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,1752'8&7,21 
2QH�RI�WKH�PDMRU�FKDOOHQJHV�IDFLQJ�TXDQWLWDWLYH�
VHLVPLF� LQWHUSUHWDWLRQ� LV� GDWD� TXDOLW\�� $Q� DW�
WHPSW� WR� FKHFN� WKLV� SUREOHP� DQG� LPSURYH� WKH�
TXDOLW\�RI�LQWHUSUHWDWLRQ�UHVXOWV�LV�WR�EXLOG�PRG�
HOV� IURP�ZHOOV� WKDW� FRXOG�EH� XVHG� WR� FRQGLWLRQ�
WKH� LQWHUSUHWDWLRQ�RI� ILHOG�GDWD��([SHULHQFH�KDV�
VKRZQ�WKDW�HYDOXDWLRQ�RI�JHRSK\VLFDO�DQRPDOLHV�
VXFK� DV� 'LUHFW� +\GURFDUERQ� ,QGLFDWRU� �'+,��
FDQ� EH� XVHG� WR� UHGXFH� ULVN�� DQG� FRQVHTXHQWO\��
LGHQWLI\� QHZ� SURVSHFWV� �&DVWDJQD� DQG� %DFNXV�
������� � 7KH� ZRUN� GRQH� E\� 2VWUDQGHU� �������
PDGH� WKH� PHWKRGRORJ\� FRPPRQO\� NQRZQ� DV�

DPSOLWXGH�YDULDWLRQ�ZLWK�RIIVHW�DQDO\VLV��$92��
YHU\� SRSXODU�� 5HVXOWV� RI� $92� DQDO\VLV� DUH�
KLJKO\�GHSHQGHQW�RQ�WKH�TXDOLW\�RI�VHLVPLF�GDWD�
SURGXFHG� E\� VXLWDEOH� DFTXLVLWLRQ� SURJUDP� DQG�
VSHFLDO� SURFHVVLQJ� ZRUNIORZ� WR� SUHVHUYH� WKH�
RULJLQDO� DPSOLWXGH�� ,W� KDV� EHHQ� GHPRQVWUDWHG�
WKDW� JDV� VDQG� UHIOHFWLRQ� FRHIILFLHQW� YDULHV� LQ�
DQRPDORXV� IDVKLRQ� ZLWK� LQFUHDVLQJ� RIIVHW�� LW�
DOVR� GLVSOD\HG� KRZ� WR� XWLOL]H� WKLV� DQRPDORXV�
EHKDYLRU� DV� D� GLUHFW� LQGLFDWRU� RI� K\GURFDUERQV�
LQ�UHODWLRQ�WR�UHDO�GDWD��2VWUDQGHU���������6LQFH�
VXFK�FRQGLWLRQV�DUH�QRW�DOZD\V�PHW��PRGHOV�FDQ�
EH� EXLOW� WR� FRQGLWLRQ� WKHVH� DQDO\VHV�� 6HLVPLF�
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KWWS���G[�GRL�RUJ���������MXVW�Y��L��� 

.H\ZRUGV��*DV-VDQG��$92-PRGHOOLQJ��FURVVSORW-DQDO\VLV��URFN-SK\VLFV��1LJHU-'HOWD� 

$%675$&7 
7KH�VWXG\�DUHD�LV�D�SDUWLDOO\�DSSUDLVHG�JUHHQ�ILHOG�ZLWK�IHZ�ZHOO�FRXQWV��7KH�UHFHQW�GULYH�WR�PLQL�
PL]H�WKH�QXPEHU�RI�DSSUDLVDO�WR�VDYH�FRVW�DQG�VWLOO�IXOO\�XQGHUVWDQG�WKH�VXEVXUIDFH�JHRORJ\�XQ�
GHUO\LQJ�WKH�ILHOG�IRU�SURSHU�FKDUDFWHUL]DWLRQ�OHDG�WR�WKH�DSSOLFDWLRQ�DQG�DGYDQFHPHQW�RI�TXDQWL�
WDWLYH�VHLVPLF�LQWHUSUHWDWLRQ�WHFKQLTXHV�IRU�ILHOG�DSSUDLVDOV��,Q�WKLV�VWXG\��ZHOO�EDVHG�5RFN�SK\V�
LFV�&URVVSORW�$QDO\VLV� DQG�$PSOLWXGH�9HUVXV�2IIVHW� �$92�� IRUZDUG�PRGHOOLQJ� IHDVLELOLW\�ZHUH�
FDUULHG� RXW� LQ�0RQWHUR�)LHOG� WR� DVVHVV� WKH� DSSOLFDELOLW\� RI� WKH� WHFKQLTXHV� IRU� FKDUDFWHUL]DWLRQ�
DQG�SURVSHFWLYLW\�RI�XQGULOOHG�DUHDV��5HVXOWV�IURP�WZR�FRQYHQWLRQDO�FURVV�SORW�WHFKQLTXHV��9S�9V�
UDWLR�DJDLQVW�$FRXVWLF�LPSHGDQFH�DQG�/DPEGD-0X-5KR��JDYH�YHU\�JRRG�OLWKRORJ\�DQG�IOXLG�GLV�
FULPLQDWLRQ��WKDW�FDQ�EH�UHOLHG�RQ�LQ�WKH�DEVHQFH�RI�QHXWURQ�ORJ�IRU�IOXLG�W\SLQJ�DQG�FRQWDFW�GHIL�
QLWLRQ���$92�PRGHOOLQJ�UHVXOWV�UHYHDOV�WKH�SUHVHQFH�RI�W\SH�,�,,�,,,�DQG�,9�$92��JDV�VDQG�FODVVHV�
IRU�VDQGV�%��%���$��DQG�$�UHVSHFWLYHO\�� 
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2JEDPLNKXPL�HW�DO� �� 

