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2FFXUUHQFH�RI�WLFNV�RQ�ELUGV�EDQGHG�LQ�WKH�5HG�&OD\�9DOOH\ 
 

,DQ�6WHZDUW�DQG�-RH�6HEDVWLDQL 
'HODZDUH�1DWXUH�6RFLHW\��+RFNHVVLQ�'(������� 

LDQ#GHOQDWXUH�RUJ 
 

 ,QWURGXFWLRQ 
 

 7LFNV�DUH�H[WHUQDO�SDUDVLWHV�RI�D�UDQJH�RI�YHUWHEUDWHV�LQFOXGLQJ�ELUGV�
DQG�PDPPDOV��0RVW�KDUG�WLFNV��H�J��WKH�'HHU�7LFN��,[RGHV�VFDSXODULV��
KDYH�D�FRPSOH[�WZR-\HDU�OLIH�F\FOH�GXULQJ�ZKLFK�WKH\�SDUDVLWL]H�:KLWH-
WDLOHG�'HHU� EXW� DOVR� VHYHUDO� VSHFLHV� RI�PLFH� DQG� ELUGV��$GXOW� IHPDOHV�
DWWDFK�WR�D�KRVW�PDPPDO�RU�ELUG�DQG�IHHG�IRU�VHYHUDO�GD\V�EHIRUH�GURS�
SLQJ�RII� WR�RYHUZLQWHU� LQ� WKH� OHDI� OLWWHU��7KH� IROORZLQJ�VSULQJ� WKH\� OD\�
KXQGUHGV�RI�HJJV��ZKLFK�KDWFK�LQWR��-OHJJHG�ODUYDH�ZKLFK�IHHG�RQ�EORRG�
WKHPVHOYHV� EHIRUH� RYHUZLQWHULQJ�� 7KH� IROORZLQJ� VSULQJ� WKH\� GHYHORS�
LQWR�Q\PSKV�ZKLFK�DOVR�IHHG�RQ�EORRG�EHIRUH�GHYHORSLQJ�LQWR�DGXOWV�LQ�
ODWH�VXPPHU�DQG�HDUO\�IDOO��WKXV�FRPSOHWLQJ�WKH�F\FOH�� 
 ,QWHUHVW� LQ�ELUG� WLFNV�KDV� LQFUHDVHG� UDSLGO\� LQ� WKH� ODVW� WZR�GHFDGHV�
EHFDXVH�RI� LQWHQVH� FRQFHUQV� DERXW� WLFN-ERUQH�GLVHDVHV�RI�KXPDQV��SUL�
PDULO\�/\PH�GLVHDVH��%LUGV�DUH�VLJQLILFDQW�LQ�WKLV�UHJDUG�EHFDXVH�PDQ\�
VSHFLHV�DUH�VKRUW-�RU�ORQJ-GLVWDQFH�PLJUDQWV�DQG�FRXOG�WKXV�DLG�WKH�GLV�
SHUVDO� RI� WLFNV� LQIHFWHG� ZLWK� /\PH� GLVHDVH� RU� RWKHU� VHULRXV� GLVHDVHV�
�2JGHQ�HW�DO���������,Q�WKH�ILUVW�FRPSUHKHQVLYH�VXUYH\�RI�LWV�NLQG��6WDI�
IRUG�HW�DO���������H[DPLQHG�������SDVVHULQHV�EDQGHG�IURP�VSULQJ�WR�HDU�
O\�IDOO�LQ�/\PH��&RQQHFWLFXW��ZKHUH�/\PH�GLVHDVH�ZDV�ILUVW�GLDJQRVHG�
LQ�������DQG�IRXQG�,[RGHV�VFDSXODULV�RQ�������RI�ELUGV��������ZLWK�QR�
IHZHU�WKDQ����VSHFLHV�KDUERULQJ�WLFNV��6HYHUDO�RWKHU�VXUYH\V�KDYH�VLQFH�
FRQILUPHG� WKDW� WLFNV� DUH� URXWLQHO\� IRXQG�RQ� ELUGV� �.LQVH\� HW�DO�� ������
2JGHQ�HW�DO�������� 
 :H� WKHUHIRUH� GHFLGHG� WR�PRQLWRU� WLFNV� SUHVHQW� RQ� SDVVHULQH� ELUGV�
EDQGHG�DV�SDUW�RI�WKH�'HODZDUH�1DWXUH�6RFLHW\¶V�ELUG�FRQVHUYDWLRQ�SUR�
MHFW�LQ�RUGHU�WR�WHVW�VHYHUDO�HFRORJLFDO�K\SRWKHVHV�FRQFHUQLQJ�WLFN�GLVWUL�
EXWLRQ� ZLWKLQ� DQG� EHWZHHQ� VSHFLHV��:H� K\SRWKHVL]HG� WKDW� WLFN� SUHYD�
OHQFH� LV� D� GLUHFW� UHVXOW� RI� H[SRVXUH�� DQG� WKXV� SUHGLFWHG� WKDW� VSHFLHV�
ZKLFK� WHQGHG� WR� IHHG� DQG�RU� QHVW� FORVH� WR� WKH� JURXQG�ZRXOG� EH�PRVW�
OLNHO\�WR�EH�LQIHFWHG�E\�WLFNV��:H�DOVR�SUHGLFWHG�WKDW�IHPDOHV�ZRXOG�EH�
PRUH�OLNHO\�WR�KDYH�WLFNV�WKDQ�PDOHV��LQ�WKH�VXPPHU�WLPH�DW�OHDVW��VLQFH�
WKH\� VSHQG�PRUH� WLPH� LPPRELOH� DW� WKH� QHVW� ZKLOH� LQFXEDWLQJ� HJJV� RU�

     

