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&RQVLVWHQW��DFFXUDWH��KLJK�UHVROXWLRQ��ORQJ�WLPH�VHULHV�PDSSLQJ�RI���

EXLOW�XS�ODQG�LQ�WKH�1RUWK�&KLQD�3ODLQ����

���
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&RQVLVWHQW��DFFXUDWH��KLJK�UHVROXWLRQ��ORQJ�WLPH�VHULHV�PDSSLQJ�RI����

EXLOW�XS�ODQG�LQ�WKH�1RUWK�&KLQD�3ODLQ�����

$FFXUDWH��ORQJ�WLPH�VHULHV��KLJK�UHVROXWLRQ�PDSSLQJ�RI�EXLOW�XS�ODQG�G\QDPLFV�LV����
HVVHQWLDO�IRU�XQGHUVWDQGLQJ�XUEDQL]DWLRQ�DQG�LWV�HQYLURQPHQWDO�LPSDFWV��'HVSLWH����
DGYDQFHV�LQ�UHPRWH�VHQVLQJ�DQG�FODVVLILFDWLRQ�DOJRULWKPV��EXLOW�XS�ODQG�PDSSLQJ����
ZKLFK�RQO\�XVHV�VSHFWUDO�GDWD�DQG�GHULYHG�LQGLFHV�UHPDLQV�SURQH�WR�XQFHUWDLQW\�����
:H�PDSSHG�WKH�H[WHQW�RI�EXLOW�XS�ODQG�LQ�WKH�1RUWK�&KLQD�3ODLQ��RQH�RI�&KLQD
V����
PRVW�LPSRUWDQW�DJULFXOWXUDO�UHJLRQV��IURP������WR������DW�WKUHH�\HDUO\�LQWHUYDOV����
DQG���P�VSDWLDO�UHVROXWLRQ��:H�DSSOLHG�'LVFUHWH�)RXULHU�7UDQVIRUPDWLRQ�WR�GHQVH����
WLPH�VWDFN�/DQGVDW�GDWD�WR�FUHDWH�)RXULHU�SUHGLFWRUV�WR�UHGXFH�PDSSLQJ����
XQFHUWDLQW\��$V�D�UHVXOW��ZH�LPSURYHG�WKH�RYHUDOO�DFFXUDF\�RI�EXLOW�XS�ODQG����
PDSSLQJ�E\����FRPSDUHG�WR�XVLQJ�VSHFWUDO�GDWD�DQG�GHULYHG�LQGLFHV��,Q�DGGLWLRQ�����
D�WHPSRUDO�FRUUHFWLRQ�DOJRULWKP�DSSOLHG�WR�UHPRYH�PLVFODVVLILHG�SL[HOV�IXUWKHU����
LPSURYHG�PDSSLQJ�DFFXUDF\�WR�D�FRQVLVWHQWO\�KLJK�OHYHO��!�����RYHU�WKH�WLPH����
SHULRGV��$�FURVV�SURGXFW�FRPSDULVRQ�VKRZHG�WKDW�RXU�PDSV�DFKLHYHG�WKH�KLJKHVW����
DFFXUDFLHV�DFURVV�DOO�\HDUV��7KH�EXLOW�XS�ODQG�DUHD�LQ�WKH�1RUWK�&KLQD�3ODLQ����
LQFUHDVHG�IURP��������NP��LQ�����±�����WR���������NP��LQ�����±���������
&RQVLVWHQW��KLJK�DFFXUDF\��ORQJ�WLPH�VHULHV�EXLOW�XS�ODQG�PDSSLQJ�SURYLGHV�D����
UHOLDEOH�EDVLV�IRU�IRUPXODWLQJ�SROLF\�DQG�SODQQLQJ�LQ�RQH�RI�WKH�PRVW�UDSLGO\����
XUEDQL]LQJ�UHJLRQV�RQ�WKLV�SODQHW�����

.H\ZRUGV��EXLOW�XS�ODQG��XUEDQL]DWLRQ��)RXULHU�WUDQVIRUPDWLRQ��UHPRWH�VHQVLQJ�����
WLPH�VHULHV����

,QWURGXFWLRQ����

(FRQRPLF�GHYHORSPHQW�DQG�SRSXODWLRQ�JURZWK�KDYH�OHG�WR�GUDVWLF�FKDQJHV�LQ�WKH�(DUWK
V����

WHUUHVWULDO�VXUIDFH��QRW�OHDVW�WKURXJK�WKH�H[SDQVLRQ�RI�EXLOW�XS�ODQGV��(OPRUH�HW�DO������������

ZLWK�XUEDQL]DWLRQ�FRQWLQXLQJ�WR�DFFHOHUDWH��8QLWHG�1DWLRQV��������%XLOW�XS�ODQG�LV����

GHILQHG�DV�ODQG�XVH�FRPSULVLQJ�PRUH�WKDQ�����KXPDQ�PDGH�VWUXFWXUHV�VXFK�DV�URDGV�����

EXLOGLQJV��DQG�DJULFXOWXUDO�DQG�LQGXVWULDO�IDFLOLWLHV��6FKQHLGHU�DQG�0HUWHV��������%XLOW����

XS�ODQG�H[WHQW�LV�DQ�HVVHQWLDO�GDWD�LQSXW�IRU�WKH�DQDO\VLV�RI�ZDWHU�DQG�FDUERQ�F\FOLQJ����

�&KHQ�HW�DO��������+RX�HW�DO��������:DQJ�HW�DO���������SROOXWLRQ��6KULYDVWDYD�HW�DO�����������



�

�

<XH�HW�DO���������DJULFXOWXUDO�SURGXFWLRQ��%URZQ��������ELRGLYHUVLW\�FRQVHUYDWLRQ����

�)LOD]]ROD��6KUHVWKD��DQG�0DF,YRU��������HFRV\VWHP�VHUYLFHV��%U\DQ�HW�DO�����������

&DOGHUyQ�/RRU��+DGMLNDNRX��DQG�%U\DQ�������<H�HW�DO���������DQG�FOLPDWH��/DPE�HW�DO�����

������.XDQJ�HW�DO������������

7UDFNLQJ�EXLOW�XS�ODQG�RYHU�ORQJ�SHULRGV�LV�D�VLJQLILFDQW�FKDOOHQJH�EHFDXVH����

UDQGRP�PLVFODVVLILFDWLRQV�FRPSURPLVH�WKH�FRQVLVWHQF\�RI�PXOWL�WHPSRUDO�PDSSLQJ��)RU����

H[DPSOH��WKH�VRLO�VXUIDFH�RI�IDOORZ�FURSODQG�KDV�VLPLODU�VSHFWUDO�FKDUDFWHULVWLFV�WR�EXLOW����

XS�ODQG�DQG�LV�FRPPRQO\�UHSRUWHG�DV�D�VRXUFH�RI�FRQIXVLRQ�LQ�EXLOW�XS�ODQG�PDSSLQJ�LQ����

PL[HG�XUEDQ�DJUDULDQ�UHJLRQV��*RQJ�HW�DO��������/L��*RQJ��DQG�/LDQJ�������/L�HW�DO�����

�������,Q�DGGLWLRQ��UDQGRP�QRLVH�VXFK�DV�FORXG�DQG�FORXG�VKDGRZV�FDQ�DOVR�OHDG�WR����

LQFRQVLVWHQFLHV�LQ�EXLOW�XS�ODQG�PDSSLQJ��)RJD�HW�DO���������7KHUHIRUH��UHPRYLQJ�WKHVH����

QRLVH�VRXUFHV�LV�HVVHQWLDO�WR�PDLQWDLQ�FRQVLVWHQF\�LQ�ORQJ�WLPH�VHULHV�EXLOW�XS�ODQG����

PDSSLQJ�DQG�HQDEOH�WKH�UHOLDEOH�DVVHVVPHQW�RI�WHPSRUDO�WUHQGV�LQ�XUEDQL]DWLRQ�DQG����

XUEDQ�ODQG�FKDQJH�G\QDPLFV������

2SHQ�GDWD�SROLFLHV�FRPELQHG�ZLWK�DGYDQFHV�LQ�FRPSXWDWLRQ�IDFLOLWLHV�DQG����

LQQRYDWLYH�DOJRULWKPV�KDYH�HQDEOHG�EXLOW�XS�ODQG�WR�EH�PDSSHG�DW�KLJKHU�UHVROXWLRQ����

DFURVV�ODUJHU�H[WHQWV��DW�JUHDWHU�WHPSRUDO�IUHTXHQF\��DQG�RYHU�ORQJHU�WLPH�SHULRGV��/L����

DQG�*RQJ��������7ZR�VWUDWHJLHV�DUH�W\SLFDOO\�XVHG�WR�LQFUHDVH�PDSSLQJ�DFFXUDF\�DQG����

UHGXFH�LQFRQVLVWHQFLHV�RYHU�WLPH�����LQWHJUDWLQJ�PXOWLVRXUFH�GDWD�DQG����XVLQJ�WHPSRUDO����

FRQVLVWHQF\�FRUUHFWLRQ��)RU�H[DPSOH��9LVLEOH�,QIUDUHG�,PDJLQJ�5DGLRPHWHU�6XLWH����

�9,,56��QLJKWWLPH�OLJKW��17/��GDWD�KDV�EHHQ�XVHG�DV�D�ELQDU\�PDVN�WR�H[FOXGH�QRQ����

XUEDQ�ODQG��*RQJ�HW�DO��������+H�HW�DO��������/LX�HW�DO��������*XR�HW�DO���������6HQWLQHO����

��6\QWKHWLF�$SHUWXUH�5DGDU��6$5��GDWD�KDV�EHHQ�PHUJHG�ZLWK�/DQGVDW�GDWD�WR�LQFUHDVH����

FODVVLILFDWLRQ�DFFXUDF\��*RQJ�HW�DO��������=KDQJ�HW�DO���������DQG�PXOWLVRXUFH�UHPRWHO\����

VHQVHG�GDWD�KDV�EHHQ�FRPELQHG�WR�HQKDQFH�XUEDQ�ODQG�PDSSLQJ��&DR�HW�DO��������/L�HW����
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DO������E���7KH�WHQGHQF\�RI�EXLOW�XS�ODQG�WR�QRW�UHYHUW�WR�QDWXUDO�RU�DJULFXOWXUDO�ODQG����

�L�H���LWV�LUUHYHUVLELOLW\��KDV�DOVR�EHHQ�H[SORLWHG�WR�FRUUHFW�WHPSRUDO�LQFRQVLVWHQFLHV��/L�����

*RQJ��DQG�/LDQJ�������DQG�SURGXFH�VWDEOH�DQG�UHOLDEOH�FRQWURO�SRLQWV��/LX�HW�DO������������

7HPSRUDO�FRUUHFWLRQ�KDV�LPSURYHG�WKH�RYHUDOO�DFFXUDF\�RI�XUEDQ�PDSSLQJ�E\�a���LQ����

%HLMLQJ�IURP������WR�������/L��*RQJ��DQG�/LDQJ��������a���LQ�:XKDQ�IURP������WR����

������6KL�HW�DO���������DQG�a���LQ�7LDQMLQ�IURP������WR�������&KDL�DQG�/L������������

6SHFWUDO�IHDWXUHV�DQG�YHJHWDWLRQ�LQGLFHV�KDYH�EHHQ�XVHG�WR�PDS�EXLOW�XS�ODQG��EXW����

WHPSRUDO�IHDWXUHV�VXFK�DV�ODQG�VXUIDFH�SKHQRORJ\�KDYH�W\SLFDOO\�EHHQ�RYHUORRNHG����

�-|QVVRQ�HW�DO���������*HQHUDOO\��WHPSRUDO�IHDWXUHV�DUH�GHULYHG�IURP�LQGLFHV�VXFK�DV�WKH����

QRUPDOL]HG�GLIIHUHQFH�YHJHWDWLRQ�LQGH[��1'9,��XVLQJ�VPRRWKLQJ�PHWKRGV��:DQJ�HW�DO�����

������VXFK�DV�ORJLVWLF�PRGHOV��(OPRUH�HW�DO���������6DYLW]N\±*ROD\�ILOWHUV��&KHQ�HW�DO�����

�������TXDGUDWLF�IXQFWLRQV��%HXUV�DQG�+HQHEU\��������DQG�'LVFUHWH�)RXULHU�7UDQVIRUPV����

�:DQJ��$]]DUL��DQG�/REHOO��������7KH�'LVFUHWH�)RXULHU�7UDQVIRUP�UHSUHVHQWV�WLPH����

VHULHV�VLJQDOV�DV�VHYHUDO�SHULRGLF�FRPSRQHQWV�VXLWDEOH�IRU�H[WUDFWLQJ�WHPSRUDO�IHDWXUHV����

IURP�UHPRWHO\�VHQVHG�GDWD��:DQJ��$]]DUL��DQG�/REHOO��������$OWKRXJK�WHPSRUDO����

IHDWXUHV�KDYH�EHHQ�FRXSOHG�ZLWK�FKDQJH�GHWHFWLRQ�PHWKRGV�WR�GHWHUPLQH�WKH�WLPLQJ�RI����

FRQYHUVLRQ�WR�EXLOW�XS�ODQG��/LX�HW�DO���������WKH\�KDYH�QRW�EHHQ�ZLGHO\�XVHG�DV����

PDSSLQJ�SUHGLFWRUV��=HQJ�HW�DO���������%HFDXVH�WHPSRUDO�IHDWXUHV�FDSWXUH�UHODWLYHO\����

SUHGLFWDEOH�JUHHQQHVV�SDWWHUQV�IROORZLQJ�LQWHUDQQXDO�SODQW�JURZWK�F\FOHV��ZH����

K\SRWKHVL]H�WKDW�WKH\�FRXOG�UHGXFH�WKH�VSHFWUDO�FRQIXVLRQ�LQ�EXLOW�XS�ODQG�PDSSLQJ�IURP����

IDOORZ�IDUPODQG�DQG�VHDVRQDO�EDUH�ODQG�����

7KLV�VWXG\�DLPV�WR�PDNH�WZR�VSHFLILF�DGYDQFHV�RQ�WKH�FXUUHQW�VWDWH�RI�NQRZOHGJH����

RQ�EXLOW�XS�ODQG�PDSSLQJ�����WR�UHGXFH�WKH�FRQIXVLRQ�RI�IDOORZ�FURSODQG�DQG�VHDVRQDO����

EDUH�ODQG�LQ�PL[HG�XUEDQ�DQG�DJULFXOWXUDO�VHWWLQJV�E\�LQWHJUDWLQJ�WHPSRUDO�IHDWXUHV�IURP����

GHQVH�WLPH�VWDFN�UHPRWHO\�VHQVHG�GDWD��DQG����WR�LQFUHDVH�WKH�PDSSLQJ�FRQVLVWHQF\�E\����
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DSSO\LQJ�D�FORXG�EDVHG�WHPSRUDO�FRUUHFWLRQ�DOJRULWKP��7KH�1RUWK�&KLQD�3ODLQ�UHJLRQ����

ZDV�FKRVHQ�DV�WKH�VWXG\�DUHD�EHFDXVH�RI�WKH�ILHUFH�FRPSHWLWLRQ�EHWZHHQ�XUEDQL]DWLRQ����

DQG�DJULFXOWXUH�IRU�ODQG��-LQ�HW�DO���������)LUVW��ZH�XVHG�'LVFUHWH�)RXULHU�7UDQVIRUPDWLRQ����

WR�GHULYH�WHPSRUDO�IHDWXUHV�EDVHG�RQ�GHQVH�WLPH�VWDFN�/DQGVDW�VSHFWUDO�LQGLFHV����

�2GHQZHOOHU�DQG�-RKQVRQ�������6RQJ�HW�DO���������6HFRQG��ZH�WHVWHG�WKH�SHUIRUPDQFH����

LPSURYHPHQW�RI�WHPSRUDO�SUHGLFWRU�YDULDEOHV�RYHU�WUDGLWLRQDO�VSHFWUDO�DSSURDFKHV�E\����

DGGLQJ�WKHP�WR�WKH�FODVVLILFDWLRQ��$�WHPSRUDO�FRUUHFWLRQ�DOJRULWKP�ZDV�WKHQ�XVHG�WR����

UHPRYH�LQFRQVLVWHQW�SL[HO�FODVVLILFDWLRQV��)LQDOO\��ZH�FRQGXFWHG�D�FURVV�SURGXFW�����

FRPSDULVRQ�WR�DVVHVV�RXU�UHVXOWV�DJDLQVW�RWKHU�EXLOW�XS�ODQG�PDSSLQJ�GDWDVHWV��6WHKPDQ�����

DQG�)RRG\��������:H�GLVFXVV�WKH�EHQHILWV�RI�FRQVLVWHQW��DFFXUDWH��KLJK�UHVROXWLRQ��ORQJ�����

WLPH�VHULHV�EXLOW�XS�ODQG�PDSSLQJ�LQ�SURYLGLQJ�PRUH�UHOLDEOH�LQSXWV�WR�XQGHUVWDQGLQJ�����

UHJLRQDO�XUEDQ�GHYHORSPHQW�DQG�OLQNLQJ�VRFLDO�HFRQRPLF�FKDQJH�WR�HQYLURQPHQWDO�����

LPSDFWV������

0DWHULDOV�DQG�PHWKRGV�����

6WXG\�DUHD������

)LYH�FHQWUDO�DQG�HDVWHUQ�SURYLQFHV�RI�&KLQD��L�H���+HQDQ��+HEHL��6KDQGRQJ��$QKXL��DQG�����

-LDQJVX��DQG�WZR�PXQLFLSDOLWLHV��L�H���%HLMLQJ�DQG�7LDQMLQ���FRUUHVSRQGLQJ�WR�WKH�1RUWK�����

&KLQD�3ODLQ�UHJLRQ��ZHUH�VHOHFWHG�DV�WKH�VWXG\�DUHD��)LJXUH�����7KH�DUHD�VSDQV�������������

NP��DQG�LV�KRPH�WR�RYHU�����PLOOLRQ�SHRSOH��1DWLRQDO�%XUHDX�RI�6WDWLVWLFV�RI�&KLQD�����

����E���7KH�VWXG\�DUHD�LV�RQH�RI�&KLQD
V�PRVW�UDSLGO\�GHYHORSLQJ�UHJLRQV�ZLWK�WKH�����

XUEDQL]DWLRQ�UDWH��H[FOXGLQJ�%HLMLQJ�DQG�7LDQMLQ��WULSOLQJ�IURP�a����LQ������WR�a��������

LQ�������1DWLRQDO�%XUHDX�RI�6WDWLVWLFV�RI�&KLQD�����E���7KH�1RUWK�&KLQD�3ODLQ�LV�NH\�WR�����

&KLQD¶V�HFRQRPLF�GHYHORSPHQW�DQG�IRRG�VHFXULW\��6RQJ�DQG�'HQJ��������JHQHUDWLQJ�����

a����RI�WKH�JURVV�GRPHVWLF�SURGXFW�DQG�a����RI�&KLQD
V�JUDLQ�SURGXFWLRQ�LQ����������
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�1DWLRQDO�%XUHDX�RI�6WDWLVWLFV�RI�&KLQD�����D���0DQDJLQJ�WKH�WHQVLRQ�EHWZHHQ�UDSLG�����

HFRQRPLF�GHYHORSPHQW��XUEDQL]DWLRQ��DQG�IRRG�SURGXFWLRQ�LQ�WKH�VWXG\�DUHD�GHPDQGV�����

DFFXUDWH�TXDQWLILFDWLRQ�RI�EXLOW�XS�ODQG�G\QDPLFV�WR�VXSSRUW�SROLF\�IRUPXODWLRQ�DQG�����

GHFLVLRQ�PDNLQJ��/L�HW�DO������D��/LX�HW�DO�������������

�����

)LJXUH����0DS�RI�WKH�1RUWK�&KLQD�3ODLQ������

0HWKRG�RYHUYLHZ�����

7KH�DSSURDFK�WDNHQ�LQ�WKLV�VWXG\�LV�VXPPDUL]HG�LQ�)LJXUH����'XH�WR�LWV�KLJK�����

FRPSXWDWLRQDO�SHUIRUPDQFH�DQG�YDVW�KLVWRULFDO�VDWHOOLWH�LPDJHU\�DUFKLYH��*RRJOH�(DUWK�����

(QJLQH�ZDV�XVHG�WR�SURFHVV�DOO�UHPRWHO\�VHQVHG�GDWD�DQG�PDS�EXLOW�XS�ODQG��*RUHOLFN�HW�����

DO���������&RQWURO�SRLQWV�ZHUH�YLVXDOO\�FKHFNHG�XVLQJ�/DQGVDW�LPDJHV�IURP�����±���������

DQG�*RRJOH�(DUWK�KLJK�GHILQLWLRQ�LPDJHV��IURP�*HR(\H��:RUOG9LHZ��6327��DQG�����

3OHLDGHV��IURP������DQG�������:H�UDQGRPO\�ZLWKKHOG�����RI�WKH�FRQWURO�SRLQWV�DV�����

YDOLGDWLRQ�VDPSOHV��&ORXG�IUHH�6SHFWUDO�LPDJHV��QRUPDOL]HG�,QGLFHV��H�J���1'9,�������
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)RXULHU�SUHGLFWRUV��H�J���)RXULHU�WUDQVIRUPDWLRQ�FRHIILFLHQWV���7HUUDLQ��DQG�����

0HWHRURORJLFDO�GDWD�ZHUH�VHTXHQWLDOO\�DGGHG�WR�D�5DQGRP�)RUHVW��5)��FODVVLILHU�WR�����

DVVHVV�WKH�DGGLWLRQDO�EHQHILW�IRU�FODVVLILFDWLRQ�DFFXUDF\��$�WHPSRUDO�FRUUHFWLRQ�DOJRULWKP�����

ZDV�WKHQ�DSSOLHG�WR�UHPRYH�LQFRQVLVWHQW�FODVVLILFDWLRQV��/DVWO\��D�FURVV�SURGXFW�����

FRPSDULVRQ�ZDV�FDUULHG�RXW�XVLQJ�WKH�ZLWKKHOG�FRQWURO�SRLQWV������

�����

)LJXUH����)ORZFKDUW�RXWOLQLQJ�WKH�PHWKRGV�XVHG�WR�PDS�EXLOW�XS�ODQG�LQ�WKH�1RUWK�&KLQD�����

3ODLQ��7KH�1DWLRQDO�6HWWOHPHQWV�'DWDEDVH�VWRUHV�WKH�JHRJUDSKLF�FRRUGLQDWHV�RI�����

JRYHUQPHQW�GHSDUWPHQWV�DQG�VWDWH�RZQHG�FRPSDQLHV�LQ�������KWWS���ZZZ�UHVGF�FQ��������

7KH�6SHFWUDO�GDWD�UHIHUV�WR�WKH�FORXG�IUHH�LPDJH�SURGXFHG�IURP�WKH�/DQGVDW�GDWD������

,QGLFHV�YDULDEOHV�UHIHU�WR�WKH�QRUPDOL]HG�GLIIHUHQFH�YHJHWDWLRQ�LQGH[��1'9,���HQKDQFHG�����

YHJHWDWLRQ�LQGH[��(9,���DQG�QRUPDOL]HG�GLIIHUHQFH�EXLOW�XS�LQGH[��1'%,���7KH�)RXULHU�����

SUHGLFWRUV�DUH�FRHIILFLHQWV�GHULYHG�IURP�D�GLVFUHWH�)RXULHU�WUDQVIRUPDWLRQ�RQ�WKH�,QGLFHV�����

GDWD��1'9,��1'%,��DQG�(9,���7HUUDLQ�GDWD�ZHUH�D�GLJLWDO�HOHYDWLRQ�PRGHO�DQG�VORSH�����

GHULYHG�IURP�WKH�6KXWWOH�5DGDU�7RSRJUDSK\�0LVVLRQ��0HWHRURORJ\�GDWD�ZHUH�WDNHQ�IURP�����

WKH�&KLQD�0HWHRURORJLFDO�)RUFLQJ�'DWDVHW��KWWS���GDWD�WSGF�DF�FQ��������

'DWD�DQG�LQSXW�SUHGLFWRUV�����

:H�XVHG�ILYH�W\SHV�RI�UHPRWHO\�VHQVHG�GDWD�DV�SUHGLFWRUV�WR�PDS�EXLOW�XS�DUHDV��7DEOH�����

����6SHFWUDO�SUHGLFWRUV�FRPSULVHG�FORXG�IUHH�LPDJHV�FRPSXWHG�IURP�/DQGVDW�DQG�����

6HQWLQHO��$��,QGLFHV�SUHGLFWRUV�ZHUH�FDOFXODWHG�IURP�/DQGVDW�FORXG�IUHH�GDWD��LQFOXGLQJ�����

WKH�1'9,��HQKDQFHG�YHJHWDWLRQ�LQGH[��(9,���DQG�QRUPDOL]HG�GLIIHUHQFH�EXLOW�XS�LQGH[�����
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�1'%,���7KH�)RXULHU�SUHGLFWRUV�ZHUH�GHULYHG�IURP�WKH�'LVFUHWH�)RXULHU�7UDQVIRUPDWLRQ�����

RI�GHQVH�WLPH�VWDFNV�RI�,QGLFHV�GDWD��1'9,��1'%,��DQG�(9,���/DVWO\��7HUUDLQ�GDWD�ZDV�����

WDNHQ�IURP�WKH�6KXWWOH�5DGDU�7RSRJUDSK\�0LVVLRQ�DQG�WKH�0HWHRURORJ\�GDWD�ZDV�WDNHQ�����

IURP�WKH�&KLQD�0HWHRURORJLFDO�)RUFLQJ�'DWDVHW��+H�HW�DO���������7KH�/DQGVDW�DQG�����

6HQWLQHO�GDWD�ZHUH�VXEMHFW�WR�JHRPHWULF�DQG�UDGLRPHWULF�FRUUHFWLRQV�E\�*RRJOH�(DUWK�����

(QJLQH��DQG�DOO�GDWD�ZHUH�UHVDPSOHG�WR���P�UHVROXWLRQ�IRU�XVH�LQ�WKH�FODVVLILFDWLRQ������

7DEOH����,QSXW�SUHGLFWRUV�IRU�EXLOW�XS�ODQG�PDSSLQJ��70��7KHPDWLF�0DSSHU��(70�������

(QKDQFHG�7KHPDWLF�0DSSHU�3OXV��2/,��2SHUDWLRQDO�/DQG�,PDJHU��06,��0XOWLVSHFWUDO�����

,QVWUXPHQW��1'9,��QRUPDOL]HG�GLIIHUHQFH�YHJHWDWLRQ�LQGH[��(9,��HQKDQFHG�YHJHWDWLRQ�����

LQGH[��DQG�1'%,��QRUPDOL]HG�GLIIHUHQFH�EXLOW�XS�LQGH[��$OO�EDQGV�RI�WKH�����

/DQGVDW�6HQWLQHO�DUH�XVHG�LQ�WKLV�UHVHDUFK��1RWH�WKH�SDQFKURPDWLF�EDQG�����P�����

UHVROXWLRQ��RI�/DQGVDW�(70��DQG�2/,��DQG�WKH�WKHUPDO�EDQGV��ZKLFK�KDYH�D�UHVROXWLRQ�����

RI����P�IRU�/DQGVDW����DQG�����P�IRU�/DQGVDW����DUH�UHVDPSOHG�WR����P��$OO�6HQWLQHO�����

EDQGV�DUH�UHVDPSOHG�WR����P������

,QSXW�W\SH� 6RXUFH� 6SDWLDO�
UHVROXWLRQ�

1XPEHU�RI�
EDQGV� <HDUV�

6SHFWUDO� /DQGVDW�70� ���P� �� ����������
/DQGVDW�(70�� ���P� �� ����������
/DQGVDW�2/,� ���P� ��� ����������
6HQWLQHO��$�06,� ���P� ��� ����������

,QGLFHV� 1'9,� ���P� �� ����������
(9,� ���P� �� ����������
1'%,� ���P� �� ����������

)RXULHU� &RHIILFLHQWV�RI�WKH�'LVFUHWH�)RXULHU�7UDQVIRUPDWLRQ� ���P� ��� ����������
0HWHRURORJ\� &KLQD�0HWHRURORJLFDO�)RUFLQJ�'DWD��$QQXDO�SURGXFW�� ����� �� ����������
7HUUDLQ� (OHYDWLRQ� ���P� �� ����������

6ORSH� ���P� �� ����������
�����

7KH�6SHFWUDO�SUHGLFWRUV�ZHUH�FORXG�IUHH�LPDJHV�SURGXFHG�IURP�/DQGVDW�DQG�����

6HQWLQHO��$��WKH�GDWD�TXDQWLW\�DQG�GLVWULEXWLRQ�FDQ�EH�VHHQ�LQ�6XSSOHPHQWDU\�0DWHULDO�$�����

�)LJXUH�6$�����6SHFWUDO�SUHGLFWRUV�ZHUH�FUHDWHG�XVLQJ�WKH�VLPSOH&RPSRVLWH�PRGXOH�LQ�����

*RRJOH�(DUWK�(QJLQH��)RU�HDFK�SL[HO�LQ�WKH�FROOHFWLRQ�RI�/DQGVDW�LPDJHV��WKLV�PRGXOH�����

DVVLJQHG�D�FORXG�VFRUH���±�����WR�LW�DQG�XVHG�WKH�PHGLDQ�YDOXH�IURP�SL[HOV�ZLWK�D�FORXG�����

VFRUH�����WR�FUHDWH�D�FORXG�IUHH�LPDJH��)RU�WKH�6HQWLQHO���0XOWL�6SHFWUDO�,QVWUXPHQW�����

�06,��GDWD��LWV�4XDOLW\�$VVHVVPHQW�EDQG�WKDW�LQGLFDWHV�ZKHWKHU�WKH�SL[HO�LV�FRYHUHG�E\�����
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FORXG�DQG�FLUUXV�ZDV�XVHG�WR�UHPRYH�FORXG\�SL[HOV��DQG�WKH�PHGLDQ�YDOXH�RI�WKH�����

UHPDLQLQJ�SL[HOV�ZDV�PRVDLFNHG�WR�FUHDWH�WKH�6SHFWUDO�SUHGLFWRUV������

1'9,��(9,��DQG�1'%,�ZHUH�VHOHFWHG�DV�,QGLFHV�SUHGLFWRUV�EHFDXVH�1'9,�DQG�����

(9,�DUH�UREXVW�IRU�GHOLQHDWLQJ�ODQG�FRYHUV��/L��*RQJ��DQG�/LDQJ��������DQG�1'%,�VXLWV�����

WKH�SXUSRVH�RI�EXLOW�XS�PDSSLQJ��/L�HW�DO���������:H�FDOFXODWHG�WKHVH�LQGLFHV�DV�IROORZV������

�ܫܸܦܰ ൌ � ሺܴܰܫ� െ �ܴሻ�Ȁ�ሺܴܰܫ� ൅ �ܴሻ�����������������������������������������������������

�ܫܸܧ ൌ �ʹǤͷ� ൈ� ሺሺܴܰܫ� െ �ܴሻ�Ȁ�ሺܴܰܫ� ൅ �͸� ൈ �ܴ�Ȃ �͹Ǥͷ� ൈ �ܤ� ൅ ͳሻሻ��������������������

�ܫܤܦܰ ൌ � ሺܹܴܵܫͳ ൅ ͳܴܫሻ�Ȁ�ሺܹܴܵܫܰ� െ ������������������������������������������ሻܴܫܰ