PRGHOLQJ� IRUPV� WKH� EDVLV� IRU� XQGHUVWDQGLQJ�
VHLVPLF�VLJQDWXUH��)RUZDUG�PRGHOLQJ�LV�VHULRXV�
O\�FRQVLGHUHG�ZKHQ�SRVVLEOH�GLUHFW�K\GURFDUERQ�
LQGLFDWRUV� DUH� VHHQ� RQ� WKH� IXOO� VWDFN� VHLVPLF�
GDWD� �3DXO� DQG� 0DULDQQH�� ������� +RZHYHU�� LQ�
RWKHU� XQLTXH� VLWXDWLRQ�� WKH� PRGHOLQJ� FDQ� SUR�
YLGH� YDOXDEOH� LQIRUPDWLRQ� DQG� D� JRRG� XQGHU�
VWDQGLQJ� RI� RXU� GDWD� VHW�� 3HWUR-DFRXVWLF� IOXLG�
VXEVWLWXWLRQ�PRGHO�LV�QHFHVVDU\�WR�PDNH�UHOLDEOH�
HVWLPDWH� RI� 3ULPDU\� ZDYH� �9S��� 6HFRQGDU\�
ZDYH��9V��DQG�GHQVLW\��WKDW�FRQWDLQ�LQIRUPDWLRQ�
DERXW� WKH� OLWKRORJ\� DQG� IOXLG� FRQWHQW� RI� WKH�
URFNV��$VVHID�HW�DO����������3RWHQWLDO�K\GURFDU�
ERQ�DFFXPXODWLRQ�KDG�EHHQ�SUHGLFWHG�IURP�DP�
SOLWXGH�H[SUHVVLRQ�REVHUYHG�RQ�PRGHOV�JHQHUDW�
HG�ZLWK�LQIRUPDWLRQ�RQ�IOXLG�VDWXUDWLRQ��SURGXF�
WLRQ�GDWD�DQG�NQRZOHGJH�RI�DFRXVWLF�SURSHUWLHV�
RI� WKH�YDULRXV� OLWKRORJ\� IDFLHV� WKDW�FRXOG� VHUYH�
DV�D�SRWHQWLDO�UHVHUYRLU��(JJHQ��������� 
 
$QDO\VLV�RI�FURVV�SORW�RI�DPSOLWXGH�YHUVXV�RII�
VHW��$92��DWWULEXWH�GHULYHG�IURP�UHVHUYRLU�FODVV�
FXUYHV� JHQHUDWHG� IURP� WKH� PRGHOHG� V\QWKHWLF�
JDWKHUV�KDYH�EHHQ�DSSOLHG�WR�FKDUDFWHUL]H�UHVHU�
YRLUV��$FFXUDWH�DQDO\VLV�LV�UHTXLUHG�WR�HVWDEOLVK�
WKH� $92� FODVVHV� RI� UHVHUYRLU� SUHVHQW� LQ� WKH�
ILHOG�XQGHU�LQYHVWLJDWLRQ��7KLV�PDNHV�LW�SRVVLEOH�
WR� FRQFHQWUDWH� TXLFNO\� RQ� VRPH� SDUWLFXODU� VFH�
QDULRV�DQG�SHUIRUP�FDVH�VSHFLILF�DQDO\VLV��7KLV�
GRHV� QRW� LJQRUH� WKH� IDFW� WKDW� VHYHUDO� W\SHV� RI�
$92� UHVHUYRLUV� PLJKW� FR-H[LVW� DW� WKH� VDPH�
WLPH��(YDOXDWLQJ� DOO� RSWLRQV�PDNHV� WKH� HYDOXD�
WLRQ� RI� WKH�$92� UHVSRQVH�PRUH� WLPH� FRQVXP�
LQJ��3DXO�DQG�0DULDQQH���������6HYHUDO�ZRUNHUV�
IRU�H[DPSOH��&KL�DQG�+DQ��������ZRUNHG�LQ�WKH�
*XOI� RI� 0H[LFR� DQG� (JJHQ� ������� ZRUNHG� LQ�
WKH� 1RUZHJLDQ� 6HD�� WKH\� DSSOLHG� WKHVH� SULQFL�
SOHV� WR� FKDUDFWHUL]H� JDV� VDQGV� LQ� GLIIHUHQW� SH�
WUROLIHURXV�EDVLQ�DFURVV�WKH�ZRUOG�� 
 
6RPH�$92� FODVV� VDQGV� KDYH� EHHQ� UHSRUWHG� LQ�
WKH� 1LJHU� 'HOWD� %DVLQ� �2JDJDUXH� DQG� $QQLH��
������ 2KDHJEXFKX� DQG� ,JERHNZH�� ������ 8NR�
DQG� (PXGLDQXJKH�� ������� 7KH� FRPPRQHVW� EH�
LQJ�FODVV�����JDV�VDQGV��7KLV� UHVHDUFK�ZRUN�IR�
FXVHV�RQ�DSSO\LQJ�UHVXOW�RI�$92�DQG�FURVVSORW�
DQDO\VLV� LQ� WKH� 0RQWHUR� ILHOG� LQ� WKH� &HQWUDO�
6ZDPS�RI� WKH�1LJHU�'HOWD�%DVLQ� IRU� OLWKRORJ\�
DQG� IOXLG� GLVFULPLQDWLRQ� WR� FKDUDFWHUL]H� JDV�
VDQGV�HQFRXQWHUHG�LQ�WKH�0RQWHUR�ILHOG� 

0$7(5,$/6�$1'�0(7+2'6 
7KLV� UHVHDUFK� ZDV� FDUULHG� RXW� XVLQJ� ZHOO� GDWD�
DQG�WKH�+DPSVRQ�5XVVHOO�VXEVXUIDFH�LQWHUSUHWD�
WLRQ� VRIWZDUH�� 7KH� ZHOO� ORJV� ZHUH� TXDOLW\�
FKHFNHG� �HGLWHG� DQG� ILOWHUHG�� WR� LPSURYH� WKH�
TXDOLW\� RI� UHVXOW� IURP� URFN� SK\VLFV� FURVVSORW�
DQG�$92�PRGHOOLQJ� 
 
6KHDU�ZDYH�ORJ�DQG�QHXWURQ�ORJ�ZHUH�QRW�DYDLO�
DEOH��+HQFH��&DVWDJQD�UHODWLRQVKLS�ZDV�XVHG�WR�
HVWLPDWH� 6KHDU� ZDYH� ORJ� IURP� WKH� DYDLODEOH�
FRPSUHVVLRQDO�ZDYH�ORJ��&DVWDJQD�DQG�%DFNXV�
������� $92� PRGHOOLQJ� ZDV� GRQH� XVLQJ� WKH�
VLPSOLILHG� WZR� WHUP� $NL-5LFKDUGV�0RGHO� �$NL�
DQG�5LFKDUGV������� 
 
5(68/76�$1'�',6&866,216 
5RFN�SK\VLFV�FURVV�SORWV�DQDO\VLV� 
5HVXOWV�RI�FURVVSORW�DQDO\VLV�RI�6DQG�$�DUH�SUH�
VHQWHG� LQ� ILJV�-�� WR� WHVW�VHQVLWLYLW\�RI�YDULDWLRQ�
LQ� URFN� SURSHUWLHV� WR� FKDQJHV� LQ� OLWKRORJ\� DQG�
IOXLG�XVLQJ�WZR�FRQYHFWLRQDO�WHFKQLTXHV��FURVV�
SORWV� RI� 9S�YV� UDWLR� DJDLQVW� $FRXVWLF-
,PSHGDQFH� DQG� ODPEGD-UKR� DJDLQVW� 0X-UKR���
)RU� FURVVSORWV� LQ� )LJV� �-��� WKH� EODFN� FLUFOH� RQ�
WKH� FURVV�SORW� FRUUHVSRQGV� WR� WKH�EODFN� VKDGHG�
DUHDV�LQ�WKH�ZHOO�ORJV��HVSHFLDOO\�*DPPD-UD\�LQ�
WKH� WKLUG� WUDFW� DQG�5HVLVWLYLW\� ORJ� LQ� WKH� IRXUWK�
WUDFW�� E\� WKH� OHIW� RI� WKH� SDQHO�� WKH� EOXH� FLUFOH�
FRUUHVSRQGV�WR�WKH�EOXH�VKDGHG�DUHD�LQ�WKH�ORJV�
DQG� UHSUHVHQW� EULQH� VDQG�� WKH� UHG� FLUFOH� FRUUH�
VSRQGV�WR�WKH�UHG�VKDGHG�DUHDV�LQ�WKH�ZHOO�ORJV�
DQG� UHSUHVHQW� 2LO� 6DQG� DQG� WKH� JUHHQ� FLUFOH�
FRUUHVSRQGV� WR� WKH� JUHHQ� VKDGHG� DUHDV� LQ� WKH�
ZHOO�ORJV�DQG�UHSUHVHQWHG�*DV�6DQG� 
 
