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(PDLO�DGGUHVV��MROODQGVQ#ODQGDFDUHUHVHDUFK�FR�Q]�
�
$EVWUDFW�
,QIUDVWUXFWXUH�V\VWHPV�DQG�VHUYLFHV��,66��DUH�YXOQHUDEOH�WR�FKDQJHV�LQ�FOLPDWH���7KLV�
SDSHU�UHSRUWV�RQ�D�VWXG\�RI�WKH�LPSDFW�RI�JUDGXDO�FOLPDWH�FKDQJHV�RQ�,66�LQ�+DPLOWRQ�
&LW\��1HZ�=HDODQG���7KLV�VWXG\�LV�XQLTXH�LQ�WKDW�LW�LV�WKH�ILUVW�RI�LWV�NLQG�WR�EH�DSSOLHG�
WR�1HZ�=HDODQG�,66���7KLV�VWXG\�DOVR�FRQVLGHUV�D�EURDGHU�UDQJH�RI�,66�WKDQ�PRVW�RWKHU�
FOLPDWH�FKDQJH�VWXGLHV�UHFHQWO\�FRQGXFWHG����
8VLQJ�KLVWRULFDO�FOLPDWH�GDWD�DQG�IRXU�FOLPDWH�FKDQJH�VFHQDULRV��ZH�PRGHOOHG�WKH�
LPSDFW�RI�FOLPDWH�FKDQJH�RQ�ZDWHU�VXSSO\�DQG�TXDOLW\��WUDQVSRUW��HQHUJ\�GHPDQG��
SXEOLF�KHDOWK�DQG�DLU�TXDOLW\���2XU�DQDO\VLV�UHYHDOV�WKDW�PDQ\�RI�+DPLOWRQ�&LW\¶V�
LQIUDVWUXFWXUH�VHFWRUV�GHPRQVWUDWHG�JUHDWHU�UHVSRQVLYHQHVV�WR�SRSXODWLRQ�FKDQJHV�WKDQ�
FKDQJHV�LQ�JUDGXDO�FOLPDWH�FKDQJH��$Q\�IXWXUH�SODQQLQJ�GHFLVLRQV�VKRXOG�EH�VHQVLWLYH�
WR�FOLPDWH�FKDQJH��EXW�QRW�GULYHQ�E\�LW��HYHQ�WKRXJK�WKDW�PD\�EH�IDVKLRQDEOH�WR�GR�VR�����
:H�ILQG�WKHUH�LV�FRQVLGHUDEOH�VFRSH�IRU�H[WHQGLQJ�WKLV�DQDO\VLV���)LUVW��WKHUH�LV�D�QHHG�
IRU�ORFDO�LQIUDVWUXFWXUH�PDQDJHUV�WR�LPSURYH�WKH�FRYHUDJH�RI�WKH�GDWD�QHHGHG�IRU�WKLV�
NLQG�RI�VWXG\���6HFRQG��DQ\�IXWXUH�VWXG\�RI�WKLV�NLQG�PXVW�IRFXV�RQ�GDLO\��UDWKHU�WKDQ�
PRQWKO\��WLPH�VWHSV�DQG�H[WUHPH��DV�ZHOO�DV�JUDGXDO��FOLPDWH�FKDQJHV��
�
.H\�ZRUGV�
&OLPDWH�FKDQJH��LQIUDVWUXFWXUH��LQWHJUDWHG�DVVHVVPHQW��DGDSWDWLRQ�
$FNQRZOHGJHPHQW�
7KLV�SDSHU�ZDV�PDGH�SRVVLEOH��LQ�SDUW��E\�VXSSRUW�IURP�/DQGFDUH�5HVHDUFK�/WG¶V�1RQ�
6SHFLILF�2XWSXW�)XQGLQJ��WKH�8QLYHUVLW\�RI�0DU\ODQG¶V�5R\�)��:HVWRQ�&KDLU�LQ�
1DWXUDO�(FRQRPLFV��(QYLURQPHQW�:DLNDWR¶V�/LIHOLQHV�*URXS��DQG�$XVWUDOLD
V�&6,52�����
�������������������������������������������������
��7KLV�SURMHFW�ZRXOG�QRW�KDYH�EHHQ�SRVVLEOH�ZLWKRXW�DVVLVWDQFH�IURP�VHYHUDO�ORFDO�+DPLOWRQ�DJHQFLHV���
,Q�SDUWLFXODU��WKH�+DPLOWRQ�&LW\�&RXQFLO�KDV�SURYLGHG�VLJQLILFDQW�DVVLVWDQFH�ZLWK�GDWD�FROOHFWLRQ�DFURVV�
D�UDQJH�RI�GLIIHUHQW�DUHDV��7KH�SURMHFW�KDV�DOVR�EHQHILWHG�IURP�WKH�VWURQJ�VXSSRUW�RI�:(/�1HWZRUNV�DQG�
7UDQVLW�1HZ�=HDODQG��
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�� ,QWURGXFWLRQ�
7KH�(DUWK¶V�FOLPDWH�LV�FKDQJLQJ�DW�XQSUHFHGHQWHG�UDWHV���$V�D�UHVXOW�RI�KLJKHU�
JUHHQKRXVH�JDV�FRQFHQWUDWLRQV��JOREDO�DYHUDJH�VXUIDFH�WHPSHUDWXUH�KDV�LQFUHDVHG�E\�
DERXW����Û&�RYHU�WKH���WK�FHQWXU\�ZLWK�WKH�����V�SUREDEO\�WKH�ZDUPHVW�GHFDGH�LQ�
LQVWUXPHQWDO�UHFRUG��,3&&���������7KLV�DYHUDJH�JOREDO�FKDQJH�PDVNV�UHJLRQDO�
YDULDWLRQV���)RU�H[DPSOH��KLJKHU�ODWLWXGHV�LQ�WKH�QRUWKHUQ�KHPLVSKHUH�KDYH�ZDUPHG�
PRUH�WKDQ�WKH�HTXDWRULDO�UHJLRQV��2IILFH�RI�6FLHQFH�DQG�7HFKQRORJ\���������5HFHQW�
FOLPDWH�FKDQJH�LQ�WKH�6RXWKHUQ�+HPLVSKHUH�LV�PDUNHG�E\�D�VWUHQJWKHQLQJ�RI�WKH�
FLUFXPSRODU�ZHVWHUOLHV�LQ�ERWK�WKH�VWUDWRVSKHUH�DQG�WKH�WURSRVSKHUH��*LOOHW�DQG�
7KRPSVRQ�������
&OLPDWH�FKDQJHV�RI�WKHVH�SURSRUWLRQV�ZLOO�LQYDULDEO\�HIIHFW�KXPDQ�VWUXFWXUHV�DQG�
DFWLYLW\���2QH�LPSDFW�RI�SDUWLFXODU�LPSRUWDQFH�LV�WKH�HIIHFW�RI�FOLPDWH�FKDQJH�RQ�
LQIUDVWUXFWXUH�V\VWHPV�DQG�VHUYLFHV��,66����7KH�VHUYLFHV�SURYLGHG�E\�LQIUDVWUXFWXUH�DUH�
QXPHURXV��LQFOXGLQJ�IORRG�FRQWURO��ZDWHU�VXSSO\�DQG�HQHUJ\�GLVWULEXWLRQ���7KHLU�UHDO�
YDOXH�OLHV�LQ�WKH�FRQWULEXWLRQ�RI�VXFK�VHUYLFHV�WR�HFRQRPLF�GHYHORSPHQW�DQG�TXDOLW\�RI�
OLIH���
,66�DUH�YHU\�VHQVLWLYH�WR�FOLPDWH��:KLOH�VHYHUDO�LQWHUQDWLRQDO�UHVHDUFKHUV�KDYH�VKRZQ�
WKDW�WKH�SRVVLEOH�GDPDJHV�WR�,66�DV�D�UHVXOW�RI�FOLPDWH�FKDQJH�DUH�WKH�VDPH�RU�ODUJHU�
WKDQ�GDPDJHV�WR�DJULFXOWXUH��VHH�5XWK�HW�DO���������WKHUH�KDYH�EHHQ�VXUSULVLQJO\�IHZ�
LQWHJUDWHG�DVVHVVPHQWV�RI�WKH�LPSDFW�RI�FOLPDWH�FKDQJH�RQ�,66�LQ�1HZ�=HDODQG��VHH�
IRU�H[DPSOH��&RKHQ�������������+XDQJ�HW�DO��������%ORRPILHOG�HW�DO��������
5RVHQ]ZHLJ�HW�DO��������.RWHHQ�HW�DO��������6FKPDQGW�DQG�&ODUNVRQ���������
7KH�SULPDU\�SXUSRVH�RI�WKLV�SDSHU�LV�WR�H[SORUH�DQG�TXDQWLI\�SRWHQWLDO�LPSDFWV�RI�
JUDGXDO�FOLPDWH�FKDQJH�RQ�WKH�,66�LQ�+DPLOWRQ�&LW\��1HZ�=HDODQG��
�� 5HVHDUFK�EDFNJURXQG�
,66�GHVHUYH�VSHFLDO�DWWHQWLRQ�LQ�WKH�FOLPDWH�FKDQJH�GHEDWH���7R�GDWH��PRVW�RI�WKH�ZRUN�
RQ�WKH�LPSDFWV�RI�FOLPDWH�FKDQJH�KDV�IRFXVVHG�RQ�LQGLYLGXDO�VHFWRUV�RI�DQ�HFRQRP\��
ZLWK�SDUWLFXODU�DWWHQWLRQ�JLYHQ�WR�WKH�LPSDFWV�RI�FOLPDWH�FKDQJH�RQ�DJULFXOWXUH�
�%ORRPILHOG�HW�DO����������+RZHYHU��WKH�QXPEHU�RI�VWXGLHV�FRQGXFWHG�RQ�UHJLRQDO�
LPSDFWV�RI�FOLPDWH�FKDQJH��LQFOXGLQJ�LPSDFWV�RQ�XUEDQ�DUHDV��LV�LQFUHDVLQJ��H�J���WKH�
1DWLRQDO�,QVWLWXWH�RI�:DWHU�DQG�$WPRVSKHUH¶V�³$GDSWDWLRQ�WR�&OLPDWH�9DULDELOLW\�DQG�
&KDQJH´�SURJUDPPH����0RVW�RI�WKHVH�VWXGLHV�DUH�VHFWRU�VSHFLILF��FRQFHQWUDWLQJ��IRU�
H[DPSOH�RQ�LPSOLFDWLRQV�RI�FOLPDWH�FKDQJH�IRU�ZDWHU�VXSSO\�RU�DLU�TXDOLW\���)HZ�
VWXGLHV�LQWHJUDWH�LPSDFWV�DFURVV�VHFWRUV�WR�FDSWXUH�SRVVLEOH�ULSSOH�HIIHFWV�DQG�
LQWHUGHSHQGHQFLHV��7DEOH���OLVWV�WKH�PDLQ�VWXGLHV�DQG�FRPSDUHV�WKH�DUHDV�RQ�ZKLFK�
WKH\�IRFXV�DQG�WKH�H[WHQWV�WR�ZKLFK�WKH\�DGGUHVV�LQWHUGHSHQGHQFLHV��

�������������������������������������������������
��6HH�KWWS���ZZZ�QLZD�FUL�Q]�UF�SURJ�F��[������
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([WHQW�RI�,QWHJUDWLRQ�$FURVV�
6HFWRUV�

1RQH� 1RQH� /RZ� 0HGLXP� /RZ��
0HGLXP�

���� 7KH�QHHG�IRU�UHJLRQDO�ORFDO�IRFXV�IRU�FOLPDWH�FKDQJH�VWXGLHV�
6WXGLHV�RI�LQIUDVWUXFWXUH�VHQVLWLYLWLHV�WR�FOLPDWH�DQG�FOLPDWH�FKDQJH�VKRXOG�EH�
SHUIRUPHG�DW�WKH�ORFDO�RU�UHJLRQDO�VFDOH�IRU�D�QXPEHU�RI�UHDVRQV��3DWWHUVRQ�HW�DO��LQ�
SUHVV���)LUVW��JOREDO�FOLPDWH�FKDQJH�LV�DQWLFLSDWHG�WR�KDYH�JHRJUDSKLFDOO\�GLVWLQFW�
LPSDFWV���)RU�H[DPSOH��JOREDO�FOLPDWH�PRGHOV�SUHGLFW�WKH�DQQXDO�DYHUDJH�UDLQIDOO�ZLOO�
LQFUHDVH�LQ�WKH�ZHVW�RI�1HZ�=HDODQG�EXW�GHFUHDVH�LQ�PDQ\�HDVWHUQ�DUHDV��%RXVWHDG�
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DQG�<DURV���������$V�D�FRQVHTXHQFH��DQDO\VHV�WKDW�DSSO\�D�XQLIRUP�WHPSHUDWXUH�
LQFUHDVH�RYHU�QDWLRQV�PD\�PLVV�LPSRUWDQW�JHRJUDSKLF�LPSDFWV�RQ�LQIUDVWUXFWXUH���7KH�
DELOLW\�WR�FDSWXUH�DQG�LQWHUSUHW�JHRJUDSKLFDO�YDULDWLRQV�LQ�FOLPDWH�FKDQJH�LPSDFWV�RQ�
LQIUDVWUXFWXUH�V\VWHPV�LV�SDUWLFXODUO\�LPSRUWDQW�IRU�1HZ�=HDODQG�GXH�WR�LWV�GLYHUVH�
FOLPDWH��
$�VHFRQG�MXVWLILFDWLRQ�IRU�FDUU\LQJ�RXW�D�ORFDO�RU�UHJLRQDO�DVVHVVPHQW�OLHV�LQ�WKH�
GLIIHUHQFHV�RI�LQIUDVWUXFWXUH�V\VWHPV�ZLWKLQ�UHJLRQV��/DNVKPDQDQ�DQG�$QGHUVRQ�������
6DLORU�DQG�0XQR]���������5HJLRQDO�LQIUDVWUXFWXUH�V\VWHPV�GLIIHU�LQ�WHUPV�RI�SK\VLFDO�
VWUXFWXUHV��DJH�RI�DVVHWV��LQVWLWXWLRQDO�VWUXFWXUHV��
$�WKLUG�MXVWLILFDWLRQ�LV�WKDW�GLIIHUHQW�VHFWRUV�H[KLELW�GLVWLQFW�VHQVLWLYLWLHV�WR�FOLPDWH���
6LQFH�VHFWRUDO�FRPSRVLWLRQV�YDU\�DFURVV�UHJLRQV��WKH�VWUXFWXUH�RI�D�UHJLRQ¶V�HFRQRP\�
VLJQLILFDQWO\�LQIOXHQFHV�WKH�VHQVLWLYLW\�RI�WKDW�FRPPXQLW\�WR�FOLPDWH��3HQQH\��������
)RU�WKHVH�UHDVRQV��WKH�FXUUHQW�VWXG\�IRFXVHV�RQ�+DPLOWRQ�&LW\�±�D�PHGLXP�VL]HG�XUEDQ�
FHQWUH�LQ�1HZ�=HDODQG��
���� 7KH�FDVH�VWXG\�DUHD±�+DPLOWRQ��1HZ�=HDODQG�
+DPLOWRQ�&LW\�LV�VLWXDWHG�LQ�1HZ�=HDODQG¶V�1RUWK�,VODQG��)LJXUH����DORQJ�WKH�EDQNV�RI�
WKH�:DLNDWR�5LYHU���$�PDMRU�VHUYLFH�FHQWUH�IRU�WKH�:DLNDWR�UHJLRQ��ZKLFK�KDV�D�VWURQJ�
DJULFXOWXUDO�VHFWRU��+DPLOWRQ�LV�DOVR�VWUDWHJLFDOO\�ORFDWHG�����NP�IURP�$XFNODQG��1HZ�
=HDODQG¶V�ODUJHVW�FLW\��
7KH�&LW\�LV�KRPH�WR�PRUH�WKDQ���������SHRSOH�DQG�RFFXSLHV�������KHFWDUHV����

�
)LJXUH����/RFDWLRQ�PDS�VKRZLQJ�+DPLOWRQ�LQ�WKH�1RUWK�,VODQG�RI�1HZ�=HDODQG�

6WDWLVWLFV�1HZ�=HDODQG�SURMHFW�+DPLOWRQ�&LW\¶V�SRSXODWLRQ�WR�LQFUHDVH�RYHU�WKH�QH[W�
���\HDUV��6WDWLVWLFV�1HZ�=HDODQG���������$VVXPLQJ�PD[LPXP�SRSXODWLRQ�JURZWK��
+DPLOWRQ�LV�H[SHFWHG�WR�UHDFK�DURXQG���������E\�������7DEOH�����
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7DEOH����+DPLOWRQ�&LW\�SRSXODWLRQ�SURMHFWLRQV�IURP�6WDWLVWLFV�1HZ�=HDODQG��

� /RZ� 0HGLXP� +LJK�
3RSXODWLRQ� �������� �������� ��������

�
�� &OLPDWH�FKDQJH�IRU�+DPLOWRQ�&LW\�
7R�H[SORUH�SRWHQWLDO�IXWXUH�SHUIRUPDQFH�RI�LQIUDVWUXFWXUH�LQ�+DPLOWRQ�&LW\��ZH�ILUVW�
FROOHFWHG�KLVWRULFDO�GDWD�RQ�WHPSHUDWXUH��SUHFLSLWDWLRQ��KXPLGLW\��ZLQG�VSHHG��DQG�JXVW�
VSHHG�IURP�WKH�5XDNXUD�VWDWLRQV�IRU�WKH�SHULRG�����±������9RJHO�DQG�6KDOOFURVV�
��������6RPH�RI�WKH�GDWD�DUH�DYDLODEOH�DW�KRXUO\��GDLO\�DQG�PRQWKO\�UHSRUWLQJ�LQWHUYDOV���
)URP�WKHVH�GDWD��ZH�FUHDWHG�PRQWKO\�WLPH�VHULHV��VWDQGDUGLVHG�WR�D�PRQWK�OHQJWK�RI�
�������GD\V���)URP�WKH�KLVWRULFDO�GDWD�ZH�VDPSOHG�REVHUYDWLRQV�XVLQJ�PRYLQJ�EORFN�
ERRWVWUDSSLQJ��+RXJKWRQ�HW�DO��������DQG�FUHDWHG�QHZ�WLPH�VHULHV�WR�VLPXODWH�SRVVLEOH�
IXWXUH�FOLPDWH�FRQGLWLRQV�IRU�WKH�\HDUV�����±������VXFK�WKDW�WKH�QHZ�WLPH�VHULHV�
H[KLELWV�WKH�VDPH�LQWUD�DQQXDO�VWDWLVWLFDO�SURSHUWLHV�DV�WKH�KLVWRULF�GDWD���5HSHDWLQJ�WKH�
SURFHVV����WLPHV�WKHQ�\LHOGV����DOWHUQDWLYH�IXWXUHV��
,Q�D�VHFRQG�VWHS�RI�RXU�DQDO\VLV�ZH�DSSOLHG�UHJLRQDO�WUHQGV�IURP�FOLPDWH�VFHQDULRV�
GHYHORSHG�E\�WKH�1DWLRQDO�,QVWLWXWH�RI�:DWHU�DQG�$WPRVSKHULF�5HVHDUFK��1,:$���
ZKLFK�LQ�WXUQ�DUH�EDVHG�RQ�WKH�&6,52�DQG�+DGOH\�PRGHOV��(QHUJ\�(IILFLHQF\�DQG�
&RQVHUYDWLRQ�$XWKRULW\�������IRU�D�WRWDO�RI�IRXU�FOLPDWH�FKDQJH�SURMHFWLRQV��7DEOH���
DQG�7DEOH������:LWK�WKHVH�WUHQGV��ZH�KDYH�ILYH�VHWV�RI����VFHQDULRV��D�EDVH�VFHQDULR�
DVVXPLQJ�IXWXUH�FOLPDWH�WR�EH��LQ�HVVHQFH��OLNH�WKH�SDVW��DQG�IRXU�DOWHUQDWLYH�VFHQDULRV�
FRQVLVWHQW�ZLWK�KLVWRULFDO�SDWWHUQV�DQG�SRVVLEOH�IXWXUH�FOLPDWH�FKDQJH�WUHQGV�DV�GHULYHG�
IURP�JOREDO�FLUFXODWLRQ�PRGHOV��
$FFRUGLQJ�WR�0XOODQ��SHUV��FRPP����UHODWLYH�KXPLGLW\�UHPDLQV�IDLUO\�XQFKDQJHG�LQ�
PRVW�FOLPDWH�PRGHOOLQJ�VFHQDULRV��$OVR��ZLQG�JXVWV�FDQQRW�EH�VFDOHG�VSHFLILFDOO\�IURP�
PRQWKO\�GDWD��0XOODQ�SHUV��FRPP�����+XPLGLW\�DQG�ZLQG�JXVWV�ZHUH�QRW�LQFOXGHG�LQ�
RXU�FOLPDWH�SURMHFWLRQV�RU�LQ�RXU�DQDO\VHV��
�
7DEOH����0RGHOOHG�7HPSHUDWXUH�&KDQJH��R&��EHWZHHQ������DQG�����V�XQGHU�IRXU�FOLPDWH�FKDQJH�

VFHQDULRV�DW�5XDNXUD�VWDWLRQ��0XOODQ�SHUV��FRPP���
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7DEOH����0RGHOOHG�3UHFLSLWDWLRQ�&KDQJH�����EHWZHHQ������DQG�����V�XQGHU�IRXU�FOLPDWH�FKDQJH�
VFHQDULRV�DW�5XDNXUD�VWDWLRQ��0XOODQ�SHUV��FRPP���
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7KH�ERRWVWUDSSHG�SURMHFWLRQV�IRU�WHPSHUDWXUH�DQG�SUHFLSLWDWLRQ�VKRZHG�D�SURJUHVVLYH�
LQFUHDVH�LQ�WHPSHUDWXUH��)LJXUH����DQG�DQ�LQFUHDVHG�UDQJH�RI�PRQWKO\�SUHFLSLWDWLRQ�
�)LJXUH����RYHU�WKH�����±�����SHULRG���7KH�&6,52�+LJK�VFHQDULR�UHVXOWV�LQ�WKH�
JUHDWHVW�PRQWKO\�PD[LPXP�WHPSHUDWXUH�E\�������DQG�WKH�+DGOH\�/RZ�VFHQDULR�LQ�WKH�
ORZHVW�PRQWKO\�PLQLPXP�WHPSHUDWXUH��)LJXUH�����ZKLFK�LV�VWLOO�KLJKHU�WKDQ�WKDW�LQ�WKH�
EDVH�FDVH�VFHQDULR���+LJKHU�PRQWKO\�SUHFLSLWDWLRQ�LV�SURMHFWHG�LQ�WKH�+DGOH\�+LJK�
VFHQDULR��ZKLOH�WKH�ORZHVW�PRQWKO\�SUHFLSLWDWLRQ�SURMHFWLRQV�RFFXU�RQ�WKH�&6,52�/RZ�
VFHQDULR��)LJXUH�����
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)LJXUH����3URMHFWHG�WHPSHUDWXUH�UHJLPHV�IRU�+DPLOWRQ������±������EDVHG�RQ�KLVWRULFDO�

WHPSHUDWXUH��EDVH�FDVH��DQG�IRXU�FOLPDWH�FKDQJH�VFHQDULRV�
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�
)LJXUH����3URMHFWHG�SUHFLSLWDWLRQ�UHJLPHV�IRU�+DPLOWRQ������±������EDVHG�RQ�KLVWRULFDO�

SUHFLSLWDWLRQ��EDVH�FDVH��DQG�IRXU�FOLPDWH�FKDQJH�VFHQDULRV�

�� 0HWKRGV�RYHUYLHZ�
7KLV�VWXG\�IRFXVHV�RQ�WKH�LQWHUUHODWHG�SHUIRUPDQFH�RI�ZDWHU�VXSSO\��WUDQVSRUW��HQHUJ\��
DLU�TXDOLW\��DQG�SXEOLF�KHDOWK�XQGHU�GLIIHUHQW�DVVXPSWLRQV�DERXW�IXWXUH�FOLPDWH���7KHVH�
VHFWRUV�ZHUH�FKRVHQ�EHFDXVH�WKH\�SUHVHQW�YLWDO�FRPSRQHQWV�RI�WKH�TXDOLW\�RI�OLIH�DQG�
HFRQRPLF�DFWLYLW\�LQ�+DPLOWRQ�&LW\��DQG�EHFDXVH�DW�OHDVW�D�PLQLPXP�DPRXQW�RI�
UHOLDEOH�DQG�GHWDLOHG�GDWD�ZDV�DYDLODEOH�WR�HVWDEOLVK�HPSLULFDO�UHODWLRQVKLSV�EHWZHHQ�
FOLPDWH�YDULDEOHV�DQG�V\VWHP�SHUIRUPDQFH���6HYHUDO�RWKHU�VHFWRUV��PRVW�QRWDEO\�
FRPPXQLFDWLRQ�DQG�IORRG�FRQWURO��DUH�QRW�DQDO\VHG�KHUH�EHFDXVH�RI�D�FXUUHQW�ODFN�RI�
DFFHVV�WR�GDWD�DW�WKH�OHYHO�DQG�GHWDLO�QHHGHG�WR�FDUU\�RXW�VWDWLVWLFDO�DQDO\VHV�DQG�
FRPSXWHU�PRGHOOLQJ��
2Q�WKH�EDVLV�RI�KLVWRULFDO�LQIRUPDWLRQ�ZH�HVWLPDWHG�WKH�IXQFWLRQDO�UHODWLRQVKLSV�
EHWZHHQ�FOLPDWH�YDULDEOHV��VHH�$SSHQGL[�$��DQG�REVHUYHG�LQIUDVWUXFWXUH��GHSHQGHQW��
YDULDEOHV���)RU�HDFK�RI�WKHVH�UHJUHVVLRQ�HTXDWLRQV��ZH�FRQGXFWHG�VWDQGDUG�VWDWLVWLFDO�
VLJQLILFDQFH�WHVWV�DQG��ZKHUH�QHFHVVDU\��ZH�FRUUHFWHG�IRU�DXWRFRUUHODWLRQ��XVLQJ�HLWKHU�
<XOH�:DONHU�RU�3UDLV�:LQVWHQ�WUDQVIRUPDWLRQV��DQG�KHWHURVFHGDVWLFLW\���)RU�PDQ\�RI�
WKH�PRGHOV�ZH�HPSOR\HG�PRQWKO\�GXPP\�YDULDEOHV�IRU�-DQXDU\±1RYHPEHU�WR�FRQWURO�
IRU�QRQ�FOLPDWH�UHODWHG�LQWUD�DQQXDO�YDULDWLRQ�LQ�WKH�GHSHQGHQW�YDULDEOHV��
7KH�UHJUHVVLRQ�UHVXOWV�ZHUH�XVHG�WR�FDOFXODWH�SRWHQWLDO�IXWXUH�GHPDQG�RQ�WKH�
LQIUDVWUXFWXUH�V\VWHP�IRU�DVVXPHG�FKDQJHV�LQ�HFRQRPLF�DFWLYLW\�DQG�SRSXODWLRQ�VL]H��
DV�ZHOO�DV�WKH�ILYH�GLIIHUHQW�VHWV�RI�FOLPDWH�VFHQDULRV�GHVFULEHG�DERYH���)RU�DOO�PRGHOV�
ZH�UDQ�VHQVLWLYLW\�DQDO\VHV�IRU�WKH�IXQFWLRQDO�VSHFLILFDWLRQV�RI�HDFK�PRGHO�LQ�ZKLFK�
ZH�VDPSOHG�SDUDPHWHUV�IURP�D�QRUPDO�GLVWULEXWLRQ�DURXQG�WKH�PHDQ�SDUDPHWHU�
HVWLPDWHV�LQ�WKH�UHJUHVVLRQ�UHVXOWV���)LIW\�VXFK�VHQVLWLYLW\�UXQV�ZHUH�FRQGXFWHG�IRU�WKH�
EDVH�FDVH�DQG�FRPSDUHG�ZLWK�WKH�UHVXOWV��DQG�VWDQGDUG�GHYLDWLRQV��GHULYHG�IURP�PHDQ�
SDUDPHWHU�HVWLPDWHV���7KH�YDULDWLRQ�RI�UHVXOWV�REVHUYHG�LQ�WKRVH����VHQVLWLYLW\�UXQV�
ZDV�ZLWKLQ�WKH�UDQJH�RI�UHVXOWV�JHQHUDWHG�E\�WKH�����PRGHO�UXQV��
'XH�WR�GDWD�DQG�UHVRXUFH�OLPLWDWLRQV��QRQH�RI�WKH�UHVXOWV�FDSWXUH�WKH�LPSDFWV�RI�
H[WUHPH�HYHQWV�RU�UHYHDO�LPSDFWV�H[SHULHQFHG�DW�KRXUO\�RU�GDLO\��UDWKHU�WKDQ�WKH�
PRGHOOHG�PRQWKO\�WLPH�VFDOH���2XU�IRFXV�RQ�+DPLOWRQ�&LW\�IXUWKHU�OLPLWHG�RXU�DELOLW\�
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WR�H[SORUH�WKH�REYLRXV�LQWHUDFWLRQV�EHWZHHQ�+DPLOWRQ�FLW\�LQIUDVWUXFWXUH�DQG�WKH�
RXWO\LQJ�DUHDV���
�� 5HVXOWV�DQG�'LVFXVVLRQ�
7KH�IROORZLQJ�VHFWLRQV�VXPPDULVH�WKH�UHVXOWV�IRU�FOLPDWH�LPSDFWV�RQ�ZDWHU�VXSSO\�DQG�
TXDOLW\��WUDQVSRUW��HQHUJ\�GHPDQG��SXEOLF�KHDOWK�DQG�DLU�TXDOLW\���,Q�DGGLWLRQ��ZH�
GLVFXVV�WKH�LQWHJUDWHG�LPSDFWV�DFURVV�WKH�UDQJH�RI�,66��
���� :DWHU��VXSSO\�DQG�TXDOLW\��
+DPLOWRQ�RSHUDWHV�D�VLQJOH�ZDWHU�WUHDWPHQW�IDFLOLW\�ZLWK�D�FDSDFLW\�RI����0/�SHU�GD\��
:DWHU�LV�GUDZQ�IURP�WKH�:DLNDWR�5LYHU��ILOWHUHG�DQG�WUHDWHG�IRU�GULQNLQJ�DQG�VWRUHG�LQ�
RQH�RI�HLJKW�ZDWHU�VWRUDJH�IDFLOLWLHV�LQ�WKH�FLW\��D�WRWDO�FDSDFLW\�RI������0/��XQWLO�LW�LV�
SLSHG�WR�UHVLGHQWLDO��FRPPHUFLDO��DQG�LQGXVWULDO�HQG�XVHUV���,I�FOLPDWH�FKDQJH�SURGXFHV�
FRQGLWLRQV�WKDW�OHDG�WR�KHLJKWHQHG�ZDWHU�XVH��WKLV�VXSSO\�FDSDFLW\�FRXOG�UHTXLUH�
H[WHQVLRQ�WR�NHHS�SDFH�ZLWK�GHPDQG����
)XUWKHUPRUH��FOLPDWH�FKDQJHV�PD\�PDNH�LW�HLWKHU�KDUGHU�RU�HDVLHU�WR�FOHDQ�ULYHU�ZDWHU�
�LQFUHDVHG�UDLQIDOO�PLJKW�VWLU�XS�PRUH�GHEULV��ZKLOH�VKLIWLQJ�WHPSHUDWXUHV�FRXOG�
LQFUHDVH�RU�GHFUHDVH�ELRORJLFDO�DFWLYLW\����8VLQJ�WXUELGLW\�DV�D�SUR[\�IRU�KRZ�GLIILFXOW�
WKH�ULYHU�ZDWHU�LV�WR�SURFHVV��ZH�DOVR�SURGXFHG�D�PRGHO�SURMHFWLQJ�FOLPDWH�FKDQJH¶V�
LPSDFW�RQ�ZDWHU�SURFHVVLQJ��
%DVHG�RQ�WKH�UHJUHVVLRQ�DQDO\VLV�GHVFULEHG�LQ�$SSHQGL[�%��ZH�IRXQG�D�VLJQLILFDQW�DQG�
SRVLWLYH�UHODWLRQVKLS�EHWZHHQ�SHU�FDSLWD�ZDWHU�FRQVXPSWLRQ�DQG�WZR�WHPSHUDWXUH�
YDULDEOHV��0HDQ/JW7HPS�DQG�6WUHDNV��B�GD\��VHH�$SSHQGL[�$�IRU�D�OLVW�RI�YDULDEOHV��
DQG�WZR�PHDVXUHV�RI�UDLQOHVVQHVV��0D[5DLQOHVV6WUHDN�DQG�'D\V1R5DLQ����7KH�UDLQIDOO�
YDULDEOH��0D[�'D\5DLQ��H[KLELWV�D�VLJQLILFDQW�DQG�QHJDWLYH�UHODWLRQVKLS��
)RU�ZDWHU�TXDOLW\��WXUELGLW\��WKH�UHJUHVVLRQ�DQDO\VLV��$SSHQGL[�%��LQGLFDWHV�WKDW�HYHU\�
UDLQOHVV�GD\�DQG�HYHU\�IURVW�GD\�ORZHUV�ZDWHU�WXUELGLW\���7KLV�LV�FRQVLVWHQW�ZLWK�
H[SHFWDWLRQV�EHFDXVH�UDLQ�WHQGV�WR�ZDVK�GHEULV�LQWR�WKH�ULYHU��ZKLFK�LQFUHDVHV�
WXUELGLW\��DQG�IURVW�GD\V�UHWDUG�ELRORJLFDO�DFWLYLW\��ZKLFK�FDQ�FORXG�ZDWHUV��
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8VLQJ�WKH�IXQFWLRQDO�UHODWLRQVKLSV�EHWZHHQ�ZDWHU�VXSSO\�DQG�TXDOLW\�DQG�WKH�VRFLRHFRQRPLF�DQG�
FOLPDWH�VFHQDULRV�UHYHDOV�WKDW�ZDWHU�XVDJH�LV�OLNHO\�WR�LQFUHDVH�XQGHU�HYHU\�VFHQDULR�DV�D�UHVXOW�RI�

SRSXODWLRQ�JURZWK�
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)LJXUH������%\�������SHDN�VXPPHU�XVDJH�LV������PLOOLRQ�OLWUHV��0/��XQGHU�D�³KLJK´�SRSXODWLRQ�

SURMHFWLRQ��FRPSDUHG�ZLWK������0/�XQGHU�D�³ORZ´�SRSXODWLRQ�SURMHFWLRQ���7KH�LPSDFW�RI�
GLIIHUHQW�FOLPDWH�VFHQDULRV��KRZHYHU��LV�PXFK�VPDOOHU���$V�
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)LJXUH���VKRZV��WKH�GLIIHUHQFH�EHWZHHQ�WKH�EDVH�FDVH�VFHQDULR��6����DQG�RQH�RI�WKH�
PRUH�H[WUHPH�FOLPDWH�VFHQDULRV��6����LV�QHJOLJLEOH���1XPHULFDOO\��WKH�GLIIHUHQFH�
DPRXQWV�WR�OHVV�WKDQ������'HVSLWH�WKH�VLJQLILFDQFH�RI�FOLPDWH�YDULDEOHV�LQ�ZDWHU�
FRQVXPSWLRQ��WKH�VPDOO�PDJQLWXGH�RI�WKH�FKDQJH�GXULQJ�WKH�QH[W����\HDUV�UHVXOWV�LQ�DQ�
HTXDOO\�VPDOO�PDJQLWXGH�RI�FOLPDWH�FKDQJH�LQGXFHG�FKDQJHV�LQ�ZDWHU�FRQVXPSWLRQ��



�

� ���

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

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

0RQWK

0/
�:

DWH
U�S

HU�
0R

QWK
6���KLJK�SRSXODWLRQ
6���ORZ�SRSXODWLRQ
6���KLJK�SRSXODWLRQ
6���ORZ�SRSXODWLRQ

�
)LJXUH����+DPLOWRQ�&LW\�ZDWHU�XVDJH������±�����
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)LJXUH���VKRZV��E\�WKH�HQG�RI�WKH�SURMHFWLRQ������±�������PRQWKO\�WXUELGLW\�DYHUDJHV�
DUH�GLIIHUHQW�±�RQ�WKH�RUGHU�RI���±����±�EHWZHHQ�WZR�FOLPDWH�VFHQDULRV�DQG�WKH�EDVH�
FDVH����6FHQDULR����WKH�&6,52�KLJK�SURMHFWLRQ��KDV�WKH�ODUJHVW�LQFUHDVHV�LQ�
WHPSHUDWXUHV�RI�WKH�IRXU�VFHQDULRV�ZKLOH�H[KLELWLQJ�UHODWLYHO\�VPDOO�FKDQJHV�LQ�
SUHFLSLWDWLRQ���'XULQJ�ZLQWHU�PRQWKV��DV�IURVW�GD\V�DUH�SXVKHG�ORZHU��WXUELGLW\�WHQGV�WR�
EH�KLJKHU�LQ�WKH�VFHQDULR�WKDQ�WKH�EDVH�FDVH��DOWKRXJK�VFHQDULR�RXWFRPHV�DUH�VWLOO�
UHODWLYHO\�FORVH�WR�WKH�EDVH�FDVH��6�����)RU�6FHQDULR����6����WKH�+DGOH\�ORZ�SURMHFWLRQ��
WHPSHUDWXUH�FKDQJHV�DUH�URXJKO\�KDOI�WKRVH�RI�6FHQDULR����6����EXW�WKH�FKDQJHV�LQ�
SUHFLSLWDWLRQ�DUH�PXFK�PRUH�VLJQLILFDQW���7KH�UHVXOW�RI�6���DFFRUGLQJ�WR�WKH�PRGHO�
VLPXODWLRQV��LV�D�JHQHUDO�LQFUHDVH�LQ�WKH�WXUELGLW\�RI�ZDWHU�IRU�WUHDWPHQW�LQ�+DPLOWRQ�
&LW\��
�������������������������������������������������
�� 7R� VKRZ� WKH� UHVXOWV� LQ� JUHDWHU� GHWDLO�� WKH� WLPH� VHULHV� LV� WUXQFDWHG� WR� WKH� ODVW� ILYH� \HDUV� RI� WKH�
SURMHFWLRQV��
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)LJXUH����7XUELGLW\�SURMHFWLRQV������±�����

7KLV�DQDO\VLV�RIIHUV�D�QXPEHU�RI�NH\�LQVLJKWV�LQWR�WKH�QH[W����\HDUV�RI�GULQNLQJ�ZDWHU�
VXSSO\�GHPDQG�LQ�+DPLOWRQ�DQG�SRVVLEOH�SROLF\�RULHQWDWLRQV�WKDW�FDQ�DGGUHVV�WKHVH���
)LUVW��FKDQJHV�LQ�ZDWHU�GHPDQG��DW�WKH�PRQWKO\�DJJUHJDWH�OHYHO��DUH�ODUJHO\�GULYHQ�E\�
FKDQJHV�LQ�SRSXODWLRQ��DQG�QRW�VLJQLILFDQWO\�DIIHFWHG�E\�FKDQJHV�LQ�FOLPDWH���3ROLF\�
PDNHUV�ZRXOG�EH�ZLVH�WR�FRQWLQXH�WR�IRFXV�RQ�GHPRJUDSKLFV�ZKHQ�SODQQLQJ�ZDWHU�
V\VWHP�XSJUDGHV���7KHVH�GHFLVLRQV�VKRXOG�EH�VHQVLWLYH�WR�FOLPDWH�FKDQJH��EXW�QRW�
GULYHQ�E\�LW��HYHQ�WKRXJK�LW�PD\�EH�IDVKLRQDEOH�WR�GR�VR���
6HFRQG��DV�WHPSHUDWXUHV�ZDUP�DQG�UDLQIDOO�LQFUHDVHV��+DPLOWRQ�VKRXOG�H[SHFW�WKH�
WXUELGLW\�RI�LWV�ZDWHUV�LQFUHDVH���:KLOH�GHFUHDVHV�LQ�ZDWHU�FODULW\�VKRXOG�KDYH�
QHJOLJLEOH�LPSDFW�RQ�ZDWHU�WUHDWPHQW�FRVWV��FLW\�SODQQHUV�VKRXOG�NHHS�VXFK�FKDQJHV�LQ�
PLQG�ZKHQ�PDNLQJ�HTXLSPHQW�LQYHVWPHQW�GHFLVLRQV���7KLV�WKLQNLQJ�DOVR�H[WHQGV�
EH\RQG�WXUELGLW\�DQG�ZDWHU�WUHDWPHQW��LQ�WKDW�VRPH�RI�WKH�PRUH�VXEWOH�LPSDFWV�RI�
FOLPDWH�FKDQJH�±�VXFK�DV�ZDWHU�FODULW\�±�PD\�EH�ZKHUH�WKH�&LW\�ZLOO�IDFH�XQIRUHVHHQ�
LPSDFWV�RQ�LQIUDVWUXFWXUH�FDSDELOLWLHV���+DPLOWRQ�&LW\�ZRXOG�EH�ZLVH�WR�FRQVLGHU�RWKHU�
IDFWRUV��EH\RQG�WXUELGLW\��WKDW�PD\�LQIOXHQFH�WKH�FRVWV�DQG�RU�HIIHFWLYHQHVV�RI�ZDWHU�
WUHDWPHQW�DQG�DVFHUWDLQ�ZKHWKHU�FKDQJHV�LQ�FOLPDWH�FRXOG�OHDG�WR�FKDQJHV�LQ�WKHVH�
IDFWRUV�ZKLFK�LQ�WXUQ�OHDG�WR�FRVWO\�FKDQJHV�LQ�HTXLSPHQW�RU�SURFHVVHV�QHHGV��
2YHUDOO��+DPLOWRQ�&LW\¶V�ZDWHU�V\VWHP�DSSHDUV�ZHOO�VXLWHG�IRU�IDFLQJ�WKH�FKDQJHV�LQ�
FOLPDWH�SUHGLFWHG�RYHU�WKH�QH[W����\HDUV����
�
���� 7UDQVSRUW�
+DPLOWRQ�&LW\¶V�WUDQVSRUW�V\VWHP�LV�GRPLQDWHG�E\�URDG��YHKLFOH�WUDQVSRUW���5RDG�
OHQJWK��LQ�NLORPHWUHV��LQ�+DPLOWRQ�&LW\�KDV�JURZQ�RQ�DYHUDJH�E\������SHU�DQQXP�
VLQFH������DQG�YHKLFOH�NLORPHWUHV�WUDYHOOHG�LQFUHDVHG�IURP�����PLOOLRQ�LQ������WR�����
PLOOLRQ�LQ�������
2XU�DQDO\VLV�RI�FOLPDWH�LPSDFWV�RQ�URDG�WUDQVSRUW�LV�EDVHG�RQ�GDWD�IRU�FRVW�RI�URDG�
UHSDLUV�RI�+DPLOWRQ�&LW\��FI�VWDWH�RZQHG��URDGV�FROOHFWHG�E\�WKH�+DPLOWRQ�&LW\�
�������������������������������������������������
��$�VLJQLILFDQW�UDLO�FRUULGRU�SDVVHV� WKURXJK�+DPLOWRQ�&LW\��EXW� WKLV� LV�PRVWO\�XVHG�IRU� WKURXJK�IUHLJKW�
IURP�7DXUDQJD�WR�$XFNODQG���7KH�:DLNDWR�5LYHU�LV�DOVR�XVHG�IRU�WUDQVSRUW��EXW�WKLV�LV�QHJOLJLEOH��
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&RXQFLO¶V�WUDQVSRUWDWLRQ�XQLW���1R�GDWD�IRU�FRVWV�RI�UHSDLUV�RQ�VWDWH�URDGV�LQ�WKH�DUHD�
FRXOG�EH�REWDLQHG�IURP�7UDQVLW�1HZ�=HDODQG���'DWD�IRU�WKH�QXPEHU�RI�YHKLFOH�WULSV�LQ�
+DPLOWRQ�&LW\�FRPH�IURP�VHYHQ�SHUPDQHQW�WUDIILF�PRQLWRULQJ�VWDWLRQV�PDLQWDLQHG�E\�
WKH�FLW\�FRXQFLO¶V�WUDQVSRUWDWLRQ�XQLW��
7KH�HVWLPDWHG�UHODWLRQVKLS�EHWZHHQ�FOLPDWH�DQG�URDG�UHSDLUV��VHH�$SSHQGL[�&��GRHV�
QRW�LQFOXGH�WHPSHUDWXUH�UHODWHG�LQGHSHQGHQW�YDULDEOHV���7KLV�ZDV�FRQVLVWHQW�ZLWK�
FRPPHQWV�PDGH�E\�WKH�5RDGV�DQG�7UDIILF�8QLW¶V�$VVHW�6\VWHPV�0DQDJHU�WKDW�WKH�
PDMRU�FDXVH�RI�URDG�GDPDJH�LQ�+DPLOWRQ�LV�SURORQJHG�SHULRGV�RI�UDLQ��&DQWORQ��SHUV��
FRPP�����&RQVLVWHQW�ZLWK�&DQWORQ¶V�REVHUYDWLRQV��WKH�DPRXQW�RI�UDLQ�DERYH���PP�SHU�
GD\�ZDV�VLJQLILFDQW��DW�WKH�����OHYHO��DQG�SRVLWLYH�±�WKH�PRUH�GD\V�ZLWK�PRUH�WKDQ�
��PP�RI�UDLQ��WKH�PRUH�UHSDLUV�ZHUH�QHFHVVDU\���6LPLODUO\��WKH�UDLQOHVV�VWUHDN�YDULDEOH�
KDV�D�VLJQLILFDQW�DQG�QHJDWLYH�FRHIILFLHQW�±�ORQJHU�SHULRGV�ZLWK�QR�UDLQ�UHGXFH�WKH�
FRVWV�RI�URDG�GDPDJH�LQ�D�JLYHQ�PRQWK����
7KH�VWDWLVWLFDO�PRGHO�IRU�WULSV�SHU�FDSLWD��VHH�$SSHQGL[�&��GHPRQVWUDWHV�WKDW�H[WHQGHG�
KRW�ZHDWKHU�DQG�KHDY\�UDLQIDOO�ERWK�FRUUHVSRQG�WR�GHSUHVVHG�GULYLQJ�DFWLYLW\�LQ�
+DPLOWRQ�&LW\���+RZHYHU��YDULDELOLW\�LQ�GULYLQJ�EHKDYLRU�LV�UDWKHU�ORZ�WR�EHJLQ�ZLWK��
UHIOHFWLQJ�UHODWLYHO\�OLWWOH�QHW�FOLPDWH�LPSDFW�RQ�GULYLQJ�GHFLVLRQV�RQ�WKHVH�URDGV��
,Q�HYHU\�VFHQDULR��WRWDO�WULSV�DUH�SURMHFWHG�WR�LQFUHDVH�GXH�WR�SRSXODWLRQ�JURZWK���%\�
������WRWDO�WULSV�SHDNV�RYHU�����PLOOLRQ�XQGHU�D�³KLJK´�SRSXODWLRQ�SURMHFWLRQ��
FRPSDUHG�ZLWK�����PLOOLRQ�XQGHU�D�³ORZ´�SRSXODWLRQ�SURMHFWLRQ���7KH�LPSDFW�RI�
GLIIHUHQW�FOLPDWH�VFHQDULRV��KRZHYHU��LV�PXFK�VPDOOHU���7KH�GLIIHUHQFH�EHWZHHQ�WKH�
EDVH�FDVH�VFHQDULR��6���DQG�RQH�RI�WKH�PRUH�H[WUHPH�FOLPDWH�VFHQDULRV��6���DPRXQWV�
WR�OHVV�WKDQ��������'HVSLWH�WKH�VLJQLILFDQFH�RI�FOLPDWH�YDULDEOHV�LQ�H[SODLQLQJ�WKH�
YDULDWLRQ�LQ�PRQWKO\�WULSV�WDNHQ��WKH�VPDOO�PDJQLWXGH�RI�WKH�FKDQJH�GXULQJ�WKH�QH[W����
\HDUV�FRPELQHG�ZLWK�ORZ�YDULDELOLW\�LQ�PRQWKO\�WULSV�UHVXOWV�LQ�D�VPDOO�PDJQLWXGH�RI�
FOLPDWH�FKDQJH�LQGXFHG�FKDQJHV�LQ�WKH�QXPEHU�RI�WULSV���7KXV��LQ�SODQQLQJ�IRU�FKDQJHV�
LQ�WUDQVSRUW�YROXPHV�DQG�SDWWHUQV��FLW\�SODQQHUV�VKRXOG�FRQWLQXH�WR�SD\�PRUH�DWWHQWLRQ�
WR�LVVXHV�RI�HFRQRPLF�DQG�SRSXODWLRQ�JURZWK�WKDQ�WR�JUDGXDO�FOLPDWH�FKDQJH��
6FHQDULRV�VKRZHG�WKDW�URDG�UHSDLU�FRVWV�DUH�WLHG�WR�SRSXODWLRQ�JURZWK���7KHUH�DUH�
VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�UHSDLU�FRVW�SURMHFWLRQV�XQGHU�KLJK�DQG�ORZ�SRSXODWLRQ�
JURZWK�IRUHFDVWV���2Q�DYHUDJH��WKH�KLJK�SRSXODWLRQ�VFHQDULRV�KDYH�URXJKO\�����PRUH�
URDG�UHSDLU�FRVWV�WKDQ�WKH�ORZ�JURZWK�FDVHV��
3URMHFWHG�FKDQJHV�LQ�UDLQIDOO�OHDG�WR�KLJKHU�UHSDLU�FRVWV�GXULQJ�WKH�VSULQJ�IRU�6FHQDULR�
�������KLJKHU��DQG�GXULQJ�WKH�ZLQWHU�IRU�6FHQDULR��������KLJKHU���)LJXUH������
'HFUHDVHV�LQ�UDLQIDOO�GXULQJ�WKH�VSULQJ�DQG�DXWXPQ�IRU�6FHQDULR���EDODQFHG�VRPH�RI�
WKHVH�FRVWV�LQFUHDVHV�E\�GHFUHDVLQJ�FRVWV�GXULQJ�WKRVH�PRQWKV�UHODWLYH�WR�WKH�EDVH�
FDVH���%\������ZH�SURMHFW����DQG����LQFUHDVHV�LQ�URDG�UHSDLU�FRVWV�XQGHU�6FHQDULRV���
DQG���UHVSHFWLYHO\��ZKLOH�6FHQDULRV���DQG���\LHOG�QR�FKDQJH�LQ�WKH�DQQXDO�FRVWV�RI�
UHSDLUV�DQG�D����UHGXFWLRQ�UHVSHFWLYHO\��7DEOH������:KLOH�WKH�FKDQJHV�WUDQVODWH�LQWR�
RQO\�VPDOO�PRQHWDU\�PRQWKO\�FRVWV��WKH\�GR�KLJKOLJKW�WKH�QHHG�WR�SD\�DWWHQWLRQ�WR�WKH�
LPSDFW�RI�FOLPDWH�FKDQJH�DW�ILQHU�OHYHOV�RI�GHWDLO���&OHDUO\��IRU�URDG�UHSDLU�FRVWV��WKH�
DVVXPSWLRQV�ZH�PDNH�DERXW�KRZ�+DPLOWRQ¶V�FOLPDWH�ZLOO�FKDQJH�LPSDFWV�RQ�WKH�
PDJQLWXGH�DQG�GLUHFWLRQ�RI�WKH�SURMHFWHG�FKDQJHV��
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6���KLJK�SRSXODWLRQ
6���KLJK�SRSXODWLRQ
6���KLJK�SRSXODWLRQ

�
)LJXUH����3URMHFWHG�FRVWV�RI�UHSDLUV�XQGHU�GLIIHUHQW�FOLPDWH�VFHQDULRV������±�����

7DEOH����$QQXDO�FRVWV�RI�URDG�UHSDLUV�UHODWLYH�WR�EDVH�FDVH�DV�RI������

6FHQDULR� &KDQJH�LQ�FRVW�
6�� ����
6�� ����
6�� ����
6�� ����

�
���� (QHUJ\��
7KH�&/,1=,�HQHUJ\�PRGXOH�FRQFHQWUDWHV�RQ�LPSDFWV�RI�FOLPDWH�FKDQJH�RQ�HOHFWULFLW\�
XVH�DQG�GLVWULEXWLRQ�DVVHWV���7KLV�ZDV�GLFWDWHG�E\�WKUHH�FRQVLGHUDWLRQV���)LUVW��
HOHFWULFLW\�LV�RQH�RI�WKH�ODUJHVW�VRXUFHV�RI�HQHUJ\�LQ�+DPLOWRQ�&LW\��(QHUJ\�(IILFLHQF\�
DQG�&RQVHUYDWLRQ�$XWKRULW\���������6HFRQG��HOHFWULFLW\�XVH�GDWD�DW�WKH�GHVLUHG�OHYHO�RI�
WHPSRUDO��PRQWKO\��DQG�VSDWLDO��+DPLOWRQ�&LW\��GHWDLO�DUH�UHDGLO\�DYDLODEOH���
8QIRUWXQDWHO\��WKLV�LV�QRW�WKH�FDVH�IRU�RWKHU�VRXUFHV�RI�HQHUJ\�VXFK�DV�QDWXUDO�JDV��
SHWUROHXP�DQG�ZRRG���7KLUG��DV�ZLWK�PRVW�DUHDV�LQ�1HZ�=HDODQG��+DPLOWRQ�&LW\�KDV�D�
UHODWLYHO\�KLJK�WHPSHUDWXUH�VHQVLWLYH�HOHFWULFLW\�ORDG��DERXW�����RI�WRWDO�+DPLOWRQ�
&LW\�HOHFWULFLW\�ORDG����������
)RU�RXU�DQDO\VLV��+DPLOWRQ�&LW\�HOHFWULFLW\�XVH�GDWD�ZHUH�REWDLQHG�IURP�1HZ�
=HDODQG
V�(OHFWULFLW\�&RPPLVVLRQ���+DOI�KRXUO\�HOHFWULFLW\�GLVWULEXWLRQ�GDWD��LQ�N:��
WKURXJK�WKH�+DPLOWRQ�DUHD�VXEVWDWLRQ�ZHUH�DYDLODEOH�IRU�WKH�SHULRG���$SULO������WR����
0DUFK��������7KHVH�GDWD�ZHUH�DJJUHJDWHG�WR�SURYLGH�SHU�FDSLWD�PRQWKO\�GDLO\�DYHUDJH�
HOHFWULFLW\�GDWD����
:LWK�UHVSHFW�WR�SK\VLFDO�GLVWULEXWLRQ�LQIUDVWUXFWXUH��+DPLOWRQ�&LW\�LV�IHG�E\�WKUHH�
VXEVWDWLRQV��HDFK�RSHUDWLQJ���SKDVH�WUDQVIRUPHUV��WRWDOOLQJ�����09$�WKHRUHWLFDO�
FDSDFLW\���+RZHYHU��WKH�QHWZRUN�LV�DOZD\V�RSHUDWHG�WR�DOORZ�IRU�RQH����09$�
WUDQVIRUPHU�WR�IDLO�DW�DQ\�RQH�WLPH��%ODFNEXUQ�SHUV��FRPP�����7KLV�PHDQV�DYDLODEOH�
FDSDFLW\�LV�HVVHQWLDOO\����09$��RU�DQ�HTXLYDOHQW�RI��������N:����
�������������������������������������������������
��$VVXPLQJ�D�SRZHU�IDFWRU�RI������DQG�DQ�DYDLODELOLW\�RI������5��%ODFNEXUQ��SHUV��FRPP����
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5HJUHVVLRQ�DQDO\VLV��VHH�$SSHQGL[�'��VXJJHVWV�+DPLOWRQ�&LW\¶V�DYHUDJH�GDLO\�
HOHFWULFLW\�FRQVXPSWLRQ�SHU�FDSLWD�LV�VHQVLWLYH�WR�FKDQJHV�LQ�WKH�WRWDO�KHDWLQJ�GHJUHH�
GD\V��+''��GXULQJ�WKH�PRQWK��FDOFXODWHG�IRU����KRXU�PHDQ�WHPSHUDWXUHV�XVLQJ���°&�
DV�WKH�WKUHVKROG��+''��B������(OHFWULFLW\�FRQVXPSWLRQ�LQ�+DPLOWRQ�LV�DOVR�LQIOXHQFHG�
E\�WKH�QXPEHU�RI�ZRUNLQJ�GD\V�LQ�WKH�PRQWK��DV�D�SUR[\�IRU�WKH�HFRQRPLF�DFWLYLW\�LQ�
WKDW�PRQWK���D�\HDUO\�GXPP\�YDULDEOH�WR�DFFRXQW�IRU�FKDQJHV�LQ�GHPDQG�SDWWHUQV�WKDW�
RFFXU�RYHU�WLPH��PRQWKO\�GXPP\�YDULDEOHV�WR�DFFRXQW�IRU�VHDVRQDO�FKDQJHV��DQG�
KHDWLQJ�GHJUHH�GD\V�LQ�0D\�DQG�-XO\���7KH�WZR�PRQWKO\�+''�YDULDEOHV�ZHUH�
GRPLQDQW�LQ�WKH�PRGHO��LQGLFDWLQJ�SHRSOH�DUH�PRUH�VHQVLWLYH�WR�FKDQJHV�LQ�WHPSHUDWXUH�
LQ�0D\�DQG�-XO\�DV�WKH\�µDFFOLPDWLVH¶���
7KLV�PRGHO�LV�VLPLODU�LQ�PDQ\�ZD\V�WR�WKH�PRGHO�HVWLPDWHG�E\�)LW]KDUULV�DQG�*DUU�
�)LW]KDUULV�DQG�*DUU�������IRU�1HZ�=HDODQG�DV�D�ZKROH���2XU�PRGHO�LV�DOVR�VLPLODU�WR�
WKH�PRGHO�GHYHORSHG�E\�$PDWR�HW�DO���$PDWR�HW�DO��������ZKR�ILQG�WKDW�ZKHQ�
FRQWUROOLQJ�IRU�VRFLRHFRQRPLF�IDFWRUV��GHJUHH�GD\�YDULDEOHV�KDYH�VLJQLILFDQW�
H[SODQDWRU\�SRZHU�LQ�GHVFULELQJ�KLVWRULF�FKDQJHV�LQ�HOHFWULFLW\�GHPDQG��
,Q�RXU�PRGHOOLQJ�IUDPHZRUN��FOLPDWH�DSSHDUV�WR�KDYH�OLPLWHG�LPSDFW�RQ�HOHFWULFLW\�
GHPDQG���'HVSLWH�WKH�VLJQLILFDQFH�RI�FOLPDWH�YDULDEOHV�LQ�H[SODLQLQJ�WKH�YDULDWLRQ�LQ�
PRQWKO\�HOHFWULFLW\�FRQVXPSWLRQ��WKH�VPDOO�PDJQLWXGH�RI�WKH�FOLPDWH�FKDQJH�GXULQJ�
WKH�QH[W����\HDUV�UHVXOWV�LQ�OLPLWHG�FOLPDWH�FKDQJH�LQGXFHG�FKDQJHV�LQ�HOHFWULFLW\�
FRQVXPSWLRQ���,Q�)LJXUH���WKHUH�DSSHDUV�WR�EH�OLWWOH�GLIIHUHQFH�EHWZHHQ�FOLPDWH�
VFHQDULRV���7KH�WZR�µORZ�FOLPDWH�FKDQJH¶�VFHQDULRV��QRW�VXUSULVLQJO\��H[KLELW�WKH�OHDVW�
GLIIHUHQFH�LQ�HOHFWULFLW\�FRQVXPSWLRQ�WR�WKH�EDVH�FDVH��7DEOH������2I�WKHVH�WZR�
VFHQDULRV��VFHQDULR����+DGOH\�/RZ��VXJJHVWV�WKH�OHDVW�LPSDFW���7KH�PHDQ�GLIIHUHQFH�RI�
WKLV�VFHQDULR�IURP�WKH�EDVH�FDVH�DFURVV�WKH�ZKROH�SHULRG�LV�RQO\���������$V�H[SHFWHG��
WKH�YDULDWLRQ�IURP�WKH�EDVH�FDVH�LQFUHDVHV�RYHU�WLPH���7KH�PLQLPXP�GLIIHUHQFH�LQ�
HOHFWULFLW\�FRQVXPSWLRQ�RI�VFHQDULR���IURP�WKH�EDVH�FDVH�RFFXUUHG�LQ�$SULO�������ZKLOH�
WKH�PD[LPXP�UHGXFWLRQ�LQ�HOHFWULFLW\�GHPDQG�RI�������RFFXUUHG�LQ�0DUFK���������
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6���KLJK�SRSXODWLRQ
6���PHG�SRSXODWLRQ
6���ORZ�SRSXODWLRQ
6���KLJK�SRSXODWLRQ
6���PHG�SRSXODWLRQ
6���ORZ�SRSXODWLRQ
6���KLJK�SRSXODWLRQ
6���PHG�SRSXODWLRQ
6���ORZ�SRSXODWLRQ
6���KLJK�SRSXODWLRQ
6���PHG�SRSXODWLRQ
6���ORZ�SRSXODWLRQ
6���KLJK�SRSXODWLRQ
6���PHG�SRSXODWLRQ
6���ORZ�SRSXODWLRQ

�
)LJXUH����(OHFWULFLW\�XVH�IRU�DOO����6FHQDULRV������±�����



�

� ���

�
7DEOH����6XPPDU\�VWDWLVWLFV�IURP�WKH�IRXU�VFHQDULRV��3HUFHQW�GLIIHUHQFH�IURP�WKH�%DVH�&DVH�

6FHQDULR� 0HDQ� 6WG�'HY� 0D[LPXP� 0LQLPXP�� 5DQJH�
��
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�
$QDO\VLV�RI�EDVH�FDVH�IRUHFDVWHG�DYHUDJH�GDLO\�+DPLOWRQ�&LW\�HOHFWULFLW\�XVH�
�N:K�GD\��DQG�VFHQDULRV�RYHU�WKH�FDOHQGDU�\HDU�UHYHDOV�WKDW��RQ�DYHUDJH��EDVH�FDVH�
HOHFWULFLW\�XVH�LV�IRUHFDVW�WR�IROORZ�WKH�VDPH�SDWWHUQ�DV�KLVWRULFDO�FRQVXPSWLRQ���7KDW�
LV��HOHFWULFLW\�XVH�LQFUHDVHV�IURP�DQ�DYHUDJH�VXPPHU�PLQLPXP�RI���������N:K�GD\�LQ�
-DQXDU\�WR�DQ�DYHUDJH�-XQH�PD[LPXP�RI�����������N:K�GD\���1RWH�WKDW�DYHUDJH�
HOHFWULFLW\�FRQVXPSWLRQ�LQ�-XO\�WHQGV�WR�EH�ORZHU�WKDQ�RWKHU�ZLQWHU�PRQWKV�RI�-XQH�DQG�
$XJXVW���0RQWKO\�HOHFWULFLW\�XVH�GHFOLQHV�DIWHU�$XJXVW��
$V�QRWHG�DERYH��+DPLOWRQ�&LW\¶V�FDSDFLW\�LQIUDVWUXFWXUH�LV�UHODWLYHO\�UREXVW���
+RZHYHU��WZR�DUHDV�RI�SRWHQWLDO�LQWHUHVW�DUH�FOLPDWH¶V�LPSDFW�RQ�WKH�SUR[LPLW\�RI�
SHDN�ORDG�HOHFWULFLW\�FRQVXPSWLRQ�WR�VXSSO\�FDSDFLW\�FRQVWUDLQWV��VHH�DERYH��DQG�
FOLPDWH¶V�LPSDFW�RQ�FRQGXFWRU�UHVLVWLYLW\���2XU�DQDO\VLV�VXJJHVWV�+DPLOWRQ�&LW\�LV�ZHOO�
HQGRZHG�ZLWK�VXSSO\�FDSDFLW\���+DPLOWRQ¶V�HOHFWULFLW\�FRQVXPSWLRQ��DQG�LWV�SURJUHVV�
WRZDUGV�WKH�VXSSO\�FRQVWUDLQW��DUH�PRUH�DIIHFWHG�E\�WKH�FLW\¶V�SRSXODWLRQ�WKDQ�E\�
FOLPDWH��DQG�HYHQ�LQ�WKH�KLJK�SRSXODWLRQ�VFHQDULR��SRZHU�FRQVXPSWLRQ�LQ������IDOOV�
ZHOO�EHORZ�WKH�VXSSO\�FRQVWUDLQW��
7KH�LPSDFW�RI�FOLPDWH�FKDQJHV�RQ�FRQGXFWRU�SHUIRUPDQFH�LV�DOVR�LQWHUHVWLQJ�WR�
LQYHVWLJDWH�EHFDXVH�WKH�SHUIRUPDQFH�RI�WKH�HOHFWULFLW\�VXSSO\�FLUFXLW�VLJQLILFDQWO\�
DIIHFWV�WKH�TXDQWLW\�RI�HOHFWULFLW\�WKDW�FDQ�EH�VXSSOLHG�WR�FRQVXPHUV���,Q�JHQHUDO��WKH�
KLJKHU�WKH�DPELHQW�WHPSHUDWXUH��FHWHULV�SDULEXV��WKH�KLJKHU�WKH�UHVLVWLYLW\�RI�WKH�FLUFXLW��
XQWLO�D�GHVLJQ�PD[LPXP��DW�ZKLFK�VWDJH�V\VWHP�IDLOXUH�LV�OLNHO\���+DPLOWRQ�&LW\�
VXSSO\�FDEOHV�DUH�DOO�XQGHUJURXQG�DQG�DUH�GHVLJQHG�IRU�WKH�IROORZLQJ�FOLPDWH�
SDUDPHWHUV���

•� JURXQG�WHPSHUDWXUH��VXPPHU�PHDQ�GDLO\�PD[LPXP�����&�
•� DLU�WHPSHUDWXUH��VXPPHU�PHDQ�GDLO\�PD[LPXP�����&��

�
$V�QRQH�RI�WKH�FOLPDWH�VFHQDULRV�SUHGLFW�LQFUHDVHG�VXPPHU�PHDQ�GDLO\�PD[LPXP�DLU�
WHPSHUDWXUHV�H[FHHGLQJ����&��ZH�FDQ�FRQFOXGH�WKDW�PHDQ�FOLPDWH�FKDQJHV�DUH�
XQOLNHO\�WR�FDXVH�DPELHQW�WHPSHUDWXUH�UHODWHG�IDLOXUH�RI�WKH�FRQGXFWRU�FLUFXLW��
+RZHYHU��WKH�FOLPDWH�FKDQJH�VFHQDULRV�ZLOO�KDYH�DQ�LPSDFW�RQ�WKH�UHVLVWLYLW\�RI�WKH�
FLUFXLW���$FFRUGLQJ�WR�RXU�FDOFXODWLRQV���WKH�FOLPDWH�VFHQDULRV�DUH�OLNHO\�WR�UHGXFH�WKH�
FLUFXLW�UDWLQJ��LQ�09$��E\������������LQ�VXPPHU�DQG�DXWXPQ��������������LQ�ZLQWHU�
DQG��������������LQ�VSULQJ���:KLOH�WKHVH�DUH�QRW�ODUJH�FKDQJHV��WKH\�GR�DGG�DGGLWLRQDO�
UHVWULFWLRQV�RQ�WKH�FLUFXLW�RYHU�DQG�DERYH�WKRVH�DOUHDG\�SODQQHG�IRU��

�������������������������������������������������
��)D[HG�GRFXPHQW�IURP�5��%ODFNEXUQ�±�UHFHLYHG���0DUFK�������
��8VLQJ�WKH�:(/�1HWZRUNV���N9�OLQH�UDWLQJ�FDOFXODWRU��
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,Q�VXPPDU\��WKH�+DPLOWRQ�&LW\�HOHFWULFLW\�LQIUDVWUXFWXUH�GLVWULEXWLRQ�V\VWHP�DSSHDUV�WR�
EH�YHU\�UREXVW�WR�PHDQ�FOLPDWH�FKDQJH�LPSDFWV���7KH�&LW\¶V�SK\VLFDO�LQIUDVWUXFWXUH�LV�
ZHOO�VSHFLILHG�DQG�GHVLJQHG�WR�DFFRPPRGDWH�ERWK�JURZLQJ�ORDGV�DQG�SK\VLFDO�
ZHDWKHU�UHODWHG�HYHQWV���+DPLOWRQ¶V�LQVWLWXWLRQDO�FDSDELOLW\�LQ�:(/�1HWZRUNV�LV�DOVR�
LQ�H[FHOOHQW�VKDSH�WR�DGGUHVV�DQ\�FOLPDWH�FKDQJH�UHODWHG�LPSDFWV��
���� $LU�TXDOLW\�
$OWKRXJK�ZHDWKHU�FRQGLWLRQV�LQ�+DPLOWRQ�GR�QRW�HQFRXUDJH�H[WUHPH�DLU�SROOXWLRQ��
IXWXUH�FOLPDWLF�FRQGLWLRQV�PD\�DOWHU�HPLVVLRQV�DQG�WKXV�H[DFHUEDWH�KHDOWK�LPSDFWV���
7KUHH�W\SHV�RI�DLU�SROOXWDQWV�DUH�H[DPLQHG�LQ�&/,1=,���SDUWLFOHV�OHVV�WKDQ����PLFURQV�
LQ�VL]H��30�����ZKLFK�DUH�WKH�PDLQ�DLU�TXDOLW\�SDUDPHWHU�RI�FRQFHUQ�LQ�+DPLOWRQ��5��
-RQHV�SHUV��FRPP���:LOWRQ��������FDUERQ�PRQR[LGH��&2���DQG�QLWURJHQ�R[LGHV��12;����
(DFK�RI�WKHVH�FDQ�KDYH�DGYHUVH�LPSDFWV�RQ�HFRV\VWHP�DQG�KXPDQ�KHDOWK���+XPDQ�
KHDOWK�LPSDFWV�DUH�DVVHVVHG�LQ�WKH�IROORZLQJ�VHFWLRQ��
'DLO\�WLPH�VHULHV�RI�30����&2��12��DQG�12��PHDVXUHG�LQ�+DPLOWRQ�ZHUH�DFTXLUHG�
IURP�(QYLURQPHQW�:DLNDWR¶V�UHJLRQDO�PRQLWRULQJ�GDWDEDVH����������$OO�DLU�SROOXWLRQ�
FRPSRQHQWV�YDU\�VHDVRQDOO\��ZLWK�SHDNV�LQ�ZLQWHU�PRQWKV����
5HJUHVVLRQ�DQDO\VLV��VHH�$SSHQGL[�(��VXJJHVWV�30���FRQFHQWUDWLRQV�DUH�D�QRQOLQHDU��
LQFUHDVLQJ�IXQFWLRQ�RI�WKH�QXPEHU�RI�KHDWLQJ�GHJUHH�GD\V��FDOFXODWHG�RYHU�D����KRXU�
SHULRG�DW�D�EDODQFH�SRLQW�WHPSHUDWXUH�RI���R&����30���FRQFHQWUDWLRQV�WHQG�WR�GHFUHDVH�
ZLWK�WKH�DPRXQW�RI�UDLQIDOO�LQ�D�PRQWK���3DUWLFXODWH�PDWWHU�LQFUHDVHV�LQ�0D\��DV�WKH�
FROG�VHDVRQ�VHWV�LQ��DQG�GHFUHDVHV�LQ�$XJXVW��DV�WKH�FROG�VHDVRQ�HDVHV���7KURXJK�DOO�RI�
LWV�VLJQLILFDQW�YDULDEOHV��WKLV�PRGHO�UHIOHFWV�WKH�LQFUHDVHG�OHYHOV�RI�30���
FRQFHQWUDWLRQV�GXULQJ�FROG�ZHDWKHU��ZKHQ�WKH�QXPEHU�RI�KHDWLQJ�GHJUHH�GD\V�
LQFUHDVHV���7KLV�SRLQWV�WR�WKH�ZHOO�NQRZQ�SULPDU\�VRXUFH�RI�30�����HPLVVLRQV�IURP�
KHDWLQJ��HVSHFLDOO\�IURP�ZRRG�IXHO��
7KH�HVWLPDWHG�HTXDWLRQ�IRU�&2��$SSHQGL[�(��LQGLFDWHV�WKH�OHYHO�RI�FDUERQ�PRQR[LGH�
YDULHV�SRVLWLYHO\�ZLWK�WKH�QXPEHU�RI�FROG�GD\V��DV�UHSUHVHQWHG�E\�+''��B����DQG�
QHJDWLYHO\�ZLWK�WKH�ORJ�RI�DYHUDJH�ZLQG�VSHHG���1R�WLPH�WUHQG�RU�VHDVRQDOLW\�KDYH�
EHHQ�GHWHFWHG�IRU�&2���+RZHYHU��WKH�PRGHO�VKRZV�LQFUHDVHG�OHYHOV�RI�&2�
FRQFHQWUDWLRQV�GXULQJ�FROG�ZHDWKHU��ZKHQ�WKH�QXPEHU�RI�KHDWLQJ�GHJUHH�GD\V�
LQFUHDVHV��ZKLFK�PRVW�OLNHO\�LPSOLFDWHV�KHDWLQJ�VRXUFHV�LQ�&2�JHQHUDWLRQ���
$�PRGHO�RI�WKH�LQIOXHQFH�RI�FOLPDWLF�YDULDEOHV�RQ�12�SHU�FDSLWD�LQFOXGHG�YDULDEOHV�IRU�
DYHUDJH�ZLQG�VSHHG��PRQWKO\�PHDQ�PD[LPXP�WHPSHUDWXUH��DQG�WKH�DXWXPQ�VHDVRQ���
&RQFHQWUDWLRQV�RI�12�YDU\�VHDVRQDOO\��ZHDNO\�VLJQLILFDQW���LQVRIDU�DV�WKH\�DUH�KLJKHU�
LQ�WKH�DXWXPQ��
7KH�30���IRUHFDVWV�VKRZ�WKH�PRVW�GLIIHUHQWLDWLRQ�RI�DOO�WKH�DLU�SROOXWLRQ�PRGHOV�
EHWZHHQ�FOLPDWH�FKDQJH�VFHQDULRV���3URMHFWLRQV�RI�30���XQGHU�FOLPDWH�VFHQDULRV�DUH�
VLPLODU�WR�WKH�EDVH�FDVH�VFHQDULR��ZLWK�QR�GLVWLQJXLVKDEOH�WHPSRUDO�WUHQG�EXW�VWURQJ�
VHDVRQDO�F\FOHV��)LJXUH������7KH�KLJKHVW�HPLVVLRQV�RFFXU�LQ�WKH�EDVH�FDVH�VFHQDULR��
IROORZHG�E\�6���WKHQ��6���WKHQ�6���WKHQ�6����,Q�RWKHU�ZRUGV��GXH�WR�LQFUHDVHG�
WHPSHUDWXUHV��30���HPLVVLRQV�GHFOLQH�PRVW�XQGHU�WKH�H[WUHPH�FOLPDWH�FKDQJH�
VFHQDULRV�DV�D�UHVXOW�RI�UHGXFHG�QHHG�IRU�KHDWLQJ���&DOOV�IRU�LPSURYHG�KRXVLQJ�
VWDQGDUGV��LQFOXGLQJ�EHWWHU�LQVXODWLRQ�DQG�LQFUHDVHG�XVH�RI�GRXEOH�JOD]HG�ZLQGRZV��
PD\�FRQWULEXWH�WR�TXDOLW\�LPSURYHPHQWV�RI�UHVLGHQFHV�LQ�WHUPV�RI�GU\HU��ZDUPHU�
KRPHV���7KLV�FRXOG�IXUWKHU�UHGXFH�WKH�QHHG�IRU�KHDWLQJ��UHJDUGOHVV�RI�WKH�WHPSHUDWXUH�
DQG�SUHFLSLWDWLRQ�WUHQGV��DQG�WKHUHE\�GHFUHDVH�WKH�QHHG�WR�XVH�KRPH�KHDWLQJ�VRXUFHV��



�

� ���

����

����

����

����

����

����

����

����

����

����

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

-D
Q��

��
�

<HDU

)LQ
H�S

DU
WLF

XOD
WH�

P
DW
WHU

��3
0

�� ��
µJ

�P
� �

62 6� 6� 6� 6�

�
)LJXUH����3URMHFWLRQV�RI�ILQH�SDUWLFXODWH�PDWWHU��30���������±�����

7KHUH�LV�OLWWOH�GLIIHUHQWLDWLRQ�EHWZHHQ�WKH�GLIIHUHQW�FOLPDWH�VFHQDULR�SURMHFWLRQV�IRU�WKH�
FDUERQ�PRQR[LGH�HPLVVLRQ�VFHQDULRV��WKRXJK�WKH�GHJUHH�RI�GLIIHUHQWLDWLRQ�LQFUHDVHV�
VRPHZKDW�WKURXJK�WLPH��VWDUWLQJ�DURXQG��������&2�HPLVVLRQV�H[KLELW�D�VPRRWKHU�
VHDVRQDO�F\FOH�WKDQ�WKRVH�IRU�30����WKH�VDPH�F\FOH�RFFXUV�ZLWK�PLQLPD�LQ�VXPPHU�
DQG�PD[LPD�LQ�ZLQWHU���7KH�DPSOLWXGH�UHPDLQ�FRQVLVWHQW�WKURXJKRXW�WKH�����±�����
WLPH�VHULHV��DQG�WKHUH�LV�QR�WHPSRUDO�VKLIW�WKURXJK�WKLV�SHULRG��
6LPLODU�WR�RWKHU�DLU�SROOXWDQWV��WKH�DPSOLWXGH�RI�12�HPLVVLRQV�UHPDLQV�WKH�VDPH�XQGHU�
EDVH�FDVH�DQG�FOLPDWH�FKDQJH�VFHQDULRV��DQG�WKHUH�LV�QR�WHPSRUDO�VKLIW�IURP�����±
�������7KH�VDPH�VHDVRQDO�F\FOH�LV�UHWDLQHG�WKURXJKRXW�WKH�SURMHFWLRQ�SHULRG���
(PLVVLRQV�PD[LPD�RFFXU�LQ�WKH�DXWXPQ�DQG�ZLQWHU��ZLWK�D�SULPDU\�SHDN�LQ�0D\�DQG�D�
VHFRQGDU\�RQH�LQ�-XO\����
2YHUDOO��FKDQJHV�LQ�DYHUDJH�WHPSHUDWXUH�DQG�SUHFLSLWDWLRQ�PD\�SOD\�D�VPDOO�UROH�LQ�
HPLVVLRQV�RI�DLU�SROOXWDQWV�LQ�+DPLOWRQ���+RZHYHU��WR�WKH�H[WHQW�WKDW�FOLPDWH�FKDQJH�
FRQWULEXWHV�WR�PRUH�ZHDWKHU�LQVWDELOLW\�±�ZLWK�JUHDWHU�OLNHOLKRRG�RI�H[WUHPH�HYHQWV��
ZLQG�JXVWV��DQG�ZLQGLHU�FRQGLWLRQV�RYHUDOO�±�IXWXUH�FRQGLWLRQV�PD\�UHVXOW�LQ�IHZHU�
RSSRUWXQLWLHV�IRU�DLU�SROOXWDQWV�WR�FRQFHQWUDWH�RYHU�WKH�&LW\���,QFUHDVLQJ�ZLQG�PD\�
DFWXDOO\�KHOS�FXUE�DLU�TXDOLW\�SUREOHPV�IURP�FOLPDWH�FKDQJH���)URP�WKH�SURMHFWLRQV�UXQ�
LQ�WKLV�VWXG\��LW�VHHPV�XQOLNHO\�FOLPDWH�FKDQJH�DORQH�ZRXOG�FDXVH�H[FHHGDQFHV�RI�DQ\�
RI�1HZ�=HDODQG¶V�DPELHQW�DLU�TXDOLW\�VWDQGDUGV��
���� 3XEOLF�+HDOWK�
6HYHUDO�VWXGLHV�VXJJHVW�FOLPDWH�FKDQJH�LV�OLNHO\�WR�LQGXFH�KLJKHU�LQFLGHQFHV�RI�PDQ\�
KXPDQ�KHDOWK�SUREOHPV���)RU�H[DPSOH��(OPZRRG��������VXJJHVWV�JUHDWHU�H[SRVXUH�WR�
XOWUD�YLROHW�UDGLDWLRQ�ZLOO�LQFUHDVH�WKH�IUHTXHQF\�RI�FDWDUDFWV��VNLQ�FDQFHUV��DQG�
VXQEXUQ���$OVR��DV�WHPSHUDWXUHV�ULVH��VXPPHU�VPRJ�LV�OLNHO\�WR�FDXVH�PRUH�UHVSLUDWRU\�
SUREOHPV��SDUWLFXODUO\�LQ�WKH�$XFNODQG�UHJLRQ��:RRGZDUG�HW�DO����������:RRGZDUG�
�:RRGZDUG�HW�DO��������SRLQWV�RXW�WKDW�QHZ�KHDOWK�SUREOHPV�PD\�UHVXOW�IURP�ERWK�
KHDW�ZDYHV�DQG�WKH�FRORQLVDWLRQ�RI�PRVTXLWRHV�WKDW�FDUU\�GLVHDVHV�OLNH�PDODULD�DQG�
GHQJXH�IHYHU���3HVW�HUDGLFDWLRQ�SURJUDPPHV�DUH�H[SHQVLYH�DQG�RQO\�SDUWLDOO\�
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VXFFHVVIXO��ZLWK�PDQ\�SHRSOH�UHSRUWLQJ�KHDOWK�FRPSOLFDWLRQV�IURP�VSUD\LQJ���:DUPHU�
ZLQWHUV�DUH�H[SHFWHG�WR�UHGXFH�WKH�LQFLGHQFH�RI�ZLQWHU�UHODWHG�LOOQHVVHV�VXFK�DV�FROGV�
DQG�IOX�DQG�WKH�QHHG�IRU�RSHQ�ILUHV�IRU�KHDWLQJ��ZKLFK�FRQWULEXWH�WR�DLU�SROOXWLRQ��
,QGLUHFW�KHDOWK�LPSDFWV�DUH�OLNHO\�WR�RFFXU�DV�D�UHVXOW�RI�IORRGV�DQG�GURXJKWV���+HDY\�
UDLQ�PD\�GLVSHUVH�SDWKRJHQV�VXFK�DV�FU\SWRVSRULGLRVLV�E\�ZDVKLQJ�DQLPDO�H[FUHWD�
FRQWDLQLQJ�WKH�RUJDQLVP�LQWR�ZDWHU�VXSSOLHV��0LQLVWU\�IRU�WKH�(QYLURQPHQW�������
S������'URXJKW�SHULRGV�ZLOO�UHTXLUH�WKH�H[WUDFWLRQ�RI�ZDWHU�IURP�SRRUHU�TXDOLW\�VRXUFHV�
ZLWK�WKH�UHVXOWDQW�KHDOWK�ULVNV��
7R�ZKDW�H[WHQW�DUH�WKHVH�VXJJHVWHG�KHDOWK�LPSDFWV�VHHQ�LQ�UHFHQW�PRUELGLW\�DQG�
PRUWDOLW\�GDWD�IRU�+DPLOWRQ�&LW\"��+RZ�ZLOO�SRVVLEOH�IXWXUH�FOLPDWHV�H[DFHUEDWH�RU�
DPHOLRUDWH�KHDOWK�FRQGLWLRQV�RI�WKH�ORFDO�SRSXODWLRQ"���
7KH�GDWD�XVHG�WR�TXDQWLI\�UHODWLRQVKLSV�EHWZHHQ�FOLPDWH�DQG�PRUELGLW\�DQG�PRUWDOLW\�
UDWHV�KDYH�EHHQ�VXSSOLHG�E\�WKH�1HZ�=HDODQG�+HDOWK�,QIRUPDWLRQ�6HUYLFH���7KH�GDWD�
FRQVLVW�RI�DGPLVVLRQV�WR�WKH�UHJLRQDO�KRVSLWDO��DQG�DUH�FODVVLILHG�E\�WKH�SULPDU\�FDXVH�
RI�DGPLVVLRQ���%HFDXVH�RQO\�D�IUDFWLRQ�RI�SHRSOH�ZLWK�KHDOWK�SUREOHPV�VHHN�PHGLFDO�
KHOS��DQG�RQO\�D�IUDFWLRQ�RI�WKHVH�GR�VR�DW�WKH�JHQHUDO�KRVSLWDO��WKH�DQDO\VLV�LV�FOHDUO\�
XQGHUUHSRUWLQJ�PRUELGLW\�UDWHV�LQ�WKH�UHJLRQ���)XUWKHUPRUH��QRW�DOO�DGPLVVLRQV�WR�WKH�
UHJLRQDO�KRVSLWDO�DUH�RI�SHRSOH�IURP�+DPLOWRQ��VR�WKH�UHVXOWV�DUH�ELDVHG�WR�WKH�H[WHQW�
WKDW�YLVLWRUV�VHHN�PHGLFDO�KHOS�LQ�+DPLOWRQ�DQG�UHVLGHQWV�VHHN�KHOS�HOVHZKHUH���7KH�
ODFN�RI�GDWD�SUHYHQWV�FRUUHFWLRQ�IRU�WKLV�SRVVLEOH�ELDV��
:H�JURXSHG�WKH�PRUELGLW\�GDWD�LQWR�ILYH�PDMRU�FODVVHV��LQMXULHV��FLUFXODWRU\�SUREOHPV��
UHVSLUDWRU\�SUREOHPV��LQIHFWLRQV��DQG�VNLQ�DLOPHQWV���)RU�PRUWDOLW\�UDWHV��WKH�VWDWLVWLFDO�
DQDO\VLV�GLG�QRW�VXSSRUW�WUHDWLQJ�FDXVHV�RI�PRUWDOLW\�VHSDUDWHO\�IURP�HDFK�RWKHU���
&RQVHTXHQWO\��ZH�UHSRUW�RQO\�RQ�DJJUHJDWH�PRUWDOLW\�UDWHV�KHUH���
�
0RUELGLW\�
)RU�HDFK�PRUELGLW\�YDULDEOH�ZH�HVWLPDWHG�VHSDUDWH�HTXDWLRQV��$SSHQGL[�)����2I�
SDUWLFXODU�QRWH�LQ�WKHVH�UHJUHVVLRQ�HTXDWLRQV�DUH�WKH�UHVXOWV�IRU�SHU�FDSLWD�LQMXULHV��
UHVSLUDWRU\�KHDOWK�SUREOHPV�SHU�FDSLWD��DQG�PRUWDOLW\���5HJUHVVLRQ�UHVXOWV�IRU�SHU�
FDSLWD�LQMXULHV�VKRZ�WKDW�RYHU�WLPH��WKH�QXPEHU�RI�SHU�FDSLWD�LQMXULHV�LQFUHDVHV��WKRXJK�
DW�D�ORZ�UDWH��DQG�LQFUHDVHV�ZLWK�WKH�QXPEHU�RI�UDLQOHVV�GD\V���7KHVH�UHVXOWV�DUH�
FRQVLVWHQW�ZLWK�REVHUYDWLRQV�WKDW�WKH�WHQGHQF\�IRU�SHRSOH�WR�VHHN�PHGLFDO�DWWHQWLRQ�IRU�
LQMXULHV�LV�LQFUHDVLQJ�DQG�WKDW�WKH�QXPEHU�RI�LQMXULHV�LQFUHDVHV�ZLWK�PRUH�RSSRUWXQLWLHV�
IRU�RXWGRRU�DFWLYLWLHV��DV�LQIHUUHG�IURP�DQ�LQFUHDVH�LQ�UDLQOHVV�GD\V�����
7KH�UHVXOWV�IRU�WKH�UHVSLUDWRU\�LOOQHVV�HTXDWLRQV�KDYH�EHHQ�GHULYHG�LQ�D�WZR�VWDJH�OHDVW�
VTXDUHV�UHJUHVVLRQ��EHFDXVH�RQH�RI�WKH�H[SODQDWRU\�YDULDEOHV�RI�WKH�PRGHO�±�WKH�DLU�
TXDOLW\�LQGLFDWRU�30���±�LV�SUHVHQW�LQ�WKH�UHJUHVVLRQ�HTXDWLRQ�LQ�VTXDUHG�IRUP��DQG�
30���LV�LWVHOI�D�IXQFWLRQ�RI�FOLPDWLF�YDULDEOHV�DQG�VHDVRQDO�FKDQJH���3DUWLFXODWH�PDWWHU�
�30����FRQFHQWUDWLRQV�DUH�D�QRQOLQHDU��LQFUHDVLQJ�IXQFWLRQ�RI�WKH�QXPEHU�RI�KHDWLQJ�
GHJUHH�GD\V��FDOFXODWHG�RYHU�D����KRXU�SHULRG�DW�D�EDODQFH�SRLQW�WHPSHUDWXUH�RI���R&����
30���FRQFHQWUDWLRQV�WHQG�WR�GHFUHDVH�ZLWK�WKH�DPRXQW�RI�UDLQIDOO�LQ�D�PRQWK���
+RVSLWDOLVDWLRQ�IRU�UHVSLUDWRU\�DLOPHQWV�SHU�FDSLWD�LQFUHDVH�RYHU�WLPH�DQG�LQFUHDVH�
QRQOLQHDUO\�ZLWK�LQFUHDVHV�LQ�30����
)RU�DOO�PRUELGLW\�LQGLFDWRUV�FOLPDWH�FKDQJH�VFHQDULRV�PDNHV�QR�GLIIHUHQFH���7KDW�LV��
XQGHU�WKH�DVVXPSWLRQ�WKDW�WKH�IXWXUH�FOLPDWH�LV�OLNH�WKH�SDVW�DQG�WKDW�SDVW�WUHQGV�LQ�
KRVSLWDOLVDWLRQ�IRU�LQMXULHV�SHUVLVW��WKHQ�PRUELGLW\�UDWHV�ZLOO�FRQWLQXH�WR�IOXFWXDWH�
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VHDVRQDOO\�DQG�WR�LQFUHDVH�VOLJKWO\�RYHU�WKH�VLPXODWHG����\HDU�WLPH�KRUL]RQ���
)XUWKHUPRUH��FRPSDULVRQV�IRU�VHOHFWHG�\HDUV�EHWZHHQ�WKH�EDVH�FDVH�DQG�VFHQDULRV�
UHYHDO�YLUWXDOO\�LQGLVWLQJXLVKDEOH�G\QDPLFV���5HVXOWV�VXJJHVW�WKDW�PRUELGLW\�ZLOO�
SUHGRPLQDQWO\�EH�DIIHFWHG�E\�SDVW�WUHQGV�DQG�VHDVRQDO�IOXFWXDWLRQV��EXW�QRW�E\�FOLPDWH�
FKDQJH��
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)LJXUH����3URMHFWHG�UHVSLUDWRU\�PRUELGLW\�UDWH�IRU�WKH�EDVH�FDVH�VFHQDULR������±�����

$PSOLWXGH�RI�VHDVRQDO�IOXFWXDWLRQV�DOVR�UHPDLQV�ODUJHO\�XQFKDQJHG�RYHU�WLPH�±�LI�
WKHUH�LV�QR�FOLPDWH�FKDQJH�RU�HYHQ�LI�WKH�PRUH�H[WUHPH�FOLPDWH�FKDQJH�VFHQDULRV�
SRVWXODWHG�DERYH��6��RU�6���HYHQWXDWHV��
([FHSW�IRU�FLUFXODWRU\�PRUELGLW\��DOO�UHVXOWV�VKRZ�LQFUHDVLQJ�WUHQGV���6LPLODU�WR�WKH�
ILQGLQJV�DERXW�FKDQJHV�LQ�LQMXULHV��FLUFXODWRU\�PRUELGLW\�GHPRQVWUDWHV�FOHDU�VHDVRQDO�
IOXFWXDWLRQV���+RZHYHU��FLUFXODWRU\�PRUELGLW\�UDWHV�VKRZ�QR�GLVFHUQDEOH�WUHQG�DQG�
UHPDLQ��LQ�WKH�ORQJ�WHUP��DURXQG�WKUHH�FDVHV�SHU��������7KDW�SDWWHUQ�UHPDLQV�YLUWXDOO\�
XQDIIHFWHG�E\�FOLPDWH�FKDQJH��
�
0RUWDOLW\�
2XU�UHJUHVVLRQ�PRGHO�IRU�PRUWDOLW\�ILQGV�DQ�RYHUDOO�GHFOLQH�RI�PRUWDOLW\�UDWHV�WKURXJK�
WLPH��EXW�D�SHUVLVWHQW��VWDWLVWLFDOO\�VLJQLILFDQW�VHDVRQDO�VLJQDO��$SSHQGL[�)����
6HDVRQDOLW\�E\�LWVHOI�H[SODLQV�QHDUO\�����RI�WKH�YDULDWLRQ�LQ�WKH�GDWD���&RQVLVWHQW�ZLWK�
WKH�OLWHUDWXUH��WKHUH�DUH�QRQOLQHDU�UHODWLRQVKLSV�EHWZHHQ�LQFUHDVHV�LQ�PHDQ�
WHPSHUDWXUHV�DQG�LQFUHDVHV�LQ�PRUWDOLW\�UDWHV���+RZHYHU��QR�LPSDFWV�RI�GDLO\�H[WUHPH�
WHPSHUDWXUHV�RQ�PRUWDOLW\�UDWHV�ZHUH�IRXQG���7KH�DEVHQFH�RI�FOHDUO\�GLVFHUQLEOH�KHDW�
RU�FROG�WKUHVKROGV�IURP�RXU�DQDO\VLV�LV�LQ�ODUJH�SDUW�GXH�WR�WKH�VPDOO�QXPEHU�RI�ORZ�RU�
KLJK�WHPSHUDWXUHV�RQ�UHFRUG��QRQH�RI�ZKLFK�DUH�VXIILFLHQWO\�H[WUHPH�WR�WULJJHU�
LQFUHDVHV�LQ�PRUWDOLW\�UDWHV���1RQHWKHOHVV��UHJUHVVLRQ�UHVXOWV�LQGLFDWH�WKDW�SURORQJHG�
FROG�VSHOOV��HYHQWV�ZLWK�WKUHH�RU�PRUH�GD\V�EHORZ��R&��GR�WHQG�WR�LQFUHDVH�PRUWDOLW\�
UDWHV��
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)RU�WKH�SXUSRVHV�RI�WKLV�VHFWLRQ��ZH�FRPSDUH�WKH�XVXDO�VXLWH�RI�VFHQDULRV�ZLWK�D�
K\SRWKHWLFDO�³H[WUHPHV´�FOLPDWH�FKDQJH�FDVH���7KH�DVVXPSWLRQV�IRU�WKLV�K\SRWKHWLFDO�
FDVH�DUH�ZHOO�RXWVLGH�WKH�H[WUHPHV�UHSRUWHG�IRU�&6,52�DQG�+DGOH\�&HQWUH�FOLPDWH�
PRGHOV�DQG�ZHUH�FKRVHQ�WR�H[SORUH�WKH�LPSOLFDWLRQV�RI�XQSUHFHGHQWHG�YDULDWLRQ�LQ�
FOLPDWH�FRQGLWLRQV��
7KH�PRUELGLW\�UDWHV�GLVFXVVHG�DERYH�DOO�VKRZ�QRWDEOH�VHDVRQDO�IOXFWXDWLRQV�DQG�ORQJ�
WHUP�LQFUHDVHV���,Q�FRQWUDVW��PRUWDOLW\�UDWHV�±�WKRXJK�DOVR�H[KLELWLQJ�PDUNHG�VHDVRQDO�
IOXFWXDWLRQV�±�WHQG�WR�GHFOLQH�VOLJKWO\�RYHU�WLPH��)LJXUH�������7KH�GLIIHUHQFHV�LQ�WKH�
EHKDYLRXU�RI�WKHVH�WZR�VHWV�RI�KHDOWK�LQGLFDWRUV�PD\�ODUJHO\�EH�DWWULEXWDEOH�WR�D�
FRPELQDWLRQ�RI�FKDQJHV�LQ�EHKDYLRXUV�DQG�KHDOWK�FDUH�SURYLVLRQ���:KLOH�
LPSURYHPHQWV�LQ�FDUH�WHQG�WR�LQGXFH�GHPDQG�IRU�FDUH��WKH\�WHQG�DOVR�WR�UHGXFH�
PRUWDOLW\�UDWHV���+RZHYHU��HYHQ�WKRXJK�PRUWDOLW\�UDWHV�GR�GHFOLQH��WKH�H[WHQW�RI�WKDW�
GHFOLQH�LV�UDWKHU�VPDOO��FRPSDUHG�ZLWK�WKH�H[WHQW�E\�ZKLFK�VRPH�RI�WKH�PRUELGLW\�
UDWHV�LQFUHDVH���
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)LJXUH�����3URMHFWHG�PRUWDOLW\�UDWHV�IRU�WKH�EDVH�FDVH�VFHQDULR������±�����

,Q�VXPPDU\��WKH�UHVXOWV�LQGLFDWH�WKDW�VHDVRQDO�IOXFWXDWLRQV�DQG�DQQXDO�WUHQGV�DUH�OLNHO\�
WR�EH�IDU�PRUH�UHOHYDQW�LQ�H[SODLQLQJ�SRVVLEOH�IXWXUH�YDULDWLRQV�LQ�PRUELGLW\�DQG�
PRUWDOLW\�WKDQ�DUH�FOLPDWH�SDUDPHWHUV���+RZHYHU��WKH�DQQXDO�WUHQG�HPEHGV�LQIRUPDWLRQ�
DERXW�FKDQJHV�LQ�EHKDYLRXUV��LPSURYHPHQWV�LQ�KHDOWKFDUH��VXFK�DV�HDUO\�GHWHFWLRQ��
HGXFDWLRQ��SDWLHQW�FDUH���DQG�LPSURYHPHQWV�LQ�DQG�GLIIXVLRQ�RI�WHFKQRORJ\��IURP�
RLQWPHQWV�IRU�SURWHFWLRQ�RI�VNLQ�DJDLQVW�89�UDGLDWLRQ�WR�LQKDOHUV�IRU�WUHDWPHQW�RI�
DVWKPD�RU�SUROLIHUDWLRQ�RI�DLU�FRQGLWLRQLQJ�WR�UHGXFH�LPSDFWV�RI�KHDW���DOO�RI�ZKLFK�
FRXQWHUDFW�DQ\�RI�WKH�DGYHUVH�KHDOWK�LPSDFWV�DVVRFLDWHG�ZLWK�ORQJHU�WHUP�FOLPDWLF�
FRQGLWLRQV���5HGXFLQJ�YXOQHUDELOLW\�WR�FOLPDWH�FKDQJH�ZLOO�UHTXLUH�PDLQWDLQLQJ�WKH�
FKDQJHV�LQ�EHKDYLRXUV�DQG�LPSURYHPHQWV�LQ�KHDOWK�FDUH�DQG�WHFKQRORJ\�DW�UDWHV�
FRPSDUDEOH�WR�WKRVH�REVHUYHG�LQ�WKH�SDVW���

�������������������������������������������������
��,Q�WKLV�K\SRWKHWLFDO�H[WUHPH�FDVH�WKH�GHYLDWLRQV�IURP�SDVW�FOLPDWH�DUH�DVVHVVHG�DV�D�JUDGXDO�LQFUHDVH�LQ�
WHPSHUDWXUHV� E\� �°&� EHWZHHQ� ����� DQG� ������ ZKLFK� LV� XQLIRUPO\� DSSOLHG� DFURVV� WKH� VHDVRQV���
$GGLWLRQDOO\�� ZH� DVVXPH� SUHFLSLWDWLRQ� ZLOO� GHFOLQH� EHWZHHQ� ����� DQG� ����� E\� ���� RQ� DYHUDJH� LQ�
VXPPHU�PRQWKV��E\�����LQ�DXWXPQ��DQG�E\����LQ�VSULQJ��ZKLOH�SUHFLSLWDWLRQ�LQ�ZLQWHU�LV�DVVXPHG�WR�
LQFUHDVH�E\��������
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���� ,QWHJUDWLRQ�RI�LPSDFWV�
7KH�HPSKDVLV�RI�WKLV�SURMHFW�ZDV�RQ�WKH�LQWHJUDWLRQ�RI�FOLPDWH�DQG�GHPRJUDSKLF�
FKDQJHV�RQ�LQIUDVWUXFWXUH�LQ�+DPLOWRQ�&LW\�DQG�RQ�H[DPLQLQJ�WKHVH�LPSDFWV�ZLWK�D�
FRPPRQ�IUDPHZRUN����
8VLQJ�WKH�UHVXOWV�RI�WKLV�UHVHDUFK��LW�LV�SRVVLEOH�WR�VSHFXODWH�KRZ�LPSDFWV�LQ�RQH�VHFWRU�
FRXOG�LQIOXHQFH�DQRWKHU�VHFWRU���7DEOH���VKRZV�WKH�LPSDFWV�RI�JUDGXDO�FOLPDWH�FKDQJH�
DFURVV�VHFWRUV���5HDGLQJ�WKH�WDEOH�KRUL]RQWDOO\�VKRZV�WKH�LPSDFWV�RI�RQH�VHFWRU�RQ�
DQRWKHU���5HDGLQJ�WKH�WDEOH�YHUWLFDOO\�VKRZV�SRVVLEOH�LPSDFWV�RQ�WKDW�VHFWRU�IURP�DOO�
WKH�V\VWHPV�DQDO\VHG��
$V�FDQ�EH�VHHQ��WKH�LPSDFWV�RI�RQH�LQIUDVWUXFWXUH�V\VWHP�LQ�PDQ\�FDVHV�FRXOG�DOVR�
QHJDWLYHO\�LPSDFW�RQ�WKH�SHUIRUPDQFH�RI�RWKHU�LQIUDVWUXFWXUH�V\VWHPV���7KH�HQHUJ\�
LQIUDVWUXFWXUH�V\VWHPV�DSSHDU�WR�LPSDFW�WKH�ZLGHVW�UDQJH�RI�RWKHU�LQIUDVWUXFWXUH�
VHFWRUV��IROORZHG�E\�WUDQVSRUW���7KDW�LV��WKHVH�WZR�LQIUDVWUXFWXUH�V\VWHPV�KDYH�WKH�
ODUJHVW�QXPEHU�RI�LPSDFWV�FXWWLQJ�DFURVV�VHFWRUV��
5HDGLQJ�WKH�WDEOH�YHUWLFDOO\�LQGLFDWHV�WKDW�SXEOLF�KHDOWK�IROORZHG�E\�DLU�TXDOLW\�DUH�WKH�
VHFWRUV�PRVW�HIIHFWHG�E\�RWKHU�VHFWRUV���7KHVH�LQWHUDFWLRQV�DUH�LPSRUWDQW�EHFDXVH�WKH\�
KDYH�WKH�SRWHQWLDO�WR�PDJQLI\�DQ\�QHJDWLYH�LPSDFWV�FDXVHG�E\�FOLPDWH�FKDQJH�DORQH�LQ�
D�VHFWRU���)RU�H[DPSOH��WKH�ZDWHU�FRQVXPSWLRQ�DQDO\VLV�IRXQG�WKDW�FOLPDWH�FKDQJH�
JHQHUDOO\�KDV�OLPLWHG�LPSDFW�RQ�ZDWHU�XVH���,I�WKLV�DQDO\VLV��KRZHYHU��KDG�WKH�UHVRXUFHV�
WR�H[DPLQH�FRQMXQFWLYH�LPSDFWV�GXH�WR�ZDWHU�TXDOLW\��HQHUJ\�VXSSO\�DQG�RWKHU�
LPSDFWV��QHJDWLYH�LPSDFWV�RI�FOLPDWH�FKDQJH�PD\�KDYH�EHHQ�IRXQG���8QIRUWXQDWHO\��LW�
ZDV�QRW�SRVVLEOH�XQGHU�WKH�WLPH��EXGJHW�DQG�GDWD�FRQVWUDLQWV�RI�WKLV�SURMHFW�WR�TXDQWLI\�
DOO�RI�WKHVH�LQWHUDFWLRQV��
�
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7DEOH����,QWHJUDWLRQ�RI�LQIUDVWUXFWXUH�LPSDFWV�

� :DWHU� 7UDQVSRUW� (QHUJ\� $LU�TXDOLW\� 3XEOLF�KHDOWK�
:DWHU� /LWWOH�LPSDFW�

RQ�ZDWHU�
FRQVXPSWLRQ��
SRVVLEOH�
LQFUHDVH�LQ�
WXUELGLW\�±�
LQFUHDVHG�
WUHDWPHQW�
FRVWV"�

1$� 3RVVLEOH�
LQFUHDVH�LQ�
HQHUJ\�XVH�IRU�
ZDWHU�
WUHDWPHQW�LI�
LQFUHDVHV�LQ�
WXUELGLW\�
UHTXLUH�ODUJHU�
HQHUJ\�LQSXWV�
LQWR�WUHDWPHQW��

1$� /LWWOH�LPSDFW�
RQ�ZDWHU�
GHPDQG�
SRWHQWLDO�IRU�
KHDOWK�LPSDFWV�
LI�ZDWHU�
VXSSO\�
GLVUXSWHG�E\�
H[WUHPH�
HYHQWV��

7UDQVSRUW� 1$� /LWWOH�LPSDFW�
RQ�WULSV��
3RVVLEOH�
LQFUHDVH�LQ�
URDG�UHSDLU�
FRVWV�±�
FRQVHTXHQW�
LQFUHDVH�LQ�
FRQJHVWLRQ"�

1$� ,QFUHDVHG�WULSV�
GXH�WR�
SRSXODWLRQ�
SUHVVXUH�OLNHO\�
WR�LQFUHDVH�
WUDIILF�EDVHG�
DWPRVSKHULF�
SROOXWDQWV��

,QFUHDVHG�DLU�
HPLVVLRQV�
IURP�
LQFUHDVHG�
WUDIILF�SURYLGH�
SRWHQWLDO�IRU�
LQFUHDVHG�
KHDOWK�LPSDFW��

(QHUJ\� 'LVUXSWLRQ�RI�
HOHFWULFLW\�
VXSSO\�FRXOG�
GLVUXSW�ZDWHU�
VXSSO\�DQG�
WUHDWPHQW��

'LVUXSWLRQ�RI�
HOHFWULFLW\�
VXSSO\�FRXOG�
GLVUXSW�WUDIILF�
VLJQDOV�±�
XQOLNHO\�
H[FHSW�LQ�
H[WUHPH�
HYHQWV��

([WHQVLRQ�RI�
VXPPHU�
FRQGLWLRQV�LQWR�
DXWXPQ�PHDQV�
OHVV�HOHFWULFLW\�
GHPDQG�DQG�
UHGXFHG�XVH�RI�
ZRRG�EXUQLQJ�
VWRYHV��
�
,QFUHDVHG�
SHQHWUDWLRQ�RI�
$&�LQ�VXPPHU�
LQFUHDVHV�
VXPPHU�SHDN�

3RWHQWLDO�IRU�
OHVV�HPLVVLRQV�
IURP�ZRRG�
EXUQLQJ�VWRYHV�
LQ�DXWXPQ��

'LVUXSWLRQ�RI�
HOHFWULFLW\�
VXSSO\�FRXOG�
GLVUXSW�SXEOLF�
KHDOWK�
SURYLVLRQ��
3RWHQWLDO�
GHFUHDVH�LQ�DLU�
HPLVVLRQV�
UHODWHG�SXEOLF�
KHDOWK�LVVXHV�
LQ�DXWXPQ��

$LU�TXDOLW\� 3ROOXWLRQ�WR�
DFLG�UDLQ�
LPSDFWV�RQ�
DFLGLW\�RI�
ZDWHU�VXSSO\�

1$� 1$� /LWWOH�LPSDFW�
IURP�JUDGXDO�
FOLPDWH�FKDQJH�
RQ�DLU�TXDOLW\��

3RWHQWLDO�
GHFUHDVH�LQ�DLU�
HPLVVLRQV�
UHODWHG�SXEOLF�
KHDOWK�LVVXHV�
LQ�DXWXPQ��

3XEOLF�KHDOWK� 1$� 1$� 1$� 1$� /LWWOH�LPSDFW�
IURP�JUDGXDO�
FOLPDWH�
FKDQJH�RQ�
SXEOLF�KHDOWK��

�
�� 5HFRPPHQGDWLRQV�DQG�FRQFOXVLRQV�
$V�D�UHVXOW�RI�WKLV�VWXG\��ZH�DUH�DEOH�WR�PDNH�VHYHUDO�UHFRPPHQGDWLRQV�UHODWLQJ�WR�
VHFWRUDO�SROLFLHV�DV�ZHOO�DV�GDWD�UHTXLUHPHQWV�DQG�DUHDV�IRU�IXWXUH�UHVHDUFK��
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���� 3ROLFLHV�
������ *HQHUDO�
$FURVV�DOO�LQIUDVWUXFWXUH�V\VWHPV��SROLF\�PDNHUV�ZRXOG�EH�ZLVH�WR�FRQWLQXH�WR�IRFXV�
RQ�GHPRJUDSKLFV�ZKHQ�SODQQLQJ�IRU�V\VWHP�XSJUDGHV���0DQ\�RI�WKH�LQIUDVWUXFWXUH�
VHFWRUV�ZH�LQYHVWLJDWHG�GHPRQVWUDWHG�JUHDWHU�UHVSRQVLYHQHVV�WR�SRSXODWLRQ�FKDQJHV�
WKDQ�FKDQJHV�LQ�JUDGXDO�FOLPDWH�FKDQJH��$Q\�IXWXUH�SODQQLQJ�GHFLVLRQV�VKRXOG�EH�
VHQVLWLYH�WR�FOLPDWH�FKDQJH��EXW�QRW�GULYHQ�E\�LW��
������ :DWHU�WUHDWPHQW���
:LWK�UHVSHFW�WR�ZDWHU�WUHDWPHQW��ZKLOH�PRGHVW�GHFUHDVHV�LQ�ZDWHU�FODULW\�ZRXOG�KDYH�
QHJOLJLEOH�LPSDFW�RQ�ZDWHU�WUHDWPHQW�FRVWV��FLW\�SODQQHUV�VKRXOG�NHHS�VXFK�FKDQJHV�LQ�
PLQG�ZKHQ�PDNLQJ�HTXLSPHQW�LQYHVWPHQW�GHFLVLRQV���7KLV�WKLQNLQJ�DOVR�H[WHQGV�
EH\RQG�WXUELGLW\�DQG�ZDWHU�WUHDWPHQW��LQ�WKDW�VRPH�RI�WKH�PRUH�VXEWOH�LPSDFWV�RI�
FOLPDWH�FKDQJH�±�VXFK�DV�ZDWHU�FODULW\�±�PD\�RFFXU�ZKHUH�FLWLHV�IDFH�XQIRUHVHHQ�
LPSDFWV�RQ�LQIUDVWUXFWXUH�FDSDELOLWLHV���+DPLOWRQ�&LW\�ZRXOG�EH�ZLVH�WR�FRQVLGHU�ZKDW�
RWKHU�IDFWRUV��EH\RQG�WXUELGLW\��LQIOXHQFH�WKH�FRVWV�DQG�RU�HIIHFWLYHQHVV�RI�ZDWHU�
WUHDWPHQW�DQG�DVFHUWDLQ�ZKHWKHU�FKDQJHV�LQ�FOLPDWH�FRXOG�OHDG�WR�FKDQJHV�LQ�WKHVH�
IDFWRUV��ZKLFK�LQ�WXUQ�FRXOG�OHDG�WR�FRVWO\�FKDQJHV�LQ�HTXLSPHQW�RU�SURFHVV�QHHGV��
������ (OHFWULFLW\�XVH�
,Q�DGGLWLRQ�WR�SODQQLQJ�IRU�FKDQJHV�LQ�+DPLOWRQ�&LW\�GHPRJUDSKLFV��HOHFWULFLW\�
GLVWULEXWLRQ�DQG�UHWDLO�FRPSDQLHV�QHHG�WR�FRQVLGHU�WKH�LPSDFW�RI�FKDQJHV�LQ�DPELHQW�
WHPSHUDWXUHV�RQ�FLUFXLW�UHVLVWLYLW\���7KH�1HZ�=HDODQG�HOHFWULFLW\�PDUNHW�LV�KLJKO\�
FRPSHWLWLYH���&KDQJHV�LQ�RSHUDWLQJ�FRVWV�±�HYHQ�VPDOO�LQFUHDVHV�±�FRXOG�LPSDFW�RQ�WKH�
FRPSDQ\
V�SURILWDELOLW\�DQG�FRPSHWLWLYHQHVV��
������ $LU�TXDOLW\�
$GDSWDWLRQ�WR�FKDQJHV�LQ�DLU�TXDOLW\��HVSHFLDOO\�LQ�WHUPV�RI�SXEOLF�KHDOWK��FDQ�RFFXU�RQ�
VHYHUDO�IURQWV�LQFOXGLQJ��
•� /HJLVODWLYH�RSWLRQV��HPLVVLRQ�FRQWUROV��WUDIILF�UHVWULFWLRQV�
•� 7HFKQLFDO�RSWLRQV��LPSURYHG�SXEOLF�WUDQVSRUW��LPSURYHG�LQVXODWLRQ��KLJKHU�HQHUJ\�

HIILFLHQF\��FDWDO\WLF�FRQYHUWHUV��VPRNH�VWDFNV�
•� (GXFDWLRQDO�DGYLVRU\��SROOXWLRQ�ZDUQLQJ�
•� &XOWXUDO�DQG�EHKDYLRXUDO��FDUSRROLQJ��
$OO�WKHVH�VWUDWHJLHV�DUH�LPSRUWDQW�LQ�+DPLOWRQ���,Q�DGGLWLRQ��WKH�ORFDO�FRQWH[W�UHTXLUHV�
D�VKLIW�LQ�UHTXLUHPHQWV�DQG�DWWLWXGHV�WR�VWDQGDUGV�IRU�KRXVLQJ�FRQVWUXFWLRQ�DQG�WKH�
DSSURDFK�WR�KRPH�KHDWLQJ��
������ 3XEOLF�KHDOWK��
5HGXFLQJ�YXOQHUDELOLW\�WR�FOLPDWH�FKDQJH�ZLOO�UHTXLUH�ERWK�WKH�SXEOLF�DQG�KHDOWK�
SURYLGHUV�WR�PDLQWDLQ�WKH�FKDQJHV�LQ�EHKDYLRXUV�DQG�LPSURYHPHQWV�LQ�KHDOWK�FDUH�DQG�
WHFKQRORJ\�DW�UDWHV�FRPSDUDEOH�WR�WKRVH�REVHUYHG�LQ�WKH�SDVW��
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���� 'DWD�QHHGV�DQG�IXWXUH�UHVHDUFK�
$V�ZLWK�DOO�UHVHDUFK�SURMHFWV��WKH�VFRSH�RI�&/,1=,�KDV�EHHQ�GLFWDWHG�WR�D�ODUJH�H[WHQW�
E\�WKH�DYDLODELOLW\�RI�GDWD���0RUH�H[WHQVLYH�FROOHFWLRQ�RI�WLPH�VHULHV�GDWD�IRU�HDFK�RI�
WKH�UHOHYDQW�LQIUDVWUXFWXUH�V\VWHPV�DQG�VHUYLFHV�ZRXOG�HQDEOH�UHVHDUFK�H[SDQVLRQ�LQ�
WKUHH�DVSHFWV��WHPSRUDO�GHWDLO��VSDWLDO�VFRSH��DQG�FOLPDWH�H[WUHPHV���5DWKHU�WKDQ�
PRGHOOLQJ�FOLPDWH�FKDQJHV�DQG�LPSDFWV�RQ�LQIUDVWUXFWXUH�XVLQJ�D�PRQWKO\�WLPH�VWHS��LW�
LV�QHFHVVDU\�WR�FRQGXFW�IXWXUH�UHVHDUFK�DW�D�GDLO\�OHYHO���7KLV�ZLOO�DOORZ�JUHDWHU�
FRQQHFWLRQ�DPRQJ�FOLPDWH�HYHQWV��LQIUDVWUXFWXUH�LPSDFWV��DQG�LQIUDVWUXFWXUH�
PDQDJHPHQW��
7KH�VSDWLDO�VFRSH�RI�WKLV�VWXG\�ZDV�OLPLWHG�EHFDXVH�RI�UHVRXUFH�FRQVWUDLQWV���+RZHYHU��
IXWXUH�UHVHDUFK�QHHGV�WR�H[SDQG�WKH�VWXG\�ERXQGDU\�WR�LQFOXGH�WKH�ZLGHU�LQIUDVWUXFWXUH�
V\VWHPV�WKDW�IHHG�+DPLOWRQ�&LW\���)RU�H[DPSOH��LW�LV�LPSRUWDQW�WR�FRQVLGHU�QRW�RQO\�WKH�
HOHFWULFLW\�GLVWULEXWLRQ�V\VWHP�ZLWKLQ�+DPLOWRQ�&LW\��EXW�DOVR�WKH�HOHFWULFLW\�JHQHUDWLRQ�
DQG�VXSSO\�V\VWHPV�WKDW�IHHG�WKH�FLW\���7KHVH�SK\VLFDO�VWUXFWXUHV��ZKLFK�OLH�RXWVLGH�WKH�
FLW\�ERXQGDU\��DUH�DOVR�YXOQHUDEOH�WR�FKDQJHV�LQ�FOLPDWH��DQG�WKLV�YXOQHUDELOLW\�QHHGV�
WR�EH�FRQVLGHUHG�DQ�LQWHJUDO�SDUW�RI�DQ\�IXWXUH�UHVHDUFK�RQ�FOLPDWH�FKDQJH�LPSDFWV�RQ�
+DPLOWRQ�&LW\��
7KH�UHOHYDQFH�RI�WKLV�VWXG\�KDV�DOVR�EHHQ�OLPLWHG�E\�LQYHVWLJDWLQJ�RQO\�JUDGXDO�FOLPDWH�
FKDQJHV���0DQ\�LQIUDVWUXFWXUH�V\VWHPV�DUH�GHVLJQHG�RQ�WKH�EDVLV�RI�DFFRPPRGDWLQJ�
H[WUHPH�HYHQWV�DQG�IXWXUH�UHVHDUFK�RQ�FOLPDWH�FKDQJH�LPSDFWV�RQ�LQIUDVWUXFWXUH�PXVW�
LQFOXGH�DQ�DOORZDQFH�IRU�FKDQJHV�LQ�WKH�IUHTXHQF\�DQG�LQWHQVLW\�RI�H[WUHPH�ZHDWKHU�
HYHQWV��
�
�� 5HIHUHQFHV�
�
$PDWR��$��'���0��5XWK��3��.LUVKHQ��DQG�-��+RUZLW]��������5HJLRQDO�HQHUJ\�GHPDQG�

UHVSRQVHV�WR�FOLPDWH�FKDQJH��PHWKRGRORJ\�DQG�DSSOLFDWLRQ�WR�WKH�
FRPPRQZHDOWK�RI�0DVVDFKXVHWWV��&OLPDWLF�&KDQJH����������������

%ORRPILHOG��-���0��6PLWK��DQG�1��7KRPSVRQ��������+RW�1LJKWV�LQ�WKH�&LW\��*OREDO�
:DUPLQJ��6HD�/HYHO�5LVH�DQG�WKH�1HZ�<RUN�0HWURSROLWDQ�5HJLRQ��
(QYLURQPHQWDO�'HIHQVH�)XQG��:DVKLQJWRQ��'�&��

%RXVWHDG��,���DQG�%��<DURV��������(OHFWULFLW\�VXSSO\�LQGXVWU\�LQ�1RUWK�$PHULFD��
5HVRXUFHV��&RQVHUYDWLRQ��5HF\FOLQJ�����±������±�����

&RKHQ��6��-��������,QWHJUDWHG�UHJLRQDO�DVVHVVPHQW�RI�JOREDO�FOLPDWLF�FKDQJH��/HVVRQV�
IURP�WKH�0DFNHQ]LH�%DVLQ�,PSDFW�6WXG\��0%,6���*OREDO�DQG�3ODQHWDU\�
&KDQJH������������

&RKHQ��6��-��������:KDW�LI�DQG�VR�ZKDW�LQ�QRUWKZHVW�&DQDGD��&RXOG�FOLPDWH�FKDQJH�
PDNH�D�GLIIHUHQFH�WR�WKH�IXWXUH�RI�WKH�0DFNHQ]LH�EDVLQ"�$UFWLF������������

(OZRRG��0���DQG�=��7KH�5R\DO�6RFLHW\�RI�1HZ��������+HDOWK�(IIHFWV�RI�,QFUHDVHV�LQ�
8OWUDYLROHW�5DGLDWLRQ��3DJHV����LQ�,QGXVWU\�UHVHDUFK�SULRULWLHV�IRU�FOLPDWH�
FKDQJH��7KH�5R\DO�6RFLHW\�RI�1HZ�=HDODQG��:HOOLQJWRQ��

(QHUJ\�(IILFLHQF\�DQG�&RQVHUYDWLRQ�$XWKRULW\��������'UDIW�(QHUJ\�(QG�8VH�'DWD�
%DVH��(QHUJ\�(IILFLHQF\�DQG�&RQVHUYDWLRQ�$XWKRULW\��:HOOLQJWRQ��1HZ�
=HDODQG��

)LW]KDUULV��%���DQG�&��*DUU��������&OLPDWH��ZDWHU�UHVRXUFHV�DQG�HOHFWULFLW\��3DJHV����±
����LQ�:��%RXPD��*��3HDPDQ��DQG�0��0DQQLQJ��HGLWRUV��*UHHQKRXVH�²�
FRSLQJ�ZLWK�FOLPDWH�FKDQJH��

*LOOHW��1��3���DQG�:��-��7KRPSVRQ��������6LPXODWLRQ�RI�5HFHQW�6RXWKHUQ�+HPLVSKHUH�
&OLPDWH�&KDQJH��6FLHQFH��������±�����
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+RXJKWRQ��-��7���<��'LQJ��'��-��*ULJJV��0��1RJXHU��3��-��YDQ�GHU�/LQGHQ��;��'DL��.��
0DVNHOO��DQG�&��$��-RKQVRQ��HGLWRUV��������&OLPDWH�&KDQJH��������7KH�
6FLHQWLILF�%DVLV��&DPEULGJH�8QLYHUVLW\�3UHVV��&DPEULGJH��

+XDQJ��*��+���6��-��&RKHQ��<��<��<LQ��DQG�%��%DVV��������/DQG�UHVRXUFHV�DGDSWDWLRQ�
SODQQLQJ�XQGHU�FKDQJLQJ�FOLPDWH�²�D�VWXG\�IRU�WKH�0DFNHQ]LH�%DVLQ��
5HVRXUFHV�&RQVHUYDWLRQ�DQG�5HF\FOLQJ�����������

,3&&��7��,��3��R��&��&��������&OLPDWH�&KDQJH�������:RUNLQJ�*URXS�,,��,PSDFWV��
$GDSWDWLRQ�DQG�9XOQHUDELOLW\��$YDLODEOH�DW�
KWWS���ZZZ�JULGD�QR�FOLPDWH�LSFFBWDU�ZJ��LQGH[�KWP��

.LUVKHQ��3��+���0��5XWK��:��$QGHUVRQ��7��5��/DNVKPDQDQ��6��&KDSUD��:��&KXG\N��/��
(GJHUV��'��*XWH��0��6DQD\HL��DQG�5��9RJHO��������&OLPDWH
V�/RQJ�WHUP�
,PSDFWV�RQ�0HWUR�%RVWRQ��)LQDO�5HSRUW�WR�WKH�86�(3$��2IILFH�RI�5HVHDUFK�DQG�
'HYHORSPHQW��:DVKLQJWRQ��'�&��

.RWHHQ��/���-��%ORRPILHOG��7��(LFKOHU��&��7RQQH��5��<RXQJ��+��3RXOVKRFN��DQG�$��
6RVOHU��������+RW�3URVSHFWV��7KH�3RWHQWLDO�,PSDFWV�RI�*OREDO�:DUPLQJ�RQ�/RV�
$QJHOHV�DQG�WKH�6RXWKODQG��(QYLURQPHQWDO�'HIHQVH�)XQG��:DVKLQJWRQ��'�&��

/DNVKPDQDQ��7���DQG�:��$QGHUVRQ��������5HVLGHQWLDO�HQHUJ\�GHPDQG�LQ�WKH�8QLWHG�
6WDWHV��D�UHJLRQDO�HFRQRPHWULF�DQDO\VLV��5HJLRQDO�6FLHQFH�DQG�8UEDQ�(FRORJ\�
������±�����

0LQLVWU\�IRU�WKH�(QYLURQPHQW��������&OLPDWH�&KDQJH�,PSDFWV�RQ�1HZ�=HDODQG��
0(�����0LQLVWU\�IRU�WKH�(QYLURQPHQW��:HOOLQJWRQ��$YDLODEOH�DW�
KWWS���ZZZ�PIH�JRYW�Q]�SXEOLFDWLRQV�FOLPDWH�LPSDFWV�UHSRUW�MXQ���SGI��

2IILFH�RI�6FLHQFH�DQG�7HFKQRORJ\��3��������&OLPDWH�FKDQJH��VWDWH�RI�NQRZOHGJH��
([HFXWLYH�2IILFH�RI�WKH�3UHVLGHQW��:DVKLQJWRQ��'�&��

3DWWHUVRQ��0��*���*��:��0F'RQDOG��1��(��*ROXELHZVNL��9��(��)RUJLH��DQG�1��$��
-ROODQGV��LQ�SUHVV��&OLPDWH�FKDQJH�LPSDFWV�RQ�UHJLRQDO�GHYHORSPHQW�DQG�
VXVWDLQDELOLW\��$Q�DQDO\VLV�RI�1HZ�=HDODQG�UHJLRQV��3DJHV���±����LQ�0��5XWK��
HGLWRU��6PDUW�JURZWK�DQG�FOLPDWH�FKDQJH��5HJLRQDO�GHYHORSPHQW��
LQIUDVWUXFWXUH�DQG�DGDSWDWLRQ��(GZDUG�(OJDU�3XEOLVKLQJ��&KHOWHQKDP��8.��

3HQQH\��$��&��������&OLPDWH�'DWDEDVH��&/,'%��XVHU¶V�PDQXDO���WK�HGLWLRQ�1DWLRQDO�
,QVWLWXWH�RI�:DWHU�DQG�$WPRVSKHULF�5HVHDUFK�������

5RVHQ]ZHLJ��&���:��6ROHFNL��&��3DLQH��9��*RUQLW]��(��+DUWLJ��.��-DFRE��'��0DMRU��3��
.LQQH\��'��+LOO��DQG�5��=LPPHUPDQ��������&OLPDWH�&KDQJH�DQG�D�*OREDO�&LW\��
$Q�$VVHVVPHQW�RI�WKH�0HWURSROLWDQ�(DVW�&RDVW�5HJLRQ��8�6��*OREDO�&KDQJH�
5HVHDUFK�3URJUDP��$YDLODEOH�DW�KWWS���PHWURHDVWBFOLPDWH�FLHVLQ�FROXPELD�HGX���

5XWK��0���.��'RQDJK\��DQG�3��.LUVKHQ��������&OLPDWH�&KDQJH�DQG�9DULDELOLW\��ORFDO�
LPSDFWV�DQG�UHVSRQVHV��(GZDUG�(OJDU��&KHOWHQKDP��

6DLORU��'��-���DQG�-��5��0XQR]��������6HQVLWLYLW\�RI�HOHFWULFLW\�DQG�QDWXUDO�JDV�
FRQVXPSWLRQ�WR�FOLPDWH�LQ�WKH�86$����PHWKRGRORJ\�DQG�UHVXOWV�IRU�HLJKW�VWDWHV��
(QHUJ\�����������±�����

6FKPDQGW��-���DQG�-��&ODUNVRQ��������7KH�UHJLRQV�DQG�JOREDO�ZDUPLQJ��,PSDFWV�DQG�
UHVSRQVH�VWUDWHJLHV��2[IRUG�8QLYHUVLW\�3UHVV��1HZ�<RUN��

6WDWLVWLFV�1HZ�=HDODQG��������6XEQDWLRQDO�SRSXODWLRQ�SURMHFWLRQV�������EDVH����������
$YDLODEOH�DW�ZZZ�VWDWV�JRYW�Q]��

9RJHO��5��0���DQG�$��/��6KDOOFURVV��������7KH�PRYLQJ�EORFNV�ERRWVWUDS�YHUVXV�
SDUDPHWULF�WLPH�VHULHV�PRGHOV��:DWHU�5HVRXUFHV�5HVHDUFK�����������±������

:LOWRQ��(��������$LU�4XDOLW\�0RQLWRULQJ�������'RFXPHQW����������(QYLURQPHQW�
:DLNDWR��+DPLOWRQ������$YDLODEOH�DW�
KWWS���ZZZ�HZ�JRYW�Q]�SXEOLFDWLRQV�LQGH[�KWP"SXEFDWHJRU\ ���
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:RRGZDUG��$���6��+DOHV��DQG�1��GH�:HW��������&OLPDWH�FKDQJH��SRWHQWLDO�HIIHFWV�RQ�
KXPDQ�KHDOWK�LQ�1HZ�=HDODQG��,6%1����������������0LQLVWU\�IRU�WKH�
(QYLURQPHQW��:HOOLQJWRQ��1�=��$YDLODEOH�DW�ZZZ�FOLPDWHFKDQJH�JRYW�Q]��

�
�
$SSHQGL[�$�

7DEOH����0RQWKO\�&OLPDWH�9DULDEOHV�XVHG�LQ�UHJUHVVLRQ�DQDO\VLV�

9DULDEOH� 'HVFULSWLRQ�
$YJ:LQG6SG�� 0RQWKO\�DYHUDJH�ZLQG�VSHHG��PSV��
&''���;��

7RWDO�FRROLQJ�GHJUHH�GD\V�GXULQJ�PRQWK�EDVHG�RQ���KU�PHDQ�WHPSV��XVLQJ�
;�&�DV�WKH�WKUHVKROG�WHPS��

&''/�;��
7RWDO�FRROLQJ�GHJUHH�GD\V�GXULQJ�PRQWK�EDVHG�RQ�GD\OLJKW�PHDQ�WHPSV��XVLQJ�
;�&�DV�WKH�WKUHVKROG�WHPS��

'D\V$ERYH���� 1XPEHU�RI�GD\V�GXULQJ�WKH�PRQWK�ZLWK�PD[�WHPS�DERYH����&�
'D\V%HORZ��� 1XPEHU�RI�GD\V�GXULQJ�WKH�PRQWK�ZLWK�PLQ�WHPS�EHORZ���&�
'D\V1R5DLQ�� 1XPEHU�RI�GD\V�GXULQJ�WKH�PRQWK�ZLWK�QR�UDLQIDOO�
'D\V5DLQ$ERYH���� 1XPEHU�RI�GD\V�GXULQJ�PRQWK�ZLWK�UDLQIDOO�DERYH���PP�
+''���;��

7RWDO�KHDWLQJ�GHJUHH�GD\V�GXULQJ�PRQWK�EDVHG�RQ���KU�PHDQ�WHPSV��XVLQJ�
;�&�DV�WKH�WKUHVKROG�WHPS��

+''/�;��
7RWDO�KHDWLQJ�GHJUHH�GD\V�GXULQJ�PRQWK�EDVHG�RQ�GD\OLJKW�PHDQ�WHPSV��XVLQJ�
;�&�DV�WKH�WKUHVKROG�WHPS��

0D[0HDQ��� 0RQWKO\�PHDQ�PD[LPXP�GDLO\�WHPSHUDWXUH���&��
0D[5DLQOHVV6WN��

OHQJWK��LQ�GD\V��RI�WKH�ORQJHVW�SHULRG�ZLWK�QR�UDLQIDOO��FRXQWLQJ�VWUHDNV�WKDW�
EHJLQ�EHIRUH�WKH�PRQWK�LQ�TXHVWLRQ��

0HDQ��7HPS��
0RQWKO\�PHDQ�RI�GDLO\�PHDQ���KU�WHPSV��FDOFXODWHG�DV�D�GD\OLJKW�GHSHQGHQW�
ZHLJKWHG�DYHUDJH�RI�PLQ�DQG�PD[�WHPSV�IRU�HDFK�GD\����&��

0HDQ/JW7HPS��
0RQWKO\�PHDQ�RI�GDLO\�PHDQ�GD\OLJKW�WHPSV��FDOFXODWHG�DV����
PD[WHPS���
���
PLQWHPS�IRU�HDFK�GD\����&��

0LQ0HDQ��� 0RQWKO\�PHDQ�PLQLPXP�GDLO\�WHPSHUDWXUH���&��
0RQWK5DLQ�� 7RWDO�PRQWKO\�UDLQIDOO��PP��
0D[;'D\5DLQ�

0D[LPXP�WRWDO�UDLQIDOO�GXULQJ�D�;�GD\�SHULRG�GXULQJ�WKH�PRQWK��YDOXHV�
JHQHUDWHG�IRU�;� ����������DQG�����

PD[WHPS� 0D[LPXP�PD[�WHPS�GXULQJ�PRQWK�
PLQWHPS� 0LQLPXP�PLQ�WHPS�GXULQJ�PRQWK�
VWUHDNDERYH��� /RQJHVW�VWUHDN�RI�GD\V�DW�RU�DERYH����GHJUHHV�&�
VWUHDNEHORZ�� /RQJHVW�VWUHDN�RI�GD\V�DW�RU�EHORZ���GHJUHHV�&�
VWUHDNV��B�GD\� 1XPEHU�RI���GD\�VWUHDNV�DW�RU�DERYH����GHJUHHV�&�
VWUHDNV�B�GD\� 1XPEHU�RI���GD\�VWUHDNV�DW�RU�EHORZ���GHJUHHV�&�
00UDLQ���
�

7RWDO�QXPEHU�RI�PLOOLPHWUHV�RI�UDLQ�DERYH����SHU�GD\�GXULQJ�WKH�PRQWK�
�VLPLODU�WR�KHDWLQJ�FRROLQJ�GHJUHH�GD\V��

�
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�
$SSHQGL[�%�

7DEOH����5HJUHVVLRQ�UHVXOWV�IRU�WKH�ZDWHU�FRQVXPSWLRQ�PRGHO�

3UDLV�:LQVWHQ�$5���� � � � � �
2EVHUYDWLRQV� ���� )�������� ������� 5�� �������
'XUELQ�:DWVRQ��RULJLQDO�� ��������� 5RRW�06(� ������� $GMXVWHG�5�� �������
'XUELQ�:DWVRQ��WUDQV�� ��������� 5KR� ��������� � �

�

6RXUFH� 66����� GI����� 06��������
0RGHO� ����������� ��� �����������
5HVLGXDO� ����������� ��� �����������
7RWDO� ����������� ���� �����������

�
3DUDPHWHU� &RHIILFLHQW� 6WG��(UU� W� 3!_W_� >����&RQI��,QWHUYDO@�
-DQXDU\� ����� ����� ����� ������ ���������� ���������
)HEUXDU\� ����� ����� ����� ������ ��������� ���������
0DUFK� ������ ����� ������ ������ ���������� ���������
$SULO� ����� ����� ������ ������ ���������� ����������
0D\� ����� ����� ������ ������ ���������� ����������
-XQH� ����� ����� ������ ������ ���������� ����������
-XO\� ����� ����� ������ ������ ���������� ����������
$XJXVW� ����� ����� ������ ������ ���������� ����������
6HSWHPEHU� ����� ����� ������ ������ ���������� ����������
2FWREHU� ����� ����� ������ ������ ���������� ����������
1RYHPEHU� ������ ����� ������ ������ ���������� ���������
VWUHDNV��Ba\� ������ ����� ������ �������� ��������� �
PD[�GD\UDLQ� �������� ������� ������ ������ ���������� ����������
PHDQOJWWHPS� ����� ������ ����� ������ ��������� ���������
PD[UDLQOHVaN� ������� ����� ������ ��������� ��������� �
GD\VQRUDLQ� ������ ������ ����� ������ ��������� ���������
BFRQV� ����� ����� ������� ������ ��������� ���������

�
�

7DEOH����5HJUHVVLRQ�UHVXOWV�IRU�WKH�WXUELGLW\�PRGHO��ZDWHU�TXDOLW\�SUR[\��

3UDLV�:LQVWHQ�$5���� � � � � �
2EVHUYDWLRQV� ��� )�������� ����� 5�� �������
'XUELQ�:DWVRQ��RULJLQDO�� ��������� 5RRW�06(� ������� $GMXVWHG�5�� �������
'XUELQ�:DWVRQ��WUDQV�� ��������� 5KR� ��������� � �

�
�

6RXUFH� 66� GI� 06�
0RGHO� ���������� ��� �����������
5HVLGXDO� ����������� ��� �����������
7RWDO� ����������� ��� �����������

�
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3DUDPHWHU� &RHIILFLHQW� 6WG��(UU�� W� 3!_W_� >����&RQI��LQWHUYDO@�
OQRUDLQ� ������ ���� ������ ������ ���������� ����������
GD\VEHORZ�� ������ ���� ������ ������ ���������� ����������
-DQXDU\� ���� ���� ����� ������ ���������� ���������
)HEUXDU\� ����� ���� ����� ������ ���������� ���������
0DUFK� ���� ���� ����� ������ ��������� ���������
$SULO� ���� ���� ����� ������ ���������� ���������
0D\� ������ ���� ����� ������ ���������� ���������
-XQH� ����� ���� ����� ������ �������� ���������
-XO\� ����� ���� ����� ������ ��������� ���������
$XJXVW� ����� ���� ����� ������ ���������� ���������
6HSWHPEHU� ���� ���� ����� ������ ��������� ���������
2FWREHU� ����� ���� ������ ������ ���������� ���������
1RYHPEHU� ������ ���� ������ ������ ���������� ���������
FRQVWDQW� ����� ����� ����� ������ ��������� ���������

�
$SSHQGL[�&�
�

7DEOH�����5HJUHVVLRQ�UHVXOWV�IRU�WKH�PRGHO�RI�WULSV�SHU�FDSLWD�

3UDLV�:LQVWHQ�$5���� � � � � �
2EVHUYDWLRQV� ��� )�������� ������� 5�� �������
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