
%UHDVW�&DQFHU��(QGRPHWULDO�&DQFHU��DQG�&DUGLRYDVFXODU�(YHQWV�

LQ�3DUWLFLSDQWV�ZKR�XVHG�9DJLQDO�(VWURJHQ�LQ�WKH�:RPHQ
V�

+HDOWK�,QLWLDWLYH�2EVHUYDWLRQDO�6WXG\

&DURO\Q�-��&UDQGDOO��0'��06�

'HSW��RI�0HGLFLQH��8QLYHUVLW\�RI�&DOLIRUQLD�DW�/RV�$QJHOHV��/RV�$QJHOHV��&$

.DWKOHHQ�0��+RYH\��06�

'HSW��RI�(SLGHPLRORJ\�DQG�(QYLURQPHQWDO�+HDOWK��8QLYHUVLW\�DW�%XIIDOR��7KH�6WDWH�8QLYHUVLW\�RI�

1HZ�<RUN��%XIIDOR��1HZ�<RUN

&KULVWRSKHU�$��$QGUHZV��3K'�

'HSW��RI�2SKWKDOPRORJ\�DQG�9LVXDO�6FLHQFHV��8QLYHUVLW\�RI�0LFKLJDQ��$QQ�$UERU��0,

5RZDQ�7��&KOHERZVNL��0'��3K'�

'HSW��RI�0HGLFDO�2QFRORJ\�DQG�7KHUDSHXWLFV��&LW\�RI�+RSH�1DWLRQDO�0HGLFDO�&HQWHU��'XDUWH��&$

0DUFLD�/��6WHIDQLFN��3K'�

'HSDUWPHQWV�RI�0HGLFLQH�DQG�2EVWHWULFV�DQG�*\QHFRORJ\��6WDQIRUG�8QLYHUVLW\�6FKRRO�RI�

0HGLFLQH��6WDQIRUG��&DOLIRUQLD

'RURWK\�6��/DQH��0'��03+�

'HSDUWPHQW�RI�)DPLO\��3RSXODWLRQ�DQG�3UHYHQWLYH�0HGLFLQH��6WRQ\�%URRN�8QLYHUVLW\�6FKRRO�RI�

0HGLFLQH��6WRQ\�%URRN��1HZ�<RUN

-DQ�6KLIUHQ��0'�

'HSDUWPHQW�RI�2EVWHWULFV�DQG�*\QHFRORJ\��0DVVDFKXVHWWV�*HQHUDO�+RVSLWDO��+DUYDUG�0HGLFDO�

6FKRRO��%RVWRQ��0$

&KX�&KHQ��3K'�

3URJUDP�LQ�(SLGHPLRORJ\��3XEOLF�+HDOWK�6FLHQFHV�'LYLVLRQ��)UHG�+XWFKLQVRQ�&DQFHU�5HVHDUFK�

&HQWHU��6HDWWOH��:DVKLQJWRQ

$QGUHZ�0��.DXQLW]��0'�

'HSW��RI�2EVWHWULFV�DQG�*\QHFRORJ\��8QLYHUVLW\�RI�)ORULGD�&ROOHJH�RI�0HGLFLQH��-DFNVRQYLOOH��)/

-DQH�$��&DXOH\��'U3+��DQG

'HSW��RI�(SLGHPLRORJ\��*UDGXDWH�6FKRRO�RI�3XEOLF�+HDOWK��8QLYHUVLW\�RI�3LWWVEXUJK��3LWWVEXUJK��3$

-R$QQ�(��0DQVRQ��0'��'U3+
'LYLVLRQ�RI�3UHYHQWLYH�0HGLFLQH��%ULJKDP�DQG�:RPHQ
V�+RVSLWDO��+DUYDUG�0HGLFDO�6FKRRO��

%RVWRQ��0$

$EVWUDFW

&RQIOLFWV�RI�LQWHUHVW��7KH�IROORZLQJ�DXWKRUV�KDYH�QR�FRQIOLFWV�WR�GLVFORVH��&-&��.0+��-(0��&&��'6/��-$&��&$��0/6

++6�3XEOLF�$FFHVV
$XWKRU�PDQXVFULSW
0HQRSDXVH��$XWKRU�PDQXVFULSW��DYDLODEOH�LQ�30&������-DQXDU\����

3XEOLVKHG�LQ�ILQDO�HGLWHG�IRUP�DV�
0HQRSDXVH�������-DQXDU\������������±����GRL���������*0(������������������
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2EMHFWLYH²7R�GHWHUPLQH�WKH�DVVRFLDWLRQ�EHWZHHQ�XVH�RI�YDJLQDO�HVWURJHQ�DQG�ULVN�RI�D�JOREDO�

LQGH[�HYHQW�>*,(@��GHILQHG�DV�WLPH�WR�ILUVW�RFFXUUHQFH�RI�FRURQDU\�KHDUW�GLVHDVH��&+'���LQYDVLYH�

EUHDVW�FDQFHU��VWURNH��SXOPRQDU\�HPEROLVP��KLS�IUDFWXUH��FRORUHFWDO�FDQFHU��HQGRPHWULDO�FDQFHU��RU�

GHDWK�IURP�DQ\�FDXVH�

0HWKRGV²)RU�WKLV�SURVSHFWLYH�REVHUYDWLRQDO�FRKRUW�VWXG\��ZH�XVHG�GDWD�IURP�SDUWLFLSDQWV�RI�WKH�

:RPHQ
V�+HDOWK�,QLWLDWLYH�2EVHUYDWLRQDO�6WXG\�ZKR�ZHUH�UHFUXLWHG�DW����8�6��&OLQLFDO�&HQWHUV��

DJHG�������\HDUV�DW�EDVHOLQH��DQG�GLG�QRW�XVH�V\VWHPLF�HVWURJHQ�WKHUDS\�GXULQJ�IROORZ�XS��Q� �

��������PHGLDQ�IROORZ�XS�����\HDUV���:H�FROOHFWHG�GDWD�UHJDUGLQJ�LQFLGHQW�&+'��LQYDVLYH�EUHDVW�

FDQFHU��VWURNH��SXOPRQDU\�HPEROLVP��KLS�IUDFWXUH��FRORUHFWDO�FDQFHU��HQGRPHWULDO�FDQFHU��GHDWK��

DQG�VHOI�UHSRUWHG�XVH�RI�YDJLQDO�HVWURJHQ��FUHDP��WDEOHW���:H�XVHG�&R[�SURSRUWLRQDO�KD]DUGV�

UHJUHVVLRQ�PRGHOV�WR�DGMXVW�IRU�FRYDULDWHV�

5HVXOWV²$PRQJ�ZRPHQ�ZLWK�DQ�LQWDFW�XWHUXV��WKH�ULVNV�RI�VWURNH��LQYDVLYH�EUHDVW�FDQFHU��

FRORUHFWDO�FDQFHU��HQGRPHWULDO�FDQFHU��DQG�SXOPRQDU\�HPEROLVP�GHHS�YHLQ�WKURPERVLV�ZHUH�QRW�

VLJQLILFDQWO\�GLIIHUHQW�EHWZHHQ�YDJLQDO�HVWURJHQ�XVHUV�DQG�QRQXVHUV��ZKLOH�WKH�ULVNV�RI�&+'��

IUDFWXUH��DOO�FDXVH�PRUWDOLW\��DQG�*,(�ZHUH�ORZHU�LQ�XVHUV�WKDQ�QRQXVHUV��*,(�DGMXVWHG�KD]DUG�UDWLR�

>D+5@�����������FRQILGHQFH�LQWHUYDO�>&,@�������������$PRQJ�K\VWHUHFWRPL]HG�ZRPHQ��WKH�ULVNV�RI�

HDFK�RI�WKH�LQGLYLGXDO�*,(�FRPSRQHQWV�DQG�RI�WKH�RYHUDOO�*,(�ZHUH�QRW�VLJQLILFDQWO\�GLIIHUHQW�LQ�

XVHUV�YHUVXV�QRQXVHUV�RI�YDJLQDO�HVWURJHQ��*,(�D+5 ����������&,������������

&RQFOXVLRQV²7KH�ULVNV�RI�FDUGLRYDVFXODU�GLVHDVH�DQG�FDQFHU�ZHUH�QRW�HOHYDWHG�DPRQJ�

SRVWPHQRSDXVDO�ZRPHQ�XVLQJ�YDJLQDO�HVWURJHQV��SURYLGLQJ�UHDVVXUDQFH�DERXW�WKH�VDIHW\�RI�

WUHDWPHQW�

.H\ZRUGV

%UHDVW�FDQFHU��(QGRPHWULDO�FDQFHU��&DUGLRYDVFXODU�GLVHDVHV��9DJLQDO�HVWURJHQ��9DJLQDO�HVWUDGLRO��
9HQRXV�WKURPERHPEROLVP��*HQLWRXULQDU\�V\QGURPH�RI�PHQRSDXVH��KRUPRQH�WKHUDS\��SXOPRQDU\�
HPEROLVP��VWURNH��FRURQDU\�KHDUW�GLVHDVH

,QWURGXFWLRQ

7KH�JHQLWRXULQDU\�V\QGURPH�RI�PHQRSDXVH�HQFRPSDVVHV�D�FRQVWHOODWLRQ�RI�V\PSWRPV��

LQFOXGLQJ��JHQLWDO�V\PSWRPV�RI�GU\QHVV��EXUQLQJ��DQG�LUULWDWLRQ��VH[XDO�V\PSWRPV�RI�ODFN�RI�

OXEULFDWLRQ��GLVFRPIRUW�RU�SDLQ��DQG�LPSDLUHG�IXQFWLRQ��DQG�XULQDU\�V\PSWRPV�RI�XUJHQF\��

G\VXULD�DQG�UHFXUUHQW�XULQDU\�WUDFW�LQIHFWLRQV���,W�LV�KLJKO\�SUHYDOHQW��RFFXUULQJ�LQ��������RI�

PHQRSDXVDO�ZRPHQ�����*HQLWDO�DWURSKLF�FKDQJHV�PD\�KDYH�GHWULPHQWDO�HIIHFWV�RQ�D�ZRPDQ
V�

TXDOLW\�RI�OLIH������6HYHUDO�FOLQLFDO�JXLGHOLQHV�DGYRFDWH�ORFDO�ORZ�GRVH�YDJLQDO�HVWURJHQ�

WKHUDS\��LQVWHDG�RI�V\VWHPLF�HVWURJHQ�WKHUDS\��IRU�WKH�WUHDWPHQW�RI�SRVWPHQRSDXVDO�ZRPHQ�

ZLWK�RQO\�YDJLQDO�V\PSWRPV��L�H��ZLWKRXW�KRW�IODVKHV����������6HYHUDO�IRUPXODWLRQV�RI�ORZ�GRVH�

YDJLQDO�HVWURJHQ�WKHUDS\�DUH�DYDLODEOH�IRU�WUHDWPHQW�RI�WKH�JHQLWRXULQDU\�V\QGURPH�RI�

PHQRSDXVH��LQFOXGLQJ�WRSLFDO�FUHDPV��DQ�LQWUDYDJLQDO�LQVHUW��DQG�DQ�LQWUDYDJLQDO�ULQJ��,Q�D�

UHFHQW�&RFKUDQH�UHYLHZ��DOO�DSSHDU�WR�KDYH�VLPLODU�HIILFDF\�DQG�VDIHW\��

7KH�XVH�RI�VRPH�IRUPXODWLRQV�RI�ORZ�GRVH�YDJLQDO�HVWURJHQV�DFXWHO\�LQFUHDVHV�VHUXP�

HVWURJHQ�OHYHOV�������EXW�PDLQWHQDQFH�OHYHOV�UHPDLQ�LQ�WKH�QRUPDO�SRVWPHQRSDXVDO�UDQJH���

5DQGRPL]HG�WULDOV�KDYH�VKRZQ�WKDW�V\VWHPLF�HVWURJHQ�LV�OLQNHG�WR�LQFUHDVHG�ULVNV�RI�YHQRXV�
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WKURPERHPEROLVP��VWURNH��DQG��ZLWK�FRPELQDWLRQ�HVWURJHQ���SURJHVWRJHQ��LQYDVLYH�EUHDVW�

FDQFHU�������'HVSLWH�WKH�VHOHFWLRQ�DQG�FRQIRXQGLQJ�ELDV�WKDW�DSSO\�WR�REVHUYDWLRQDO�VWXGLHV��

WKHVH�DGYHUVH�KHDOWK�ULVNV�RI�V\VWHPLF�HVWURJHQ�KDYH�EHHQ�GHPRQVWUDWHG�LQ�REVHUYDWLRQDO�

VWXGLHV�������7KHUHIRUH��ODUJH�SURVSHFWLYH�REVHUYDWLRQDO�VWXGLHV�PLJKW�GHPRQVWUDWH�ZKHWKHU�

YDJLQDO�HVWURJHQ�XVH�FRQIHUV�VLPLODU�ULVNV��+RZHYHU��LW�LV�XQNQRZQ�ZKHWKHU�ORZ�GRVH�YDJLQDO�

HVWURJHQ�FRQIHUV�VLPLODU�ULVNV��3RWHQWLDO�V\VWHPLF�HIIHFWV�RI�YDJLQDO�HVWURJHQ�DUH�LQFOXGHG�DV�

ZDUQLQJV�RQ�WKH�SDFNDJH�ODEHOLQJ�IRU�YDJLQDO�HVWURJHQ�SUHSDUDWLRQV��+RZHYHU��UDQGRPL]HG�

FRQWUROOHG�WULDOV�RI�YDJLQDO�HVWURJHQ�WKHUDS\�ZHUH�QRW�GHVLJQHG�WR�H[DPLQH�PDMRU�HQGSRLQWV�

VXFK�DV�KHDUW�DWWDFN��VWURNH��SXOPRQDU\�HPEROLVP��GHHS�YHLQ�WKURPERVLV��FDQFHU��RU�KLS�

IUDFWXUH��6HYHUDO�REVHUYDWLRQDO�VWXGLHV�KDYH�H[DPLQHG�EUHDVW�FDQFHU�DQG�IUDFWXUH�ULVN�LQ�

UHODWLRQ�WR�YDJLQDO�HVWURJHQ�WKHUDS\��6SHFLILFDOO\��D�)LQQLVK�REVHUYDWLRQDO�VWXG\�IRXQG�WKDW�

WKH�XVH�RI�YDJLQDO�HVWUDGLRO�ZDV�QRW�DVVRFLDWHG�ZLWK�LQFUHDVHG�ULVN�RI�EUHDVW�FDQFHU��DOWKRXJK�

RUDO�DQG�WUDQVGHUPDO�HVWUDGLRO�XVH�ZHUH�DVVRFLDWHG�ZLWK�LQFUHDVHG�ULVN������DQG�D�6ZHGLVK�

FDVH�FRQWURO�VWXG\�VXJJHVWHG�WKDW�FXUUHQW�XVHUV�RI�ORZ�SRWHQF\�YDJLQDO�HVWURJHQ�KDG�ORZHU�

KLS�IUDFWXUH�ULVN�FRPSDUHG�ZLWK�QHYHU�XVHUV�RI�HVWURJHQ����,Q�WKH�UHFHQW�$PHULFDQ�&ROOHJH�RI�

2EVWHWULFLDQV�DQG�*\QHFRORJLVWV�&RPPLWWHH�2SLQLRQ�UHJDUGLQJ�URXWH�RI�HVWURJHQ�

DGPLQLVWUDWLRQ�DQG�GHHS�YHLQ�WKURPERVLV��WKH�FRQFOXVLRQ�ZDV�WKDW�YDJLQDO�HVWURJHQV��LQ�

FRQWUDVW�WR�RUDO�V\VWHPLF�HVWURJHQV��DUH�QRW�DVVRFLDWHG�ZLWK�LQFUHDVHG�ULVN�RI�YHQRXV�

WKURPERHPEROLVP����EXW�REVHUYDWLRQDO�VWXGLHV�DUH�ODFNLQJ���2EVHUYDWLRQDO�VWXGLHV�RI�

DVVRFLDWLRQV�RI�YDJLQDO�HVWUDGLRO�XVH�ZLWK�ULVN�RI�RWKHU�W\SHV�RI�FDUGLRYDVFXODU�GLVHDVH��&9'��

DQG�RYHUDOO�PRUWDOLW\�DUH�VLPLODUO\�ODFNLQJ��WKRXJK�RQH�VWXG\�ZLWKRXW�D�SODFHER�FRPSDULVRQ�

JURXS�UHSRUWHG�GHFUHDVHG�ULVN�RI�FRURQDU\�KHDUW�GLVHDVH�DQG�VWURNH�GHDWK�LQ�YDJLQDO�HVWURJHQ�

XVHUV�FRPSDUHG�ZLWK�WKH�EDFNJURXQG�SRSXODWLRQ����/RQJ�WHUP�VWXGLHV�UHJDUGLQJ�HQGRPHWULDO�

VDIHW\�RI�YDJLQDO�HVWURJHQ�XVH�DUH�DOVR�QHHGHG������RQH�ODUJH�'DQLVK�UHJLVWU\�VWXG\�WKDW�GLG�

QRW�H[FOXGH�XVHUV�RI�V\VWHPLF�KRUPRQH�WKHUDS\�IRXQG�D�WZR�IROG�LQFUHDVHG�HQGRPHWULDO�

FDQFHU�ULVN�DPRQJ�XVHUV�RI�YDJLQDO�HVWURJHQ����+RZHYHU��LQ�RXU�UHYLHZ�RI�SXEOLVKHG�VWXGLHV��

WKH�RYHUDOO�EDODQFH�RI�ULVNV�DQG�EHQHILWV�ZLWK�WKH�XVH�RI�YDJLQDO�HVWURJHQV�KDV�QRW�EHHQ�

VWXGLHG�LQ�GHWDLO��HYHQ�LQ�REVHUYDWLRQDO�VWXGLHV�

7KH�JHQLWRXULQDU\�V\QGURPH�RI�PHQRSDXVH�GRHV�QRW�LPSURYH�ZLWKRXW�WKHUDS\�DQG�ORQJ�

GXUDWLRQ�RI�YDJLQDO�WKHUDS\�LV�XVXDOO\�QHFHVVDU\���7KH�KLJK�SUHYDOHQFH�RI�WKH�JHQLWRXULQDU\�

V\QGURPH�RI�PHQRSDXVH�DQG�LWV�DGYHUVH�LPSDFW�RQ�VH[XDO�IXQFWLRQ�DQG�TXDOLW\�RI�OLIH�IRU�

SRVWPHQRSDXVDO�ZRPHQ�XQGHUVFRUHV�WKH�FOLQLFDO�UHOHYDQFH�RI�DVVHVVLQJ�WKH�VDIHW\�DQG�

HIILFDF\�RI�ORFDO�ORZ�GRVH�YDJLQDO�HVWURJHQ�XVH��7KH�:RPHQ
V�+HDOWK�,QLWLDWLYH�

2EVHUYDWLRQDO�6WXG\��:+,�26��RIIHUV�DQ�RSSRUWXQLW\�WR�H[DPLQH�WKH�ORQJLWXGLQDO�GDWD�

UHJDUGLQJ�DVVRFLDWLRQV�EHWZHHQ�YDJLQDO�HVWURJHQ�XVH�DQG�FDUGLRYDVFXODU��FDQFHU��DQG�RWKHU�

KHDOWK�RXWFRPHV�DPRQJ�D�ODUJH�FRKRUW�RI�8�6��ZRPHQ�UHSRUWLQJ�LQIRUPDWLRQ�UHJDUGLQJ�

YDJLQDO�HVWURJHQ�WKHUDS\�XVH�DQG�LPSRUWDQW�FRYDULDWHV�

0HWKRGV

6WXG\�3RSXODWLRQ�DQG�'HVLJQ

7KH�:RPHQ
V�+HDOWK�,QLWLDWLYH�2EVHUYDWLRQDO�6WXG\��:+,�26���FRQGXFWHG�IURP������������

HQUROOHG��������SRVWPHQRSDXVDO�ZRPHQ�DJHG�������\HDUV�DW�RQH�RI����FOLQLFDO�FHQWHUV�

QDWLRQZLGH�WR�H[DPLQH�ULVN�IDFWRUV�DQG�ELRPDUNHUV�IRU�GLVHDVH�LQ�D�ODUJH�SURVSHFWLYH�FRKRUW��
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'HWDLOV�RI�WKH�LQFOXVLRQ�DQG�H[FOXVLRQ�FULWHULD�DQG�WKH�UHFUXLWPHQW�SURFHVV�ZHUH�SUHYLRXVO\�

GHVFULEHG��������,QFOXVLRQ�FULWHULD�ZHUH�DJH�EHWZHHQ����DQG����\HDUV�DQG�LQWHQWLRQ�WR�

PDLQWDLQ�UHVLGHQFH�LQ�WKH�VDPH�JHRJUDSKLF�DUHD�IRU�DW�OHDVW���\HDUV��([FOXVLRQ�FULWHULD�

LQFOXGHG�PHGLFDO�FRQGLWLRQV�FRQIHUULQJ�D�SUHGLFWHG�VXUYLYDO�RI�OHVV�WKDQ���\HDUV��RU�

FRQGLWLRQV��H�J��DOFRKRO�RU�GUXJ�GHSHQGHQF\��GHPHQWLD��RU�PHGLFDO�LOOQHVV��WKDW�ZRXOG�EH�

H[SHFWHG�WR�LQWHUIHUH�ZLWK�UHWHQWLRQ��,QVWLWXWLRQDO�UHYLHZ�ERDUG�DSSURYDO�ZDV�REWDLQHG�DW�HDFK�

FOLQLFDO�FHQWHU��(DFK�SDUWLFLSDQW�SURYLGHG�ZULWWHQ�LQIRUPHG�FRQVHQW��$IWHU�WKH�PDLQ�:+,�26�

HQGHG��WKH�:+,�([WHQVLRQ�6WXG\��:+,�([WHQVLRQ�,��([W����FROOHFWHG�DGGLWLRQDO�IROORZ�XS�

GDWD�IURP������������UHIOHFWLQJ�����\HDUV�RI�PHGLDQ�IROORZ�XS�

)RU�WKH�FXUUHQW�DQDO\VHV��RI�WKH��������:+,�26�SDUWLFLSDQWV��ZH�H[FOXGHG�GDWD�IURP�ZRPHQ�

ZLWK�SULRU�EUHDVW��HQGRPHWULDO��RU�RYDULDQ�FDQFHU��Q� ���������ZRPHQ�IRU�ZKRP�LQIRUPDWLRQ�

ZDV�PLVVLQJ�UHJDUGLQJ�K\VWHUHFWRP\�VWDWXV��Q� �������ZRPHQ�FXUUHQWO\�XVLQJ�RUDO�RU�

WUDQVGHUPDO�HVWURJHQ�RU�SURJHVWRJHQ�DQ\�WLPH�GXULQJ�IROORZ�XS��Q� ���������FHQVRULQJ�

EHJLQQLQJ�DW�EDVHOLQH�IRU�SUHYDOHQW�XVHUV�RU�DW�WLPH�RI�VXEVHTXHQW�LQLWLDWLRQ���ZRPHQ�IRU�

ZKRP�GDWD�UHJDUGLQJ�PHQRSDXVDO�KRUPRQH�WKHUDS\��+7��XVH�ZDV�PLVVLQJ��Q� ������DQG�

ZRPHQ�ZKR�GLG�QRW�SURYLGH�IROORZ�XS�GDWD��Q� �������UHVXOWLQJ�LQ�DQ�DQDO\WLF�VDPSOH�RI�

�������ZRPHQ��)LJXUH�����6WXG\�SDUWLFLSDQWV�FRXOG�KDYH�LQLWLDWHG�YDJLQDO�HVWURJHQ��RU�

H[SHULHQFHG�K\VWHUHFWRP\��GXULQJ�WKH�VWXG\�IROORZ�XS��UHVXOWLQJ�LQ�D�VDPSOH�VL]H�RI��������

ZRPHQ�ZLWKRXW�K\VWHUHFWRP\��RI�ZKRP�������ZRPHQ�ZHUH�XVHUV�RI�YDJLQDO�HVWURJHQ�GXULQJ�

IROORZ�XS��DQG��������ZRPHQ�ZLWK�K\VWHUHFWRP\��RI�ZKRP�������ZRPHQ�ZHUH�XVHUV�RI�

YDJLQDO�HVWURJHQ�GXULQJ�IROORZ�XS��

2XWFRPHV

6WXG\�RXWFRPHV�ZHUH�DVVHVVHG�XVLQJ�DQQXDO�VHOI�DVVHVVPHQW�TXHVWLRQQDLUHV��7KH�IROORZLQJ�

HYHQWV�ZHUH�DGMXGLFDWHG�EDVHG�RQ�PHGLFDO�UHFRUG�UHYLHZ�E\�:+,�SK\VLFLDQV��P\RFDUGLDO�

LQIDUFWLRQ��VWURNH��GHDWK�IURP�DQ\�FDXVH��KLS�IUDFWXUH��DQG�DQ\�FDQFHU��,QFLGHQW�YHQRXV�

WKURPERHPEROLF�HYHQWV��GHHS�YHLQ�WKURPERVLV��KRVSLWDOL]DWLRQ�IRU�SXOPRQDU\�HPEROLVP��

ZHUH�DVFHUWDLQHG�EDVHG�RQ�VHOI�UHSRUW�XVLQJ�DQQXDO�TXHVWLRQQDLUHV��&DXVH�RI�GHDWK�ZDV�

GHWHUPLQHG�DW�WKH�&OLQLFDO�&RRUGLQDWLQJ�&HQWHU�DIWHU�PHGLFDO�UHFRUG�RU�GHDWK�FHUWLILFDWH�

UHYLHZ��7KH�1DWLRQDO�'HDWK�,QGH[��FRQGXFWHG�VHULDOO\��SURYLGHG�DGGLWLRQDO�LQIRUPDWLRQ�RQ�

FDXVH�RI�GHDWK�

$V�IRU�WKH�:+,�+RUPRQH�7KHUDS\�WULDOV��WKH�JOREDO�LQGH[�HYHQW��*,(��ZDV�GHILQHG�DV�WKH�

WLPH�WR�ILUVW�RFFXUUHQFH�RI�&+'��QRQIDWDO�P\RFDUGLDO�LQIDUFWLRQ�RU�&+'�GHDWK���LQYDVLYH�

EUHDVW�FDQFHU��VWURNH��SXOPRQDU\�HPEROLVP��KLS�IUDFWXUH��FRORUHFWDO�FDQFHU��HQGRPHWULDO�

FDQFHU��RU�GHDWK�IURP�DQ\�FDXVH�WKURXJK�WKH�HQG�RI�:+,�([WHQVLRQ�,���

$VVHVVPHQW�RI�9DJLQDO�(VWURJHQ�8VH

8VH�RI�YDJLQDO�HVWURJHQ�ZDV�DVFHUWDLQHG�XVLQJ�VHOI�DVVHVVPHQW�TXHVWLRQQDLUHV�DW�EDVHOLQH��

DQQXDOO\�IURP�\HDUV���WKURXJK���DQG�DW�([W���\HDU����7DEOH�����,QIRUPDWLRQ�UHJDUGLQJ�VSHFLILF�

W\SH�RI�YDJLQDO�HVWURJHQ��FUHDP��ULQJ��RU�WDEOHW��RU�GRVH�ZDV�QRW�FROOHFWHG���8VH�RI�WKH�

YDJLQDO�HVWUDGLRO�ULQJ�ZDV�RQO\�DVVHVVHG�DW�WKH�HQG�RI�WKH�IROORZ�XS�SHULRG�LQ�WKH�([WHQVLRQ�

6WXG\��VR�XVHUV�DUH�QRW�LQFOXGHG�LQ�WKLV�DQDO\VLV��
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:H�LPSXWHG�PLVVLQJ�LQIRUPDWLRQ�UHJDUGLQJ�YDJLQDO�HVWURJHQ�XVH�IURP�WKH�SUHYLRXV�\HDU
V�

TXHVWLRQQDLUH�LI�WKH�VDPH�SUHSDUDWLRQ�ZDV�UHSRUWHG�LQ�WKH�\HDU�EHIRUH��FRPSDUHG�ZLWK�WKH�

\HDU�DIWHU��WKH�PLVVLQJ�TXHVWLRQQDLUH�

2WKHU�0HDVXUHV

:H�XVHG�EDVHOLQH�TXHVWLRQQDLUHV�WR�FROOHFW�LQIRUPDWLRQ�UHJDUGLQJ�DJH��UDFH�HWKQLFLW\��

HGXFDWLRQ�OHYHO��KRXVHKROG�LQFRPH��PHGLFDO�KLVWRU\��SUHYLRXV�FDQFHU��FDUGLRYDVFXODU�GLVHDVH��

GHHS�YHLQ�WKURPERVLV��SXOPRQDU\�HPEROLVP��IUDFWXUH��K\SHUWHQVLRQ��RU�GLDEHWHV�PHOOLWXV���

UHSURGXFWLYH�KLVWRU\��RRSKRUHFWRP\��K\VWHUHFWRP\��DJH�DW�PHQRSDXVH��DJH�DW�ILUVW�ELUWK���

PHGLFDWLRQ�XVH��SDVW�+7�XVH��RUDO�FRQWUDFHSWLYH�XVH��DVSLULQ�XVH��RU�VWDWLQ�XVH���EUHDVW�FDQFHU�

ULVN�IDFWRUV��FLJDUHWWH�VPRNLQJ��DQG�DOFRKRO�LQWDNH��VHUYLQJV�ZHHN���*DLO�EUHDVW�FDQFHU�ULVN�

VFRUH�ZDV�FDOFXODWHG�IRU�HDFK�SDUWLFLSDQW����3K\VLFDO�DFWLYLW\��WRWDO�0(7�KRXUV�SHU�ZHHN��

ZDV�DVVHVVHG�XVLQJ�WKH�:+,�YDOLGDWHG�SK\VLFDO�DFWLYLW\�TXHVWLRQQDLUH�������

$W�EDVHOLQH��XVLQJ�D�VWDQGDUGL]HG�SURWRFRO��EORRG�SUHVVXUH��KHLJKW��DQG�ZHLJKW�ZHUH�GLUHFWO\�

PHDVXUHG��%RG\�PDVV�LQGH[��%0,��ZDV�FDOFXODWHG�DV�ERG\�ZHLJKW�LQ�NLORJUDPV��NJ��GLYLGHG�

E\�WKH�VTXDUH�RI�KHLJKW�LQ�PHWHUV�

5ROH�RI�WKH�)XQGLQJ�6RXUFH

7KH�:+,�2EVHUYDWLRQDO�6WXG\�ZDV�IXQGHG�E\�1DWLRQDO�,QVWLWXWHV�RI�+HDOWK��5HSUHVHQWDWLYHV�

IURP�WKH�1DWLRQDO�,QVWLWXWHV�RI�+HDOWK�SDUWLFLSDWHG�LQ�WKH�GHVLJQ��PRQLWRULQJ��DQG�FRQGXFW�RI�

WKH�:+,�2EVHUYDWLRQDO�6WXG\�

6WDWLVWLFDO�$QDO\VLV

:H�XVHG�&R[�SURSRUWLRQDO�KD]DUGV�PRGHOV�WR�H[DPLQH�DVVRFLDWLRQV�EHWZHHQ�YDJLQDO�HVWURJHQ�

XVH�DQG�LQGLYLGXDO�HQGSRLQWV�DQG�*,(�ULVN��7KH�PDLQ�SUHGLFWRU�ZDV�WLPH�YDU\LQJ�H[SRVXUH�WR�

YDJLQDO�HVWURJHQ��7KH�WLPH�WR�RXWFRPH�ZDV�FRPSXWHG�IURP�WKH�GDWH�RI�HQUROOPHQW�WR�WKH�GDWH�

RI�WKH�ILUVW�HYHQW��DPRQJ�WKH�HYHQWV�LQFOXGHG�LQ�WKH�*,(�LQGH[���RU�ODVW�DYDLODEOH�IROORZ�XS�

YLVLW��RU�HQG�RI�VWXG\�IROORZ�XS�SHULRG��ZKLFKHYHU�FDPH�ILUVW��7KH�HQG�RI�WKH�VWXG\�IROORZ�XS�

SHULRG�ZDV�GHILQHG�DV�����\HDUV�DIWHU�WKH�ODVW�DVFHUWDLQPHQW�RI�YDJLQDO�HVWURJHQ�XVH��%HFDXVH�

RI�WKH�GLIIHUHQW�ULVN�SURILOHV�RI�HVWURJHQ�DORQH��LQ�ZRPHQ�ZLWK�K\VWHUHFWRP\��DQG�HVWURJHQ�

SOXV�SURJHVWRJHQ��LQ�ZRPHQ�ZLWKRXW�K\VWHUHFWRP\���ZH�PDGH�WKH�D�SULRUL�GHFLVLRQ�WR�SUHVHQW�
WKH�UHVXOWV�VHSDUDWHO\�IRU�ZRPHQ�ZLWK�LQWDFW�XWHUXV�DQG�ZRPHQ�ZKR�KDYH�KDG�K\VWHUHFWRP\��

+\VWHUHFWRP\�VWDWXV�ZDV�WLPH�YDU\LQJ��&RYDULDWHV�ZHUH�FKRVHQ�D�SULRUL�EDVHG�RQ�SUHYLRXVO\�
SXEOLVKHG�VWXGLHV�DQG�LQFOXGHG��DJH��HGXFDWLRQ��SDVW�HVWURJHQ�XVH��KLVWRU\�RI�FDQFHU�RWKHU�

WKDQ�EUHDVW��HQGRPHWULDO�RU�RYDULDQ�FDQFHU�EHIRUH�VWXG\�EDVHOLQH��KLVWRU\�RI�FDUGLRYDVFXODU�

GLVHDVH�EHIRUH�VWXG\�EDVHOLQH��KLVWRU\�RI�GHHS�YHLQ�WKURPERVLV�RU�SXOPRQDU\�HPEROLVP�

EHIRUH�VWXG\�EDVHOLQH��UDFH�HWKQLFLW\��EDVHOLQH�ERG\�PDVV�LQGH[��EDVHOLQH�GLDJQRVLV�RI�

GLDEHWHV��EDVHOLQH�SK\VLFDO�DFWLYLW\��WRWDO�0(7�KRXUV�ZHHN���K\SHUWHQVLRQ��*DLO�EUHDVW�FDQFHU�

ULVN�VFRUH��IUDFWXUH�DIWHU�DJH����SULRU�WR�VWXG\�HQUROOPHQW��VPRNLQJ��LQFRPH��DQG�DOFRKRO�XVH�

�VHUYLQJV�ZHHN��$OO�DQDO\VHV�ZHUH�FRQGXFWHG�XVLQJ�6$6������6$6�,QVWLWXWH�,QF���&DU\��1&��
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5HVXOWV