ZKHUH�1,5�UHIHUV�WR�WKH�QHDU�LQIUDUHG�EDQG��5�UHIHUV�WR�WKH�UHG�EDQG��%�UHIHUV�WR�WKH�EOXH�����

EDQG��DQG�6:,5��UHIHUV�WR�WKH�ILUVW�VKRUWZDYH�LQIUDUHG�EDQG������

7KH�'LVFUHWH�)RXULHU�7UDQVIRUPDWLRQ�DSSUR[LPDWHV�D�VHULHV�RI�GLVFUHWH�YDOXHV�E\�����

VXPPLQJ�XS�D�OLQHDU�IXQFWLRQ�DQG�VHYHUDO�SDLUV�RI�VLQXDWH�IXQFWLRQV��7KH�ILWWLQJ�����

IRUPXODWLRQ�ZDV�DV�IROORZV������

ݐ݌ ൌ �Ͳߚ� ൅ �ݐͳߚ� ൅ �σ �ሾȽ�

௡
௞ୀଵ ����ሺʹɎ�߱ݐሻ ൅�Ʌ������ሺʹɎ�߱ݐሻሿ �൅ ������������������ݐ݁�

ZKHUHݐ��LV�WKH�WLPH�GLIIHUHQFH�LQ�\HDU�IUDFWLRQV�FRPSDUHG�WR������IROORZLQJ�VWDQGDUG�����

SUDFWLFH�LQ�GDWD�VFLHQFHݐ݌���LV�WKH�SL[HO�YDOXH�DW�WLPH�W��݊�LV�WKH�QXPEHU�RI�VLQXDWH�����

IXQFWLRQ�SDLUVߚ��Ͳ�DQGߚ�ͳ�DUH�WKH�FRHIILFLHQWV�RI�WKH�OLQHDU�IXQFWLRQ��Ƚ��DQG�Ʌ���DUH�WKH�����

VLQXDWH�FRHIILFLHQWV��߱�LV�WKH�IUHTXHQF\��DQG�݁ݐ�LV�WKH�HUURU�EHWZHHQ�WKH�DFWXDO�����

REVHUYDWLRQ�DQG�WKH�ILWWHG�YDOXH������

,Q�SUDFWLFH��Q�DQG�WKH�WHPSRUDO�LQWHUYDO�ZHUH�WKH�WZR�YDULDEOHV�WKDW�VKRXOG�EH�����

GHWHUPLQHG�EHIRUH�WKH�ILWWLQJ��:H�DVVHVVHG�WKH�LPSDFW�RI�GLIIHUHQW�Q�DQG�WHPSRUDO�����

LQWHUYDOV�IURP���WR���DQG�VHOHFWHG���IRU�ERWK�YDULDEOHV�EHFDXVH�WKH\�GLG�QRW�XQGXO\�����

LQFUHDVH�WKH�ILWWLQJ�HUURU��)LJXUH�6$�����0HDQZKLOH��ZH�VHOHFWHG�Ȧ� ���EDVHG�RQ�WKH�����

FOLPDWH�DQG�YHJHWDWLRQ�OLIH�F\FOH�DQG�VHDVRQDOLW\�LQ�WKH�VWXG\�DUHD��7DQJ�HW�DO�������������
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'LVFUHWH�)RXULHU�7UDQVIRUPDWLRQ�ZDV�DSSOLHG�WR�WKH�QRUPDOL]HG�LQGLFHV�WR�JHQHUDWH�����

)RXULHU�SUHGLFWRUV��)LJXUH�����(LJKW�FRHIILFLHQWV�ZHUH�JHQHUDWHG�SHU�LQGH[��DQG��������

FRHIILFLHQW�EDQGV�ZHUH�FUHDWHG�DV�)RXULHU�SUHGLFWRUV������

�����

)LJXUH����7KH�'LVFUHWH�)RXULHU�7UDQVIRUPDWLRQ�RI�VWDFNHG�,QGLFHV�GDWD��&RHIILFLHQWV�RI�����

WKH�ILWWLQJ�IXQFWLRQ�ZHUH�GHULYHG�DV�)RXULHU�SUHGLFWRUV������

�����

7KH�&KLQD�0HWHRURORJLFDO�)RUFLQJ�'DWDVHW��KWWS���GDWD�WSGF�DF�FQ���DQG�6KXWWOH�����

5DGDU�7RSRJUDSK\�0LVVLRQ�GDWD�ZHUH�LQFRUSRUDWHG�DV�DGGLWLRQDO�SUHGLFWRUV�WR�UHGXFH�����

LQWHUIHUHQFH�RI�GLIIHUHQW�FOLPDWLF�DQG�WRSRJUDSKLF�FRQGLWLRQV��7KH�&KLQD�0HWHRURORJLFDO�����

)RUFLQJ�'DWDVHW�LQFOXGHV�VHYHQ�YDULDEOHV��WHPSHUDWXUH��.���DLU�SUHVVXUH��3D���VSHFLILF�����

KXPLGLW\��NJ�NJ�����ZLQG�VSHHG��P�V�����GRZQZDUG�VKRUWZDYH�UDGLDWLRQ��:�P���������

GRZQZDUG�ORQJZDYH�UDGLDWLRQ��:�P�����DQG�SUHFLSLWDWLRQ��PP�\U�����7KH�6KXWWOH�5DGDU�����

7RSRJUDSK\�0LVVLRQ�GDWD�XVHG�LQ�WKLV�VWXG\�LQFOXGHG�HOHYDWLRQ�DQG�VORSH�IURP�WKH�\HDU�����

����������

%XLOW�XS�ODQG�PDSSLQJ�����

&RQWURO�SRLQW�FROOHFWLRQ�����

&RQWURO�SRLQWV�ZHUH�FROOHFWHG�PDQXDOO\�YLD�YLVXDO�LQWHUSUHWDWLRQ�DJDLQVW�KLJK�UHVROXWLRQ�����

LPDJHU\�DQG�,QGLFHV�LPDJHV��%XLOW�XS�DQG�QRQ�EXLOW�XS�FRQWURO�SRLQWV�ZHUH�FROOHFWHG�����

VHSDUDWHO\��5DZ�EXLOW�XS�SRLQWV�ZHUH�WDNHQ�IURP�WKH�1DWLRQDO�6HWWOHPHQWV�'DWDEDVH�RI�����

&KLQD��KWWS���ZZZ�UHVGF�FQ����5DZ�QRQ�EXLOW�XS�SRLQWV�ZHUH�JHQHUDWHG�YLD�VWUDWLILHG�����



�

�

VDPSOLQJ�XVLQJ�1'9,��)LJXUH�6%�����$�WRWDO�RI�������FRQWURO�SRLQWV�ZHUH�YHULILHG��ZLWK�����

DQ�HTXDO�QXPEHU�RI�EXLOW�XS�DQG�QRQ�EXLOW�XS�SRLQWV��L�H����������WR�UHGXFH�ELDV�FDXVHG�����

E\�XQHYHQ�VDPSOH�GLVWULEXWLRQ��6WHKPDQ�DQG�)RRG\��������:H�WRRN�DGYDQWDJH�RI�WKH�����

LUUHYHUVLELOLW\�RI�EXLOW�XS�ODQG��L�H���EXLOW�XS�ODQG�UDUHO\�UHYHUWV�WR�QRQ�EXLOW�XS�ODQG��WR�����

HQVXUH�WKDW�FRQWURO�SRLQWV�ZHUH�ORFDWHG�LQ�DUHDV�ZKHUH�ODQG�XVH�UHPDLQHG�VWDEOH�RYHU�����

WLPH��:H�XVHG�WKH�,QGLFHV�LPDJH�IRU�WKH�ILUVW�SHULRG�������������WR�YHULI\�EXLOW�XS�����

FRQWURO�SRLQWV��DQG�WKH�KLJK�GHILQLWLRQ�*RRJOH�(DUWK�LPDJHV�LQ�WKH�ODVW�SHULRG��������WR�����

YHULI\�QRQ�EXLOW�XS�FRQWURO�SRLQWV��:H�WKHQ�PHUJHG�WKH�YHULILHG�FRQWURO�SRLQWV�IRU�XVH�LQ�����

FODVVLILFDWLRQ�WKURXJKRXW�WKH�DQDO\VLV�SHULRG��������������$�VHQVLWLYLW\�WHVW�VKRZHG�WKDW�����

XVLQJ�PRUH�WKDQ�����RI�FRQWURO�VDPSOHV�DFKLHYHG�KLJK�DFFXUDFLHV�WKDW�ZHUH�VWDEOH�RYHU�����

WLPH��)LJXUH�6&�����+HQFH��ZH�XVHG�����RI�FRQWURO�VDPSOHV�DV�WKH�WUDLQLQJ�VDPSOH�IRU�����

WKH�PDSSLQJ��RI�WKHVH������ZHUH�HPSOR\HG�LQ�FODVVLILFDWLRQ�DQG�����WR�FDOFXODWH�����

DFFXUDF\���ZKLOH�WKH�UHPDLQLQJ�a����ZHUH�KHOG�RXW�DV�YDOLGDWLRQ�VDPSOHV�IRU�WKH�FURVV�����

SURGXFW�FRPSDULVRQ������

&ODVVLI\LQJ�EXLOW�XS�ODQG�����

5DQGRP�)RUHVW��5)��LV�DQ�HQVHPEOH�OHDUQLQJ�DOJRULWKP�VHOHFWHG�IRU�FODVVLILFDWLRQ�GXH�WR�����

LWV�IOH[LELOLW\�LQ�FDSWXULQJ�QRQ�OLQHDU�SDWWHUQV�EHWZHHQ�LQGHSHQGHQW�DQG�GHSHQGHQW�����

YDULDEOHV��&DOGHUyQ�/RRU��+DGMLNDNRX��DQG�%U\DQ��������7KH�WUHH�EDVHG�VWUXFWXUH�RI�5)�����

LV�HIILFLHQW�LQ�FODVVLI\LQJ�KLJK�GLPHQVLRQDO�GDWD��:DQJ��$]]DUL��DQG�/REHOO��������7R�����

JURZ�WUHHV�IRU�WKH�5)��ZH�VHW�WKH�VSOLW�QRGHV�DV�WKH�VTXDUH�URRW�RI�WKH�LQSXW�SUHGLFWRUV������

WKH�EDJ�IUDFWLRQ�WR������DQG�WKH�PLQLPXP�OHDI�QRGHV�WR����7KH�QXPEHU�RI�WUHHV�LQ�WKH�����

5)�ZDV�VHW�WR�����EHFDXVH�QR�PRUH�LPSURYHPHQW�ZDV�SRVVLEOH�E\�LQFUHDVLQJ�WUHH�����

QXPEHUV��)LJXUH�6&���������

7KH�LQSXW�SUHGLFWRUV�ZHUH�UHVDPSOHG�WR���P�UHVROXWLRQ�DQG�VWDFNHG�LQWR�D�VLQJOH�����

PXOWL�EDQG�LPDJH�LQ�WKH�FODVVLILFDWLRQ�SURFHVV��7KH�FRQWURO�VDPSOHV�ZHUH�RYHUOD\HG�����
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XSRQ�WKLV�LPDJH�WR�H[WUDFW�YDOXHV�IRU�HDFK�EDQG��7KHVH�VDPSOHV�ZHUH�WKHQ�XVHG�WR�WUDLQ�����

WKH�5)�PRGHO��/DVWO\��WKH�WUDLQHG�PRGHO�ZDV�XVHG�WR�PDS�WKH�VSDWLDO�GLVWULEXWLRQ�RI�����

EXLOW�XS�ODQG�SL[HOV��DOORFDWHG�D�YDOXH�RI����YHUVXV�QRQ�EXLOW�XS�ODQG�SL[HOV��DOORFDWHG�D�����

YDOXH�RI����EDVHG�RQ�WKH�LQSXW�SUHGLFWRU�EDQGV������

$OO�ILYH�W\SHV�RI�SUHGLFWRUV�XVHG�LQ�PDSSLQJ�ZHUH�LQWURGXFHG�LQ�WKH�IROORZLQJ�����

RUGHU��6SHFWUDO��,QGLFHV��)RXULHU��7HUUDLQ��0HWHRURORJ\��7KH�LQFRUSRUDWLRQ�RI�SUHGLFWRUV�����

LQ�WKLV�RUGHU�HQDEOHG�XV�WR�H[SORUH�KRZ�WHPSRUDO�IHDWXUHV�LPSURYHG�EXLOW�XS�ODQG�����

PDSSLQJ�RYHU�WKH�PRUH�WUDGLWLRQDO�LQSXWV��:H�ILUVW�DSSOLHG�WKH�WUDGLWLRQDO�DSSURDFK�RI�����

XVLQJ�6SHFWUDO�GDWD�RQO\��WKHQ�LQWURGXFHG�WKH�,QGLFHV�GDWD��WKHQ�WKH�)RXULHU�SUHGLFWRUV������

7HUUDLQ�DQG�0HWHRURORJ\�GDWD�ZHUH�DGGHG�ODVW�WR�UHGXFH�LQWHUIHUHQFH�IURP�WRSRJUDSKLF�����

DQG�FOLPDWLF�FRQGLWLRQV������

:H�FODVVLILHG�EXLOW�XS�ODQG�XVLQJ�D�UDQGRP�VHOHFWLRQ�RI�FRQWURO�SRLQWV�DQG�����

UHSHDWHG�WKLV�WHQ�WLPHV�WR�HOLPLQDWH�ELDV�DQG�FDSWXUH�XQFHUWDLQW\�LQ�DFFXUDF\�PHWULFV��,Q�����

HDFK�FODVVLILFDWLRQ������RI�WKH�WUDLQLQJ�VDPSOHV�ZHUH�UDQGRPO\�VHOHFWHG�WR�WUDLQ�WKH�5)�����

FODVVLILHU��DQG�WKH�UHPDLQLQJ�����ZHUH�XVHG�WR�FRPSXWH�RYHUDOO�DFFXUDF\��8QFHUWDLQW\�����

ZDV�WKHQ�FDOFXODWHG�DV�WKH�VWDQGDUG�HUURU�RI�WKH�DFFXUDFLHV�RI�WKH�WHQ�VLPXODWLRQV��:H�����

VXPPHG�WKH����FODVVLILFDWLRQV�DQG�LGHQWLILHG�WKH�EXLOW�XS�ODQG�SL[HOV�DV�WKH�SL[HOV�ZLWK�����

!��YDOXH�WR�GHULYH�WKH�ILQDO�FODVVLILFDWLRQ�RI�EXLOW�XS�ODQG��)RXU�ZDV�FKRVHQ�DV�WKH�����

WKUHVKROG�EHFDXVH�LW�OHG�WR�WKH�KLJKHVW�FODVVLILFDWLRQ�DFFXUDF\��)LJXUH�6&���������

%DVHG�RQ�WKH�FKDUDFWHULVWLF�RI�WKH�LUUHYHUVLELOLW\�RI�EXLOW�XS�ODQG�GHYHORSPHQW�����

DQG�H[SDQVLRQ��*RQJ�HW�DO��������/L��*RQJ��DQG�/LDQJ��������ZH�FRQVWUXFWHG�WHPSRUDO�����

FKHFN�UXOHV�WR�FRUUHFW�LQFRQVLVWHQW�SL[HO�FODVVLILFDWLRQV�RYHU�WLPH��)LJXUH���������

,UUHYHUVLELOLW\�ZDV�LPSOHPHQWHG�DV�D�FKHFN�UXOH�VXFK�WKDW�EXLOW�XS�ODQG�H[WHQW�LQ�HDUOLHU�����

\HDUV�FRXOG�QRW�H[SDQG�EH\RQG�WKH�EXLOW�XS�ODQG�H[WHQW�PDSSHG�LQ�ODWHU�\HDUV��)RU�HDFK�����

EXLOW�XS�ODQG�SL[HO�LQ�WKH�PDS��Q�VXEVHTXHQW�SL[HOV�LQ�WKH�ODWHU�\HDUV�ZHUH�XVHG�WR�FKHFN�����
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LWV�FRQVLVWHQF\��LI�!Q���RI�WKH�VXEVHTXHQW�SL[HO�ZHUH�FODVVLILHG�DV�D�EXLOW�XS�ODQG��WKH�����

SL[HO�UHPDLQHG�DV�EXLOW�XS�ODQG��RWKHUZLVH��LW�ZDV�FRUUHFWHG�DQG�VSHFLILHG�DV�QRQ�EXLOW�����

XS�ODQG��7KH�!Q���WKUHVKROG�ZDV�EDVHG�RQ�D��PDMRULW\�YRWH��UXOH��/L��*RQJ��DQG�/LDQJ�����

�������7KLV�VWXG\�VHW�Q� ���E\�EDODQFLQJ�WKH�DPRXQW�RI�GDWD�XVHG�DV�D�PDVN�DQG�WKH�����

UHVXOWLQJ�LPSURYHPHQWV�LQ�DFFXUDF\��)LJXUH�6'�����7KH�WHPSRUDO�FRUUHFWLRQ�SURFHVV�ZDV�����

LWHUDWHG�HLJKW�WLPHV�WR�HQVXUH�FRQVLVWHQF\��)LJXUH�6'���������

�����

)LJXUH����7HPSRUDO�FRUUHFWLRQ�IRU�EXLOW�XS�ODQG�PDSSLQJ��/HIW��WKH�WHPSRUDO�FRUUHFWLRQ�����

SURFHVV�IRU�HDFK�LWHUDWLRQ��ULJKW��WKH�VWRS�FRQGLWLRQ�RI�WKH�LWHUDWLRQ��+HUH�ZH�FKRRVH�Q� �����

��EDVHG�RQ�D�VHQVLWLYLW\�WHVW��)LJXUH�6'���������

&URVV�SURGXFW�FRPSDULVRQ�����

:H�FRPSDUHG�RXU�GDWD�WR�RWKHU�GDWDVHWV�DYDLODEOH�IRU�WKH�VWXG\�DUHD�WKDW�PDSSHG�VLPLODU�����

ODQG�FRYHU��VXFK�DV�LPSHUYLRXV�VXUIDFHV�DQG�KXPDQ�VHWWOHPHQWV��RU�LQFOXGLQJ�����

XUEDQ�EXLOW�XS�ODQG��7DEOH�����%XLOW�XS�DUHD�DQG�RYHUDOO�DFFXUDF\�ZHUH�XVHG�IRU�WKH�����

FRPSDULVRQ��7KH�YDOLGDWLRQ�VDPSOH������RI�DOO�FRQWURO�VDPSOHV��ZDV�XVHG�WR�FRPSXWH�����

RYHUDOO�DFFXUDF\�EHFDXVH�LW�ZDV�QRW�XVHG�LQ�WKH�RULJLQDO�FODVVLILFDWLRQ�RI�WKLV�VWXG\������

WKHUHE\�HOLPLQDWLQJ�ELDV�IURP�WKH�FRPSDULVRQ��6WHKPDQ�DQG�)RRG\��������7KH�RWKHU�����

GDWD�SURGXFWV�WHQGHG�WR�EH�JOREDO�LQ�FRYHUDJH��,Q�WKLV�VHQVH��RXU�DLP�ZDV�QRW�WR�FULWLFDOO\�����

FRPSDUH�RXU�GDWDVHW�H[SOLFLWO\�ZKLFK�ZDV�FUHDWHG�IRU�WKH�VWXG\�DUHD�DJDLQVW�JOREDO�����

GDWDVHWV��ZKLFK�LV�DQ�XQIDLU�FRPSDULVRQ���EXW�UDWKHU�WR�SURYLGH�D�JXLGH�IRU�SRWHQWLDO�����

XVHUV��L�H���SODQQHUV��SROLF\�PDNHUV��RI�WKH�DFFXUDF\�RI�RXU�SURGXFW�FRPSDUHG�WR�RWKHU�����



�

�

DYDLODEOH�SURGXFWV�IRU�WKLV�VSHFLILF�UHJLRQ�DQG�WR�SURYLGH�D�EDVLV�IRU�XQGHUVWDQGLQJ�WKH�����

SRWHQWLDO�LPSOLFDWLRQV�LQ�WHUPV�RI�WKH�XUEDQ�ODQG�DUHD�PDSSHG������

�����

7DEOH����*OREDO�EXLOW�XS�ODQG�GDWDVHWV�XVHG�IRU�FRPSDULVRQ�ZLWK�WKH�RXWSXWV�RI�WKLV�����

VWXG\��*$,$��*OREDO�$UWLILFLDO�,PSHUYLRXV�$UHD��(6$�&&,��(XURSHDQ�6SDFH�$JHQF\�����

&OLPDWH�&KDQJH�,QLWLDWLYH��*+6/��*OREDO�+XPDQ�6HWWOHPHQW�/D\HU��0&'��4�������

02',6�/DQG�&RYHU�7\SH�3URGXFW��0(5,6��0HGLXP�VSHFWUDO�5HVROXWLRQ�,PDJLQJ�����

6SHFWURPHWHU��6327�9*7��6WUDWHJLF�3ODQQLQJ�2QOLQH�7RRO�9HJHWDWLRQ�,QVWUXPHQW������

352%$�9��3URMHFW�IRU�2Q�%RDUG�$XWRQRP\�9HJHWDWLRQ��$9+55��$GYDQFHG�9HU\�����

+LJK�5HVROXWLRQ�5DGLRPHWHU��DQG�02',6��0RGHUDWH�5HVROXWLRQ�,PDJLQJ�����

6SHFWURUDGLRPHWHU������

�����

5HVXOWV�����

%XLOW�XS�ODQG�PDSSLQJ�XVLQJ�GLIIHUHQW�SUHGLFWRUV�����

7KH�SHUIRUPDQFH�RI�GLIIHUHQW�SUHGLFWRUV�LV�VKRZQ�LQ�)LJXUH����7KH�PDSSLQJ�DFFXUDF\�RI�����

����������DQG�����������ZHUH�VLJQLILFDQWO\�KLJKHU�EHFDXVH�WKH�6HQWLQHO��$�06,�GDWD�����

ZDV�LQFRUSRUDWHG�LQ�WKH�FODVVLILFDWLRQ��LQFUHDVLQJ�FODVVLILFDWLRQ�DFFXUDF\�IURP�a����LQ�����

����±�����WR�a����LQ�����±������)RXULHU�DQG�,QGLFHV�ZHUH�WKH�EHVW�SUHGLFWRUV������

LQFUHDVLQJ�DFFXUDF\�E\�a���DQG�a����UHVSHFWLYHO\��7KH�DGGLWLRQ�RI�7HUUDLQ�DQG�����

0HWHRURORJ\�SUHGLFWRUV�IXUWKHU�LPSURYHG�WKH�PDSSLQJ�DFFXUDF\�E\�a��������

'DWDVHW� 6HQVRUV� 5HVROXWLRQ� 7LPHIUDPH� 6RXUFH�

*$,$� /DQGVDW�70�(70��2/,��
6HQWLQHO��	���9,,56�17/� ���P� $QQXDO�PDS�����±����� *RQJ�HW�DO�������

(6$�&&,� 0(5,6��6327�9*7��
352%$�9�$9+55� ����P�� $QQXDO�PDS�����±����� %XFKKRUQ�HW�DO��

�����

*+6/� /DQGVDW�70�(70��2/,� ���P� ����������������������� 3HVDUHVL�HW�DO��
�����

*OREDO�8UEDQ�
'\QDPLFV� /DQGVDW��9,,56�17/� ���P� ������������������������

����������� /LX�HW�DO�������

*OREDO�8UEDQ�
([SDQVLRQ� 9,,56�17/��02',6� �����P� ������������������������

����������� +H�HW�DO�������

0&'��4�� 02',6� ����P� $QQXDO�PDS�����±����� 6XOOD�0HQDVKH�
DQG�)ULHGO������

*OREDO�,PSHUYLRXV��
6XUIDFH� /DQGVDW��6HQWLQHO� ���P� ����� =KDQJ�HW�DO��

�����

*OREH/DQG��� /DQGVDW�70�(70��2/,��
*DRIHQ��� ���P� ����������������� -XQ��%DQ��DQG�/L�

�����
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� )RU�FODVVLILFDWLRQV�LQ�WKH�����V�DQG�����V��LQFRUSRUDWLQJ�WKH�)RXULHU�SUHGLFWRUV�����

UDLVHG�WKH�RYHUDOO�DFFXUDF\�WR�a�����VLPLODU�WR�WKH�RYHUDOO�DFFXUDF\�LQ�����±���������

DFKLHYHG�XVLQJ�6HQWLQHO��$�06,�GDWD��+HQFH��LQFRUSRUDWLQJ�)RXULHU�SUHGLFWRUV�IRU�WKH�����

HDUOLHU�WLPH�SHULRGV��/DQGVDW���70�RU�/DQGVDW���(70���HQDEOHG�WKH�PDSSLQJ�RI�EXLOW�����

XS�ODQG�ZLWK�DQ�DFFXUDF\�VLPLODU�WR�WKH�FODVVLILFDWLRQ�EDVHG�RQ�GDWD�VRXUFHG�IURP�PRUH�����

UHFHQW�DQG�PRUH�DGYDQFHG�VHQVRUV��L�H���/DQGVDW���2/,�DQG�6HQWLQHO��$�06,�������

�����

)LJXUH����$FFXUDF\�RI�GLIIHUHQW�SUHGLFWRU�FRPELQDWLRQV�IRU�EXLOW�XS�ODQG�PDSSLQJ��/LQHV�����

VKRZ�WKH�PHGLDQ�YDOXH�RI����FODVVLILFDWLRQV�ZLWK�YDU\LQJ�VDPSOH�VSOLWV��WKH�PDUJLQV�����

VKRZ�WKH�VWDQGDUG�HUURU������

�����

%XLOW�XS�ODQG�PDSSLQJ�IRU�WKH�SHULRG�����±�����ZDV�VHOHFWHG�WR�H[SORUH�WKH�����

VSDWLDO�SHUIRUPDQFH�RI�6SHFWUDO��,QGLFHV��DQG�)RXULHU�SUHGLFWRUV��)LJXUH�����5HJLRQ�������

�URZ����)LJXUH����VKRZV�YLOODJHV�VXUURXQGHG�E\�IDUPODQG��ZKHUH�WKH�FODVVLILFDWLRQ�XVLQJ�����

6SHFWUDO�SUHGLFWRUV�PLVFODVVLILHG�ODUJH�DUHDV�RI�IDUPODQG�QHDU�YLOODJHV�DV�EXLOW�XS�ODQG������

5HJLRQ����URZ����)LJXUH����VKRZV�D�WRZQ�VXUURXQGHG�E\�EDUH�ODQGV��7KH�FODVVLILFDWLRQ�����

XVLQJ�6SHFWUDO�SUHGLFWRUV�PLVFODVVLILHG�PRVW�EDUH�ODQG�WR�EXLOG�XS�ODQG��5HJLRQV���DQG�������

�URZV���DQG����)LJXUH����ZHUH�ORFDWHG�LQ�PRUH�KXPLG�DUHDV�WKDQ�UHJLRQV���DQG����)LJXUH�����



�

�

��VKRZV�WKDW�EDUH�ODQGV�DQG�IDUPODQG�URWDWLRQ�FRQIRXQGHG�EXLOW�XS�ODQG�PDSSLQJ��7KH�����

DGGLWLRQ�RI�,QGLFHV�SUHGLFWRUV�UHGXFHG�PLVFODVVLILFDWLRQ�LQ�5HJLRQV���DQG���EXW�����

ZRUVHQHG�WKH�FODVVLILFDWLRQ�LQ�UHJLRQV���DQG����+RZHYHU��WKH�)RXULHU�SUHGLFWRUV�SURYLGHG�����

VNLOOHG�GHOLQHDWLRQ�RI�EXLOW�XS�ODQG�PDSSLQJ�DFURVV�WKH�IRXU�H[DPSOH�UHJLRQV������

�����

)LJXUH����6SDWLDO�LPSURYHPHQW�LQ�EXLOW�XS�ODQG�PDSSLQJ�IRU�IRXU�VHOHFWHG�UHJLRQV��:H�����

XVHG�D�IDOVH�FRORU�FRPSRVLWH�VFKHPH�WR�GLVSOD\�SUHGLFWRUV�DQG�D�WZR�FRORU�PDS�WR�����

UHSUHVHQW�WKH�FODVVLILFDWLRQ�UHVXOWV��ZLWK�\HOORZ�LQGLFDWLQJ�EXLOW�XS�ODQG�DQG�WKH�GDUN�����

FRORU�QRQ�EXLOW�XS���5HJLRQV���DQG���ZHUH�ORFDWHG�LQ�WKH�QRUWKHUQ��WHPSHUDWH�SDUW�RI�WKH�����

VWXG\�DUHD��UHJLRQV���DQG���ZHUH�ORFDWHG�LQ�WKH�PRUH�KXPLG�VRXWKHUQ�SDUW��1'9,�FRV��������

1'9,�VLQ����DQG�(9,�VLQ���DUH�VHOHFWHG�WR�SUHVHQW�WKH�)RXULHU�SUHGLFWRUV�WR�JLYH�����

PD[LPXP�YLVXDO�FRQWUDVW�WR�EXLOW�XS�ODQG��1'9,�FRV���UHIHUV�WR�WKH�FRVLQH�FRHIILFLHQW�����

ZLWK�D�IUHTXHQF\�RI���IURP�WKH�)RXULHU�WUDQVIRUPDWLRQ�RQ�1'9,��1'9,�VLQ���DQG�(9,�����

VLQ���DUH�WKH�VLQH�FRHIILFLHQWV�ZLWK�D�IUHTXHQF\�RI��������
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$FFXUDF\�LPSURYHPHQWV�YLD�WHPSRUDO�FRUUHFWLRQ�����

)LJXUH��D�VKRZV�FODVVLILFDWLRQ�DFFXUDF\�EHIRUH�DQG�DIWHU�WHPSRUDO�FRUUHFWLRQ��7HPSRUDO�����

FRUUHFWLRQ�LQFUHDVHG�EXLOW�XS�ODQG�FODVVLILFDWLRQ�DFFXUDF\��DFKLHYLQJ�FRQVLVWHQWO\�KLJK�����

DFFXUDFLHV�RYHU�WKH�HQWLUH�VWXG\�SHULRG��7KH�KLJKHVW�DFFXUDF\�LQFUHDVHV������±����������

RFFXUUHG�LQ�WKH�ODVW�WZR�SHULRGV��ZKLOH�WKH�DFFXUDF\�RI�WKH�ILUVW�WZR�SHULRGV�GHFUHDVHG�E\�����

����±������:H�IXUWKHU�LQVSHFWHG�VSDWLDO�LPSURYHPHQWV�LQ�����±�����EHFDXVH�WKH�����

FODVVLILFDWLRQ�LQ�WKLV�SHULRG�KDG�WKH�ORZHVW�RULJLQDO�DFFXUDF\��)LJXUH��E���7KH�WHPSRUDO�����

FRUUHFWLRQ�SURFHVV�JUHDWO\�UHGXFHG�PLVFODVVLILFDWLRQ�UHVXOWLQJ�IURP�VWULSLQJ�LQ�WKH�����

RULJLQDO�LPDJHU\�IURP�WKH�6FDQ�/LQH�&RUUHFWRU�IDLOXUH�RI�/DQGVDW�(70���UHJLRQV�$�DQG�����

&���FRUUHFWO\�UHPRYHG�HUURQHRXVO\�FODVVLILHG�JUHHQKRXVHV��KD]\��OLJKW�JUD\�SDWFKHV�LQ�����

UHJLRQ�%���DQG�LPSURYHG�FODVVLILFDWLRQ�TXDOLW\�LQ�KLOO\�DQG�EDUUHQ�DUHDV��UHJLRQ�'�������



�

�

�����

)LJXUH����,PSURYHPHQW�LQ�RYHUDOO�DFFXUDF\�DQG�VSDWLDO�SHUIRUPDQFH�ZKHQ�XVLQJ�����

WHPSRUDO�FRUUHFWLRQ��7UXH�FRORU�PDSV�LQ�E��ZHUH�REWDLQHG�IURP�KLJK�GHILQLWLRQ�*RRJOH�����

(DUWK�LPDJHU\�IURP�'HFHPEHU�����������

6SDWLR�WHPSRUDO�G\QDPLFV�RI�EXLOW�XS�ODQG�����

:H�PRVDLFNHG�DOO�WHPSRUDOO\�FRUUHFWHG�FODVVLILFDWLRQV�LQWR�RQH�LPDJH�DQG�XVHG�D�ZDUP�����

FRRO�FRORU�VFKHPH�WR�UHSUHVHQW�WLPH�IURP������WR�������)LJXUH�����&LWLHV�LQ�IODWWHU�����

UHJLRQV��H�J���%DRGLQJ��6KDQJTLX��DQG�&KDQJ]KRX��WHQGHG�WR�H[SDQG�UDGLDOO\�RXWZDUG������

D��

E��
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&LWLHV�QHDU�ULYHUV��H�J���;X\L�DQG�;LQ\DQJ��JUHZ�OLQHDUO\�IROORZLQJ�WKH�JHRJUDSKLFDO�����

FRQVWUDLQWV��DQG�FLWLHV�LQ�PRXQWDLQRXV�DUHDV��H�J���)HQJQLQJ��H[SDQGHG�DORQJ�YDOOH\V������

�����

)LJXUH����'\QDPLF�PDS�RI�EXLOW�XS�DUHDV�IURP������WR�������:DUP�FRORUV�LQGLFDWH�����
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HDUOLHU�GDWHV��DQG�FRRO�FRORUV�LQGLFDWH�ODWHU�GDWHV��+H[DJRQDO�LQVHWV�VKRZ�]RRPHG�LQ�����

YLHZV�RI�VHOHFWHG�FLWLHV������

7KH�LQFUHDVH�LQ�EXLOW�XS�DUHD�DFFHOHUDWHG�RYHU�WKH�VWXG\�SHULRG��ZLWK�DOO�����

SURYLQFHV��H[FHSW�IRU�+HEHL��WULSOLQJ�WKHLU�EXLOW�XS�DUHD��)LJXUH�����6KDQGRQJ�DQG�+HQDQ�����

SURYLQFHV�KDG�WKH�ODUJHVW�EXLOW�XS�DUHD��-LDQJVX�SURYLQFH�URVH�IURP�WKH�ILIWK�ODUJHVW�����

EXLOW�XS�ODQG�DUHD�WR�WKH�WKLUG�DIWHU�������ZKLOH�+HEHL�DQG�$QKXL�KDG�OHVV�EXLOW�XS�ODQG�����

DUHD��%HLMLQJ�DQG�7LDQMLQ�VKRZHG�VLPLODU�DPRXQWV�RI�EXLOW�XS�ODQG�DUHD�IRU�DOO�SHULRGV�����

DQG�ERWK�LQFUHDVHG�UDSLGO\��7LDQMLQ�GHPRQVWUDWHG�WKH�ODUJHVW�FKDQJH�LQ�SURSRUWLRQ�RI�����

EXLOW�XS�ODQG��H[SDQGLQJ�IURP������LQ�����������WR�������LQ������������7KH�UDWLR�RI�����

EXLOW�XS�ODQG�LQFUHDVHG�IURP������WR�������LQ�-LDQJVX�DQG�IURP������WR�������LQ�����

6KDQGRQJ��+HQDQ��%HLMLQJ��DQG�$QKXL�VKDUHG�D�FRPSDUDEOH�JURZWK�OHYHO�RI�a���WR�����

a�����+HEHL�GHPRQVWUDWHG�WKH�ORZHVW�FRQFHQWUDWLRQ�RI�EXLOW�XS�ODQG��LQFUHDVLQJ�IURP�����

�����LQ�����������WR�������LQ����������������
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)LJXUH����%XLOW�XS�ODQG�FKDQJH�LQ�WKH�1RUWK�&KLQD�3ODLQ�IURP������WR�������D��7KH�DUHD�����

FKDQJH��E��7KH�EXLOW�XS�DUHD�SURSRUWLRQ�FKDQJH��WKH�YDOXH�VKRZV�WKH�SHUFHQWDJH�RI�EXLOW�����

XS�DUHD�WR�UHJLRQ�WRWDO�DUHD������

&URVV�SURGXFW�FRPSDULVRQ�����

6LJQLILFDQW�GLIIHUHQFHV�ZHUH�IRXQG�EHWZHHQ�WKH�VHOHFWHG�GDWDVHWV�EHFDXVH�RI�WKH�����

GLIIHUHQFHV�LQ�FODVVLILFDWLRQ�DOJRULWKPV��GDWD�VRXUFHV��VSDWLDO�UHVROXWLRQ��DQG�GHILQLWLRQV�����

XVHG���)LJXUH������7KH�ORZ�UHVROXWLRQ�GDWDVHWV��(6$�&&,��*OREDO�8UEDQ�([SDQVLRQ��DQG�����

0&'��4���PLVVHG�EXLOW�XS�ODQG�LQ�VPDOOHU�YLOODJHV�DQG�WRZQV��7KH�*OREDO�8UEDQ�����

'\QDPLFV�XVHG�/DQGVDW�LPDJHU\�DV�LQSXW�GDWD�DQG�WKH�9,,56�17/�DV�D�PDVN�WR�PDS�WKH�����

XUEDQ�ODQG�G\QDPLFV�EXW�RPLWWHG�VPDOO�YLOODJHV�WRZQV�WKDW�HPLW�IDLQW�QLJKWWLPH�OLJKW������

+RZHYHU��WKH�*$,$�SURGXFW�PRUH�VNLOOIXOO\�FDSWXUHG�EXLOW�XS�ODQG�LQ�ODUJH�FLWLHV�DQG�����

VPDOOHU�YLOODJHV�DQG�WRZQV������

�����



�

�

�����

)LJXUH�����'\QDPLFV�RI�EXLOW�XS�DUHD�LQ�IRXU�VHOHFWHG�FLWLHV������±�������7KH�WUXH�FRORU�����

PDSV�ZHUH�WDNHQ�IURP�*RRJOH�(DUWK�KLJK�GHILQLWLRQ�LPDJHV�IURP�������*$,$��*OREDO�����

$UWLILFLDO�,PSHUYLRXV�$UHD��(6$�&&,��(XURSHDQ�6SDFH�$JHQF\�&OLPDWH�&KDQJH�����

,QLWLDWLYH��*+6/��*OREDO�+XPDQ�6HWWOHPHQW�/D\HU��0&'��4���02',6�/DQG�&RYHU�����

7\SH�3URGXFW��1RWH�WKDW�WKH�VWDUW�\HDU�IRU�*$,$�ZDV�������PDNLQJ�LWV�FLW\�FHQWHUV�ORRN�����

GDUNHU�WKDQ�RXU�SURGXFW������
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:H�IXUWKHU�FRPSDUHG�EXLOW�XS�DUHDV�DQG�RYHUDOO�DFFXUDF\�EHWZHHQ�RXU�VWXG\�DQG�����

RWKHU�GDWDVHWV��)LJXUH���D���2XU�VWXG\�FRPSXWHG�WKH�VHFRQG�ODUJHVW�EXLOW�XS�DUHD�����

WKURXJKRXW�WKH�VWXG\�SHULRG��VLPLODU�WR�RWKHU�KLJK�UHVROXWLRQ�GDWDVHWV��L�H���*$,$������

*+6/��DQG�*OREH/DQG�����,Q�WKH�����V��RXU�EXLOW�XS�ODQG�HVWLPDWHV�ZHUH�LQ�EURDG�����

DJUHHPHQW�ZLWK�*$,$�DQG�*+6/�EXW�ZHUH�VLJQLILFDQWO\�KLJKHU�WKDQ�(6$�&&,��*OREDO�����

8UEDQ�'\QDPLFV��DQG�*OREDO�8UEDQ�([SDQVLRQ��*$,$��(6$�&&,��DQG�RXU�GDWD�VKRZHG�����

DQ�DFFHOHUDWLRQ�LQ�EXLOW�XS�DUHD�H[SDQVLRQ��ZKLOH�*+6/��02',6��*OREDO�8UEDQ�����

'\QDPLFV��DQG�WKH�*OREDO�8UEDQ�([SDQVLRQ�VKRZHG�OLQHDUO\�LQFUHDVLQJ�WUHQGV������

'XH�WR�WKHLU�VLPLODU�VSDWLDO�UHVROXWLRQ�DQG�ODQG�FRYHU�GHILQLWLRQ��*$,$��*OREDO�����

,PSHUYLRXV�6XUIDFH��DQG�*OREH/DQG���ZHUH�VHOHFWHG�IRU�WKH�DFFXUDF\�FRPSDULVRQV��7KH�����

DFFXUDF\�RI�RXU�VWXG\�ZDV�����KLJKHU�WKDQ�*+6/�DQG�*OREDO�,PSHUYLRXV�6XUIDFH��DQG�����

�������KLJKHU�WKDQ�*$,$��HVSHFLDOO\�LQ�WKH�HDUOLHU�\HDUV��2XU�DFFXUDF\�ZDV�����

FRQVLVWHQWO\�KLJK��!�����DFURVV�DOO�\HDUV��ZKLOH�WKDW�RI�WKH�*OREDO�,PSHUYLRXV�6XUIDFH�����

DQG�*OREH/DQG���ZHUH�a�����DQG�*$,$
V�DFFXUDF\�UDQJHG�IURP�����LQ������WR���������

LQ�����������
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)LJXUH�����$UHD�DQG�RYHUDOO�DFFXUDF\�FRPSDULVRQ��7KH�PLGGOH�\HDU�RI�HDFK�SHULRG�LQ�����

WKLV�VWXG\�ZDV�VHOHFWHG�DV�WKH�[�D[LV�YDOXH��IRU�H[DPSOH�������ZDV�XVHG�WR�LQGLFDWH�WKH�����

EXLOW�XS�DUHD�RI�����������������

'LVFXVVLRQ�����

)RXULHU�SUHGLFWRUV�LPSURYHG�EXLOW�XS�ODQG�PDSSLQJ�DFFXUDF\�����

/DQGVDW�KDV�D�ORQJ�DQG�FRQWLQXRXV�LPDJH�DUFKLYH�ZKLFK�RIIHUV�D�XQLTXH�RSSRUWXQLW\�IRU�����

JOREDO�DQG�UHJLRQDO�DVVHVVPHQW�RI�ODQG�XVH�FKDQJH�SURFHVVHV�VXFK�DV�XUEDQL]DWLRQ�����

�'HQJ�DQG�=KX��������+RZHYHU��IDOORZ�IDUPODQG�DQG�VHDVRQDO�EDUH�ODQG�LQWURGXFH�����

FRQIXVLRQ�LQWR�EXLOW�XS�ODQG�PDSSLQJ��*RQJ�HW�DO��������3RXUVDQLGLV��&KU\VRXODNLV��DQG�����

0LWUDND��������7KLV�VWXG\�XVHG�FRHIILFLHQWV�IURP�D�'LVFUHWH�)RXULHU�7UDQVIRUPDWLRQ�DV�����

SUHGLFWRUV�DQG�DFKLHYHG�DQ����DFFXUDF\�JDLQ�FRPSDUHG�WR�XVLQJ�WUDGLWLRQDO�6SHFWUDO�DQG�����

,QGLFHV�EDVHG�DSSURDFKHV��)DOORZ�IDUPODQG�DQG�VHDVRQDO�EDUH�ODQG�FRQIXVLRQ�ZHUH�����

ODUJHO\�UHPRYHG�IROORZLQJ�WKH�LQFOXVLRQ�RI�)RXULHU�SUHGLFWRUV��2XU�UHVXOWV�FDSWXUHG�ILQH�����

VFDOH�EXLOW�XS�IHDWXUHV��VXFK�DV�EXLOGLQJV�LQ�VPDOO�YLOODJHV�DQG�WRZQV��UDWKHU�WKDQ�MXVW�WKH�����

ODUJH�VFDOH�IHDWXUHV�RI�ODUJH�FLWLHV��$V�D�UHVXOW�RI�WKH�KLJKHU�DFFXUDF\��RXU�VWXG\�UHYHDOHG�����
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KLJKHU�HVWLPDWHV�RI�EXLOW�XS�DUHDV�WKDQ�RWKHU�GDWDVHWV��H[FHSW�IRU�*OREH/DQG���������

VXJJHVWLQJ�WKDW�JOREDO�DVVHVVPHQWV�RI�XUEDQL]DWLRQ�PD\�EH�XQGHUHVWLPDWHG�������

7KH�HIIHFWLYHQHVV�RI�)RXULHU�SUHGLFWRUV�LQ�GHOLQHDWLQJ�EXLOW�XS�ODQGV�PD\�EH�����

EHFDXVH�IHDWXUHV�FDSWXUHG�LQ�GHQVH�WLPH�VWDFNV�RI�UHPRWHO\�VHQVHG�GDWD�DUH�OHVV�DIIHFWHG�����

E\�UDQGRP�QRLVH��H�J���FORXG��FORXG�VKDGRZ��DQG�VHDVRQDO�FKDQJHV�LQ�ODQG�VXUIDFH��WKDQ�����

VQDSVKRW�VSHFWUDO�GDWD�RU�LQGLFHV��&URS�SKHQRORJ\�DQG�IDUPLQJ�URWDWLRQV�OHDG�WR�UHJXODU�����

JUHHQQHVV�SDWWHUQV�LQ�FXOWLYDWHG�VLWHV�RYHU�WKH�DQQXDO�JURZLQJ�F\FOH�WKDW�DUH�GLVWLQFW�����

IURP�EXLOW�XS�ODQGV��=HQJ�HW�DO���������:KLOH�LW�LV�GLIILFXOW�IRU�6SHFWUDO�DQG�,QGLFHV�����

SUHGLFWRUV�WR�VHSDUDWH�IDOORZ�ODQGV�IURP�EXLOW�XS�ODQGV²D�FRPPRQ�VRXUFH�RI�EXLOW�XS�����

ODQG�PDSSLQJ�HUURU²)RXULHU�SUHGLFWRUV�ZHUH�VHQVLWLYH�WR�WKLV�GLVWLQFWLRQ��,QFRUSRUDWLQJ�����

)RXULHU�SUHGLFWRUV�UHGXFHG�WKLV�FRQIXVLRQ�DQG�VXEVWDQWLDOO\�LQFUHDVHG�WKH�DFFXUDF\�RI�����

EXLOW�XS�ODQG�PDSSLQJ������

7HPSRUDO�FRUUHFWLRQ�LQFUHDVHV�WKH�FRQVLVWHQF\�RI�ORQJ�WLPH�VHULHV�EXLOW�XS�ODQG�����

PDSSLQJ�����

,Q�DGGLWLRQ�WR�LQFRUSRUDWLQJ�)RXULHU�SUHGLFWRUV��ZH�DOVR�LPSOHPHQWHG�WHPSRUDO�����

FRUUHFWLRQ�WR�DFFRXQW�IRU�WKH�JHQHUDO�IHDWXUH�RI�LUUHYHUVLELOLW\�LQ�EXLOW�XS�ODQG��L�H���RQFH�����

DQ�DUHD�LV�FRQYHUWHG�WR�XUEDQ�ODQG��LW�WHQGV�WR�UHPDLQ�DV�XUEDQ�ODQG��/L��*RQJ��DQG�/LDQJ�����

������/L�HW�DO����������:H�LPSOHPHQWHG�WKH�UXOH�WKDW�EXLOW�XS�ODQG�LQ�HDUOLHU�\HDUV�ZDV�����

XQOLNHO\�WR�RFFXU�EH\RQG�WKH�H[WHQW�RI�EXLOW�XS�ODQG�LQ�ODWHU�\HDUV��SURYLGLQJ�WKH�ORJLF�����

IRU�GHYHORSLQJ�D�WHPSRUDO�FRUUHFWLRQ�DOJRULWKP�WR�UHPRYH�LQFRUUHFW�SL[HO�FODVVLILFDWLRQV������

7KLV�FRUUHFWLRQ�ZDV�DEOH�WR�UHPRYH�PLVFODVVLILHG�DUHDV�UHVXOWLQJ�IURP�VWULSLQJ�FDXVHG�E\�����

WKH�(70��6FDQ�/LQH�&RUUHFWRU�IDLOXUH��2XU�PHWKRG�FDQ�EH�GHSOR\HG�RQ�WKH�*RRJOH�����

(DUWK�(QJLQH�SODWIRUP�DQG�LV�PRUH�VWUDLJKWIRUZDUG�WKDQ�RWKHU�WHPSRUDO�FRUUHFWLRQ�����

DOJRULWKPV��)RU�H[DPSOH��/L�HW�DO���������FRPELQHG�D�PDMRULW\�YRWH�UXOH�DQG�WHPSRUDO�����

UHDVRQLQJ�WR�FRQVWUXFW�D�VSDWLR�WHPSRUDO�FRQVLVWHQF\�FKHFN�DOJRULWKP��ZKLFK�UHTXLUHG�D�����
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FRPSOLFDWHG�SURFHVV�WR�FRPELQH�WUDQVLWLRQ�SUREDELOLWLHV�DQG�QHLJKERUKRRG�����

FKDUDFWHULVWLFV��,Q�FRPSDULVRQ��RXU�KHXULVWLF�PHWKRG�LV�VWUDLJKWIRUZDUG�WR�DSSO\�DQG�����

DFKLHYHG�D�VLJQLILFDQW�FRUUHFWLRQ�HIIHFW������

&RPELQLQJ�)RXULHU�SUHGLFWRUV�DQG�WHPSRUDO�FRUUHFWLRQ�DFKLHYHG�FRQVLVWHQWO\�����

KLJK�DFFXUDF\�LQ�EXLOW�XS�ODQG�PDSSLQJ�RYHU����\HDUV��7KH�RYHUDOO�DFFXUDF\�RI�RXU�����

SURGXFW�ZDV�KLJK�DQG�FRQVLVWHQW�DFURVV�\HDUV��!������DYHUDJLQJ�DURXQG�a����KLJKHU�����

WKDQ�WKH�*OREH/DQG���DQG�a����KLJKHU�WKDQ�*$,$�LQ�WKH�����V�DQG�����V��)LJXUH�����������

,QIRUPLQJ�VXVWDLQDELOLW\�DVVHVVPHQW�DQG�VXSSRUWLQJ�SROLF\�ZLWK�KLJK�TXDOLW\�����

GDWD�����

%XLOW�XS�ODQG�RFFXSLHV�RQO\�D�VPDOO�SRUWLRQ�RI�WKH�JOREDO�WHUUHVWULDO�VXUIDFH�EXW�KRVWV�����

PRUH�WKDQ�KDOI�RI�WKH�ZRUOG
V�SRSXODWLRQ��&KHQ�HW�DO���������,QGHHG������RI�JOREDO�����

DQWKURSRJHQLF�JUHHQKRXVH�JDV�HPLVVLRQV�LQ������DQG�����RI�ORFDO�QDWXUDO�KDELWDW�ORVV�����

LQ������KDYH�EHHQ�OLQNHG�WR�WKH�GHYHORSPHQW�RI�EXLOW�XS�ODQGV��+RSNLQV�HW�DO��������.H�����

HW�DO���������7KHUHIRUH��DQ�DFFXUDWH�XQGHUVWDQGLQJ�RI�WKH�G\QDPLFV�RI�EXLOW�XS�ODQG�RYHU�����

WLPH�LV�FULWLFDO�WR�DGGUHVVLQJ�WKH�VRFLDO�DQG�HQYLURQPHQWDO�FKDOOHQJHV�WKDW�WKUHDWHQ�D�����

VXVWDLQDEOH�IXWXUH�LQ�UDSLGO\�XUEDQL]LQJ�DUHDV��LQFOXGLQJ�RXU�VWXG\�DUHD������

2XU�FRQVLVWHQW��KLJK�DFFXUDF\�GDWD�SURGXFW�FDQ�EH�UHDGLO\�XVHG�LQ�XUEDQ�SROLF\�����

DQG�SODQQLQJ��)RU�H[DPSOH��XUEDQ�JURZWK�PRGHOV�EDVHG�RQ�FHOOXODU�DXWRPDWD�XVH�����

KLVWRULFDO�GDWD�WR�SURMHFW�IXWXUH�VFHQDULRV��EXW�HUURUV�LQ�KLVWRULFDO�GDWD�FDQ�SURSDJDWH�����

WKURXJKRXW�WKH�SURMHFWLRQ��UHGXFLQJ�FRQILGHQFH�LQ�WKH�UHVXOWV��&ODUNH�DQG�-RKQVRQ�����������

5RRGSRVKWL��$U\DO��DQG�%U\DQ��������7KLV�VWXG\�SURYLGHV�UHOLDEOH�KLVWRULFDO�GDWD�WKDW�����

HQDEOHV�EXLOW�XS�ODQG�H[SDQVLRQ�WR�EH�SURMHFWHG�ZLWK�KLJKHU�FRQILGHQFH��(QYLURQPHQWDO�����

FKDQJH�FDQ�DOVR�EH�TXDQWLILHG�PRUH�SUHFLVHO\�XVLQJ�DFFXUDWH�EXLOW�XS�ODQG�PDSV��)RU�����

H[DPSOH��WKH�,QWHJUDWHG�9DOXDWLRQ�RI�(FRV\VWHP�6HUYLFHV�DQG�7UDGH�RIIV��,Q9(67������

PRGHO�XVHV�ODQG�XVH�PDSV�DV�D�SUR[\�WR�FDOFXODWH�FDUERQ�VHTXHVWUDWLRQ��ZDWHU�\LHOG��FURS�����
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SURGXFWLRQ��DQG�KDELWDW�TXDOLW\��7DOOLV�HW�DO���������+LJK�TXDOLW\�EXLOW�XS�ODQG�PDSSLQJ�����

GDWD�FDQ�SURYLGH�PRUH�UHOLDEOH�LQSXW�GDWD�IRU�FDOFXODWLQJ�WKH�DQWKURSRJHQLF�LPSDFWV�RI�����

XUEDQL]DWLRQ������

6SDWLDOO\�H[SOLFLW�SROLFLHV�DQG�SODQQLQJ�DUH�HVVHQWLDO�IRU�VXSSRUWLQJ�VXVWDLQDEOH�����

GHYHORSPHQW��DQG�RQH�UHTXLUHPHQW�IRU�IRUPXODWLQJ�VXFK�SROLFLHV�LV�DFFHVV�WR�KLJK�����

TXDOLW\�GDWD��7KH�VWXG\�DUHD�LV�XQLTXH�LQ�&KLQD�IRU�LWV�VWUDWHJLF�SRVLWLRQ��UDSLG�����

XUEDQL]DWLRQ��DQG�KLJK�DJULFXOWXUDO�SURGXFWLYLW\��6RQJ�DQG�'HQJ��������7R�ERRVW�WKH�����

HFRQRP\�RI�WKH�VWXG\�DUHD��WKH�&KLQHVH�JRYHUQPHQW�KDV�DQQRXQFHG�D�VHULHV�RI�����

GHYHORSPHQW�SODQV��VXFK�DV�WKH�%HLMLQJ�7LDQMLQ�+HEHL�8UEDQ�$JJORPHUDWLRQ�����

GHYHORSPHQW�SODQ��)DQJ�HW�DO��������DQG�WKH�&HQWUDO�3ODLQV�&LW\�*URXS�GHYHORSPHQW�����

SODQ��/L�HW�DO������D���7KHVH�SODQV�LQFOXGH�PHJD�LQIUDVWUXFWXUH�SURMHFWV��H�J���KLJK�VSHHG�����

UDLOZD\V�DQG�ORQJ�GLVWDQFH�H[SUHVVZD\V��WR�HQKDQFH�HFRQRPLF�IORZ�DPRQJ�FLWLHV��/L�HW�����

DO������D���,Q�SDUDOOHO��WR�VDIHJXDUG�IRRG�VHFXULW\��WKH�&KLQHVH�JRYHUQPHQW�KDV�DOVR�����

HQDFWHG�VWULFW�IDUPODQG�SURWHFWLRQ�UHJXODWLRQV��H�J���WKH�%DVLF�)DUPODQG�3URWHFWLRQ�����

5HJXODWLRQV��WKDW�SURKLELW�IDUPODQG�IURP�EHLQJ�FRQYHUWHG�WR�EXLOW�XS�ODQGV��/LX�HW�DO������

�������$Q�DFFXUDWH�XQGHUVWDQGLQJ�RI�EXLOW�XS�ODQG�G\QDPLFV�LV�FULWLFDO�WR�IRUPXODWLQJ�����

HIIHFWLYH�GHYHORSPHQW�SODQV�WKDW�EDODQFH�UDSLG�XUEDQL]DWLRQ�ZLWK�LQFUHDVHG�GHPDQG�IRU�����

IRRG�SURGXFWLRQ��=KRQJ�HW�DO���������,Q�DGGLWLRQ��DFFXUDWH�KLVWRULFDO�EXLOW�XS�GDWD�FDQ�EH�����

XVHG�WR�SURMHFW�IXWXUH�HFRQRPLF�GHYHORSPHQW�DQG�GHULYH�RSSRUWXQLW\�FRVWV�IRU�IXWXUH�����

XUEDQ�H[SDQVLRQ��H�J���UHGXFHG�IRRG�VHFXULW\���$V�D�UHVXOW��XUEDQL]DWLRQ��IRRG�VHFXULW\������

DQG�VXVWDLQDELOLW\�FDQ�EH�FRRUGLQDWHG�XQGHU�RQH�IUDPHZRUN��SURPRWLQJ�WKH�IRUPXODWLRQ�����

RI�VSDWLDOO\�H[SOLFLW�SROLFLHV�DQG�UHJXODWLRQV������

/LPLWDWLRQV�DQG�SURVSHFWV�����

2XU�VWXG\�KDV�VRPH�OLPLWDWLRQV�DQG�XQFHUWDLQWLHV��:H�GHULYHG�WHPSRUDO�IHDWXUHV�IURP�����

WKH�'LVFUHWH�)RXULHU�7UDQVIRUPDWLRQ�EDVHG�RQ�WKUHH�\HDUV�RI�GDWD��+HQFH�WKH�H[DFW�GDWH�����
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RI�EXLOW�XS�ODQG�GHYHORSPHQW�FDQQRW�EH�GHWHUPLQHG�DW�D�ILQHU�UHVROXWLRQ�WKDQ�WKUHH�\HDUV������

$QRWKHU�XQFHUWDLQW\�ZDV�LQWURGXFHG�E\�WKH�WHPSRUDO�FRUUHFWLRQ�PHWKRGRORJ\��ZKLFK�����

DVVXPHV�WKDW�EXLOW�XS�ODQG�LQ�����±�����UHPDLQHG�XQFKDQJHG�GXULQJ�WKH�VWXG\�SHULRG������

6PDOO�DUHDV�RI�EXLOW�XS�ODQG�FRXOG�KDYH�EHHQ�FRQYHUWHG�WR�RWKHU�ODQG�W\SHV�RYHU�WLPH��)X�����

HW�DO���������+RZHYHU��VXFK�FRQYHUVLRQV�W\SLFDOO\�RQO\�FRPSULVH�D�VPDOO�SRUWLRQ�RI�WKH�����

WRWDO�EXLOW�XS�ODQG�DUHD��*RQJ��/L��DQG�=KDQJ��������'HVSLWH�WKHVH�OLPLWDWLRQV��WKH�����

UHVXOWV�SURYLGH�WKH�PRVW�DFFXUDWH��KLJK�UHVROXWLRQ��ORQJ�WLPH�VHULHV�EXLOW�XS�ODQG�GDWD�����

SURGXFW�DYDLODEOH�IRU�WKH�1RUWK�&KLQD�3ODLQ�������

7KH�FURVV�SURGXFW�FRPSDULVRQ�LQGLFDWHV�WKDW�RXU�EXLOW�XS�ODQG�PDSSLQJ�IRU�WKH�����

1RUWK�&KLQD�3ODLQ�LV�PRUH�FRQVLVWHQW�DQG�DFFXUDWH�WKDQ�RWKHU�DYDLODEOH�SURGXFWV�WKDW�����

PDS�EXLOW�XS�ODQG��+RZHYHU��ZKLOH�FRPSDULQJ�WKH�DFFXUDF\�RI�KLJKO\�WDLORUHG��UHJLRQDO�����

PDSSLQJ�DSSOLFDWLRQV�DJDLQVW�RWKHU�JOREDO�GDWDVHWV�HQDEOHV�SRWHQWLDO�XVHUV�WR�HYDOXDWH�����

WKH�PHULWV�RI�WKH�SURGXFWV�DYDLODEOH�IRU�D�VSHFLILF�UHJLRQ��LW�LV�QRW�D�UHIOHFWLRQ�RQ�WKH�����

YDOXH�RI�WKH�JOREDO�GDWDVHWV�DV�WKH�DFFXUDF\�RI�JOREDO�SURGXFWV�LV�ERXQG�WR�EH�ORZHU��2XU�����

GDWDVHW�ILOOV�D�GLIIHUHQW�QLFKH��DLPHG�DW�XVHUV�WKDW�UHTXLUH�FRQVLVWHQW��KLJK�DFFXUDF\������

ORQJ�WLPH�VHULHV�GDWD�IRU�D�VSHFLILF�UHJLRQ�UDWKHU�WKDQ�JOREDO�FRYHUDJH�������

&RQFOXVLRQ�����

:H�LQFRUSRUDWHG�WHPSRUDO�IHDWXUHV�EDVHG�RQ�D�GHQVH�WLPH�VWDFN�RI�/DQGVDW�LPDJHU\�DQG�����

D�WHPSRUDO�FRUUHFWLRQ�PHWKRG�WR�PDS�WKH�VSDWLDO�H[WHQW�RI�EXLOW�XS�ODQG�LQ�WKH�1RUWK�����

&KLQD�3ODLQ�RYHU����\HDUV������±�������,QFRUSRUDWLQJ�)RXULHU�SUHGLFWRUV�LQFUHDVHG�����

RYHUDOO�DFFXUDF\�E\����FRPSDUHG�WR�XVLQJ�6SHFWUDO�DQG�,QGLFHV�SUHGLFWRUV�DORQH��7KH�����

WHPSRUDO�FRUUHFWLRQ�VXFFHVVIXOO\�UHPRYHG�LQFRUUHFWO\�FODVVLILHG�SL[HOV�DQG�LQFUHDVHG�����

RYHUDOO�DFFXUDF\�LQ�DOO�SHULRGV�WR�D�FRQVLVWHQWO\�KLJK�OHYHO��!������$OO�SURYLQFHV�DQG�����

FLWLHV�LQ�WKH�VWXG\�UHJLRQ�WULSOHG�WKHLU�EXLOW�XS�DUHD�RYHU�WKH�ODVW�WKUHH�GHFDGHV������
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LOOXVWUDWLQJ�WKH�ILHUFH�FRPSHWLWLRQ�EHWZHHQ�XUEDQ�DQG�DJULFXOWXUDO�ODQG�XVHV��&RQVLVWHQW������

KLJK�DFFXUDF\�DQG�ORQJ�WLPH�VHULHV�PDSSLQJ�RI�EXLOW�XS�ODQG�LV�LQYDOXDEOH�IRU�KHOSLQJ�WR�����

XQGHUVWDQG�UHFHQW�SDWWHUQV�RI�UDSLG�XUEDQL]DWLRQ��TXDQWLI\LQJ�LPSDFWV�IRU�IRRG�VHFXULW\�����

DQG�WKH�HQYLURQPHQW��PRGHOLQJ�IXWXUH�ODQG�XVH�FKDQJH��DQG�LQIRUPLQJ�SROLF\�DQG�����

SODQQLQJ�IRU�PDQDJLQJ�IXWXUH�XUEDQL]DWLRQ�DQG�VXVWDLQDEOH�GHYHORSPHQW������

�����

$FNQRZOHGJPHQW�����

:H�WKDQN�/DXUHQ�0F0DQXV�ZKR�YLVXDOO\�LQWHUSUHWHG�WKH�FRQWURO�SRLQWV������

�����

'DWD�DQG�FRGHV�DYDLODELOLW\�VWDWHPHQW�����

7KH�GDWD�DQG�FRGHV�WKDW�VXSSRUW�WKH�ILQGLQJV�RI�WKLV�VWXG\�DUH�DYDLODEOH�DW�*LW+XE�����

�KWWSV���JLWKXE�FRP�ZDQJMLQ]KXODOD�1RUWKB&KLQDB3ODLQB*((B2UJDQL]HG�������

�����

'LVFORVXUH�VWDWHPHQW�����

7KH�DXWKRUV�UHSRUWHG�QR�SRWHQWLDO�FRQIOLFW�RI�LQWHUHVW������

�����

)XQGLQJ�����

$�'HDNLQ�8QLYHUVLW\�3RVWJUDGXDWH�5HVHDUFK�VFKRODUVKLS�IXQGHG�WKLV�UHVHDUFK������

�����

5HIHUHQFHV�����

%HXUV��.LUVWHQ�0��GH��DQG�*HRIIUH\�0��+HQHEU\��������³/DQG�VXUIDFH�SKHQRORJ\������

FOLPDWLF�YDULDWLRQ��DQG�LQVWLWXWLRQDO�FKDQJH��$QDO\]LQJ�DJULFXOWXUDO�ODQG�FRYHU�FKDQJH�����

LQ�.D]DNKVWDQ�´�5HPRWH�6HQV��(QYLURQ�������������±���������

GRL���������M�UVH������������������

%URZQ��/HVWHU�5��������:KR�ZLOO�IHHG�&KLQD"�:DNH�XS�FDOO�IRU�D�VPDOO�SODQHW����::�����

1RUWRQ�	�&RPSDQ\������
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%U\DQ��%UHWW�$���<DQTLRQJ�<H��-LD¶HQ�=KDQJ��DQG�-HIIHU\�'��&RQQRU��������³/DQG�XVH�����

FKDQJH�LPSDFWV�RQ�HFRV\VWHP�VHUYLFHV�YDOXH��,QFRUSRUDWLQJ�WKH�VFDUFLW\�HIIHFWV�RI�����

VXSSO\�DQG�GHPDQG�G\QDPLFV�´�(FRV\VWHP�VHUYLFHV��������±��������

GRL���������M�HFRVHU������������������

&DOGHUyQ�/RRU��0DUFR��0LFKDOLV�+DGMLNDNRX��DQG�%UHWW�$��%U\DQ��������³+LJK�����

UHVROXWLRQ�ZDOO�WR�ZDOO�ODQG�FRYHU�PDSSLQJ�DQG�ODQG�FKDQJH�DVVHVVPHQW�IRU�$XVWUDOLD�����

IURP������WR������´�5HPRWH�6HQV��(QYLURQ�������������������

GRL���������M�UVH������������������

&DR��6KLVRQJ��'H\RQJ�+X��:HQML�=KDR��<RX�0R��&KHQ�<X��DQG�<DQJ�=KDQJ������������

³0RQLWRULQJ�&KDQJHV�LQ�WKH�,PSHUYLRXV�6XUIDFHV�RI�8UEDQ�)XQFWLRQDO�=RQHV�8VLQJ�����

0XOWLVRXUFH�5HPRWH�6HQVLQJ�'DWD��D�&DVH�6WXG\�RI�7LDQMLQ��&KLQD�´�*,6FLHQFH�	�����

5HPRWH�6HQVLQJ������������±����GRL������������������������������������

&KDL��%DRKXL��DQG�3HLMXQ�/L��������³$QQXDO�8UEDQ�([SDQVLRQ�([WUDFWLRQ�DQG�6SDWLR�����

7HPSRUDO�$QDO\VLV�8VLQJ�/DQGVDW�7LPH�6HULHV�'DWD��$�&DVH�6WXG\�RI�7LDQMLQ������

&KLQD�´�,(((�-��6HO��7RS��$SSO��(DUWK�2EV��5HPRWH�6HQV��������������±��������

GRL���������-67$56�������������������

&KHQ��*XDQJ]KDR��;LD�/L��;LDRSLQJ�/LX��<LPLQ�&KHQ��;XQ�/LDQJ��-L\H�/HQJ��;LDRFRQJ�����

;X�HW�DO��������³*OREDO�3URMHFWLRQV�RI�)XWXUH�8UEDQ�/DQG�([SDQVLRQ�8QGHU�6KDUHG�����

6RFLRHFRQRPLF�3DWKZD\V�´�1DW��&RPPXQ���������������GRL���������V��������������

������[������

&KHQ��-LQ��3HU��-|QVVRQ��0DVD\XNL�7DPXUD��=KLKXL�*X��%XQNHL�0DWVXVKLWD��DQG�/DUV�����

(NOXQGK��������³$�VLPSOH�PHWKRG�IRU�UHFRQVWUXFWLQJ�D�KLJK�TXDOLW\�1'9,�WLPH�VHULHV�����

GDWD�VHW�EDVHG�RQ�WKH�6DYLW]N\±*ROD\�ILOWHU�´�5HPRWH�6HQV�(QYLURQ��������������±��������

GRL���������M�UVH������������������
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&ODUNH��.HLWK�&���DQG�-��0��-RKQVRQ��������³&DOLEUDWLQJ�6/(87+�ZLWK�ELJ�GDWD������

3URMHFWLQJ�&DOLIRUQLD¶V�ODQG�XVH�WR������´�&RPSXW��(QYLURQ��8UEDQ�6\VW������������������

GRL���������M�FRPSHQYXUEV\V������������������

'HQJ��&KHQJELQ��DQG�=KH�=KX��������³&RQWLQXRXV�VXESL[HO�PRQLWRULQJ�RI�XUEDQ�����

LPSHUYLRXV�VXUIDFH�XVLQJ�/DQGVDW�WLPH�VHULHV�´�5HPRWH�6HQV��(QYLURQ�������������������

GRL���������M�UVH������������������

(OPRUH��$QGUHZ�-���6WHYHQ�0��*XLQQ��%XUNH�-��0LQVOH\��DQG�$QGUHZ�'��5LFKDUGVRQ������

������³/DQGVFDSH�FRQWUROV�RQ�WKH�WLPLQJ�RI�VSULQJ��DXWXPQ��DQG�JURZLQJ�VHDVRQ�����

OHQJWK�LQ�PLG�$WODQWLF�IRUHVWV�´�*OREDO�&KDQJH�%LRO�������������±��������

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

)DQJ��&KXDQJOLQ��;XHJDQJ�&XL��*XDQJGRQJ�/L��&KDR�%DR��=KHQER�:DQJ��+DLWDR�0D������

6LDR�6XQ��+DLPHQJ�/LX��.XL�/XR��DQG�<XIHL�5HQ��������³0RGHOLQJ�5HJLRQDO�����

6XVWDLQDEOH�'HYHORSPHQW�6FHQDULRV�8VLQJ�WKH�8UEDQL]DWLRQ�DQG�(FR�(QYLURQPHQW�����

&RXSOHU��&DVH�6WXG\�RI�%HLMLQJ�7LDQMLQ�+HEHL�8UEDQ�$JJORPHUDWLRQ��&KLQD�´�6FL������

7RWDO�(QYLURQ����������±����GRL���������M�VFLWRWHQY������������������

)LOD]]ROD��$OHVVDQGUR��1DPUDWD�6KUHVWKD��DQG�-��6��0DF,YRU��������Ā7KH�FRQWULEXWLRQ�����

RI�FRQVWUXFWHG�JUHHQ�LQIUDVWUXFWXUH�WR�XUEDQ�ELRGLYHUVLW\��$�V\QWKHVLV�DQG�PHWDϋ����

DQDO\VLV�ā�-RXUQDO�RI�$SSOLHG�(FRORJ\�������������±����GRL������������������

����������������

)RJD��6WHYH��3DW�/��6FDUDPX]]D��6RQJ�*XR��=KH�=KX��5RQDOG�'��'LOOH\��7LP�����

%HFNPDQQ��*DLO�/��6FKPLGW��-RKQ�/��'Z\HU��0��-RVHSK�+XJKHV��DQG�%UDG\�/DXH������

������³&ORXG�GHWHFWLRQ�DOJRULWKP�FRPSDULVRQ�DQG�YDOLGDWLRQ�IRU�RSHUDWLRQDO�/DQGVDW�����

GDWD�SURGXFWV�´�5HPRWH�6HQV��(QYLURQ����������±����GRL���������M�UVH������������������

)X��<LQJFKXQ��-LXIHQJ�/L��4LKDR�:HQJ��4LPLQJ�=KHQJ��/H�/L��6KX�'DL��DQG�%L\XQ�*XR������

������³&KDUDFWHUL]LQJ�WKH�6SDWLDO�3DWWHUQ�RI�$QQXDO�8UEDQ�*URZWK�E\�8VLQJ�7LPH�����
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6HULHV�/DQGVDW�,PDJHU\�´�6FL��7RWDO�(QYLURQ����������±��������

GRL���������M�VFLWRWHQY������������������

*RQJ��3HQJ��;XHFDR�/L��-LH�:DQJ��<XTL�%DL��%LQ�&KHQ��7HQJ\XQ�+X��;LDRSLQJ�/LX�HW�����

DO��������³$QQXDO�PDSV�RI�JOREDO�DUWLILFLDO�LPSHUYLRXV�DUHD��*$,$��EHWZHHQ����������

DQG������´�5HPRWH�6HQV��(QYLURQ�������GRL���������M�UVH������������������

*RQJ��3HQJ��;XHFDR�/L��DQG�:HL�=KDQJ��������³���<HDU������±������KXPDQ�����

VHWWOHPHQW�FKDQJHV�LQ�&KLQD�UHIOHFWHG�E\�LPSHUYLRXV�VXUIDFHV�IURP�VDWHOOLWH�UHPRWH�����

VHQVLQJ�´�6FL��%XOO���6FLHQFH�%XOOHWLQ��������������±��������

GRL���������M�VFLE������������������

*RUHOLFN��1RHO��0DWW�+DQFKHU��0LNH�'L[RQ��6LPRQ�,O\XVKFKHQNR��'DYLG�7KDX��DQG�����

5HEHFFD�0RRUH��������³*RRJOH�(DUWK�(QJLQH��3ODQHWDU\�VFDOH�JHRVSDWLDO�DQDO\VLV�IRU�����

HYHU\RQH�´�5HPRWH�6HQV�(QYLURQ��������±����GRL���������M�UVH������������������

*XR��:HL��*XL\LQJ�/L��:HQMLDQ�1L��<XKXDQ�=KDQJ��DQG�'HQJVKHQJ�/X������������

³([SORULQJ�,PSURYHPHQW�RI�,PSHUYLRXV�6XUIDFH�(VWLPDWLRQ�DW�1DWLRQDO�6FDOH�����

7KURXJK�,QWHJUDWLRQ�RI�1LJKWWLPH�/LJKW�DQG�3URED�9�'DWD�´�*,6FLHQFH�	�5HPRWH�����

6HQVLQJ������������±�����GRL������������������������������������

+H��&KXQ\DQJ��=KLIHQJ�/LX��6L\XDQ�*RX��4LDRIHQJ�=KDQJ��-LQVKXL�=KDQJ��DQG�/LQOLQ�����

;X��������³'HWHFWLQJ�JOREDO�XUEDQ�H[SDQVLRQ�RYHU�WKH�ODVW�WKUHH�GHFDGHV�XVLQJ�D�IXOO\�����

FRQYROXWLRQDO�QHWZRUN�´�(QYLURQ��5HV��/HWW����������GRL�������������������DDI���������

+H��-LH��.XQ�<DQJ��:HQMXQ�7DQJ��+XL�/X��-XQ�4LQ��<LQJ\LQJ�&KHQ��DQG�;LQ�/L������������

³7KH�)LUVW�+LJK�5HVROXWLRQ�0HWHRURORJLFDO�)RUFLQJ�'DWDVHW�IRU�/DQG�3URFHVV�6WXGLHV�����

RYHU�&KLQD�´�6FL��'DWD������������GRL���������V���������������\������

+RSNLQV��)UDQFHVFD�0���-DPHV�5��(KOHULQJHU��6XVDQ�(��%XVK��5LOH\�0��'XUHQ��&KDUOHV�����

(��0LOOHU��&KXQ�7D�/DL��<LQJ�.XDQJ�+VX��9DOHULH�&DUUDQ]D��DQG�-DPHV�7��5DQGHUVRQ������

������³0LWLJDWLRQ�RI�PHWKDQH�HPLVVLRQV�LQ�FLWLHV��+RZ�QHZ�PHDVXUHPHQWV�DQG�����
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SDUWQHUVKLSV�FDQ�FRQWULEXWH�WR�HPLVVLRQV�UHGXFWLRQ�VWUDWHJLHV�´�(DUWK¶V�)XWXUH������������

���±����GRL�������������HI������������

+RX��;XHMLDR��/LDQ�)HQJ��-LQJ�7DQJ��;LDR�3HQJ�6RQJ��-XQJXR�/LX��<XQOLQ�=KDQJ������

-XQMLDQ�:DQJ�HW�DO��������³$QWKURSRJHQLF�WUDQVIRUPDWLRQ�RI�<DQJW]H�3ODLQ�����

IUHVKZDWHU�ODNHV��SDWWHUQV��GULYHUV�DQG�LPSDFWV�´�5HPRWH�6HQV��(QYLURQ�������������������

GRL���������M�UVH������������������

-LQ��*XL��.XQ�&KHQ��3HL�:DQJ��%DLVKX�*XR��<LQ�'RQJ��DQG�-XQ�<DQJ��������³7UDGH�����

RIIV�LQ�ODQG�XVH�FRPSHWLWLRQ�DQG�VXVWDLQDEOH�ODQG�GHYHORSPHQW�LQ�WKH�1RUWK�&KLQD�����

3ODLQ�´�7HFKQRO��)RUHFDVWLQJ�6RFLDO�&KDQJH��������±��������

GRL���������M�WHFKIRUH������������������

-|QVVRQ��3HU��=KDQ]KDQJ�&DL��(OL�0HODDV��0DUN�)ULHGO��DQG�/DUV�(NOXQGK��������³$�����

0HWKRG�IRU�5REXVW�(VWLPDWLRQ�RI�9HJHWDWLRQ�6HDVRQDOLW\�IURP�/DQGVDW�DQG�6HQWLQHO�������

7LPH�6HULHV�'DWD�´�5HPRWH�6HQV���������������GRL���������UV��������������

.H��;LQOL��-DVSHU�YDQ�9OLHW��7LQJ�=KRX��3HWHU�+��9HUEXUJ��:HLZHL�=KHQJ��DQG�;LDRSLQJ�����

/LX��������³'LUHFW�DQG�LQGLUHFW�ORVV�RI�QDWXUDO�KDELWDW�GXH�WR�EXLOW�XS�DUHD�H[SDQVLRQ������

$�PRGHO�EDVHG�DQDO\VLV�IRU�WKH�FLW\�RI�:XKDQ��&KLQD�´�/DQG�8VH�3ROLF\��������±��������

GRL���������M�ODQGXVHSRO������������������

.XDQJ��:HQKXL��$LOLQ�/LX��<LQ\LQ�'RX��*XL\LQJ�/L��DQG�'HQJVKHQJ�/X������������

³([DPLQLQJ�WKH�,PSDFWV�RI�8UEDQL]DWLRQ�RQ�6XUIDFH�5DGLDWLRQ�8VLQJ�/DQGVDW�����

,PDJHU\�´�*,6FLHQFH�	�5HPRWH�6HQVLQJ������������±��������

GRL������������������������������������

/DPE��:LOOLDP�)���)HOL[�&UHXW]LJ��0D[�:��&DOODJKDQ��DQG�-DQ�&��0LQ[������������

³/HDUQLQJ�DERXW�XUEDQ�FOLPDWH�VROXWLRQV�IURP�FDVH�VWXGLHV�´�1DW��&OLP��&KDQJH������������

���±����GRL���������V���������������[������
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/L��*XDQJ\RQJ��&XLKRQJ�-LDQJ��-XDQ�'X��<XQSHQJ�-LD��DQG�-X�%DL������D��³6SDWLDO�����

'LIIHUHQWLDWLRQ�&KDUDFWHULVWLFV�RI�,QWHUQDO�(FRORJLFDO�/DQG�6WUXFWXUH�LQ�5XUDO�����

6HWWOHPHQWV�DQG�,WV�5HVSRQVH�WR�1DWXUDO�DQG�6RFLR�(FRQRPLF�&RQGLWLRQV�LQ�WKH�����

&HQWUDO�3ODLQV��&KLQD�´�6FL��7RWDO�(QYLURQ�������������������

GRL���������M�VFLWRWHQY������������������

/L��*XL\LQJ��/RQJZHL�/L��'HQJVKHQJ�/X��:HL�*XR��DQG�:HQKXL�.XDQJ������E������

³0DSSLQJ�,PSHUYLRXV�6XUIDFH�'LVWULEXWLRQ�LQ�&KLQD�8VLQJ�0XOWL�6RXUFH�5HPRWHO\�����

6HQVHG�'DWD�´�*,6FLHQFH�	�5HPRWH�6HQVLQJ������������±��������

GRL������������������������������������

/L��6RQJQLDQ��6X]DQD�'UDJLFHYLF��)UDQFHVF�$��&DVWUR��0RQLND�6HVWHU��6WHSKDQ�:LQWHU������

$U]X�&ROWHNLQ��&KULVWRSKHU�3HWWLW�HW�DO��������³*HRVSDWLDO�ELJ�GDWD�KDQGOLQJ�WKHRU\�����

DQG�PHWKRGV��$�UHYLHZ�DQG�UHVHDUFK�FKDOOHQJHV�´�,6356�-��3KRWRJUDPP��5HPRWH�����

6HQV��������������±����GRL���������M�LVSUVMSUV������������������

/L��;��&���<��<��=KRX��=��<��=KX��/��/LDQJ��%��/��<X��DQG�:��7��&DR��������³0DSSLQJ�����

$QQXDO�8UEDQ�'\QDPLFV�������������8VLQJ�7LPH�6HULHV�RI�/DQGVDW�'DWD�´�5HPRWH�����

6HQV��(QYLURQ����������±����GRL���������M�UVH������������������

/L��;XHFDR��DQG�3HQJ�*RQJ��������³$Q�³H[FOXVLRQ�LQFOXVLRQ´�IUDPHZRUN�IRU�H[WUDFWLQJ�����

KXPDQ�VHWWOHPHQWV�LQ�UDSLGO\�GHYHORSLQJ�UHJLRQV�RI�&KLQD�IURP�/DQGVDW�LPDJHV�´�����

5HPRWH�6HQV��(QYLURQ����������±����GRL���������M�UVH������������������

/L��;XHFDR��3HQJ�*RQJ��DQG�/X�/LDQJ��������³$����\HDU������±������UHFRUG�RI�DQQXDO�����

XUEDQ�G\QDPLFV�RI�%HLMLQJ�&LW\�GHULYHG�IURP�/DQGVDW�GDWD�´�5HPRWH�6HQV��(QYLURQ������

�������±����GRL���������M�UVH������������������

/LX��&���4��=KDQJ��+��/XR��6��+��4L��6��4��7DR��+��=��<��;X��DQG�<��<DR��������³$Q�����

(IILFLHQW�$SSURDFK�WR�&DSWXUH�&RQWLQXRXV�,PSHUYLRXV�6XUIDFH�'\QDPLFV�8VLQJ�����
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6SDWLDO�7HPSRUDO�5XOHV�DQG�'HQVH�/DQGVDW�7LPH�6HULHV�6WDFNV�´�5HPRWH�6HQV������

(QYLURQ����������±����GRL���������M�UVH������������������

/LX��<LOXQ��/XR�/LX��$�;LQJ�=KX��&KXQKXD�/DR��*XRKXD�+X��DQG�<XHPLQJ�+X������������

³6FHQDULR�IDUPODQG�SURWHFWLRQ�]RQLQJ�EDVHG�RQ�SURGXFWLRQ�SRWHQWLDO��$�FDVH�VWXG\�LQ�����

&KLQD�´�/DQG�8VH�3ROLF\�������������GRL���������M�ODQGXVHSRO������������������

1DWLRQDO�%XUHDX�RI�6WDWLVWLFV�RI�&KLQD������D��³$QQRXQFHPHQW�RI�WKH������JUDLQ�����

RXWSXW�´�$FFHVVHG�'HFHPEHU�����������KWWS���ZZZ�JRY�FQ�[LQZHQ����������

������FRQWHQWB��������KWP������

1DWLRQDO�%XUHDX�RI�6WDWLVWLFV�RI�&KLQD������E��&KLQD�6WDWLVWLFDO�<HDUERRN��%HLMLQJ������

&KLQD�6WDWLVWLFV�3UHVV��$FFHVVHG�1RYHPEHU���������������

2GHQZHOOHU��-XOLH�%���DQG�.DUHQ�,��-RKQVRQ��������³&URS�LGHQWLILFDWLRQ�XVLQJ�/DQGVDW�����

WHPSRUDO�VSHFWUDO�SURILOHV�´�5HPRWH�6HQV��(QYLURQ��������������±��������

GRL�����������������������������������

3RXUVDQLGLV��'LPLWULV��1HNWDULRV�&KU\VRXODNLV��DQG�=LQD�0LWUDND��������³/DQGVDW���YV������

/DQGVDW����$�FRPSDULVRQ�EDVHG�RQ�XUEDQ�DQG�SHUL�XUEDQ�ODQG�FRYHU�PDSSLQJ�´�,QW��-������

$SSO��(DUWK�2EV��*HRLQI���������±����GRL���������M�MDJ������������������

5RRGSRVKWL��0DMLG�6���-DJDQQDWK�$U\DO��DQG�%UHWW�$��%U\DQ��������³$�QRYHO�DOJRULWKP�����

IRU�FDOFXODWLQJ�WUDQVLWLRQ�SRWHQWLDO�LQ�FHOOXODU�DXWRPDWD�PRGHOV�RI�ODQG�XVH�FRYHU�����

FKDQJH�´�(QYLURQPHQWDO�PRGHOOLQJ�	�VRIWZDUH��������±��������

GRL���������M�HQYVRIW������������������

6FKQHLGHU��$���DQG�&��0��0HUWHV��������³([SDQVLRQ�DQG�JURZWK�LQ�&KLQHVH�FLWLHV������±����

�����´�(QYLURQ��5HV��/HWW����������������GRL�����������������������������������

6KL��/LQJIHL��)HQJ�/LQJ��<RQJ�*H��*LOHV�)RRG\��;LDRGRQJ�/L��/LKXL�:DQJ��<LKDQJ�����

=KDQJ��DQG�<XQ�'X��������³,PSHUYLRXV�6XUIDFH�&KDQJH�0DSSLQJ�ZLWK�DQ�����

8QFHUWDLQW\�%DVHG�6SDWLDO�7HPSRUDO�&RQVLVWHQF\�0RGHO��$�&DVH�6WXG\�LQ�:XKDQ�����
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&LW\�8VLQJ�/DQGVDW�7LPH�6HULHV�'DWDVHWV�IURP������WR������´�5HPRWH�6HQV��������������

������GRL���������UV�������������

6KULYDVWDYD��0DQLVK��0HLQUDW�2��$QGUHDH��3DXOR�$UWD[R��+HQULTXH�0��-��%DUERVD��/DUU\�����

.��%HUJ��-RHO�%ULWR��-RVHSK�&KLQJ�HW�DO��������³8UEDQ�3ROOXWLRQ�*UHDWO\�(QKDQFHV�����

)RUPDWLRQ�RI�1DWXUDO�$HURVROV�RYHU�WKH�$PD]RQ�5DLQIRUHVW�´�1DW��&RPPXQ��������������

������GRL���������V�����������������������

6RQJ��:HL��DQG�;LDQJ]KHQJ�'HQJ��������³(IIHFWV�RI�8UEDQL]DWLRQ�,QGXFHG�&XOWLYDWHG�����

/DQG�/RVV�RQ�(FRV\VWHP�6HUYLFHV�LQ�WKH�1RUWK�&KLQD�3ODLQ�´�(QHUJLHV������������±����

����GRL���������HQ�������������

6RQJ��;��3���-��2��6H[WRQ��&��4��+XDQJ��6��&KDQQDQ��DQG�-��5��7RZQVKHQG������������

³&KDUDFWHUL]LQJ�WKH�0DJQLWXGH��7LPLQJ�DQG�'XUDWLRQ�RI�8UEDQ�*URZWK�IURP�7LPH�����

6HULHV�RI�/DQGVDW�%DVHG�(VWLPDWHV�RI�,PSHUYLRXV�&RYHU�´�5HPRWH�6HQV��(QYLURQ�����������

�±����GRL���������M�UVH������������������

6WHKPDQ��6��9���DQG�*��0��)RRG\��������³.H\�,VVXHV�LQ�5LJRURXV�$FFXUDF\�$VVHVVPHQW�����

RI�/DQG�&RYHU�3URGXFWV�´�5HPRWH�6HQV��(QYLURQ�������GRL���������M�UVH������������������

7DOOLV��+��7���7��5LFNHWWV��$��'��*XHUU\��(��1HOVRQ��'��(QQDDQD\��6��:ROQ\��1��2OZHUR������

.��9LJHUVWRO��'��3HQQLQJWRQ��DQG�*��0HQGR]D��������,Q9(67�����EHWD�XVHU¶V�JXLGH������

WKH�QDWXUDO�FDSLWDO�SURMHFW��6WDQIRUG������

7DQJ��-LD��-LQJ\X�=HQJ��4LQJ�=KDQJ��5RQJURQJ�=KDQJ��6RQJ�/HQJ��<XH�=HQJ��:HL�����

6KXL��=KDQJKXD�;X��DQG�4LDQIHQJ�:DQJ��������³6HOI�$GDSWLQJ�([WUDFWLRQ�RI�����

&URSODQG�3KHQRORJLFDO�7UDQVLWLRQV�RI�5RWDWLRQ�$JURHFRV\VWHPV�8VLQJ�'\QDPLFDOO\�����

)XVHG�1'9,�,PDJHV�´�,QW��-��%LRPHWHRURO��������������±����GRL���������V��������������

�������������

8QLWHG�1DWLRQV��������³:RUOG�8UEDQL]DWLRQ�3URVSHFWV�������+LJKOLJKWV�´�3RSXODWLRQ�����

'LYLVLRQ��8QLWHG�1DWLRQV�����GRL��������������HDG��HQ������
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:DQJ��&RQJ��-LQJ�/L��4LQKXR�/LX��%R�=KRQJ��6KDQORQJ�:X��DQG�&KXDQIX�;LD������������

³$QDO\VLV�RI�'LIIHUHQFHV�LQ�3KHQRORJ\�([WUDFWHG�IURP�WKH�(QKDQFHG�9HJHWDWLRQ�����

,QGH[�DQG�WKH�/HDI�$UHD�,QGH[�´�6HQVRUV��%DVHO��6ZLW]HUODQG��������������������

GRL���������V��������������

:DQJ��-LQ]KX��4LDQ�=KDQJ��7DRML�*RX��-LDQELQJ�0R��=LIDQJ�:DQJ��DQG�0LQJ�*DR������

������³6SDWLDO�WHPSRUDO�FKDQJHV�RI�XUEDQ�DUHDV�DQG�WHUUHVWULDO�FDUERQ�VWRUDJH�LQ�WKH�����

7KUHH�*RUJHV�5HVHUYRLU�LQ�&KLQD�´�(FRO��,QGLF���������±��������

GRL���������M�HFROLQG������������������

:DQJ��6���*��$]]DUL��DQG�'��%��/REHOO��������³&URS�7\SH�0DSSLQJ�:LWKRXW�)LHOG�/HYHO�����

/DEHOV��5DQGRP�)RUHVW�7UDQVIHU�DQG�8QVXSHUYLVHG�&OXVWHULQJ�7HFKQLTXHV�´�5HPRWH�����

6HQV��(QYLURQ����������±����GRL���������M�UVH������������������

<H��<DQTLRQJ��%UHWW�$��%U\DQ��-LD¶HQ�=KDQJ��-HIIHU\�'��&RQQRU��/LOL�&KHQ��=KRQJ�4LQ������

DQG�0LQJTLDQ�+H��������³&KDQJHV�LQ�ODQG�XVH�DQG�HFRV\VWHP�VHUYLFHV�LQ�WKH�����

*XDQJ]KRX�)RVKDQ�0HWURSROLWDQ�$UHD��&KLQD�IURP������WR�������,PSOLFDWLRQV�IRU�����

VXVWDLQDELOLW\�XQGHU�UDSLG�XUEDQL]DWLRQ�´�(FRO��,QGLF���������±��������

GRL���������M�HFROLQG������������������

<XH��+XDQEL��&KXQ\DQJ�+H��4LQJ[X�+XDQJ��'DQ�<LQ��DQG�%UHWW�$��%U\DQ������������

³6WURQJHU�3ROLF\�5HTXLUHG�WR�6XEVWDQWLDOO\�5HGXFH�'HDWKV�IURP�30����3ROOXWLRQ�LQ�����

&KLQD�´�1DW��&RPPXQ����������������GRL���������V�����������������������

=HQJ��/LQJOLQ��%ULDQ�'��:DUGORZ��'D[LDQJ�;LDQJ��6KXQ�+X��DQG�'HUHQ�/L��������³$�����

UHYLHZ�RI�YHJHWDWLRQ�SKHQRORJLFDO�PHWULFV�H[WUDFWLRQ�XVLQJ�WLPH�VHULHV��PXOWLVSHFWUDO�����

VDWHOOLWH�GDWD�´�5HPRWH�6HQV��(QYLURQ�������GRL���������M�UVH������������������

=KDQJ��;LDR��/LDQJ\XQ�/LX��&KDQJVKDQ�:X��;LGRQJ�&KHQ��<XDQ�*DR��6KXDL�;LH��DQG�����

%LQJ�=KDQJ��������³'HYHORSPHQW�RI�D�JOREDO���ௗP�LPSHUYLRXV�VXUIDFH�PDS�XVLQJ�����
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PXOWLVRXUFH�DQG�PXOWLWHPSRUDO�UHPRWH�VHQVLQJ�GDWDVHWV�ZLWK�WKH�*RRJOH�(DUWK�(QJLQH�����

SODWIRUP�´�(DUWK�6\VW��6FL��'DWD�������������±����GRL���������HVVG�������������������

=KRQJ��&KDR��5XLID�+X��0LQJ\XH�:DQJ��:HQKDR�;XH��DQG�/LQIHQJ�+H��������³7KH�����

LPSDFW�RI�XUEDQL]DWLRQ�RQ�XUEDQ�DJULFXOWXUH��(YLGHQFH�IURP�&KLQD�´�-��&OHDQHU�3URG������

�������������GRL���������M�MFOHSUR������������������

�����


