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)ORDW�JODVV� VDPSOHV�ZHUH�H[SRVHG� WR� WKH�DWPRVSKHUH��VKHOWHUHG�DQG�XQVKHOWHUHG� IURP�WKH� UDLQ�� LQ� WKH�

FHQWUH� RI� 3DULV�� DQG� ZLWKGUDZQ� DIWHU� ��� ��� �� DQG� ��� PRQWKV�� %HIRUH� DQG� DIWHU� H[SRVXUH� WKH� IROORZLQJ�

DQDO\VHV� ZHUH� SHUIRUPHG�� $6(0�� ;36�� &DUERQ� &RXORPHWULF� 7LWUDWLRQ�� /LJKW� 0LFURVFRS\� DQG� ,556��

FRQWDFW�DQJOH�ZLWK�ZDWHU�DQG�RSWLFDO�SURSHUWLHV��7KH�UHVXOWV�VKRZ�WKDW�JODVV�VXUIDFHV�DUH�VXEMHFW�WR�D�VRLOLQJ�
SURFHVV�E\�VXEPLFURQ�DWPRVSKHULF�SDUWLFOHV��&�ULFK�VRRWV���&DUERQ�FRQWHQWV�LQFUHDVH�ZLWK� WLPH�HVSHFLDOO\�

IRU�VKHOWHUHG�VDPSOHV��)RU�XQVKHOWHUHG�VDPSOHV��WKH�LQFUHDVH�LV�VORZHU�GXH�WR�D�EDODQFH�EHWZHHQ�GHSRVLWLRQ�

DQG�UDLQ�ZDVKLQJ��WKH�FRQWDFW�DQJOHV�PHDVXUHG�RQ�WKHVH�VXUIDFHV�UHYHDO�DQ�LQFUHDVLQJ�ZDWHU�UHSHOOHQF\��2Q�

WKH� FRQWUDU\�� FRQWDFW� DQJOHV� DUH� FRQVWDQW� RQ� VKHOWHUHG� VDPSOHV� EHFDXVH�RI� WKH� DFFXPXODWLRQ�RI� LQRUJDQLF�

GHSRVLWV�� ORZHULQJ� WKH� FRQWDFW� DQJOH�� ,556� DQDO\VLV� VKRZV� WKDW� WKH� VSDWLDO� GLVWULEXWLRQ� RI� WKH� RUJDQLF�

IUDFWLRQ� LV� VWURQJO\� KHWHURJHQHRXV�� )LQDOO\� RSWLFDO� PHDVXUHPHQWV� VKRZ� WKDW� WKH� JODVV� VXUIDFH� ORVHV�

WUDQVSDUHQF\�ZLWK�WLPH�GXH�WR�WKH�GHSRVLWHG�OLJKW�DEVRUELQJ�VRRW�SDUWLFOHV���

�

,QWURGXFWLRQ�

7KH�ODVW�GHFDGHV�KDYH�UHFRUGHG�DQ�LQFUHDVLQJ�XVH�RI�JODVV�DV�EXLOGLQJ�PDWHULDO��,QGHHG��LI�
DW�WKH�EHJLQQLQJ�RI���WK�&HQWXU\�WKH�XWLOLVDWLRQ�ZDV�OLPLWHG��QRZDGD\V�JODVV�LV�ZLGHO\�XVHG�LQ�
SULYDWH� DQG� RIILFH� EXLOGLQJV�� VRPHWLPHV� RFFXS\LQJ� PRVW� RI� WKH� EXLOGLQJ� VXUIDFH�� 7KLV�
JURZLQJ� XWLOLVDWLRQ� LV� GXH� WR� WKH� PDLQ� SURSHUWLHV� RI� JODVV�� WUDQVSDUHQF\� DQG� GXUDELOLW\��
1HYHUWKHOHVV�� ZKHQ� H[SRVHG� WR� XUEDQ� SROOXWHG� DWPRVSKHUH�� JODVV� XQGHUJRHV� D� VRLOLQJ�
SURFHVV����� DFFRPSDQLHG�E\� D�ZHDN� OHDFKLQJ�� 6RLOLQJ� LPSOLHV� WKH�GHSRVLWLRQ� RI� DWPRVSKHULF�
SDUWLFOHV�RQ�WKH�JODVV�VXUIDFH��OHDGLQJ�WR�WUDQVSDUHQF\�ORVV��$WPRVSKHULF�FDUERQDFHRXV�VRRWV�
VHHP�WR�SOD\�D�YHU\�LPSRUWDQW�UROH�LQ�WKLV�PHFKDQLVP���7KHVH�DWPRVSKHULF�SDUWLFOHV�HPLWWHG�
E\� LQFRPSOHWH� FRPEXVWLRQ� SURFHVVHV� �OLJKW� RLO�� JDVROLQH�� NHURVHQH�� QDWXUDO� JDV�� ELRPDVV������
FRQVLVW� RI� D� JUDSKLWLF� FRUH� �UHIHUUHG� WR� DV� %ODFN� &DUERQ� RU� (OHPHQWDO� &DUERQ�� (&�� RQWR�
ZKLFK� D� WKLQ� OD\HU� RI� RUJDQLF� FRPSRXQGV� �2UJDQLF� &DUERQ�� 2&�� LV� GHSRVLWHG� E\�
FRQGHQVDWLRQ�RU�DGVRUSWLRQ�SURFHVVHV���7KH�WRWDO�&DUERQ�FRQWHQW��7&��LV�WKH�VXP�RI�(&�DQG�
2&� IUDFWLRQV�� 7KH� DLP� RI� WKLV� SDSHU� LV� WR� GHWHUPLQH� DQG� TXDQWLI\� WKH� FDUERQDFHRXV�
FRQWDPLQDWLRQ�RQ�WKH�VXUIDFH�RI�D�IORDW�JODVV�H[SRVHG�LQ�XUEDQ�SROOXWHG�DWPRVSKHUH��

0DWHULDOV�DQG�0HWKRGV�

7KH�VDPSOHV������[�����[�����FP��RI�ERWK�WKH�´DWPRVSKHUHµ�DQG�WKH�´WLQ�EDWKµ�VLGH�RI�D�
IORDW�JODVV�ZHUH�H[SRVHG�IRU�XS�WR�RQH�\HDU��DW�WKH�WRS�RI�6DLQW�(XVWDFKH�&KXUFK�����PHWHUV�
KLJK�� LQ� WKH� FHQWUH� RI� 3DULV�� $FFRUGLQJ� WR� WKH� H[SRVXUH� SURWRFRO� RI� 81�,&3� 0DWHULDO���
VKHOWHUHG� VDPSOHV� ZHUH� H[SRVHG� YHUWLFDOO\� LQ� D� ER[� QDWXUDOO\� YHQWLODWHG�� ZKLOH� XQVKHOWHUHG�



VDPSOHV�ZHUH� SRVLWLRQHG� RQ� D� UDFN�� LQFOLQHG� RI� ���� DQG� IDFLQJ� 6RXWK��*ODVV� VDPSOHV�ZHUH�

ZLWKGUDZQ�DIWHU���������DQG����PRQWKV��7KH�H[SRVXUH�EHJDQ�RQ�$XJXVW��VW��������7KH�JODVV�
FKRVHQ�IRU�WKH�H[SHULPHQW�LV�D�VRGD�OLPH�IORDW�JODVV�SURGXFHG�E\�6DLQW�*REDLQ�9LWUDJH��6L2��
������ 1D�2� ������ &D2� ����� 0J2� ����� .�2� ������ $O�2�� ����� )H�2�� ����� UHVXOWV� LQ� PDVV�
SHUFHQWDJH���
7KH�VDPSOHV�ZHUH�DQDO\VHG�EHIRUH�DQG�DIWHU�H[SRVXUH�E\�GLIIHUHQW�DQDO\WLFDO�PHWKRGV��
��$QDO\WLFDO�6FDQQLQJ�(OHFWURQ�0LFURVFRS\� �$6(0���-HRO�-60������)���SDUWLFOHV�GHSRVLWHG� LQ�D�
UDQGRPO\�FKRVHQ�DUHD�ZHUH�FKDUDFWHULVHG�E\�WKHLU�PRUSKRORJ\��VL]H��FKHPLVWU\�DQG�QXPEHU��
7KH� VXUIDFH� SHUFHQWDJH� FRYHUHG� E\� GHSRVLWHG� SDUWLFOHV� ��FV�� ZDV� HVWLPDWHG� E\� DQ� LPDJH�
SURFHVVLQJ�V\VWHP�OLQNHG�WR�WKH�6(0���
��2SWLFDO� PHDVXUHPHQWV� �9,6� 6SHFWURPHWHU�� /DPED� ��� 3HUNLQ�(OPHU��� WRWDO� DQG� GLIIXVH� OLJKW�
WUDQVPLWWDQFH� DQG� UHIOHFWDQFH��7KH�SHUFHQW� �GLUHFW�� WUDQVPLWWDQFH� ORVV� ��/7��� DFFRUGLQJ� WR�
6KDUSOHV�HW�DO��PRGLILHG���DQG�OLJKW�DEVRUSWDQFH�ZHUH�FDOFXODWHG��
�� ;�5D\� 3KRWRHOHFWURQ� 6SHFWURPHWU\� �;36�� �;6$0� ���� 6$&�.5$726��� GHWHUPLQDWLRQ� RI� WKH�
FKHPLFDO�FRPSRVLWLRQ�RI�D�WKLQ�VXUIDFH�OD\HU����QP��LQFOXGLQJ�ERWK�GHSRVLWHG�SDUWLFOHV�DQG�
WKH�XQGHUO\LQJ�JODVV�VXUIDFH��
�� &DUERQ� &RXORPHWULF� 7LWUDWLRQ� �&DUERQ� $QDO\VHU�� 6WU|KOHLQ� &RXORPDW� ���&��� DEVROXWH� 7&�
FRQWHQW� �PDVV� LQ� �J�� GHSRVLWHG� RQ� WKH� JODVV� VXUIDFH� ZDV� TXDQWLILHG�� *ODVV� VDPSOHV� ZHUH�
LQWURGXFHG�LQ�D�IXUQDFH�OLQNHG�WR�WKH�&DUERQ�$QDO\VHU��$W�������&��XQGHU�R[\JHQ�IORZ��WKH�
FDUERQ�GHSRVLWHG�RQ�WKH�VDPSOHV�ZDV�WRWDOO\�R[LGLVHG�WR�&2���ZKRVH�DPRXQW�LV�SURSRUWLRQDO�
WR�WKH�RULJLQDO�FDUERQ�FRQWHQW��,Q�DGGLWLRQ��RQ�VDPSOHV�H[SRVHG����PRQWKV�2&�DQG�(&�ZHUH�
DOVR� PHDVXUHG�� ,Q� WKLV� FDVH� WKH� VDPSOHV� DUH� GLYLGHG� LQWR� WZR� SRUWLRQV�� RQH� RI� ZKLFK�
XQGHUJRHV�D�WKHUPDO�SUH�WUHDWPHQW�DW������&��IRU���KRXUV��XQGHU�R[\JHQ�����
��:HWWDELOLW\��WKH�FRQWDFW�DQJOH�ZLWK�ZDWHU�RQ�WKH�JODVV�VXUIDFH�ZDV�GHWHUPLQHG�XVLQJ�D�OLJKW�
PLFURVFRSH�HTXLSSHG�ZLWK�D�JRQLRPHWHU��PRGHO�����*����0DUFHO�$XEHU�����$Q�HYDOXDWLRQ�RI�
WKH�ZDWHU�UHSHOOHQF\�DOORZV�WR�HVWLPDWH�WKH�H[WHQW�RI�RUJDQLF�FRQWDPLQDWLRQ���
��)RXULHU�7UDQVIRUP�,QIUD�5HG�6SHFWURVFRS\��)7,5���SURYLGHV�D�TXDOLWDWLYH�DQG�VHPL�TXDQWLWDWLYH�
HYDOXDWLRQ��RI� WKH�RUJDQLF�FDUERQDFHRXV�FRQWDPLQDWLRQ���7KH�JODVV�VXUIDFH�ZDV�DQDO\VHG�E\�
PLFUR,556�XQGHU�D�OLJKW�PLFURVFRSH��$872,0$*(��OLQNHG�WR�WKH�,5�6SHFWURSKRWRPHWHU�
�*;,�3HUNLQ�(OPHU���6SHFWUD�ZHUH�REWDLQHG�EHWZHHQ������DQG������FP����ZLWK�D�GLDSKUDJP�
RI� ���[���� PP��� 7KH� KHLJKW� RI� &�+� EDQGV� SUHVHQW� LQ� WKH� UDQJH� ����� DQG� ����� FP��� LV�
SURSRUWLRQDO� WR�RUJDQLF� FRQWDPLQDWLRQ���)XUWKHUPRUH�� WKH�GHSRVLW� RQ� WKH�JODVV� VXUIDFH�ZDV�
H[WUDFWHG�E\�VROYHQW�DQG�DQDO\VHG�E\�,5�WUDQVPLWWDQFH���$IWHU�WKH�H[WUDFWLRQ�WKH�FRQWDFW�DQJOH�
ZLWK�ZDWHU�ZDV�UH�PHDVXUHG���

5HVXOWV�DQG�GLVFXVVLRQ�

1DWXUH�DQG�TXDQWLILFDWLRQ�RI�FDUERQDFHRXV�FRPSRXQGV��$6(0�REVHUYDWLRQV� VKRZ�
WKDW�FDUERQDFHRXV�VRRWV�DUH�WKH�SUHYDLOLQJ�SDUWLFOH�FDWHJRU\�GHSRVLWHG�RQWR�WKH�JODVV�VXUIDFH�
���������LQ�QXPEHU�IRU�XQVKHOWHUHG�DQG���������IRU�VKHOWHUHG�VDPSOHV���2WKHU�&�FRQWDLQLQJ��
SDUWLFOHV�� H�J�� FDUERQDWHV�RU�ELRJHQLF�SDUWLFOHV�� DUH�QHJOLJLEOH��)XUWKHUPRUH�� VDOWV�� HVVHQWLDOO\�
VXOSKDWHV��DUH�DEXQGDQW�RQ�VKHOWHUHG�VDPSOHV��6XOSKDWHV�DQG�1LWUDWHV�ZHUH�DOVR�GHWHFWHG�E\�

;36���FV� RFFXSLHG� E\� ILQH� SDUWLFOHV� �Φ���P�� LQFUHDVHV� ZLWK� WLPH� IRU� ERWK� VKHOWHUHG� DQG�
XQVKHOWHUHG�JODVV��,Q�WKH�VDPH�ZD\��WKH�FDUERQ�FRQWHQW�PHDVXUHG�E\�;36�LQFUHDVHV�ZLWK�WLPH�
PRUH�UDSLGO\�IRU�VKHOWHUHG�WKDQ�IRU�XQVKHOWHUHG�VXUIDFHV��&DUERQ�LV�WKH�PDMRU�FRQVWLWXHQW�RI�
WKH�GHSRVLW�RQ�WKH�JODVV�VXUIDFH��(YHQ�WKRXJK�FDUERQDFHRXV�SDUWLFOHV�DUH�WKH�PRVW�DEXQGDQW�
GHSRVLW� LQ� QXPEHU�� WKHLU� PDVV� FRUUHVSRQGV� WR� DERXW� ���� RI� WKH� WRWDO� PDVV� GHSRVLWHG�
�HYDOXDWLRQ� IRU� ��� PRQWKV� H[SRVXUH��� 7KH� DEVROXWH� TXDQWLILFDWLRQ� RI� 7&� SHUIRUPHG� E\�



&RXORPHWULF�7LWUDWLRQ��ILJXUH��D��DJUHHV�ZLWK�;36�DQG�$6(0��DW���DQG���PRQWKV�H[SRVXUH�
FDUERQ�FRQWHQWV�DUH�VLPLODU�IRU�VKHOWHUHG�DQG�XQVKHOWHUHG�VDPSOHV��$IWHU�WZR�PRQWKV�WKH�7&�
LQFUHDVHV�PRUH�UDSLGLO\�IRU�VKHOWHUHG�VDPSOHV����
)RU� VKHOWHUHG� VDPSOHV� D� PRUH� RU� OHVV� VWHDG\� SDUWLFOH� DFFXPXODWLRQ� WDNHV� SODFH�� 7KH� VORSH�
LQFUHDVH� REVHUYHG� EHWZHHQ� �� DQG� ��� PRQWKV� FDQ� EH� DWWULEXWHG� WR� WKH� LQIOXHQFH� RI� WKH�
SDUWLFOHV�DOUHDG\�GHSRVLWHG��)RU�XQVKHOWHUHG�JODVV� WKH�FDUERQ�JDLQ�UDWHV�DUH�PRGHUDWH� LQ�WKH�
ILUVW� WZR� PRQWKV� DQG� MXVW� SHUFHSWLEOH� EHWZHHQ� �� DQG� ��� PRQWKV�� GXH� WR� WKH� FRPSHWLQJ�
PHFKDQLVPV� RI� DFFXPXODWLRQ� DQG� UDLQ� UHPRYDO�� )LJXUH� �D� VKRZV� WKDW� WKH� �6Q� EDWK� VLGH��
H[SRVHG� VKHOWHUHG� IURP� WKH� UDLQ� LV� PRUH� FRQWDPLQDWHG� WKDQ� WKH� ´DWPRVSKHUH� VLGHµ�� DV�
FRQILUPHG�EHORZ�E\�FRQWDFW�DQJOH�PHDVXUHPHQWV��7KH�7&�FRQWHQWV�DUH� LQ�JRRG�DJUHHPHQW�
ZLWK�WKH�SHUFHQWDJH�RI�VXUIDFH�FRYHUHG�E\�ILQH�SDUWLFOHV��)LJXUH��E���7KLV�UHVXOW�FRQILUPV�WKDW�
VXEPLFURQLF�SDUWLFOHV��VRRWV��DUH�WKH�PDMRULW\�RI�WKH�&�ULFK�GHSRVLW��
�

)LJXUH����7&���J�GHSRVLWHG�RQ�RQH�JODVV�VDPSOH��YV�H[SRVXUH�WLPH���D��DQG��FV�YV�7&�

��E����$��DWPRVSKHUH�VLGH��6Q��7LQ�EDWK�VLGH��6K��6KHOWHUHG��8QVK��8QVKHOWHUHG���

2UJDQLF�&RPSRXQGV��GXH�WR�WKH�TXLWH�VLPLODU�YDOXHV�RI�ERQG�HQHUJLHV� �������H9�IRU�
JUDSKLWH�DQG�������H9�IRU�&�+�JURXSV��LW�LV�QRW�SRVVLEOH�WR�HYDOXDWH�WKH�RUJDQLF�IUDFWLRQ�E\�
;36�� 7KLV� VHSDUDWLRQ� ZDV� SRVVLEOH� E\� &DUERQ� &RXORPHWULF� 7LWUDWLRQ�� 2Q� JODVV� VDPSOHV�
H[SRVHG�IRU���\HDU�2&�DQG�(&�ZHUH�TXDQWLILHG�VHSDUDWHO\��2&�UHSUHVHQWV�DERXW��������RI�
7&�� ZLWKRXW� DQ\� VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ� VKHOWHUHG� DQG� XQVKHOWHUHG� VDPSOHV�� 7KLV�
UHVXOW�LV�LQ�JRRG�DJUHHPHQW�ZLWK�DWPRVSKHULF�PHDVXUHPHQWV�RI�7&��2&�DQG�(&�PDGH�LQ�WKH�
3DULV� DUHD� LQ� �������� 7KH� FRQWDFW� DQJOHV� ZLWK� ZDWHU� �WDEOH� ��� VKRZ� D� PDUNHG� GLIIHUHQFH�
EHWZHHQ� VKHOWHUHG� DQG� XQVKHOWHUHG� VDPSOHV�� ,Q� IDFW� IRU� XQVKHOWHUHG� VDPSOHV� FRQWDFW� DQJOH�
PHDVXUHPHQWV� UHYHDO� DQ� LQFUHDVLQJ� RUJDQLF� FRQWDPLQDWLRQ� RQ� WKH� ´6Q� VLGHµ�� ,Q� VSLWH� RI� D�
PRUH�SURQRXQFHG�7&� LQFUHDVH�� WKHUH� LV�QR�FRQWDFW�DQJOH�HYROXWLRQ� IRU�VKHOWHUHG�JODVV�� WKLV�
EHKDYLRXU� LV�SUREDEO\�GXH�WR�WKH�SUHVHQFH�RI� LQRUJDQLF�SDUWLFOHV� �VDOWV�REVHUYHG�E\�$6(0��
;36� DQG� ,556��� ZKLFK� ORZHU� WKH� FRQWDFW� DQJOH� DQG� FRPSHQVDWH� WKH� WHQGHQF\� RI� RUJDQLF�
GHSRVLWV�WR�LQFUHDVH�WKH�ZDWHU�UHSHOOHQF\�RI�WKH�JODVV�VXUIDFH��,W�LV�DOVR�LPSRUWDQW�WR�UHPDUN�
WKDW� WKH� FRQWDFW� DQJOH� YDOXHV� RI� XQH[SRVHG� VXUIDFHV�ZHUH� KLJKHU� WKDQ� H[SHFWHG� IRU� IUHVKO\�
SURGXFHG�DQG�WKRURXJKO\�FOHDQHG�IORDW�JODVV���
$�JLYHQ�GHJUHH�RI�UHVLGXDO�SUH�FRQWDPLQDWLRQ�EHIRUH�H[SRVXUH�LV�QRW�H[FOXGHG��2EVHUYDWLRQV�
RI� WKH� JODVV� VXUIDFH� PDGH� E\� OLJKW� PLFURVFRS\� OLQNHG� WR� PLFUR�,556� FRQILUP� WKDW� WKH�
VKHOWHUHG� VDPSOHV� DUH�PRUH� FRQWDPLQDWHG� WKDQ� XQVKHOWHUHG� RQHV��0RUHRYHU�� LW�ZDV� VKRZQ�
WKDW�WKH�VSDWLDO�GLVWULEXWLRQ�RI�WKH�RUJDQLF�GHSRVLWV� LV�VWURQJO\�KHWHURJHQHRXV��,Q�IDFW�ZKHQ�
WKH� VXUIDFH� LV� DQDO\VHG� E\� ,556� D� VLJQLILFDQW� VLJQDO� �&�+� EDQGV� DW� ���������� FP���� LV�
UHFRUGHG� RQO\�QHDU� SDUWLFOHV�� EHWZHHQ� SDUWLFOHV� WKH� VLJQDO� LV� EHORZ� WKH�GHWHFWLRQ� OLPLW���$Q�
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DWWHPSW� WR� LGHQWLI\� WKH� QDWXUH� RI� WKH� RUJDQLF� FRQWDPLQDWLRQ� ZDV� SHUIRUPHG� E\� VROYHQW�
H[WUDFWLRQ�IROORZHG�E\�LGHQWLILFDWLRQ�ZLWK�)7,5��'XH�WR�WKH�FRPSOH[�QDWXUH�RI�WKH�GHSRVLWV�
LW�ZDV�RQO\�SRVVLEOH� WR� LGHQWLI\� WKH�PDLQ�FODVV�RI�FRPSRXQGV��VDWXUDWHG�K\GURFDUERQV��DOVR�
FRQWDLQLQJ� HVWHU� JURXSV�� 7KH� HVWHU�K\GURFDUERQ� UDWLR� YDULHG� EHWZHHQ� �������� �DIWHU� ��
PRQWKV��DQG���������IRU�WKH����PRQWKV�VDPSOHV��7KH�HIILFLHQF\�RI�H[WUDFWLRQ�ZDV�OHVV�WKDQ�
��������7KH�JODVV�VXUIDFHV�UHWDLQHG�D�JLYHQ�IUDFWLRQ�RI�WKHLU�RUJDQLF�FRYHUDJH��IRU�WKLV�UHDVRQ�
WKH�FRQWDFW�DQJOHV�PHDVXUHG�DIWHU�VROYHQW�H[WUDFWLRQ�ZHUH�DOZD\V�DERYH������,W�LV�UHDVRQDEOH�
WR�WKLQN�WKDW�LI�RUJDQLF�FRQWDPLQDQWV�UHVLVW�WR�VROYHQW�H[WUDFWLRQ�WKH\�DUH�DOVR�UHVLVWDQW�WR�UDLQ�
ZDVKLQJ� LQ�XQVKHOWHUHG�SRVLWLRQ�� ,W� LV�DOVR�TXLWH�SUREDEOH�WKDW�SDUWLFOHV� VWLFN�RQ�WKH�VXUIDFH�
GXH� WR� VRPH� FKHPLFDO� LQWHUDFWLRQ� ZLWK� WKH� JODVV� VWUXFWXUH���� 7KH� LQWHUDFWLRQ� RI� RUJDQLF�
PDWHULDOV�ZLWK�WKH�VXUIDFHV�RI�IORDW�JODVV�ZDV�UHFHQWO\�GLVFXVVHG�E\�+D\DVKL�HW�DO�����

�

H[SRVXUH�WLPH�� $�6K�� 6Q�6K� $�8QVK� 6Q�8QVK�

� EHIRUH� DIWHU� EHIRUH� DIWHU� EHIRUH� DIWHU� EHIRUH� DIWHU�
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7DEOH����&RQWDFW�DQJOH�ZLWK�ZDWHU�PHDVXUHG�RQ�WKH�JODVV�VXUIDFH�EHIRUH�DQG�DIWHU�VROYHQW�

H[WUDFWLRQ��IRU�V\PEROV�VHH�WKH�FDSWLRQ�RI�ILJXUH����

2SWLFDO� SURSHUWLHV���/7� �UHVSRQGLQJ� WR� OLJKW� VFDWWHULQJ� FDXVHG� E\� VXUIDFH� SDUWLFOHV��
LQFUHDVHV�ZLWK� WLPH�IRU�ERWK�VKHOWHUHG�DQG�XQVKHOWHUHG�VXUIDFHV��7KH�DEVROXWH�YDOXHV�������
PD[LPXP�� DUH� FRQVLVWHQW� ZLWK� OLWHUDWXUH� GDWD�� �/7� VKRZV� D� JRRG� FRUUHODWLRQ� ZLWK� 7&�
�)LJXUH��D����
$� JRRG� FRUUHODWLRQ�ZLWK�7&� LV� DOVR� UHFRUGHG� IRU� WKH� OLJKW� DEVRUSWDQFH� �ILJXUH� �E���7KLV� LV�
UHDVRQDEOH�VLQFH�WKH�VRRW�SDUWLFOHV�DUH�WKH�PDLQ�DJHQW�UHVSRQVLEOH�IRU�OLJKW�DEVRUSWLRQ�RQ�WKH�
JODVV�VXUIDFH��7KH�KLJKHU�VORSH�REVHUYHG�IRU�XQVKHOWHUHG�VDPSOHV��ZLWK�VPDOOHU�7&�FRQWHQWV��
LV�SX]]OLQJ��3RVVLEO\�IRU�VKHOWHUHG�VDPSOHV�WKH�HIIHFWLYH�DEVRUSWLRQ�LV�DWWHQXDWHG�E\�WKH�OLJKW�
VFDWWHULQJ� HIIHFWV� RI� VDOWV�� 6LPLODU� UHVXOWV�ZHUH� REWDLQHG�ZKHQ� VWXG\LQJ� OLJKW� DEVRUSWLRQ� E\�
DLUERUQH�SDUWLFOHV�LQ�XUEDQ�SROOXWHG�DWPRVSKHUHV����
�

)LJXUH�����/7�YV�7&��D��DQG�OLJKW�DEVRUSWDQFH�YV�7&���J�GHSRVLWHG�RQ�HDFK�JODVV�
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&RQFOXVLRQ�

:KLOH�WKH�ZHDWKHULQJ�SURFHVVHV�DUH�PRGHUDWH��WKH�OHDFKHG�OD\HU�PHDVXUHG�E\�72)�6,06�
KDV�D�GHSWK�RI�XS�WR�����QP��UHVXOWV�QRW�UHSRUWHG�KHUH��VRLOLQJ�LV�QRQ�QHJOLJLEOH��HVSHFLDOO\�IRU�
JODVV� SODFHG� LQ� XUEDQ� SROOXWHG� HQYLURQPHQW��$FFXPXODWLRQ� RI� SDUWLFOHV� OHDGV� SULQFLSDOO\� WR�
WUDQVSDUHQF\�ORVV��WKDW�LV�WR�VD\�VRLOLQJ�LPSDLUV�WKH�JODVV�FKDUDFWHULVWLFV���
&DUERQDFHRXV� DWPRVSKHULF� FRPSRXQGV� �2&�DQG�%&��DUH� WKH�PDLQ� DJHQWV�RI� WKLV� SURFHVV��
7KH�DQDO\VLV�VKRZV�WKDW�WKH�FDUERQ�FRQWDPLQDWLRQ�LQFUHDVHV�ZLWK�WLPH�IRU�DOO�VDPSOHV��:LWK�
UHJDUG� WR� WKH� H[SRVXUH� PRGH�� VKHOWHUHG� VDPSOHV� DUH� PRUH� FRQWDPLQDWHG� WKDW� XQVKHOWHUHG�
RQHV��5DLQ�ZDVKLQJ�UHPRYHV�VDOWV�DQG�VRPH�VRRW�SDUWLFOHV��ZKLOH�K\GURFDUERQV�FRPSRXQGV�
ILUPO\�DGKHUH�DQG�FRQWLQXH�WR�DFFXPXODWH�RQ�WKH�JODVV�VXUIDFH��&RQFHUQLQJ�WKH�GLIIHUHQW�IORDW�
VLGHV��WKH�´6Q�VLGHµ�VKRZV�D�VWURQJHU�WHQGHQF\�WR�IL[�RUJDQLF�FDUERQ�WKDQ�WKH�´DWPRVSKHUH�
VLGHµ����7R�NQRZ� WKH� H[WHQW� DQG�QDWXUH�RI�GHSRVLWV� LV� FUXFLDO� WR� VXFFHVVIXOO\�SHUIRUP�JODVV�
FOHDQLQJ�DQG�WR�GHYHORS�QHZ�SURGXFWV��H�J��VHOI�FOHDQLQJ�JODVV��

$FNQRZOHGJHPHQWV�

7KH� DXWKRUV� ZLVK� WR� WKDQN� 6DLQW� *REDLQ� 5HFKHUFKH�� $XEHUYLOOLHUV�� )UDQFH�� IRU� SURYLGLQJ�
JODVV�VDPSOHV��IRU�;36�DQDO\VLV�DQG�RSWLFDO�PHDVXUHPHQWV��DV�ZHOO�DV�IRU�WKH�KHOSIXO�VFLHQWLILF�
GHEDWH��

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

��&KDEDV�$���/HIqYUH�5��$���5LY��6WD]��6SHU��9HWUR�����Q�����S�������������������

��&KDEDV�$��/HIqYUH�5��$���*ODVV�7HFKQRORJ\���,Q�SUHVV��

��3LR�&�$���5DPRV�0�0��DQG�6XDUWH�$�&���$WPRVSKHULF�(QYLURQPHQW�����S��������������������

��+��&DFKLHU��LQ�$WPRVSKHULF�3DUWLFOHV��HGLWHG�E\�+DUULVRQ�5�+��DQG�YDQ�*ULHNHQ��:LOH\��6XVVH[��
�������:LOH\��9RO��,��S�����������

��.XFHUD�9���&RRWH�$�7���+HUNVHQ�-���.QRWNRYD�'���/H\JUDI�&��DQG�5HLQKDUGW�8��LQ���WK�
,QWHUQDWLRQDO�&RUURVLRQ�&RQJUHVV���������XQSXEOLVKHG���S���������

��6KDUSOHV�6��6WHZDUW�/��DQG�7UHJHQ]D�3�5��%XLOGLQJ�DQG�(QYLURQPHQW�����S������������������

��&DFKLHU�+���%UpPRQG�0�3��DQG�%XDW�0pQDUG�3���7HOOXV���%��S������������������

��*HRWWL�%LDQFKLQL�)���3UHR�0���*ODVWHFK��%HU��*ODVV�6FL��7HFKQRO�������Q������S������������������

��*HRWWL�%LDQFKLQL�)���*ODVV�7HFKQRORJ\���,Q�SUHVV��

���5XHOODQ�6���&DFKLHU�+���$WPRVSKHULF�(QYLURQPHQW�����S������������������

���&KDUWLHU�5����9HUUH����Q�����S���������������

���+D\DVKL�<��0DWVXPRWR�.�DQG�.XQGR�0���*ODVV�7HFKQRORJ\�����S������������������

���+LW]HQEHUJHU�5���$WPRVSKHULF�(QYLURQPHQW�����S��������������������
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