0HDQ�IROORZ�XS�GXUDWLRQ�ZDV�����\HDUV��PHGLDQ�I�X�ZDV�����\HDUV��$PRQJ�ZRPHQ�ZKR�

LQLWLDWHG�YDJLQDO�HVWURJHQ�GXULQJ�WKH�IROORZ�XS�SHULRG��PHGLDQ�GXUDWLRQ�RI�XVH�ZDV���\HDUV��

$PRQJ�ZRPHQ�DOUHDG\�XVLQJ�YDJLQDO�HVWURJHQ�DW�EDVHOLQH��PHGLDQ�GXUDWLRQ�RI�XVH�ZDV���

\HDUV�EHIRUH�HQUROOPHQW�LQ�:+,��$PRQJ�YDJLQDO�HVWURJHQ�XVHUV��RQ�DYHUDJH��XVH�

HQFRPSDVVHG�����RI�WKH�WLPH�GXULQJ�IROORZ�XS��$W�EDVHOLQH��PHDQ��VWDQGDUG�GHYLDWLRQ��DJH�

RI�SDUWLFLSDQWV�ZDV������������\HDUV�LQ�ZRPHQ�ZKR�GLG�QRW�XVH�YDJLQDO�HVWURJHQ�DW�DQ\�WLPH�

GXULQJ�IROORZ�XS�DQG������������\HDUV�LQ�ZRPHQ�ZKR�XVHG�YDJLQDO�HVWURJHQ�GXULQJ�IROORZ�

XS��,Q�WKH�RYHUDOO�DQDO\WLF�VDPSOH��ZRPHQ�ZLWK�K\VWHUHFWRP\�DQG�ZRPHQ�ZLWKRXW�

K\VWHUHFWRP\�FRPELQHG���FRPSDUHG�ZLWK�QRQ�XVHUV�RI�YDJLQDO�HVWURJHQ��YDJLQDO�HVWURJHQ�

XVHUV�ZHUH�OHVV�OLNHO\�WR�EH�EODFN�RU�$IULFDQ�$PHULFDQ�������YV����������+LVSDQLF�������YV��

�������FXUUHQW�VPRNHUV�������YV���������GLDEHWLF�������YV���������DQG�WR�KDYH�%0,�

���NJ�P���������YV����������YDJLQDO�HVWURJHQ�XVHUV�ZHUH�PRUH�OLNHO\�WR�EH�ZKLWH��������

YV����������FROOHJH�JUDGXDWHV��������YV����������KDYH�KRXVHKROG�LQFRPH������������DQG�WR�

KDYH�%0,�����NJ�P���������YV����������7DEOH�����7KH�VDPH�SDWWHUQ�ZDV�WUXH�ZKHQ�

SDUWLFLSDQWV�ZHUH�VWUDWLILHG�E\�K\VWHUHFWRP\�VWDWXV��$W�EDVHOLQH��WKH�IUHTXHQFLHV�RI�RWKHU�

FDUGLRYDVFXODU�ULVN�IDFWRUV��FDUGLRYDVFXODU�GLVHDVH�HYHQWV�EHIRUH�VWXG\�HQUROOPHQW��DQG�

SUHYLRXV�FDQFHU�GLDJQRVLV�ZHUH�VLPLODU�DPRQJ�XVHUV�DQG�QRQ�XVHUV�RI�YDJLQDO�HVWURJHQ��

%LODWHUDO�RRSKRUHFWRP\��%0,�����NJ�P���WUHDWHG�K\SHUWHQVLRQ��KLVWRU\�RI�FDUGLRYDVFXODU�

GLVHDVH��DQG�SDVW�XVH�RI�+7�ZHUH�PRUH�IUHTXHQW�LQ�ZRPHQ�ZKR�KDG�XQGHUJRQH�K\VWHUHFWRP\�

WKDQ�DPRQJ�ZRPHQ�ZLWKRXW�K\VWHUHFWRP\��7KH�IUHTXHQFLHV�RI�VSHFLILF�W\SHV�RI�

FDUGLRYDVFXODU�HYHQWV�DQG�FDUGLRYDVFXODU�ULVN�IDFWRUV�DW�EDVHOLQH�ZHUH�VLPLODU�LQ�ZRPHQ�ZLWK�

YHUVXV�ZLWKRXW�K\VWHUHFWRP\�

,Q�WKH�VWXG\�FRKRUW�RYHUDOO��DIWHU�DGMXVWPHQW�IRU�DJH��HGXFDWLRQ��SDVW�+7�XVH��KLVWRU\�RI�

FDQFHU��KLVWRU\�RI�&9'��KLVWRU\�RI�YHQRXV�WKURPERHPEROLVP��UDFH�HWKQLFLW\��%0,��GLDEHWHV��

SK\VLFDO�DFWLYLW\�OHYHO��+71��*DLO�EUHDVW�FDQFHU�ULVN�VFRUH��SUHYLRXV�IUDFWXUH��VPRNLQJ��

KRXVHKROG�LQFRPH��DQG�DOFRKRO�LQWDNH�OHYHO��WKH�ULVN�RI�LQYDVLYH�EUHDVW�FDQFHU��GHDWK��VWURNH��

FRORUHFWDO�FDQFHU��DQG�YHQRXV�WKURPERHPEROLVP�ZHUH�VLPLODU�DPRQJ�XVHUV�YHUVXV�QRQXVHUV�

RI�YDJLQDO�HVWURJHQ��7DEOH�����&RPSDUHG�ZLWK�QRQ�XVHUV�RI�YDJLQDO�HVWURJHQ��XVHUV�RI�YDJLQDO�

HVWURJHQ�KDG�����ORZHU�ULVN�RI�&+'��D+5�����������������������DQG�����ORZHU�ULVN�RI�KLS�

IUDFWXUH��D+5�����������&,�������������7KH�ULVN�RI�*,(�ZDV�ORZHU�LQ�XVHUV�WKDQ�LQ�QRQXVHUV�

RI�YDJLQDO�HVWURJHQ��DGMXVWHG�KD]DUG�UDWLR�>D+5@�����������FRQILGHQFH�LQWHUYDO�>&,@�

�����������

:KHQ�ZH�DQDO\]HG�UHVXOWV�EDVHG�RQ�K\VWHUHFWRP\�VWDWXV��WKH�ULVN�RI�LQYDVLYH�EUHDVW�FDQFHU��

VWURNH��FRORUHFWDO�FDQFHU��HQGRPHWULDO�FDQFHU��DQG�YHQRXV�WKURPERHPEROLVP�ZHUH�QRW�

VLJQLILFDQWO\�GLIIHUHQW�LQ�YDJLQDO�HVWURJHQ�XVHUV�WKDQ�LQ�QRQXVHUV�RI�YDJLQDO�HVWURJHQ��,Q�

ZRPHQ�ZLWK�SULRU�K\VWHUHFWRP\��WKH�D+5�HVWLPDWHV�IRU�*,(�DQG�IRU�HDFK�RI�WKH�LQGLYLGXDO�

FRPSRQHQWV�RI�WKH�JOREDO�LQGH[��ZHUH�QRW�VLJQLILFDQWO\�GLIIHUHQW�LQ�XVHUV�RI�YDJLQDO�HVWURJHQ�

WKDQ�LQ�QRQXVHUV�RI�YDJLQDO�HVWURJHQ��,Q�FRQWUDVW��LQ�ZRPHQ�ZLWKRXW�K\VWHUHFWRP\��WKH�ULVN�RI�

VHYHUDO�RXWFRPHV�ZDV�VLJQLILFDQWO\�ORZHU�LQ�YDJLQDO�HVWURJHQ�XVHUV�WKDQ�LQ�QRQXVHUV�RI�

YDJLQDO�HVWURJHQ��*,(�D+5�����������&,�������������GHDWK�D+5�����������&,�������������

&+'�D+5�����������&,�������������DQG�KLS�IUDFWXUH�D+5�����������&,�������������7KH�

D+5V�DUH�LOOXVWUDWHG�JUDSKLFDOO\�LQ�)LJXUH���
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'LVFXVVLRQ

,Q�WKLV�ODUJH�SURVSHFWLYH�FRKRUW�VWXG\��SRVWPHQRSDXVDO�ZRPHQ�ZKR�XVHG�YDJLQDO�HVWURJHQ�

KDG�VLPLODU�ULVNV�RI�LQYDVLYH�EUHDVW�FDQFHU��VWURNH��FRORUHFWDO�FDQFHU��HQGRPHWULDO�FDQFHU��DQG�

SXOPRQDU\�HPEROLVP�GHHS�YHLQ�WKURPERVLV�WKDQ�QRQXVHUV�RI�YDJLQDO�HVWURJHQ��:H�GLG�QRW�

ILQG�HYLGHQFH�IRU�HOHYDWHG�ULVN�RI�&+'�RU�GHDWK�LQ�YDJLQDO�HVWURJHQ�XVHUV�FRPSDUHG�ZLWK�

QRQ�XVHUV�

3UHYLRXVO\�SXEOLVKHG�VWXGLHV�RI�YDJLQDO�HVWURJHQ�SUHSDUDWLRQV�KDYH�QRW�IRFXVHG�RQ�VXPPDU\�

LQGLFHV�RI�ULVNV�YV��EHQHILWV�RI�YDJLQDO�HVWURJHQ�SUHSDUDWLRQV��QRU�KDYH�WKH\�IRFXVHG�RQ�

FRORUHFWDO�FDQFHU��SXOPRQDU\�HPEROLVP��RU�KLS�IUDFWXUH�DV�VSHFLILF�LQGLYLGXDO�RXWFRPHV��

+RZHYHU��RXU�UHVXOWV�DUH�FRQVLVWHQW�ZLWK�D�IHZ�SURVSHFWLYH�REVHUYDWLRQDO�VWXGLHV�WKDW�

HYDOXDWHG�&+'��VWURNH��EUHDVW�FDQFHU��DQG�HQGRPHWULDO�FDQFHU�ULVN�DPRQJ�YDJLQDO�HVWURJHQ�

XVHUV�

)LUVW��D�QDWLRQZLGH�FRKRUW�VWXG\�LQ�)LQODQG�IURP�����������IRXQG�D�ORZHU�ULVN�IRU�&+'�

GHDWK�DQG�IRU�VWURNH�GHDWK�LQ�YDJLQDO�HVWURJHQ�XVHUV��FRPSDUHG�ZLWK�WKH�EDFNJURXQG�

SRSXODWLRQ�����2I�QRWH��WKH�EDFNJURXQG�SRSXODWLRQ�RI�WKH�)LQQLVK�VWXG\�LQFOXGHG�ZRPHQ�

XVLQJ�ERWK�YDJLQDO�HVWURJHQ�DQG�V\VWHPLF�+7��DQG�WKH�VWXG\�ODFNHG�D�SODFHER�JURXS��

$�VHFRQG�)LQQLVK�REVHUYDWLRQDO�VWXG\�ZLWK���������ZRPHQ�\HDUV�RI�IROORZ�XS�IRXQG�WKDW�

WKH�XVH�RI�YDJLQDO�HVWUDGLRO�ZDV�QRW�DVVRFLDWHG�ZLWK�LQFUHDVHG�ULVN�RI�EUHDVW�FDQFHU���

)LQDOO\��ZLWK�UHJDUG�WR�HQGRPHWULDO�FDQFHU��WZR�UDQGRPL]HG�FRQWUROOHG�WULDOV�GRFXPHQWHG�QR�

LQFUHDVH�LQ�HQGRPHWULDO�K\SHUSODVLD�RU�FDQFHU�DIWHU����PRQWKV�RI�WUHDWPHQW�ZLWK����

PLFURJUDP�HVWUDGLRO�YDJLQDO�WDEOHWV���������+RZHYHU��LQ�D�VWXG\�RI�DOO�'DQLVK�ZRPHQ�DJHG�

������\HDUV�IROORZHG�IURP������������UHSUHVHQWLQJ���PLOOLRQ�SHUVRQ�\HDUV�RI�IROORZ�XS���

WKH�UHODWLYH�ULVN�RI�HQGRPHWULDO�FDQFHU�ZDV�LQFUHDVHG�ZLWK�YDJLQDO�HVWURJHQ�������

���������������7KH�GLIIHUHQFHV�LQ�UHVXOWV�EHWZHHQ�WKH�'DQLVK�VWXG\�DQG�WKH�FXUUHQW�VWXG\�

PLJKW�EH�UHODWHG�WR�GLIIHULQJ�GRVHV�RU�IRUPXODWLRQV�RI�YDJLQDO�HVWURJHQ�SUHSDUDWLRQV�LQ�WKH�

WZR�VWXGLHV��RU�GXH�WR�WKH�IDFW�WKDW�ZH�FHQVRUHG�GDWD�IURP�YDJLQDO�HVWURJHQ�XVHUV�LI�WKH\�

LQLWLDWHG�RUDO�RU�WUDQVGHUPDO�SURJHVWRJHQ�

2XU�ILQGLQJV�KHOS�WR�ILOO�LPSRUWDQW�NQRZOHGJH�JDSV�UHJDUGLQJ�WKH�VDIHW\�RI�YDJLQDO�HVWUDGLRO��

5DQGRPL]HG�WULDOV�KDYH�VKRZQ�WKDW�V\VWHPLF�HVWURJHQ�LV�OLQNHG�WR�LQFUHDVHG�ULVNV�RI�YHQRXV�

WKURPERHPEROLVP��VWURNH��DQG��ZLWK�FRPELQDWLRQ�HVWURJHQ���SURJHVWRJHQ��LQYDVLYH�EUHDVW�

FDQFHU����������������7KHVH�ULVNV�RI�V\VWHPLF�HVWURJHQ�DQG�HVWURJHQ���SURJHVWRJHQ�ZHUH�

DGRSWHG�LQWR�HVWURJHQ�FODVV�ODEHOLQJ�WKDW�LV�DSSOLHG�WR�DOO�HVWURJHQ�SUHSDUDWLRQV��GHVSLWH�WKH�

ODFN�RI�FOLQLFDO�WULDO�HYLGHQFH�GHPRQVWUDWLQJ�WKDW�YDJLQDO�HVWURJHQV�FRQIHU�WKHVH�VDPH�ULVNV��

�&OLQLFDO�WULDOV�RI�YDJLQDO�HVWURJHQV�ZHUH�QRW�GHVLJQHG�WR�HYDOXDWH�PRVW�NH\�FOLQLFDO�

RXWFRPHV�VXFK�DV�&9'�DQG�IUDFWXUH���/RZ�GRVH�YDJLQDO�HVWURJHQ�SUHSDUDWLRQV�DSSURYHG�E\�

WKH�8�6��)RRG�DQG�'UXJ�$GPLQLVWUDWLRQ�FDUU\�WKH�VDPH�ER[HG�ZDUQLQJ�DERXW�KHDOWK�ULVNV�DV�

V\VWHPLF�IRUPXODWLRQV�RI�HVWURJHQ�DORQH�DQG�FRPELQDWLRQ�HVWURJHQ�SOXV�SURJHVWRJHQ��7KH�

ER[HG�ZDUQLQJ��ZKLFK�UHIOHFWV�HVWURJHQ�FODVV�ODEHOLQJ��VWDWHV��³:$51,1*��HQGRPHWULDO�

FDQFHU��FDUGLRYDVFXODU�GLVRUGHUV��EUHDVW�FDQFHU�DQG�SUREDEOH�GHPHQWLD´��7KLV�ZDUQLQJ�LV�

EDVHG�RQ�H[WUDSRODWLRQV�RI�GDWD�IURP�FOLQLFDO�WULDOV�RI�V\VWHPLF�KRUPRQH�WKHUDS\��ZKLFK�

LQYROYHG�VXEVWDQWLDOO\�KLJKHU�OHYHOV�RI�V\VWHPLF�H[SRVXUH��7KH�ER[HG�ZDUQLQJ�LV�QRW�EDVHG�
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RQ�HYLGHQFH�IURP�FOLQLFDO�WULDOV�RI�YDJLQDO�HVWURJHQ�DQG�PD\�GLVFRXUDJH�WKH�XVH�RI�D�KLJKO\�

HIIHFWLYH�ORFDO�WUHDWPHQW�IRU�D�FRPPRQ�FRQGLWLRQ�ZLWK�DGYHUVH�HIIHFWV�RQ�TXDOLW\�RI�OLIH����

&XUUHQWO\��WKH�)'$�LV�FRQVLGHULQJ�D�SURSRVDO�WR�PRGLI\�SDFNDJH�ODEHOOLQJ�VR�WKDW�LW�EHWWHU�

UHIOHFWV�WKH�VDIHW\�SURILOH�RI�YDJLQDO�HVWURJHQ�

,Q�WKH�VKRUW�WHUP��VHUXP�OHYHOV�RI�HVWURJHQV�PD\�ULVH�ZLWK�XVH�RI�YDJLQDO�HVWURJHQ��$�VWXG\�

XVLQJ�PRGHUQ�PDVV�VSHFWURPHWU\�DVVD\V�RI�HVWURJHQ�OHYHOV�VKRZHG�WKDW�WKH�XVH�RI�FRQMXJDWHG�

HTXLQH�HVWURJHQV�YDJLQDO�FUHDP��3UHPDULQ�������PJ��FDXVHG�D���IROG�LQFUHDVH�LQ�VHUXP�

HVWUDGLRO�DIWHU���ZHHN�RI�GDLO\�WUHDWPHQW�LQ�SRVWPHQRSDXVDO�ZRPHQ���+RZHYHU��HVWURJHQ�

OHYHOV�GR�QRW�LQFUHDVH�DERYH�WKH�SRVWPHQRSDXVDO�UDQJH�ZLWK�LQLWLDO�GDLO\�GRVLQJ�GXULQJ�XVH�RI�

WKH�HVWUDGLRO�YDJLQDO�LQVHUW��9DJLIHP����PFJ������DQG�GXULQJ�WKH�PDLQWHQDQFH�SKDVH�RI�ORZ�

GRVH�YDJLQDO�HVWURJHQ�WKHUDS\��EORRG�OHYHOV�UHPDLQ�LQ�WKH�QRUPDO�SRVWPHQRSDXVDO�UDQJH��

2XU�VWXG\�KDV�OLPLWDWLRQV��$OWKRXJK�ZH�DGMXVWHG�IRU�PXOWLSOH�SRWHQWLDO�FRQIRXQGHUV��WKHUH�

FRXOG�KDYH�EHHQ�UHVLGXDO�FRQIRXQGLQJ�LQ�WKLV�REVHUYDWLRQDO�VWXG\��7KHUH�KDYH�EHHQ�UHSRUWV�RI�

DOWHUDWLRQV�LQ�VHUXP�OLSRSURWHLQV�DQG�LQFUHDVHG�ERQH�GHQVLW\�DVVRFLDWHG�ZLWK�ORZ�GRVH�

YDJLQDO�HVWUDGLRO�ULQJV��������:KLOH�WKH�ORZHU�&+'�ULVN�WKDW�ZH�REVHUYHG�LQ�YDJLQDO�XVHUV�ZDV�

FRQVLVWHQW�ZLWK�RWKHU�REVHUYDWLRQDO�VWXGLHV�RI�RUDO�+7��FOLQLFDO�WULDOV�KDYH�QRW�DGGUHVVHG�WKH�

HIIHFWV�RI�YDJLQDO�HVWURJHQ�RQ�FOLQLFDO�FDUGLRYDVFXODU�HYHQWV��,Q�DGGLWLRQ��ZH�FRXOG�QRW�

FRPSDUH�KHDOWK�RXWFRPHV�DPRQJ�WKH�LQGLYLGXDO�W\SHV�RI�YDJLQDO�HVWURJHQ�SUHSDUDWLRQV��H�J��

HVWUDGLRO�ULQJ��YDJLQDO�HVWUDGLRO�WDEOHW��HVWURJHQ�FUHDP���6WXG\�VWUHQJWKV�LQFOXGH�WKH�

SURVSHFWLYH�GDWD�FROOHFWLRQ��WKH�ODUJH�VDPSOH�VL]H��WKH�DYDLODELOLW\�RI�GHWDLOHG�LQIRUPDWLRQ�

UHJDUGLQJ�UHOHYDQW�FRQIRXQGHUV��DQG�WKH�DGMXGLFDWLRQ�RI�DOO�*,(�HYHQWV�H[FHSW�3(�'97��7R�

RXU�NQRZOHGJH��WKLV�LV�WKH�ILUVW�ODUJH�SURVSHFWLYH�VWXG\�WR�HYDOXDWH�WKH�RYHUDOO�KHDOWK�ULVNV�DQG�

EHQHILWV�RI�YDJLQDO�HVWURJHQ�WKHUDS\�

&RQFOXVLRQV

,Q�FRQFOXVLRQ��ZH�GLG�QRW�REVHUYH�DQ�LQFUHDVHG�ULVN�RI�FDUGLRYDVFXODU�GLVHDVH�RU�FDQFHU�

DPRQJ�ZRPHQ�XVLQJ�YDJLQDO�HVWURJHQ�FRPSDUHG�WR�QRQ�XVHUV��7KHVH�ILQGLQJV�VKRXOG�SURYLGH�

UHDVVXUDQFH�WR�ZRPHQ�DQG�WKHLU�KHDOWK�SURYLGHUV�UHJDUGLQJ�WKH�VDIHW\�RI�YDJLQDO�HVWURJHQ�DQG�

ZLOO�KHOS�WR�LQIRUP�PHQRSDXVDO�KRUPRQH�WKHUDS\�FOLQLFDO�GHFLVLRQ�PDNLQJ�

$FNQRZOHGJPHQWV

7KH�DXWKRUV�WKDQN�WKH�:+,�LQYHVWLJDWRUV��VWDII��DQG�WKH�VWXG\�SDUWLFLSDQWV�IRU�WKHLU�RXWVWDQGLQJ�GHGLFDWLRQ�DQG�
FRPPLWPHQW�

3URJUDP�2IILFH���1DWLRQDO�+HDUW��/XQJ��DQG�%ORRG�,QVWLWXWH��%HWKHVGD��0DU\ODQG��-DFTXHV�5RVVRXZ��6KDUL�/XGODP��
-RDQ�0F*RZDQ��/HVOLH�)RUG��DQG�1DQF\�*HOOHU�&OLQLFDO�&RRUGLQDWLQJ�&HQWHU���)UHG�+XWFKLQVRQ�&DQFHU�5HVHDUFK�
&HQWHU��6HDWWOH��:$��*DUQHW�$QGHUVRQ��5RVV�3UHQWLFH��$QGUHD�/D&URL[��DQG�&KDUOHV�.RRSHUEHUJ

,QYHVWLJDWRUV�DQG�$FDGHPLF�&HQWHUV���%ULJKDP�DQG�:RPHQ
V�+RVSLWDO��+DUYDUG�0HGLFDO�6FKRRO��%RVWRQ��0$��
-R$QQ�(��0DQVRQ���0HG6WDU�+HDOWK�5HVHDUFK�,QVWLWXWH�+RZDUG�8QLYHUVLW\��:DVKLQJWRQ��'&��%DUEDUD�9��+RZDUG��
�6WDQIRUG�3UHYHQWLRQ�5HVHDUFK�&HQWHU��6WDQIRUG��&$��0DUFLD�/��6WHIDQLFN���7KH�2KLR�6WDWH�8QLYHUVLW\��&ROXPEXV��
2+��5HEHFFD�-DFNVRQ���8QLYHUVLW\�RI�$UL]RQD��7XFVRQ�3KRHQL[��$=��&\QWKLD�$�7KRPVRQ���8QLYHUVLW\�DW�%XIIDOR��
%XIIDOR��1<��-HDQ�:DFWDZVNL��:HQGH���8QLYHUVLW\�RI�)ORULGD��*DLQHVYLOOH�-DFNVRQYLOOH��)/��0DULDQ�/LPDFKHU��
�8QLYHUVLW\�RI�,RZD��,RZD�&LW\�'DYHQSRUW��,$��-HQQLIHU�5RELQVRQ���8QLYHUVLW\�RI�3LWWVEXUJK��3LWWVEXUJK��3$��/HZLV�
.XOOHU���:DNH�)RUHVW�8QLYHUVLW\�6FKRRO�RI�0HGLFLQH��:LQVWRQ�6DOHP��1&��6DOO\�6KXPDNHU���8QLYHUVLW\�RI�1HYDGD��
5HQR��19��5REHUW�%UXQQHU���8QLYHUVLW\�RI�0LQQHVRWD��0LQQHDSROLV��01��.DUHQ�/��0DUJROLV
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)XQGLQJ��7KH�:+,�SURJUDP�LV�IXQGHG�E\�WKH�1DWLRQDO�+HDUW��/XQJ��DQG�%ORRG�,QVWLWXWH��1DWLRQDO�,QVWLWXWHV�RI�
+HDOWK��8�6��'HSDUWPHQW�RI�+HDOWK�DQG�+XPDQ�6HUYLFHV�WKURXJK�FRQWUDFWV�++61������������&��
++61������������&��++61������������&��++61������������&��++61������������&��DQG�
++61������������&

$0.�VHUYHV�DV�D�FRQVXOWDQW�IRU��$OOHUJDQ��,QF��$0$*��3IL]HU�,QF��DQG�6KLRQRJL��+H�UHFHLYHV�UHVHDUFK�JUDQWV��IXQGV�
SDLG�WR�8QLYHUVLW\�RI�)ORULGD��IURP�7KHUDSHXWLFV0'��+H�UHFHLYHV�UR\DOWLHV�IURP��8S7R'DWH

57&�VHUYHV�DV�FRQVXOWDQW�IRU��$PJHQ��*HQHQWHFK��1RYDUWLV��$VWUD�=HQHFD�DQG�3IL]HU��+H�DOVR�LV�RQ�VSHDNHU
V�SDQHO�
IRU�*HQHQWHFK�DQG�1RYDUWLV�

-/6�VHUYHV�DV�D�UHVHDUFK�FRQVXOWDQW�WR�WKH�1HZ�(QJODQG�5HVHDUFK�,QVWLWXWHV�

5HIHUHQFHV

���3RUWPDQ�'-��*DVV�0/��9XOYRYDJLQDO�$WURSK\�7HUPLQRORJ\�&RQVHQVXV�&RQIHUHQFH�3��*HQLWRXULQDU\�
V\QGURPH�RI�PHQRSDXVH��QHZ�WHUPLQRORJ\�IRU�YXOYRYDJLQDO�DWURSK\�IURP�WKH�,QWHUQDWLRQDO�6RFLHW\�
IRU�WKH�6WXG\�RI�:RPHQ
V�6H[XDO�+HDOWK�DQG�WKH�1RUWK�$PHULFDQ�0HQRSDXVH�6RFLHW\��-�6H[�0HG��
�����������������±����>3XE0HG����������@�

���$&2*�3UDFWLFH�%XOOHWLQ�1R�������PDQDJHPHQW�RI�PHQRSDXVDO�V\PSWRPV��2EVWHW�*\QHFRO��������
����������±����>3XE0HG����������@�

���0DQDJHPHQW�RI�V\PSWRPDWLF�YXOYRYDJLQDO�DWURSK\�������SRVLWLRQ�VWDWHPHQW�RI�7KH�1RUWK�$PHULFDQ�
0HQRSDXVH�6RFLHW\��0HQRSDXVH�����������������±�����TXL]������>3XE0HG����������@�

���$PHULFDQ�&ROOHJH�RI�2��*\QHFRORJLVWV�&RPPLWWHH�RQ�3UDFWLFH�%�*��$&2*�3UDFWLFH�%XOOHWLQ�1R��
�����)HPDOH�VH[XDO�G\VIXQFWLRQ��2EVWHW�*\QHFRO������������������±������>3XE0HG����������@�

���1DWLRQDO�,QVWLWXWH�IRU�+HDOWK�DQG�&DUH�([FHOOHQFH��0HQRSDXVH��GLDJQRVLV�DQG�PDQDJHPHQW��
$YDLODEOH�DW��KWWSV���ZZZ�QLFH�RUJ�XN�JXLGDQFH�QJ��

���/HWKDE\�$��$\HOHNH�52��5REHUWV�+��/RFDO�RHVWURJHQ�IRU�YDJLQDO�DWURSK\�LQ�SRVWPHQRSDXVDO�ZRPHQ��
&RFKUDQH�'DWDEDVH�6\VW�5HY������������&'��������

���/DEULH�)��&XVDQ�/��*RPH]�-/��HW�DO��(IIHFW�RI�RQH�ZHHN�WUHDWPHQW�ZLWK�YDJLQDO�HVWURJHQ�SUHSDUDWLRQV�
RQ�VHUXP�HVWURJHQ�OHYHOV�LQ�SRVWPHQRSDXVDO�ZRPHQ��0HQRSDXVH����������������±���>3XE0HG��
��������@�

���.XQRYDF�.DOODN�7��%DXPJDUW�-��6WDYUHXV�(YHUV�$��HW�DO��+LJKHU�WKDQ�H[SHFWHG�HVWUDGLRO�OHYHOV�LQ�
DURPDWDVH�LQKLELWRU�WUHDWHG��SRVWPHQRSDXVDO�EUHDVW�FDQFHU�SDWLHQWV��&OLPDFWHULF�����������������±
����>3XE0HG����������@�

���6DQWHQ�5-��9DJLQDO�DGPLQLVWUDWLRQ�RI�HVWUDGLRO��HIIHFWV�RI�GRVH��SUHSDUDWLRQ�DQG�WLPLQJ�RQ�SODVPD�
HVWUDGLRO�OHYHOV��&OLPDFWHULF�����������������±����>3XE0HG����������@�

����0DQVRQ�-(��&KOHERZVNL�57��6WHIDQLFN�0/��HW�DO��0HQRSDXVDO�KRUPRQH�WKHUDS\�DQG�KHDOWK�
RXWFRPHV�GXULQJ�WKH�LQWHUYHQWLRQ�DQG�H[WHQGHG�SRVWVWRSSLQJ�SKDVHV�RI�WKH�:RPHQ
V�+HDOWK�
,QLWLDWLYH�UDQGRPL]HG�WULDOV��-$0$��������������������±����>3XE0HG����������@�

����%RDUGPDQ�+0��+DUWOH\�/��(LVLQJD�$��HW�DO��+RUPRQH�WKHUDS\�IRU�SUHYHQWLQJ�FDUGLRYDVFXODU�GLVHDVH�
LQ�SRVW�PHQRSDXVDO�ZRPHQ��&RFKUDQH�'DWDEDVH�6\VW�5HY������������&'��������

����1HOVRQ�+'��:DONHU�0��=DNKHU�%��0LWFKHOO�-��0HQRSDXVDO�KRUPRQH�WKHUDS\�IRU�WKH�SULPDU\�
SUHYHQWLRQ�RI�FKURQLF�FRQGLWLRQV��D�V\VWHPDWLF�UHYLHZ�WR�XSGDWH�WKH�8�6��3UHYHQWLYH�6HUYLFHV�7DVN�
)RUFH�UHFRPPHQGDWLRQV��$QQ�,QWHUQ�0HG������������������±����>3XE0HG����������@�

����%HUDO�9��%UHDVW�FDQFHU�DQG�KRUPRQH�UHSODFHPHQW�WKHUDS\�LQ�WKH�0LOOLRQ�:RPHQ�6WXG\��/DQFHW��
�������������������±����>3XE0HG����������@�

����*URGVWHLQ�)��0DQVRQ�-(��6WDPSIHU�0-��5H[URGH�.��3RVWPHQRSDXVDO�KRUPRQH�WKHUDS\�DQG�VWURNH��
UROH�RI�WLPH�VLQFH�PHQRSDXVH�DQG�DJH�DW�LQLWLDWLRQ�RI�KRUPRQH�WKHUDS\��$UFK�,QWHUQ�0HG��������
����������±���>3XE0HG����������@�

����%HUJHQGDO�$��.LHOHU�+��6XQGVWURP�$��+LUVFKEHUJ�$/��.RFRVND�0DUDV�/��5LVN�RI�YHQRXV�
WKURPERHPEROLVP�DVVRFLDWHG�ZLWK�ORFDO�DQG�V\VWHPLF�XVH�RI�KRUPRQH�WKHUDS\�LQ�SHUL��DQG�
SRVWPHQRSDXVDO�ZRPHQ�DQG�LQ�UHODWLRQ�WR�W\SH�DQG�URXWH�RI�DGPLQLVWUDWLRQ��0HQRSDXVH��������
���������±���>3XE0HG����������@�
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����%KXSDWKLUDMX�61��*URGVWHLQ�)��6WDPSIHU�0-��:LOOHWW�:&��+X�)%��0DQVRQ�-(��([RJHQRXV�
+RUPRQH�8VH��2UDO�&RQWUDFHSWLYHV��3RVWPHQRSDXVDO�+RUPRQH�7KHUDS\��DQG�+HDOWK�2XWFRPHV�LQ�
WKH�1XUVHV
�+HDOWK�6WXG\��$P�-�3XEOLF�+HDOWK�������������������±���>3XE0HG����������@�

����3UHQWLFH�5/��0DQVRQ�-(��/DQJHU�5'��HW�DO��%HQHILWV�DQG�ULVNV�RI�SRVWPHQRSDXVDO�KRUPRQH�WKHUDS\�
ZKHQ�LW�LV�LQLWLDWHG�VRRQ�DIWHU�PHQRSDXVH��$P�-�(SLGHPLRO�����������������±����>3XE0HG��
��������@�

����/\\WLQHQ�+��3XNNDOD�(��<OLNRUNDOD�2��%UHDVW�FDQFHU�ULVN�LQ�SRVWPHQRSDXVDO�ZRPHQ�XVLQJ�HVWURJHQ�
RQO\�WKHUDS\��2EVWHW�*\QHFRO�������������������±����>3XE0HG����������@�

����0LFKDHOVVRQ�.��%DURQ�-$��)DUDKPDQG�%<��/MXQJKDOO�6��8VH�RI�ORZ�SRWHQF\�HVWURJHQV�GRHV�QRW�
UHGXFH�WKH�ULVN�RI�KLS�IUDFWXUH��%RQH�����������������±���>3XE0HG����������@�

����$PHULFDQ�&ROOHJH�RI�2��*\QHFRORJLVWV��$&2*�FRPPLWWHH�RSLQLRQ�QR�������3RVWPHQRSDXVDO�
HVWURJHQ�WKHUDS\��URXWH�RI�DGPLQLVWUDWLRQ�DQG�ULVN�RI�YHQRXV�WKURPERHPEROLVP��2EVWHWULFV�DQG�
J\QHFRORJ\������������������±����>3XE0HG����������@�

����0LNNROD�76��7XRPLNRVNL�3��/\\WLQHQ�+��HW�DO��9DJLQDO�HVWUDGLRO�XVH�DQG�WKH�ULVN�IRU�FDUGLRYDVFXODU�
PRUWDOLW\��+XP�5HSURG�����������������±���>3XE0HG����������@�

����0RUFK�/6��.MDHU�6.��.HLGLQJ�1��/RNNHJDDUG�(��/LGHJDDUG�2��7KH�LQIOXHQFH�RI�KRUPRQH�WKHUDSLHV�
RQ�W\SH�,�DQG�,,�HQGRPHWULDO�FDQFHU��$�QDWLRQZLGH�FRKRUW�VWXG\��,QW�-�&DQFHU�������������������±
����>3XE0HG����������@�

����'HVLJQ�RI�WKH�:RPHQ
V�+HDOWK�,QLWLDWLYH�FOLQLFDO�WULDO�DQG�REVHUYDWLRQDO�VWXG\��7KH�:RPHQ
V�+HDOWK�
,QLWLDWLYH�6WXG\�*URXS��&RQWURO�&OLQ�7ULDOV����������������±�����>3XE0HG���������@�

����+D\V�-��+XQW�-5��+XEEHOO�)$��HW�DO��7KH�:RPHQ
V�+HDOWK�,QLWLDWLYH�UHFUXLWPHQW�PHWKRGV�DQG�
UHVXOWV��$QQ�(SLGHPLRO�������������6XSSO��6��±����>3XE0HG����������@�

����5RVVRXZ�-(��$QGHUVRQ�*/��3UHQWLFH�5/��HW�DO��5LVNV�DQG�EHQHILWV�RI�HVWURJHQ�SOXV�SURJHVWLQ�LQ�
KHDOWK\�SRVWPHQRSDXVDO�ZRPHQ��SULQFLSDO�UHVXOWV�)URP�WKH�:RPHQ
V�+HDOWK�,QLWLDWLYH�UDQGRPL]HG�
FRQWUROOHG�WULDO��-$0$������������������±����>3XE0HG����������@�

����*DLO�0+��%ULQWRQ�/$��%\DU�'3��HW�DO��3URMHFWLQJ�LQGLYLGXDOL]HG�SUREDELOLWLHV�RI�GHYHORSLQJ�EUHDVW�
FDQFHU�IRU�ZKLWH�IHPDOHV�ZKR�DUH�EHLQJ�H[DPLQHG�DQQXDOO\��-�1DWO�&DQFHU�,QVW���������������
����±����>3XE0HG���������@�

����0H\HU�$0��(YHQVRQ�.5��0RULPRWR�/��6LVFRYLFN�'��:KLWH�(��7HVW�UHWHVW�UHOLDELOLW\�RI�WKH�
:RPHQ
V�+HDOWK�,QLWLDWLYH�SK\VLFDO�DFWLYLW\�TXHVWLRQQDLUH��0HG�6FL�6SRUWV�([HUF�����������������±
���>3XE0HG����������@�

����3HWWHH�*DEULHO�.��0F&ODLQ�--��/HH�&'��HW�DO��(YDOXDWLRQ�RI�SK\VLFDO�DFWLYLW\�PHDVXUHV�XVHG�LQ�
PLGGOH�DJHG�ZRPHQ��0HG�6FL�6SRUWV�([HUF������������������±����>3XE0HG����������@�

����8OULFK�/6��1DHVVHQ�7��(OLD�'��*ROGVWHLQ�-$��(XJVWHU�+DXVPDQQ�0��LQYHVWLJDWRUV�9$*W��
(QGRPHWULDO�VDIHW\�RI�XOWUD�ORZ�GRVH�9DJLIHP����PLFURJ�LQ�SRVWPHQRSDXVDO�ZRPHQ�ZLWK�YDJLQDO�
DWURSK\��&OLPDFWHULF�����������������±����>3XE0HG����������@�

����6LPRQ�-��1DFKWLJDOO�/��8OULFK�/*��(XJVWHU�+DXVPDQQ�0��*XW�5��(QGRPHWULDO�VDIHW\�RI�XOWUD�ORZ�
GRVH�HVWUDGLRO�YDJLQDO�WDEOHWV��2EVWHW�*\QHFRO������������������±����>3XE0HG����������@�

����5RVVRXZ�-(��$QGHUVRQ�*/��3UHQWLFH�5/��HW�DO��5LVNV�DQG�EHQHILWV�RI�HVWURJHQ�SOXV�SURJHVWLQ�LQ�
KHDOWK\�SRVWPHQRSDXVDO�ZRPHQ��SULQFLSDO�UHVXOWV�)URP�WKH�:RPHQ
V�+HDOWK�,QLWLDWLYH�UDQGRPL]HG�
FRQWUROOHG�WULDO��-$0$������������������±����>3XE0HG����������@�

����$QGHUVRQ�*/��/LPDFKHU�0��$VVDI�$5��HW�DO��(IIHFWV�RI�FRQMXJDWHG�HTXLQH�HVWURJHQ�LQ�
SRVWPHQRSDXVDO�ZRPHQ�ZLWK�K\VWHUHFWRP\��WKH�:RPHQ
V�+HDOWK�,QLWLDWLYH�UDQGRPL]HG�FRQWUROOHG�
WULDO��-$0$��������������������±����>3XE0HG����������@�

����0DQVRQ�-(��*ROGVWHLQ�65��.DJDQ�5��HW�DO��:K\�WKH�SURGXFW�ODEHOLQJ�IRU�ORZ�GRVH�YDJLQDO�HVWURJHQ�
VKRXOG�EH�FKDQJHG��0HQRSDXVH�����������������±���>3XE0HG����������@�

����(XJVWHU�+DXVPDQQ�0��:DLW]LQJHU�-��/HKQLFN�'��0LQLPL]HG�HVWUDGLRO�DEVRUSWLRQ�ZLWK�XOWUD�ORZ�
GRVH����PLFURJ���EHWD�HVWUDGLRO�YDJLQDO�WDEOHWV��&OLPDFWHULF�����������������±����>3XE0HG��
��������@�

����1DHVVHQ�7��%HUJOXQG�/��8OPVWHQ�8��%RQH�ORVV�LQ�HOGHUO\�ZRPHQ�SUHYHQWHG�E\�XOWUDORZ�GRVHV�RI�
SDUHQWHUDO���EHWD�HVWUDGLRO��$P�-�2EVWHW�*\QHFRO������������������±���>3XE0HG���������@�

����1DHVVHQ�7��5RGULJXH]�0DFLDV�.��/LWKHOO�+��6HUXP�OLSLG�SURILOH�LPSURYHG�E\�XOWUD�ORZ�GRVHV�RI����
EHWD�HVWUDGLRO�LQ�HOGHUO\�ZRPHQ��-�&OLQ�(QGRFULQRO�0HWDE������������������±����>3XE0HG��
��������@�
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%DVHOLQH �� 'LG�\RX�HYHU�WDNH�DQ\�W\SH�RI�HVWURJHQ��VXFK�DV�3UHPDULQ��
SURJHVWHURQH��VXFK�DV�3URYHUD��WHVWRVWHURQH��RU�DQ\�RWKHU�KRUPRQH�
PHGLFDWLRQV«ZHUH�WKHVH�KRUPRQHV�LQ�WKH�IRUP�RI�D�YDJLQDO�FUHDP�RU�
VXSSRVLWRU\"

<HV��QR

'LG�\RX�WDNH�WKHP�ZHUH���VWUDLJKW�PRQWKV�RU�PRUH" <HV��QR

:KDW�LV�WKH�QDPH�RI�WKH�YDJLQDO�FUHDP�RU�VXSSRVLWRU\�\RX�XVHG" 1DPH����WLPHV�SHU�GD\�ZHHN�PRQWK�
\HDU

� ��� ,Q�WKH�SDVW���\HDUV��GLG�\RX�XVH�D�YDJLQDO�FUHDP�RU�VXSSRVLWRU\�
FRQWDLQLQJ�HVWURJHQ�ZKLFK�ZDV�SUHVFULEHG�E\�D�GRFWRU"

<HV��QR��GRQ
W�NQRZ

,Q�WKH�SDVW���\HDUV��KRZ�PDQ\�PRQWKV�GLG�\RX�XVH�WKH�YDJLQDO�FUHDP�
RI�VXSSRVLWRU\

���PRQWK������PRQWKV�������PRQWKV��
������PRQWKV��������PRQWKV��������
PRQWKV

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

,Q�WKH�SDVW�\HDU��GLG�\RX�XVH�D�YDJLQDO�FUHDP�RU�VXSSRVLWRU\�
FRQWDLQLQJ�HVWURJHQ�ZKLFK�ZDV�SUHVFULEHG�E\�D�GRFWRU"

<HV��QR��GRQ
W�NQRZ

,Q�WKH�SDVW�\HDU��KRZ�PDQ\�PRQWKV�GLG�\RX�XVH�WKH�YDJLQDO�FUHDP�RI�
VXSSRVLWRU\

���PRQWK������PRQWKV�������PRQWKV��
������PRQWKV

([WHQVLRQ�� ��� 0HGLFDWLRQ�DQG�6XSSOHPHQW�,QYHQWRU\��)RU�HDFK�RI�WKH�SUHVFULSWLRQ�
PHGLFDWLRQV�\RX�DUH�FXUUHQWO\�WDNLQJ��SOHDVH�DQVZHU�WKH�TXHVWLRQV�
EHORZ�XVLQJ�WKH�ODEHO�RQ�WKH�SUHVFULSWLRQ�ERWWOH�

1DPH�RI�PHGLFDWLRQ6WUHQJWK�RI�
PHGLFDWLRQ0HGLFDWLRQ�W\SH

0HQRSDXVH��$XWKRU�PDQXVFULSW��DYDLODEOH�LQ�30&������-DQXDU\����



$
XWKRU�0

DQXVFULSW
$
XWKRU�0

DQXVFULSW
$
XWKRU�0

DQXVFULSW
$
XWKRU�0

DQXVFULSW

&UDQGDOO�HW�DO� 3DJH���

7D
E
OH
��

%
DV
HO
LQ
H�
FK
DU
DF
WH
UL
VW
LF
V�
E
\�
YD
JL
Q
DO
�H
VW
UR
JH
Q
�X
VH

 �
LQ
�W
K
RV
H�
Z
LW
K
�R
U�
Z
LW
K
RX
W�
K\
VW
HU
HF
WR
P
\�
�Q
 
��
��
��
�

,Q
WD
FW
�8
WH
UX
V�

+
\V
WH
UH
FW
RP

\
2
YH
UD
OO
�

1
R�
9
(
�

<
HV
�9
(
�

1
R�
9
(
�

<
HV
�9
(
�

1
R�
9
(
�

<
HV
�9
(
�

1
��
��
��

��
��
�

��
��
��

��
��
�

��
��
��

��
��
�

1
��
�
�

1
��
�
�

1
��
�
�

1
��
�
�

1
��
�
�

1
��
�
�

$
JH
�D
W�E
DV
HO
LQ
H�
�\
HD
UV

�
0
HD
Q�
6
'
�

��
��
��
��
��

��
��
��
��
��

��
��
��
��
��

��
��
��
��
��

��
��
��
��
��

��
��
��
��
��

�
�
��

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��

�
��
��
�

��
��
��
��
��
��
�

��
��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

�
��
�

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

(
WK
QL
FL
W\

�
$
VL
DQ
�R
U�
3D
FL
IL
F�
,V
OD
QG
HU

��
��
��
��
�

��
��
��
��

��
��
��
��
�

��
��
��
��

��
��
��
��
��
�

��
��
��
��

�
%
OD
FN
�R
U�
$
IU
LF
DQ
�$
P
HU
LF
DQ

��
��
��
��
��
�

��
��
��
��
�

��
��
��
��
��
��

��
��
��
��

��
��
��
��
��
��

��
��
��
��
�

�
+
LV
SD
QL
F�
/
DW
LQ
R

��
��
��
��
��
�

��
��
��
��

��
��
��
��
�

��
��
��
��

��
��
��
��
��
�

��
��
��
��

�
:
KL
WH
��
QR
W�R
I�
+
LV
SD
QL
F�
RU
LJ
LQ
�

��
��
��
��
��
��
�

��
��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

�
2
WK
HU

��
��
��
��
�

��
��
��
��

��
��
��
��
�

��
��
��
��

��
��
��
��
�

��
��
��
��

(
GX
FD
WL
RQ

�
+
LJ
K�
VF
KR
RO
�R
U�
OH
VV

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��

�
6
RP

H�
FR
OO
HJ
H�
RU
�Y
RF
DW
LR
QD
O�W
UD
LQ
LQ
J

��
��
��
��
��
��
�

��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

�
&
RO
OH
JH
�J
UD
G�
RU
�P
RU
H

��
��
��
��
��
��
�

��
��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

)D
P
LO
\�
,Q
FR
P
H

�
/
HV
V�
WK
DQ
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

�
��
��
��
��
WR
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��
��

�
��
��
��
��
�R
U�
P
RU
H

��
��
��
��
��
�

��
��
��
��
��

��
��
��
��
�

��
��
��
��
��

��
��
��
��
��
�

��
��
��
��
��

$
Q\
�,
QV
XU
DQ
FH

�
1
R

��
��
��
��
��
�

��
��
��
��

��
��
��
��
�

��
��
��
��

��
��
��
��
��
�

��
��
��
��
�

�
<
HV

��
��
��
��
��
��
�

��
��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

0HQRSDXVH��$XWKRU�PDQXVFULSW��DYDLODEOH�LQ�30&������-DQXDU\����



$
XWKRU�0

DQXVFULSW
$
XWKRU�0

DQXVFULSW
$
XWKRU�0

DQXVFULSW
$
XWKRU�0

DQXVFULSW

&UDQGDOO�HW�DO� 3DJH���

,Q
WD
FW
�8
WH
UX
V�

+
\V
WH
UH
FW
RP

\
2
YH
UD
OO
�

1
R�
9
(
�

<
HV
�9
(
�

1
R�
9
(
�

<
HV
�9
(
�

1
R�
9
(
�

<
HV
�9
(
�

1
��
��
��

��
��
�

��
��
��

��
��
�

��
��
��

��
��
�

1
��
�
�

1
��
�
�

1
��
�
�

1
��
�
�

1
��
�
�

1
��
�
�

0
DP

P
RJ
UD
P
��
OD
VW
��
�\
HD
UV
�

�
0
DP

P
RJ
UD
P
�Z
LW
KL
Q�
��
\H
DU
V

��
��
��
��
��
��
�

��
��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

�
1
R�
P
DP

P
RJ
UD
P
�Z
LW
KL
Q�
��
\H
DU
V

��
��
��
��
��
��

��
��
��
��
�

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��

%
LO
DW
HU
DO
�2
RS
KR
UH
FW
RP

\

�
1
R

��
��
��
��
��
��
�

��
��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

�
<
HV

��
��
��
��
�

��
��
��
��

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��

$
OF
RK
RO
�V
HU
YL
QJ
V�
Z
HH
N

�
0
HD
Q�
6
'
�

��
��
��
��
�

��
��
��
��
�

��
��
��
��
�

��
��
��
��
�

��
��
��
��
�

��
��
��
��
�

�
1
RQ
H

��
��
��
��
��
��
�

��
��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

�
�
��
VH
UY
LQ
JV
�Z
HH
N

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

�
��
RU
�P
RU
H�
VH
UY
LQ
JV
�Z
HH
N

��
��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

6
P
RN
LQ
J�
VW
DW
XV

�
1
HY
HU
�6
P
RN
HG

��
��
��
��
��
��
�

��
��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

�
3D
VW
�6
P
RN
HU

��
��
��
��
��
��
�

��
��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

�
&
XU
UH
QW
�6
P
RN
HU

��
��
��
��
��
�

��
��
��
��
�

��
��
��
��
��
�

��
��
��
��

��
��
��
��
��
�

��
��
��
��
�

3
K\
VL
FD
O�$

FW
LY
LW
\�
�W
RW
DO
�0

(
7�
KR
XU
V�
Z
HH
N�

0
HD
Q�
6
'
�

��
��
��
��
��
�

��
��
��
��
��
�

��
��
��
��
��
�

��
��
��
��
��
�

��
��
��
��
��
�

��
��
��
��
��
�

%
RG
\�
P
DV
V�
LQ
GH
[�
�N
J�
P
�

�
0
HD
Q�
6
'
�

��
��
��
��
��

��
��
��
��
��

��
��
��
��
��

��
��
��
��
��

��
��
��
��
��

��
��
��
��
��

�
�
��

��
��
��
��
��
��
�

��
��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

�
��
��
��

��
��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

�
��
�

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��

'
LD
EH
WH
V�
WU
HD
WH
G�
�S
LO
OV
�R
U�
VK
RW
V�

0HQRSDXVH��$XWKRU�PDQXVFULSW��DYDLODEOH�LQ�30&������-DQXDU\����



$
XWKRU�0

DQXVFULSW
$
XWKRU�0

DQXVFULSW
$
XWKRU�0

DQXVFULSW
$
XWKRU�0

DQXVFULSW

&UDQGDOO�HW�DO� 3DJH���

,Q
WD
FW
�8
WH
UX
V�

+
\V
WH
UH
FW
RP

\
2
YH
UD
OO
�

1
R�
9
(
�

<
HV
�9
(
�

1
R�
9
(
�

<
HV
�9
(
�

1
R�
9
(
�

<
HV
�9
(
�

1
��
��
��

��
��
�

��
��
��

��
��
�

��
��
��

��
��
�

1
��
�
�

1
��
�
�

1
��
�
�

1
��
�
�

1
��
�
�

1
��
�
�

�
1
R

��
��
��
��
��
��
�

��
��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

�
<
HV

��
��
��
��
��
�

��
��
��
��

��
��
��
��
�

��
��
��
��

��
��
��
��
��
�

��
��
��
��
�

6
\V
WR
OL
F�
EO
RR
G�
SU
HV
VX
UH

�
0
HD
Q�
6
'
�

��
��
��
��
��

��
��
��
��
��

��
��
��
��
��

��
��
��
��
��

��
��
��
��
��

��
��
��
��
��

'
LD
VW
RO
LF
�E
OR
RG
�S
UH
VV
XU
H

�
0
HD
Q�
6
'
�

��
��
��
��
��

��
��
��
��
��

��
��
��
��
��

��
��
��
��
��

��
��
��
��
��

��
��
��
��
��

+
\S
HU
WH
QV
LR
Q

�
1
HY
HU
�K
\S
HU
WH
QV
LY
H

��
��
��
��
��
��
�

��
��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

�
8
QW
UH
DW
HG
�K
\S
HU
WH
QV
LY
H

��
��
��
��
��
�

��
��
��
��
�

��
��
��
��
��
�

��
��
��
��
��

��
��
��
��
��
�

��
��
��
��
�

�
7
UH
DW
HG
�K
\S
HU
WH
QV
LY
H

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��

$
JH
�D
W�0

HQ
RS
DX
VH

�
0
HD
Q�
�6
'
�

��
��
��
��
��

��
��
��
��
��

��
��
��
��
��

��
��
��
��
��

��
��
��
��
��

��
��
��
��
��

)
UD
FW
XU
H�
DI
WH
U�
$
JH
��
��

�
1
R

��
��
��
��
��
��
�

��
��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

�
<
HV

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��

�
$
JH
��
��

��
��
��
��
��
��

��
��
��
��
�

��
��
��
��
��
��

��
��
��
��

��
��
��
��
��
��

��
��
��
��
�

0
HQ
RS
DX
VD
O�K
RU
P
RQ
H�
WK
HU
DS
\�
XV
DJ
H�
DW
�E
DV
HO
LQ
H

�
1
HY
HU
�X
VH
G

��
��
��
��
��
��
�

��
��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

�
3D
VW
�X
VH
U

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

$
JH
�D
W�)
LU
VW
�%
LU
WK
��\
HD
UV

1
HY
HU
�K
DG
�WH
UP
�S
UH
JQ
DQ
F\

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��

�
�
��
�

��
��
��
��
��
��

��
��
��
��
�

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
�

�
��
��
�

��
��
��
��
��
��
�

��
��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

0HQRSDXVH��$XWKRU�PDQXVFULSW��DYDLODEOH�LQ�30&������-DQXDU\����



$
XWKRU�0

DQXVFULSW
$
XWKRU�0

DQXVFULSW
$
XWKRU�0

DQXVFULSW
$
XWKRU�0

DQXVFULSW

&UDQGDOO�HW�DO� 3DJH���

,Q
WD
FW
�8
WH
UX
V�

+
\V
WH
UH
FW
RP

\
2
YH
UD
OO
�

1
R�
9
(
�

<
HV
�9
(
�

1
R�
9
(
�

<
HV
�9
(
�

1
R�
9
(
�

<
HV
�9
(
�

1
��
��
��

��
��
�

��
��
��

��
��
�

��
��
��

��
��
�

1
��
�
�

1
��
�
�

1
��
�
�

1
��
�
�

1
��
�
�

1
��
�
�

�
��
�

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
�

��
��
��
��

��
��
��
��
��
�

��
��
��
��
�

*
DL
O�E
UH
DV
W�F
DQ
FH
U�
UL
VN
�V
FR
UH

�
0
HD
Q�
�6
'
�

��
��
��
��
�

��
��
��
��
�

��
��
��
��
�

��
��
��
��
�

��
��
��
��
�

��
��
��
��
�

)
HP

DO
H�
UH
OD
WLY
H�
KD
G�
EU
HD
VW
�F
DQ
FH
U

�
1
R

��
��
��
��
��
��
�

��
��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

�
<
HV

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��

2
UD
O�F
RQ
WU
DF
HS
WLY
H�
XV
H�
HY
HU

�
1
R

��
��
��
��
��
��
�

��
��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

�
<
HV

��
��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

$
VS
LU
LQ
�X
VH
�P
HG
�LQ
YH
QW
RU
\

�
1
R

��
��
��
��
��
��
�

��
��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

�
<
HV

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��

��
��
��
��
��

6
WD
WL
Q�
XV
H

�
1
R

��
��
��
��
��
��
�

��
��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

�
<
HV

��
��
��
��
��
�

��
��
��
��
�

��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
�

��
��
��
��
�

6
WU
RN
H�
HY
HU

�
1
R

��
��
��
��
��
��
�

��
��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

�
<
HV

��
��
��
��
�

��
��
��
��

��
��
��
��
�

��
��
��
��

��
��
��
��
�

��
��
��
��

0
\R
FD
UG
LD
O�L
QI
DU
FW
LR
Q�
HY
HU

�
1
R

��
��
��
��
��
��
�

��
��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

�
<
HV

��
��
��
��
�

��
��
��
��

��
��
��
��
�

��
��
��
��

��
��
��
��
��
�

��
��
��
��

&
RU
RQ
DU
\�
DU
WH
U\
�E
\S
DV
V�
JU
DI
W�R
U�
SH
UF
XW
DQ
HR
XV
�

WU
DQ
VO
XP

LQ
DO
�F
RU
RQ
DU
\�
DU
WH
U\
�D
QJ
LR
SO
DV
W\
�H
YH
U

0HQRSDXVH��$XWKRU�PDQXVFULSW��DYDLODEOH�LQ�30&������-DQXDU\����



$
XWKRU�0

DQXVFULSW
$
XWKRU�0

DQXVFULSW
$
XWKRU�0

DQXVFULSW
$
XWKRU�0

DQXVFULSW

&UDQGDOO�HW�DO� 3DJH���

,Q
WD
FW
�8
WH
UX
V�

+
\V
WH
UH
FW
RP

\
2
YH
UD
OO
�

1
R�
9
(
�

<
HV
�9
(
�

1
R�
9
(
�

<
HV
�9
(
�

1
R�
9
(
�

<
HV
�9
(
�

1
��
��
��

��
��
�

��
��
��

��
��
�

��
��
��

��
��
�

1
��
�
�

1
��
�
�

1
��
�
�

1
��
�
�

1
��
�
�

1
��
�
�

�
1
R

��
��
��
��
��
��
�

��
��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

�
<
HV

��
��
��
��
�

��
��
��
��

��
��
��
��
�

��
��
��
��

��
��
��
��
�

��
��
��
��

+
LV
WR
U\
�R
I�
FD
UG
LR
YD
VF
XO
DU
�G
LV
HD
VH


�
1
R

��
��
��
��
��
��
�

��
��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

�
<
HV

��
��
��
��
��
�

��
��
��
��
�

��
��
��
��
�

��
��
��
��

��
��
��
��
��
�

��
��
��
��
�

'
HH
S�
YH
LQ
�WK
UR
P
ER
VL
V�
RU
�S
XO
P
RQ
DU
\�
HP

ER
OL
VP

�
EH
IR
UH
�V
WX
G\
�H
QU
RO
OP
HQ
W

�
1
R

��
��
��
��
��
��
�

��
��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

�
<
HV

��
��
��
��
��
�

��
��
��
��
�

��
��
��
��
�

��
��
��
��

��
��
��
��
��
�

��
��
��
��
�

+
LV
WR
U\
�R
I�
FD
QF
HU


�
1
R

��
��
��
��
��
��
�

��
��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

��
��
��
��
��
��
�

��
��
��
��
��
��

�
<
HV

��
��
��
��
��
�

��
��
��
��
�

��
��
��
��
��
�

��
��
��
��

��
��
��
��
��
�

��
��
��
��
�

 9
DJ
LQ
DO
�H
VW
UR
JH
Q�
�F
UH
DP

�R
U�
VX
SS
RV
LW
RU
\�
�X
VH
�LV
�WL
P
H�
YD
U\
LQ
J

� +
\V
WH
UH
FW
RP

\�
VW
DW
XV
�LV
�WL
P
H�
YD
U\
LQ
J

 +
LV
WR
U\
�R
I�
FD
UG
LR
YD
VF
XO
DU
�G
LV
HD
VH
�LQ
FO
XG
HV
�D
�S
DV
W�K
LV
WR
U\
�R
I�
P
\R
FD
UG
LD
O�L
QI
DU
FW
LR
Q�
�V
WU
RN
H�
�R
U�
UH
YD
VF
XO
DU
L]
DW
LR
Q�
SU
LR
U�
WR
�V
WX
G\
�H
QU
RO
OP
HQ
W�

 1
RW
�LQ
FO
XG
LQ
J�
EU
HD
VW
��H
QG
RP

HW
UL
DO
��R
U�
RY
DU
LD
Q�
FD
QF
HU
V�
�Z
KL
FK
�Z
HU
H�
H[
FO
XV
LR
Q�
FU
LW
HU
LD
�

0HQRSDXVH��$XWKRU�PDQXVFULSW��DYDLODEOH�LQ�30&������-DQXDU\����



$
XWKRU�0

DQXVFULSW
$
XWKRU�0

DQXVFULSW
$
XWKRU�0

DQXVFULSW
$
XWKRU�0

DQXVFULSW

&UDQGDOO�HW�DO� 3DJH���

7D
E
OH
��

+
D]
DU
G
�5
DW
LR
��
+
5
��
DQ
G
��
��

�F
RQ
IL
G
HQ
FH
�LQ
WH
UY
DO
��
&
,�
�I
RU
�*
OR
E
DO
�LQ
G
H[
�H
YH
Q
WV
��
*
,(
��
DQ
G
�F
RP

S
RQ
HQ
WV
�E
\�
9
DJ
LQ
DO
�H
VW
UR
JH
Q
��
9
(
��
X
VH

,Q
WD
FW
�X
WH
UX
V

+
\V
WH
UH
FW
RP

\
2
YH
UD
OO

1
��
UD
WH
��
��
��
S
HU
VR
Q
�

\H
DU
V�
D

$
G
MX
VW
HG

0
RG
HO
��
E

+
5

��
��

�&
,�

$
G
MX
VW
HG

0
RG
HO
��
F

+
5

��
��

�&
,�

1
�U
DW
H�
��
��

S
HU
VR
Q
�

\H
DU
V�

$
G
MX
VW
HG

0
RG
HO
��

+
5

��
��

�&
,�

$
G
MX
VW
HG

0
RG
HO
��

+
5

��
��

�&
,�

1
�U
DW
H�
��
��

S
HU
VR
Q
�

\H
DU
V�

$
G
MX
VW
HG

0
RG
HO
��

+
5

��
��

�&
,�

$
G
MX
VW
HG

0
RG
HO
��

+
5

��
��

�&
,�

1
��
��
��

��
��
��

��
��
��

��
��
��

��
��
��

��
��
��

��
��
��

��
��
��

��
��
��

*
,(
G

1
R�
9
(

��
��
��
��
��
��

��
�U
HI
�

��
�U
HI
�

��
��
��
��
��
�

��
�U
HI
�

��
�U
HI
�

��
��
��
��
��
��

��
�U
HI
�

��
�U
HI
�

9
(

��
��
��
��
�

��
��
��
��
��
��
��
��

��
��
��
��
��
��
��
��

��
��
��
��
�

��
��
��
��
��
��
��
��

��
��
��
��
��
��
��
��

��
��
��
��
��

��
��
��
��
��
��
��
��

��
��
��
��
��
��
��
��

,Q
YD
VL
YH
�%
UH
DV
W�
FD
Q
FH
U

1
R�
9
(

��
��
��
��
�

��
�U
HI
�

��
�U
HI
�

��
��
��
��
�

��
�U
HI
�

��
�U
HI
�

��
��
��
��
��
�

��
�U
HI
�

��
�U
HI
�

9
(

��
��
��
��

��
��
��
��
��
��
��
��

��
��
��
��
��
��
��
��

��
��
��
��

��
��
��
��
��
��
��
��

��
��
��
��
��
��
��
��

��
��
��
��

��
��
��
��
��
��
��
��

��
��
��
��
��
��
��
��

'
HD
WK

1
R�
9
(

��
��
��
��
��

��
�U
HI
�

��
�U
HI
�

��
��
��
��
��

��
�U
HI
�

��
�U
HI
�

��
��
��
��
��
�

��
�U
HI
�

��
�U
HI
�

9
(

��
��
��
��

��
��
��
��
��
��
��
��

��
��
��
��
��
��
��
��

��
��
��
��

��
��
��
��
��
��
��
��

��
��
��
��
��
��
��
��

��
��
��
��

��
��
��
��
��
��
��
��

��
��
��
��
��
��
��
��

&
+
'
H

1
R�
9
(

��
��
��
��
�

��
�U
HI
�

��
�U
HI
�

��
��
��
��
�

��
�U
HI
�

��
�U
HI
�

��
��
��
��
��
�

��
�U
HI
�

��
�U
HI
�

9
(

��
��
��
��

��
��
��
��
��
��
��
��

��
��
��
��
��
��
��
��

��
��
��
��

��
��
��
��
��
��
��
��

��
��
��
��
��
��
��
��

��
��
��
��

��
��
��
��
��
��
��
��

��
��
��
��
��
��
��
��

6
WU
RN
H

1
R�
9
(

��
��
��
��
�

��
�U
HI
�

��
�U
HI
�

��
��
��
��
�

��
�U
HI
�

��
�U
HI
�

��
��
��
��
�

��
�U
HI
�

��
�U
HI
�

9
(

��
��
��
�

��
��
��
��
��
��
��
��

��
��
��
��
��
��
��
��

��
��
��
��

��
��
��
��
��
��
��
��

��
��
��
��
��
��
��
��

��
��
��
��

��
��
��
��
��
��
��
��

��
��
��
��
��
��
��
��

&
RO
RU
HF
WD
O�F
DQ
FH
U

1
R�
9
(

��
��
��
��
�

��
�U
HI
�

��
�U
HI
�

��
��
��
��
�

��
�U
HI
�

��
�U
HI
�

��
��
��
��
�

��
�U
HI
�

��
�U
HI
�

9
(

��
��
��
�

��
��
��
��
��
��
��
��

��
��
��
��
��
��
��
��

��
��
��
�

��
��
��
��
��
��
��
��

��
��
��
��
��
��
��
��

��
��
��
��

��
��
��
��
��
��
��
��

��
��
��
��
��
��
��
��

+
LS
�)
UD
FW
X
UH

1
R�
9
(

��
��
��
��
�

��
�U
HI
�

��
�U
HI
�

��
��
��
��
�

��
�U
HI
�

��
�U
HI
�

��
��
��
��
�

��
�U
HI
�

��
�U
HI
�

0HQRSDXVH��$XWKRU�PDQXVFULSW��DYDLODEOH�LQ�30&������-DQXDU\����



$
XWKRU�0

DQXVFULSW
$
XWKRU�0

DQXVFULSW
$
XWKRU�0

DQXVFULSW
$
XWKRU�0

DQXVFULSW

&UDQGDOO�HW�DO� 3DJH���

,Q
WD
FW
�X
WH
UX
V

+
\V
WH
UH
FW
RP

\
2
YH
UD
OO

1
��
UD
WH
��
��
��
S
HU
VR
Q
�

\H
DU
V�
D

$
G
MX
VW
HG

0
RG
HO
��
E

+
5

��
��

�&
,�

$
G
MX
VW
HG

0
RG
HO
��
F

+
5

��
��

�&
,�

1
�U
DW
H�
��
��

S
HU
VR
Q
�

\H
DU
V�

$
G
MX
VW
HG

0
RG
HO
��

+
5

��
��

�&
,�

$
G
MX
VW
HG

0
RG
HO
��

+
5

��
��

�&
,�

1
�U
DW
H�
��
��

S
HU
VR
Q
�

\H
DU
V�

$
G
MX
VW
HG

0
RG
HO
��

+
5

��
��

�&
,�

$
G
MX
VW
HG

0
RG
HO
��

+
5

��
��

�&
,�

9
(

��
��
��
�

��
��
��
��
��
��
��
��

��
��
��
��
��
��
��
��

��
��
��
�

��
��
��
��
��
��
��
��

��
��
��
��
��
��
��
��

��
��
��
��

��
��
��
��
��
��
��
��

��
��
��
��
��
��
��
��

(
Q
G
RP

HW
UL
DO
�F
DQ
FH
U

1
R�
9
(

��
��
��
��
�

��
�U
HI
�

��
�U
HI
�

1
$
D

1
$

1
$

1
$

1
$

1
$

9
(

��
��
��
��

��
��
��
��
��
��
��
��

��
��
��
��
��
��
��
��

1
$

1
$

1
$

1
$

1
$

1
$

3
(
�'
9
7
E

1
R�
9
(

��
��
��
��
�

��
�U
HI
�

��
�U
HI
�

��
��
��
��
�

��
�U
HI
�

��
�U
HI
�

��
��
��
��
�

��
�U
HI
�

��
�U
HI
�

9
(

��
��
��
�

��
��
��
��
��
��
��
��

��
��
��
��
��
��
��
��

��
��
��
�

��
��
��
��
��
��
��
��

��
��
��
��
��
��
��
��

��
��
��
��

��
��
��
��
��
��
��
��

��
��
��
��
��
��
��
��

D 5
DW
HV
�D
UH
�F
UX
GH
�U
DW
HV
�S
HU
��
��
��
SH
UV
RQ
�\
HD
UV
��
1
 
��
��
��
��

E 0
RG
HO
��
�LV
�D
GM
XV
WH
G�
IR
U�
DJ
H�
�H
GX
FD
WL
RQ
��S
DV
W�H
VW
UR
JH
Q�
XV
H�
�K
LV
WR
U\
�R
I�
FD
QF
HU
�E
HI
RU
H�
VW
XG
\�
ED
VH
OL
QH
��K
LV
WR
U\
�R
I�
FD
UG
LR
YD
VF
XO
DU
�G
LV
HD
VH
�E
HI
RU
H�
VW
XG
\�
ED
VH
OL
QH
��K
LV
WR
U\
�R
I�
GH
HS
�Y
HL
Q�
WK
UR
P
ER
VL
V�
RU
�S
XO
P
RQ
DU
\�
HP

ER
OL
VP

�E
HI
RU
H�
VW
XG
\�
ED
VH
OL
QH
��0

RG
HO
��
�LQ
�WK
H�
RY
HU
DO
O�V
DP

SO
H�
DO
VR
�LQ
FO
XG
HV
�

K\
VW
HU
HF
WR
P
\�
VW
DW
XV

F 0
RG
HO
��
�LV
�D
GM
XV
WH
G�
IR
U�
YD
UL
DE
OH
V�
LQ
�0

RG
HO
��
�D
QG
�U
DF
H�
HW
KQ
LF
LW
\�
�E
DV
HO
LQ
H�
ER
G\
�P
DV
V�
LQ
GH
[�
�E
DV
HO
LQ
H�
GL
DJ
QR
VL
V�
RI
�G
LD
EH
WH
V�
�E
DV
HO
LQ
H�
SK
\V
LF
DO
�D
FW
LY
LW
\�
�W
RW
DO
�0

(
7�
KR
XU
V�
Z
HH
N�
��K
\S
HU
WH
QV
LR
Q�
�*
DL
O�E
UH
DV
W�F
DQ
FH
U�
UL
VN
�V
FR
UH
��I
UD
FW
XU
H�
DI
WH
U�
DJ
H�
��
�S
UL
RU
�WR
�V
WX
G\
�H
QU
RO
OP
HQ
W��
VP

RN
LQ
J�
�

LQ
FR
P
H�
�D
QG
�D
OF
RK
RO
�X
VH
��
VH
UY
LQ
JV
�Z
HH
N�

G *
,(
�G
HQ
RW
HV
�*
OR
ED
O�,
QG
H[
�(
YH
QW
��G
HI
LQ
HG
�D
V�
WL
P
H�
WR
�I
LU
VW
�F
RU
RQ
DU
\�
KH
DU
W�G
LV
HD
VH
��E
UH
DV
W�F
DQ
FH
U��
VW
UR
NH
��S
XO
P
RQ
DU
\�
HP

ER
OL
VP

��K
LS
�I
UD
FW
XU
HV
��F
RO
RU
HF
WD
O�F
DQ
FH
U��
HQ
GR
P
HW
UL
DO
�F
DQ
FH
U��
RU
�G
HD
WK
�

H &
+
'
�G
HQ
RW
HV
�F
RU
RQ
DU
\�
KH
DU
W�G
LV
HD
VH

D (
QG
RP

HW
UL
DO
�F
DQ
FH
U�
DQ
DO
\V
LV
�Z
DV
�Q
RW
�F
RQ
GX
FW
HG
�LQ
�S
DU
WL
FL
SD
QW
V�
Z
LW
K�
K\
VW
HU
HF
WR
P
\�
RU
�LQ
�WK
H�
RY
HU
DO
O�V
DP

SO
H

E 3
(
�G
HQ
RW
HV
�S
XO
P
RQ
DU
\�
HP

ER
OL
VP

��'
9
7
�G
HQ
RW
HV
�G
HH
S�
YH
LQ
�WK
UR
P
ER
VL
V

0HQRSDXVH��$XWKRU�PDQXVFULSW��DYDLODEOH�LQ�30&������-DQXDU\����


