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JUDLQ�\LHOG�FRPSDUHG�WR�WKH�&)
(

HQULFKHG�(53�SHUIRUPHG�SRRUO\�LQ�FRPSDULVRQ�WR�WKH�'2$�UHFRPPHQGHG�763�

HQULFKHG�(53�WR�XVH�DV�DQ�DOWHUQDWLYH�IRU�763�LQ�ULFH�FXOWLYDWLRQ�

.H\ZRUGV�
SKRVSKDWH

�� ,QWURGXFWLRQ

VROXELOLW\�DQG�HDV\�DSSOLFDWLRQ��763�LV�PDQXIDFWXUHG�IURP�URFN�SKRVSKDWH�H[FDYDWHG�IURP�
WKH�HDUWK��+HQFH��763�FRQVLVWV�RI�PDQ\�WUDFH�HOHPHQWV�VXFK�DV�FDGPLXP��&G���QLFNHO��1L���
FRSSHU��&X���OHDG��3E��HWF��)XUWKHU��WKH�763�FRQWDLQV�&G�OHYHOV�DERXW�������J�J����ZKLFK�LV�
KLJKHU�WKDQ�WKH�PD[LPXP�SHUPLVVLEOH�OHYHOV������J�J��

,QVWLWXWLRQ��6/6,���,Q�FRPSDULVRQ��(53�FRQWDLQV�DERXW�������J�J���RI�&G��PXFK�VPDOOHU�WKDQ�
WKDW�LQ�763��3UHPDUDWKQH�HW�DO����������$FFRUGLQJ�WR�D�VWXG\�FRQGXFWHG�E\�&KDQGUDMLWK�HW�DO��

UHFRUGHG�QRWDEOH�WUDFH�HOHPHQWV�VXFK�DV�DOXPLQLXP��FKURPLXP��QLFNHO��FDGPLXP��OHDG��DQG�
XUDQLXP��7KH�UHVXOWV�VXJJHVW�WKDW�WKH�ORQJ�WHUP�DSSOLFDWLRQ�RI�763�FDQ�OHDG�WR�FRQWDPLQDWLRQ�

LQ�SODFH�RI�763��7KH�(53�LV�FRQVLGHUHG�D�FKHDS�DQG�HQYLURQPHQWDOO\�IULHQGO\�DOWHUQDWLYH�WR�
763��GHVSLWH�IHZ�FRQVWUDLQWV���'XH�WR�WKH�ORZ�ZDWHU�VROXELOLW\�RI�(53��LWV�GLUHFW�DSSOLFDWLRQ�

FDVK�FURSV�HWF��'XH�WR�WKH�VORZ�UHOHDVH�RI�3��(53�LV�QRW�UHFRPPHQGHG�IRU�VKRUW�WHUP�FURSV�
�$SSOHWRQ��������

3�LQ�URFN�SKRVSKDWHV��:HHUDVXQGDUD�HW�DO���������.XPDULKDPL�HW�DO��

IROORZLQJ�D�VHULHV�RI�H[SHULPHQWV�FRQGXFWHG�XQGHU�ODERUDWRU\�FRQGLWLRQV��-D\DQHWKWKL�HW�DO��
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DYDLODEOH�1��%UHPQHU��������XVLQJ�VRLO�H[WUDFWV�IURP�����PO�RI��0�.&O��([FKDQJHDEOH�.�
ZDV�GHWHUPLQHG�XVLQJ�VRLO�H[WUDFWV�IURP�����PO�RI��0�DPPRQLXP�DFHWDWH��0DWXOD�������
HPSOR\LQJ�LQGXFWLYHO\�FRXSOHG�SODVPD�RSWLFDO�HPLVVLRQ�VSHFWURVFRS\��,&3�2(6��7KHUPR�,�

HW�DO���������DQG�RUJDQLF�FDUERQ�
E\�GLJHVWLRQ�ZLWK�DQ�DFLG�GLFKURPDWH�VROXWLRQ�DQG�WLWUDWLQJ�ZLWK�IHUURXV�DPPRQLXP�VXOSKDWH�
�1HOVRQ�DQG�6RPPHUV��������DW�WKH�FRPPHQFHPHQW�RI�WKH�H[SHULPHQW�

7KH�OHDFKLQJ�FROXPQ�H[SHULPHQW�ZDV�FRQGXFWHG�LQ�WKH�6RLO�DQG�:DWHU�6FLHQFH�/DERUDWRU\�
DW� WKH�)DFXOW\� RI�$JULFXOWXUH��5DMDUDWD�8QLYHUVLW\� RI�6UL�/DQND��3DGG\� VRLO� �5%(��ZDV�

�E�
�&�DQG�DYHUDJH�DQQXDO�

UDLQIDOO�RI�������PP��

������3UHSDUDWLRQ�RI�WUHDWPHQWV

RI�1��3
�
2 �DQG�.

�
HW�DO����������DQG�

(
�DQG�&)

0
�ZHUH�XVHG�ZLWK�WKH�%)%)�DSSOLFDWLRQ��DV�

H[SODLQHG�LQ�7DEOH����,Q�WKLV�VWXG\��%)��ZDV�XVHG�DV�%)%)��VLQFH�%)��DOVR�DFWV�DV�D�3*3�
HW�DO���������.XPDULKDPL�HW�DO��

(
��IRU�ULFH�

0
��E\�UHSODFLQJ�763�����NJ�DF��� ����IURP�

NJ�DF��� ���NJ�KD������7KLV�UHSODFHPHQW�ZDV�GRQH�E\�FRQVLGHULQJ�WKH�
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�'2$�UHFRPPHQGDWLRQ�IRU��1�3�DQG�.��763�DV�WKH�VROH�3�VRXUFH

&)
0
��'2$�UHFRPPHQGDWLRQ�IRU��1��3�DQG�.���%)��HQULFKHG�(53�DV�WKH�VROH�3�VRXUFH

&)
(�
�RQO\�1��.�����'2$�UHFRPPHQGDWLRQ�IRU��1�DQG�.��RQO\�QLWURJHQ�DQG�SRWDVVLXP

������/HDFKLQJ�FROXPQ�VWXG\

)LHOG�VRLOV�DQG�ULYHU�VDQG�ZHUH�VLHYHG��XVLQJ�D���PP�VLHYH��VHSDUDWHO\�EHIRUH�PL[LQJ�WKHP�
DW�D�ZHLJKW�UDWLR�RI������7KH�VRLO��VDQG�PL[WXUH�ZDV�VLHYHG�DJDLQ�XVLQJ�D���PP�VLHYH�EHIRUH�

VRLO��VDQG�PL[WXUH�DQG�SODFHG�D�JODVV�ZRRO�SDG��DERXW�ó���LQFK��RQ�WKH�VRLO�VXUIDFH�WR�DYRLG�
GLVSHUVLRQ��7KH�LQLWLDO�ZHLJKW�RI�HDFK�FROXPQ�ZDV�PHDVXUHG�DQG�UHFRUGHG��7KH�PHDVXUHG�

IRU�ULFH��1,)6�$QQXDO�5HYLHZ�5HSRUW���������$IWHU�DGGLQJ�RI�WKH�WUHDWPHQWV��FROXPQV�ZHUH�
VWRSSHUHG�RQ�WRS��:HLJKWV�RI�DOO�FROXPQV�ZHUH�PHDVXUHG�RQFH�LQ���GD\V�DQG�PDLQWDLQHG�WKH�
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LQLWLDO�ZHLJKW�ZLWK�WKH�KHOS�RI�GLVWLOOHG�ZDWHU�DGGLWLRQ��7KH�OHDFKDWHV�ZHUH�FROOHFWHG�LQ�WZR�

PRO\EGDWH�DVFRUELF�DFLG�PHWKRG��0XUSK\�DQG�5LOH\���������$W�WKH�HQG�RI�WKH�VWXG\�SHULRG����

HW�DO����������VRLO�RUJDQLF�FDUERQ�XVLQJ�DFLG�GLFKURPDWH�GLJHVWLRQ�
IROORZHG�E\�WLWUDWLRQ�ZLWK�IHUURXV�DPPRQLXP�VXOSKDWH��1HOVRQ�DQG�6RPPHUV��������DQG�S+�

$� JUHHQKRXVH� H[SHULPHQW�ZDV� DOVR� FRQGXFWHG� DW� WKH� )DFXOW\� RI�$JULFXOWXUH��5DMDUDWD�
8QLYHUVLW\�RI�6UL�/DQND��7KLUW\�WKUHH�SODVWLF�SRWV��������P���ZHUH�XVHG�IRU����WUHDWPHQWV�LQ�

)ROORZLQJ�WKH�'2$�DQG�1,)6�UHFRPPHQGDWLRQV��1,)6�$QQXDO�5HVHDUFK�5HYLHZ���������

DQG�023�� IRUPV�� ,Q� HDFK� SRW�� WKUHH� VHHGOLQJV� RI�2U\]D� VDWLYD

SUDFWLFHV� VXFK� DV�ZHHGLQJ�� SHVW� DQG�GLVHDVH�PDQDJHPHQW�ZHUH� FDUULHG�RXW� DFFRUGLQJ� WR�
WKH� UHFRPPHQGDWLRQV� JLYHQ� E\� WKH�'2$��6UL�/DQND��'XULQJ� WKH� VWXG\�� WKH�PD[LPXP�
WHPSHUDWXUH�LQVLGH�WKH�JUHHQKRXVH�ZDV�DERXW����&�DQG�WKH�PLQLPXP�ZDV����&��$IWHU����

�2OVHQ�HW�DO��

���� 6WDWLVWLFDO�DQDO\VLV

6KDSLUR�:LON�VWDWLVWLF�XQGHU�WKH�81,9$5,$7(�SURFHGXUH��6$6�YHUVLRQ������6$6�,QVWLWXWH��
������ZDV�XVHG�DQG�WKH�PHDQV�ZHUH�VHSDUDWHG�XVLQJ�7XNH\¶V�+6'�WHVW��
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�� 5HVXOWV�DQG�'LVFXVVLRQ

����,QLWLDO�6RLO�$QDO\VLV

7DEOH� �� VKRZV� WKH� SURSHUWLHV� RI� WKH� VRLO� VDPSOHV� FROOHFWHG� IURP� WKH� IDUPHU� ILHOG��
3XOL\DQNXODPD��$QXUDGKDSXUD��$FFRUGLQJ�WR�WKH�UHVXOWV��WKH�VRLO�ZDV�ORZ�LQ�RUJDQLF�PDWWHU�

OHYHO��EXW�QRW�LQW�KH�RSWLPXP�UDQJH�IRU�ULFH�SODQW�JURZWK��3RUWFK�DQG�+XQWHU���������6RLO�
PLFURELDO�ELRPDVV�RI�WKH�VWXGLHG�VDPSOHV�ZDV�YHU\�ORZ��7KLV�PLJKW�EH�GXH�WR�WKH�LQWHQVLYH�
DSSOLFDWLRQ�RI�FKHPLFDO�LQSXWV�WR�WKH�ULFH�FURS�SULRU�WR�WKLV�H[SHULPHQW�

7DEOH� ��� 3URSHUWLHV� RI� VRLOV� FROOHFWHG� IURP� WKH� IDUPHU� ILHOG�� 3XOL\DQNXODPD��
$QXUDGKDSXUD�

6RLO�3URSHUW\ 0HDQ���6'

S+

$YDLODEOH�3��PJ�NJ���

$YDLODEOH�1��PJ�NJ���

([FKDQJHDEOH�.��PJ�NJ���

0LFURELDO�ELRPDVV�&��PJ�J���

���� 6ROXELOL]HG�3�LQ�/HDFKDWH

0

&)
(�
�7���WKURXJKRXW�WKH�VWXG\�SHULRG�
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�����&XPXODWLYH�6ROXELOL]HG�3

