI�GLVHDVH��DQG�PD\�VSXU�RU�

H[DFHUEDWH�PDVV�PLJUDWLRQ�Ě[OY�,Q�WKH�FRQWH[W�RI�RWKHU�JOREDO�G\QDPLFV�WKDW�JLYH�ULVH�WR�SROLWLFDO�

LQVWDELOLW\��DQG�VRFLHWDO�WHQVLRQV��FKDQJHV�LQ�FOLPDWH�DUH�FRQVLGHUHG�DV�SRWHQWLDO�WKUHDW�PXOWLSOLHUV�RU�

LQVWDELOLW\�DFFHOHUDQWV�DFFRUGLQJ�WR�WKH�&1$�0LOLWDU\�$GYLVRU\�%RDUG�Ę�D�SDQHO�RI�RXU�QDWLRQĜV�

KLJKHVW�UDQNLQJ�UHWLUHG�PLOLWDU\�OHDGHUV�[OYL�)XUWKHU��QDWLRQDO�VHFXULW\�DVVHWV�DUH�RIWHQ�JOREDO�ILUVW�

UHVSRQGHQWV�WR�KXPDQLWDULDQ�QHHGV�DVVRFLDWHG�ZLWK�QDWXUDO�GLVDVWHUV�LQFOXGLQJ�W\SKRRQV��KXUULFDQHV��

DQG�IORRGLQJ��

&OLPDWH�FKDQJH�FDQ�LQIOXHQFH�UHVRXUFH�FRPSHWLWLRQ�DQG�SODFH�QHZ�EXUGHQV�RQ�HFRQRPLHV��

VRFLHWLHV��DQG�JRYHUQDQFH�LQVWLWXWLRQV��7KH�UHSRUWV�FDOO�DWWHQWLRQ�WR�WKH�IDFW�WKDW�WKHVH�EXUGHQV�FDQ�

WULJJHU�YLROHQFH��7KHUH�LV�D�JURZLQJ�UHFRJQLWLRQ�WKDW�WKH�GLVSODFHPHQW�RI�ODUJH�QXPEHUV�RI�SHRSOH�

GXH�WR�ZDWHU�VFDUFLW\�DQG�DJULFXOWXUDO�IDLOXUH��DV�LQ�WKH�UHFHQW�KLVWRU\�RI�6\ULD��FDQ�H[DFHUEDWH�WHQVLRQV�

WKDW�FDQ�OHDG�WR�FLYLO�XQUHVW��6HQLRU�RIILFHUV�DQG�RIILFLDOV�LQ�WKH�8�6��'2'�DUH�QRZ�UHJXODUO\�VSHDNLQJ�

SXEOLFDOO\�DERXW�KRZ�DQ�XQDEDWHG�ULVH�LQ�JUHHQKRXVH�JDV�HPLVVLRQV�FRXOG�DGG�DGGLWLRQDO�EXUGHQV�WR�

WKH�LQIUDVWUXFWXUH�DQG�PLVVLRQ�FDSDFLW\�RI�RXU�PLOLWDU\�IRUFHV�[OYLL��

II. CLIMATE RISKS 

*LYHQ�WKH�KLJK�VWDNHV��LW�LV�YDOXDEOH�WR�XQGHUVWDQG�QRW�MXVW�ZKDW�LV�PRVW

�OLNHO\�WR�KDSSHQ��EXW�ZKDW�PLJKW�SRVVLEO\�KDSSHQ�WR�RXU�FOLPDWH��7KHUH�LV�D�S

RVVLELOLW\�WKDW�WHPSHUDWXUHV�ZLOO�ULVH�PXFK�KLJKHU�DQG�LPSDFWV�ZLOO�EH�PXFK�Z

RUVH�WKDQ�H[SHFWHG��0RUHRYHU��DV�JOREDO�WHPSHUDWXUH�ULVHV��WKH�ULVN�LQFUHDVHV�

WKDW�RQH�RU�PRUH�LPSRUWDQW�SDUWV�RI�WKH�(DUWK©V�FOLPDWH�V\VWHP�ZLOO�H[SHULHQF

H�FKDQJHV�WKDW�PD\�EH�DEUXSW��XQSUHGLFWDEOH��DQG�SRWHQWLDOO\�LUUHYHUVLEOH��FDX

VLQJ�ODUJH�GDPDJHV�DQG�KLJK�FRVWV�[OYLLL���
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:H�PDQDJH�ULVN�HYHU\�GD\��RIWHQ�ZLWKRXW�WKLQNLQJ�DERXW�LW��:H�EXFNOH�RXU�VHDW�EHOWV��ODWFK�

RXU�NLGV�LQWR�FDU�VHDWV�DQG�EX\�LQVXUDQFH�IRU�D�KRVW�RI�XQOLNHO\��EXW�VHULRXV�SRVVLELOLWLHV�VXFK�DV�ORVLQJ�

RXU�KRPHV�RU�EHORQJLQJV�WR�WKHIW��ILUH�RU�IORRG��:H�GRQĜW�WKLQN�WKHVH�WKLQJV�ZLOO�KDSSHQ��EXW�ZH�

FDQQRW�EH�VXUH�WKH\�ZRQĜW��8QFHUWDLQW\�PHDQV�ULVN��0XFK�RI�RXU�GD\�WR�GD\�ULVN�PDQDJHPHQW�LV�WR�

OHVVHQ�WKH�GDQJHU�GLUHFWO\��)RU�H[DPSOH��ZH�SXUFKDVH�FDUV�ZLWK�WKH�ODWHVW�VDIHW\�GHYLFHV�DQG�XVH�WKHVH��

%XW�DQRWKHU�IRUP�RI�ULVN�PDQDJHPHQW�LV�WR�VSUHDG�WKH�ULVN��DV�ZLWK�LQVXUDQFH��7KLV�KHOSV�ZLWK�UHFRYHU\�

LI�WKH�XQWKLQNDEOH�KDSSHQV��

:KHQ�ZH�WDNH�WKH�ORQJ�YLHZ�RQ�FOLPDWH�FKDQJH��ZH�IDFH�WKHVH�VDPH�XQFHUWDLQWLHV�DQG�ULVNV��

&OLPDWH�SURMHFWLRQV�IRU�WKH�\HDU�������ZKHQ�PDQ\�FKLOGUHQ�ERUQ�WKLV�\HDU�ZLOO�VWLOO�EH�OLYLQJ��JLYH�D�

UDQJH�RI�SODXVLEOH�WHPSHUDWXUHV��:H�DUH�XQFHUWDLQ�ZKHWKHU�ZH�ZLOO�H[SHULHQFH�WKH�KLJK�RU�ORZ�HQG�RI�

WKH�UDQJH��EXW�WKH�ULVNV�RI�EDG�RXWFRPHV�LQFUHDVH�JUHDWO\�DW�WKH�KLJK�HQG�RI�ZDUPLQJ�VFHQDULRV��%\�

DQDORJ\��ZH�DUH�DFWLQJ�OLNH�SHRSOH�ZKR�WDNH�ULVNV�ZLWK�WKHLU�KHDOWK��H�J���ZLWK�EHKDYLRUV�OLNH�VPRNLQJ��

SRRU�IRRG�FKRLFHV��EXW�VWLOO�KRSLQJ�WR�OLYH�ORQJ�OLYHV�IUHH�RI�VHULRXV�LOOQHVV���

7R�PDNH�GHFLVLRQV�DERXW�PDQDJLQJ�D�ULVN��ZH�FRQVLGHU�WKH�OLNHOLKRRG�WKDW�D�SDUWLFXODU�HYHQW�

ZLOO�KDSSHQ��WKH�FRQVHTXHQFHV�LI�LW�GLG��DQG�WKH�FRVW�RI�HIIHFWLYH�DFWLRQV�WR�SUHYHQW�LW��7KHVH�DUH�WKH�

VDPH�VWHSV�WKDW�JR�LQWR�PDNLQJ�GHFLVLRQV�DERXW�FOLPDWH�FKDQJH��7KH�SURFHVV�VWDUWV�ZLWK�DQ�

XQGHUVWDQGLQJ�RI�WKH�ULVNV��:KDW�LV�WKH�OLNHOLKRRG�WKDW�H[WUHPH�FOLPDWH�FKDQJHV�ZLOO�RFFXU��DQG�LI�WKH\�

GR��ZKDW�FRQVHTXHQFHV�ZLOO�ZH�IDFH"�+RZ�PXFK�ZLOO�LW�FRVW�WR�SUHYHQW�WKH�ULVN"�

$�� +LJK�ULVN�VFHQDULRV��WKH�KLJK�VLGH�SURMHFWLRQV�

:KHUH�WKHUH�LV�D�UDQJH�RI�XQFHUWDLQW\��WKH�KLJK�VLGH�SURMHFWLRQV�UHSUHVHQW�WDLO�ULVN��D�FRPPRQ�

FRQFHSW�LQ�WKH�ZRUOG�RI�ILQDQFH��$V�PRVW�SHRSOH�XQGHUVWDQG��QR�LQYHVWPHQW�LV�D�VXUH�WKLQJ��7KHUH�LV�D�

UDQJH�RI�SRVVLELOLWLHV�DERXW�KRZ�WKDW�LQYHVWPHQW�ZLOO�IDUH��<RX�FRXOG�ORVH�DOO�\RX�LQYHVWHG�RU�PDNH�

PDQ\�WLPHV�ZKDW�\RX�SDLG��EXW�WKH�PRVW�OLNHO\�UHVXOW�LV�FORVHU�WR�WKH�PLGGOH�RI�WKHVH�H[WUHPHV��

$OWKRXJK�WKH�FKDQFH�RI�D�YHU\�EDG�RXWFRPH�Ę�RU�WDLO�ULVN�Ę�LV�VPDOO��LW�FDQQRW�EH�LJQRUHG��7KDW�LV�

ZK\�DGYLVRUV�RIWHQ�UHFRPPHQG�QRW�LQYHVWLQJ�DQ\�PRUH�WKDQ�\RX�FDQ�DIIRUG�WR�ORVH��
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:LWK�RXU�IXWXUH�KHDOWK�DQG�ZHOO�EHLQJ�DW�VWDNH��LW�LV�FRPPRQ�VHQVH�WR�FRQVLGHU�WKH�WDLO�ULVNV�

RI�FOLPDWH�FKDQJH�DV�D�SDUW�RI�IXWXUH�SODQV��&RQVLGHU�WKH�H[DPSOH�RI�D�VHDVLGH�FRPPXQLW\�LQ�)ORULGD��

7KHUH�DUH�WKUHH�IXWXUHV�WR�FRQVLGHU��(YHQ�XQGHU�WKH�PRVW�RSWLPLVWLF�VFHQDULR��YHU\�DJJUHVVLYH�

JUHHQKRXVH�JDV�UHGXFWLRQV�DQG�PLQLPDO�PHOWLQJ���VHD�OHYHO�LV�SURMHFWHG�WR�ULVH�DERXW�RQH�IRRW�WKLV�

FHQWXU\�[OL[�7KH�PLGGOH�RI�WKH�URDG�SURMHFWLRQ�IRU�WKH�FXUUHQW�SDWKZD\�LV�DERXW�WZR�IHHW��7KLV�LV�D�IDLUO\�

OLNHO\�SRVVLELOLW\��7KH�,QWHUJRYHUQPHQWDO�3DQHO�RQ�&OLPDWH�&KDQJH�HVWLPDWHV�WKH�SUREDELOLW\�RI�D�VHD�

OHYHO�ULVH�RI���WR���IHHW�WR�EH�PRUH�WKDQ�DERXW�����O�%XW�WKH�WDLO�ULVN�SURMHFWLRQ�DV�IRUHFDVW�E\�WKH�8�6��

1DWLRQDO�&OLPDWH�$VVHVVPHQW�VHHV�WKH�FRPPXQLW\�FRQWHQGLQJ�ZLWK�D�VHD�OHYHO�ULVH�RI�FORVH�WR�VHYHQ�

IHHW�OL��

%HORZ�DUH�VRPH�RI�WKH�KLJK�VLGH�SURMHFWLRQV�DQG�WDLO�ULVNV�ZH�LQFXU�E\�IROORZLQJ�WKH�FXUUHQW�

SDWK�IRU�&2��DQG�RWKHU�JUHHQKRXVH�JDV�HPLVVLRQV��0RVW�RI�WKHVH�SURMHFWLRQV�GHULYH�IURP�FRPSXWHU�

VLPXODWLRQV�RI�(DUWK�DQG�LWV�FOLPDWH�V\VWHP��7KHVH�PRGHOV�DSSO\�WKH�EHVW�XQGHUVWDQGLQJ�VFLHQFH�KDV�

WR�RIIHU�DERXW�KRZ�RXU�FOLPDWH�ZRUNV�DQG�KRZ�LW�ZLOO�FKDQJH�LQ�WKH�IXWXUH��7KHUH�DUH�PDQ\�VXFK�

PRGHOV�DQG�DOO�RI�WKHP�KDYH�EHHQ�YDOLGDWHG��WR�YDU\LQJ�GHJUHHV��E\�WKHLU�DELOLW\�WR�UHSOLFDWH�SDVW�

FOLPDWH�FKDQJHV���

*OREDO�7HPSHUDWXUH��

$FFRUGLQJ�WR�WKH�,3&&��JLYHQ�WKH�FXUUHQW�SDWKZD\�IRU�FDUERQ�HPLVVLRQV�WKH�KLJK�HQG�RI�WKH�

ęOLNHO\Ě�UDQJH�IRU�WKH�H[SHFWHG�LQFUHDVH�LQ�JOREDO�WHPSHUDWXUH�LV�DERXW��Ľ�)�E\�WKH�HQG�RI�WKH�

FHQWXU\�OLL�7KLV�LV�VLPLODU�WR�WKH�URXJKO\����)�ZDUPLQJ�WKDW�HQGHG�WKH�ODVW�LFH�DJH��,W�LV�LPSRUWDQW�WR�

UHPHPEHU�WKDW�WHPSHUDWXUH�FKDQJH�GXH�WR�&2��HPLVVLRQV�LV�HVVHQWLDOO\�LUUHYHUVLEOH�IRU�VHYHUDO�

KXQGUHG�\HDUV�VLQFH�WKLV�&2��LV�UHPRYHG�IURP�WKH�DWPRVSKHUH�RQO\�YHU\�VORZO\�E\�QDWXUDO�SURFHVVHV�OLLL��

)ORRGV��+HDW�:DYHV��DQG�'URXJKW�

*OREDOO\��LI�KXPDQ�VRFLHW\�IROORZV�WKH�KLJK�HQG�VFHQDULR��H[WUHPH�KHDW�HYHQWV�WKDW�FXUUHQWO\�

RFFXU�RQO\�RQFH�HYHU\����\HDUV�DUH�SURMHFWHG�WR�RFFXU�DQQXDOO\�OLY�*OREDO�ZDUPLQJ�ZLOO�DOVR�OHDGV�WR�
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VKLIWLQJ�SUHFLSLWDWLRQ�SDWWHUQV�DQG�FRQFHQWUDWLRQ�RI�SUHFLSLWDWLRQ�LQWR�KHDYLHU�GRZQSRXUV�Ę�FULWLFDO�

ULVN�IDFWRUV�IRU�IORRGLQJ�DQG�GURXJKW����

6HD�/HYHO�

6HD�OHYHO�ULVH�SURMHFWLRQV�RYHU�WKH�QH[W�FHQWXU\�YDU\�FRQVLGHUDEO\��ZLWK�WKH�KLJK�HQG�VFHQDULRV�

\LHOGLQJ�D�ULVH�RI�XS�WR���RU���IHHW�E\�������OY�OYL�$ERXW���WR���PLOOLRQ�SHRSOH�LQ�WKH�8�6��OLYH�ZLWKLQ���

IHHW�RI�WKH�ORFDO�KLJK�WLGH�OLQH��DQG�VWRUP�VXUJH�FDQ�H[WHQG�IORRGLQJ�IDU�EH\RQG�WKH�KLJK�WLGH�OLQH��DV�

ZLWQHVVHG�LQ�6XSHUVWRUP�6DQG\�OYLL�&RDVWDO�IORRGLQJ�HYHQWV�WKDW�FXUUHQWO\�RFFXU�RQFH�HYHU\�����\HDUV�

ZLOO�RFFXU�PXFK�PRUH�IUHTXHQWO\��SRVVLEO\�DV�RIWHQ�DV�\HDUO\�IRU�PDQ\�ORFDWLRQV��UHQGHULQJ�PDQ\�FLWLHV�

DQG�FRPPXQLWLHV�XQLQKDELWDEOH�DV�LV�OYLLL�

&XUUHQW�JUHHQKRXVH�JDV�HPLVVLRQV�ZRXOG�KDYH�FRQVLGHUDEOH�LPSDFW�RQ�VHD�OHYHO�ULVH�EH\RQG�

WKH�\HDU�������,Q�DGGLWLRQ�WR�GULYLQJ�VHD�OHYHO�ULVH�LQ�WKH���VW�FHQWXU\��FXUUHQW�HPLVVLRQV�PLJKW�OHDG�WR�

GUDPDWLFDOO\�KLJKHU�VHD�OHYHO�ULVH�LQ�WKH�GLVWDQW�IXWXUH��SRVVLEO\�EH\RQG����IHHW��ZKLFK�LV�KLJKHU�WKDQ�

WKH�HOHYDWLRQ�RI�PDQ\�PDMRU�FLWLHV�DURXQG�WKH�ZRUOG��7KHUH�LV�D�VOLJKW�ULVN�WKDW�VXFK�ODUJH�ULVH�FRXOG�

RFFXU�IDVWHU�WKDQ�H[SHFWHG��VHH�EHORZ��OL[��

%�� $EUXSW�FOLPDWH�FKDQJH�

0RVW�SURMHFWLRQV�RI�FOLPDWH�FKDQJH�SUHVXPH�WKDW�IXWXUH�FKDQJHV�Ę�JUHHQKRXVH�JDV�

HPLVVLRQV��WHPSHUDWXUH�LQFUHDVHV�DQG�HIIHFWV�VXFK�DV�VHD�OHYHO�ULVH�Ę�ZLOO�KDSSHQ�LQFUHPHQWDOO\��$�

JLYHQ�DPRXQW�RI�HPLVVLRQ�ZLOO�OHDG�WR�D�JLYHQ�DPRXQW�RI�WHPSHUDWXUH�LQFUHDVH�WKDW�ZLOO�OHDG�WR�D�

JLYHQ�DPRXQW�RI�VPRRWK�LQFUHPHQWDO�VHD�OHYHO�ULVH��+RZHYHU��WKH�JHRORJLFDO�UHFRUG�IRU�WKH�FOLPDWH�

UHIOHFWV�LQVWDQFHV�ZKHUH�D�UHODWLYHO\�VPDOO�FKDQJH�LQ�RQH�HOHPHQW�RI�FOLPDWH�OHG�WR�DEUXSW�FKDQJHV�LQ�

WKH�V\VWHP�DV�D�ZKROH��,Q�RWKHU�ZRUGV��SXVKLQJ�JOREDO�WHPSHUDWXUHV�SDVW�FHUWDLQ�WKUHVKROGV�FRXOG�

WULJJHU�DEUXSW��XQSUHGLFWDEOH�DQG�SRWHQWLDOO\�LUUHYHUVLEOH�FKDQJHV�WKDW�KDYH�PDVVLYHO\�GLVUXSWLYH�DQG�

ODUJH�VFDOH�LPSDFWV��$W�WKDW�SRLQW��HYHQ�LI�ZH�GR�QRW�DGG�DQ\�DGGLWLRQDO�&2��WR�WKH�DWPRVSKHUH��

SRWHQWLDOO\�XQVWRSSDEOH�SURFHVVHV�DUH�VHW�LQ�PRWLRQ��:H�FDQ�WKLQN�RI�WKLV�DV�VXGGHQ�FOLPDWH�EUDNH�
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DQG�VWHHULQJ�IDLOXUH�ZKHUH�WKH�SUREOHP�DQG�LWV�FRQVHTXHQFHV�DUH�QR�ORQJHU�VRPHWKLQJ�ZH�FDQ�

FRQWURO��,Q�FOLPDWH�WHUPV��DEUXSW�FKDQJH�PHDQV�FKDQJH�RFFXUULQJ�RYHU�SHULRGV�DV�VKRUW�DV�GHFDGHV�RU�

HYHQ�\HDUV�O[�

7KH�ULVN�RI�DEUXSW�FOLPDWH�FKDQJH�LV�SDUWLFXODUO\�FKDOOHQJLQJ�EHFDXVH��ZKLOH�SODXVLEOH��ZH�KDYH�

IHZ�KLVWRULFDO�PHDVXUHPHQWV�WR�JXLGH�RXU�MXGJPHQW�RI�OLNHOLKRRG��7KH�ILQDQFLDO�PHOWGRZQ�RI������ZDV�

D�JRRG�H[DPSOH�RI�WKLV�NLQG�RI�ULVN��:H�KDG�QR�KLVWRU\�RI�LQWHUWZLQHG�UHDO�HVWDWH�DQG�ILQDQFLDO�

PDUNHWV�WR�GUDZ�RQ��DQG�IHZ�H[SHUWV�UHFRJQL]HG�WKH�ULVN�LQGLFDWRUV�WKDW�OHG�WR�HQRUPRXV�DQG�UDSLG�

HFRQRPLF�FRQVHTXHQFHV��,W�LV�QR�VXUSULVH�WKDW�ZH�XVH�D�PHWDSKRU�OLNH�EXUVWLQJ�EXEEOHV�IRU�VXFK�

KLJKO\�GDPDJLQJ�ILQDQFLDO�HYHQWV��:H�GR�QRW�UHFRJQL]H�ZH�DUH�LQ�RQH��WKLQJV�VHHP�VWDEOH��XQWLO�

VXGGHQO\�WKH\�DUH�QRW��

,I�KXPDQ�HPLVVLRQV�FDXVH�WHPSHUDWXUHV�WR�LQFUHDVH�WRZDUG�WKH�KLJK�HQG�RI�RXU�SURMHFWLRQV��

ZH�LQFUHDVH�WKH�ULVN�WKDW�ZH�ZLOO�SXVK�SDUWV�RI�RXU�FOLPDWH�V\VWHP�SDVW�FHUWDLQ�WKUHVKROGV�WKDW�OHDG�WR�

DEUXSW��XQSUHGLFWDEOH�DQG�SRWHQWLDOO\�LUUHYHUVLEOH�FKDQJHV�WR�RXU�SODQHW�DQG�LPSDFWV�IRU�$PHULFDQV�

DQG�SHRSOH�ZRUOGZLGH���

6RPH�RI�WKH�SODQHWDU\�FOLPDWH�UHODWHG�V\VWHPV�Ę�ERWK�SK\VLFDO�DQG�ELRORJLFDO�ĘWKDW�FRXOG�

WULJJHU�VXFK�DEUXSW�FKDQJHV�IRU�WKH�SODQHW��LI�SXVKHG�SDVW�WKHLU�OLPLWV��LQFOXGH��ODUJH�VFDOH�LFH�VKHHW�

FROODSVH��FROODSVH�RI�SDUW�RI�WKH�*XOI�6WUHDP��GLHEDFN�RI�WKH�$PD]RQ�UDLQIRUHVW��DQG�FRUDO�UHHI�GLH�RII��

'LVWXUELQJO\��WKHUH�LV�ORZ�FRQILGHQFH�LQ�WKH�HVWLPDWHV�RI�WKH�WHPSHUDWXUH�WKUHVKROGV�WKDW�ZRXOG�

WULJJHU�VXFK�FKDQJHV��:KLOH�VRPH�VFHQDULRV�ė�VXFK�DV�WKH�GLVUXSWLRQ�RI�WKH�*XOI�6WUHDP�$WODQWLF�

0HULGLRQDO�2YHUWXUQLQJ�&LUFXODWLRQ��$02&��DQG�UDSLG�PHWKDQH�UHOHDVH�IURP�WKH�VHD�IORRU�ė�EDVHG�RQ�

WKH�ODWHVW�UHVHDUFK�DUH�FRQVLGHUHG�YHU\�XQOLNHO\��WKLV�GRHV�QRW�PHDQ�WKHLU�OLNHOLKRRG�KDV�JRQH�WR�

]HUR�O[L�*LYHQ�WKH�FRPSOH[LW\�RI�WKHVH�V\VWHPV�DQG�XQFHUWDLQWLHV�LQ�KRZ�WKH\�ZLOO�UHVSRQG�WR�KLJK�HQG�

ZDUPLQJ��WKHUH�PD\�EH�VXUSULVHV�WKDW�ZH�DUH�QRW�\HW�DZDUH�RI���$V�SHU�WKH�1DWLRQDO�$FDGHP\�RI�

6FLHQFHV�5HSRUW�RQ�$EUXSW�,PSDFWV�RI�&OLPDWH�&KDQJH��ęđěGUDJRQVĜ�LQ�WKH�FOLPDWH�V\VWHP�VWLOO�PD\�

H[LVW�ĚO[LL�
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6RPH�SRWHQWLDO�FOLPDWH�FKDQJH�VFHQDULRV�LQFOXGH��

(FRV\VWHP�&ROODSVH�

&OLPDWH�FKDQJH�WKUHDWHQV�WKH�FROODSVH�RI�VRPH�HFRV\VWHPV�DQG�DPSOLILHV�H[WLQFWLRQ�SUHVVXUHV�

RQ�VSHFLHV��ZKLFK�KDYH�DOUHDG\�HOHYDWHG�H[WLQFWLRQ�UDWHV�ZHOO�DERYH�QDWXUDO�EDFNJURXQG�UDWHV�O[LLL�O[LY�O[Y�

7KH�UDWH�RI�FOLPDWH�FKDQJH�QRZ�PD\�EH�DV�IDVW�DV�DQ\�H[WHQGHG�ZDUPLQJ�SHULRG�RYHU�WKH�SDVW����

PLOOLRQ�\HDUV��DQG�LW�LV�SURMHFWHG�WR�DFFHOHUDWH�LQ�WKH�FRPLQJ�GHFDGHV�O[YL�:KHQ�UDSLG�FOLPDWH�FKDQJH�LV�

DGGHG�WR�RWKHU�VRXUFHV�RI�H[WLQFWLRQ�SUHVVXUH�VXFK�DV�RFHDQ�DFLGLILFDWLRQ��ODQG�XVH��LQYDVLYH�VSHFLHV��

DQG�RU�H[SORLWDWLRQ��WKH�UHVXOWLQJ�UDWHV�RI�H[WLQFWLRQ�DUH�OLNHO\�WR�SODFH�RXU�HUD�DPRQJ�D�KDQGIXO�RI�

VHYHUH�ELRGLYHUVLW\�FULVHV�LQ�WKH�(DUWKĜV�JHRORJLFDO�UHFRUG��

$UFWLF�6HD�,FH�&ROODSVH�

:DUPHU�$UFWLF�WHPSHUDWXUHV�KDYH�FDXVHG�$UFWLF�VXPPHU�VHD�LFH�WR�VKULQN�UDSLGO\�RYHU�WKH�

SDVW�GHFDGH��ZLWK�SRWHQWLDOO\�ODUJH�FRQVHTXHQFHV�LQFOXGLQJ�VKLIWV�LQ�FOLPDWH�DQG�ZHDWKHU�DURXQG�WKH�

QRUWKHUQ�KHPLVSKHUH��3URMHFWLRQV�VXJJHVW�WKDW�ODWH�VXPPHU�VHD�LFH�PD\�GLVDSSHDU�HQWLUHO\�LQ�WKH�

FRPLQJ�GHFDGHV�O[YLL�7KH�ORVV�RI�$UFWLF�VHD�LFH�KDV�VHULRXV�FRQVHTXHQFHV�IRU�WKH�(DUWKĜV�FOLPDWH�V\VWHP��

$UFWLF�VHD�LFH�FRYHUV�DQ�LPSRUWDQW�SRUWLRQ�RI�WKH�SODQHWĜV�VXUIDFH�DQG�UHIOHFWV�VXQOLJKW�EDFN�LQWR�VSDFH�

WKDW�ZRXOG�RWKHUZLVH�ZDUP�WKH�RFHDQ��7KH�ORVV�RI�$UFWLF�VHD�LFH�FUHDWHV�D�IHHGEDFN�ORRS��DV�ORVW�LFH�

OHDGV�WR�DGGLWLRQDO�RFHDQ�ZDUPLQJ��7KH�LFH�ORVV�KDV�PDMRU�HIIHFWV�RQ�WKH�$UFWLF��DQG�PD\�KDYH�HIIHFWV�

RQ�ZHDWKHU�SDWWHUQV�H[WHQGLQJ�LQWR�WKH�ORZHU�ODWLWXGHV�O[YLLLO[L[�

/DUJH�6FDOH�,FH�6KHHW�&ROODSVH�

/DUJH�VFDOH�PHOWLQJ�RI�ERWK�WKH�*UHHQODQG�DQG�$QWDUFWLF�,FH�6KHHWV�LQFOXGH�ODUJH�VFDOH�ORVVHV�

RI�LFH��SRWHQWLDOO\�OHDGLQJ�WR�WHQV�RI�IHHW�RI�VHD�OHYHO�ULVH��:KLOH�PRVW�RI�WKHVH�ORVVHV�DUH�SURMHFWHG�DV�

EHLQJ�XQOLNHO\�WR�RFFXU�EHIRUH�������ZH�PD\�SDVV�WKH�SRLQW�ZKHUH�WKHVH�ORVVHV�ZLOO�EH�VHW�LQ�PRWLRQ�

LQ�WKH�FRPLQJ�GHFDGHV��ZLWK�DW�OHDVW�D�VOLJKW�FKDQFH�WKDW�ZH�KDYH�DOUHDG\�GRQH�VR�O[[�

,Q�$QWDUFWLFD��PDULQH�LFH�LFH�VKHHW�LQVWDELOLW\�WKUHDWHQV�DEUXSW�DQG�ODUJH�ORVVHV�IURP�ERWK�WKH�

:HVW�$QWDUFWLF�,FH�6KHHW��:$,6��DQG�SRUWLRQV�RI�WKH�(DVW�$QWDUFWLF�,FH�6KHHW��$Q\�VLJQLILFDQW�LFH�ORVV�
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OLNHO\�ZRXOG�EH�LUUHYHUVLEOH�IRU�WKRXVDQGV�RI�\HDUV��6LPXODWLRQV�RI�ZDUPLQJ�DQG�LFH�ORVV�GXULQJ�HDUOLHU�

ZDUP�SHULRGV�RI�WKH�ODVW���PLOOLRQ�\HDUV�LQGLFDWH�WKHVH�DUHDV�FDQ�FRQWULEXWH����IHHW�RI�VHD�OHYHO�ULVH�O[[L�

6RPH�VWXGLHV�LQGLFDWH�WKDW�DEUXSW�DQG�LUUHYHUVLEOH�LFH�ORVV�IURP�:$,6�LV�SRVVLEOH��\HW�

XQFHUWDLQW\�UHJDUGLQJ�WKH�WKUHVKROG�LV�VXFK�WKDW�LW�LV�QRW�SRVVLEOH�WR�VD\�ZKDW�WHPSHUDWXUH�ULVH�LV�

QHFHVVDU\�WR�WULJJHU�FROODSVH�O[[LL�O[[LLL�$Q�DEUXSW�FKDQJH�LQ�WKH�:$,6�WKLV�FHQWXU\�LV�GHHPHG�SODXVLEOH��

ZLWK�DQ�XQNQRZQ�EXW�SUREDEO\�ORZ�SUREDELOLW\�O[[LY�5HFHQWO\�DQ�DFFHOHUDWLRQ�RI�LFH�ORVV�IURP�WKH�:$,6�

KDV�EHHQ�REVHUYHG��DQG�LW�LV�QRW�SRVVLEOH�WR�GLVPLVV�RU�FRQILUP�WKDW�WKHVH�FKDQJHV�DUH�DVVRFLDWHG�

ZLWK�GHVWDELOL]DWLRQ�RI�WKH�:$,6�O[[Y��

'HVWDELOL]LQJ�RI�6HD�)ORRU�0HWKDQH�

)UR]HQ�PHWKDQH�LQ�WKH�VKDOORZ�VKHOYHV�RI�WKH�$UFWLF�2FHDQ�UHSUHVHQWV�DQ�XQOLNHO\�EXW�

SRWHQWLDOO\�VWURQJ�IHHGEDFN�ORRS�LQ�D�ZDUPLQJ�FOLPDWH��0HWKDQH�LV�D�VKRUW�OLYHG�EXW�SRWHQW�

JUHHQKRXVH�JDV��:KLOH�WKH�UHOHDVH�RI�WKHVH�GHSRVLWV�GXH�WR�JOREDO�ZDUPLQJ�LV�OLNHO\�WR�EH�VORZ�DQG�

PLWLJDWHG�E\�GLVVROXWLRQ�LQWR�WKH�VHD��WKHVH�GHSRVLWV�DUH�ODUJH�DQG�YXOQHUDEOH�WR�ZDUPLQJ�H[SHFWHG�

RQ�WKH�KLJKHU�HPLVVLRQ�SDWKZD\�O[[YL�7KH�UHOHDVH�RI�$UFWLF�PHWKDQH�K\GUDWHV�WR�WKH�DWPRVSKHUH�ZRXOG�

IXUWKHU�LQFUHDVH��DQG�SHUKDSV�VXEVWDQWLDOO\��WKH�UDWH�RI�JOREDO�ZDUPLQJ�O[[YLL��

3HUPDIURVW�0HOW�

7KH�UHOHDVH�RI�&2��DQG�PHWKDQH�IURP�WKDZLQJ�$UFWLF�SHUPDIURVW�UHSUHVHQWV�DQRWKHU�FULWLFDO�

IHHGEDFN�ORRS�WULJJHUHG�E\�JOREDO�ZDUPLQJ���

7KH�DPRXQW�RI�FDUERQ�VWRUHG�LQ�WKH�SHUPDIURVW�LV�WKH�ODUJHVW�UHVHUYRLU�RI�UHDGLO\�DFFHVVLEOH�

RUJDQLF�FDUERQ�RQ�ODQG�O[[YLLL�+RZHYHU��WKH�SRVLWLYH�IHHGEDFN�ZDUPLQJ�GXH�WR�WKH�ORVV�RI�FDUERQ�IURP�

IUR]HQ�VRLOV�LV�JHQHUDOO\�PLVVLQJ�IURP�WKH�PDMRU�FOLPDWH�FKDQJH�PRGHOV�O[[L[�1RW�VXUSULVLQJO\��PHWKDQH�

DQG�FDUERQ�GLR[LGH�HPLVVLRQV�IURP�WKDZLQJ�SHUPDIURVW�DUH�WKXV�UHJDUGHG�DV�D�NH\�XQFHUWDLQW\�LQ�

FOLPDWH�FKDQJH�SURMHFWLRQV���
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'LVWXUELQJO\��WKHUH�LV�ORZ�FRQILGHQFH�LQ�WKH�HVWLPDWHV�RI�H[SHFWHG�HPLVVLRQV�IURP�WKDZLQJ�

SHUPDIURVW�O[[[�:KLOH�DQ�DEUXSW�UHOHDVH�RQ�WKH�WLPHVFDOH�RI�D�IHZ�GHFDGHV�LV�MXGJHG�XQOLNHO\��WKLV�

FRQFOXVLRQ�LV�EDVHG�RQ�LPPDWXUH�VFLHQFH�DQG�VSDUVH�PRQLWRULQJ�FDSDELOLWLHV�O[[[L�7KH�KLJK�HQG�RI�WKH�

EHVW�HVWLPDWH�UDQJH�IRU�WKH�WRWDO�FDUERQ�UHOHDVHG�IURP�WKDZHG�SHUPDIURVW�E\������LV�����*W&�RQ�WKH�

KLJKHU�SDWKZD\��2WKHU�LQGLYLGXDO�HVWLPDWHV�DUH�IDU�KLJKHU�O[[[LL��

III. CLIMATE RESPONSE 

$�� 7KH�VRRQHU�ZH�DFW��WKH�ORZHU�WKH�ULVN�DQG�FRVW���

7KH�ORQJHU�ZH�ZDLW�WR�UHVSRQG��WKH�PRUH�WKH�ULVNV�RI�FOLPDWH�FKDQJH�ZLO

O�LQFUHDVH��&RQYHUVHO\��WKH�VRRQHU�ZH�WDNH�DFWLRQ��WKH�PRUH�RSWLRQV�ZH�ZLOO�KD

YH�WR�UHGXFH�ULVN�DQG�OLPLW�WKH�KXPDQ�DQG�HFRQRPLF�FRVW�RI�FOLPDWH�FKDQJH��

:KDW�VWHSV�VRFLHW\�WDNHV�WR�PHHW�WKH�FKDOOHQJH�RI�FOLPDWH�FKDQJH�Ę�WKH�TXHVWLRQV�RI�ZKHQ��

KRZ�DQG�WR�ZKDW�H[WHQW�ZH�UHVSRQG�Ę�LV�D�PDWWHU�RQ�ZKLFK�DOO�$PHULFDQV�PXVW�GHFLGH��:H�XUJH�WKDW�

WKHVH�GHFLVLRQV�EH�JXLGHG�E\�WZR�LQHVFDSDEOH�IDFWV��ILUVW��WKH�HIIHFWV�RI�DQ\�DGGLWLRQDO�&2��HPLVVLRQV�

ZLOO�ODVW�IRU�FHQWXULHV��VHFRQG��WKHUH�LV�D�ULVN�RI�DEUXSW��XQSUHGLFWDEOH�DQG�SRWHQWLDOO\�LUUHYHUVLEOH�

FKDQJHV�LQ�WKH�(DUWKĜV�FOLPDWH�V\VWHP�ZLWK�PDVVLYHO\�GLVUXSWLYH�LPSDFWV���

(PLVVLRQV�RI�JUHHQKRXVH�JDVHV�WRGD\�FRPPLW�WKH�SODQHW�WR�XQDYRLGDEOH�ZDUPLQJ�DQG�RWKHU�

LPSDFWV�LQ�WKH�IXWXUH��$V�ZH�FRQWLQXH�WR�LQFUHDVH�JUHHQKRXVH�JDV�HPLVVLRQV��ZH�DFFHOHUDWH�DQG�

FRPSRXQG�WKH�HIIHFWV�DQG�ULVNV�RI�FOLPDWH�FKDQJH�LQWR�WKH�IXWXUH��&RQYHUVHO\��WKH�VRRQHU�ZH�PDNH�D�

FRQFHUWHG�HIIRUW�WR�FXUWDLO�WKH�EXUQLQJ�RI�IRVVLO�IXHOV�DV�RXU�SULPDU\�HQHUJ\�VRXUFH�DQG�UHOHDVLQJ�WKH�

&2��WR�WKH�DLU��WKH�ORZHU�RXU�ULVN�DQG�FRVW�ZLOO�EH���

%��� �7KHUH�LV�PXFK�ZH�FDQ�GR��

:H©YH�VXFFHVVIXOO\�IDFHG�HQYLURQPHQWDO�FKDOOHQJHV�EHIRUH��7KHUH©V�PXF

K�ZH�FDQ�GR�WR�UHVSRQG�WR�WKH�FKDOOHQJH�DQG�ULVNV�RI�FOLPDWH�FKDQJH��SDUWLFXO

DUO\�E\�WDSSLQJ�$PHULFD©V�VWUHQJWK�LQ�LQQRYDWLRQ��
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7KH�8QLWHG�6WDWHV�LV�RQH�RI�WKH�PRVW�UHVRXUFHIXO�DQG�LQQRYDWLYH�VRFLHWLHV�LQ�WKH�ZRUOG��:H�DUH�

D�QDWLRQ�RI�SUREOHP�VROYHUV��:KHQ�VFLHQWLVWV�LGHQWLILHG�WKH�JUDYH�HQYLURQPHQWDO�WKUHDWV�SRVHG�E\�WKH�

DFLG�UDLQ�DQG�WKH�R]RQH�KROH��WKH\�ZRUNHG�WRJHWKHU�ZLWK�RWKHU�VWDNHKROGHUV�Ę�FRQVXPHUV��LQGXVWU\�

DQG�JRYHUQPHQW�Ę�WR�GHYHORS�VROXWLRQV�WKDW�ZRXOG�VXFFHVVIXOO\�UHGXFH�WKH�WKUHDW�ZKLOH�PLQLPL]LQJ�

VKRUW��DQG�ORQJ�WHUP�HFRQRPLF�LPSDFWV���$V�ZH�KRSH�WKLV�SDSHU�KDV�PDGH�FOHDU��KRZHYHU��

VXFFHVVIXOO\�UHVSRQGLQJ�WR�FOLPDWH�FKDQJH�ZLOO�WHVW�RXU�UHVROYH�DQG�LQJHQXLW\�LQ�ZD\V�XQOLNH�DQ\�RWKHU�

HQYLURQPHQWDO�FKDOOHQJH�ZH�KDYH�IDFHG��

0DQ\�RI�RXU�PDMRU�FLWLHV�Ę�1HZ�<RUN��6HDWWOH��%RVWRQ�DQG�&KLFDJR�DUH�MXVW�D�IHZ�Ę�KDYH�

DVVHVVHG�WKH�VFLHQWLILF�HYLGHQFH��DQG�GHFLGHG�WR�UHGXFH�JUHHQKRXVH�JDV�HPLVVLRQV�DQG�SUHSDUH�IRU�

WKH�LPSDFWV�RI�FOLPDWH�FKDQJH��

:H�EHOLHYH�WKDW�RXU�UHVSRQVLELOLW\�DV�VFLHQWLVWV�LV�WR�HQVXUH��WR�WKH�EHVW�RI�RXU�DELOLW\��WKDW�

SHRSOH�IXOO\�XQGHUVWDQG�WKH�FOLPDWH�UHDOLWLHV�DQG�ULVNV�ZH�IDFH��3ULRU�H[SHULHQFH�VKRZV�WKDW�ZH�DQG�

IXWXUH�JHQHUDWLRQV�ZLOO�EH�EHWWHU�RII�ZKHQ�VFLHQFH�HIIHFWLYHO\�LQIRUPV�GHFLVLRQ�PDNLQJ�DQG�DFWLRQ��

$UPHG�ZLWK�VFLHQWLILF�XQGHUVWDQGLQJ�DERXW�WKH�JUDYLW\�RI�FHUWDLQ�HQYLURQPHQWDO�SUREOHPV��RXU�QDWLRQ�

KDV�VXFFHVVIXOO\�XVHG�LQQRYDWLYH�DSSURDFKHV�WR�DGGUHVV�WKHVH�FKDOOHQJHV���

,Q�VXPPDU\��UHVSRQGLQJ�HIIHFWLYHO\�WR�WKH�FKDOOHQJH�RI�FOLPDWH�FKDQJH�UHTXLUHV�D�IXOO�

XQGHUVWDQGLQJ�WKDW�WKHUH�LV�QRZ�D�KLJK�GHJUHH�RI�DJUHHPHQW�DPRQJ�FOLPDWH�VFLHQWLVWV�DERXW�WKH�IDFW�

WKDW�FOLPDWH�FKDQJH�LV�KDSSHQLQJ�QRZ��EHFDXVH�RI�KXPDQ�DFWLYLWLHV��DQG�WKDW�WKH�ULVNV�ėLQFOXGLQJ�WKH�

SRVVLELOLW\�IRU�DEUXSW�DQG�GLVUXSWLYH�FKDQJHV�Ę�ZLOO�LQFUHDVH�WKH�ORQJHU�JUHHQKRXVH�JDV�HPLVVLRQV�

FRQWLQXH��

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

�

�

L�/HLVHURZLW]�HW�DO����������ę&OLPDWH�FKDQJH�LQ�WKH�$PHULFDQ�PLQG��$PHULFDQVĜ�JOREDO�ZDUPLQJ�

EHOLHIV��<DOH�3URMHFW�RQ�&OLPDWH�&KDQJH�&RPPXQLFDWLRQ�DQG�WKH�*HRUJH�

0DVRQ�8QLYHUVLW\�&HQWHU�IRU�&OLPDWH�&KDQJH�&RPPXQLFDWLRQ��

KWWS���HQYLURQPHQW�\DOH�HGX�FOLPDWH�FRPPXQLFDWLRQ�ILOHV�&OLPDWH�%HOLHIV�$SULO������SGI�

�
LL�1DWLRQDO�5HVHDUFK�&RXQFLO���������$EUXSW�,PSDFWV�RI�&OLPDWH�&KDQJH��$QWLFLSDWLQJ�6XUSULVHV��

:DVKLQJWRQ��'&��7KH�1DWLRQDO�$FDGHPLHV�3UHVV���

�
LLL�'RUDQ��3��DQG�0��=LPPHUPDQ���������([DPLQLQJ�WKH�VFLHQWLILF�FRQVHQVXV�RQ�FOLPDWH�FKDQJH��(RV��

7UDQVDFWLRQV��$PHULFDQ�*HRSK\VLFDO�8QLRQ�����������������

KWWS���RQOLQHOLEUDU\�ZLOH\�FRP�GRL�������������(2�������DEVWUDFW�

�
LY�&RRN�HW�DO����������4XDQWLI\LQJ�WKH�FRQVHQVXV�RQ�DQWKURSRJHQLF�JOREDO�ZDUPLQJ�LQ�WKH�VFLHQWLILF�

OLWHUDWXUH��(QYLURQPHQWDO�5HVHDUFK�/HWWHUV�������������

GRL������������������������������

�
Y�2UHVNHV��1����������7KH�VFLHQWLILF�FRQVHQVXV�RQ�FOLPDWH�FKDQJH��6FLHQFH��������

KWWS���FPEF�XFVG�HGX�5HVHDUFK�&OLPDWHB&KDQJH�2UHVNHV����������&OLPDWH���FKDQJH�SGI�

�
YL�&RRN�HW�DO�����������

�
YLL�1DWLRQDO�$HURQDXWLFV�DQG�6SDFH�$GPLQLVWUDWLRQ��&RQVHQVXV��KWWS���FOLPDWH�QDVD�JRY�VFLHQWLILF�

FRQVHQVXV�

�
YLLL�1DWLRQDO�5HVHDUFK�&RXQFLO����������$GYDQFLQJ�WKH�6FLHQFH�RI�&OLPDWH�&KDQJH��:DVKLQJWRQ��'&��7KH�

1DWLRQDO�$FDGHPLHV�3UHVV���

�
L[��/HLVHURZLW]�HW�DO���������([WUHPH�ZHDWKHU�DQG�FOLPDWH�FKDQJH�LQ�WKH�$PHULFDQ�PLQG��$SULO�������

<DOH�3URMHFW�RQ�&OLPDWH�&KDQJH�&RPPXQLFDWLRQ�DQG�WKH�*HRUJH�0DVRQ�8QLYHUVLW\�&HQWHU�IRU�&OLPDWH�

&KDQJH�&RPPXQLFDWLRQ��KWWS���ZZZ�FOLPDWHFKDQJHFRPPXQLFDWLRQ�RUJ�UHSRUW�FOLPDWH�FKDQJH�

DPHULFDQ�PLQG�VHULHV�VSULQJ������

�



WHAT�WE�KNOW:��THE�REALITY,�RISKS�AND�RESPONSE�TO�CLIMATE�CHANGE�

� 20 

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

�

�

[�,3&&���������6XPPDU\�IRU�3ROLF\PDNHUV��,Q��&OLPDWH�&KDQJH�������7KH�3K\VLFDO�6FLHQFH�%DVLV��

&RQWULEXWLRQ�RI�:RUNLQJ�*URXS�,�WR�WKH�)LIWK�$VVHVVPHQW�5HSRUW�RI�WKH�,QWHUJRYHUQPHQWDO�3DQHO�RQ�

&OLPDWH�&KDQJH��&DPEULGJH��8.��&DPEULGJH�8QLYHUVLW\�3UHVV��7DEOH�630����3DJH������

�
[L�,3&&���������$5��:*,�630���

�
[LL�1DWLRQDO�6QRZ�DQG�,FH�'DWD�&HQWHU����������$UFWLF�VHD�LFH�H[WHQW�VHWWOHV�DW�UHFRUG�VHDVRQDO�

PLQLPXP��$UFWLF�6HD�,FH�1HZV�DQG�$QDO\VLV��6HSWHPEHU�����������

KWWS���QVLGF�RUJ�DUFWLFVHDLFHQHZV���������DUFWLF�VHD�LFH�H[WHQW�VHWWOHV�DW�UHFRUG�VHDVRQDO�PLQLPXP��

�
[LLL�,3&&���������$5��:*,�630�

�
[LY�,3&&���������$5��:*,�630�

�
[Y�+|QLVFK�HW�DO����������7KH�JHRORJLFDO�UHFRUG�RI�RFHDQ�DFLGLILFDWLRQ��6FLHQFH�����������������������GRL��

��������VFLHQFH���������

�
[YL�3DUPHVDQ��&����������(FRORJLFDO�DQG�HYROXWLRQDU\�UHVSRQVHV�WR�UHFHQW�FOLPDWH�FKDQJH��$QQXDO�

5HYLHZ�RI�(FRORJ\�(YROXWLRQ�DQG�6\VWHPDWLFV���������������

�
[YLL�&OHODQG��(�(���&KXLQH��,���0HQ]HO��$���0RRQH\��+�$��	�6FKZDUW]��0�'����������6KLIWLQJ�SODQW�SKHQRORJ\�

LQ�UHVSRQVH�WR�JOREDO�FKDQJH��7UHQGV�LQ�(FRORJ\�DQG�(YROXWLRQ��������������

�
[YLLL�3DUPHVDQ��&��DQG�<RKH��*����������$�JOREDOO\�FRKHUHQW�ILQJHUSULQW�RI�FOLPDWH�FKDQJH�LPSDFWV�DFURVV�

QDWXUDO�V\VWHPV��1DWXUH���������������

�
[L[�/LQGHUKROP��+DQV�:����������5HYLHZ��*URZLQJ�VHDVRQ�FKDQJHV�LQ�WKH�ODVW�FHQWXU\��$JULFXOWXUDO�DQG�

)RUHVW�0HWHRURORJ\�������

KWWS���UHVHDUFK�HHHVFLHQFH�XWROHGR�HGX�OHHV�SDSHUVB3')�/LQGHUKROPB����B$)0�SGI�

�
[[�,3&&���������$5��:*,�630�

�
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�

�

[[L�/DQJHYLQ��&��'��DQG�=\JQHUVNL��0����������(IIHFW�RI�VHD�OHYHO�ULVH�RQ�VDOW�ZDWHU�LQWUXVLRQ�QHDU�D�

FRDVWDO�ZHOO�ILHOG�LQ�VRXWKHDVWHUQ�)ORULGD��*URXQG�:DWHU���������ė������

GRL����������M����������������������[�

�
[[LL�7UHQEHUWK��.��(����������&KDQJHV�LQ�SUHFLSLWDWLRQ�ZLWK�FOLPDWH�FKDQJH��&OLPDWH�5HVHDUFK����������

������

�
[[LLL�0HOLOOR�HW�DO����������7KLUG�1DWLRQDO�&OLPDWH�$VVHVVPHQW�'UDIW�5HSRUW��:DVKLQJWRQ��'&��8QLWHG�

6WDWHV�*OREDO�&KDQJH�5HVHDUFK�3URJUDP��

�
[[LY�0HOLOOR�HW�DO����������

�
[[Y�7UHQEHUWK��.�(���3�'��-RQHV��3��$PEHQMH��5��%RMDULX��'��(DVWHUOLQJ��$��.OHLQ�7DQN��'��3DUNHU��)��

5DKLP]DGHK��-�$��5HQZLFN��0��5XVWLFXFFL��%��6RGHQ�DQG�3��=KDL����������&KDSWHU����2EVHUYDWLRQV��

6XUIDFH�DQG�$WPRVSKHULF�&OLPDWH�&KDQJH��,Q��&OLPDWH�&KDQJH�������7KH�3K\VLFDO�6FLHQFH�%DVLV��

&RQWULEXWLRQ�RI�:RUNLQJ�*URXS�,�WR�WKH�)RXUWK�$VVHVVPHQW�5HSRUW�RI�WKH�,QWHUJRYHUQPHQWDO�3DQHO�RQ�

&OLPDWH�&KDQJH�>6RORPRQ��6���'��4LQ��0��0DQQLQJ��=��&KHQ��0��0DUTXLV��.�%��$YHU\W��0��7LJQRU�DQG�

+�/��0LOOHU��HGV��@��&DPEULGJH�8QLYHUVLW\�3UHVV��&DPEULGJH��8QLWHG�.LQJGRP�DQG�1HZ�<RUN��1<��86$��

�
[[YL�+DQVHQ��-DPHV��0DNLNR�6DWR�DQG�5HWR�5XHG\����������3HUFHSWLRQ�RI�FOLPDWH�FKDQJH��$XJXVW����

������3URFHHGLQJV�RI�WKH�1DWLRQDO�$FDGHP\�RI�6FLHQFHV����������SQDV������������

KWWS���ZZZ�SQDV�RUJ�FRQWHQW�HDUO\�����������������������DEVWUDFW��

�
[[YLL�*XWRZVNL��:�-���*�&��+HJHUO��*�-��+ROODQG��7�5��.QXWVRQ��/�2��0HDUQV��5�-��6WRXIIHU��3�-��:HEVWHU��0�)��

:HKQHU��)�:��=ZLHUV����������&DXVHV�RI�2EVHUYHG�&KDQJHV�LQ�([WUHPHV�DQG�3URMHFWLRQV�RI�)XWXUH�

&KDQJHV�LQ�:HDWKHU�DQG�&OLPDWH�([WUHPHV�LQ�D�&KDQJLQJ�&OLPDWH��5HJLRQV�RI�)RFXV��1RUWK�$PHULFD��

+DZDLL��&DULEEHDQ��DQG�8�6��3DFLILF�,VODQGV��7�5��.DUO��*�$��0HHKO��&�'��0LOOHU��6�-��+DVVRO��$�0��:DSOH��

DQG�:�/��0XUUD\��HGV����$�5HSRUW�E\�WKH�8�6��&OLPDWH�&KDQJH�6FLHQFH�3URJUDP�DQG�WKH�6XEFRPPLWWHH�

RQ�*OREDO�&KDQJH�5HVHDUFK��:DVKLQJWRQ��'&��

�
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�

�

[[YLLL�0HHKO��*��$���&��7HEDOGL��*��:DOWRQ��'��(DVWHUOLQJ��DQG�/��0F'DQLHO����������5HODWLYH�LQFUHDVH�RI�

UHFRUG�KLJK�PD[LPXP�WHPSHUDWXUHV�FRPSDUHG�WR�UHFRUG�ORZ�PLQLPXP�WHPSHUDWXUHV�LQ�WKH�8�6��

*HRSK\VLFDO�5HVHDUFK�/HWWHUV������/�������

GRL�������������*/��������

�
[[L[�.DUO��7�5���*�$��0HHKO��DQG�7�&��3HWHUVRQ����������*OREDO�&OLPDWH�&KDQJH�,PSDFWV�LQ�WKH�8QLWHG�

6WDWHV��&DPEULGJH��8.��&DPEULGJH�8QLYHUVLW\�3UHVV��

�
[[[�0HOLOOR�HW�DO����������

�
[[[L�0HOLOOR�HW�DO����������

�
[[[LL�0F0LFKDHO�7���0RQWJRPHU\�+���&RVWHOOR�$����������+HDOWK�ULVNV��SUHVHQW�DQG�IXWXUH��IURP�JOREDO�

FOLPDWH�FKDQJH��%0-�����������H�������GRL����������EPM�H�����

�
[[[LLL�/XEHU��*��DQG�0F*HHKLQ��0����������&OLPDWH�FKDQJH�DQG�H[WUHPH�KHDW��$PHULFDQ�-RXUQDO�RI�

3UHYHQWLYH�0HGLFLQH�������������������

�
[[[LY�.DONVWHLQ��/�6���6��*UHHQH��'�0��0LOOV��DQG�-��6DPHQRZ����������$Q�HYDOXDWLRQ�RI�WKH�SURJUHVV�LQ����

UHGXFLQJ�KHDW�UHODWHG�KXPDQ�PRUWDOLW\�LQ�PDMRU�86�FLWLHV��1DWXUDO�+D]DUGV���������������

�
[[[Y�/DQH��.���&KDUOHV�*X]PDQ��.���:KHHOHU��.���HW�DO����������+HDOWK�HIIHFWV�RI�FRDVWDO�VWRUPV�DQG�

IORRGLQJ�LQ�XUEDQ�DUHDV��$�UHYLHZ�DQG�YXOQHUDELOLW\�DVVHVVPHQW��-RXUQDO�RI�(QYLURQPHQWDO�DQG�3XEOLF�

+HDOWK����������������$UWLFOH�,'���������KWWS���G[�GRL�RUJ���������������������

�
[[[YL�/DQGHVPDQ��/�<����������3XEOLF�+HDOWK�0DQDJHPHQW�RI�'LVDVWHUV��6HFRQG�(GLWLRQ��:DVKLQJWRQ��'&��

$PHULFDQ�3XEOLF�+HDOWK�$VVRFLDWLRQ��

�
[[[YLL�.LQQH\��3�/����������&OLPDWH�FKDQJH��DLU�TXDOLW\��DQG�KXPDQ�KHDOWK��$PHULFDQ�-RXUQDO�RI�3UHYHQWLYH�

0HGLFLQH���������������

�



WHAT�WE�KNOW:��THE�REALITY,�RISKS�AND�RESPONSE�TO�CLIMATE�CHANGE�

� 23 

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

�

�

[[[YLLL�7DJDULV��(���.��0DQRPDLSKLERRQ��.�-��/LDR��/�5��/HXQJ��-�+��:RR��6��+H��3��$PDU��DQG�$�*��5XVVHOO��

��������,PSDFWV�RI�JOREDO�FOLPDWH�FKDQJH�DQG�HPLVVLRQV�RQ�UHJLRQDO�R]RQH�DQG�ILQH�SDUWLFXODWH�PDWWHU�

FRQFHQWUDWLRQV�RYHU�WKH�8QLWHG�6WDWHV��-RXUQDO�RI�*HRSK\VLFDO�5HVHDUFK��������������'�������

�
[[[L[�=LVND��/���.��.QRZOWRQ��&��5RJHUV��'��'DODQ��1��7LHUQH\��0�$��(OGHU��:��)LOOH\��-��6KURSVKLUH�����/�%��

)RUG��DQG�&��+HGEHUJ����������5HFHQW�ZDUPLQJ�E\�ODWLWXGH�DVVRFLDWHG�ZLWK�LQFUHDVHG�OHQJWK����RI�

UDJZHHG�SROOHQ�VHDVRQ�LQ�FHQWUDO�1RUWK�$PHULFD��3URFHHGLQJV�RI�WKH�1DWLRQDO�$FDGHP\�RI����

6FLHQFHV������������������

�
[O�$ULDQR��5���*�:��&DQRQLFD��DQG�*��3DVVDODFTXD����������3RVVLEOH�UROH�RI�FOLPDWH�FKDQJHV�LQ����

YDULDWLRQV�LQ�SROOHQ�VHDVRQV�DQG�DOOHUJLF�VHQVLWL]DWLRQV�GXULQJ����\HDUV��$QQDOV�RI�$OOHUJ\�����$VWKPD�

	�,PPXQRORJ\����������������

�
[OL�$OWL]HU�6��2VWIHOG�56��-RKQVRQ�37��.XW]�6��+DUYHOO�&'����������&OLPDWH�FKDQJH�DQG�LQIHFWLRXV�GLVHDVHV��

)URP�HYLGHQFH�WR�D�SUHGLFWLYH�IUDPHZRUN��6FLHQFH���������������������

�
[OLL�.DUO��7�5���*�$��0HHKO��DQG�7�&��3HWHUVRQ����������*OREDO�&OLPDWH�&KDQJH�,PSDFWV�LQ�WKH�8QLWHG�

6WDWHV��&DPEULGJH��8.��&DPEULGJH�8QLYHUVLW\�3UHVV��

�
[OLLL�.DUO��7�5��HW�DO����������

�
[OLY�8QLWHG�6WDWHV�'HSDUWPHQW�RI�'HIHQVH��������������4XDGUHQQLDO�'HIHQVH�5HYLHZ��:DVKLQJWRQ��'&���

KWWS���ZZZ�GHIHQVH�JRY�SXEV�����B4XDGUHQQLDOB'HIHQVHB5HYLHZ�SGI��

�
[OY�1DWLRQDO�5HVHDUFK�&RXQFLO���������1DWLRQDO�6HFXULW\�,PSOLFDWLRQV�RI�&OLPDWH�&KDQJH�IRU�8�6��1DYDO�

)RUFHV��:DVKLQJWRQ��'&��7KH�1DWLRQDO�$FDGHPLHV�3UHVV��

�
[OYL�*RRGPDQ��6���6XOOLYDQ��*����������&OLPDWH�FKDQJH�DV�D�ęWKUHDW�PXOWLSOLHU�Ě�3ROLWLFR��

KWWS���ZZZ�SROLWLFR�FRP�VWRU\���������FOLPDWH�FKDQJH�LV�WKUHDW�PXOWLSOLHU�������KWPO�

�
[OYLL�&DVWHOODZ��/W��*HQ��-���7LWOH\��5��$GP��'����������7KH�8�6��PLOLWDU\�OHDGV�RQ�FOLPDWH�FKDQJH��7KH�+LOO��
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KWWS���WKHKLOO�FRP�EORJV�FRQJUHVV�EORJ�HQHUJ\�HQYLURQPHQW��������WKH�XV�PLOLWDU\�OHDGV�RQ�FOLPDWH�

FKDQJH�

�
[OYLLL�1DWLRQDO�5HVHDUFK�&RXQFLO���������$EUXSW�,PSDFWV�RI�&OLPDWH�&KDQJHđ��

�
[OL[�,3&&���������$5��:*,�630�
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O�,3&&���������$5��:*,�630�

�
OL�0HOLOOR�HW�DO����������

�
OLL�,3&&���������,3&&�*XLGDQFH�1RWH�IRU�/HDG�$XWKRUV�RI�WKH�,3&&�)LIWK�$VVHVVPHQW�5HSRUW�RQ�
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�
OLLL�,3&&���������&OLPDWH�&KDQJH�������7KH�3K\VLFDO�6FLHQFH�%DVLV��&RQWULEXWLRQ�RI�:RUNLQJ�*URXS�,�WR�
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&DPEULGJH�8QLYHUVLW\�3UHVV��

�
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$GDSWDWLRQ��6SHFLDO�5HSRUW�RI�WKH�,QWHUJRYHUQPHQWDO�3DQHO�RQ�&OLPDWH�&KDQJH��&DPEULGJH��8.��

&DPEULGJH�8QLYHUVLW\�3UHVV���

�
OY�0HOLOOR�HW�DO����������

�
OYL�0HOLOOR�HW�DO����������

�
OYLL6WUDXVV��%�+��HW�DO����������7LGDOO\�DGMXVWHG�HVWLPDWHV�RI�WRSRJUDSKLF�YXOQHUDELOLW\�WR�VHD�OHYHO�ULVH�

DQG�IORRGLQJ�IRU�WKH�FRQWLJXRXV�8QLWHG�6WDWHV��(QYLURQPHQWDO�5HVHDUFK�/HWWHUV�������������

GRL������������������������������

�
OYLLL�,3&&��������:*,�7HFKQLFDO�6XPPDU\��
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OL[�6WUDXVV��%����������5DSLG�DFFXPXODWLRQ�RI�FRPPLWWHG�VHD�OHYHO�ULVH�IURP�JOREDO�ZDUPLQJ��

3URFHHGLQJV�RI�WKH�1DWLRQDO�$FDGHP\�RI�6FLHQFHV��KWWS���DVVHWV�FOLPDWHFHQWUDO�RUJ�SGIV�6WUDXVV�31$6�

�����Y��SGI�

�
O[�1DWLRQDO�5HVHDUFK�&RXQFLO���������$EUXSW�,PSDFWV�RI�&OLPDWH�&KDQJHđ��

�
O[L�1DWLRQDO�5HVHDUFK�&RXQFLO���������$EUXSW�,PSDFWV�RI�&OLPDWH�&KDQJHđ��

�
O[LL�1DWLRQDO�5HVHDUFK�&RXQFLO���������$EUXSW�,PSDFWV�RI�&OLPDWH�&KDQJHđ��

�
O[LLL�1DWLRQDO�5HVHDUFK�&RXQFLO���������$EUXSW�,PSDFWV�RI�&OLPDWH�&KDQJHđ��

�
O[LY�1DWLRQDO�5HVHDUFK�&RXQFLO���������$EUXSW�,PSDFWV�RI�&OLPDWH�&KDQJHđ��

�
O[Y�3HWHUVRQ��7�&���'�0��$QGHUVRQ��6�-��&RKHQ��0��&RUWH]�9i]TXH]��5�-��0XUQDQH��&��3DUPHVDQ��'��3KLOOLSV��

5�6��3XOZDUW\��-�0�5��6WRQH����������:K\�:HDWKHU�DQG�&OLPDWH�([WUHPHV�0DWWHU�LQ�:HDWKHU�DQG�&OLPDWH�

([WUHPHV�LQ�D�&KDQJLQJ�&OLPDWH��5HJLRQV�RI�)RFXV��1RUWK�$PHULFD��+DZDLL��&DULEEHDQ��DQG�8�6��3DFLILF�

,VODQGV��7�5��.DUO��*�$��0HHKO��&�'��0LOOHU��6�-��+DVVRO��$�0��:DSOH��DQG�:�/��0XUUD\��HGV����$�5HSRUW�E\�

WKH�8�6��&OLPDWH�&KDQJH�6FLHQFH�3URJUDP�DQG�WKH�6XEFRPPLWWHH�RQ�*OREDO�&KDQJH�5HVHDUFK��

:DVKLQJWRQ��'&��

�
O[YL�1DWLRQDO�5HVHDUFK�&RXQFLO���������$EUXSW�,PSDFWV�RI�&OLPDWH�&KDQJHđ��
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O[YLL�1DWLRQDO�5HVHDUFK�&RXQFLO���������$EUXSW�,PSDFWV�RI�&OLPDWH�&KDQJHđ��

�
O[YLLL�)UDQFLV��-��$��DQG�6��-��9DYUXV��������(YLGHQFH�/LQNLQJ�$UFWLF�$PSOLILFDWLRQ�WR�([WUHPH�:HDWKHU�LQ�

0LG�/DWLWXGHV��*HRSK\VLFDO�5HVHDUFK�/HWWHUV������/��������GRL�������������*/��������

�
O[L[�7DQJ��4���;��=KDQJ��;��<DQJ��DQG�-��$��)UDQFLV���������&ROG�ZLQWHU�H[WUHPHV�LQ�QRUWKHUQ�FRQWLQHQWV�

OLQNHG�WR�$UFWLF�VHD�LFH�ORVV��(QYLURQPHQWDO�5HVHDUFK�/HWWHUV�������������

�
O[[�,3&&�$5��:*,�7HFKQLFDO�6XPPDU\��
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