)LJV� �� DQG� �� VKRZ� FURVV� SORW� GRQH� EHWZHHQ�
VKDOH� OD\HUV� DERYH� DQG� EHORZ� WKH� UHVHUYRLU� RI�
LQWHUHVW� WR� GLVFULPLQDWH� OLWKRORJ\� PDLQO\� EH�
FDXVH� WKH� VDQG� LV� YHU\� FOHDQ��7KH� UHVXOWV� LQGL�
FDWH�WKDW�ERWK�FURVVSORWV�DUH�JRRG�GLVFULPLQDWRU�
RI�OLWKRORJ\��,Q�)LJ����GHVSLWH�WKH�ODUJH�UDQJH�RI�
WKLFNQHVV�SORWWHG��WKH�FURVVSORW�ZDV�VWLOO�DEOH�WR�
GLVFULPLQDWH� WZR� IOXLGV� L�H�� VHSDUDWLRQ�EHWZHHQ�
K\GURFDUERQ�6DQG� DQG�%ULQH� 6DQGV��7KH� FURVV�
SORW� RI� /DPEGD-5KR� YV�0X-5KR� IRU� WKH� VDPH�
GHSWK� LQWHUYDO�ZDV� DEOH� WR� IXUWKHU� GLVFULPLQDWH�
EHWZHHQ� *DV� 6DQG� DQG� 2LO� 6DQG�� 7KLV� VKRZV�
WKDW� WKH� /DPEGD-0X-5KR� WHFKQLTXH� LV� PRUH�
VHQVLWLYH�WR�IOXLG�FKDQJHV�DQG�ZRXOG�JLYH�EHWWHU�
UHVXOWV�LQ�XQLTXH�FDVHV�� 
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7KH�DSSOLFDWLRQ�RI��$92�DQG�FURVVSORW�DQDO\VLV�LQ�0RQWHUR�ILHOG���� �� 

 7R� EHWWHU� DSSUHFLDWH� WKH� IOXLG� GLVFULPLQDWLRQ�
XVLQJ�WKH�DIRUHPHQWLRQHG�FURVVSORW� WHFKQLTXHV��
ZH� QDUURZHG� GRZQ� WR� SORW� MXVW� WKH� UHVHUYRLU�
LQWHUYDO�� ,Q� ILJV�� �� DQG� ��� ERWK� FURVVSORW� JDYH�
YHU\� JRRG� FOXVWHU� VHSDUDWLRQ�� ,W� ZDV� REVHUYHG�
WKDW�WKH�VHSDUDWLRQ�EHWZHHQ�%ULQH�6DQG�DQG�2LO�
6DQGV�ZDV�QRW�GLVWLQFW��7KLV�LV�GXH�WR�WKH�VPDOO�
FRQWUDVW�LQ�LPSHGDQFHV�WKDW�H[LVW�EHWZHHQ�ZDWHU�
DQG� VDQG�� 7KHUHIRUH�� FURVVSORW� SORW� DQDO\VLV�
KDYH�EHHQ�GHPRQVWUDWHG� WR�EH�D�YHU\�GHSHQGD�
EOH�WRRO�IRU�IOXLG�W\SLQJ�DQG�GHOLQHDWLRQ�RI�K\�
GURFDUERQ� IOXLG� FRQWDFW� LQ� WKH� DEVHQFH�RI� QHX�
WURQ�ORJ�� 
 
$92�PRGHOOLQJ�DQG�&URVVSORW�DQDO\VLV 
$92�DQDO\VLV� SUDFWLFH�PDLQO\� LQYROYHV� DGRSW�
LQJ� 5HIOHFWLRQ� &RHIILFLHQW� �5&�� YHUVXV� RIIVHW�
DQJOH� SORWV� DQG� WKH� LQWHUFHSW� YHUVXV� JUDGLHQW�
SORWV�PRGLILHG�E\�&DVWDJQD�DQG�6ZDQ������ WR�
GHILQH� DQG� FODVVLI\� K\GURFDUERQ� JDV� VDQG� LQWR�
GLIIHUHQW� FODVVHV�� 7KH� UHVSRQVH� IURP� WKH� WRS�
UHVHUYRLUV�DUH�FDWHJRUL]HG�EDVHG�RQ�WKHLU�DPSOL�
WXGH�EHKDYLRU�DV�D�IXQFWLRQ�RI�RIIVHW�RQ�D�&RP�
PRQ�'HSWK� 3RLQW� JDWKHU��ZKHQ� ILOOHG�ZLWK� K\�
GURFDUERQV��DQG�DOVR�GHSHQGHQW�RQ� WKH�FRPSH�
WHQF\� RI� WKH� RYHUO\LQJ� VKDOH� OD\HU�� 7\SLFDO� UH�
VXOW�RI�$92�DQDO\VLV�RI�0RQWHUR�ILHOG�DUH�SUH�
VHQWHG�LQ�WKLV�ZRUN�� 

 

)LJ�����&URVVSORW�RI�9S�9V�UDWLR�YHUVXV�3-LPSHGDQFH�LQ�6DQG�$�IRU�OLWKRORJ\�GLVFULPLQDWLRQ 

6DQG�$ 
7KH�FURVV�SORW�RI�6DQG�$�DW� D�GHSWK�RI�����IW�
VKRZV�YDULDWLRQ�RI�DFRXVWLF�SURSHUWLHV�DV�D� UH�
VXOW�RI�IOXLG�DQG�OLWKRORJ\�FKDQJHV��7KH�SORWWHG�
SDUDPHWHUV�KDYH�JRRG�UHODWLRQVKLS�ZLWK�UHIOHFW�
HG� DPSOLWXGH�� +HQFH�� LW¶V� H[SHFWHG� WKDW� WKHVH�
SURSHUWLHV�DQG�UHIOHFWHG�DPSOLWXGH�VKRXOG�YDU\�
ZLWK� RIIVHW�� )LJV�� ��� DQG� ��D� LV� WKH� JHQHUDWHG�
V\QWKHWLF� JDWKHU� DW� WKH� WRS� RI� 6DQG�$� DQG� WKH�
]HUR� RIIVHW� DPSOLWXGH�� � 7KH� UHVSRQVH� VKRZV� D�
KLJKO\� QHJDWLYH� DPSOLWXGH� WKDW� EHFRPHV� OHVV�
QHJDWLYH� LQ�DEVROXWH�YDOXH�ZLWK�RIIVHW��GHILQHG�
DV�D�GLPLQJ�HIIHFW��RII�VWUXFWXUH�GLPLQJ�HIIHFW��
WKDW�FRXOG�EH�VHHQ�DV�GLP�VSRW�RQ�D�KLJK�UHVROX�
WLRQ� IXOO� VWDFN� UHIOHFWLYLW\� VHLVPLF� GDWD�� DQG� D�
SRVLWLYH� JUDGLHQW� W\SLFDO� RI� D� &ODVV� ,9� *DV�
6DQG��7KH�LQWHUFHSW�YHUVXV�JUDGLHQW�SORW�LQ�ILJ��
��E� YDOLGDWHV� WKH� JDV� VDQG� GHILQLWLRQ� LQ� ILJ��
��D��7KLV�$92�UHVSRQVH�LV�W\SLFDO�RI�D�JHRORJ�
LFDO�FRQGLWLRQ�ZHUH�D�FRPSHWHQW�VKDOH� LV�RYHU�
ODLQ�E\�D�YHU\�ORRVH�VDQG�DQG�FRPPRQO\�IRXQG�
DW� VKDOORZ� GHSWK� ZHUH� XQFRQVROLGDWHG� VDQGV�
SUHGRPLQDWHV�� 
 
6DQG�$� 
6DQG�$��$92� UHVXOWV� DUH�SUHVHQWHG� LQ�)LJV���
DQG�����7KH�UHVHUYRLU�RFFXU�DW�GHSWK�����IW��,W�
LV� GHILQHG� E\� D� QHJDWLYH� ]HUR� RIIVHW� UHIOHFWLRQ� 
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)LJ�����&URVVSORW�RI�/DPEGD-UKR�YHUVXV�PX-UKR�LQ�6DQG�$�IRU�OLWKRORJ\�GLVFULPLQDWLRQ 

 

)LJ�����&URVVSORW�RI�9S�9V�UDWLR�YHUVXV�3-LPSHGDQFH�LQ�6DQG�$�IRU�)OXLG�GLVFULPLQDWLRQ 

)LJ�����&URVVSORW�RI�/DPEGD-UKR�YHUVXV�PX-UKR�LQ�6DQG�$�IRU�)OXLG�GLVFULPLQDWLRQ 

*DV�6DQG 

2LO�6DQG 

%ULQH�6DQG 

2LO�6DQG 

%ULQH�6DQG 

*DV�6DQG 
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7KH�DSSOLFDWLRQ�RI��$92�DQG�FURVVSORW�DQDO\VLV�LQ�0RQWHUR�ILHOG���� �� 

 

 

)LJ�����:HOO�ORJV�DQG�6\QWKHWLF�JDWKHU�DW�WKH�WRS�RI�6DQG�%�UHVHUYRLU 

 

)LJ�����:HOOV�ORJV�DQG�6\QWKHWLF�JDWKHU�DW�WKH�WRS�RI�6DQG�%��UHVHUYRLU 

)LJ�����D��$PSOLWXGH�YHUVXV�RIIVHW�DQJOH�SORW�VKRZLQJ�D�W\SLFDO�&ODVV���*DV�VDQG�FXUYH�IRU�6DQG�% 
�����������E��$92�JUDGLHQW�YHUVXV�LQWHUFHSW�SORW�RI�6DQG�%�WRS�LQGLFDWLQJ�&ODVV���*DV�6DQG 

5HVXOWV�RQ�$92�PRGHOOLQJ�DQG�&URVVSORW�DQDO\VLV 
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)LJ�����D��$PSOLWXGH�YHUVXV�RIIVHW�DQJOH�SORW�VKRZLQJ�D�W\SLFDO�&ODVV�,,,�*DV�VDQG�FXUYH�IRU�6DQG�$�� 
�������������E��$92�JUDGLHQW�YHUVXV�LQWHUFHSW�SORW�RI�6DQG�$��WRS�LQGLFDWLQJ�&ODVV�,,,�*DV�6DQG 

 