HW�DO��
�S������� ORZHU�
�S�������KLJKHVW�

�S�������KLJKHVW�FXPXODWLYH�

0

3XOL\DQNXODPD���

)LJ�����&XPXODWLYH�VROXELOL]HG�3��PJ�NJ����RI�WKH�OHDFKDWHV�DW�WKH�HQG�RI�WKH�WKUHH�
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���� 3�VROXELOL]LQJ�3DWWHUQV

7LSSOH�VXSHU�3KRVSKDWH�KDV�VHYHUDO�DJURQRPLF�DGYDQWDJHV�WKDW�PDGH�LW�VXFK�D�SRSXODU�3�
VRXUFH�IRU�PDQ\�\HDUV��,W� UDSLGO\�UHOHDVHV� WKH�3�IRU�SODQWV��)LJ���FOHDUO\� LOOXVWUDWHV� WKH�3�

(
�

)LJ�����3KRVSKRURXV�VROXELOL]DWLRQ�UK\WKPV�RI�WUHDWPHQWV���D���7��������763�
FRQWDLQLQJ�&)�

(
��DQG��E���7�������&)�

0

WKDQ�WKH�UDSLG�UHOHDVH�RI�QXWULHQWV�DV�LQ�7��

LQFUHDVH�VRLO�KHDOWK�

(

0 (

WKH�FRQWURO�GHFUHDVHG�WKH�VRLO�PLFURELDO�ELRPDVV�&�FRQVLGHUDEO\�IURP�LWV�LQLWLDO�PLFURELDO�
ELRPDVV�&�OHYHOV�SULRU�WR�FRPPHQFLQJ�WKH�H[SHULPHQWV�������PJ�J�����7DEOH����
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�� &RQFOXVLRQV

SRRUO\�FRPSDUHG�WR�WKH�'2$�UHFRPPHQGHG�763�GRVDJH�LQ�ULFH�FXOWLYDWLRQ�XQGHU�FRQWUROOHG�

�� 5HIHUHQFHV

GHYHORSLQJ�FRXQWULHV��,Q��0DWKHUV��6�'��DQG�1RWKROW��$�-�*���HGV����,QGXVWULDO�0LQHUDOV�LQ�'HYHORSLQJ�

3ODQW�DQG�6RLO�-RXUQDO �����������

IRU�GLUHFW�DSSOLFDWLRQ�LQ�$XVWUDOLD�DQG�1HZ�=HDODQG��$XVWUDOLDQ�-RXUQDO�RI�([SHULPHQWDO�$JULFXOWXUH�
��

%UHPQHU��-�0���0LOOHU��5�+��DQG�.HHQH\��'�5����������0HWKRGV�RI�VRLO�DQDO\VLV��SDUW����$PHULFDQ�
6RFLHW\�RI�DJURQRP\��0DGLVRQ��:LVFRQVLQ�

&KDQGUDMLWK��5�����1DQD\DNNDUD��6���,WDL��.���$WKXUDOL\D��7�1�&���'LVVDQD\DNH��&�%���$E\VHNDUD��7���

6UL��/DQND���JHRJUDSKLF��GLVWULEXWLRQ��DQG��HQYLURQPHQWDO��LPSOLFDWLRQV��(QYLURQPHQW�*HRFKHPLVWU\�
DQG�+HDOWK

SKRVSKDWH�GHSRVLW��(FRQRPLF�5HYLHZ��3HRSOH¶V�%DQN��&RORPER��6UL�/DQND����������

$XVWUDOLDQ�-RXUQDO�
RI��6RLO�5HVHDUFKHV�

3URFHHGLQJ�RI�,QWHUQDWLRQDO�
&RQIHUHQFH�RQ�$JULFXOWXUH�DQG�)RUHVWU\��&RORPER��6UL�/DQND �

�,��)XPLJDWLRQ�ZLWK�FKORURIRUP��6RLO�%LRORJ\�	�%LRFKHPLVWU\ �

VXVWDLQDEOH�DJULFXOWXUH��3URFHHGLQJV�RI�WKH�,QGLDQ�1DWLRQDO�6FLHQFH�$FDGHP\ ��
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3URFHHGLQJ�RI�WKH�$QQXDO�5HVHDUFK�6\PSRVLXP��5DMDUDWD�8QLYHUVLW\�RI�6UL�/DQND��$QXUDGKDSXUD��
6UL�/DQND �����

0DWXOD�-�� ��������'HWHUPLQDWLRQ� RI� SRWDVVLXP��PDJQHVLXP�� SKRVSKRUXV��PDQJDQHVH� DQG� FDWLRQ�
��

&RPPXQLFDWLRQV�LQ�6RLO�6FLHQFH�DQG�3ODQW�$QDO\VLV ��

3KRVSKDWH��$QDO\WLFDO�&KLPLFD�$FWD ������±���

1HOVRQ��'�:��DQG�6RPPHUV��/�(����������7RWDO�FDUERQ��RUJDQLF�FDUERQ�DQG�RUJDQLF�PDWWHU��,Q��3DJH��
$�/���0LOOHU��5�+��DQG�.HHQH\��'�5���HG���0HWKRGV�RI�6RLO�$QDO\VLV��3DUW����$PHULFDQ�6RFLHW\�RI�

1,)6�$QQXDO�5HYLHZ�5HSRUW�� ������� >RQOLQH@�$YDLODEOH� DW� KWWSV���ZZZ�QLIV�DF�ON�GLVVHPLQDWLRQ�
UHSRUWV�DQQXDO�UHVHDUFK�UHYLHZ�UHSRUW�����>$FFHVVHG����0DUFK�����@�

(VWLPDWLRQ�RI�DYDLODEOH�SKRVSKRUXV�
LQ�VRLOV�E\�H[WUDFWLRQ�ZLWK�1D+&2

�
��8�6�'�$��&LU������8�6��:DVKLQJWRQ�

3DQDERNNH��&�5�� ��������6RLO�DQG�DJUR�HFRORJLFDO�HQYLURQPHQW� LQ�6UL�/DQND��1DWXUDO�5HVRXUFHV��
(QHUJ\�DQG�6FLHQFH�$XWKRULW\�RI�6UL�/DQND�

3RUWFK��6��DQG�+XQWHU��$����������$�6\VWHPDWLF�$SSURDFK�WR�6RLO�)HUWLOLW\�(YDOXDWLRQ�DQG�,PSURYHPHQW��

3UHPDUDWKQH���+�0�3�/����+HWWLDUDFKFKL���*�0���DQG��,QGUDUDWQH���6�3������������7UDFH��PHWDO�FRQFHQWUDWLRQ��
LQ��FURSV��DQG��VRLOV��FROOHFWHG��IURP��LQWHQVLYHO\��FXOWLYDWHG��DUHDV��RI��6UL��/DQND��3HGRORJLVW����������

6$6�,QVWLWXWH����������6$6�67$7�9HUVLRQ������6$6�,QVW���&DU\��1&�

6HQHYLUDWQH��*���-D\DVHNDUH��$�3�'�$���'H�6LOYD��0�6�'�/��DQG�$EH\VHNHUD��8�3����������'HYHORSHG�
PLFURELDO� ELRILOPV� FDQ� UHVWRUH� GHWHULRUDWHG� FRQYHQWLRQDO� DJULFXOWXUDO� VRLOV��6RLO� %LRORJ\� DQG�
%LRFKHPLVWU\ ��

6RLO�6FLHQFH�6RFLHW\�
RI�$PHULFD�3URFHHGLQJV ��

9DQFH��(�'���%URRNHV��3�&��DQG�-HQNLQVRQ��'�6����������$Q�H[WUDFWLRQ�PHWKRG�IRU�PHDVXULQJ�VRLO�
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