 &RLQFLGHQWDOO\��WKH�,[RGHV�VFDSXODULV�ZDV�ILUVW�GHVFULEHG�LQ������E\�WKH�
$PHULFDQ�QDWXUDOLVW�7KRPDV�6D\��IRU�ZKRP�WKH�6D\¶V�3KRHEH�ZDV�QDPHG�� 

'HOPDUYD�2UQLWKRORJLVW  9ROXPH���������� 

 �� 

EURRGLQJ� QHVWOLQJV�� )LQDOO\��ZH� SUHGLFWHG� WKDW� MXYHQLOH� ELUGV�ZRXOG�EH�
PRUH�OLNHO\�WR�KDYH�WLFNV�WKDQ�DGXOWV�EHFDXVH�WKH\�DFTXLUHG�WKHP�LQ�WKH�
QHVW� 

0HWKRGV 
 

 %LUGV�ZHUH� FDSWXUHG� XVLQJ�PLVW� QHWV� DW� $VKODQG�1DWXUH� &HQWHU� LQ�
+RFNHVVLQ�� '(�� &RYHUGDOH� )DUP� 3UHVHUYH� LQ� *UHHQYLOOH�� '(�� 0LGGOH�
5XQ� 1DWXUDO� $UHD� LQ� 1HZDUN�� '(� DQG� %XFNWRH� &UHHN� 3UHVHUYH� QHDU�
.HQQHWW�6TXDUH��3$�IURP�-XQH������WKURXJK�$XJXVW�������ZLWK�WKH�H[�
FHSWLRQ�RI�'HFHPEHU�WKURXJK�0DUFK��:H�LGHQWLILHG�WKHP�WR�VSHFLHV�DQG�
WKHQ� VH[HG� WKHP� EDVHG� RQ� WKHLU� SOXPDJH� RU� WKH� SUHVHQFH� RI� D� EURRG�
SDWFK� GXULQJ� WKH� EUHHGLQJ� VHDVRQ��:H� DOVR� DJHG� WKHP� EDVHG� RQ� WKHLU�
SOXPDJH�RU�RWKHU�IHDWXUHV�DV�DGXOWV��L�H��KDWFKHG�LQ�D�SUHYLRXV�\HDU��RU�
MXYHQLOHV� �L�H��KDWFKHG� LQ� WKH� FXUUHQW� \HDU���:H�EULHIO\� LQVSHFWHG� WKHLU�
KHDG�DQG�IDFH�IRU�WLFNV�WKHQ�WRRN�D�GLJLWDO�SKRWRJUDSK�RI�WKH�ULJKW�VLGH�
RI� WKH� IDFH� IRU� ODWHU� H[DPLQDWLRQ��0RVW� WLFNV�ZHUH� GHWHFWHG� XVLQJ� WKH�
SKRWRJUDSKV� DV� WKHVH� FRXOG� EH� PDJQLILHG� RQ� D� FRPSXWHU� VFUHHQ� WKHQ�
H[DPLQHG�PRUH�VORZO\��'DWD�ZHUH�QRW�DYDLODEOH�IRU�PDQ\�RI� WKH�ELUGV�
ZH� FDSWXUHG� EHFDXVH� WKH\� ZHUH� HLWKHU� QRW� H[DPLQHG� RU� SKRWRJUDSKHG�
GXH�WR�WLPH�FRQVWUDLQWV��RU�WKH�SKRWRJUDSK�ZDV�QRW�RI�VXIILFLHQW�TXDOLW\�
WR�EH� FHUWDLQ�QR� WLFNV�ZHUH�SUHVHQW��7LFNV�ZHUH�QRW� UHPRYHG� IURP� WKH�
ELUGV� DQG�ZH�GLG� QRW� DWWHPSW� WR� LGHQWLI\� WKHP�RU� SODFH� WKHP� LQWR� DJH�
FDWHJRULHV��7KLUWHHQ�ELUGV�ZHUH�VDPSOHG�LQ�PRUH�WKDQ�RQH�\HDU�EXW�ZHUH�
UHWDLQHG� LQ� WKH� DQDO\VLV� VLQFH�ZH�FRQVLGHUHG�HDFK�ELUG-\HDU� D� VHSDUDWH�
HYHQW��)LIWHHQ�ELUGV�ZHUH�VDPSOHG�ZLWKLQ�WKH�VDPH�FDOHQGDU�\HDU�EXW�LQ�
WKHVH�FDVHV�ZH�VFRUHG�WLFN�SUHVHQFH�RU�DEVHQFH�IURP�WKH� WLPH� WKH�ELUG�
ZDV�ILUVW�FDSWXUHG�� 
 

5HVXOWV 
 

 $�WRWDO�RI�����ELUGV�ZDV�LQVSHFWHG�WR�RXU�VDWLVIDFWLRQ��RI�ZKLFK����
KDG� DW� OHDVW� RQH� WLFN� ��������$OPRVW� DOO� RI� WKHVH� DSSHDUHG� WR� EH� KDUG�
WLFNV�� OLNHO\� RI� WKH� ,[RGHV� JHQXV� EDVHG� RQ� SXEOLVKHG� SKRWRJUDSKV�
�:LNLSHGLD�RUJ�� DFFHVVHG� ��� $XJXVW� ������� 7KH� DYHUDJH� QXPEHU� RI�
WLFNV�SHU�LQIHFWHG�ELUG�ZDV������UDQJH��� WR����DOWKRXJK� WKH�PDMRULW\�RI�
LQIHFWHG�ELUGV���������KDG�MXVW�RQH�WLFN�� 
 2I�WKH����ELUGV�VDPSOHG�LQ�PRUH�WKDQ�RQH�\HDU�����KDG�QR�WLFNV�LQ�
HLWKHU�\HDU�ZKLOH���ZHUH�LQIHFWHG�LQ�RQH�\HDU�EXW�QRW�WKH�RWKHU��2I�WKH�
���ELUGV�H[DPLQHG�LQ�WKH�VDPH�\HDU�����KDG�QR�WLFNV�RQ�HLWKHU�RFFDVLRQ�
ZKLOH���ZHUH�LQIHFWHG�LQ�RQH�VXUYH\�EXW�QRW�WKH�RWKHU�� 
 7LFNV�ZHUH�PRVW�FRPPRQ�DURXQG�WKH�H\H��������ELUGV��DOWKRXJK����
ELUGV� KDG� WLFNV� QHDU� WKHLU�PRXWK� �XVXDOO\� WKH� JDSH� IODQJH�� DQG� �� KDG�
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WLFNV�LQ�PRUH�WKDQ�RQH�VLWH��7KH�VSHFLHV�LQ�ZKLFK�WLFNV�ZHUH�PRVW�RIWHQ�
IRXQG�QHDU�WKH�PRXWK�ZDV�WKH�(DVWHUQ�7RZKHH��ZLWK���RI�WKH����LQIHFWHG�
WRZKHHV�KDYLQJ�WLFNV�LQ�WKH�JDSH�IODQJH� 
 :H�FDOFXODWHG�WLFN�SUHYDOHQFH����RI�ELUGV�LQIHFWHG��IRU�HDFK�VSHFLHV�
DIWHU�ILUVW�SRROLQJ�WKH�GDWD�IURP�HDFK�VLWH�DQG�HDFK�\HDU��7KLV�LV�XQOLNHO\�
WR�KDYH�DIIHFWHG�RXU�UHVXOWV� VLQFH� WKH�SURSRUWLRQ�RI� LQIHFWHG�ELUGV�ZDV�
QRW� VWULNLQJO\�GLIIHUHQW�EHWZHHQ�\HDUV� ������ ��������������������� �
�������������������� ������������������:H�DOVR�UHVWULFWHG�WKH�DQDO\VLV�
WR�VSHFLHV�ZKHUH�ZH�KDG�VDPSOHG�DW� OHDVW���LQGLYLGXDOV�DV�DQ�DUELWUDU\�
FXW-RII� SRLQW�� VLQFH� SUHYDOHQFH� HVWLPDWHV� EDVHG� RQ� VDPSOLQJ� D� VPDOO�
QXPEHU�RI�ELUGV�DUH�SUREDEO\�XQUHOLDEOH��7KLV�H[FOXGHG����VSHFLHV��DOW�
KRXJK�LQWHUHVWLQJO\��QRQH�RI�WKHVH�ELUGV�KDG�WLFNV��7KHVH�ZHUH�$FDGLDQ�
)O\FDWFKHU������(DVWHUQ�3KRHEH������(DVWHUQ�:RRG-3HHZHH������:LOORZ�
)O\FDWFKHU� ����� $PHULFDQ� 5HGVWDUW� ����� %ODFN-DQG-:KLWH�:DUEOHU� �����
%ODFN-WKURDWHG�%OXH�:DUEOHU������+RRGHG�:DUEOHU������0DJQROLD�:DU�
EOHU������1RUWKHUQ�:DWHUWKUXVK������1RUWKHUQ�3DUXOD������3UDLULH�:DUEOHU�
����� <HOORZ-EUHDVWHG� &KDW� ����� <HOORZ-UXPSHG� :DUEOHU� ����� <HOORZ�
:DUEOHU� ����� %OXH-JUD\� *QDWFDWFKHU� ����� 6DYDQQDK� 6SDUURZ� ����� %OXH�
*URVEHDN� ����� (DVWHUQ� %OXHELUG� ����� %DOWLPRUH� 2ULROH� ����� <HOORZ-
VKDIWHG�)OLFNHU� �����:KLWH-H\HG�9LUHR� ���� �VFLHQWLILF�QDPHV�DUH� LQ�$S�
SHQGL[���� 
 7DEOH���VKRZV�WKH�WLFN�SUHYDOHQFH�SHU�VSHFLHV�LQ�GHVFHQGLQJ�RUGHU��
7LFNV�ZHUH�PRVW�FRPPRQ�RQ�%URZQ�7KUDVKHUV��������2YHQELUGV���������
&DUROLQD� :UHQV� �������� (DVWHUQ� 7RZKHHV� �������� DQG� +RXVH� :UHQV�
��������ZLWK� DW� OHDVW� ����RI� ELUGV� RI� WKHVH� VSHFLHV� EHLQJ� LQIHFWHG��%\�
FRQWUDVW��WLFNV�ZHUH�HQWLUHO\�DEVHQW�IURP�VHYHUDO�IUHTXHQWO\-FDXJKW�VSH�
FLHV��ZLWK�QRQH�EHLQJ�IRXQG�RQ�+RXVH�)LQFKHV���������$PHULFDQ�*ROG�
ILQFKHV��������RU�'RZQ\�:RRGSHFNHUV�������� 
 7LFNV�ZHUH�SUHVHQW�RQ����������������RI�DGXOW�PDOHV�KDQGOHG�GXU�
LQJ�WKH�VXPPHU��$SULO�WKURXJK�6HSWHPEHU��DQG����������������RI�DGXOW�
IHPDOHV�� 7KHVH� SURSRUWLRQV� ZHUH� QRW� VLJQLILFDQWO\� GLIIHUHQW� �)LVKHU¶V�
([DFW�7HVW� 3� � �������7LFNV�ZHUH� SUHVHQW� RQ������� ���������RI� DGXOW�
ELUGV�KDQGOHG�GXULQJ� WKH�VXPPHU�EXW�RQO\���������������RI�MXYHQLOHV��
DOWKRXJK� WKHVH�SURSRUWLRQV�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW� �)LVKHU¶V�([�
DFW�WHVW� ��������7KH�SHDN�RI�WLFN�SUHYDOHQFH�ZDV�LQ�0D\�ZLWK�����RI�
ELUGV�LQIHFWHG��)LJXUH�����ZKHUHDV�SUHYDOHQFH�ZDV�ORZ�LQ�$SULO��2FWREHU�
DQG�1RYHPEHU������RI�ELUGV�LQIHFWHG�� 
 

'LVFXVVLRQ 
 
 :H�VHDUFKHG� IRU� WLFNV�RQ�ELUGV�EDQGHG� LQ� WKH�5HG�&OD\�9DOOH\�RI�
QRUWKHUQ� 'HODZDUH� DQG� VRXWK-HDVW� 3HQQV\OYDQLD� DQG� IRXQG� WKDW� WKH\�
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7DEOH����3UHYDOHQFH��� �LQIHFWHG��RI�WLFNV�LQ�SDVVHU LQH�VSHFLHV�
EDQGHG�LQ�WKH�5HG�&OD\�9DOOH\�DUHD�RI�'HODZDUH�DQG�3HQQV\OYDQLD 

6SHFLHV ��%DQGHG ��:LWK�7LFN�V� 3UHYDOHQFH 
%URZQ�7KUDVKHU � � �� 
2YHQELUG �� � �� 
&DUROLQD�:UHQ �� � �� 
(DVWHUQ�7RZKHH �� �� �� 
+RXVH�:UHQ �� � �� 
%OXH�-D\ � � �� 
+HUPLW�7KUXVK � � �� 
3DOP�:DUEOHU � � �� 
&RPPRQ�<HOORZWKURDW �� � �� 
:RRG�7KUXVK �� � �� 
)LHOG�6SDUURZ � � �� 
2UFKDUG�2ULROH � � �� 
1RUWKHUQ�&DUGLQDO �� � �� 
$PHULFDQ�5RELQ �� � �� 
6ZDPS�6SDUURZ � � �� 
*UD\�&DWELUG ��� � � 
6RQJ�6SDUURZ �� � � 
:KLWH-WKURDWHG�6SDUURZ �� � � 
7XIWHG�7LWPRXVH �� � � 
+RXVH�)LQFK �� � � 
$PHULFDQ�*ROGILQFK �� � � 
'RZQ\�:RRGSHFNHU �� � � 
6ODWH-FRORUHG�-XQFR �� � � 
:KLWH-EUHDVWHG�1XWKDWFK �� � � 
5HG-ZLQJHG�%ODFNELUG �� � � 
&DUROLQD�&KLFNDGHH �� � � 
&KLSSLQJ�6SDUURZ �� � � 
:KLWH-FURZQHG�6SDUURZ �� � � 
5HG-EHOOLHG�:RRGSHFNHU � � � 
,QGLJR�%XQWLQJ � � � 
3XUSOH�)LQFK � � � 
5HG-H\HG�9LUHR � � � 
+DLU\�:RRGSHFNHU � � � 
/LQFROQ
V�6SDUURZ � � � 
5XE\-FURZQHG�.LQJOHW � � � 
727$/ ��� �� � 
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ZHUH�VXUSULVLQJO\�FRPPRQ��ZLWK�DOPRVW����RI�ELUGV�KDYLQJ�DW�OHDVW�RQH�
WLFN��7KRXJK�RXU�VDPSOH�VL]HV�DUH�VPDOO�IRU�VRPH�VSHFLHV��RXU�PDLQ�K\�
SRWKHVLV� ZDV� VXSSRUWHG� VLQFH� WLFNV� ZHUH� PRVW� FRPPRQ� RQ� ELUGV� WKDW�
HLWKHU�QHVW�RU�IHHG�RQ�RU�FORVH�WR�WKH�JURXQG��7LFNV�ZHUH�HVSHFLDOO\�FRP�
PRQ� RQ� %URZQ� 7KUDVKHUV�� 2YHQELUGV� DQG� (DVWHUQ� 7RZKHHV�� DOO� RI�
ZKLFK� UHJXODUO\� IHHG� RQ� WKH� JURXQG�� DQG� LQ� WKH� FDVH�RI� WKH�2YHQELUG��
DOVR�QHVW�RQ�WKH�JURXQG��%URZQ�7KUDVKHUV�ZHUH�DOVR�WKH�PRVW�FRPPRQ�
O\�LQIHFWHG�ELUG�LQ�D�ODUJH�VXUYH\�RI�VSULQJ�PLJUDQWV�XQGHUWDNHQ�LQ�HDVW�
HUQ�&DQDGD��2JGHQ�HW�DO��������ZLWK�����KDYLQJ�DW�OHDVW�RQH�WLFN��7LFN�
SUHYDOHQFH�LV�FOHDUO\�QRW�DQ�DXWRPDWLF�FRVW�RI�JURXQG-IHHGLQJ�KRZHYHU��
$PHULFDQ�5RELQV�FRPPRQO\�IHHG�RQ�WKH�JURXQG�DQG�\HW�IHZ�KDG�WLFNV�
��������DQG�QRQH�RI����&KLSSLQJ�6SDUURZV�KDG�WLFNV�HYHQ�WKRXJK�WKHVH�
DUH�DOVR�JURXQG-IHHGHUV��6RQJ�6SDUURZV�RIWHQ� IHHG�RQ� WKH�JURXQG�DQG�
DOVR�QHVW�HLWKHU�ORZ�WR�WKH�JURXQG�RU�RQ�LW�DQG�\HW�WLFN�SUHYDOHQFH�ZDV�
PRGHVW�������� 
 *URXQG-IHHGLQJ� LV� DOVR� QRW� WKH� RQO\� ZD\� ELUGV� FDQ� DFTXLUH� WLFNV��
VLQFH�WKH\�ZHUH�IDLUO\�FRPPRQ�RQ�ERWK�&DUROLQD�DQG�+RXVH�:UHQV��QHL�
WKHU� RI� ZKLFK� URXWLQHO\� IHHG� RQ� WKH� JURXQG�� &DUROLQD�:UHQV� GR� IHHG�
FORVH� WR� WKH� JURXQG� KRZHYHU� DQG� VRPHWLPHV� QHVW� ORZ� LQ� WKH� XQGHU�
JURZWK�� ZKLFK� SUHVXPDEO\� UHSUHVHQWV� D� VLJQLILFDQW� H[SRVXUH� WR� WLFNV��
6WDIIRUG� HW� DO�� �������PLVW-QHWWHG� ELUGV� GXULQJ� WKH� IDOO� LQ� /\PH��&RQ�

)LJXUH����0RQWKO\�SUHYDOHQFH�RI�WLFNV�RQ�SDVVHU LQH�ELUGV�EDQGHG�LQ�
WKH�5HG�&OD\�9DOOH\�$UHD������-����͘ 
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QHFWLFXW� DQG� IRXQG� WKDW� GHHU� WLFNV� ZHUH� PRVW� FRPPRQ� RQ� &DUROLQD�
:UHQV��ZLWK� ����RI� ELUGV� EHLQJ� LQIHFWHG�� DQG�ZHUH� DOVR� SUHYDOHQW� RQ�
&RPPRQ�<HOORZWKURDWV� �������ZKLFK�DOVR�GR�QRW�QHVW�GLUHFWO\�RQ� WKH�
JURXQG�EXW�GR�IHHG�DQG�QHVW�ORZ�LQ�WKH�XQGHUJURZWK�� 
 $V�IXUWKHU�VXSSRUW�IRU�RXU�K\SRWKHVLV��QR�WLFNV�ZHUH�IRXQG�RQ�ELUGV�
ZKLFK�DUH�UDUHO\�VHHQ�RQ�WKH�JURXQG��H�J��$PHULFDQ�*ROGILQFKHV��+RXVH�
)LQFKHV��'RZQ\�:RRGSHFNHUV�RU�:KLWH-EUHDVWHG�1XWKDWFKHV��� 
 :H� WHVWHG� ZKHWKHU� DGXOW� IHPDOHV� ZHUH� PRUH� OLNHO\� WR� KDYH� WLFNV�
WKDQ�DGXOW�PDOHV�GXULQJ� WKH�VXPPHU�PRQWKV��EDVHG�RQ� WKH�DVVXPSWLRQ�
WKDW�WLFNV�DUH�PRUH�OLNHO\�WR�ILQG�WKHP�EHFDXVH�WKH\�VSHQG�VLJQLILFDQWO\�
PRUH�WLPH�VLWWLQJ�LQ�WKH�QHVW�LQFXEDWLQJ�HJJV�RU�EURRGLQJ�\RXQJ��+RZ�
HYHU��ZH�IRXQG�QR�GLIIHUHQFH�LQ�SUHYDOHQFH�EHWZHHQ�WKH�VH[HV��VXJJHVW�
LQJ� WKDW� HLWKHU� WLFNV� GR� QRW� FRPPRQO\� LQIHFW� ELUGV� DW� WKH� QHVW�� RU� WKDW�
PDOHV� VXIIHU� DGGLWLRQDO� H[SRVXUH�� SHUKDSV� EHFDXVH� WKH\� WUDYHO� WKURXJK�
WKH� XQGHUJURZWK� PRUH� H[WHQVLYHO\� ZKLOH� SDWUROOLQJ� WKHLU� WHUULWRU\� RU�
VHDUFKLQJ�IRU�DGGLWLRQDO�IHPDOHV�WR�FRSXODWH�ZLWK��:H�DOVR�WHVWHG�ZKHWK�
HU�MXYHQLOH�ELUGV�ZHUH�PRUH�OLNHO\�WR�KDYH�WLFNV�WKDQ�DGXOWV�EHFDXVH�WKH\�
VSHQG�RQH�RU�PRUH�ZHHNV�LPPRELOH�LQ�WKH�QHVW�GXULQJ�ZKLFK�WLPH�WKH\�
DUH�HPLWWLQJ�KHDW�RU�FKHPLFDO�FXHV�WKDW�DWWUDFW�WLFNV��+RZHYHU��ZH�IRXQG�
QR�GLIIHUHQFH�LQ�SUHYDOHQFH�EHWZHHQ�WKH�WZR�DJH�FODVVHV��,W� LV�SRVVLEOH�
WKDW�WLFNV�GR�QRW�UHJXODUO\�FOLPE�XS�WR�QHVWV�DQG�MXYHQLOHV�GR�QRW�DFTXLUH�
WKHP� XQWLO� DIWHU� WKH\� IOHGJH�� $� VWXG\� RI� (XURSHDQ� %ODFNELUGV�� ZKLFK�
KDYH� D� YHU\� VLPLODU� QHVWLQJ� HFRORJ\� WR� $PHULFDQ� 5RELQV�� IRXQG� WKDW�

)LJXUH����2YHQELUG�ZLWK�WLFNV�DERYH�H\H� 
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����RI�DGXOWV�LQ�UXUDO�VLWHV�ZHUH�LQIHFWHG�ZLWK�WLFNV�DQG�\HW�QRQH�RI�WKH�
QHVWOLQJV�ZHUH��)DLYUH�HW�DO��������� 
 0RVW� WLFNV�ZHUH� IRXQG�FORVH� WR� WKH�H\H��SUHVXPDEO\�EHFDXVH�ELUGV�
ZRXOG� EH� UHOXFWDQW� WR� WU\� WR� UHPRYH� WKHP� IURP� WKLV� VHQVLWLYH� DUHD� E\�
VFUDWFKLQJ��)LJXUH�����(DVWHUQ�7RZKHHV�ZHUH�QRWDEOH�IRU�KDYLQJ�WLFNV�LQ�
WKHLU�JDSH�IODQJH��SHUKDSV�EHFDXVH�WKLV�LV�XQXVXDOO\�ODUJH�DQG�IOHVK\�LQ�
WKLV�VSHFLHV��)LJXUH���� 
 :H�DOVR�GHWHFWHG�D�PDUNHG�VHDVRQDO�GLVWULEXWLRQ�LQ�WLFN�SUHYDOHQFH��
ZLWK�PRVW�LQIHFWHG�ELUGV�EHLQJ�VHHQ�GXULQJ�0D\��ZKLFK�LV�VLJQLILFDQW�DV�
WKLV� LV� WKH�PRQWK�PLJUDWLQJ� ELUGV� SDVV� WKURXJK� WKH� UHJLRQ��:H� IRXQG�
WLFNV�RQ�D�:KLWH-WKURDWHG�6SDUURZ�RQ����$SULO�DQG�D�6ZDPS�6SDUURZ�
RQ� ��� $SULO�� QHLWKHU� RI� ZKLFK� EUHHG� DW� WKHLU� FDSWXUH� VLWH� �%XFNWRH�
&UHHN��� 7KHVH� VSHFLHV� KDYH� D� ZLGH� EUHHGLQJ� UDQJH� WKDW� H[WHQGV� LQWR�
QRUWKHUQ�&DQDGD�DQG�FRXOG�WKXV�WUDQVSRUW�LQIHFWHG�WLFNV�IRU�VHYHUDO�KXQ�
GUHG�PLOHV��2JGHQ�HW�DO�� ������� VXUYH\HG� WLFNV�RQ�QRUWKZDUG�PLJUDQWV�
FDSWXUHG�DW�EDQGLQJ�VWDWLRQV�LQ�HDVWHUQ�&DQDGD�DQG�HVWLPDWHG�WKDW������
RI�WKHP�KDG�WLFNV��PRVWO\�Q\PSKV���DOWKRXJK�D�VXE-VDPSOH�H[DPLQHG�E\�
WLFN� VSHFLDOLVWV� IRXQG� �����ZHUH� LQIHFWHG�� 7KH� VHFRQG�PRVW� FRPPRQ�
WLFN� VSHFLHV� LGHQWLILHG� ��������� WLFNV��ZDV� ,[RGHV� VFDSXODULV��ZKLFK� LV�
WKH� GHHU� WLFN� DQG� SULPDU\� YHFWRU� IRU�/\PH�GLVHDVH��)LIWHHQ� SHUFHQW� RI�
WKHVH�WLFNV�WHVWHG�SRVLWLYH�IRU�WKH�/\PH�GLVHDVH�YLUXV��%RUUHOLD�EXUJGRU�
IHUL��DQG�FRXOG�KDYH�LQIHFWHG�QHZ�ELUGV�KDG�WKH\�UHDFKHG�WKHLU�EUHHGLQJ�

)LJXUH����(DVWHUQ�7RZKHH�ZLWK�WLFNV�RQ�JDSH�IODQJH� 
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JURXQGV�� 
 5HODWLYHO\�IHZ�ELUGV�KDG�WLFNV�GXULQJ�ODWH�IDOO��SUREDEO\�EHFDXVH�WKH�
WLFNV� KDYH� GURSSHG� RII� LQ� RUGHU� WR� RYHUZLQWHU� LQ� WKH� YHJHWDWLRQ�� 7KLV�
ZDV�TXLWH�VXUSULVLQJ�DV�.LQVH\�HW�DO���������H[DPLQHG�SDVVHULQHV�EDQG�
HG� GXULQJ� IDOO� PLJUDWLRQ� �6HSWHPEHU� DQG� 2FWREHU�� DW� FRDVWDO� VLWHV� LQ�
*HRUJLD�DQG�$ODEDPD�DQG�IRXQG�������DQG�������RI�ELUGV�ZHUH�LQIHFW�
HG�ZLWK�WLFNV��Q� �����DQG�����ELUGV�UHVSHFWLYHO\���:H�GLG�ILQG�WLFNV�RQ�
D�+HUPLW� 7KUXVK� RQ� ��2FWREHU�� D� 3DOP�:DUEOHU� RQ� ��2FWREHU�� DQG� D�
:KLWH-WKURDWHG�6SDUURZ�RQ����1RYHPEHU��DQG�LW� LV�SRVVLEOH� WKDW�VRPH�
RI�WKH�LQIHFWHG�*UD\�&DWELUGV�ZH�FDSWXUHG�GXULQJ�IDOO�ZHUH�LQ�WKH�SUR�
FHVV�RI�PLJUDWLQJ�IURP�IXUWKHU�QRUWK� 
 ,Q� VXP�� ZH� H[DPLQHG� ELUGV� EDQGHG� LQ� WKH� 5HG� &OD\� 9DOOH\� DUHD�
WKURXJK� VSULQJ� DQG� ODWH� IDOO� DQG� IRXQG� WKDW� D� VLJQLILFDQW�QXPEHU� �����
KDG�DW�OHDVW�RQH�WLFN��$OWKRXJK�RXU�VWXG\�ZDV�OLPLWHG�E\�VPDOO�VDPSOH�
VL]HV�IRU�VRPH�VSHFLHV�DQG�WKH�SRVVLELOLW\�WKDW�VRPH�WLFNV�ZHQW�XQGHWHFW�
HG�RQH�FOHDU�SDWWHUQ�HPHUJHG��WLFNV�ZHUH�PRVW�SUHYDOHQW�LQ�VSHFLHV�WKDW�
IHG�RU�QHVWHG�RQ�RU�FORVH�WR�WKH�JURXQG��0RUHRYHU��ZH�IRXQG�WLFNV�RQ�D�
VPDOO� QXPEHU� RI� ERWK� QRUWKZDUG� DQG� VRXWKZDUG�PLJUDQWV�� VXJJHVWLQJ�
WKDW�ELUGV�FRXOG� WKHRUHWLFDOO\� WUDQVSRUW� WLFNV�ORQJ�GLVWDQFHV��7KLV�VWXG\�
HPSKDVL]HV� WKH� QHHG� IRU� IXUWKHU� VWXGLHV� RQ� WKH� UROH� RI� ELUG� WLFNV� LQ�
VSUHDGLQJ�GLVHDVHV�VXFK�DV�/\PH�GLVHDVH��HVSHFLDOO\�LQ�WKH�HYHQW�RI�FRQ�
WLQXHG�JOREDO�ZDUPLQJ��$�PRGHO�JHQHUDWHG�E\�%URZQVWHLQ�HW�DO���������
VXJJHVWV�WKDW�LI�WHPSHUDWXUHV�FRQWLQXH�WR�ULVH�/\PH�GLVHDVH�ZLOO�VSUHDG�
QRUWKZDUG�VLQFH�PLOGHU�ZLQWHUV�ZRXOG�PHDQ�JUHDWHU�RYHUZLQWHU�VXUYLYDO�
RI� LQIHFWHG� WLFNV�� 0RUHRYHU�� FKDQJHV� LQ� ELUG� GLVWULEXWLRQ� FRXOG� DOVR�
PHDQ�LQIHFWHG�ELUGV�FRXOG�VSUHDG�GLVHDVH�LQWR�QHZ�EUHHGLQJ�DUHDV�� 
 

$FNQRZOHGJPHQWV 
 

 :H� WKDQN� -HII� &KDPEHUV�� 6WHYH� &RWWUHOO�� /DXUHQ�0RUJHQV�� &DURO�
6SHDVH�� =RH� <RVW� DQG� 7LP� =DGRU� IRU� WKHLU� LQGLVSHQVDEOH� KHOS� ZLWK�
EDQGLQJ��VHYHUDO�DQRQ\PRXV�GRQRUV�IRU�IXQGLQJ��DQG�%ULDQ�:LQVORZ�RI�
'16�IRU�IDFLOLWDWLQJ�WKH�ELUG�EDQGLQJ�SURMHFW��$OO�EDQGLQJ�ZDV�FRQGXFW�
HG�XQGHU�)HGHUDO�DQG�6WDWH�SHUPLWV�DQG�ZLWK�WKH�SHUPLVVLRQ�RI�WKH�ODQG�
RZQHUV�RU�PDQDJHUV�� 

/LWHUDWXUH�&LWHG 
%URZQVWHLQ��-�6���7�5��+ROIRUG��DQG�'��)LVK��������(IIHFW�RI�FOLPDWH�

FKDQJH�RQ�/\PH�GLVHDVH�ULVN�LQ�1RUWK�$PHULFD��(FRKHDOWK������–�
��� 

*UHJRLUH�$���%��)DLYUH��3��+HHE��DQG�)��&H]LOO\��������$�FRPSDULVRQ�RI�
LQIHVWDWLRQ�SDWWHUQV�E\ ,[RGHV WLFNV�LQ�XUEDQ�DQG�UXUDO�SRSXODWLRQV�
RI�WKH�&RPPRQ�%ODFNELUG 7XUGXV�PHUXOD��,ELV���������–����� 
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+DPHU��6�$���7�/��*ROGEHUJ��8�'��.LWURQ��-�'��%UDZQ��7�.��$QGHUVRQ��
6�5��/RVV��(�'��:DONHU��DQG�*�/��+DPHU��������:LOG�ELUGV�DQG�XU�
EDQ�HFRORJ\�RI�WLFNV�DQG�WLFN-ERUQH�SDWKRJHQV��&KLFDJR��,OOLQRLV��
86$�������–�������(PHUJLQJ�,QIHFWLRXV�'LVHDVHV���������–������ 

.LQVH\��$�$���/�$��'XUGHQ��DQG�-�+��2OLYHU��������7LFN�LQIHVWDWLRQV�RI�
ELUGV�LQ�FRDVWDO�*HRUJLD�DQG�$ODEDPD��-RXUQDO�RI�3DUDVLWRORJ\�
�������–����� 

2JGHQ��1�+���/�5��/LQGVD\��.��+DQLQFRYD��,�.��%DUNHU��0��%LJUDV-
3RXOLQ��'�)��&KDUURQ��$��+HDJ\��&�0��)UDQFLV��&�-��2¶&DOODJKDQ��,��
6FKZDUW]��DQG�5�$��7KRPSVRQ��������5ROH�RI�PLJUDWRU\�ELUGV�LQ�
WKH�LQWURGXFWLRQ�DQG�UDQJH�H[SDQVLRQ�RI�,[RGHV�VFDSXODULV�WLFNV�DQG�
RI�%RUUHOLD�EXUJGRUIHUL�DQG�$QDSODVPD�SKDJRF\WRSKLOXP�LQ�&DQD�
GD��$SSOLHG�DQG�(QYLURQPHQWDO�0LFURELRORJ\���������–������ 

6WDIIRUG��.�&���9�&��%ODGHQ��DQG�/�$��0DJQDUHOOL��������7LFNV��$FDUL��
,[RGLGDH��LQIHVWLQJ�ZLOG�ELUGV��$YHV��DQG�ZKLWH-IRRWHG�PLFH�LQ�
/\PH��&7��-RXUQDO�RI�0HGLFDO�(QWRPRORJ\��������–����� 
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$SSHQGL[����6FLHQWLILF�QDPHV�RI�ELUG�VSHFLHV�UHIHUHQFHG�LQ�WKLV�DU WL�
FOH� 

6SHFLHV 6FLHQWLILF�1DPH 
$FDGLDQ�)O\FDWFKHU (PSLGRQD[�YLUHVFHQV 
$PHULFDQ�*ROGILQFK� &DUGXHOLV�WULVWLV 
$PHULFDQ�5HGVWDUW 6HWRSKDJD�UXWLFLOOD 
$PHULFDQ�5RELQ� 7XUGXV�PLJUDWRULXV 
%DOWLPRUH�2ULROH ,FWHUXV�JDOEXOD 
%ODFN-DQG-:KLWH�:DUEOHU 0QLRWLOWD�YDULD 
%ODFN-WKURDWHG�%OXH�:DUEOHU 'HQGURLFD�FDHUXOHVFHQV 
%OXH-JUD\�*QDWFDWFKHU 3ROLRSWLOD�FDHUXOHD 
%OXH�*URVEHDN� *XLUDFD�FDHUXOHD 
%OXH�-D\ &\DQRFLWWD�FULVWDWD 
%URZQ�7KUDVKHU� 7R[RVWRPD�UXIXP 
%URZQ-KHDGHG�&RZELUG� 0RORWKUXV�DWHU 
&DUROLQD�&KLFNDGHH 3RHFLOH�FDUROLQHQVLV 
&DUROLQD�:UHQ� 7K\URWKRUXV�OXGRYLFLDQXV 
&KLSSLQJ�6SDUURZ� 6SL]HOOD�SDVVHULQD 
&RPPRQ�<HOORZWKURDW� *HRWKO\SLV�WULFKDV 
'RZQ\�:RRGSHFNHU� 3LFRLGHV�SXEHVFHQV 
(DVWHUQ�%OXHELUG 6LDOLD�VLDOLV 
(DVWHUQ�.LQJELUG� 7\UDQQXV�W\UDQQXV 
(DVWHUQ�3KRHEH� 6D\RUQLV�SKRHEH 
(DVWHUQ�7RZKHH� 3LSLOR�HU\WKURSKWKDOPXV 
(DVWHUQ�:RRG-3HHZHH &RQWRSXV�YLUHQV 
)LHOG�6SDUURZ� 6SL]HOOD�SXVLOOD 
*UD\�&DWELUG� 'XPDWHOOD�FDUROLQHQVLV 
+DLU\�:RRGSHFNHU� 3LFRLGHV�YLOORVXV 
+HUPLW�7KUXVK &DWKDUXV�JXWWDWXV 
+RRGHG�:DUEOHU :LOVRQLD�FLWULQD 
+RXVH�)LQFK� &DUSRGDFXV�PH[LFDQXV 
+RXVH�:UHQ� 7URJORG\WHV�DHGRQ 
,QGLJR�%XQWLQJ� 3DVVHULQD�F\DQHD 
/LQFROQ
V�6SDUURZ 0HORVSL]D�OLQFROQLL 
0DJQROLD�:DUEOHU 'HQGURLFD�PDJQROLD 
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6SHFLHV 6FLHQWLILF�1DPH 
/LQFROQ
V�6SDUURZ 0HORVSL]D�OLQFROQLL 
0DJQROLD�:DUEOHU 'HQGURLFD�PDJQROLD 
1RUWKHUQ�&DUGLQDO &DUGLQDOLV�FDUGLQDOLV 
1RUWKHUQ�)OLFNHU� &RODSWHV�DXUDWXV 
1RUWKHUQ�3DUXOD 3DUXOD�DPHULFDQD 
1RUWKHUQ�:DWHUWKUXVK� 6HLXUXV�QRYHERUDFHQVLV 
2UFKDUG�2ULROH� ,FWHUXV�VSXULXV 
2YHQELUG� 6HLXUXV�DXURFDSLOOXV 
3DOP�:DUEOHU 'HQGURLFD�SDOPDUXP 
3UDLULH�:DUEOHU 'HQGURLFD�GLVFRORU 
3XUSOH�)LQFK &DUSRGDFXV�SXUSXUHXV 
5HG-H\HG�9LUHR� 9LUHR�ROLYDFHXV 
5HG-ZLQJHG�%ODFNELUG $JHODLXV�SKRHQLFHXV 
5XE\-FURZQHG�.LQJOHW 5HJXOXV�FDOHQGXOD 
6DYDQQDK�6SDUURZ 3DVVHUFXOXV�VDQGZLFKHQVLV 
6ODWH-FRORUHG�-XQFR -XQFR�K\HPDOLV 
6RQJ�6SDUURZ 0HORVSL]D�PHORGLD 
6ZDPS�6SDUURZ 0HORVSL]D�JHRUJLDQD 
7XIWHG�7LWPRXVH %DHRORSKXV�ELFRORU 
9HHU\� &DWKDUXV�IXVFHVFHQV 
:KLWH-EUHDVWHG�1XWKDWFK� 6LWWD�FDUROLQHQVLV 
:KLWH-FURZQHG�6SDUURZ =RQRWULFKLD�OHXFRSKU\V 
:KLWH-WKURDWHG�6SDUURZ =RQRWULFKLD�DOELFROOLV 
:LOORZ�)O\FDWFKHU (PSLGRQD[�WUDLOOLL 
:RRG�7KUXVK� +\ORFLFKOD�PXVWHOLQD 
<HOORZ-EUHDVWHG�&KDW� ,FWHULD�YLUHQV 
<HOORZ-UXPSHG�:DUEOHU 'HQGURLFD�FRURQDWD 
<HOORZ�:DUEOHU 'HQGURLFD�GLVFRORU 

$SSHQGL[����FRQW����6FLHQWLILF�QDPHV�RI�ELUG�VSHFLHV�UHIHUHQFHG�LQ�
WKLV�DUWLFOH� 