)LJ�����:HOOV�ORJV�DQG�6\QWKHWLF�JDWKHU�DW�WKH�WRS�RI�6DQG�$��UHVHUYRLU 

)LJ�����D��$PSOLWXGH�YHUVXV�RIIVHW�DQJOH�SORW�VKRZLQJ�D�W\SLFDO�&ODVV�,,�*DV�VDQG�FXUYH�IRU�6DQG�%�� 
������������E��$92�JUDGLHQW�YHUVXV�LQWHUFHSW�SORW�RI�6DQG�%��WRS�LQGLFDWLQJ�&ODVV�,,�*DV�6DQG 
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7KH�DSSOLFDWLRQ�RI��$92�DQG�FURVVSORW�DQDO\VLV�LQ�0RQWHUR�ILHOG��� �� 

 

 

)LJ������:HOOV�ORJV�DQG�6\QWKHWLF�JDWKHU�DW�WKH�WRS�RI�6DQG�$�UHVHUYRLU 

)LJ������D��$PSOLWXGH�YHUVXV�RIIVHW�DQJOH�SORW�VKRZLQJ�D�W\SLFDO�&ODVV�,9�*DV�VDQG�FXUYH�IRU�6DQG�$� 
�E��$92�JUDGLHQW�YHUVXV�LQWHUFHSW�SORW�RI�6DQG�$�WRS�LQGLFDWLQJ�&ODVV�,9�*DV�6DQG 

FRHIILFLHQWV� �DPSOLWXGH�� WKDW� EHFRPH� PRUH�
QHJDWLYH� ZLWK� RIIVHW�� GHVFULEHG� DV� EULJKW� VSRW�
'+,�RQ�IXOO�VWDFN�VHLVPLF�UHIOHFWLYLW\�GDWD��2Q�
VWUXFWXUH� %ULJKWHQLQJ��� ZLWK� D� QHJDWLYH� JUDGL�
HQW��W\SLFDO�RI�D�W\SH�,,,�$92�JDV�VDQG���$92�
DWWULEXWH� FURVVSORW� RQ� ILJ�� ��E� YDOLGDWHV� WKH�
6DQG�$�GHILQLWLRQ�DV�D�FODVV�,,,�$92�*DV�VDQG��
7KLV� LV� W\SLFDO�RI� WKH�JHRORJLF�FRQGLWLRQ�FRP�
PRQ�ZHUH� D� YHU\� FRPSHWHQW� VKDOH� RYHUOLHV� DQ� 

DFRXVWLFDOO\�VRIWHU�VDQG��$FFRUGLQJ�WR�8NR�DQG�
(PXGLDQXJKH� �������� FODVV� ,,,� JDV� VDQG� LV� WKH�
PRVW�FRPPRQ�LQ�WKH�1LJHU�'HOWD�%DVLQ��� 
 
6DQG�% 
*HQHUDWHG� 6\QWKHWLF� JDWKHU� DQG� $92� PRGHO�
OLQJ�UHVXOWV�IRU�VDQG�%�LQ�ILJV����DQG��D�UHYHDOV�
D�JDV�VDQG�ZLWK�D� ODUJH�SRVLWLYH�]HUR�RIIVHW� UH�
IOHFWLRQ� FRHIILFLHQW� WKDW� UHGXFHV� ZLWK� RIIVHW� 
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2JEDPLNKXPL�HW�DO� �� 

W\SLFDO�RI�FODVV�,�$92�JDV�VDQG��$92�DWWULEXWH�
FURVVSORW�LQ�ILJ���E�DOVR�FRQILUP�WKDW�VDQG�%�LV�D�
FODVV�,�6DQG��7KLV�LV�D�FODVVLFDO�JHRORJLF�FRQGL�
WLRQ�FRPPRQ�DW�GHSWK�ZKHUH�WKH�RYHUO\LQJ�VKDOO�
EH� YHU\� LQFRPSHWHQW� ZKHQ� FRPSDUHG� ZLWK� WKH�
XQGHUO\LQJ� UHVHUYRLU� KDYLQJ� D� JUHDWHU� DFRXVWLF�
LPSHGDQFH� YDOXH�� &DUH� PXVW� EH� WDNHQ� ZKHQ�
HYDOXDWLQJ�&ODVV�,�JDV�VDQG�IRU�ILHOG�ZLWK�KLJKO\�
XQGHU�FRPSDFWHG�VKDOHV�EHFDXVH�DW�JUHDW�GHSWK��
WKH�JHRORJLF�FRQGLWLRQHG�DW�DQ�LQWHUIDFH�GHILQHG�
E\�DQ�DFRXVWLFDOO\�KDUGHU�VDQG�RYHUO\LQJ�D�VRIW�
HU� VKDOH� FDQ� EH� PLVWDNHQ� IRU� D� K\GURFDUERQ�
EHDULQJ� FODVV� ,� VDQG�� VLQFH� LW� JLYHV� VLPLODU� UH�
VSRQVH� WR� WKH� JHRORJLFDO� FRQGLWLRQ� GHVFULEHG�
HDUOLHU��W\SLFDO�RI�D�FODVV�,�$92�*DV�6DQG� 
 
6DQG�%� 
6DQG�%��LV�WKH�GHHSHVW�UHVHUYRLU�RI�WKH�IRXU�DQG�
RFFXU� DW� D� GHSWK� RI� DERXW� �����IW�� 5HVXOWV� RI�
WKH�JHQHUDWHG�V\QWKHWLF�JDWKHU�LQ�ILJV����DQG��D�
UHYHDOV� D� VPDOO� SRVLWLYH� ]HUR� RIIVHW� UHIOHFWLYLW\�
WKDW�EHFRPHV�OHVV�SRVLWLYH�ZLWK�RIIVHW�DQG�FRXOG�
FURVV� WKH� ]HUR� RULJLQ� ZLWK� IXUWKHU� LQFUHDVH� LQ�
RIIVHW��SRODULW\�IOLS�UHYHUVDO���GHILQHG�E\�D�QHJ�
DWLYH�JUDGLHQW�LV�W\SLFDO�RI�D�&ODVV�,,�$92�*DV�
6DQG�� ,Q� WKH� &DVWDJQD� DQG� 6ZDQ� �������$92�
DWWULEXWH� FURVVSORW�� PRGLILHG� DIWHU� 5XWKHUIRUG�
DQG�:LOOLDPV�������WKHUH�DUH�WZR�W\SHV�RI�FODVV�
,,� JDV� VDQG�� 7KH� VHFRQG� LV� DOVR� NQRZQ� DV� D�
&ODVV� ,,3�$92�*DV�6DQG��GHILQHG�DV�KDYLQJ�D�
YHU\�VPDOO�QHJDWLYH�]HUR�RIIVHW�UHIOHFWLYLW\�WKDW�
H[SHULHQFH� D� UHGXFWLRQ� LQ� DEVROXWH� YDOXH� ZLWK�
RIIVHW��$92� DWWULEXWH� FURVVSORW� LQ� ILJ�� �E� FRQ�
ILUPV�6DQG�%�DV�D�FODVV�,,�JDV�6DQG���$�W\SLFDO�
FODVV� ,,� $92� JDV� VDQG� DUH� FRPPRQ� DW� GHSWK�
ZHUH� WKH� VKDOHV� DUH� VOLJKWO\� LQFRPSHWHQW�� DQG�
WKH� DFRXVWLF� LPSHGDQFH� YDOXH� RI� WKH� RYHUO\LQJ�
VKDOH�DQG�WKH�XQGHUO\LQJ�UHVHUYRLU�DUH�VLPLODU�RU�
VOLJKWO\� GLIIHUHQW�� 7KH\� DUH� GHVFULEHG� DV� GLP�
PLQJ�EULJKWHQLQJ�HIIHFW�RQ�VHLVPLF�GDWD� 
 
&21&/86,21 
5RFN� SK\VLFV� FURVV� SORW� DQDO\VLV� UHYHDOV� WKDW�
9S�9V�YHUVXV�$FRXVWLF�,PSHGDQFH�DQG�/DPEGD
-0X-5KR�WHFKQLTXHV�HVSHFLDOO\��JDYH�YHU\�JRRG�
UHVXOWV� WKDW�FRQYHQLHQWO\�GLVFULPLQDWH� OLWKRORJ\�
DQG�IOXLG�IURP�ZHOO�GDWD�HYHQ�LQ�WKH�DEVHQFH�RI�
DFTXLUHG�VKHDU�ZDYH�YHORFLW\�ORJ��LQGLFDWLQJ�WKH�
GHSHQGDELOLW\� RQ� &DVWDJQD� HTXDWLRQ� IRU� VKHDU�
ZDYH�HVWLPDWLRQ��,Q�WKH�DEVHQFH�RI�QHXWURQ�ORJ��
LW�KDV�EHHQ�GHPRQVWUDWHG�WKDW�UHVXOWV�IURP�URFN�
SK\VLFV� FURVVSORW� FDQ� EH� XVHG� IRU� IOXLG� W\SLQJ�

DQG� K\GURFDUERQ� FRQWDFW� �*DV� 2LO� &RQWDFW��
GHILQLWLRQ�� +HQFH� VHLVPLF� EDVHG� TXDQWLWDWLYH�
LQWHUSUHWDWLRQ� IRU� ILHOG� FKDUDFWHUL]DWLRQ� DQG�
SURVSHFWLYLW\� IURP� LQYHUVLRQ� ZLOO� JLYH� JRRG�
UHVXOWV�GXH� WR� WKH�REVHUYHG�FOXVWHU� VHSDUDWLRQV��
7KH�VHSDUDWLRQV�DUH�DV�D� UHVXOW�RI� YDULDWLRQV� LQ�
URFN� SURSHUWLHV� LQ� UHVSRQVH� WR� OLWKRORJ\� DQG�
IOXLG�FKDQJHV�ZKLFK�FRXOG�VKRZ�XS�DV�'+,V�RQ�
IXOO�VWDFN�VHLVPLF�GDWD��$92�PRGHOOLQJ�UHVXOWV�
UHYHDOV�WKH�SUHVHQFH�RI�DOO�IRXU�$92�FODVV�*DV�
6DQGV��ZLWK�&ODVV�,,,�DQG�,9�RFFXUULQJ�DW�D�UHOD�
WLYHO\� VKDOORZHU� GHSWK� WKDQ� &ODVV� ,� DQG� ,,��
+HQFH�� UHVXOWV� IURP� $92� VWXG\� RI� ILHOG� GDWD�
DUH� H[SHFWHG� WR� JLYH� JRRG� UHVXOWV� IRU� SURVSHFW�
LGHQWLILFDWLRQ� DQG� HYDOXDWLRQ� LQ�XQGULOOHG� DUHDV�
LQ�WKH�ILHOG�� 
 
5()(5(1&(6 
$NL��.��DQG�5LFKDUGV��3�*����������4XDQWLWDWLYH�
6HLVPRORJ\�� 7KHRU\� DQG�� :+� )UHHPDQ� DQG�
&R��0HWKRGV��6DQ�)UDQFLVFR��&DOLIRUQLD��86$��
������-���� 

 
$VVHID��6���0F&DQ��&��DQG�6RWKFRWW�� -�� ��������
9HORFLW\�RI�FRPSUHVVLRQDO�DQG�VKHDU�ZDYHV�LQ�
/LPHVWRQH��*HRSK\VLFDO�3URVSHFWLQJ������-��� 

 
&DVWDJQD�� -�� 3�� DQG� %DFNXV�� 0�� 0�� ��������
$92� DQDO\VLV� -� 7XWRULDO� DQG� UHYLHZ�� 2IIVHW-
GHSHQGHQW�UHIOHFWLYLW\��7KHRU\�DQG�SUDFWLFH�RI�
$92� DQDO\VLV�� 6(*� ,QYHVWLJDWLRQV� LQ� *HR�
SK\VLFV������-��� 

 
&DVWDJQD��-��3��DQG�6ZDQ��+��:����������3ULQFL�
SOHV� RI� $92� FURVV� SORWWLQJ�� 7KH� /HDGLQJ�
(GJH������������-���� 

 
&KL��;��DQG�+DQ��'����������5HVHUYRLU�SURSHUW\�
LQYHUVLRQ�IURP�$92�DWWULEXWHV��6(*����������
-����� 

 
(JJHQ��.�%�� ��������$QDO\VLV�RI�7XUELGLWH� UHV�
HUYRLU� LQ� WKH� $OYLHP� ILHOG�� �0DVWHUV� 7KHVLV-�
8QLYHUVLW\�IRU�3HWUROHXP�7HFKQRORJ\��*HUPD�
Q\ 
� 
2JDJDUXH�� '�2�� DQG� $QQLH�� '�� 2�� �������� $Q�
LQWHJUDWLRQ� RI� 5RFN� 3K\VLFV�� $92� PRGHOLQJ�
DQG�DQDO\VLV�IRU�5HVHUYRLU�IOXLG�DQG�/LWKRORJ\�
'LVFULPLQDWLRQ�LQ�WKH�1LJHU�'HOWD�'HHS�:DWHU�
%ORFN�� -RXUQDO� RI� DSSOLHG� *HRORJ\� DQG� *HR�
SK\VLFV�������-�� 
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7KH�DSSOLFDWLRQ�RI��$92�DQG�FURVVSORW�DQDO\VLV�LQ�0RQWHUR�ILHOG���� �� 

2KDHJEXFKX��+��(��DQG�,JERNZH��0��8�����������
'HWHUPLQDWLRQ� RI� VXEVXUIDFH� URFN� SURSHUWLHV�
IURP�$92�DQDO\VLV� LQ�.RQJD� RLO� ILHOG� RI� WKH�
1LJHU� 'HOWD�� 6RXWKHDVWHUQ� 1LJHULD��0RGHOLQJ�
(DUWK�6\VWHPV�DQG�(QYLURQPHQW���������-��� 

 
2VWUDQGHU�� :�� �������� 3ODQH-ZDYH� UHIOHFWLRQ�
FRHIILFLHQWV�IRU�JDV�VDQGV�DW�QRQQRUPDO�DQJOHV�
RI�LQFLGHQFH��*HRSK\VLFV������������-����� 

 
3DXO��9��DQG�0DULDQQH��5����������$92�DWWULE- 

XWH� DQDO\VLV� DQG� VHLVPLF� UHVHUYRLU� FKDUDFWHUL�
]DWLRQ��($*(�)LUVW�%UHDN��������-���� 

 
5XWKHUIRUG�� 6�5�� DQG� :LOOLDPV�� 5�+�� ��������
$PSOLWXGH-YHUVXV-RIIVHW� YDULDWLRQV� LQ� JDV�
VDQGV��*HRSK\VLFV���������-���� 

 
8NR��(�'��DQG�(PXGLDQXJKH��-�(����������$92�
PRGHOLQJ�RI�WKH�6RXWK-(DVW�1LJHU�'HOWD��1LJH�
ULD��*HRSK\VLFV�DQG�UHPRWH�VHQVLQJ�����-��� 


