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$LPV�DQG�6FRSH��
7KH� ,QWHUQDWLRQDO� -RXUQDO�RI�(QYLURQPHQWDO�DQG�5XUDO�'HYHORSPHQW�� ,-(5'�� LV�DQ� LQWHUGLVFLSOLQDU\� MRXUQDO�
FRQFHUQLQJ�HQYLURQPHQWDO�DQG�UXUDO�GHYHORSPHQW�UHVHDUFK�LQ�WKH�HGXFDWLRQ�IRU�VXVWDLQDEOH�GHYHORSPHQW��(6'��
7KH�,-(5'�LV�GHYRWHG�WR�SXEOLVKLQJ�SHHU�UHYLHZHG�UHVHDUFK�DUWLFOH��UHYLHZ�DUWLFOH�DQG�WHFKQLFDO�UHSRUW�LQ�WKH�
ILHOGV� RI� HQYLURQPHQWDO� DQG� UXUDO� GHYHORSPHQW�� VXFK� DV� HGXFDWLRQ� IRU� VXVWDLQDEOH� UXUDO� GHYHORSPHQW�� UXUDO�
GHYHORSPHQW��HQYLURQPHQWDO�PDQDJHPHQW�RU�DJULFXOWXUDO�V\VWHPV��(YHU\�DUWLFOH�RU�UHSRUW� LQ�,-(5'�PXVW�EH�
DFFHSWHG�E\�DW�OHDVW���UHYLHZHUV�DQG�DQ�HGLWRULDO�PHPEHU�� �

7KH� DLPV� RI� ,-(5'� DUH� WR� SXEOLVK� WKH� ODWHVW� UHVHDUFK� GHYHORSPHQW� DQG� DFKLHYHPHQWV�� WR� VWUHQJWKHQ�
HGXFDWLRQ�V\VWHPV��WR�SURPRWH�FRRSHUDWLRQ�LQ�HQYLURQPHQWDO�DQG�UXUDO�GHYHORSPHQW�DQG�WR�FRQWULEXWH�WR�WKH�
SURJUHVV� LQ� VXVWDLQDEOH� GHYHORSPHQW�� 7KH� HGLWRULDO� ERDUG� RI� WKLV� MRXUQDO� FRYHUV� D� YDULHW\� RI� VFLHQWLILF�
GLVFLSOLQHV��

7KHPDWLF�$UHDV��
7KH�IROORZLQJ�DUHDV�DUH�HQYLVLRQHG�LQ�,-(5'��
(GXFDWLRQ�IRU�6XVWDLQDEOH�5XUDO�'HYHORSPHQW��

(QYLURQPHQWDO�(GXFDWLRQ��)RRG�DQG�$JULFXOWXUDO�(GXFDWLRQ��3DUWLFLSDWRU\�$SSURDFK��&DSDFLW\�%XLOGLQJ��
&RPPXQLW\�(PSRZHUPHQW��$JULFXOWXUDO�([WHQVLRQ��HWF��

5XUDO�'HYHORSPHQW��
0DUNHWLQJ�� 3DUWQHUVKLS�� 9DOXH� $GGHG� 3URGXFW�� &RPPXQLW\� 'HYHORSPHQW�� $FFHVV� WR� 7HFKQRORJ\��
&XOWXUDO�3UHVHUYDWLRQ��HWF��

(QYLURQPHQWDO�0DQDJHPHQW�� �
%LR�'LYHUVLW\��6RLO�'HJUDGDWLRQ�DQG�/DQG�&RQVHUYDWLRQ��:DWHU�4XDOLW\�&RQVHUYDWLRQ��'HIRUHVWDWLRQ�DQG�
6XVWDLQDEOH�)RUHVW�0DQDJHPHQW��(QYLURQPHQWDO�0DQDJHPHQW��HWF��

$JULFXOWXUDO�6\VWHPV��
2UJDQLF� )DUPLQJ�� &RQVHUYDWLRQ� 7LOODJH�� 0HFKDQL]DWLRQ�� ,UULJDWLRQ� DQG� 'UDLQDJH�� 1XWULHQW� DQG� 3HVW�
0DQDJHPHQW��&DWWOH�%UHHGLQJ��$JUR�)RUHVWU\��,QGLJHQRXV�7HFKQRORJ\��HWF��

,QIUDVWUXFWXUDO�6\VWHPV��
:DWHU�5HVRXUFH�'HYHORSPHQW��/DQG�5HFODPDWLRQ��5RDG�&RQVWUXFWLRQ��HWF�� �

(GLWRULDO�%RDUG��
(GLWRU�LQ�&KLHI��

3URI��'U��(LML�<DPDML��7KH�8QLYHUVLW\�RI�7RN\R��-DSDQ�
0DQDJLQJ�(GLWRUV��

3URI��'U��0DFKLWR�0LKDUD��7RN\R�8QLYHUVLW\�RI�$JULFXOWXUH��-DSDQ�
'U��<RNR�0RFKL]XNL��8QLWHG�1DWLRQV�(GXFDWLRQDO��6FLHQWLILF�DQG�&XOWXUDO�2UJDQL]DWLRQ��)UDQFH�
'U��0XKDPPDG�$TLO��,QGRQHVLDQ�&HQWHU�IRU�)RRG�&URSV�5HVHDUFK��,QGRQHVLD� �
'U��/DOLWD�6LULZDWWDQDQRQ��$VVRFLDWLRQ�RI�(QYLURQPHQWDO�DQG�5XUDO�'HYHORSPHQW��7KDLODQG� �

(GLWRULDO�$GYLVRU\�%RDUG��
'U��9HQNDWDFKDODP�$QEXPR]KL��$VLDQ�'HYHORSPHQW�%DQN�,QVWLWXWH��-DSDQ� �
'U��5REHUW�-��)DUTXKDUVRQ��7KH�8QLYHUVLW\�RI�0HOERXUQH��$XVWUDOLD�
3URI��'U��.HLVKLUR�,WDJDNL��7RN\R�8QLYHUVLW\�RI�$JULFXOWXUH��-DSDQ� �
'U��&KXOHHPDV�%RRQWKDL�,ZDL��.KRQ�.DHQ�8QLYHUVLW\��7KDLODQG� �
3URI��'U��$UDWD�.RJD��8QLYHUVLW\�RI�9HWHULQDU\�DQG�$QLPDO�6FLHQFH��3DNLVWDQ� �
3URI��'U��5REHUW�-��0DUWLQ��8QLYHUVLW\�RI�1HZ�(QJODQG��$XVWUDOLD� �
'U��%XQWKDQ�1JR��5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH��&DPERGLD� �
'U��+LURPX�2ND]DZD��7RN\R�8QLYHUVLW\�RI�$JULFXOWXUH��-DSDQ� � �
3URI��'U��6DOYDGRU�&DWHOOR��8QLYHUVLW\�RI�WKH�3KLOLSSLQHV��3KLOLSSLQHV� �
'U��5DMHQGUD�3��6KUHVWKD��$VLDQ�,QVWLWXWH�RI�7HFKQRORJ\��7KDLODQG�
3URI��'U��0XUDUL�6XYHGL��0LFKLJDQ�6WDWH�8QLYHUVLW\��86$� �
3URI��'U��0DULR�7��7DEXFDQRQ��8QLWHG�1DWLRQV�8QLYHUVLW\��,QVWLWXWH�RI�$GYDQFHG�6WXGLHV��-DSDQ�
'U��9LGKD\D�7UHOR�JHV��.KRQ�.DHQ�8QLYHUVLW\��7KDLODQG� �

(GLWRULDO�6HFUHWDULDW��
'U��7DNDVKL�8HQR��0V��.XPLNR�.DZDEH��0U��-XOLDQ�7RULOOR�-U��DQG�0U��6HUJLR�$]DHO�0D\�&XHYDV�

,QWHUQDWLRQDO�-RXUQDO�RI�
(QYLURQPHQWDO�DQG�5XUDO�'HYHORSPHQW�

�
2IILFLDO�-RXUQDO�RI�WKH�,QWHUQDWLRQDO�6RFLHW\�RI�(QYLURQPHQWDO�DQG�5XUDO�'HYHORSPHQW�
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�
5HVHDUFK�DUWLFOH�
�
:LOOLQJQHVV�WR�3D\�IRU�WKH�&RQVHUYDWLRQ�RI�)ORRGHG�)RUHVW�LQ�WKH�7RQOH�6DS�
%LRVSKHUH�5HVHUYH��&DPERGLD�

$VLNLQ� <RHX� DQG� ,VDEHOLWD� 0�� 3DEXD\RQ� � � � ��
�
&RQWUROOLQJ�&LWUXV�+XDQJORQJELQJ��+/%��IRU�WKH�5HKDELOLWDWLRQ�RI�&LWUXV�2UFKDUGV�LQ�&DPERGLD� �

9XQJ� 6HWKD� DQG� +RQJ� -L� 6X� � � � ��
�
%UHHGLQJ�DQG�5HDULQJ�*LDQW�)UHVKZDWHU�3UDZQ�/DUYDH�LQ�7DQNV�8VLQJ�'LIIHUHQW�6DOLQLW\�

5DWDQDN� 2X� � � ���
�
(IIHFW�RI�:KHDW�%UDQ�8WLOL]DWLRQ�RQ�WKH�3HUIRUPDQFH�RI�)LQLVKLQJ�3LJ�DW�7DQJ�+DQJ�/\�)DUP�

6LHN� 'DULWK� � � ���
�
$�6WXG\�RQ�)LHOG�:DWHU�7XEH¶V�(IIHFWLYHQHVV�DV�D�3UDFWLFDO�,QGLFDWRU�WR�,UULJDWH�65,�

0G�� $EGXO� /DWLI� DQG� (LML� <DPDML� � � ���
�
3URFHVVLQJ�RI�6UDD�6RU��ULFH�OLTXRU��LQ�7DNHR�3URYLQFH��&DPERGLD�

&KLP� &KD\�� ,WR� .DVXPL�� +DPDQR� 0LWVXUL�� 0DWVXPRWR� 7HWVXR� DQG� 0RP� 6HQJ� � � ���
�
6PDOO�6L]HG�)LVK�3DVWH��3UDKRF��3URFHVVLQJ�LQ�&DPERGLD�

&KDNUL\D� 1RUQJ�� &KLP� &KD\�� 1DP� 6R� DQG� .LP� &KDX� � � ���
�
7KH�3URFHVV�RI�(VWDEOLVKLQJ�DQG�)XQFWLRQLQJ�RI�)DUPHU�:DWHU�8VHU�&RPPLWWHH��):8&��RI�6&,5,3�

6RYDWQD�3KRQ��.URHVQD�.DQJ��6HQJ�6XRQ�DQG�%XQQHWK�%HQJ� � � ���
�
7KH�5ROH�RI�*HQGHU�LQ�'HFLVLRQ�0DNLQJ�LQ�,QYHVWLQJ�DQG�0DQDJLQJ�WKH�+RXVHKROG�/LYHOLKRRG�
LQ�6WXQJ�&KLQLW�,UULJDWLRQ�&RPPRQ�$UHD��.DPSRQJ�7KRP�3URYLQFH�

%RSKD�+RXU��.URHVQD�.DQJ��6HQJ�6XRQ�DQG�%XQQHWK�%HQJ� � � ���
�
&RQWURO�0HDVXUHV�IRU�WKH�%URZQ�3ODQWKRSSHU�2XWEUHDN�LQ�.RPSRQJ�6SHX�3URYLQFH�

6RQJO\�<RX��6RNKD�3HO��&KDQWK\�+XRW�DQG�3LVLGK�9RH� � � ���
�
&KDOOHQJHV�RI�'U\�6HDVRQ�5LFH�3URGXFWLRQ�XQGHU�,UULJDWLRQ�6FKHPH�
RI�7DSHLQJ�7KPRU�:DWHU�5HVHUYRLU�

3LVLGK�9RH��-HDQ�&KULVWRSKH�'LHSDUW��0RP�6HQJ�DQG�6RQJO\�<RX� � � ���
�
7KH�$JULFXOWXUDO�/DQG�8VH�6LWXDWLRQ�RQ�WKH�3HULSKHU\�RI�WKH�7RQOH�6DS�/DNH�

6RWKXQ�6RQJ��3X\�/LP��2HXQ�0HDV�DQG�1DUD�0DR� � � ���
�
(FRQRPLF�/DQG�&RQFHVVLRQ�DQG�LWV�,PSDFW�RQ�/RFDO�/LYHOLKRRGV�
LQ�.DPSRQJ�6SHX�3URYLQFH��&DPERGLD�

&KHD�&KHY��0RP�6HQJ�DQG�-HDQ�&KULVWRSKH�'LHSDUW� � � ���
�
3RWHQWLDO�IRU�'HYHORSLQJ�7RXULVP�LQ�%DQWHD\�&KKPDU��&DPERGLD�

&KDQGDUDYXWK�+DQJ�DQG�6RWKXQ�6RQJ� � � ���
�
$JUR�IRUHVWU\�6\VWHP�LQ�6DOW�$IIHFWHG�$UHD�LQ�.KRQ�.DHQ�3URYLQFH��1RUWKHDVW�RI�7KDLODQG�

-HHUDQXFK�6DNNKDPGXDQJ��/DOLWD�6LULZDWWDQDQRQ�DQG�0DFKLWR�0LKDUD� � � ���
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/RFDO�$FFHSWDELOLW\�RQ�2UJDQLF�)DUPLQJ�LQ�.DPSRQJ�&KDP�3URYLQFH��&DPERGLD�
6RSKHD�7LP��%XQWKDQ�1JR��/DOLWD�6LULZDWWDQDQRQ�DQG�0DFKLWR�0LKDUD� � � ���

�
6HFWRUDO�3ODQV�RQ�1DWXUDO�5HVRXUFHV�DQG�(QYLURQPHQW��$�6WXG\�RQ�3DN�3KOL�'LVWULFW��7KDLODQG�

)RZ]LD� *XOVKDQD� 5DVKLG� /RSD� � � ���
�
,PSURYHPHQW�LQ�3UDFWLFLQJ�6\VWHP�RI�5LFH�,QWHQVLILFDWLRQ��65,��3ULQFLSOHV�E\�)DUPHUV�
LQ�5DLQIHG�$UHD�RI�&DPERGLD�

-XQ�7VXUXL��(LML�<DPDML�DQG�6XN�6RYDQQDUD� � ����

�

�
5HYLHZ�DUWLFOH�
�
&ULWLFDO�$SSUHFLDWLRQ�RI�5HVWRUDWLRQ�DQG�&RQVHUYDWLRQ�RI�'HJUDGHG�0DQJURYHV�LQ�7KDLODQG�

-XQDLG� $ODP� 0HPRQ� DQG� $ZDLV� $QZDU� &KDQGLR� � ����

�
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:LOOLQJQHVV�WR�3D\�IRU�WKH�&RQVHUYDWLRQ�RI�)ORRGHG�)RUHVW�
LQ�WKH�7RQOH�6DS�%LRVSKHUH�5HVHUYH��&DPERGLD�

$6,.,1�<2(8�
5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH��3KQRP�3HQK��&DPERGLD�
(�PDLO��DVLNLQ\RHX#\DKRR�FRP�

,6$%(/,7$�0��3$%8$<21�
8QLYHUVLW\�RI�WKH�3KLOLSSLQHV��/RV�%DQRV��/DJXQD��3KLOLSSLQHV�

5HFHLYHG����'HFHPEHU������ $FFHSWHG����-DQXDU\�������

$EVWUDFW��7KLV�VWXG\�DLPHG�WR�GHWHUPLQH�WKH�VWDNHKROGHUV¶�ZLOOLQJQHVV�WR�SD\��:73��IRU�
WKH� IORRGHG� IRUHVW� FRQVHUYDWLRQ� �))&�� LQ� WKH� 7RQOH� 6DS� %LRVSKHUH� 5HVHUYH� �76%5���
.DPSRQJ�&KKQDQJ�3URYLQFH��&DPERGLD��,Q�DGGLWLRQ�WR�HVWLPDWLRQ�RI�WKH�:73�SULFHV��WKH�
IDFWRUV� WKDW� DIIHFW� WKH� IDUPHUV¶� ZLOOLQJQHVV� WR� SD\� ZHUH� GHWHUPLQHG�� 7KH� SRVVLELOLW\� RI�
HVWDEOLVKLQJ�WKH�PHFKDQLVP�IRU�LQVWLWXWLQJ�SD\PHQW�IRU�HQYLURQPHQWDO�VHUYLFHV��3(6��ZDV�
H[DPLQHG��7KH�VWXG\�DGDSWHG�WKH�FRQWLQJHQW�YDOXDWLRQ�PHWKRG��&90��LQ�HVWLPDWLQJ�:73�
DQG�PXOWLSOH�UHJUHVVLRQ�DQDO\VLV�LQ�GHWHUPLQLQJ�WKH�IDFWRUV�WKDW�DIIHFW�:73��5HVSRQGHQWV�
LQFOXGHG� ���� IDUPHU� KRXVHKROGV� UDQGRPO\� VHOHFWHG� IURP� WKH� �� YLOODJHV�� QDPHO\�� 3HDP�
.KQDQJ��7KQDO�&KKHX�7HDO�DQG�6ODW��7KH�VWXG\�IRXQG�WKDW�WKH�VDPSOH�IDUPHU�UHVSRQGHQWV�
KDYH�D�KLJK�OHYHO�RI�DZDUHQHVV�RQ�WKH�EHQHILWV�DQG�IXQFWLRQV�RI�IORRGHG�IRUHVW��6L[W\�IRXU�
SHUFHQW� RI� WKH� UHVSRQGHQWV�ZHUH�PHPEHUV� RI� WKH�))&�SURJUDP�� WKH� UHVW� GLG�QRW� MRLQ� WKH�
SURJUDP�� (LJKW\�WZR� SHUFHQW� RI� WKH� UHVSRQGHQWV� H[SUHVVHG� ZLOOLQJQHVV� WR� SD\� IRU�
FRQVHUYDWLRQ�RI�IORRGHG�IRUHVW��2Q�DYHUDJH��WKH�:73�SULFH�IRU�D�IDUP�KRXVHKROG�ZDV�������
ULHOV�SHU�PRQWK��7KH�UHVSRQGHQWV¶�ZLOOLQJQHVV�WR�SD\�ZDV�DIIHFWHG�E\�IDFWRUV�VXFK�DV�DJH��
LQFRPH�DQG�SDUWLFLSDWLRQ� LQ�WUDLQLQJ�SURJUDP��7KH\�ZHUH�ZLOOLQJ� WR�SD\�IRU�FRQVHUYDWLRQ�
PDLQO\�EHFDXVH�WKH\�ZDQWHG�WR�SURWHFW�WKH�IORRGHG�IRUHVW�DV�UHSRUWHG�E\����SHUFHQW�RI�WKH�
UHVSRQGHQWV�� ,Q� WHUPV� RI� WKH� PHWKRG� RI� FROOHFWLRQ�� PRVW� RI� VDPSOH� IDUPHU�UHVSRQGHQWV�
ZRXOG�OLNH�WKH�FRPPXQLW\�WKHPVHOYHV�WKURXJK�WKH�YLOODJH�OHDGHU�WR�FROOHFW�WKH�:73�IXQG��
7KH�UHVSRQGHQWV�VDLG�WKDW�WKH\�ZRXOG�SUHIHU�WR�SD\�WKH�:73�IHH�PRQWKO\��

.H\ZRUGV�ZLOOLQJQHVV�WR�SD\��FRQVHUYDWLRQ�RI�IORRGHG�IRUHVW��7RQOH�6DS�ELRVSKHUH�UHVHUYH���
SD\PHQW�IRU�HQYLURQPHQWDO�VHUYLFHV��FRQWLQJHQW�HYDOXDWLRQ�PHWKRG�

,1752'8&7,21�

(YHQ� WKRXJK� WKH� WKHRUHWLFDO� IRXQGDWLRQV� RI� SD\PHQWV� IRU� HQYLURQPHQWDO� VHUYLFHV� �3(6��ZHUH� VHW�
VHYHUDO�GHFDGHV�DJR��&RDVH���������WKH�SUDFWLFDO�LPSOHPHQWDWLRQ�RI�WKHVH�PDUNHW�EDVHG�LQVWUXPHQWV�
IRU�PDQDJLQJ�QDWXUDO�UHVRXUFHV�KDV�VWDUWHG�UDWKHU�UHFHQWO\��)RUHVWV�SOD\�D�FULWLFDO�UROH�LQ�VXVWDLQLQJ�
WKH�DTXDWLF�HFRORJ\�RI� WKH�7RQOH�6DS�/DNH��$�QXPEHU�RI� IDFWRUV� WKUHDWHQ� WKHVH�QDWXUDO� UHVRXUFHV�
DQG� WKH� SRSXODWLRQV� WKDW� GHSHQG� RQ� WKHP�� LQFOXGLQJ� GHIRUHVWDWLRQ� DURXQG� WKH� ODNH� DQG� LQ� XSODQG�
ZDWHUVKHGV�� DV�ZHOO� DV�GDP�FRQVWUXFWLRQ��&OHDULQJ� RI� RYHU� ��� SHUFHQW� RI� WKH� IORRGHG� IRUHVWV� WKDW�
VXUURXQGV� WKH� 7RQOH� 6DS� KDV� UHGXFHG� WKH� ULSDULDQ� EXIIHU� WKDW� OLPLWV� WKH� LQIOX[� RI� VHGLPHQW�� DQG�
VXEVWDQWLDOO\�OHVVHQV�ILVK�EUHHGLQJ�JURXQGV��3DWULFN�HW�DO����������

7KLV� VWXG\� DLPHG� WR� GHWHUPLQH� WKH� IDFWRUV� WKDW� DIIHFW� WKH� IDUPHUV¶� ZLOOLQJQHVV� WR� SD\� DQG�
H[DPLQH� WKH� SRVVLELOLW\� RI� HVWDEOLVKLQJ� WKH�PHFKDQLVP� IRU� LQVWLWXWLQJ� SD\PHQW� IRU� HQYLURQPHQWDO�
VHUYLFHV� �3(6�� SURYLGHG� E\� WKH�7RQOH� 6DS�%LRVSKHUH�5HVHUYH� �76%5���7KH� UHVXOWV� RI� WKLV� VWXG\�
ZRXOG� KHOS� SROLF\�PDNHUV� DQG� SULYDWH� VHFWRUV� LQ�PDNLQJ� WKH� XVHUV� RI� WKH� HQYLURQPHQWDO� VHUYLFHV�
IXOO\�DZDUH�RI�WKH�LPSRUWDQFH�RI�WKH�IORRGHG�IRUHVW�FRQVHUYDWLRQ�LQ�WKH�76%5��
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0(7+2'2/2*<�

7KH�VWXG\�HPSOR\HG�D�VLQJOH�ERXQG��GLFKRWRPRXV�FKRLFH�IRUPDW�LQ�WKH�UHIHUHQGXP�VW\OH�IRU�:73�
VXUYH\V��+RXVHKROG�IDUPHUV�ZHUH�DVNHG�ZKHWKHU�WKH\�DUH�ZLOOLQJ�WR�SD\�D�VSHFLILHG�DPRXQW�RQ�WRS�
RI�WKH�IORRGHG�IRUHVW�SURJUDP�WR�LPSURYH�DQG�PDQDJH�WKH�HQYLURQPHQWDO�VHFWRU�LQ�WKH�VWXG\�DUHD��
7KH� ELG� SULFHV� RI� :73� ZHUH� JLYHQ� E\� ��� SDUWLFLSDQWV� IURP� GLIIHUHQW� YLOODJHV� DQG� JRYHUQPHQW�
DJHQFLHV�GXULQJ�)RFXV�*URXS�'LVFXVVLRQV��)*'V��DQG�WKHQ�WKH�SUH�WHVW�ZDV�FRQGXFWHG�SULRU�WR�WKH�
PDLQ�VXUYH\��

&RPPXQLW\� 3URWHFWHG� $UHD� �&3$�� LV� RI� SDUDPRXQW� LPSRUWDQFH� IRU� VXVWDLQDELOLW\� RI� D�
SDUWLFLSDWRU\�QDWXUDO�UHVRXUFH�PDQDJHPHQW�LQLWLDWLYH��7KHUH�DUH�IRXU�3&$V�EHLQJ�GHYHORSHG�LQ�3UH\�
.RK�%LRGLYHUVLW\�&RQVHUYDWLRQ�$UHD��$�WRWDO�RI�������ORFDO�UHVLGHQWV�KDYH�UHJLVWHUHG�DV�PHPEHUV�RI�
WKH�3UH\�.RK�&RPPXQLW\�3URWHFWHG�$UHD�RI�ZKLFK�SHRSOH�DUH� OLYLQJ� LQ�7KQDO�&KKHX�7HDO��3HDP�
.KQDQJ��6ODW�DQG�.UDPDO�9LOODJH�UHVSHFWLYHO\��7KH�VWXG\�ZDV�FRQGXFWHG�LQ�WKUHH�YLOODJHV��QDPHO\��
3HDP� .KQDQJ� ZLWK� ��� UHVSRQGHQWV�� 7KQDO� &KKHX� 7HDO� ZLWK� ��� UHVSRQGHQWV� DQG� 6ODW� ZLWK� ���
UHVSRQGHQWV�LQ�.DPSRQJ�/HDQJ�'LVWULFW��.DPSRQJ�&KKQDQJ�3URYLQFH��7R�FRPSXWH�WKH�VDPSOH�VL]H�
RI� UHVSRQGHQWV�� WKH� UHVHDUFKHU� XVHG� WKH� IRUPXOD� RI� <DPDQH� ������� ZLWK� SRSXODWLRQ� VL]H� �����
KRXVHKROGV���DQG�H�LV�WKH�OHYHO�RI�SUHFLVLRQ��DVVXPHG�����OHYHO�RI�FRQILGHQFH�RU�H�LV�HTXDO�WR�������
�,VUDHO���������7KXV��WKH�VDPSOH�VL]H�ZDV�����UHVSRQGHQWV��

7KH�VWXG\�XVHG�D�FRPELQDWLRQ�RI�ERWK�TXDQWLWDWLYH�DQG�TXDOLWDWLYH�PHWKRGV��7KH�SULPDU\�GDWD�
DQG�VHFRQGDU\�GDWD�ZHUH�JDWKHUHG�WKURXJK�GLUHFW�LQWHUYLHZV�RI�UHVSRQGHQWV��DQG�WKURXJK�UHSRUWV�DQG�
WKH� VXPPDU\� UHFRUGV� RI� WKH� 'HSDUWPHQW� RI� (QYLURQPHQW� �'R(��� WKH� 'HSDUWPHQW� RI� $JULFXOWXUH�
)RUHVWU\�DQG�)LVKHULHV��'$))���DQG�RWKHU�VWDWH�RIILFHV�LQ�WKH�VWXG\�UHJLRQ��,Q�WKLV�VWXG\��GHVFULSWLYH�
VWDWLVWLFV� DQG� FRPSDUDWLYH� PHDQV� WHVWV� LQYROYLQJ� 7�WHVWV� ZHUH� XVHG� WR� FRPSDUH� WKH� VLJQLILFDQW�
GLIIHUHQFH�RI�DYHUDJH�YDOXHV�RI�VRPH�YDULDEOHV�IRU�WKH� WZR�JURXSV�RI�IDUPHUV��))&�PHPEHUV�DQG�
QRQ�PHPEHUV���0XOWLSOH� UHJUHVVLRQ� ZDV� XVHG� WR� GHWHUPLQH� WKH� IDFWRUV� WKDW� DIIHFW� WKH� GHSHQGHQW�
YDULDEOH�RI�:73�XVLQJ�WKH�67$7$�����SURJUDP��

�
�

����
�
�

:73�LV�ZLOOLQJQHVV�WR�SD\��ULHOV�SHU�PRQWK��RI�IDUPHUV�ZKR�DUH�SDUWLFLSDWLQJ�LQ�IORRGHG�IRUHVW�
FRQVHUYDWLRQ���7KLV�VWXG\�DLPHG�WR�WHVW�WKH�JHQHUDO�K\SRWKHVHV�WKDW�WKH�KLJKHU�WKH�ZLOOLQJQHVV�WR�SD\�
IRU� HQYLURQPHQWDO� VHUYLFHV�� WKH� KLJKHU� LV� WKH� SUREDELOLW\� WKDW� WKH� IDUPHUV� ZLOO� HQWHU� LQWR� QDWXUDO�
UHVRXUFH�FRQVHUYDWLRQ��7KH�VSHFLILF�K\SRWKHVHV�DUH�DV�IROORZV��
�� $JH�;���<HDUV���2OGHU�SHRSOH�DUH�PRUH�ILQDQFLDOO\�VWDEOH�DQG�PD\�DOVR�DWWULEXWH�D�EHTXHVW�YDOXH�

WR�FRQVHUYH�WKH�IRUHVW��+HQFH��WKH\�DUH�PRUH�ZLOOLQJ�WR�SD\�WKDQ�\RXQJHU�SHRSOH��
�� (GXFDWLRQDO� DWWDLQPHQW� ;�� �<HDUV� LQ� VFKRRO��� 5HVSRQGHQWV� ZLWK� KLJKHU� HGXFDWLRQ� KDYH� PRUH�

NQRZOHGJH�DQG�LQ�JHQHUDO�ZLOO�EH�PRUH�ZLOOLQJ�WR�SD\��
�� *HQGHU�;����� �PDOH���� �IHPDOH���0DOH�KHDGV�DUH�PRUH�DEOH�WR�HDUQ�PRQH\�DQG�PD\�DOVR�SD\�

PRUH�WR�FRQVHUYH�WKH�IRUHVW���
�� +RXVHKROG�VL]H�;���1XPEHU�RI�SHUVRQV�LQ�KRXVHKROG���7KH�ELJJHU�WKH�KRXVHKROG�VL]H��WKH�PRUH�

H[SHQVHV�WKH�KRXVHKROG�KDV�DQG�WKH�OHVV�PRQH\�LW�KDV�DYDLODEOH�IRU�DGGLWLRQDO�H[SHQVHV��PXFK�
OHVV�IRU�IRUHVW�FRQVHUYDWLRQ��

�� +RXVHKROG�LQFRPH�;���ULHOV�SHU�PRQWK���+RXVHKROGV�ZLWK�KLJKHU�LQFRPH�KDYH�KLJKHU�:73�SULFH�
LQ�IORRGHG�IRUHVW�FRQVHUYDWLRQ��

�� 'LVWDQFH� RI� WKH� IDUPHUV� ;�� �.LORPHWUHV��� 7KH� IDUWKHU� WKH� IDPLO\� UHVLGHQFH� DQG� WKH� PRUH�
LQDFFHVVLEOH�WKH�ORFDWLRQ�RI�WKH�IORRGHG�IRUHVW�LV��WKH�ORZHU�LV�WKH�:73�SULFH��

�� 3DUWLFLSDWLRQ�LQ�WUDLQLQJ�FRXUVH�RI�QDWXUDO�UHVRXUFH�PDQDJHPHQW�;����� �\HV���� �QR���)DUPHUV�
ZKR� MRLQ� VXFK� FRXUVHV� DUH� H[SHFWHG� WR� KDYH� KLJKHU�:73�SULFH� LQ� IORRGHG� IRUHVW� FRQVHUYDWLRQ�
WKDQ�QRQ�SDUWLFLSDQWV��

�
�
�

LX;��ȕ;��ȕ;��ȕ;��ȕ;��ȕ;��ȕ;��ȕ�ȕ:73 �������� �
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5(68/76�$1'�',6&866,21�

%RWK�)ORRGHG�)RUHVW�&RQVHUYDWLRQ��))&��PHPEHUV�DQG�QRQ�PHPEHUV�ZHUH�DVNHG�DERXW�WKH�:73�
SULFHV��$OO�))&�PHPEHUV�DUH�ZLOOLQJ�WR�SD\�IRU�FRQVHUYDWLRQ�RI�WKH�IORRGHG�IRUHVW�DW�GLIIHUHQW�SULFH�
OHYHOV�ZKLOH�RQO\�KDOI�RI�QRQ�PHPEHUV�����SHUFHQW��H[SUHVVHG�ZLOOLQJQHVV�WR�SD\��7DEOH������5HVXOWV�
VKRZ�WKDW�WKH�DYHUDJH�:73�YDOXHV�RI�WKH�WZR�JURXSV�GLIIHUHG�VLJQLILFDQWO\�DW�RQH�SHUFHQW�OHYHO�ZLWK�
)�YDOXH�RI���������7DEOH�����7KLV�PHDQV� WKDW� WKH�DYHUDJH�:73�YDOXH�RI�))&�PHPEHUV� LV�JUHDWHU�
WKDQ�WKDW�RI�QRQ�PHPEHUV��7KH�PHDQ�:73�YDOXHV�IRU�))&�PHPEHUV�DQG�QRQ�PHPEHUV�DUH�������
ULHOV�DQG�����ULHOV��UHVSHFWLYHO\��

�
7DEOH���6DPSOH�IDUPHU�UHVSRQGHQWV�ZKR�DUH�ZLOOLQJ�WR�SD\�IRU�))&�3URJUDP�

,WHP� :LOOLQJQHVV�7R�3D\�)RU�7KH�))&�3URJUDP� 7RWDO�
<HV� 3HUFHQW����� 1R� 3HUFHQW����� 1R�� 3HUFHQW�

����))&�PHPEHUV� ���� ���� ���� ���� ���� ���
))&�QRQ�PHPEHUV� ����� ����� ��� ��� ����� ���

�
�

7DEOH���&RPSDUDWLYH�PHDQ�WHVW�RI�))&�DQG�QRQ�))&�JURXSV�IRU�:73�SULFHV�

,WHP� 1XPEHU�RI�)DUPHUV� 0HDQ��ULHOV�� 6WDQGDUG�'HYLDWLRQ�
))&�PHPEHUV� ���� ������ ������
1RQ�))&�PHPEHUV� ����� ������ ������
)�YDOXH� ������������������

� � �
1RWH�

�UHIHUV�WR�VLJQLILFDQFH�DW����OHYHO�

�
7KH�PDLQ�UHDVRQV�IRU�WKHLU�GHFLVLRQV�DUH�JLYHQ�LQ�7DEOH���7KH�PDMRU�UHDVRQ�LV�GHVLUH�WR�SURWHFW�

WKH� IORRGHG� IRUHVW� DV� UHSRUWHG� E\� ��� SHUFHQW� RI� WKH� UHVSRQGHQWV��7KH\� DOVR�ZDQWHG� WR� OHDG�PRUH�
SURWHFWLRQ�HIIRUWV� IRU� WKH�HQGDQJHUHG� VSHFLHV� DQG� WR�SURWHFW� WKHLU� FRPPXQLW\� IURP�GLVDVWHU��7KH\�
WKRXJKW�WKDW�WKH�IORRGHG�IRUHVW�SURYLGHV�PDQ\�EHQHILWV�WR�WKHLU�OLYHV�IRU�WKHLU�GDLO\�OLYLQJV��&DOGHURQ�
HW� DO�� ������� FLWHG�VRPH� UHDVRQV�ZK\�SHRSOH�ZHUH�ZLOOLQJ� WR�SD\� IRU�ZDWHU� VXSSO\� LPSURYHPHQW��
0DLQO\�� WKH\� ZDQWHG� D� UHOLDEOH� ZDWHU� VXSSO\� IRU� ERWK� SUHVHQW� DQG� IXWXUH� JHQHUDWLRQV�� 7KLV� ZLOO�
LQFUHDVH� WKH�GLYHUVLW\�RI� WKH� UHVRXUFH� VSHFLHV�� SURWHFW� WKH�SHRSOH� IURP�QDWXUDO�GLVDVWHUV�� NHHS� WKH�
JRRG�YLHZ�RI�WKH�HQYLURQPHQW�IRU�\RXQJ�JHQHUDWLRQV�LQ�WKH�IXWXUH��DQG�LQYROYH�WKHPVHOYHV�LQ�WKH�
FRQVHUYDWLRQ�RI�WKH�QDWXUDO�UHVRXUFHV�RI�WKH�FRXQWU\��

�
7DEOH���7KH�5HDVRQV�RI�6DPSOH�)DUPHU�5HVSRQGHQWV�IRU�:LOOLQJQHVV�WR�3D\�3URJUDP�

5HDVRQD� 1XPEHU� 3HUFHQW�����
:DQW�WR�SURWHFW�WKH�IORRGHG�IRUHVW� ���� ���
/HDG�PRUH�SURWHFWLRQ�HIIRUWV�IRU�WKH�HQGDQJHUHG�VSHFLHV�� ������ ���
3URWHFW�RXU�FRPPXQLW\�IURP�WKH�QDWXUDO�GLVDVWHUV� ������ ���
3URYLGH�VR�PDQ\�EHQHILWV�WR�RXU�OLYHV� ������ ���
&RXQWHUSDUW�IXQGLQJ��ZLWK�QRQ�JRYHUQPHQW�RUJDQL]DWLRQ��1*2�� ������ ���
.HHS�D�JRRG�YLHZ�LQ�WKH�IXWXUH�� ������ ���
*HW�PRUH�SURILW�LI�WKH�UHVRXUFHV�DUH�QRW�GHSOHWHG� ������ ���
/LYH�ZLWK�KHDOWK\�VXUURXQGLQJ�DQG�JRRG�HQYLURQPHQW� ������ ���
7KLV�LV�WKH�YDOXDEOH�UHVRXUFH�LQ�WKH�FRXQWU\� ������ ���
D�0XOWLSOH�UHVSRQVHV�

�
5HVSRQGHQWV�ZKR�ZHUH�QRW�ZLOOLQJ�WR�SD\�IRU�WKH�FRQVHUYDWLRQ�RI�WKH�IORRGHG�IRUHVW�VDLG�WKDW�

WKH\�FRXOG�QRW�DIIRUG�DQ\�DGGLWLRQDO�FRQWULEXWLRQ�IHHV�����SHUFHQW�RQ�7DEOH�����7KXV��WKH�WRS�UHDVRQ�
IRU�EHLQJ�QRW�ZLOOLQJ�WR�SD\�ZDV�DIIRUGDELOLW\��6LPLODU�WR�WKH�ILQGLQJV�RI�&DOGHURQ�HW�DO���������DQG�
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7UXRQJ��������� UHVSRQGHQWV�ZHUH�QRW�ZLOOLQJ� WR�SD\�EHFDXVH�WKH\�WKRXJKW�WKH�JRYHUQPHQW�VKRXOG�
KDYH�UHVSRQVLELOLW\�IRU�ZDWHU�VXSSO\�LPSURYHPHQW�DQG�WKH\�KDYH�LQFRPH�FRQVWUDLQV��

�
7DEOH���7KH�UHDVRQV�RI�VDPSOH�IDUPHU�UHVSRQGHQWV�IRU�QRQ�:73�

5HDVRQD� 1XPEHU� 3HUFHQW�
����,�FDQQRW�DIIRUG�WKH�DPRXQW� ��� ���

7KH�PRQH\�,�SD\�ZLOO�QRW�DFWXDOO\�EH�XVHG�IRU�FRQVHUYDWLRQ� ��� ���
7KH�JRYHUQPHQW�RU�1*2�VKRXOG�EH�UHVSRQVLEOH�IRU�WKLV� �� ���
&RQVHUYDWLRQ�RI�WKH�IORRGHG�IRUHVW�LV�QRW�ZRUWK�GRLQJ� �� ���
7KH�PDMRULW\�RI�WKH�SRRU�ZLOO�EH�DIIHFWHG� �� ���
2WKHU�UHVRXUFHV�DUH�PRUH�LPSRUWDQW�WKDQ�IRUHVW� �� ���
,�SUHIHU�JLYLQJ�PRQH\�WR�KXPDQLWDULDQ�FDXVHV�LQVWHDG� �� ���

D�0XOWLSOH�UHVSRQVHV�
�

*LYHQ�WKH�IDUPHUV¶�ZLOOLQJQHVV�WR�SD\��:73��HVWLPDWHG�IRU�WKH�VDPSOH�IDUPHU�UHVSRQGHQWV��WKH�
GHWHUPLQDQWV� RI� WKLV� YDULDEOH� ZHUH� LGHQWLILHG�� 7KH� VDPSOH� IDUPHU�UHVSRQGHQWV� LQFOXGHG� DOO� WKRVH�
ZKR�DUH�ZLOOLQJ�WR�SD\�IRU�WKH�))&�DQG�GLG�QRW�GLVWLQJXLVK�EHWZHHQ�))&�DQG�QRQ�))&�IDUPHUV��7KH�
HVWLPDWHG� UHVXOWV� RI� WKH� PXOWLSOH� UHJUHVVLRQ� PRGHO� RQ� WKH� IDUPHUV¶� ZLOOLQJQHVV� WR� SD\� DUH�
VXPPDUL]HG�LQ�7DEOH����

�
7DEOH���5HVXOWV�RI�WKH�PXOWLSOH�UHJUHVVLRQ�DQDO\VLV�IRU�WKH�IDFWRUV�DIIHFWLQJ�WKH�VDPSOH�

IDUPHU�UHVSRQGHQWV¶�:73�
9DULDEOH�
6\PERO�

9DULDEOH�1DPH� 3DUDPHWHU� &RHIILFLHQW� 6WDQGDUG�(UURU�
� &RQVWDQW� ȕ㸮� ��������� ���������
;�� $JH� ȕ㸯� �����������
� ����������
;�� (GXFDWLRQ� ȕ㸰� ���������� ����������
;�� *HQGHU� ȕ㸱� ���������� ���������
;�� +RXVHKROG�VL]H� ȕ㸲� ���������� ����������
;�� ,QFRPH� ȕ㸳� ������������

� �����������
;�� 'LVWDQFH� ȕ㸴� ��������� ����������
;�� 7UDLQLQJ� ȕ㸵� ���������

� ���������
5�� � � ��������� �
)� � � �����

� �

1RWH�

�DQG�
�UHIHU�WR�VLJQLILFDQW�DW����DQG�����OHYHO��UHVSHFWLYHO\�
�

7R� VXP� XS�� WKH�PXOWLSOH� UHJUHVVLRQ�PRGHO� KDG� WKH� YDOXH� RI� 5��  � ������� LQGLFDWHV� WKDW� WKH�
YDULDEOHV�LQFOXGHG�LQ�WKH�PRGHO�DUH�DEOH�WR�H[SODLQ�������SHUFHQW�RI�WKH�WRWDO�YDULDWLRQ�LQ�:73��7KLV�
PRGHO�LV�DOVR�VWDWLVWLFDOO\�VLJQLILFDQW�DW�D�RQH�SHUFHQW�SUREDELOLW\�OHYHO�EDVHG�RQ�WKH�)�WHVW���

7KH� FRHIILFLHQW� RI� WKH� DJH� RI� WKH� VDPSOH� IDUPHU�UHVSRQGHQW� KDV� D� SRVLWLYH� VLJQ� VLJQLILFDQW�
HIIHFW�RQ�:73�DW�D����SHUFHQW�SUREDELOLW\�OHYHO��7KLV�LPSOLHV�WKDW�ROGHU�SHRSOH�DUH�PRUH�ILQDQFLDOO\�
VWDEOH� DQG� PD\� WHQG� WR� DWWULEXWH� D� EHTXHVW� YDOXH� WR� FRQVHUYH� WKH� IRUHVW�� +RZHYHU�� WKH� VWXG\� RI�
7UXRQJ� �������VKRZHG� WKDW� WKH�DJH�RI� WKH� UHVSRQGHQW�GLG�QRW�DIIHFW�:73��7KH�FRHIILFLHQW�RI� WKH�
LQFRPH� RI� WKH� IDUPHUV� VKRZV� WKDW� LQFRPH� LV� SRVLWLYHO\� DVVRFLDWHG�ZLWK� WKH�:73� YDOXH� IRU� HDFK�
LQGLYLGXDO��7KLV�YDULDEOH� LV� VWDWLVWLFDOO\� VLJQLILFDQW�DW�D�RQH�SHUFHQW� OHYHO��7KLV� UHVXOW� LPSOLHV� WKDW�
LQFRPH� KDV� D� VWURQJ� SRVLWLYH� HIIHFW� RQ� :73�� 7KLV� ILQGLQJ� LQGLFDWHV� WKDW� IRU� VDPSOH� IDUPHU�
UHVSRQGHQWV� ZKR� DJUHH� WR� SD\� PRUH� IRU� WKHVH� VHUYLFHV�� WKHLU� PD[LPXP� :73� YDOXH� LV� KLJKO\�
GHSHQGHQW�RQ�LQFRPH��7KH�FRHIILFLHQW�RI�WKH�WUDLQLQJ�YDULDEOH�KDV�D�SRVLWLYH�VLJQ�VLJQLILFDQW�DW�D�RQH�
SHUFHQW�OHYHO��7KH�UHJUHVVLRQ�UHVXOW�LPSOLHV�WKDW�IRUHVW�XVHUV�ZKR�XQGHUVWDQG�ZKDW�WKH�IORRGHG�IRUHVW�
LV�KDYH�D�JUHDWHU�DSSUHFLDWLRQ�RI�LWV�LPSRUWDQFH�DQG�DUH�ZLOOLQJ�WR�SD\�PRUH�IRU�FRQVHUYDWLRQ���
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0RVW�RI�WKH�VDPSOH�IDUPHU�UHVSRQGHQWV�SUHIHUUHG�WR�SD\�WKH�:73�IHH�PRQWKO\��7KH\�WKRXJKW�
WKDW�LW�LV�EHWWHU�WR�FROOHFW�WKH�PRQH\�HYHU\�PRQWK��PD\EH�WKH�ILUVW�ZHHN�RU�ODVW�ZHHN�RI�WKH�PRQWK�
EHFDXVH�WKH\�ZLOO�QRW�IRUJHW�LW�DQG�LW�LV�HDV\�WR�NHHS�VRPH�PRQH\�IRU�WKH�SURMHFW���
,Q�WHUPV�RI�WKH�SD\PHQW�YHKLFOHV��PRVW�RI�WKH�VDPSOH�IDUPHU�UHVSRQGHQWV�����SHUFHQW��ZRXOG�OLNH�
WKH� FRPPXQLW\� LWVHOI� WR� FROOHFW� WKH� :73� IXQG� �7DEOH� ���� 7KH\� KDYH� FRQILGHQFH� LQ� WKH�
LPSOHPHQWDWLRQ�LI�WKH�FRPPXQLW\�FROOHFWV�WKH�FRQWULEXWLRQ�IHH���7KH\�DOVR�SUHIHU�WKH�YLOODJH�OHDGHU�
RU�FRPPXQLW\�OHDGHU�WR�FROOHFW�WKH�PRQH\��

�
7DEOH���3D\PHQW�YHKLFOH�IRU�WKH�:73�IHH�RI�VDPSOH�IDUPHU�UHVSRQGHQWV�

,WHP� 1XPEHU� 3HUFHQW�����

&RPPXQLW\�FROOHFWRU� ���� �����

7D[� ������ ������

(OHFWULFLW\�ELOO� ������ ������

7RWDO� ���� ����

&21&/86,21�

)LQGLQJV�RI� WKH�PXOWLSOH� UHJUHVVLRQ�PRGHO�RQ� WKH� IDUPHUV¶�:73� UHYHDOHG� WKDW� WKUHH�RI� WKH� VHYHQ�
H[SODQDWRU\� YDULDEOHV� ZHUH� VLJQLILFDQWO\� UHODWHG� WR� WKH� UHVSRQGHQWV¶� ZLOOLQJQHVV� WR� SD\�� 7KH�
UHVSRQGHQWV¶�ZDV�DIIHFWHG�E\�IDFWRUV�VXFK�DV�DJH��LQFRPH�DQG�SDUWLFLSDWLRQ�LQ�WUDLQLQJ�SURJUDPV��,Q�
WHUPV�RI�WKH�PHWKRG�RI�FROOHFWLRQ��PRVW�RI�UHVSRQGHQWV�ZRXOG�OLNH�WKH�FRPPXQLW\�LWVHOI�WKURXJK�WKH�
YLOODJH�OHDGHU�WR�FROOHFW�WKH�:73�IXQG��7KH�UHVSRQGHQWV�VDLG�WKDW�WKH\�ZRXOG�SUHIHU�WR�SD\�WKH�:73�
IHH�PRQWKO\���

7KH�IROORZLQJ�UHFRPPHQGDWLRQV�DUH�DLPHG�DW�KHOSLQJ�WR�LPSURYH�IORRGHG�IRUHVW�FRQVHUYDWLRQ�
HIIRUWV� WKURXJK� D� FRQVHUYDWLRQ� IXQG�ZKLFK�FDQ� EH� VHW� XS�E\� GHWHUPLQLQJ� WKH� IDUPHUV¶�:73��7KH�
IXQGV�FROOHFWHG�IURP�WKH�XVH�RI�QDWXUDO�UHVRXUFHV�PXVW�EH�LQYHVWHG�LQ�DUHDV�ZKHUH�WKHVH�RULJLQDWH��
EH�LW�GLUHFWO\�LQ�WKH�DUHDV�ZKHUH�WKH�UHVRXUFHV�DUH�JHQHUDWHG�RU�LQWR�GLUHFW�DFWLYLWLHV�ZKLFK�SURPRWH�
VXVWDLQDEOH�XVH�RI�UHVRXUFHV��&DSDFLW\�EXLOGLQJ�DFWLYLWLHV�RQ�&150�WR�VWUHQJWKHQ�PDQDJHPHQW�DQG�
FRQVHUYDWLRQ� HIIRUWV� PXVW� EH� XQGHUWDNHQ�� $� FRQVHUYDWLRQ� IHH� LQ� WKH� 3UH\� .RK� %LRGLYHUVLW\�
&RQVHUYDWLRQ�$UHD�PXVW�EH�LPSRVHG�DQG�FROOHFWHG��

5()(5(1&(6�

&DOGHURQ��0�0���&DPFKR��/�'���&DUDQGDQJ��0�*���'L]RQ��-�7���5HEXJLR��/�/��DQG�7ROHQWLQR��1�/���������$�
ZDWHU�XVHU�IHH�IRU�KRXVHKROGV�LQ�0HWUR�0DQLOD��3KLOLSSLQHV���

&RDVH��'���������7KH�SUREOHP�RI�VRFLDO�FRVW��-RXUQDO�RI�/DZ�DQG�(FRQRPLFV��
,VUDHO��*�'���������$�VHULHV�RI�WKH�DJULFXOWXUDO�HGXFDWLRQ�DQG�FRPPXQLFDWLRQ�GHSDUWPHQW��)ORULGD�FRRSHUDWLYH�

H[WHQVLRQ�VHUYLFH��,QVWLWXWH�RI�)RRG�DQG�$JULFXOWXUDO�6FLHQFHV��8QLYHUVLW\�RI�)ORULGD��86$��
3DWULFN��7���0HOLVD��0��DQG�.LUDQ��3���������)ORRG�IRUHVWV��ILVK��DQG�ILVKLQJ�YLOODJHV��7RQOH�6DS��&DPERGLD��
7UXRQJ�� 7�'�� �������:LOOLQJQHVV� WR� SD\� IRU� FRQVHUYDWLRQ� RI� WKH� 9LHWQDPHVH� 5KLQR�� ((36($� SXEOLFDWLRQ�

KWWS���ZZZ�HHSVHD�RUJ��
<DPDQH��7���������6WDWLVWLFV��DQ�LQWURGXFWRU\�DQDO\VLV���QG�HG���1HZ�<RUN��+DUSHU�DQG�5RZ��
�
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&RQWUROOLQJ�&LWUXV�+XDQJORQJELQJ��+/%��IRU�WKH�
5HKDELOLWDWLRQ�RI�&LWUXV�2UFKDUGV�LQ�&DPERGLD�

981*�6(7+$�
5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH��3KQRP�3HQK��&DPERGLD�
(PDLO��YXQJBVHWKD����#�\DKRR�FRP�

+21*�-,�68��
'HSDUWPHQW�RI�3ODQW�3DWKRORJ\�	�0LFURELRORJ\��1DWLRQDO�7DLZDQ�8QLYHUVLW\��7DLSHL��7DLZDQ�

5HFHLYHG����'HFHPEHU������ $FFHSWHG����)HEUXDU\�������

$EVWUDFW�&LWUXV�+XDQJORQJELQJ� �+/%�� KDV� EHHQ� VHULRXVO\� GDPDJLQJ� &DPERGLDQ� FLWUXV�
LQGXVWU\�LQ�WHUPV�RI�PDMRU�\LHOG�ORVV��SRRU�IUXLW�TXDOLW\��DQG�VKRUWHQHG�DYHUDJH�OLIHVSDQ�RI�
FLWUXV� WUHH�� +/%� LV� PDLQO\� WUDQVPLWWHG� E\� YHJHWDWLYHO\� SURSDJDWHG� FLWUXV� VHHGOLQJV� DQG�
VSUHDG� E\� SV\OOLG� YHFWRU� LQ� WKH� ILHOG�� +/%� SDWKRJHQ� LV� D� QRQ�FXOWLYDEOH� EDFWHULXP�
³&DQGLGDWXV� /LEHULEDFWHU� DVLDWLFXV´�� 0DMRU� VWUDLQV� RI� +/%� SDWKRJHQ� KDYH� EHHQ�
LQYHVWLJDWHG�DQG�WKH�PRVW�YLUXOHQW�VWUDLQ�7\SH�,,�ZDV�FRPPRQO\�REVHUYHG�LQ�3XUVDW�VZHHW�
RUDQJH�� PDQGDULQ� DQG� SXPPHOR� WUHHV� LQ� &DPERGLD�� &XUUHQWO\�� WKHUH� DUH� QR� SURPLVLQJ�
WHFKQRORJLHV�DQG�FXOWXUDO�SUDFWLFHV� WR�FRQWURO�+/%� LQ�FLWUXV�RUFKDUGV� LQ�&DPERGLD��1HZ�
KHDOWK�PDQDJHPHQW�SUDFWLFHV�RI�FLWUXV�+/%�KDYH�EHHQ�LQLWLDWHG�LQ������XQGHU�WKH�H[SHUW�
JXLGDQFH� RI� WKH� 1DWLRQDO� 7DLZDQ� 8QLYHUVLW\� �178�� DQG� WKH� )RRG� DQG� )HUWLOL]HU�
7HFKQRORJ\�&HQWHU� LQ�WKH�$VLDQ�DQG�3DFLILF�5HJLRQ��))7&�$63$&���3DWKRJHQ�IUHH��3)��
VHHGOLQJV� SURSDJDWHG� LQ� VFUHHQ� KRXVHV� RI� WKH� 5R\DO� 8QLYHUVLW\� RI� $JULFXOWXUH� ZHUH�
WUDQVSODQWHG�LQ�WKH�GHPRQVWUDWLRQ�RUFKDUG�RI�%DWWDPEDQJ�DQG�7DNHR�3URYLQFHV��7KH�VXSSO\�
RI�WKH�3)�VHHGOLQJV�RI�PDMRU�FLWUXV�VSHFLHV�FDQQRW�FXUUHQWO\�FDWFK�XS�ZLWK�WKH�GHPDQG�RI�
FLWUXV�JURZHUV��$FFRUGLQJ�WR�D�SUHOLPLQDU\�VXUYH\���PDUFRWWHG�RU�JUDIWHG�VHHGOLQJV�RI�VZHHW�
RUDQJH� SURSDJDWHG� E\� IDUPHUV� WUDQVSODQWHG� LQ� PDMRU� FLWUXV� SURGXFWLRQ� DUHDV� VXFK� DV�
%DWWDPEDQJ��3XUVDW�DQG�6LHP�5HDS�3URYLQFHV�ZHUH�VHULRXVO\�LQIHFWHG�E\�+/%��8S�WR�QRZ��
IXQGDPHQWDO�NQRZOHGJH�DQG�WHFKQLTXHV�VXFK�DV�LGHQWLILFDWLRQ�RI�PDMRU�VWUDLQV�RI�WKH�+/%�
SDWKRJHQ� DQG� HVWDEOLVKPHQW� RI� GLVHDVH� LQGH[LQJ� ODERUDWRU\� DQG� SDWKRJHQ�IUHH� QXUVHU\�
V\VWHP� KDYH� EHHQ� FRQGXFWHG�� ,Q� DGGLWLRQ�� D� YDULHW\� RI� UHOHYDQW� WHFKQLTXHV� DQG� FXOWXUDO�
SUDFWLFHV� WR� FRQWURO� +/%� ZHUH� WUDQVIHUUHG� WR� &DPERGLD�� VXFK� DV� WHFKQRORJLHV� IRU� WKH�
SURGXFWLRQ� RI� 3)�VHHGOLQJV� DQG� WUDQVSODQWLQJ� WR� GHPRQVWUDWLRQ� IDUPV� IRU� WKHLU� KHDOWK�
PDQDJHPHQW��DQG�VR�IRUWK����

.H\ZRUGV�KXDQJORQJELQJ��+/%���KHDOWK�PDQDJHPHQW��FLWUXV�SURGXFWLRQ��SDWKRJHQ�IUHH��
FLWUXV�VHHGOLQJ��

,1752'8&7,21�

&LWUXV�JUHHQLQJ�ZDV�ILUVW�UHSRUWHG�LQ������IURP�6RXWK�$IULFD��DOWKRXJK�D�VLPLODU�GLVHDVH�NQRZQ�DV�
³+XDQORQJELQJ´��+/%��\HOORZ�VKRRW��ZDV�DOUHDG\�NQRZQ�LQ������LQ�6RXWKHUQ�&KLQD��&KHQJ���������
7KH�+/%�GLVHDVH��ORFDOO\�FDOOHG�³/LNXELQ�´�ZDV�ILUVW� LGHQWLILHG�LQ�7DLZDQ�LQ�������VL[�\HDUV�DIWHU�
WKH�HQG�RI�:RUOG�:DU�,,��7KH�+/%�LQRFXOXPV�PLJKW�KDYH�EHHQ�LQWHQWLRQDOO\�EURXJKW�LQWR�7DLZDQ�
IURP�VRXWKHUQ�&KLQD�WKURXJK�VRPH�LQIHFWHG�SURSDJDWLRQ�PDWHULDOV�VXFK�DV�FLWUXV�VFLRQV�RU�VHHGOLQJV��
+/%�ZDV�ILUVW�FRQVLGHUHG�DV�D�NLQG�RI�SK\VLRORJLFDO�GLVRUGHU�FDXVHG�E\�QXWULHQW�GHILFLHQF\��SRRU�
GUDLQDJH��DQG�VR�IRUWK��+RZHYHU��+/%�FRXOG�QRW�EH�FRQWUROOHG�E\�WKH�DPHQGPHQW�RI�VRLO�SURSHUWLHV��
DQG�KDV�VSUHDG�UDSLGO\�DOO�RYHU�7DLZDQ��0DWVXPRWR�DQG�KLV�FRZRUNHUV�LQLWLDWHG�HWLRORJLFDO�VWXGLHV�
RQ�+/%� LQ� ������ DQG� WKH\� VXFFHVVIXOO\� GHPRQVWUDWHG� LQ� ����� WKDW� WKH� VR�FDOOHG�+/%�ZDV� QRW� D�
SK\VLRORJLFDO�GLVRUGHU�RI� FLWUXV� WUHH�� EXW�ZDV�FDXVHG�E\�D�YLUXV�OLNH�PLFUREH� WUDQVPLWWHG� WKURXJK�
JUDIWLQJ�RI�GLVHDVHG�VFLRQ��DQG�QDPHG�LW�/LNXELQ��GHFOLQH���0DWVXPRWR��:DQJ�DQG�6X���������7KLV�

ᶃᶐᶂ

5HVHDUFK�DUWLFOH�
�
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GHVWUXFWLYH� GLVHDVH� VSUHDG� DOO� RYHU� 6RXWKHDVW�$VLD� GXULQJ� WKH� ����V�� DQG�ZDV� ORFDOO\� FDOOHG� OHDI�
PRWWOH� \HOORZV�� FLWUXV� YHLQ� SKORHP� GHJHQHUDWLRQ� �&93'��� DQG� FLWUXV� GLHEDFN� LQ� 3KLOLSSLQHV��
,QGRQHVLD�� DQG� ,QGLD�� UHVSHFWLYHO\�� ,Q� D� VKRUW� SHULRG� RI� WLPH�� +/%� EHFDPH� RQH� RI� WKH� PRVW�
GHYDVWDWLQJ�GLVHDVHV�IRU�FLWUXV�JURZLQJ�DUHDV�LQ�WURSLFDO�DQG�VXEWURSLFDO�$VLD��0L\DNDZD�DQG�7VXQR�
������� ILUVW� IRXQG� +/%� LQ� ,ULRPRWH�� WKH� VRXWKHUQPRVW� LVODQG� RI� 2NLQDZD�� -DSDQ� LQ� ������
$IWHUZDUGV��+/%�ZDV�UHSRUWHG�LQ�%UD]LO��/RSHV��������DQG�)ORULGD��%RYH��������LQ������DQG�������
UHVSHFWLYHO\��(WLRORJLFDO�DQG�HSLGHPLRORJLFDO� VWXGLHV�RQ�+/%�KDYH�EHHQ�FRQGXFWHG� LQ�7DLZDQ� LQ�
RUGHU�WR�GHYHORS�HIIHFWLYH�DQG�HIILFLHQW�PDQDJHPHQW�VWUDWHJ\�RI�+/%�VLQFH�������+/%�FRPPRQO\�
RFFXUV� DV� D�PL[HG� LQIHFWLRQ�ZLWK� FLWUXV� WULVWH]D� DQG�RU� WDWWHU� OHDI� YLUXVHV�� FDXVLQJ� VHYHUH� \HOORZ�
PRWWOLQJ� DQG� WUHH� GHFOLQH�� DQG� XOWLPDWHO\� GHDWK� RI� FLWUXV� WUHHV�� 7KHVH� GLVHDVHV� DUH� JHQHUDOO\�
FRQWUROOHG�E\� LQWHJUDWHG�FRQWURO�PHDVXUHV��(VWDEOLVKPHQW�RI�D�SDWKRJHQ�IUHH�QXUVHU\�V\VWHP� LV�RI�
SULPDU\�LPSRUWDQFH�IRU�UHGXFLQJ�SUHYDOHQFH�RI�WKHVH�GLVHDVHV�LQ�WKH�HDUO\�VWDJH�RI�WUHH�GHYHORSPHQW��
&RPELQDWLRQ�RI�VKRRW�WLS�PLFURJUDIWLQJ��67*��WHFKQLTXH�DQG�KHDW�WUHDWPHQW�KDV�EHHQ�VXFFHVVIXO�LQ�
HVWDEOLVKLQJ�SDWKRJHQ�IUHH� IRXQGDWLRQ�VWRFN�RI�FLWUXV�FXOWLYDUV��$ORQJ�ZLWK� WKH� VDLG� WHFKQLTXHV��D�
SUHFLVH� DQG� UDSLG� LQGH[LQJ� WHFKQLTXH� LV� LQGLVSHQVDEOH� IRU� KHDOWK�PDQDJHPHQW� RI� SURGXFWLRQ� DQG�
FXOWLYDWLRQ�RI�SDWKRJHQ�IUHH�FLWUXV�VHHGOLQJV���

8S� WR� SUHVHQW�� SDWKRJHQ�IUHH� FLWUXV� IRXQGDWLRQ�� QXUVHU\� V\VWHP�� DQG� GLVHDVH� LQGH[LQJ�
ODERUDWRU\�ZHUH� HVWDEOLVKHG� LQ�58$� WKURXJK� WKH� LQWHUQDWLRQDO� FROODERUDWLRQ�SURMHFW� DPRQJ�58$��
178� DQG� ))7&�5')�� 7KH� RQ�JRLQJ� SURMHFW� DLPV� WR� FRQGXFW� HWLRORJLFDO� DQG� HSLGHPLRORJLFDO�
VWXGLHV� RI� +/%�� DQG� WHFKQRORJ\� WUDQVIHU� RI� KHDOWK� PDQDJHPHQW� RI� 3)�VHHGOLQJV� LQ� WKH�
GHPRQVWUDWLRQ�IDUPV�HVWDEOLVKHG�LQ�PDMRU�FLWUXV�SURGXFWLRQ�DUHDV�LQ�&DPERGLD���

&,7586�352'8&7,21�,1�&$0%2',$�

3XUVDW� VZHHW�RUDQJH� VHHPHG� WR�EH� LQWURGXFHG� WR�&DPERGLD� LQ�$QJNRU�SHULRG� IURP�&KLQD��6ZHHW�
RUDQJH�KDV�EHHQ�JURZQ�RQO\�LQ�WKH�VXUURXQGLQJ�DUHD�RI�KRXVHV��$IWHU�WKH�)UHQFK�RFFXSDWLRQ�LQ�������
VZHHW�RUDQJH�FXOWLYDWLRQ�KDV�EHHQ�VSUHDG�QDWLRQZLGH��WKDQNV�WR�WHFKQLFDO�WUDLQLQJ�RQ�PRGHUQ�FLWUXV�
FXOWLYDWLRQ�IRU�IDUPHUV���

,Q�&DPERGLD��IUXLW�FURS�SURGXFWLRQ�LV�WKH��QG�PDMRU�FURS�QH[W�WR�ULFH�SURGXFWLRQ��:LWKLQ�IUXLW�
FURSV��FLWUXV�LV�WKH�VHFRQG�LPSRUWDQW�IUXLW�FURS�QH[W�WR�PDQJR�DFFRUGLQJ�WR�WKH�VWDWLVWLF�DFUHDJH�RI�
IUXLW�FURSV�UHSRUWHG�E\�0$))��L��H��$UHDV��KD��RI�IUXLW�FURS��������0DQJR����������2UDQJH���������
&XVWDUG� DSSOH�� ������� /RQJDQ�� ������� 6DSRGLOOD�� �������*XDYD�� ������ DQG�0LON� IUXLW�� ������ KDV��
&LWUXV�FXOWLYDWLRQ�SURYLGHV�\HDU�URXQG�KDUYHVW�ZLWK�VXLWDEOH� LQFRPH�IRU� LQFUHDVLQJ�UXUDO�HFRQRP\�
IURP������WR������EHIRUH�WKH�FLYLO�ZDU��7KH�WRWDO�JURZLQJ�DUHDV�RI�FLWUXV�ZDV������KD��%DWWDPEDQJ��
�����KD��3XUVDW������KD��.DQGDO������KD��.DPSRQJ�&KDP�����KD��DQG�RWKHU�SURYLQFHV������KD���
'XULQJ������������DURXQG�������WRQV�RI�FLWUXV�IUXLWV�ZHUH�H[SRUWHG�DEURDG��,Q������&DPERGLD�ZDV�
DEOH�WR�SURGXFH�������WRQV�RI�FLWUXV�IUXLWV��

,Q�UHFHQW�\HDUV��DUHDV�RI�FLWUXV�SURGXFWLRQ�GHFUHDVHG�VLJQLILFDQWO\�GXH�WR�+/%�RFFXUUHQFH��L�H��
�����KD�LQ�������7DEOH����GHFUHDVLQJ�IURP������KD�LQ�������%DWWDPEDQJ�SURYLQFH�KROGV�WKH�KLJKHVW�
JURZLQJ�DUHD�DW������KD��GHFUHDVLQJ�IURP������KD�LQ�������ZKLOH�.DPSRQJ�&KDP�VWLOO�KROGV�����
KD�ZLWKRXW�GHFUHDVH�� FRPLQJ� WR� WKH� VHFRQG��&LWUXV� DUHDV� LQ�3XUVDW� SURYLQFH� GHFUHDVHG�GUDVWLFDOO\�
IURP�����KD�LQ������GRZQ�WR����KD�LQ������GXH�WR�+/%�HSLGHPLF��

7DEOH���3URGXFWLRQ�DUHDV�RI�FLWUXV�LQ�&DPERGLD��������
3URYLQFH� $UHD��KD��
6LHP�5HDS� ����
%DWWDPEDQJ� �����
3XUVDW� ���
.DPSRQJ�7KRP� ���
.DPSRQJ�&KDP� ����
.DPSRW� ����
7RWDO� �����

6RXUFH��3URYLQFLDO�$JULFXOWXUH�'HSDUWPHQW�RI�%DWWDPEDQJ��
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7KH�PDMRU�FLWUXV�VSHFLHV�FXOWLYDWHG�LQ�&DPERGLD�DUH�VZHHW�RUDQJH��PDQGDULQ��SXPPHOR��OLPH�
DQG�.DIILU�OLPH��0DUWLQ���������3XUVDW�VZHHW�RUDQJH�KDV�EHHQ�PRVW�FRPPRQO\�FXOWLYDWHG��7KH�+/%�
GLVHDVH�KDV�FRPPRQO\�DIIHFWHG�DOO�FXOWLYDUV���

+/%�6,78$7,21��

&LWUXV�WUHHV�JURZQ�LQ�&DPERGLD�KDYH�EHHQ�DIIHFWHG�E\�PDQ\�GLIIHUHQW�GLVHDVHV�ZKLFK�DUH�FDXVLQJ�
FRQVLGHUDEOH� GDPDJH� WR� FLWUXV� SURGXFWLRQ�� 7KH� PRVW� VHULRXV� WKUHDW� KDV� EHHQ� FDXVHG� E\�
+XDQJORQJELQJ��+/%��ZKLFK�LV�NQRZQ�DV�³�6OHN�3UDN�´��LQ�.KPHU�ODQJXDJH��$W�SUHVHQW�WKHUH�LV�QRW�
HQRXJK�WHFKQLFDO�GLVHDVH�FRQWURO�RU�SUHYHQWLRQ�FDSDFLW\�IRU�WKLV�NLQG�RI�GLVHDVH��7KH�+/%�GLVHDVH�
KDV� EHHQ� FRPPRQO\� RFFXUULQJ� LQ� FLWUXV�JURZLQJ� DUHDV� LQ� &DPERGLD� VLQFH� ����V�� 7KH� FRPPRQ�
V\PSWRPV�FDXVHG�E\�+/%�SDWKRJHQ�LQFOXGH�\HOORZLQJ�RI�WKH�YHLQV�DQG�DGMDFHQW�WLVVXH��IROORZHG�E\�
\HOORZLQJ�ZLWK�SDOH�JUHHQ�PRWWOLQJ�RI�HQWLUH� OHDI��:LWK�DJHLQJ�� WKH�GLVHDVHG�OHDYHV�EHFRPH�KDUG��
FXUOLQJ� RXWZDUGV� DQG� RFFDVLRQDOO\� GHYHORS� YHLQ� FRUNLQJ�� 7KH� W\SLFDO� V\PSWRPV� SURGXFHG� RQ�
GLIIHUHQW� FLWUXV� FXOWLYDUV� H�� J��� 3XUVDW� VZHHW� RUDQJH��PDQGDULQ� DQG� SXPPHOR�� DQG� FRPPRQ� URRW�
VWRFN�FXOWLYDU��5DQJSXU�OLPH��DUH�VKRZQ�LQ�)LJ�����+RZHYHU��WKH�V\PSWRPV�YDU\�ZLWK�FLWUXV�YDULHW\��
VWUDLQV�RI�WKH�SDWKRJHQ��DQG�HQYLURQPHQWDO�FRQGLWLRQV��
�
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�
)LJ����6\PSWRP�H[SUHVVLRQ�RI�+/%�LQ�FRPPRQ�FLWUXV�FXOWLYDUV��DQG�URRW�VWRFN�LQ�&DPERGLD�

�$��/HDI�V\PSWRPV�RI�+/%�DIIHFWHG�3XUVDW�VZHHW�RUDQJH��VKRZLQJ�\HOORZLQJ�ZLWK�SDOH�JUHHQ�PRWWOLQJ�RI�PDWXUH�
OHDYHV��VHFRQG�IURP�OHIW��ZLWK�YHLQ�FRUNLQJ��ĺ��DQG�D�QHZO\�JURZQ�VPDOO�DQG�VOHQGHU�OHDI�ZLWK�\HOORZ�FKORURVLV�
�ULJKWPRVW���DQG�RQH�KHDOWK\�OHDI��OHIWPRVW����%��/HDI�V\PSWRPV�RI�GLVHDVHG�PDQGDULQ��VKRZLQJ�\HOORZ�PRWWOLQJ�RI�
PDWXUH�OHDYHV��ULJKW�DQG�FHQWHU��ZLWK�FXUOLQJ���&��/HDI�V\PSWRPV�RI�GLVHDVHG�SXPPHOR��VKRZLQJ�\HOORZ�PRWWOLQJ�
RQ� PDWXUH� OHDYHV� �ULJKW� DQG� FHQWHU�� ZLWK� FXUOLQJ� DQG� VHYHUH� YHLQ� FRUNLQJ� �ĺ�� RQ� WKH� FHQWHU� OHDI�� �'�� /HDI�
V\PSWRPV�RI�GLVHDVHG�5DQJSXU�OHDI��ULJKW�DQG�FHQWHU��VKRZLQJ�\HOORZ�PRWWOLQJ��DQG�D�KHDOWK\�OHDI�RQ�WKH�OHIW��

�
7KH�SDWKRJHQ�RI�WKH�+/%�GLVHDVH�LQ�WKH�DERYH�PHQWLRQHG�PDMRU�FLWUXV�FXOWLYDUV�DQG�5DQJSXU�

URRW�VWRFN� ZHUH� GHWHFWHG� E\� SRO\PHUDVH� FKDLQ� UHDFWLRQ� �3&5�� WHVW� IROORZHG� E\� HOHFWURSKRUHVLV�
DQDO\VLV�ZLWK�SULPHU�SDLUV�VSHFLILF�WR�+/%�SDWKRJHQ��)��&$&�&*$�$*$�7$7�**$�&$$�&$��5��
*$*�*77�&77�*7*�*77�777�&7*���7KH�SURWRFRO�RI�+/%�GHWHFWLRQ�ZDV�GHVFULEHG�LQ�GHWDLO�LQ�
WKH� IRUPHU� SXEOLFDWLRQV� �+XQJ� HW� DO��� ������ 6X�� �������+/%�LQIHFWHG� OHDYHV�ZLWK� W\SLFDO� \HOORZ�
PRWWOLQJ� V\PSWRPV�� DQG� WKRVH�ZLWKRXW� DQ\� V\PSWRPV�ZHUH� FROOHFWHG� IURP� 3XUVDW� VZHHW� RUDQJH��
PDQGDULQ��SXPPHOR�DQG�5DQJSXU�OLPH�WUHHV�IRU�WKH�LQIHFWHG�DQG�WKH�FRQWURO��UHVSHFWLYHO\��)LJ���$���

�$�� �%��

�&�� �'��
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7KH�HQWLUH�OHDI�VDPSOHV�ZHUH�VXEMHFWHG�WR�3&5�GHWHFWLRQ�RI�+/%�SDWKRJHQ��)LJXUH��%�SUHVHQWV�WKH�
3&5�SDWWHUQ�RI�FLWUXV�VDPSOHV�WHVWHG��7KH�3&5�EDQG�FRUUHVSRQGLQJ�WR�WKH�+/%�SDWKRJHQ������ES��
FRXOG�EH�REVHUYHG�LQ�DOO�WKH�LQIHFWHG�OHDI�VDPSOHV�ZKLOH�DOO� WKH�KHDOWK\�OHDYHV�VKRZHG�QR�EDQG�DW�
����ES��7KLV�LV�WKH�ILUVW�UHSRUW�WR�VFLHQWLILFDOO\�SURYH�WKDW�WKH�FLWUXV�+/%�GLVHDVH�LV�FRPPRQO\�DQG�
ZLGHO\�GLVWULEXWHG�LQ�&DPERGLD��

�
�
�
�
�
�
�
�
�
�
�
�
�
)LJ����'HWHFWLRQ�RI�+/%�SDWKRJHQ�E\�SRO\PHUDVH�FKDLQ�UHDFWLRQ�IROORZHG�ZLWK�HOHFWURSKRUHVLV�

DQDO\VLV�LQ�GLVHDVHG�OHDYHV�RI�3XUVDW�VZHHW�RUDQJH��PDQGDULQ��SXPPHOR�DQG�5DQJSXU�
OLPH�HDFK�ZLWK�D�KHDOWK\�OHDI�DV�FKHFN��
�$���3KRWRJUDSK�RI�3&5�HOHFWURSKRUHVLV�JHO� VKRZLQJ�SRVLWLYH�GHWHFWLRQ�RI�3&5�SURGXFWV� ����ES�� �ĸ�� LQ�HDFK�
GLVHDVHG�OHDI�DQG�QHJDWLYH�GHWHFWLRQ�ZLWK�HDFK�KHDOWK\�OHDI��%���0��PDUNHUV�RI�PROHFXODU�ODGGHU��'��'LVHDVHG�OHDI��
DQG��+��KHDOWK\�OHDI��

�
7KH�KLJK�IUHTXHQF\�RI�+/%�LV�FKLHIO\�GXH�WR�DSSDUHQW�ODFN�RI�NQRZOHGJH�RQ�+/%�LQIHFWLRQ�

PHFKDQLVP�QDPHO\��LQVXIILFLHQW�HOLPLQDWLRQ�RI�LQIHFWHG�FLWUXV�WUHHV�DQG�WUDQVSODQWLQJ�+/%�LQIHFWHG�
VHHGOLQJV�� ,Q� &DPERGLD�� FLWUXV� VHHGOLQJV� DUH� FRPPRQO\� SURGXFHG� LQ� WHUPV� RI� YHJHWDWLYH�
SURSDJDWLRQ� E\� PDUFRWWLQJ� RU� JUDIWLQJ� XVLQJ� EXGV� WDNHQ� IURP� +/%� LQIHFWHG� WUHHV� LQ� WKH� RSHQ�
QXUVHULHV�� &DPERGLD� VXIIHUV� IURP� D� VHULRXV� HSLGHPLF� RI� +/%� DOO� RYHU� PDMRU� FLWUXV� RUFKDUGV�
QDWLRQZLGH��&LWUXV�JURZHUV�� LQ�SULQFLSOH��XVH�XQFHUWLILHG�FLWUXV�VHHGOLQJV�IRU�WKHLU�RUFKDUGV��ZKLFK�
DUH�DOUHDG\�LQIHFWHG�ZLWK�+/%�SDWKRJHQ��DQG�WKH�+/%�V\PSWRP�DSSHDUV�ZLWKLQ���RU���\HDUV�DIWHU�
WUDQVSODQWLQJ��

675$,1�,'(17,),&$7,21�2)�+/%�3$7+2*(1��

7KH�VWUDLQ�RI�+/%�SDWKRJHQ�ZDV�SUHFLVHO\�H[DPLQHG�DQG�IRXU�VWUDLQV�KDYH�EHHQ�UHSRUWHG�LQ�7DLZDQ�
�7VDL� HW� DO��� ������� 7KH� +/%� VWUDLQV� ZHUH� LGHQWLILHG� E\� ELRDVVD\� DQG� 3&5� DQDO\VLV� ZLWK� IRXU�
GLIIHUHQWLDO�FLWUXV�FXOWLYDUV�RI�PDQGDULQ��VZHHW�RUDQJH��SXPPHO�DQG�(XUHND�OHPRQ��$FFRUGLQJ�WR�WKH�
SDWKRJHQLFLW\�DQG�YLUXOHQFH�RI�WKH�SDWKRJHQ�LVRODWHV��WKH�IRXU�VWUDLQV�ZHUH�FDWHJRUL]HG�DV�IROORZV��
6WUDLQ�,� LQIHFWHG�PDQGDULQ�DQG�VZHHW�RUDQJH�RQO\�DQG�FDXVHG�VHYHUH�V\PSWRPV�ZLWK�KLJK� WLWHU�RI�
SDWKRJHQ�PXOWLSOLFDWLRQ�� 6WUDLQ� ,,� LQIHFWHG� DOO� IRXU� FXOWLYDUV� DQG� LQGXFHG� VHYHUH� V\PSWRPV�ZLWK�
KLJK�SDWKRJHQ�WLWHU��6WUDLQ�,,,�LQIHFWHG�PDQGDULQ�DQG�VZHHW�RUDQJH�DQG�LQGXFHG�PRGHUDWH�V\PSWRP�
ZLWK�PRGHUDWH� SDWKRJHQ� WLWHU�� DQG� LQIHFWHG� SXPPHO� E\� FDXVLQJ�PLOG� V\PSWRPV�ZLWK� ORZ� WLWHU�RI�
SDWKRJHQ��6WUDLQ�,9�LQIHFWHG�PDQGDULQ�DQG�VZHHW�RUDQJH�RQO\�ZLWKRXW�V\PSWRP�H[SUHVVLRQ���

,Q�RUGHU�WR�FODULI\�WKH�VWUDLQV�RI�+/%�SDWKRJHQ�LQ�&DPERGLD��WKH�+/%�GLVHDVHG�VDPSOHV�ZHUH�
FROOHFWHG� IURP� WKH� VXVSHFWHG� WUHHV� RI� PDMRU� FXOWLYDUV� LQFOXGLQJ� 3XUVDW� VZHHW� RUDQJH�� PDQGDULQ��
SXPPHOR��0H[LFDQ� OLPH�DQG�5DQJSXU� OLPH�JURZQ� LQ� WKH�SURYLQFHV�RI�3XUVDW��%DWWDPEDQJ��6LHP�
5HDS��.RK�.RQJ��6LKDQRXN�YLOOH�DQG�.DPSRQJ�6SHX�GXULQJ������WR�������7KH�DOO�FLWUXV�VDPSOHV�
ZHUH�VXEMHFWHG�WR�WKH�+/%%�GHWHFWLRQ�ZLWK�3&5�WHVW��DQG�WKH�SRVLWLYH�VDPSOHV�ZHUH�VHOHFWHG�WR�EH�
WKH�+/%�SDWKRJHQ�LVRODWHV��7KH�VWUDLQV�RI�WKH�+/%%�LVRODWHV�ZHUH�LGHQWLILHG�E\�ELRDVVD\�RI�HDFK�
LVRODWH�ZLWK�WKH�IRXU�GLIIHUHQWLDO�FXOWLYDUV��

7KH� VWUDLQ� HYROXWLRQ� RI� &DPERGLDQ� LVRODWHV� RI� +/%� SDWKRJHQ� ZDV� LQYHVWLJDWHG� LQ� 58$�
WKURXJK� LQWHUQDWLRQDO� FROODERUDWLRQ�� DQG� WKH� UHVXOWV� DUH� VXPPDUL]HG� LQ�7DEOH� ���$ERXW� ������ RI�

�%���$��
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FLWUXV�VDPSOHV�������ZHUH�IRXQG�WR�EH�LQIHFWHG�ZLWK�+/%�SDWKRJHQ�E\�3&5�DQDO\VLV��7KH�SRVLWLYH�
GLVHDVHG�VDPSOHV�ZHUH�VXEMHFWHG�WR�ELRDVVD\�RI�VWUDLQ�LGHQWLILFDWLRQ��6WUDLQ�,,�FRXOG�JHQHUDOO\�LQIHFW�
DOO�WKH�FXOWLYDUV�WHVWHG��QDPHO\��3XUVDW�VZHHW�RUDQJH��PDQGDULQ��SXPPHOR��0H[LFDQ�OLPH��5DQJSXU�
OLPH�DQG�%DUJDPRW�EULQJLQJ�DERXW�VHYHUH�V\PSWRPV�ZLWK�KLJK�SDWKRJHQ�WLWHU��6WUDLQ�,,�������ZDV�
GHWHFWHG�LQ�DOO�WKH�FLWUXV�JURZLQJ�DUHDV��DQG�VKRZHG�LWV�GRPLQDQFH�RYHU�RWKHU�VWUDLQV��6WUDLQ�,��������
ZDV� VFDUFHO\� GHWHFWHG� LQ� 3XUVDW� VZHHW� RUDQJH� JURZQ� LQ� %DWWDPEDQJ� DUHD�� 6WUDLQ� ,,,� ������� ZDV�
LGHQWLILHG�IURP�PDQGDULQ�WUHH�LQ�3XUVDW�SURYLQFH�DQG�ZLOG�OLPH�LQ�6LHP�5HDS��$�YLUXOHQW�VWUDLQ�ϫ�
KDV�QRW�EHHQ�GHWHFWHG�LQ�&DPERGLD��,W�ZDV�WKH�ILUVW�WLPH�WKDW�+/%�LQIHFWLRQ�ZDV�GHWHFWHG�LQ�ZLOG�
OLPH��DQG�WKLV�PHDQV�WKH�ZLOG�OLPH�LV�D�QHZ�DOWHUQDWLYH�KRVW�RI�+/%%��+XQJ�HW�DO����������

7DEOH���6WUDLQ�LGHQWLILFDWLRQ�RI�+/%�SDWKRJHQ�LQ�&DPERGLD�

/RFDOLW\�FXOWLYDU� 1XPEHU�RI�WHVW�
WUHHV�

1XPEHU�RI�
SRVLWLYH�WUHHV�

+/%%�VWUDLQV�

Ϩ� ϩ� Ϫ� ϫ�
Ϩ��3XUVDW�SURYLQFH� � � � � � �

3XUVDW�VZHHW�RUDQJH� ���� ��� � ��� � �
0DQGDULQ� ����� ���� � ���� �� �
3XPPHOR� ����� ���� � ���� � �

ϩ��%DWWDPEDQJ�SURYLQFH� � � � � � �
3XUVDW�VZHHW�RUDQJH� ����� ���� �� ���� � �
3XPPHOR� ����� ���� � ���� � �
5DQJSXU�OLPH� ����� ���� � ���� � �

Ϫ��6LHP�5HDS�SURYLQFH� � � � � � �
3XUVDW�VZHHW�RUDQJH� ����� ���� � ���� � �
0DQGDULQ� ����� ���� � ���� � �
3XPPHOR� ������ ���� � ���� � �
0H[LFDQ�OLPH� ������ ���� � ���� � �
%HUJUDPRW� ������ ���� � ���� � �
:LOG�OLPH点� ������ ���� � � �� �

ϫ��.RK�.RQJ�SURYLQFH� � � � � � �
3XUVDW�VZHHW�RUDQJH� ����� ���� � ���� � �
5DQJSXU�OLPH� ������ ���� � ���� � �

Ϭ��6LKDQRXN�YLOOH�SURYLQFH� � � � � � �
3XPPHOR� ������ ���� � ���� � �

ϭ��.DPSRQJ�6SHX�SURYLQFH� � � � � � �
3XPPHOR� ������ ���� � ���� � �

7RWDO�QXPEHU� ���� ��� �� ��� �� ��
3HUFHQWDJH��炴�� � �����炴�� ���炴� ��炴� ���炴� �炴�
点$WDODQWLD�FLWURLGHV��DOWHUQDWLYH�KRVW�

'(6($6(�&21752/�675$7(*,(6�

7KH� LQWHJUDWHG�GLVHDVH�PDQDJHPHQW��ZKLFK� LQFOXGHV�SURSDJDWLRQ�DQG�FXOWLYDWLRQ�RI�3)�VHHGOLQJV��
HOLPLQDWLRQ�RI�LQRFXOXP�VRXUFHV��DQG�SUHYHQWLRQ�RI�VHFRQGDU\�LQIHFWLRQ�E\�YHFWRU�LQVHFWV��LV�KLJKO\�
UHFRPPHQGHG�WR�FRQWURO�WKH�+/%�GLVHDVH��(VWDEOLVKPHQW�RI�3)��FLWUXV�QXUVHU\�V\VWHP�LV�SULPDULO\�
LPSRUWDQW�WR�SUHYHQW�WKH�GLVHDVH�SUHYDOHQFH��6X���������$Q�LQVHFW�SURRI�VFUHHQ�KRXVH�EXLOW�LQ�58$�
KDV� EHHQ� XWLOL]HG� DV� D� UHSRVLWRU\� RI� 3)� FLWUXV� IRXQGDWLRQ� VWRFNV� REWDLQHG� WKURXJK� VKRRW�WLS�
PLFURJUDIW� WHFKQLTXH� �)LJ�� ���� 7KH� ILUVW� DXWKRU��0U�� 6HWKD�� KDV� EHHQ� LQ� FKDUJH� RI� WKH� 3)� FLWUXV�
IRXQGDWLRQ� SURJUDP�� 3URGXFWLRQ� RI� 3)� VHHGOLQJV� KDV� EHHQ� SURPRWHG� E\� XVLQJ� WKH� 3)� VFLRQ�EXG�
GHULYHG� IURP� WKH� IRXQGDWLRQ� WUHHV� LQ� 58$�� )LHOG� GHPRQVWUDWLRQ� RI� 3)� FLWUXV� VHHGOLQJV� ZKLFK�
LQFOXGHV�3XUVDW�VZHHW�RUDQJH��PDQGDULQ�DQG�SXPPHOR�KDV�EHHQ�FRQGXFWHG�E\�'U��%XQWKDQ�RI�58$�
5HFWRU�LQ�%DWWDPEDQJ�DQG�7DNDH�SURYLQFHV��7KH�3)�FLWUXV�VHHGOLQJV�JURZ�YLJRURXVO\�DQG�VWDUWHG�WR�
EHDU�IUXLWV�OX[XULDQWO\�ZLWKLQ���\HDUV�DIWHU�WUDQVSODQWLQJ��
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$�KHDOWK\�FLWUXV�RUFKDUG�SODQWHG�ZLWK�3)�VHHGOLQJV�PD\�RXWOLYH�WKH�JURZHU��+HDOWK\�FLWUXV�KDV�
D�JUHDW�SRWHQWLDO�IRU�VXVWDLQDEOH�KLJK�\LHOG�RYHU�PDQ\�GHFDGHV��SURYLGHG�DSSURSULDWH�KRUWLFXOWXUDO�
DQG�GLVHDVH�PDQDJHPHQW�SUDFWLFHV�DUH�IROORZHG��$FFRUGLQJO\��SURGXFWLRQ�DQG�FXOWLYDWLRQ�RI�3)�DQG�
KLJK�TXDOLW\� QXUVHU\� WUHHV� DUH� IXQGDPHQWDOO\� LPSRUWDQW� FRPSRQHQWV� RI� +/%� PDQDJHPHQW�� ,Q� D�
VFUHHQ�KRXVH�QXUVHU\��HIIHFWLYH�SUHYHQWLYH�PHDVXUHV�WR�FRQWURO�GLVHDVH�FDXVHG�E\�3K\WRSKWKRUD�VSS���
QHPDWRGHV�� DQG� EDFWHULDO� FDQNHU� GLVHDVH� KDYH� WR� EH� SUDFWLFHG�� %XGZRRG� LQFUHDVH� EORFNV� DUH�
HVWDEOLVKHG� DKHDG� RI� WKH� SURGXFWLRQ� RI� 3)� FLWUXV� VHHGOLQJV�� 7KH� EORFNV� FRQWDLQ� FHUWLILHG� SDUHQW�
SODQWV�SURSDJDWHG�E\�XVLQJ�EXGZRRG�IURP�IRXQGDWLRQ�WUHHV�DQG�PDLQWDLQHG�LQ�VFUHHQ�KRXVHV��7KHVH�
WUHHV� PXVW� EH� UHLQGH[HG� SHULRGLFDOO\�� DQG� XVHG� IRU� WKH� EXG�VXSSO\� XS� WR� ���� \HDUV� WR� DYRLG�
UHLQIHFWLRQ� DQG� PXWDWLRQV� RQ� WKH� SURSDJDWHG� VDSOLQJV�� 1HZ� EXGZRRG� LQFUHDVH� EORFNV� PXVW� EH�
SHULRGLFDOO\�HVWDEOLVKHG�ZLWK�FOHDQ�EXGV� IURP�IRXQGDWLRQ� WUHHV��7KH�3)�FLWUXV�URRWVWRFN�VHHGOLQJV�
DUH�SURGXFHG�LQ�VFUHHQ�KRXVHV�ZHOO�FRQVWUXFWHG�ZLWK����PHVK�VFUHHQ�DQG�GRXEOH�GRRUV��6X���������

&LWUXV�RUFKDUGV�WUDQVSODQWHG�ZLWK�3)�VHHGOLQJV�KDYH�EHHQ�YLJRURXVO\�JURZQ��UHVXOWLQJ�LQ�JRRG�
IUXLW�VHWWLQJ��7KH�3)�FLWUXV� WUHHV�FDQ�EH� IUXLWLQJ�DV�HDUO\�DV���\HDUV�DV� ORQJ�DV�DSSURSULDWH�KHDOWK�
PDQDJHPHQW�DQG�FXOWXUDO�SUDFWLFHV� VXFK�DV�ZDWHULQJ�� IHUWLOL]DWLRQ��DQG�SUXQLQJ�DUH�SURYLGHG�DIWHU�
WKH�RUFKDUG�HVWDEOLVKPHQW��+HDOWK�PDQDJHPHQW�RI�SDWKRJHQ�IUHH�FLWUXV�VHHGOLQJV�LQ�RUFKDUGV�QHHGV�
WR�EH�SURSHUO\�SHUIRUPHG�XVLQJ� WKH�IROORZLQJ�VWUDWHJLHV������3URPSW�HOLPLQDWLRQ�RI�+/%�GLVHDVHG�
FLWUXV�WUHHV�DQG�DOWHUQDWLYH�KRVW�SODQWV�DV�LQRFXOXPV�VRXUFHV�WR�SUHYHQW�VSUHDG�RI�+/%�WR�DGMDFHQW�
KHDOWK\� FLWUXV� WUHHV�� ��� 3URWHFWLRQ� RI� SDWKRJHQ�IUHH� WUHHV� IURP� YHFWRU� WUDQVPLVVLRQ� RI� WKH� +/%�
SDWKRJHQ�E\�HIIHFWLYHO\�VSUD\LQJ� LQVHFWLFLGHV�DW�FULWLFDO� VSURXWLQJ�SHULRGV��DQG�ZLWK� ,30�VWUDWHJ\�
VXFK�DV� QDWXUDO� HQHPLHV� ���3URYLGLQJ� WKH� RUFKDUGV�ZLWK� SK\VLFDO� EDUULHUV� IRU� DYRLGLQJ� WKH� YHFWRU�
LQYDVLRQ�DQG�JLYLQJ�QDWXUDO�HQHPLHV�WKH�KDELWDQWV��
�
�
�
�
�
�
�
�
�
�
�
�

)LJ����3DWKRJHQ�IUHH�FLWUXV�IRXQGDWLRQ�VWRFN�NHSW�LQ�WKH�LQVHFW�SURRI�VFUHHQ�KRXVH�
UHSRVLWRU\�LQ�58$�
7KH�DXWKRU��/��VWRRG�QHDUO\�WKH�VHFRQG�DXWKRU��5���LQVSHFWLQJ�3)�IRXQGDWLRQ�SODQWV�

&21&/86,21�$1'�)8785(�3(563(&7,9(6��

&LWUXV� +/%� GLVHDVH� FDXVHG� E\� XQFXOWLYDEOH� SDWKRJHQLF� EDFWHULD� ZDV� REVHUYHG� LQ� PRVW� RI� WKH�
FRPPRQ�FLWUXV�FXOWLYDUV�RI�&DPERGLD��+/%�LV�PDLQO\�WUDQVPLWWHG�WR�FLWUXV�VHHGOLQJ�E\�YHJHWDWLYH�
SURSDJDWLRQ�DQG�VSUHDG�E\�YHFWRU�SV\OOLG�LQ�WKH�ILHOG�LQ�WKH�VDPH�PDQQHU�DV�LQ�RWKHU�$VLDQ�FRXQWULHV���
+/%�KDV� EHFRPH� D� VHULRXV� HSLGHPLF� LQ�PDQ\� FLWUXV� JURZLQJ� DUHDV� LQ�&DPERGLD��7KH� LQWHJUDWHG�
FRQWURO�PHDVXUHV�VXFK�DV�HOLPLQDWLRQ�RI�LQRFXOXP�VRXUFHV��FXOWLYDWLRQ�RI�3)�VHHGOLQJ��DQG�FRQWURO�
RI�YHFWRU�LQVHFW�E\�LQVHFWLFLGH�VSUD\LQJ��DUH�JHQHUDOO\�DSSOLHG�IRU�FRPEDWLQJ�WKH�GLVHDVH���

3URGXFWLRQ�DQG�KHDOWK�PDQDJHPHQW�RI�3)� VHHGOLQJ�DUH�SULPDULO\� LPSRUWDQW� IRU� UHKDELOLWDWLQJ�
FLWUXV� LQGXVWU\�� 3DWKRJHQ� LQGH[LQJ� WHFKQLTXH� LV� LQGLVSHQVDEOH� IRU� +/%�PDQDJHPHQW�� 7KH� DERYH�
PHQWLRQHG� IDFLOLWLHV� DQG� WHFKQRORJ\� KDYH� EHHQ� DOUHDG\� HVWDEOLVKHG� DQG� WUDQVIHUUHG� WR� WKH� 5R\DO�
8QLYHUVLW\� RI� $JULFXOWXUH�� ZKLFK� LV� DEOH� WR� HQKDQFH� SURGXFWLRQ� DQG� KHDOWK\� PDQDJHPHQW� RI� 3)�
VHHGOLQJ� WR�PHHW� LQFUHDVHG� IDUPHUV¶�GHPDQG� LQ� WKH� IXWXUH��7KH� WHFKQLTXHV�RI�KHDOWK�PDQDJHPHQW�
KDYH� WR� EH� LPSURYHG� DQG� UHDGMXVWHG� WR� ORFDO� FRQGLWLRQV� WKURXJK�PRUH� LQWHQVLYH� HSLGHPLRORJLFDO�
VWXGLHV�DQG�ZHOO�DSSOLHG� WR�SURWHFW�3)�WUHHV�IURP�UH�LQIHVWDWLRQ�RI�+/%�DQG�RWKHUV�YLUXV�GLVHDVHV�
HIIHFWLYHO\��
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7KH�DXWKRUV�DUH�JUDWHIXO�WR�)RRG�DQG�)HUWLOL]HU�7HFKQRORJ\�&HQWHU�DQG�5XUDO�'HYHORSPHQW�)RXQGDWLRQ��
7DLZDQ� IRU� WKHLU� HQFRXUDJHPHQW� DQG� ILQDQFLDO� VXSSRUWV� ZKLFK� KDYH� PDGH� LW� SRVVLEOH� IRU� WKH� VHFRQG�
DXWKRU�WR�SURYLGH�VHYHUDO�\HDUV�RI�WHFKQLFDO�DVVLVWDQFH�WR�5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH��&DPERGLD�LQ�
HVWDEOLVKLQJ�GLVHDVH�LQGH[LQJ�ODERUDWRU\�DQG�SDWKRJHQ�IUHH�QXUVHU\�V\VWHP�IRU�FLWUXV�UHKDELOLWDWLRQ��:H�
WKDQN�'U��+��,PDL��'HSXW\�'LUHFWRU�RI�))7&�DQG�0UV��&ULVWLQD�3��%HMRVDQR��(QJOLVK�(GLWRU�RI�))7&�IRU�
WKHLU� HGLWLQJ� DQG� FULWLFDO� UHYLHZ� RI� WKLV� PDQXVFULSW�� DQG�0V�� <�� &�� )HQJ� IRU� KHU� KHOS� LQ� W\SLQJ� WKH�
PDQXVFULSW�DQG�HGLWLQJ�ILJXUHV��

5()(5(1&(6�

%RYH��-�0���������+XDQJORQELQJ��$�GHVWUXFWLYH��QHZO\�HPHUJLQJ�FHQWXU\�ROG�GLVHDVH�RI�FLWUXV��-��SODQW�3DWKRO��
����������

&KHQJ��&�3���������6WXGLHV�RQ�µ+XDQJORQJELQJ¶�RI�&KDXNDQ�7DQJRU��-RXU��1HZ�$JU��������������LQ�&KLQHVH���
+XQJ�� 7�+��� +XQJ�� 6�&��� &KHQ�� &�1��� +VX�� 0�+�� DQG� 6X�� +�-�� ������� 'HWHFWLRQ� E\� 3&5� RI� &DQGLGDWXV�

/LEHULEDFWHU�DVLDWLFXV��WKH�EDFWHULXP�FDXVLQJ�FLWUXV�KXDQJORQJELQJ�LQ�YHFWRU�SV\OOLGV��DSSOLFDWLRQ�WR�WKH�
VWXG\�RI�YHFWRU�SDWKRJHQ�UHODWLRQVKLSV��3ODQW�3DWKRORJ\��������������

+XQJ�� 7�+��� :X�� 0�/�� DQG� 6X�� +�-�� ������� 'HYHORSPHQW� RI� D� UDSLG� PHWKRG� IRU� WKH� GLDJQRVLV� RI� FLWUXV�
JUHHQLQJ�GLVHDVH�XVLQJ�WKH�SRO\PHUDVH�FKDLQ�UHDFWLRQ��-��3K\WRSDWKRORJ\����������������

+XQJ��7�+���:X��0�/��DQG�6X��+�-���������,GHQWLILFDWLRQ�RI�WKH�&KLQHVH�ER[�RUDQJH��6HYHULQLD�EX[LIROLD��DV�
DQ�DOWHUQDWLYH�KRVW�RI�WKH�EDFWHULXP�FDXVLQJ�FLWUXV�+XDQJORQJELQJ��(XURSHDQ�-RXUQDO�RI�3ODQW�3DWKRORJ\��
��������������

/RSHV��6�$���������+XDQJORQJELQJ�LQ�%UD]LO���������,QWHUQ��:RUNVKRS��3UHYHQWLRQ�RI�FLWUXV�JUHHQLQJ�'LVHDVH�
LQ�6HYHUHO\�,QIHFWHG�$UHDV��7$55,�-,5&$6��-DSDQ��

0DWVXPRWR�� 7��� :DQJ�� 0�&�� DQG� 6X�� +�-�� ������� 6WXGLHV� RQ� /LNXELQ�� ,Q� :�� &�� 3ULFH� �HG��� 3URF�� �QG�
&RQIHUHQFH�RI�WKH�,QWHUQDWLRQDO�2UJDQL]DWLRQ�RI�&LWUXV�9LURORJLVWV��,2&9���8QLYHUVLW\�RI�)ORULGD�3UHVV��
*DLQHVYLOOH����������

0L\DNDZD��7��DQG�7VXQR��.���������2FFXUUHQFH�RI�FLWUXV�JUHHQLQJ�GLVHDVH�LQ�WKH�6RXWKHUQ�LVODQGV�RI�-DSDQ��
$QQDOV�3K\WRSDWKRORJLFDO�6RFLHW\�RI�-DSDQ���������������

6X��+�-���������3URGXFWLRQ�DQG�&XOWLYDWLRQ�RI�IUHH�&LWUXV�6DSOLQJV�IRU�&LWUXV�5HKDELOLWDWLRQ�LQ�7DLZDQ��$VLD�
3DFLILF� &RQVRUWLXP� RQ� $JULFXOWXUDO� %LRWHFKQRORJ\� DQG� $VLD� 3DFLILF� $VVRFLDWLRQ� RI� $JULFXOWXUDO�
5HVHDUFK�,QVWLWXWLRQV��$3$$5,��&�2�)$2�5HJLRQDO�2IILFH�IRU�$VLD�DQG�WKH�3DFLILF������7KDLODQG��

7VDL�� &�+���+XQJ�� 7�+�� DQG�6X��+�-�� ������� 6WUDLQ� LGHQWLILFDWLRQ� DQG� GLVWULEXWLRQ� RI� FLWUXV�+XDQJORQJELQJ�
EDFWHULD�LQ�7DLZDQ��%RWDQLFDO�6WXGLHV�������������
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%UHHGLQJ�DQG�5HDULQJ�*LDQW�)UHVKZDWHU�3UDZQ�/DUYDH�LQ�
7DQNV�8VLQJ�'LIIHUHQW�6DOLQLW\�

5$7$1$.�28�
)DFXOW\�RI�)LVKHULHV��5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH��3KQRP�3HQK��&DPERGLD�
(PDLO��UDWDQDNRXODRWDY#JPDLO�FRP�

5HFHLYHG����'HFHPEHU������ $FFHSWHG����)HEUXDU\������

$EVWUDFW�:KLOH�WKH�SRSXODWLRQ�JURZV��DQG�LQ�RUGHU�WR�NHHS�IRRG�VHFXUHG�LQ�UXUDO�DUHDV��WKH�
SRVVLELOLW\� RI� ³%UHHGLQJ� DQG� 5HDULQJ� *LDQW� )UHVKZDWHU� 3UDZQ� /DUYDH� LQ� 7DQNV� 8VLQJ�
'LIIHUHQW� 6DOLQLW\´� ZDV� WHVWHG�� 7KH� H[SHULPHQW� DLPHG� WR� ���� $QDO\]H� WKH� SRWHQWLDO� IRU�
UHSURGXFLQJ� D� JRQDG� VRPDWLF� LQGH[� RI� IUHVKZDWHU� SUDZQ� EURRGVWRFN�� ���� $QDO\]H� WKH�
SURWHLQ� OHYHOV� RI� DUWLILFLDO� IRRGV� IRU� UHDULQJ� IUHVKZDWHU� SUDZQ� ODUYDH� LQ� WDQNV�� DQG� ����
&RPSDUH� WKH� VXUYLYDO� UDWHV� RI� IUHVKZDWHU� SUDZQ� ODUYDH� XQWLO� WKH� SRVW�ODUYDH� OHYHO� XVLQJ�
GLIIHUHQW�VDOLQLW\��7KHUH�ZHUH�WKUHH�WUHDWPHQWV�XVLQJ�GLIIHUHQW�OHYHOV�RI�VDOLQLW\���Å����Å��
DQG���Å��7KHUH�ZHUH�WKUHH�PRUH�UHSOLFDWHV�WR�FKHFN�IRU�DFFXUDF\��DQG�HDFK�UHSOLFDWH�ZDV�
SXW�DW����ODUYDH�SHU�OLWUH��7KH�DPRXQW�RI�ZDWHU�SHU�WDQN�ZDV����OLWUHV��7KHUH�ZHUH�WZR�NLQGV�
RI� IHHGV��$UWHPLD�1DXSOLL��ZKLFK�ZDV�SURYLGHG� LQ� WKH�PRUQLQJ�DQG�DW�QLJKW� WLPH��DQG�DQ�
DUWLILFLDO�IHHG�FRQVLVWLQJ�RI���J�RI�EDE\�SRZGHU��WKH�\RON�RI�D�FKLFNHQ�HJJ�����RI�R\VWHU�
RLO��DQG������RI�OHFLWKLQ�IRU�HDFK��NJ�RI�WKH�IRRG��7KH�DUWLILFLDO�IHHG�ZDV�JLYHQ�WKUHH�WLPHV�
D�GD\�����DP����SP�DQG���SP���7KH�DQDO\VLV�VKRZHG�WKDW�DQ�DYHUDJH�RI��J�RI�JRQDG�ZHLJKW�
ZDV�HTXDO�WR��������HJJV�DQG�WKHUHIRUH����J�RI�JRQDG�ZHLJKW�ZDV�HTXDO�WR��������HJJV��
7KH�DPRXQW�RI�SURWHLQ��IXUWKHUPRUH��SURYLGHG�GDLO\�WR�WKH�SUDZQ�ODUYDH�ZDV���������OLSLG�
�������DQG�DVK�������UHVSHFWLYHO\�RI� WKH� IHHG��:H�FRPSDUHG� WKH�VXUYLYDO� UDWHV�DQG� WKH�
ILUVW� WUHDWPHQW�� ZLWK� �Å� RI� VDOLQLW\�� ZDV� REVHUYHG� WR� HQDEOH� D� VXUYLYDO� UDWH� PHDQ� RI�
����r������� 7KH� VHFRQG�� ZLWK� ��Å� RI� VDOLQLW\�� HQDEOHG� �����r������� DQG� WKH� WKLUG�
HQDEOHG�����r������ZLWK���Å�RI�VDOLQLW\��7KHUHIRUH��IUHVKZDWHU�ODUYDH�DGDSWHG�EHVW�ZLWK�
��Å� RI� VDOLQLW\�� ZKLFK� ZDV� WKH� PRVW� VXLWDEOH� EUDFNLVK� ZDWHU� WR� QXUVH� DQG� UHDU� WKH�
IUHVKZDWHU�ODUYDH�WR�SRVW�ODUYDH�OHYHO��

.H\ZRUGV�JLDQW�SUDZQ�EUHHGLQJ��$UWHPLD�QDXSOLL��JRQDG�VRPDWLF�LQGH[��VDOLQLW\�

,1752'8&7,21�

,QFUHDVLQJ�KXPDQ�SRSXODWLRQ� LV�RQH�RI�WKH�PDLQ�FRQFHUQV�WR� WKH�ZRUOG�DV�D�FDXVH�RI� IRRG�VXSSO\�
VKRUWDJHV��5HFHQWO\��LQ�SDUW�DW�OHDVW�GXH�WR�SRSXODWLRQ�SUHVVXUHV��ZDWHU�HFRORJLFDO�V\VWHPV�KDYH�EHHQ�
FKDQJHG�E\�KXPDQ�DFWLYLWLHV�WR�VHUYH�YDULRXV�HQGV��&DPERGLD�LV�RQH�RI�WKH�$VLDQ�FRXQWULHV�ZKLFK�
KDYH� D� KXJH� ILVK� SRSXODWLRQ��+RZHYHU�� WKH� VL]H� RI� WKLV� ILVK� SRSXODWLRQ� KDV� VKDUSO\� GHFUHDVHG� LQ�
UHFHQW�\HDUV��$V�D�UHVXOW��GRPHVWLF�IRRG�VXSSO\�DQG�QXWULWLRQ�PD\�QRW�EH�HQRXJK�IRU�WKH�&DPERGLDQ�
SHRSOH�� *LDQW� IUHVKZDWHU� SUDZQ� �0DFUREUDFKLXP� URVHQEHUJLL�� LV� RQH� RI� WKH� IUHVKZDWHU� VSHFLHV�
ZKLFK�DUH�QRW�RQO\�HGLEOH�EXW�DUH�DOVR�KLJK�LQ�SURWHLQ��%HFDXVH�RI�GHFUHDVHV�LQ�WKH�IUHVKZDWHU�SUDZQ�
SRSXODWLRQ��WKH�SULFH�KDV�ULVHQ�WR�WKH�H[WHQW�WKDW�PDQ\�SRRU�SHRSOH�FDQQRW�DIIRUG�WKHP��'XH�WR�WKLV�
GHFUHDVH�WKH�5R\DO�*RYHUQPHQW�RI�&DPERGLD��DV�ZHOO�DV�RWKHU�JRYHUQPHQWV��KDV�EHHQ�SXVKLQJ�WR�
LQFUHDVH�IUHVKZDWHU�SUDZQ�SRSXODWLRQ�WKURXJK�UHSURGXFWLRQ�DQG�DTXDFXOWXUH���

&XUUHQWO\��WKH�JLDQW�IUHVKZDWHU�SUDZQ�LV�QRW�ZLGHO\�FRQVXPHG�LQ�&DPERGLD�EXW�PDQ\�FRXQWULHV�
WKURXJKRXW�WKH�ZRUOG�DUH�ORRNLQJ�DW�ZD\V�WR�LQFUHDVH�WKHLU�QXPEHUV�WKURXJK�ERWK�DTXDFXOWXUH�DQG�
LQFUHDVLQJ�QDWXUDO�VWRFNV��0DFUREUDFKLXP�URVHQEHUJLL�KDV�D�ERG\�VL]H�RI�EHWZHHQ������J�DIWHU�����
PRQWKV�RI�DTXDFXOWXUH�DQG�ZKHQ�LW�LV�FXOWXUHG�IRU�D�\HDU��LWV�VL]H�LQFUHDVHV�WR�������J��7KLV�NLQG�RI�
IUHVKZDWHU�SUDZQ�HQMR\V�ERWK�FOHDU�DQG�GLUW\�ZDWHU��7KH�PDOHV�DUH�PRVWO\�IRXQG�LQ�VPDOO�VWUHDPV��
ULYHUV��DQG�VRPH�ODNHV�EXW�WKH�IHPDOH�HQMR\V�VXUYLYLQJ�LQ�WKH�VOLJKWO\�EUDFNLVK�ZDWHUV�LQ�ZKLFK�WKH�
FXUUHQW�IORZV�WR�WKH�VDOW�ZDWHU��6RYDQQU\���������

ᶃᶐᶂ

5HVHDUFK�DUWLFOH�
�
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,QIRUPDWLRQ� DERXW� WKH� EUHHGLQJ� DQG� UHDULQJ� RI� WKH� JLDQW� IUHVKZDWHU� SUDZQ� �0DFUREUDFKLXP�
URVHQEHUJLL��KDV�QRW�WR�GDWH�EHHQ�LQYHVWLJDWHG�DQG�WKHUH�LV�UHODWLYHO\�OLWWOH�XQGHUVWDQGLQJ�RI�LW��7KLV�
H[SHULPHQW�� QDPHO\�� EUHHGLQJ� DQG� UHDULQJ� JLDQW� IUHVKZDWHU�SUDZQ� ODUYDH� LQ� WDQNV� XVLQJ� GLIIHUHQW�
VDOLQLW\��ZDV�FRQGXFWHG� WR� LGHQWLI\�DQG�FRPSDUH�VXUYLYDO� UDWHV� LQ�GLIIHUHQW�FRQGLWLRQV�DQG�DOVR� WR�
DQDO\]H�WKH�SRVVLELOLW\�RI�UHSURGXFLQJ�D�JRQDG�VRPDWLF�LQGH[�RI�IUHVKZDWHU�SUDZQ�EURRGVWRFN��

0(7+2'2/2*<�

7KH�H[SHULPHQW�ZDV�FRQGXFWHG�LQ�WKH�ILVK�IDUP�RI�WKH�)DFXOW\�RI�)LVKHULHV�DW�WKH�5R\DO�8QLYHUVLW\�
RI�$JULFXOWXUH��&DPERGLD�� DQG�ZDV� FRPSRVHG� RI� WKUHH� WUHDWPHQWV�� HDFK� XVLQJ� GLIIHUHQW� OHYHOV� RI�
VDOLQLW\��7KH� ILUVW� XVHG� ���RI� VDOLQLW\�� WKH� VHFRQG�����RI� VDOLQLW\� DQG� WKH� WKLUG� ����RI� VDOLQLW\��
(DFK� WUHDWPHQW� KDG� �� UHSOLFDWHV� WR� FKHFN� IRU� DFFXUDF\�� DQG� HDFK� UHSOLFDWH� ZDV� SXW� E\� ZLWK� ���
ODUYDH�OLWUH�� 7KH� DPRXQW� RI� ZDWHU� SHU� WDQN� ZDV� ��� OLWUHV�� VR� HDFK� WDQN� QHHGHG� ������ IUHVKZDWHU�
SUDZQ�ODUYDH�WR�FRQGXFW�WKH�H[SHULPHQW��7KH�SUDZQ�EUHHGHUV�WR�EH�UHSURGXFHG�ZHUH�FROOHFWHG�IURP�
QDWXUDO�ZDWHUV�ORFDWHG�LQ�1DNOHXQJ��3HDP�5RU�GLVWULFW��3UH\�9HQJ�SURYLQFH��7R�ILQG�RXW�WKH�QXPEHU�
RI� HJJV� LQ� WKH� EUHHGHUV�� JRQDG� VRPDWLF� LQGH[� ZDV� WDNHQ� LQWR� DFFRXQW�� ,W� ZDV� UHIHUUHG� WR� DV� WKH�
QXPEHU�RI�HJJV�LQ�D�JLDQW�IUHVKZDWHU�SUDZQ�EUHHGHU��7KHUHIRUH��HDFK�EUHHGHU�JRQDG�ZDV�EDODQFHG�
DQG� FXW� YDULRXV� �J� VDPSOHV� IRU� FRXQW�� WKHQ� ZDV� FDOFXODWHG� IRU� DYHUDJH� RI� QXPEHU� RI� HJJV� LQ� D�
EUHHGHUV��7KH�EUHHGHUV�ZHUH�LQ�JRRG�KHDOWK�DQG�KDG�JRRG�PRYHPHQWV��DQG�QRQH�ZHUH�LQMXUHG��7KHUH�
ZHUH�WZR�NLQGV�RI�IHHGV�WR�EH�SURYLGHG�IRU�IUHVKZDWHU�ODUYDH�LQ�WKH�WDQNV��7KH�ILUVW��FDOOHG�$UWHPLD�
QDXSOLL��ZDV� SURYLGHG� WZR� WLPHV� SHU� GD\�� LQ� WKH�PRUQLQJ� DQG� DW� QLJKW� WLPH�� 7KH� VHFRQG�ZDV� DQ�
DUWLILFLDO�IHHG�ZKLFK�ZDV�FRPSULVHG�RI���J�RI�EDE\�SRZGHU��D�FKLFNHQ�HJJ�\RON�����RI�R\VWHU�RLO��
DQG� ����� RI� OHFLWKLQ� IRU� �NJ� RI� IHHG��7KLV� FRPSRVHG� IHHG�ZDV� JLYHQ� E\� H[DFW� DPRXQWV� WR� HDFK�
WUHDWPHQW�WKUHH�WLPHV�GDLO\��DW����DP����SP�DQG���SP���

5(68/7�$1'�',6&866,21�

%URRGHU�ZHLJKW�DQG�QXPEHU�RI�HJJV�LQ�WKH�VRPDWLF�LQGH[�RI�JLDQW�IUHVKZDWHU�SUDZQV�

7KH� H[WHQW� WR� ZKLFK� LW� ZDV� SRVVLEOH� WR� UHSURGXFH� D� JRQDG� VRPDWLF� LQGH[� RI� IUHVKZDWHU� SUDZQ�
EURRGVWRFN�ZDV�DVVHVVHG�ZLWK�YDULRXV�W\SHV�RI�EURRGHUV�IRU�IUHVKZDWHU�SUDZQV��7KH�FDOFXODWLRQ�RI�
���J�RI�EURRGHU�ZHLJKW�ZDV�PDGH�LQ�RUGHU�WR�DQDO\]H�KRZ�PDQ\�ODUYDH�FRXOG�EH�SURYLGHG�IRU����J�
RI�JLDQW�IUHVKZDWHU�SUDZQ��$OWKRXJK�WKH�H[SHULPHQW�WRRN�LQWR�DFFRXQW�WKH�YDULRXV�NLQGV�RI�EURRGHU�
ZHLJKWV�� WKH� FRXQW� ZDV� EDODQFHG� WR� D� JUDP� RI� WRWDO� DPRXQW� RI� VRPDWLF� ZHLJKW�� ,Q� WDEOH� ��� WKH�
EURRGHU�ZHLJKW� DQG� DYHUDJH� QXPEHU� RI� HJJV� LQ� WKH� VRPDWLF� LQGH[� RI� JLDQW� IUHVKZDWHU� SUDZQV� LV�
VKRZQ�DQG�WKH�YDULRXV�EURRGHUV�ZKLFK�ZHUH� WDNHQ�WR�HVWLPDWH� WKH� ODUYDH�ZKLFK�ZHUH�H[SHFWHG�WR�
SURYLGH����J�RI�EURRGHUV��$IWHU�WKH�HVWLPDWLRQ�RI�WKH�DYHUDJH�QXPEHU�RI�HJJV�LQ�YDULRXV�VRPDWLF�
ZHLJKWV��WKHUH�ZHUH�DERXW��������HJJV�LQ�D�EURRGHU��ZKLFK�KHOG����J�RI�EURRGHUV���

7DEOH���%URRGHU�ZHLJKW�DQG�DYHUDJH�QXPEHU�RI�HJJV�LQ�VRPDWLF�LQGH[�
:HLJKW�RI�EUHHGHUV��J�� :HLJKW�RI�VRPDWLF�LQGH[��J�� 1XPEHU�RI�HJJ�JUDP� (JJ�RI�D����J�EUHHGHU�

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

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

7RWDO�$YHUDJH� � � �������
�
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3URWHLQ�OHYHO�LQ�WKH�FRPSRVHG�IHHG�

7KHUH�ZHUH��DV�DOUHDG\�QRWHG�� WZR�NLQGV�RI� IHHGV�SURYLGHG�IRU� WKH�IUHVKZDWHU� ODUYDH� LQ� WKH�WDQNV��
7KH� ILUVW�ZDV�FDOOHG�$UWHPLD�QDXSOLL�DQG�ZDV�SURYLGHG� WZR�WLPHV�SHU�GD\�� LQ� WKH�PRUQLQJ�DQG�DW�
QLJKW�WLPH��7KH�VHFRQG�ZDV�FRPSRVHG�RI�IHHG�ZKLFK�FRQVLVWHG�RI���J�RI�EDE\�SRZGHU��D�FKLFNHQ�
HJJ� \RON�� ���RI� R\VWHU� RLO�� DQG� �����RI� OHFLWKLQ� IRU� HDFK� �NJ� RI� IHHG��7KLV� FRPSRVHG� IHHG�ZDV�
JLYHQ�E\�H[DFWO\�WKH�VDPH�DPRXQW�WKUHH�WLPHV�SHU�GD\��DW����DP����SP�DQG���SP���$V�FDQ�EH�VHHQ�LQ�
WDEOH����WKH�SURWHLQ�OHYHOV�LQ�WKH�FRPSRVHG�IHHG�ZDV�DURXQG������OLSLG�ZDV�DERXW��������DQG�DVK�
�����

7DEOH���3URWHLQ�OHYHOV�LQ�WKH�FRPSRVHG�IHHG�

&RPSRVHG�IHHG�
3URWHLQ�OHYHO� /LSLG�OHYHO� $VK�

������� ������� ������

6XUYLYDO�UDWHV�RI�JLDQW�IUHVKZDWHU�SUDZQ�ODUYDH�XQWLO�SRVW�ODUYDH�

7KHUH�ZHUH�VHYHUDO�IDFWRUV�DIIHFWLQJ�WKH�VXUYLYDO�UDWH�RI�WKH�ODUYDH��7KH�H[SHULPHQW�ZDV�FRQGXFWHG�
ZLWK�WKUHH�WUHDWPHQWV��LQFOXGLQJ�WKUHH�UHSOLFDWHV�IRU�HDFK��/DUYDH�ZHUH�SXW�LQ�WKH����OLWUH�WDQNV�XVLQJ�
GLIIHUHQW�VDOLQLW\�LQ�HDFK�WUHDWPHQW��,Q�WDEOH����WKH�QXPEHU�RI�ODUYDH�SXW�LQ�WDQNV�LV�VKRZQ��

7DEOH���1XPEHU�RI�ODUYDH�LQ�HDFK�WUHDWPHQW�
7UHDWPHQW� 5HSOLFDWHV� 6DOLQLW\� 'HQVLW\�RI�ODUYDH�WDQN�

7�� 7�5���7�5���7�5�� ��� ������
7�� 7�5���7�5���7�5�� ���� ������
7�� 7�5���7�5���7�5�� ���� ������

�
7KH�QXPEHU�RI�ODUYDH�ORVW�LQ�WDQNV�ZDV�GXH�WR�YDULRXV�IDFWRUV��6LSKRQLQJ�ZDV�RQH�RI�WKH�SUREOHPV�
DV�ZHOO�DV�WKH�FKDQJH�RI�ZDWHU�TXDOLW\�LQ�WDQNV��ZKLFK�OHG�WR�WKH�ODUYDH�EHLQJ�VWUHVVHG�DQG�G\LQJ�LI�
WKH�IHHG�ZDV�JLYHQ�LPSURSHUO\��$QRWKHU�SUREOHP�ZDV�WKH�GLIIHUHQFH�LQ�ODUYDH�JURZWK�LQ�WDQNV�GXH�
WR�XQHYHQ�IHHG�LQWDNH��,Q�ILJ�����WKH�VXUYLYDO�UDWH�RI�ODUYDH�LQ�WDQNV�ZDV�FRPSDUHG�IRU�HDFK�WUHDWPHQW�
XVLQJ�GLIIHUHQW�VDOLQLW\�OHYHOV�DQG�LW�VKRZHG�VWDWLVWLFDO�VLJQLILFDQFH�DW�DOO�OHYHOV��3���������

�

�

�

�

�

�

)LJ����6XUYLYDO�UDWH�RI�JLDQW�IUHVKZDWHU�SUDZQV�XVLQJ�GLIIHUHQW�VDOLQLW\�OHYHOV�
�

7KH�VXUYLYDO� UDWH�RI� ODUYDH� WR�SRVW�ODUYDH�GHSHQGHG�RQ� WKH�YDULRXV�VDOLQLW\� OHYHOV��7KH�VWXG\�
VKRZV� WKDW� WKH� DYHUDJH� VXUYLYDO� UDWH� LQ� WKH� WKUHH� WUHDWPHQWV� ZDV� IURP� ������ WR� �������� 7KH�
VXUYLYDO� UDWH� ZDV� DERXW� ����� r� ������� ������r� ������� DQG� �����r� � ������ IRU� 7��� 7��� DQG� 7��
UHVSHFWLYHO\�� 7KH� VXUYLYDO� UDWH� RI� 7�� XVLQJ� ����ZDV� WKHUHIRUH� WKH� KLJKHVW� RQH� FRPSDUHG� WR� WKH�
RWKHU� WUHDWPHQWV��7KLV�ZDV�FRQVLVWHQW�ZLWK�'LQJFKXQJ�� �������ZKR� UHSRUWHG� WKDW�JLDQW� IUHVKZDWHU�
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SUDZQV�PDWXUHG�DQG�VXUYLYHG�EHVW� LQ�EUDFNLVK�ZDWHU� IURP�������DQG� WKDW� WKH�PRVW�VXLWDEOH� OHYHO�
ZDV�IURP���������WKHUHIRUH��7��RI�WKH�H[SHULPHQW�KDG�WKH�KLJKHVW�VXUYLYDO�UDWH�RI�ODUYDH���

:DWHU�TXDOLW\�LQ�WDQNV�IRU�UHDULQJ�JLDQW�IUHVKZDWHU�SUDZQ�ODUYDH�XQWLO�SRVW�ODUYDH�

/RRNLQJ�DW� WKH�ZDWHU�TXDOLW\�IRU� UHDULQJ� WKH�ODUYDH�� WKHUH�ZHUH�WKUHH�PDLQ�IDFWRUV�WR�EH�REVHUYHG��
7HPSHUDWXUH��S+��DQG�GLVVROYHG�R[\JHQ�ZHUH�GDLO\�REVHUYHG�LQ�RUGHU�WR�DQDO\]H�KRZ�WKH\�FKDQJHG��
,Q�7DEOH����WKH�FKDQJH�RI�WHPSHUDWXUH�IRU�UHDULQJ�ODUYDH�ZDV�REVHUYHG�WZLFH�GDLO\��LQ�WKH�PRUQLQJV�
DQG�LQ�WKH�DIWHUQRRQV��,W�ZDV�VKRZQ�WKDW�DOO�WUHDWPHQWV�ZHUH�VWDWLVWLFDOO\�VLJQLILFDQW�DW�3�������7KH�
WHPSHUDWXUH�IRU�HDFK�WUHDWPHQW�ZDV�QRW�GLIIHUHQW�IURP�WKH�RWKHUV�IRU�ERWK�PRUQLQJV�DQG�DIWHUQRRQV���

7DEOH���7HPSHUDWXUH�FKDQJH�

2EVHUYDWLRQ�
7�� 7�� 7��

0HDQ�r�6'� 0HDQ�r�6'� 0HDQ�r�6'�
0RUQLQJ� �����r����� �����r����� �����r�����
$IWHUQRRQ� �����r����� �����r����� �����r�����

�
7KH�WHPSHUDWXUH�ZDV�REVHUYHG�VLQFH�WKH�ILUVW�GD\�RI�WKH�H[SHULPHQW��DQG�LQ�WKH�PRUQLQJ�LW�ZDV�

�����r�����&�� �����r�����&�� DQG� �����r�����&� IRU� 7��� 7��� DQG� 7�� UHVSHFWLYHO\� ZKLOH� LQ� WKH�
DIWHUQRRQ� WKH� WHPSHUDWXUH� FKDQJH�ZDV� DERXW� �����r�����&�� �����r�����&�� DQG������r�����&� IRU�
7���7���DQG�7��UHVSHFWLYHO\��

$SDUW�IURP�WHPSHUDWXUH��S+�DV�D�GHWHUPLQDQW�IRU�ZDWHU�TXDOLW\�ZDV�DOVR�DQDO\]HG��,Q�WDEOH����
WKH� S+� FKDQJH� LV� REVHUYHG� DQG� DQDO\]HG� IRU� HDFK� WUHDWPHQW�� 7KHUH� ZHUH� WZR� WLPHV� GDLO\� IRU�
FROOHFWLQJ� WKH� GDWD�� PRUQLQJV� DQG� DIWHUQRRQV�� DQG� ,W� ZDV� VKRZQ� WKDW� LW� ZDV� DOZD\V� VWDWLVWLFDOO\�
VLJQLILFDQW�DW�3��������

7DEOH���S+�FKDQJH�IRU�UHDULQJ�JLDQW�IUHVKZDWHU�SUDZQV�

2EVHUYDWLRQ�
7�� 7�� 7��

0HDQ�r�6'� 0HDQ�r�6'� 0HDQ�r�6'�
0RUQLQJ� �����r������� �������r������� �������r�������
$IWHUQRRQ� �����r������� �������r������� �������r�������

�
$SDUW�IURP�WHPSHUDWXUH�DQG�S+��GLVVROYHG�R[\JHQ�ZDV�DOVR�REVHUYHG�LQ�RUGHU�WR�DQDO\]H�WKH�

ZDWHU� TXDOLW\��7KH�REVHUYDWLRQ�ZDV� WDNHQ� WZLFH�� LQ� WKH�PRUQLQJV� DQG� DIWHUQRRQV��(DFK� WUHDWPHQW�
VKRZV�OLWWOH�GLIIHUHQFH�IURP�HDFK�RWKHU�DW�DOO�VLJQLILFDQFH�OHYHOV��3��������,Q�7DEOH����WKH�FKDQJH�RI�
GLVVROYHG�R[\JHQ�LQ�WKH�ZDWHU�ZDV�REVHUYHG�DQG�WKH�DYHUDJH�FDOFXODWHG��

7DEOH���'LVVROYHG�R[\JHQ�FKDQJH�

2EVHUYDWLRQ�
7�� 7�� 7��

0HDQ�r�6'� 0HDQ�r�6'� 0HDQ�r�6'�
0RUQLQJ� �������r������� �������r������ �������r�������
$IWHUQRRQ� �������r������� �������r������ �������r�������

�
'LVVROYHG� R[\JHQ� ZDV� YHU\� LPSRUWDQW� IRU� UHDULQJ� ODUYDH� LQ� WDQNV�� 7KH� DYHUDJH� OHYHO� RI�

GLVVROYHG� R[\JHQ�ZDV� DERXW� �����r� � �����PJ�O�� �����r� �����PJ�O�� DQG� �����r� � �����PJ�O� LQ� WKH�
PRUQLQJ�IRU�7���7���DQG�7��UHVSHFWLYHO\��)RU�WKH�DIWHUQRRQ��LW�ZDV�DURXQG�����r�������PJ�O������r�
�����PJ�O�������r� ������PJ�O� IRU�7���7���DQG�7�� UHVSHFWLYHO\��7KH� WUHDWPHQWV�KDG�QR�VWDWLVWLFDOO\�
VLJQLILFDQW�GLIIHUHQFHV��DQG�LW�ZDV�DFFHSWDEOH�IRU�UHDULQJ�ODUYDH�LQ�WDQNV��7KLV�ZDV�FRQVLVWHQW�ZLWK�
6RYDQQU\���������ZKR�VKRZHG�WKDW�WKH�GLVVROYHG�R[\JHQ�OHYHO�LQ�WKH�ZDWHU�IRU�IUHVKZDWHU�DQLPDOV�
KDG�WR�EH�DERYH���PJ�O��
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&21&/86,21�

2QO\�KHDOWK\�JRQDG�IUHVKZDWHU�SUDZQ�EUHHGHUV�ZHUH�VHOHFWHG�IRU�WKH�VWXG\�WR�FRXQW�WKH�DYHUDJHV�IRU�
WKH�JRQDG�VRPDWLF�LQGH[��%\�FRXQWLQJ��J�RI�WRWDO�JRQDG�ZHLJKW��WKH�DQDO\VLV�VKRZHG�WKDW�WKLV�ZDV�
HTXDO�WR��������HJJV�RI�IUHVKZDWHU�SUDZQ�DQG�WKHUHIRUH����J�RI�JLDQW�IUHVKZDWHU�SUDZQ�ZHLJKW�ZDV�
HTXDO� WR� ������� HJJV�� ZKLFK� WKH� EURRGVWRFN� FRXOG� KROG� LQ� LWV� VRPDWLF�� )XUWKHUPRUH�� WKH� IHHG�
DQDO\]HG�E\� WKH�YHWHULQDULDQ� ODERUDWRU\� IRU� DVVHVVLQJ� WKH�SURWHLQ� VKRZHG� WKDW� WKH� FRPSRVHG� IHHG�
SURYLGHG�WR�WKH�SUDZQ�ODUYDH�HDFK�GD\�ZDV��������RI�SURWHLQ�OHYHO���������RI�OLSLG��DQG�������RI�
DVK��7KLV�VKRZHG�WKDW�WKH�FRPSRVHG�IHHG�IRU�ODUYDH�GLG�QRW�SURYLGH�D�KLJK�HQRXJK�SURWHLQ�OHYHO�WR�
JURZ�WKH�ODUYDH��$IWHU�WKH�HQG�RI�H[SHULPHQW�WKH�ILUVW�WUHDWPHQW��ZKLFK�SXW�������ODUYDH�LQ����OLWUHV�
RI�ZDWHU�ZLWK��Å�VDOLQLW\��KDG�D�VXUYLYDO�UDWH�PHDQ�RI�������������7KH�VHFRQG�WUHDWPHQW��ZKLFK�
SXW�������ODUYDH�LQ����OLWUHV�RI�ZDWHU�ZLWK�����VDOLQLW\��KDG�D�VXUYLYDO�UDWH�PHDQ�RI��������������
DQG�WKH�ODVW�WUHDWPHQW�ZKLFK�KDG�������ODUYDH�LQ����OLWUHV�RI�ZDWHU�ZLWK�����VDOLQLW\�KDG�D�VXUYLYDO�
UDWH�PHDQ� RI� �������������:H� FRQFOXGH� WKHUHIRUH� WKDW� IUHVKZDWHU� ODUYDH� DGRSWHG� ZLWK� WKH� ����
OHYHOV�RI�VDOLQLW\�KDG�WKH�EHVW�VXUYLYDO�UDWHV��7KH�VXUYLYDO�UDWH�LQ�WKH�VHFRQG�WUHDWPHQW�ZLWK�����RI�
VDOLQLW\� ZDV� WKH� KLJKHVW�� 7KLV� H[SHULPHQW� ZDV� GHVLJQHG� WR� ILQG� WKH� DYHUDJH� DPRXQW� RI� HJJV� LQ�
EURRGVWRFN� JRQDG� VRPDWLF� LQGLFHV�� DQDO\]H� WKH� SURWHLQ� OHYHOV� LQ� DUWLILFLDO� IHHG�� DQG� FRPSDUH� WKH�
ODUYDH¶V�VXUYLYDO�UDWHV�ZLWK�GLIIHUHQW�VDOLQLW\��7KLV�ZDV�GRQH�LQ�RUGHU�WR�PDNH�UHFRPPHQGDWLRQV�WR�
WKH�QH[W�JHQHUDWLRQ�DQG�UXUDO�IDUPHUV�ZKR�PD\�EH�ZLOOLQJ�WR�JURZ�WKH�JLDQW�IUHVKZDWHU�SUDZQV�LQ�
&DPERGLD�DV�WR�WKH�EHVW�PHWKRGV�RI�VR�GRLQJ���

5()(5(1&(6�

'LQJFKXQJ��/���������7HFKQLTXHV�RI�JLDQW�IUHVKZDWHU�SUDZQ�EUHHGLQJ��������9LHWQDP��
0LFKDHO��%�1���������)DUPLQJ�IUHVKZDWHU�SUDZQ��)$2��������,WDO\��
6RYDQQU\��.���������*LDQW�IUHVKZDWHU�SUDZQ�ELRORJ\��5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH���������&DPERGLD��
�
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(IIHFW�RI�:KHDW�%UDQ�8WLOL]DWLRQ�RQ�WKH�3HUIRUPDQFH�RI�
)LQLVKLQJ�3LJ�DW�7DQJ�+DQJ�/\�)DUP�

6,(.�'$5,7+��
5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH��3KQRP�3HQK��&DPERGLD��
(PDLO��VGDULWK#\DKRR�FRP�

5HFHLYHG����'HFHPEHU������ $FFHSWHG����)HEUXDU\������

$EVWUDFW�7KH�H[SHULPHQW�ZDV�FRQGXFWHG�DW�WKH�7DQJ�+DQJ�/\�SLJ�IDUP��ORFDWHG�LQ�.DQGDO�
SURYLQFH�����FURVVEUHG�JURZLQJ�SLJV�ZHUH�LGHQWLILHG�LQLWLDOO\�DV�7���7���7���7��ZLWK�DYHUDJH�
ZHLJKW� ����������� NJ�� ����������� NJ�� ����������� NJ�� ����������� NJ� UHVSHFWLYHO\�� 7KH�
DLPV�RI�WKLV�UHVHDUFK�ZHUH������WR�GHWHUPLQH�WKH�RSWLPXP�OHYHO�RI�ZKHDW�EUDQ�LQ�WKH�GLHW�IRU�
JURZLQJ�ILQLVKLQJ�SLJ�DQG�����WR�HYDOXDWH�WKH�HFRQRPLF�HIILFLHQF\�RI�XVLQJ�ZKHDW�EUDQ�LQ�
SLJ�GLHW��7KH�H[SHULPHQW�ZDV�UDQGRPO\�GHVLJQHG�E\�&5'��FRPSOHWHO\�UDQGRPL]HG�GHVLJQ��
DQG�ZDV� GLYLGHG� LQWR� IRXU� WUHDWPHQWV� DQG� WKUHH� UHSOLFDWHV�� 7KHUH�ZHUH� WZR� SLJV� LQ� HDFK�
UHSOLFDWH�DQG�WKH�SLJV�ZHUH�RIIHUHG�IHHG�ZLWK�GLIIHUHQW�OHYHOV���������������DQG�����RI�
ZKHDW� EUDQ� LQ� WKH� IHHG� FRQFHQWUDWLRQ��7KH� UHVXOWV� VKRZHG� WKDW�� WKH� DYHUDJH�GDLO\�ZHLJKW�
JDLQ� LQ� 7�� �����������J�� ZLWK� WKH� ���� FRQFHQWUDWLRQ� RI� ZKHDW� EUDQ� ZDV� VLJQLILFDQWO\�
KLJKHU� WKDQ� WKH� IHHG� FRQFHQWUDWLRQV� RI� ���� LQ� 7�� �����������J�� DQG� ���� LQ� 7��
������������J����7KH�FRQWURO�GLHW�LQ�7��KDG�D�ZHLJKW�JDLQ�RI������������J��7KH�GDLO\�IHHG�
LQWDNH�ZDV� KLJKHVW�ZLWK� WKH� ����ZKHDW� EUDQ� FRQFHQWUDWLRQ� LQ� 7�� ������������ NJ�KHDG���
IROORZHG� E\� ORZHU� IHHG� LQWDNH� ZLWK� WKH� ZKHDW� EUDQ� FRQFHQWUDWLRQV� RI� ���� LQ� 7��
������������NJ�KHDG���7KLV�GLG�QRW�GLIIHU�IURP�WKH�FRQWURO�GLHW�LQ�7��������������NJ�KHDG��
DQG� WKH�����ZKHDW�EUDQ�FRQFHQWUDWLRQ� LQ�7�� ������������NJ�KHDG��� ,W�ZDV�QRWHG� WKDW� WKH�
GLHW�RI�7��ZLWK�D�ZKHDW�EUDQ�FRQFHQWUDWLRQ�RI�����FRQVXPHG�WKH�PRVW�IHHG�FRPSDUHG�WR�
WKH�RWKHU�WUHDWPHQWV��%HVLGHV��WKHUH�ZDV�D�VLJQLILFDQW�LQWHUDFWLRQ�ZLWK�IHHG�FRQYHUVLRQ�UDWLR�
�3�������LQ�ZKLFK�7��������������ZHUH�PXFK�KLJKHU�WKDQ�7���������������7���������������
DQG�7�� ������������� 7KLV�PHDQV� WKDW�ZKHDW� EUDQ�ZDV�PRUH� HIIHFWLYH� LI� LW�ZDV� XVHG� DW� D�
ORZHU�IHHG�FRQFHQWUDWLRQ�LQ�RUGHU�WR�JDLQ���NJ�RI�PHDW��,Q�FRQFOXVLRQ��WKH�UHVXOWV�VKRZHG�
WKDW� WKH� 7�� ZKLFK� ZDV� IHG� WKH� ���� FRQFHQWUDWLRQ� RI� ZKHDW� EUDQ� FRXOG� EH� XWLOL]HG�
HIIHFWLYHO\�DV�EDVDO�GLHW�IRU�JURZLQJ�ILQLVK�SLJ��ZKLFK�VWDUWHG�IURP����NJ�WR�����NJ��ZLWK�
VXSHULRU�HFRQRPLF�UHWXUQV��

.H\ZRUGV�SLJV��ZKHDW�EUDQ��IHHG�FRQYHUVLRQ�UDWLR��)&5���IHHG�LQWDNH��),���ZHLJKW�JDLQ�

,1752'8&7,21�

3LJ�PHDWV�DUH�WKH�PDLQ�FXUUHQW�FRQFHUQ�IRU�IRRG�RI�KXPDQ�DQG�IRRG�VHFXULW\�LQ�UXUDO�DUHDV�LI�SHRSOH�
GLG� QRW� NQRZ� KRZ� HIIHFWLYH� DQG� HIILFLHQW� WR� UDLVH� SLJV�� 7KHUHIRUH�� SLJ� UDLVLQJ� LV� D� YLWDO� SDUW� WR�
LQFUHDVH� SURILWDELOLW\� RI� KRXVHKROG� LQFRPH�� DQG� EHFDXVH� IDUPHUV� UHDOO\� ZDQW� WR� ILQG� RXW� QHZ�
WHFKQLTXHV� RI� UDLVLQJ� SLJV�ZLWK� ORZ� VSHQGLQJ� DQG� VXLWDEOH� OHYHO� RI� QXWULWLRQ��PDQ\� VFLHQWLVWV� DUH�
WU\LQJ� WR�GHYHORS�QHZ� WHFKQLTXHV� IRU� WKHP��$V�3RN�HW�DO�������� UHSRUWHG� WKDW� LW�ZRXOG�KDYH�KLJK�
GHPDQG�IRU�KXPDQ�EHLQJ�LQ�ZKLFK�SURYLGH�PHDW�DFFRXQW�IRU����SHUFHQW�RI�WRWDO�PHDW�RXWSXW��DQG����
SHUFHQW�RI�ZRUOG�PHDW�SURGXFH�E\�GHYHORSLQJ�FRXQWULHV�LQ������DQG�ZRXOG�SURGXFH����SHUFHQW�LQ�
������

&XUUHQWO\�� WKH�QXPEHU�RI� IDUPV� WR�UDLVH�SLJV� LV�JUDGXDOO\�LQFUHDVLQJ� LQ�&DPERGLD�PHDQZKLOH�
WKH�GHPDQG�RQ�SLJ�PHDWV�LV�VKDUSO\�LQFUHDVHG��/RRNLQJ�WR�WKH�JHQHUDO�FHQVXV������FRPSLOHG�E\�WKH�
PLQLVWU\�RI�SODQQLQJ�� WKH�SRSXODWLRQ� LQ�&DPERGLD�KDV������������ LQ������WR������������ LQ������
ZKLFK� KDV� LQFUHDVHG� E\� DERXW� �����PLOOLRQ� GXULQJ� WKH� GHFDGH� ����������� LW� UHDFK� WR� �����������
SHRSOH� LQ�������7KLV� VKRZHG� WKDW� WKH�KLJKHU�GHPDQG� LQFUHDVHV�� WKH�PRUH�SLJV�QHHG� WR�EH� UDLVHG��
$Q\ZD\V��IDUPHUV�LQ�&DPERGLD�PRVWO\�XVHG�WUDGLWLRQDO�WHFKQLTXHV�WR�UDLVH�SLJV�ZLWKRXW�DQDO\]LQJ�

ᶃᶐᶂ

5HVHDUFK�DUWLFOH�
�
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WKH�HFRQRPLFV��)RU� LQVWDQFH�� WKH\�UDLVHG�SLJV�ZLWK�NLWFKHQ�ZDVWHV�DQG�YHJHWDEOH�ZDVWHV�ZLWK�ULFH�
EUDQ�� HWF�� $OVR�� VRPH� IDUPHUV� KDG� QHZ� DFFHSWDEOH� WHFKQLTXHV� WR� UDLVH� SLJV� HIILFLHQWO\� DQG�
HIIHFWLYHO\�EXW�WKH\�VWLOO�QRW�NQHZ�WKH�EHQHILW�RI�ZKHDW�EUDQ�ZLWK�RWKHU�IHHG�LQJUHGLHQWV��7KH�ZKHDW�
EUDQ�KDG�WKH�FHOOXODU�OHVV�WKDQ�ULFH�EUDQ�DQG�LW�ZDV�DOVR�JRRG�VPHOO�DQG�HDVLO\�PHOWHG�ZKHQ�WKH�SLJV�
DWH��6RGDQ\����������

$V�FRQVLVWHQW�ZLWK�+DUULV�HW�DO���������UHSRUWHG�WKDW�PHWDEROLVP�HQHUJ\�RI�ZKHDW�EUDQ��FDOFLXP��
DQG�SKRVSKRU�ZDV�DERXW������NFDO��NJ���������DQG�������UHVSHFWLYHO\��)RU�WKH�H[SHULPHQW�LQ�58$�
��������LW�ZDV�DERXW�������IRU�FUXGH�SURWHLQ���������IRU�GU\�PDWWHU�DQG�������IRU�FUXGH�ILEUH�LQ�WKH�
ZKHDW� EUDQ�� 7KHVH� VKRZHG� WKDW� WKH� ZKHDW� EUDQ� KDG� KLJK� EHQHILW� IRU� IDUPHUV� WR� UDLVH� WKHLU� SLJV��
0RUHRYHU��WKH�HIIHFW�RI�ZKHDW�EUDQ�XWLOL]DWLRQ�RQ�SHUIRUPDQFH�RI�ILQLVKLQJ�SLJV�ZDV�VWLOO�QRW�FOHDUO\�
LQYHVWLJDWHG��

0$7(5,$/6�$1'�0(7+2'6�

7KHUH�ZHUH� IRXU� WUHDWPHQWV� WR�PDNH�DQ�H[SHULPHQW� DW�7DQJ�+DQJ�/\�SLJ� IDUP��ZKHUH� ORFDWHG�DW�
6GDRX�.DQODHQJ�YLOODJH�'HL�(GWK�FRPPXQH�.LHQ�6YD\�GLVWULFW�.DQGDO�SURYLQFH�DURXQG���NP�RII�
3KQRP�3HQK�FLW\��&DPERGLD��

$QLPDOV�DQG�H[SHULPHQWDO�GHVLJQ�

���FURVVEUHG� JURZLQJ� SLJV� �/DUJH� ZKLWH� [� /DQGUDFH�� ZHUH� SXW� LQLWLDOO\� E\� 7��� 7��� 7��� 7�� ZLWK�
DYHUDJH�OLYH�ZHLJKW������������NJ�������������NJ�������������NJ�������������NJ�UHVSHFWLYHO\��$OO�
SLJV�ZHUH�GH�ZRUPHG�DQG�YDFFLQDWHG�EHIRUH�PDNLQJ�WKH�H[SHULPHQW��7KH�H[SHULPHQW�ZDV�UDQGRPO\�
GHVLJQHG� E\� &5'� �FRPSOHWHO\� UDQGRPL]H� GHVLJQ�� WKDW� GLYLGHG� E\� IRXU� WUHDWPHQWV� DQG� WKUHH�
UHSOLFDWHV� IRU� HDFK�� 7KHUH� ZHUH� WZR� SLJV� WR� SXW� LQ� HDFK� UHSOLFDWH� DQG� RIIHUHG� IHHG� E\� GLIIHUHQW�
GLHWDU\�WUHDWPHQW�DV�VKRZQ�LQ�WDEOH����

��7���&RQWURO��0L]H��%URNHQ�ULFH��6R\EHDQ�PHDO��)LVK�PHDO��
��7���0DL]H��%URNHQ�ULFH��6R\EHDQ�PHDO��)LVK�PHDO�ZLWKLQ�����RI�:KHDW�%UDQ�
��7���0DL]H��%URNHQ�ULFH��6R\EHDQ�PHDO��)LVK�PHDO�ZLWKLQ�����RI�:KHDW�%UDQ�
��7���0DL]H��%URNHQ�ULFH��6R\EHDQ�PHDO��)LVK�PHDO�ZLWKLQ�����RI�:KHDW�%UDQ�

7DEOH���([SHULPHQWDO�GHVLJQ�E\�&5'�
5HSOLFDWHV� 7UHDWPHQW�

�� 7�� 7�� 7�� 7��
�� 7�� 7�� 7�� 7��
�� 7�� 7�� 7�� 7��

)HHG�DQG�IHHGLQJ�

,Q� WDEOH���� WKH�FRPSRVLWLRQ�RI�IHHG�VWXIIV�XVHG�IRU� WKH�H[SHULPHQW�ZDV� IRFXVHG�RQ�PDL]H��EURNHQ�
ULFH�� VR\EHDQ� PHDO�� ILVK�PHDO�� DQG� ZKHDW� EUDQ�� 7KH� GLHWV� ZHUH� IRUPXODWHG� E\� WKH� WZR� JURZLQJ�
SKDVHV��ILUVW��LW�ZDV�IURP��������NJ��SKDVH���LQ�WDEOH���DQG���������SKDVH���LQ�WDEOH����7KH�GDLO\�
IHHG� DOORZDQFH� ZDV� GLVWULEXWHG� HTXDOO\� LQWR� ��PHDOV� SHU� GD\��PRUQLQJ� DW� ����� DP�� DIWHUQRRQ� DW�
������SP�DQG�HYHQLQJ�DW������SP��

7DEOH���&KHPLFDO�FRPSRVLWLRQ�RI�WKH�IHHG�VWXIIV�XVHG�LQ�WKH�H[SHULPHQW�

)HHG�VWXII� '0��� 0(��NFDO�NJ�� ��RI�GU\�PDWWHU�
&3� &D� 3�

0DL]H� ������ ����� ����� ����� �����
%URNHQ�ULFH� ������ ����� ����� ����� �����
6R\EHDQ�PHDO� ������ ����� ������ ����� �����
)LVK�PHDO� ������ ����� ������ ����� �����
:KHDW�EUDQ� ������ ����� ������ ����� �����
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7DEOH���,QJUHGLHQW�DQG�FKHPLFDO�FRPSRVLWLRQ�RI�WKH�GLHWV�LQ�3KDVH����������NJ��
,QJUHGLHQW���� 7�� 7�� 7�� 7��

0DL]H� ������ ������ ������ ������
%URNHQ�ULFH� ������ ������ ������ �����
:KHDW�EUDQ� ����� ������ ������ ������
6R\EHDQ�PHDO� ����� ����� ����� �����
)LVK�PHDO� ������ ����� ����� �����
6DOW� ����� ����� ����� �����
3UHPL[� ����� ����� ����� �����
0LQHUDOV� ����� ����� ����� �����
RLO� ����� ����� ����� �����
7RWDO� ������� ������� ������� �������
&RPSRVLWLRQ�����LQ�'0��H[FHSW�IRU�0(�ZKLFK�LV�LQ�NFDO�NJ�'0��

0(� ������ ������ ������ ������
&UXGH�3URWHLQ� ����� ����� ����� �����
&DOFLXP� ����� ����� ����� �����
3KRVSKRUXV� ����� ����� ����� �����

7DEOH���,QJUHGLHQW�DQG�FKHPLFDO�FRPSRVLWLRQ�RI�WKH�GLHWV�LQ�3KDVH�����������NJ��
,QJUHGLHQW���� 7�� 7�� 7�� 7��

0DL]H� ������ ������ ������ ������
%URNHQ�ULFH� ������ ������ ������ ������
:KHDW�EUDQ� ����� ������ ������ ������
6R\EHDQ�PHDO� ����� ����� ����� �����
)LVK�PHDO� ����� ����� ����� �����
6DOW� ����� ����� ����� �����
3UHPL[� ����� ����� ����� �����
0LQHUDOV� ����� ����� ����� �����
RLO� ����� ����� ����� �����
7RWDO� ������� ������� ������� �������
&RPSRVLWLRQ�����LQ�'0��H[FHSW�IRU�0(�ZKLFK�LV�LQ�NFDO�NJ�'0��

0(� ������ ������ ������ ������
&UXGH�3URWHLQ� ����� ����� ����� �����
&DOFLXP� ����� ����� ����� �����
3KRVSKRUXV� ����� ����� ����� �����

0HDVXUHPHQWV�DQG�VWDWLVWLFDO�DQDO\VLV�

)HHG� FRQVXPSWLRQ�ZDV� EDODQFHG� IRU� WKH� DPRXQWV� JLYHQ� DQG� WKHQ� VXEWUDFWHG� DQ\� UHPDLQLQJ� IHHG��
7KH�UHPDLQLQJ�IHHG�DQG�JLYHQ�RQH�ZDV�UHFRUGHG�E\�HYHU\�PRUQLQJ��,I�WKH�UHPDLQLQJ�IHHG�ZDV�ZHW��
LW� KDG� WR� GU\� XS� DQG� UHEDODQFHG� IRU� HVWLPDWLQJ� WKH� LQWDNH� DPRXQW�� 7KH� SLJV� ZHUH� LQGLYLGXDOO\�
ZHLJKHG�IRU�HYHU\���GD\V�DW������ LQ�WKH�PRUQLQJ�EHIRUH�IHHGLQJ�DQG�ZDWHULQJ��(FRQRPLF�UHWXUQV�
ZHUH�HVWLPDWHG�XVLQJ�FXUUHQW�PDUNHW�SULFHV�RI� IHHG� LQJUHGLHQWV�DQG� OLYHV�SLJV��0RUHRYHU��DOO�GDWD�
IURP�WKH�H[SHULPHQW�ZHUH�VWRUHG�LQ�0LFURVRIW�([FHO�DQG�DQDO\]HG�E\�$129$�XVLQJ�6366�9HUVLRQ�
�����WR�DQDO\]H�RQ�FRPSDUHG�PHDQ��GDLO\�JURZWK��IHHG�LQWDNH��DQG�RWKHUV��

5(68/76�$1'�',6&866,21�

$YHUDJH�RI�JURZLQJ�ZHLJKW�HYHU\����GD\V�

5HJDUGLQJ����GD\�H[SHULPHQW�LQ�SLJV¶�IDUP�E\�EDODQFLQJ�SLJV�IRU�HYHU\����GD\V��WKHUH�ZHUH�PDQ\�
UHFRUGV� RI� GLHWDU\�� IHHG� FRPSRVLWLRQ�DQG� DYHUDJH�ZHLJKW�� ,Q�)LJ��� LOOXVWUDWHG� DERXW� WKH� FKDQJLQJ�
FRPSDULVRQ�EHWZHHQ�WKH�DYHUDJH�JURZLQJ�ZHLJKWV�RI�FURVVEUHG�SLJV�IRU� IRXU�GLIIHUHQW� WUHDWPHQWV��
7���7���7��DQG�7���7KH�SLJ�JURZLQJ�WUHQG�IRU�HDFK�WUHDWPHQW�ZDV�QRW�TXLWH�GLIIHUHQW�IURP�HDFK�RWKHU�
VLQFH�WKH�EHJLQQLQJ�RI�GLHWDU\��
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)LJ����$YHUDJH�GDLO\�JURZLQJ�ZHLJKW�HYHU\����GD\V�RI�WUDLO��
�

$V� WKH� VWDUW� RI� WKH� H[SHULPHQW� ZKLFK� ZDV� GLYLGHG� E\� 7��� 7��� 7��� DQG� 7�� ZLWK� DYHUDJH� OLYH�
ZHLJKW������������NJ�������������NJ�������������NJ�������������NJ�UHVSHFWLYHO\��$IWHU�SURYLGLQJ�
WKH� GLIIHUHQW� OHYHO� RI� ZKHDW� EUDQ�� WKH� UHVXOW� IRU� ��� GD\V� VKRZHG� WKDW� WKH� JURZWK� ZHLJK� RI� WKH�
FURVVEUHG� SLJV� ZDV� H[DFWO\� WKH� VDPH� DW� DOO� ZHLJKLQJ� LQ� ZKLFK� ZDV� PDGH� IRU� HYHU\� ��GD\V��
H[FOXGLQJ�WKH�VHFRQG�DQG�WKLUG�ZHLJKLQJ�DW�DOO�VWDWLVWLFDOO\�VLJQLILFDQW�OHYHO��3����������7KHUHIRUH��
WKH�DYHUDJH�JURZLQJ�ZHLJKW�RI�FURVVEUHG�SLJV�ZDV������������NJ�������������NJ�������������NJ��
DQG������������NJ�IRU�7���7���7���DQG�7��UHVSHFWLYHO\��+RZHYHU��WKH�KLJKHVW�JURZLQJ�WUHDWPHQW�ZDV�
LQ�7���ZKLFK�ZDV�SXW�DERXW�����RI�ZKHDW�EUDQ��

/LYH�ZHLJKW��IHHG�LQWDNH�DQG�IHHG�FRQYHUVLRQ�UDWLR�

)HHG�ZDV�WKH�PDLQ�IDFWRU�IRU�JURZLQJ�SLJV�LQ�WKH�IDUP��EXW�LW�KDG�WR�KDYH�WKH�IDWWHQLQJ�DQG�ZDWHULQJ�
LQ�RUGHU�WR�JHW�PRUH�SURILWV��7KHUH�ZHUH�IRXU�WUHDWPHQWV�WR�EH�H[SHULPHQWHG�LQ�7DQJ�+DQJ�/\�)DUP�
LQ�ZKLFK�WKHUH�ZHUH�IRXU�GLIIHUHQW�IHHG�FRPSRVLWLRQV�WR�SXW�IRU�HDFK�WULDO��:KDW�WKH�GLIIHUHQFH�ZDV�
WKH�FRPSRVLWLRQ�RI�ZKHDW�EUDQ�RI�DOO�WULDOV��,Q�WDEOH����WKH�HIIHFW�RI�ZKHDW�EUDQ�RQ�SHUIRUPDQFH�DQG�
LQWDNH�RI�FURVVEUHG�SLJ�JURZWKV�ZDV�PHQWLRQHG�DERXW�WKH�FKDQJLQJ�FRPSDULVRQ�RI�HDFK�WUHDWPHQW��
0RUHRYHU�� LQ� ILJ���� LW� ZDV� DOVR� VKRZQ� DERXW� WKH� QHW� ZHLJK� JDLQ� RI� WKH� FURVVEUHG� SLJV� LQ� HDFK�
WUHDWPHQW��

7DEOH���(IIHFW�RI�:KHDW�%UDQ�RQ�SHUIRUPDQFH�DQG�LQWDNH�RI�FURVVEUHG�JURZLQJ�SLJV���
� 7�� 7�� 7�� 7�� 3URE��
/LYH�ZHLJKW��NJ�
,QLWLDO� ����������� ����������� ����������� ����������� �����
)LQDO�� ����������� ����������� ����������� ����������� �����
'DLO\�JDLQ��J� ������������� ������������� ������������� ������������� �����

)HHG�LQWDNH��NJ�KHDG�
7RWDO�� ������������� ������������� ������������ ������������� �����
'DLO\� ������������ ������������ ������������ ������������ �����
'DLO\�JDLQ��J�KHDG� ������������� ������������� ������������ ������������ �����

)HHG�FRQYHUVLRQ�UDGLR��
�NJ�IHHG�NJ�JDLQ� ������������ ������������ ������������ ����������� �����

7KH�ZKHDW�EUDQ�ZDV�XVHG�E\�GLIIHUHQW�OHYHO�IRU�HDFK�WUHDWPHQW��,Q�WKH�WDEOH���VKRZQ�WKDW�WKH�
DYHUDJH� GDLO\� ZHLJKW� JDLQ� IRU� 7�� RI� ZKHDW� EUDQ� ���� ZDV� DERXW� ����������J� DQG� LW� ZDV� WKH�
VLJQLILFDQWO\�KLJKHVW�RI�DOO�WUHDWPHQWV�ZKLOH�7��ZLWK�ZKHDW�EUDQ�����ZDV�DURXQG�����������J��7��
ZLWK�ZKHDW�EUDQ�����ZDV�SUREDEO\������������J��DQG�WKH�FRQWURO�GLHW�LQ�7��JDLQHG�ZHLJKW�DERXW�
�����������J��$V�&KDQVHU\��������ZKLFK�ZDV�H[SHULPHQWHG�DERXW�WKH�ZKHDW�EUDQ�FRPSRVLWLRQ�IRU�
SLJ�PHDWV�E\�XVLQJ���������������DQG�FRQWURO�UHSRUWHG�WKDW�WKHUH�ZDV�WKH�HIIHFW�RI�ZKHDW�EUDQ�IRU�
WKH� SLJ� JURZWK�ZKHQ� WKH� KLJKHU� LQSXW� RI�ZKHDW� EUDQ�ZDV�� 6R��7�� XVLQJ� ����RI�ZKHDW� EUDQ�ZDV�
UHDVRQDEOH�WR�JURZ�SLJV�HIIHFWLYHO\��
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'DLO\�IHHG�LQWDNH�ZDV�TXLWH�GLIIHUHQW�IURP�HDFK�WUHDWPHQW��7��XVLQJ�WKH�����RI�ZKHDW�EUDQ�ZDV�
WKH�KLJKHVW�RI�GDLO\�IHHG�LQWDNH�DQG�IROORZHG�E\�7���FRQWURO���7��XVLQJ�WKH�����RI�ZKHDW�EUDQ�DQG�
7�� FRQVLVWLQJ� RI� WKH� ���� RI� ZKHDW� EUDQ�� � )RU� 7��� 7��� 7��� DQG� 7�� WKH� SLJ� DWH� DERXW� �����������
NJ�KHDG�������������NJ�KHDG�������������NJ�KHDG�DQG������������NJ�KHDG�UHVSHFWLYHO\��7KLV�ZDV�
FRQVLVWHQW�ZLWK�&KDQVHU\���������UHSRUWHG�WKDW�WKH�GDLO\�IHHG�LQWDNH�ZDV�LQ�WKH�FRQWURO�ZKLFK�KDG�QR�
DQ\� ZKHDW� EUDQ�� +RZHYHU�� WKH� H[SHULPHQW� UHVXOWHG� WKDW� 7�� ZDV� QRW� VR� TXLWH� GLIIHUHQW� IURP� 7��
�FRQWURO��� ,W�ZDV� WKDW�7��DQG�7��ZDV�JRRG� IRU� WKH�GDLO\� IHHG� LQWDNH�EXW�PD\EH�QRW� IRU� WKH�ZHLJKW�
JURZWK�RQ�7��LQ�FRQWUDVW�WR7���

%HVLGHV��WKHUH�ZDV�D�VLJQLILFDQW�LQWHUDFWLRQ�ZLWK�IHHG�FRQYHUVLRQ�UDGLR�DW�3������LQ�ZKLFK�7��
������������ZHUH�WKH�KLJKHVW�RI�7���������������7���������������DQG�7���������������,W�VKRZHG�WKDW�
ZKHDW�EUDQ�ZDV�EHWWHU�LI�LW�ZDV�XVHG�OHVV�DV�IHHG�FRQFHQWUDWLRQ�LQ�RUGHU�WR�JDLQ���NJ�RI�SLJ�PHDW��
$FFRUGLQJ�WR�15&���������IHHG�FRQYHUVLRQ�UDWLR�RI�SLJ�ZDV�������VR�LW�KDG�WR�SXW������NJ�RI�IHHG�
FRQFHQWUDWLRQ� IRU� JHWWLQJ� �� NJ� RI� SLJ�PHDW��7KHUHIRUH��ZLWK� WKLV� H[SHULPHQW�� WKH� IHHG� FRQYHUVLRQ�
UDWLR�ZDV�LQ�7���0RUHRYHU��LW�ZDV�UHDOO\�TXLWH�EHWWHU�FRPSDUHG�WR�&KDQVHU\���������ZKR�UHSRUWHG�DW�
����RI�ZKHDW� EUDQ� FRPSRVLWLRQ�� WKH� IHHG� FRQYHUVLRQ� UDWLR�ZDV� DERXW� ������7KHUHIRUH�� WKH� UHVXOW�
VKRZHG�WKDW�DW�WKH�����RI�ZKHDW�EUDQ��LW�LQIOXHQFHG�WR�WKH�ZHLJKW�JURZWK�RI�FURVVEUHG�SLJV�WR�JURZ�
IDVW�EXW�WKH�IHHG�FRQYHUVLRQ�UDWLR�ZDV�OHVV��7KLV�ZDV�FRQVLVWHQW�ZLWK�0XLU�HW�DO���������UHSRUWHG�WKDW�
XVLQJ�WKH�ZKHDW�EUDQ�IRU�JURZLQJ�SLJV�ZDV�DERXW�����DQG�����IRU�IDWWHQLQJ�SLJV��$OVR��*RGLQKR�
�������VKRZQ�WKDW�WKH�ZKHDW�EUDQ�FRXOG�EH�DGGHG�XS�WR�����IRU�WKH�JURZLQJ�DQLPDOV��

�
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�
�

�
)LJ����1HW�ZHLJK�JDLQ�GXULQJ����GD\V�

7DEOH���(FRQRPLF�DQDO\VLV�RI�WKH�WULDO�ZLWK�ILQLVKLQJ�SLJV��
� 7�� 7�� 7�� 7��
3LJOHW�FRVW��ULHO� �������� �������� �������� ��������
)HHG�FRVW��ULHO� �������� �������� �������� ��������
0HGLFLQH�FRVW��ULHO� ������� ������� ������� �������
ODERU�DQG�GHSUHFLDWLRQ�RI�FDJH��ULHO� ������� ������� ������� �������
5HVHUYDWLRQ�FRVW�����ULHO� ������� ������� ������� �������
7RWDO�FRVW��ULHO� ���������� ���������� ���������� ����������
7RWDO�ILQLVKLQJ�JURZWK�ZHLJKW��NJ� ������ ������ ������ ������
0DUNHW�SULFH�NJ��ULHO� ������� ������� ������� �������
7RWDO�UHYHQXH��ULHO� ���������� ���������� ���������� ����������
0DUJLQDO�RYHU�FRVW��ULHO� ������� ������� ������� �������
(FRQRPLF�(IILFLHQF\� ����� ����� ����� �����

$IWHU� ORQJ� SHULRG� RI� UDLVLQJ� SLJV�� HFRQRPLF� DQDO\VLV� ZDV� YHU\� LPSRUWDQW� WR� ILQG� RXW� KRZ�
HIIHFWLYH�DQG�HIIHFLHQW� WKH�ZKHDW�EUDQ�ZDV�IRU�JURZLQJ�SLJV��$V� WKH� WDEOH�DERYH�� WKHUH�ZHUH�IRXU�
WULDOV��7���7���7���DQG�7���7KH�HFRQRPLF�HIILFLHQF\�RI�7��ZDV������ZKLFK�ZDV�PHDQW�WKDW�LI�WKH�WULDO�
VSHQW�����ULHO��WKH�QHW�SURILW�ZDV���ULHO��DQG�7��ZDV������ZKLFK�ZDV�EHWWHU�WKDQ�7���7KH�KLJKHVW�RQH�
ZDV� LQ�7�� LQ�ZKLFK�HFRQRPLF�HIILFLHQF\�ZDV� DERXW������� ,I� WKH� WUDLO� RI�7�� VSHQW����� ULHO�� WKH�QHW�
SURILW�ZDV����ULHO�IROORZHG�E\�7��ZKLFK�ZDV���ULHO��+RZHYHU��WKH�ZHLJKW�JDLQ�LQ�7��ZDV�WKH�KLJKHVW�
RI�DOO��WUHDWPHQWV��
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&21&/86,21�

5DLVLQJ�SLJV�KDG�WR�DQDO\]H�DERXW�WKH�JURZWK��ZHLJKW�JDLQ��DQG�HFRQRPLF�HIILFLHQF\��VR�QRW�MXVW�WKH�
IDUPHUV��PDQ\�VFLHQWLVW�KDG�WULHG�PRUH�DQG�PRUH�IRU�ILQGLQJ�QHZ�WHFKQLTXHV�DQG�GLHWDU\�QXWULWLRQ�
IRU�UDLVLQJ�SLJV��$V�WKH�H[SHULPHQW�FRQGXFWHG������RI�ZKHDW�EUDQ�FRXOG�EH�XWLOL]HG�HIIHFWLYHO\�DV�
EDVDO� GLHW� IRU� JURZLQJ� ILQLVK�SLJ� ZKLFK� VWDUWHG� IURP� ��� NJ� WR� ���� NJ� LI� FRPSDUHG� WR� WKH� RWKHU�
WUHDWPHQWV� LQ� WKH� WULDO�� 7KHVH� GLHWV� VLJQLILFDQWO\� LPSURYH� JURZWK� SHUIRUPDQFH� ZLWKRXW� DIIHFWLQJ�
FDUFDVV�TXDOLW\�ZLWK�DFFHSWDEOH�HFRQRPLF�UHWXUQV��$OWKRXJK�LWV�HFRQRPLF�HIILFLHQF\�ZDV�ORZHU�WKDQ�
WKDW�RI�����RI�ZKHDW�EUDQ��WKH�ZHLJKW�JDLQ�ZDV�WKH�KLJKHVW�RI�DOO�WUHDWPHQWV��7KXV��WKH�WULDO�LQ�7��
ZKLFK�FRPSRVHG�ZLWK�����RI�ZKHDW�EUDQ�ZDV�DFFXUDWHO\�DFFHSWDEOH�DQG�LW�FRXOG�EH�UHFRPPHQGHG�
IRU�SURGXFHUV��

$&.12:/('*(0(176�

7KH�DXWKRU�ZDV�JUDWHIXO�DFNQRZOHGJH�IRU�WKH�ILQDQFLDO�VXSSRUW�LQFOXGLQJ�DQLPDOV��SODFH��DQG�PDWHULDOV�
IURP�0U��7DQJ�+DQJ�/\�DQG�KLV�IDPLO\���

5()(5(1&(6�

'DP� 6�� ������� 6PDOO� VFDOH� SLJ� UDLVLQJ� DQG� LWV� LPSURYHPHQW� IRU� GHYHORSPHQW� LQ� .DQGDO� 3URYLQFH�� 5R\DO�
8QLYHUVLW\�RI�$JULFXOWXUH��&DPERGLD��

*HQHUDO�3RSXODWLRQ�&HQVXV�RI�&DPERGLD��������1DWLRQDO� UHSRUW�RQ�ILQDO�FHQVXV�UHVXOWV� IRU�GHYHORSPHQW�RI�
&DPERGLD��1DWLRQDO�,QVWLWXWH�RI�6WDWLVWLFV��0LQLVWU\�RI�3ODQQLQJ��&DPERGLD��

*RGLQKR��-�)���������6XLQLFXOWXUDO��7HFKQRORJLD�PRGHUDGD�IRU�PDFDRH�PDQHMR�GH�SRVWDJHQ��1REOH�6DR�3DXOR��
+DUULV��/�(���/HFKH��7�(���.HDUW��/�&���)RQQHVEHFN��3�9�� DQG�/LR\G��+�� �������&HQWUDO� DQG� VRXWKHDVW�$VLD�

WDOGHV�RI�IHHG�FRPSRVLWLRQ��,QWHUQDWLRQDO�,QVWLWXWH��8WDK�6WDWH�8QLYHUVLW\��86$��
0LKDUD��0���������7KH�HIIHFW�RI�QDWXUDO�ZHHG�EXIIHU�RQ�VRLO�DQG�QLWURJHQ�ORVVHV�LQ�-DSDQ��&DWHQD����������

������
0LQLVWU\� RI� 3ODQQLQJ� ������� 1DWLRQDO� UHSRUW� ILQDO� FHQVXV� UHVXOWV�� JHQHUDO� SRSXODWLRQ� FHQVXV� RI� &DPERGLD�

������1DWLRQDO�,QVWLWXWH�RI�6WDWLVWLFV��&DPERGLD��
0XLU�� (���0DVVDHWH� 6�� DQG� 7VRPEH�� +�1�� ������� (IIHFW� RI� OHXFDHQH� OHXFRFHSKDOD� DQG�%UDVVLFD� QXSXV� RQ�

JURZWK�RI�SLJ�IHG�ZKHDW�EUDQ�GLHWV��
15&��������1XWULHQW�UHTXLUHPHQW�RI�VZLQH����WK�HGLWLRQ��1DWLRQDO�$FDGHP\�3UHVV��86$��
3RN�� 6�.�%�� DQG� 6HQ�� 6�� ������� 3LJ� V\VWHP� LQ� 6RXWK� (DVW�$VLD�&DPERGLD� FDVH�� &HQWUH� IRU� /LYHVWRFN� DQG�

$JULFXOWXUH�'HYHORSPHQW��&DPERGLD��
58$� ������� )HHG� DQDO\VLV� RI� ODERUDWRU\� RI� DQLPDO� QXWULWLRQ�� )DFXOW\� RI� $QLPDO� 6FLHQFH� DQG� 9HWHULQDU\�

0HGLFLQH��5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH��&DPERGLD���
6LP�� 6�� ������� (IIHFW� RI� XVLQJ� ZKHDW� EUDQ� DV� IHHG� LQJUHGLHQWV� IRU� ORFDO� FKLFNHQ�� $QLPDO� 6FLHQFH� DQG�

9HWHULQDU\�0HGLFLQH��5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH��&DPERGLD��
<XUV�� &�� ������� (IIHFW� RI� XVLQJ� ZKHDW� EUDQ� DV� IHHG� FRQFHQWUDWLRQ� IRU� JURZLQJ� SLJV�� $QLPDO� 6FLHQFH� DQG�
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$�6WXG\�RQ�)LHOG�:DWHU�7XEH¶V�(IIHFWLYHQHVV�DV�D�3UDFWLFDO�
,QGLFDWRU�WR�,UULJDWH�65,�

0'��$%'8/�/$7,)�
8QLYHUVLW\�RI�7RN\R��.DVKLZD��&KLED��-DSDQ�
(PDLO��DODWLIB�#\DKRR�FRP�

(,-,�<$0$-,�
8QLYHUVLW\�RI�7RN\R��.DVKLZD��&KLED��-DSDQ�

5HFHLYHG����'HFHPEHU������ $FFHSWHG����)HEUXDU\������

$EVWUDFW�5LFH��WKH�VWDSOH�IRRG�RI�����ELOOLRQ�SHRSOH�DV�ZHOO�DV�SUROLILF�XVHU�RI�ZDWHU��DUH�DW�
ULVN�RI�VHYHUH�ZDWHU�VKRUWDJH�DQG�KHQFH�IRRG�LQVHFXULW\��7R�FRSH�ZLWK�ORRPLQJ�ZDWHU�FULVLV��
ZH�PXVW�VRXJKW�ZDWHU�VDYLQJ�WHFKQRORJLHV�WR�PDLQWDLQ�DQG�WR�LQFUHDVH�ULFH�SURGXFWLRQ�IRU�
PHHWLQJ�ZRUOG¶V�IRRG�QHHGV�ZLWK�OHVV�ZDWHU��$�QHZ�VWUDWHJ\�LV�WKH�XVH�RI�ILHOG�ZDWHU�WXEH�
LQ� 65,� ZLWK� $:',� DSSOLFDWLRQ�� $� O\VLPHWHU� VFDOH� H[SHULPHQW� ZDV� FRQGXFWHG� DW� 7RN\R�
8QLYHUVLW\� WR� ILQG�RXW� WKH�HIIHFWLYHQHVV�RI�)LHOG�:DWHU�7XEH�IRU�PRQLWRULQJ� WKH�GHSWK�RI�
SRQGHG� ZDWHU�� GHWHUPLQLQJ� WKH� ULJKW� LUULJDWLRQ� WLPLQJ�� 7KH� H[SHULPHQWDO� OD\RXW� ZDV�
'HPRQVWUDWLRQ�6WULS�'HVLJQ�ZLWK�WZLFH�UHSOLFDWLRQ�ZKHUH���GLIIHUHQW�GLDPHWHUV�39&�7XEH�
�YL]�� �� FP�� ���� FP�� ��� FP�� ����� FP� DQG� ��� FP�� ZHUH� WUHDWPHQW� DQG� +LRNL� PHWHU��
WHQVLRPHWHU�� PRLVWXUH� VHQVRU�� WHPSHUDWXUH� VHQVRU�� GDWD� ORJJHU� ZHUH� XVHG� DV� LQVWUXPHQW��
:KHQ� WKH� ZDWHU� OHYHO� ZHQW� WR� ��� FP� EHORZ� WKH� VRLO� VXUIDFH� OHYHO� WKHQ� LUULJDWLRQ� ZDV�
DSSOLHG� LQ� WKH�GU\LQJ� F\FOH� RI�$:',��7KURXJKRXW� WKH� VWXG\�SHULRG�� SRQGHG�GHSWK�ZDWHU�
OHYHO��PRLVWXUH�SHUFHQWDJH��SUHVVXUH�� WHPSHUDWXUH�ZDV�PHDVXUHG��7KH� VWXG\� UHYHDOHG� WKDW�
DOO�WKH�WUHDWPHQWV�PHDVXUHG�WKH�ZDWHU�OHYHO�SHUIHFWO\�DQG�GHWHUPLQHG�WKH�DSSURSULDWH�WLPH�
RI�LUULJDWLRQ�LQ�GU\LQJ�F\FOH�RI�$:',��7KH�VWXG\�GLVFORVHG�WKDW�LQ�PHDVXULQJ�ZDWHU�GHSWK�
DOO�WKH�ZDWHU�WXEH�H[KLELWHG�JRRG�UHODWLRQVKLS��LQ�VDPH�GLDPHWHU�PD[LPXP�U��YDOXH��������
DQG�PLQLPXP�U��YDOXH���������LQ�GLIIHUHQW�GLDPHWHU�PD[LPXP�U��YDOXH�������DQG�PLQLPXP�
U��YDOXH�������� WR�HDFK�RWKHU�� ,W� LV�GHPRQVWUDWHG� WKDW�ZDWHU� WXEH�PHDVXUHPHQW�KDV�VWURQJ�
UHODWLRQVKLS� ZLWK� ZDWHU� OHYHO� VHQVRU� PHDVXUHPHQW� �+LRNL�0HWHU�� DQG� WHQVLRPHWHU�� )LHOG�
:DWHU�7XEH�SURYHG�WKDW�LW�LV�D�ZDWHU�VDYLQJ�WHFKQRORJ\�ZKHUH�$:',�GRQH�LQ�65,�EDVHG�RQ�
ZDWHU�UHTXLUHPHQW�RI�WKH�ILHOG�QRW�E\�SUHGHWHUPLQHG�LQWHUYDO�DSSURDFK��

.H\ZRUGV�ILHOG�ZDWHU�WXEH��SRQGHG�GHSWK��GLDPHWHU�RI�ZDWHU�WXEH��DOWHUQDWH�ZHWWLQJ�DQG��
GU\LQJ�LUULJDWLRQ��65,��VRLO�FUDFN�

,1752'8&7,21�

5LFH� FXOWLYDWLRQ� LQ� V\VWHP�RI� ULFH� LQWHQVLILFDWLRQ� �65,��ZLWK� DOWHUQDWH�ZHW�GU\� LUULJDWLRQ� �$:',��
PDQDJHPHQW� LV� JHQHUDOO\� SUDFWLFHG� ZLWK� ������� GD\V� LQWHUYDO� LUULJDWLRQ� EXW� WKH� LGHD� RI�
SUHGHWHUPLQHG�GD\¶V�LQWHUYDO�DSSURDFK�FDQQRW�EH�WUHDWHG�DV�WKH�GHPDQG�GULYHQ�WHFKQRORJ\�SHUIHFWO\��
0RUHRYHU��VXFFHVV�RI�$:',�GHSHQGV�ODUJHO\�RQ�LUULJDWLRQ�WR�WKH�ILHOG�DW�WKH�ULJKW�WLPH�ZKHQ�QHHGV�
ZDWHU�IRU�WKH�ULFH�SODQW��%XW�GHWHUPLQDWLRQ�RI�ULJKW�LUULJDWLRQ�WLPLQJ�GXULQJ�WKH�GU\�F\FOHV�RI�$:',�
LV�YHU\�KDUG�GXH�WR�GLIIHUHQW�VRLO�SK\VLFDO�SURSHUWLHV�VXFK�DV�VRLO�VWUXFWXUH��WH[WXUH��EXON�GHQVLW\�RI�
VRLO��VRLO�SRUH�VSDFH�HWF�DQG�GLIIHUHQW�VRLO�KDYH�GLIIHUHQW�K\GUDXOLF�FRQGXFWLYLW\�OLNH�PRYHPHQW�RI�
ZDWHU�� LQILOWUDWLRQ�SHUFRODWLRQ� UDWH��DQG�ZDWHU� UHWDLQLQJ�FDSDFLW\��7KHUHIRUH�� IDUPHUV� IDLO� WR�GHFLGH�
WKH�DSSURSULDWH�WLPH�IRU�LUULJDWLRQ�DQG�SD\�SHQDOW\�DV�\LHOG�UHGXFWLRQ�IRU�VDYLQJ�LUULJDWHG�ZDWHU��7R�
VROYH� WKH� FUXFLDO� SUREOHP� RI� \LHOG� UHGXFWLRQ�� ,QWHUQDWLRQDO� 5LFH� 5HVHDUFK� ,QVWLWXWH� �,55,���
3KLOLSSLQH� 5LFH� 5HVHDUFK� ,QVWLWXWH� �3KLO� 5LFH�� DQG� %DQJODGHVK� 5LFH� 5HVHDUFK� ,QVWLWXWH� �%55,��
UHFRPPHQGHG����FP�����FP�DQG������FP�GLDPHWHU�ZDWHU�WXEH��UHVSHFWLYHO\��7KH�WKUHH�GHVLJQDWHG�
LQVWLWXWLRQV�DOVR�VXJJHVWHG�GLIIHUHQW�UH�LUULJDWLRQ�WLPLQJ�LQ�GU\LQJ�F\FOH�RI�$:',�VXFK�DV�EDVHG�RQ�

ᶃᶐᶂ

5HVHDUFK�DUWLFOH�
�
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YDULHG� ZDWHU� SRQGHG� GHSWK� YL]���� FP� RU� ��� FP� EHORZ� WKH� VRLO� VXUIDFH� UH�LUULJDWLRQ� WLPH� LV�
SUHVFULEHG�E\�WKH�LQVWLWXWLRQV��,Q�WKLV�FRQWH[W��PRUH�VWXG\�LV�UHTXLUHG�RQ�)LHOG�:DWHU�7XEH�DQG�LWV�
GLDPHWHU�VL]H�WR�XQFRYHU�WKH�HIIHFWLYHQHVV��DFFXUDF\��GXUDELOLW\�RI�WKH�LQVWUXPHQW�DV�D�JRRG�SUDFWLFDO�
LQGLFDWRU�RI�LUULJDWLRQ�LQ�$:',�PDQDJHPHQW�UHJLPH���

0$7(5,$/6�$1'�0(7+2'6�

&OLPDWLF�)HDWXUHV�DQG�'HVFULSWLRQ�RI�WKH�6WXG\�$UHD�

-DSDQ�LV�XQGHU�WHPSHUDWH�FOLPDWLF�UHJLRQ�DQG�WKH�FOLPDWH�RI�WKH�DUHD�ZDV�ZDUP�RFHDQLF�WKDW�LV�PLOG�
LQ�ZLQWHU�DQG�UHODWLYHO\�FRROV�LQ�VXPPHU�DQG�WKH�FOLPDWLF�GDWD�LQ�WKH�H[SHULPHQWDO�VLWH�ZDV�FROOHFWHG�
GXULQJ�WKH�ULFH�±VHDVRQ��$SULO�WR�$XJXVW���7DEOH��VXPPDUL]HG�WKH�ZHDWKHU�GDWD���

�
7DEOH���0HWHRURORJLFDO�GDWD�IURP�$SULO�WR�$XJXVW�������

0RQWK�
�

5DLQIDOO��PP�� 7HPSHUDWXUH��KUV�� 6XQ��KUV��
�7RWDO� 'DLO\��

0D[��
$YH�� 'DLO\�

0D[��
'DLO\�
0LQ��

$SULO� ������ ����� ����� ����� ������ ������
0D\� ������ ����� ����� ����� ����� ������
-XQH� ������ ����� ����� ����� ����� ������
-XO\� ������ ����� ����� ����� ����� ������
$XJ� ������� ������ ����� ����� ����� ������
$YH�� ������ ����� ����� ����� ����� ������

6RXUFH��$ELNR�0HWHRURORJLFDO�6WDWLRQ��&KLED�
�

7KLV�VWXG\�ZDV�FRQGXFWHG�DW�WKH�URRI�WRS�O\VLPHWHU�RI�WKH�HQYLURQPHQWDO�EXLOGLQJ�LQ�.DVKLZD�
&DPSXV��8QLYHUVLW\�RI�7RN\R��ZKLFK� LV� LQ�.DVKLZD�FLW\��&KLED��-DSDQ��GXULQJ� WKH� ULFH� VHDVRQ�RI�
������$SULO� WR�$XJXVW���7KH�H[SHULPHQWDO�VLWH�ZDV�VLWXDWHG�DW�������
�1RUWK�ODWLWXGH�DQG����R���
�
(DVW�ORQJLWXGH��DQG�DW�DQ�DOWLWXGH�RI����P�DERYH�PHDQ�VHD�OHYHO��

�
�
�
�
�
�
�
�
�
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�
�
�

)LJ���/\VLPHWHU�XWLOL]HG�LQ�WKH�VWXG\�LQVWDOOHG�DW�WKH�URRI�WRS�
�
�

7KH�VL]H�RI�WKH�O\VLPHWHU�ZDV����
���
���FP���)LJ����DQG�VRLO�GHSWK�ZDV����FP��7KH�VRLO�RI�
WKH�H[SHULPHQWDO�VLWH�ZDV�VDQG\�ORDP�DQG�KRPRJHQHRXV�ZLWK�IDLUO\�JRRG�VRLO�IHUWLOLW\��0RFKLJRPH�
FXOWLYDU��WKH�VHFRQG�PDMRU�ULFH�YDULHW\��VWLFN\�ULFH��LQ�-DSDQ��ZDV�XVHG�LQ�WKH�H[SHULPHQW��
�
�
�
�
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([SHULPHQWDO�'HWDLOV�

$SSDUDWXV�

��GLIIHUHQW�VL]HG��GLDPHWHU��ILHOG�REVHUYDWLRQ�ZDWHU�WXEHV����FP������FP�����FP�������FP�DQG����FP�
GLDPHWHU� WXEH�ZHUH�XVHG��ZKLFK�KHLJKW�ZDV���FP��KDYLQJ�SHUIRUDWHG�KROHV� VSDFH��� FP�DSDUW� DQG�
SHUIRUDWHG�KROHV�GLDPHWHU�ZDV��PP��7KH�WKLFNQHVV�RI�WKH�WXEH�ZDV�����FP������FP������FP�������FP�
DQG�����FP�IRU����FP�������FP�����FP������FP�DQG���FP�GLDPHWHU�7XEHV��UHVSHFWLYHO\��7KH�RWKHU�
LQVWUXPHQWV� DUH� �� +LRNL� PHWHU� �:DWHU� /HYHO� 6HQVRU��� �� (&+�2� 6RLO� 0RLVWXUH� 6HQVRUV�� ��
7HPSHUDWXUH�6HQVRUV����7HQVLRPHWHUV����FP�����FP�����FP�DQG����FP�����'DWD�/RJJHU��/\VLPHWHU�
�5HLQIRUFH�&HPHQW�&RQFUHWH�5&&�6L]H����
����FP����/HDI�&RORU�&KDUW�DQG��D�UXOHU��

'HWDLOHG�$UHD�3ODQ�

7KH� O\VLPHWHU� RI� ���� [� ���� FP�� RU� �P��ZDV� GLYLGHG� LQWR� �� FROXPQV� DQG� ��� URZV� �)LJ����� 7KH�
GLVWDQFH� EHWZHHQ� HDFK� FROXPQ� DQG� URZ�ZDV� ��� FP� �VTXDUH� VKDSH���7KH� GLVWDQFH� IURP� FRUQHU� RI�
O\VLPHWHU� WR� FRUQHU� FROXPQ� DQG� URZ� ZHUH� ��� FP� DQG� ��� FP� UHVSHFWLYHO\�� ,Q� WKH� H[SHULPHQW�� ��
GLIIHUHQW� GLDPHWHUV� ILHOG� ZDWHU� WXEH� ZHUH� XVHG� DV� WUHDWPHQW� DQG� LW� UHSOLFDWHG� WZLFH� E\� SODFLQJ�
EHWZHHQ��QG��UG� FROXPQ�DQG��UG��WK� FROXPQ��7KH�ZDWHU� WXEHV�ZHUH� LQVWDOOHG�YHUWLFDOO\� DV� LWV��� FP�
UHPDLQ�RYHU�WKH�VRLO�VXUIDFH�DQG����FP�UHPDLQ�XQGHU�WKH�VRLO��
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

)LJ����'HWDLOHG�DUHD�SODQ�RI�O\VLPHWHU�VFDOH�H[SHULPHQW�
�

7KHUH�ZHUH���WHQVLRPHWHUV�LQVWDOOHG�EHWZHHQ�ZDWHU�WXEHV�RI�OLQH�%����PRLVWXUH�VHQVRUV�DQG���
WHPSHUDWXUH�VHQVRUV�ZHUH�LQVWDOOHG�EHWZHHQ�WXEHV�����$�DQG���$�DW�WKH�IROORZLQJ�GHSWK���FP�����
FP�����FP�DQG����FP��2QH�+LRNL�PHWHU��ZDWHU� OHYHO�VHQVRU��ZDV�LQVWDOOHG�LQ����FP�GHSWK�ZKLFK�
VRLO�ZDV�WDNHQ�DZD\��$W�HYHU\�MRLQW�RI�FROXPQ�DQG�URZ����ULFH�SODQWV�ZHUH�SODQWHG��RU�WRWDOO\������
ULFH�SODQWV�ZHUH�WUDQVSODQWHG�DW���SRLQWV����
�����

,UULJDWLRQ�0DQDJHPHQW�

7KLV�ZDV�RQH�RI� WKH�PRVW� LPSRUWDQW� IHDWXUHV�RI� WKH� H[SHULPHQW��:KHQ�GHWHUPLQLQJ� WKH� LUULJDWLRQ�
VFKHGXOH��PDMRU� HPSKDVLV�ZDV� ODLG� RQ� FULWLFDO� VWDJHV� RI�ZDWHU� UHTXLUHPHQW� LQ� WKH� JLYHQ� FOLPDWLF�
VLWXDWLRQ�� $:'� LUULJDWLRQ� ZDV� DSSOLHG� DIWHU� �� GD\� RI� WUDQVSODQWLQJ� DQG� FRQWLQXHV� XS� WR� ZKROH�
H[SHULPHQW�SHULRG������GD\V���$:'�,UULJDWLRQ�PDQDJHPHQW�ZDV�GLYLGHG�LQWR�WZR�UHJLPHV��

D�� ,UULJDWLRQ�IRU����GD\V�DIWHU�WUDQVSODQWDWLRQ����'D\�,QWHUYDO�$:',��
E�� ,UULJDWLRQ�IRU����GD\V�WR�����GD\V�DIWHU�WUDQVSODQWDWLRQ��$:',�ZLWK�)LHOG�:DWHU�7XEH��
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7KH�PHWKRGRORJ\�RI�LUULJDWLRQ��ZLWK�)LHOG�:DWHU�7XEH��ZDV�ZKHQ�ZDWHU�OHYHO�ZRXOG�JR�WR����
FP�GHSWK�RI����$�ZDWHU� WXEH� WKHQ� UH�LUULJDWHG� WKH� ILHOG�EXW�GXH� WR� WKH�FOLPDWLF�FRQGLWLRQV�DQG� WR�
IXOILOO� WKH�PDLQ�REMHFWLYH��(IIHFWLYHQHVV�RI�)LHOG�:DWHU�7XEH��RI� WKH�H[SHULPHQW��$:'�LUULJDWLRQ�
ZDV�GRQH��

3DUDPHWHU�REVHUYHG�

)LHOG� ZDWHU� WXEH�� PRLVWXUH� VHQVRU�� WHPSHUDWXUH� VHQVRU�� WHQVLRPHWHU� ZDV� REVHUYHG� DW� ��� KRXUV�
LQWHUYDO� ��� DP� DQG� �� SP�� DQG� 3ODQW� JURZWK� ZDV� REVHUYHG� DW� �� GD\V� LQWHUYDO� WKURXJKRXW� WKH�
H[SHULPHQW�SHULRG��(DFK�)LHOG�ZDWHU�7XEH�ZDV�DWWDFKHG�ZLWK�D�UXOHU�WR�PHDVXUHV�WKH�ZDWHU�/HYHO�LQ�
WKH�ILHOG�DQG�GDWD�FROOHFWLRQ�ZDV�VWDUWHG�DW�'$7��DQG�LW�FRQWLQXHG�XS�WR�'$7������

5(68/76�$1'�',6&866,21�

&RPSDULVRQ�DPRQJ�ZDWHU�WXEHV�

,W�ZDV�LQGLFDWHG�WKDW�ZDWHU�GHSWK�RI�DOO�ZDWHU�WXEH�LV�VLPLODU�ZLWK�VRPH�VPDOO�GLIIHUHQFH�ZKHQ�ZDWHU�
UHPDLQV�DURXQG�VRLO�VXUIDFH�EXW�ZKHQ�ZDWHU�JRHV�WR�XQGHU�WKH�VRLO�VXUIDFH��:KHQ�ZDWHU�OHYHO�JRHV�
WR����FP�EHORZ�WKH�VRLO�VXUIDFH�WKHQ�ZDWHU�OHYHO�GLIIHUHQFH�DPRQJ�WKH�ZDWHU�WXEH�YDULHV�JUHDWO\��)LJ��
���� ,W� LV� DOVR�REVHUYHG� WKDW� DPRQJ� WKH� ILYH�GLIIHUHQW�GLDPHWHU�ZDWHU� WXEHV�� WKH�QDUURZHU�GLDPHWHU�
ZDWHU�WXEH�VKRZV�ORZHU�SRQGHG�GHSWK�WKDQ�WKH�ZLGHU�GLDPHWHU�:DWHU�7XEH��
�

�
�

)LJ����3RQGHG�GHSWK�RI�DOO�ZDWHU�WXEHV�LQ�WKH�H[SHULPHQW�SHULRG�
�

7KH�ORZHVW�RU�H[WUHPH�SRQGHG�GHSWK�LV�VKRZQ�E\��%�DQG�WKDW�LV�������FP�EHORZ�WKH�VXUIDFH�
OHYHO�DQG�PLQLPXP�ORZHVW�SRQGHG�GHSWK�LV�������FP�LQ�����%��7KH�GLIIHUHQFH�EHWZHHQ�WKHVH�WZR�
ZDWHU�OHYHO�SRLQWV�LV�����FP�DQG�LW�LV�YHU\�VLJQLILFDQW�IRU�$:'�LUULJDWLRQ�PDQDJHPHQW�LQ�ULFH�ILHOG���

,W�LV�IRXQG�WKDW�$:'�LUULJDWLRQ�DIWHU�ORQJ�GD\V��WKH�GHFUHDVLQJ�WUHQG�RI�ZDWHU�OHYHO�LV�YHU\�KLJK��
,W�LV�REVHUYHG�WKDW�ZDWHU�OHYHO�GHFUHDVLQJ�UDWH�LV�PD[LPL]HG�LQ�VPDOO�GLDPHWHU�ZDWHU�WXEH�WKDQ�ODUJHU�
GLDPHWHU�WXEH��+LJKHVW�ZDWHU�OHYHO�UHGXFWLRQ�LV�KDSSHQHG�LQ��%�7XEH�DQG�WKDW�LV������FP�DQG�ORZHVW�
UHGXFWLRQ�LQ���$�DQG�WKDW�LV�����FP��,W�LV�REVHUYHG�WKDW�WKH�KLJKHVW�PD[LPXP�ZDWHU�OHYHO�UHGXFWLRQ�
LQ����KRXUV�LV�KDSSHQHG�LQ����%�:DWHU�7XEH��������FP��DQG�OHVV�PD[LPXP�ZDWHU�OHYHO�UHGXFWLRQ�LQ�
��%�WXEH��������FP���,W�LV�IRXQG�WKDW�DOO�WKH�WXEHV�VKRZ�JRRG�UHODWLRQVKLS�WR�PHDVXUH�SRQGHG�GHSWK��

&RPSDULQJ�LQ�VDPH�GLDPHWHU�ZDWHU�WXEH��PD[LPXP�DQG�PLQLPXP�UHODWLRQVKLS�LV�VKRZQ�E\����
FP� DQG� � ��� FP� GLDPHWHU� ZDWHU� WXEH� ZKLFK� DUH� ������� DQG� ������� � �U�� YDOXH�� UHVSHFWLYHO\�� ,Q�
GLIIHUHQW�GLDPHWHU�ZDWHU�WXEH��PD[LPXP�DQG�PLQLPXP�UHODWLRQVKLS�LV�H[KLELWHG�E\�����%���%�DQG�
�$���$���ZDWHU�WXEH�ZKLFK�DUH�������DQG��������U��YDOXH��UHVSHFWLYHO\��)URP�WKHVH�ILQGLQJV�LW�FDQ�
EH�VDLG�WKDW�LI�YDULDWLRQ�RI�GLDPHWHU�RI�WKH�WXEH�LV�VPDOO�WKHQ�PHDVXULQJ�ZDWHU�OHYHO�LV�FORVH�DQG�YLFH�
YHUVD��
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:DWHU�WXEH�DQG�+LRNL�PHWHU�

,W�LV�IRXQG�WKDW�+LRNL�PHWHU��:DWHU�/HYHO�6HQVRU��PHDVXUHPHQW�JRHV�VLGH�E\�VLGH�ZLWK�ZDWHU�WXEH�
SRQGHG�GHSWK�PHDVXUHPHQW��)LJ����DQG�SURYHG�WKDW�LW�LV�YHU\�DFFXUDWH���

� �
)LJ����:DWHU�OHYHO�PHDVXUHPHQW�E\�ZDWHU�WXEH�DQG�+LRNL�PHWHU�DQG�WKHLU�UHODWLRQVKLS�

�
,W�LV�IRXQG�WKDW�ZDWHU�WXEH�PHDVXUHPHQW�KDV�VWURQJ�UHODWLRQVKLS�ZLWK�+LRNL�PHWHU�PHDVXUHPHQW�

DQG� HVSHFLDOO\� ODUJHU� GLDPHWHU� ZDWHU� WXEH� KDV� EHWWHU� UHODWLRQVKLS� ZLWK� +LRNL� PHWHU� �)LJ�����
0D[LPXP�UHODWLRQVKLS�EHWZHHQ�ZDWHU�WXEH�DQG�KLRNL�PHWHU�LV���������U��YDOXH��E\�����%�WXEH�DQG�
PLQLPXP�UHODWLRQVKLS�LV���������U��YDOXH��E\��$�WXEH��

:DWHU�WXEH�DQG�WHQVLRPHWHU�

5HODWLRQVKLS�EHWZHHQ�VRLO�SUHVVXUH�DQG�GLIIHUHQW�GLDPHWHU�ZDWHU�WXEH�KDV�EHHQ�LQYHVWLJDWHG�DQG�LW�LV�
IRXQG�WKDW�PD[LPXP�UHODWLRQ��U�˙�������SUHYDLOV�EHWZHHQ�VRLO�SUHVVXUH�DW���FP�GHSWK�WHQVLRPHWHU�
DQG��%�ZDWHU� WXEH� DQG�PLQLPXP� UHODWLRQ� �U�˙�������� LV� LGHQWLILHG� LQ���%�ZDWHU� WXEH�� ,W� LV� DOVR�
REVHUYHG� WKDW� QR� SUHVVXUH� SUHYDLOHG� DERYH� ����� FP� ���$�7XEH�� GHSWK� RI� WKH� VRLO� DQG�PD[LPXP�
SUHVVXUH������N3D��LV�IRXQG�RQ�'$7����E\���FP�GHSWK�WHQVLRPHWHU��

:DWHU�WXEH��PRLVWXUH�VHQVRU�DQG�WHPSHUDWXUH�VHQVRU�

,Q�WKH�H[SHULPHQW��LW�LV�QRW�IRXQG�WKDW�PRLVWXUH�SUHVHQFH�KDV�UHODWLRQVKLS�ZLWK�SRQGHG�ZDWHU�GHSWK�
PHDVXUHG� E\� ZDWHU� WXEH�� 2QO\� ��� FP� GHSWK� PRLVWXUH� VHQVRU� KDV� VKRZQ� ����� UHODWLRQVKLSV� ZLWK�
ZDWHU�WXEH�PHDVXUHPHQW�DQG�RWKHUV�KDV�VKRZQ�YHU\�PXFK�LQVLJQLILFDQW�UHVXOW�ZKLFK�LV�OHVV�WKDQ�������

,W� LV� LQYHVWLJDWHG�WKDW� WKHUH� LV�YHU\� LQVLJQLILFDQW�UHODWLRQVKLS�EHWZHHQ�WHPSHUDWXUH�VHQVRU�DQG�
ZDWHU�WXEH�E\�XVLQJ�ZDWHU�OHYHO�GHFUHDVLQJ�GDWD�RI�GU\LQJ�F\FOH�RI�$:',�DQG�WHPSHUDWXUH�GDWD�RQ�
WKDW�SDUWLFXODU�REVHUYDWLRQ�����REVHUYDWLRQV�GDWD�RQ�PD[LPXP�GHFUHDVLQJ�RI�SRQGHG�GHSWK�KDV�EHHQ�
FRXQWHG�DQG�FRQVLGHUV�WHPSHUDWXUH�RQ� WKDW�WLPH�DQG�ILQG�WKDW� WKHUH�DUH�OHVV�WKDQ�����UHODWLRQVKLSV�
EHWZHHQ� WHPSHUDWXUH� DQG� SRQGHG� GHSWK�� 7KHUHIRUH�� IURP� WKLV� LQYHVWLJDWLRQ� LW� LV� QRW� IRXQG� WKDW�
KLJKHU�WHPSHUDWXUH�LQFUHDVHV�PRUH�WUDQVSLUDWLRQ�DQG�GHFUHDVLQJ�ZDWHU�OHYHO�UDSLGO\��

:DWHU�UHTXLUHPHQW�DQG�VRLO�SK\VLFDO�FRQGLWLRQ�

7RWDO�ZDWHU�DSSOLHG�LQ�WKH�ILHOG�LV������FP�RI�ZKLFK������FP�FRPHV�IURP�LUULJDWLRQ�DQG����FP�ZDWHU�
FRPHV�IURP�UDLQIDOO�ZKLFK�LV�����DQG�����RI�WRWDO�LUULJDWLRQ��,W�LV�LQYHVWLJDWHG�WKDW�VRLO�FUDFN�KDV�
UHODWLRQVKLS� ZLWK� ZDWHU� OHYHO�� :KHQ� ZDWHU� OHYHO� JRHV� WR� XQGHU� WKH� VRLO� WKHQ� VRLO� FUDFN� VKRZV�
PD[LPXP�ZLGWK��,W�LV�REVHUYHG�WKDW�ILUVW�VRLO�FUDFN�LV�IRUPHG�RQ�'$7���DQG�WKH�PD[LPXP�VL]H�RI�
WKH�FUDFN�LV�����FP�RQ�'$7����
�
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&URS�PHDVXUHPHQW�

,W� LV� LGHQWLILHG� WKDW� SODQW� JURZWK� FXUYH� LV� 6�VKDSHG� DQG� QXPEHU� RI� WLOOHU�VKRRW� JURZWK� DQG� OHDI�
JURZWK�VKRZV�H[SRQHQWLDO�JURZWK�FXUYH�LQ�WKLV�H[SHULPHQW��7KH�QXPEHU�RI�HIIHFWLYH�WLOOHU�LV�������
ZKLFK�LV�YHU\�JRRG�SKRQRORJLFDO�UHVXOW�IRU�ULFH�SODQW��

0HULWV�DQG�GHPHULWV�RI�ZDWHU�WXEH�

,W� LV� LQYHVWLJDWHG� WKDW� WKH� FRVW� RI� WKH� ��FHQWLPHWU� 39&� ZDWHU� WXEH� LV� FRPSDUDWLYHO\� FKHDS� DQG�
DYDLODEOH� DW� ORFDO� PDUNHW� LQ� -DSDQ�� 7KHUH� LV� QR� FDUU\LQJ�� LQVWDOODWLRQ� DQG� PDLQWHQDQFH� FRVW���
,QVWDOODWLRQ��REVHUYDWLRQ��PDLQWHQDQFH�LV�QRW�KDUG�ODERULRXV�MRE�IRU�XVLQJ�ZDWHU�WXEH�DQG�LW�GRHV�QRW�
FRQVXPH�WLPH��:DWHU�WXEH�ZLWK�39&�SLSH�LV�QRW�SHULVKDEOH�LQVWUXPHQW�DQG�QRW�DIIHFWHG�E\�KHDY\�
UDLQ� IDOO�� IORRGLQJ��KLJK�VXQ�VKLQH�DQG� LWV�GXUDELOLW\� LV�YHU\�KLJK��:DWHU� WXEH� LV�DOVR�HQYLURQPHQW�
IULHQGO\�DQG� WKHUH� LV�QR�FKDQFH�RI�GDPDJLQJ� WKLV� LQVWUXPHQW�E\�RWKHU�DQLPDOV��$V� WKH�ZDWHU� WXEH�
WHFKQRORJ\�LV�YHU\�VLPSOH��IDUPHU�FDQ�DGRSW�DQG�DSSO\�WKLV�LQ�65,�ULFH�ILHOG�HDVLO\�GXH�WR�LWV�KLJK�
WULDO�DELOLW\��

&21&/86,21�

:DWHU� WXEH� VKRZHG� VLJQLILFDQW� SHUIRUPDQFH� WR� PHDVXUH� WKH� ZDWHU� DYDLODELOLW\� DV� ZHOO� DV� ZDWHU�
UHTXLUHPHQW�E\�WKH�SODQW��,W�H[KLELWHG�ULJKW�WLPLQJ�RI�LUULJDWLRQ��$OO�WKH�ZDWHU�WXEHV�PRQLWRUHG�WKH�
GHSWK� RI� WKH� SRQGHG� ZDWHU� YHU\� VXFFHVVIXOO\� LQ� WKH� GU\LQJ� SHULRG� RI� $:',� DQG� VKRZ� WKH�
UHTXLUHPHQW�RI�ZDWHU�LQ�ILHOG��

7R�LQFUHDVH�SURGXFWLYLW\�DQG�WR�SURGXFH�ULFH�LQ�ZDWHU�ZLVH�ZD\��ZDWHU�WXEH�WHFKQRORJ\�FDQ�EH�
YHU\�JRRG�RSWLRQ�IRU�VXVWDLQDEOH�ULFH�IDUPLQJ�ZKLFK�FDQ�VDYH�YDOXDEOH�ZDWHU�UHVRXUFH�DQG�UHGXFH�
SURGXFWLRQ�FRVW���

5()(5(1&(6�

%RXPDQ��%�$�0���������:DWHU�ZLVH�ULFH�SURGXFWLRQ��*RRJOH�%RRN������
&KDSDJDLQ��7��DQG�<DPDML��(���������7KH�HIIHFWV�RI�LUULJDWLRQ�PHWKRG��DJH�RI�VHHGOLQJ�DQG�VSDFLQJ�RQ�FURS�

SHUIRUPDQFH��SURGXFWLYLW\�DQG�ZDWHU�ZLVH�ULFH�SURGXFWLRQ�LQ�-DSDQ��3DGG\�DQG�:DWHU�(QYLURQPHQW�������
�������

*XHUUD��/�&���%KXL\DQ�� 6�,���7XRQJ��7�3�� DQG�%DUNHU��5�� �������3URGXFLQJ�PRUH� ULFH�ZLWK� OHVV�ZDWHU� IURP�
LUULJDWHG�V\VWHP��6:,0�3DSHU����,QWHUQDWLRQDO�,UULJDWLRQ�0DQDJHPHQW�,QVWLWXWH��&RORPER�����

,55,��������:DWHU��ZLVH�ULFH�SURGXFWLRQ���������
,55,��������5LFH�VFLHQFH�IRU�EHWWHU�ZRUOG�ULFH�IDFW�VKHHWV�VDYLQJ�ZDWHU��$OWHUQDWH�:HWWLQJ�'U\LQJ��$:'���
2OLYHU��0�0�+���7DOXNGHU��0�6�8�� DQG�$KPHG��0�� �������$OWHUQDWH�ZHWWLQJ� DQG� GU\LQJ� LUULJDWLRQ� IRU� ULFH�

FXOWLYDWLRQ��-��%DQJODGHVK�$JULO��8QLY�����������������
7XRQJ�� 7�� ������� $OWHUQDWH� ZHWWLQJ� DQG� GU\LQJ� LUULJDWLRQ� �$:'��� $� WHFKQRORJ\� IRU� ZDWHU� VDYLQJ� LQ� ULFH�

SURGXFWLRQ�>3DSHU�SUHVHQWHG�DW�WKH�&URS�&XWWLQJ�&HUHPRQ\��%$'&�)DUP��0RGKXSXU��7DQJDLO��
8SKRII��1���������7KH�V\VWHP�RI�ULFH�LQWHQVLILFDWLRQ��65,��DV�D�PHWKRGRORJ\�IRU�UHGXFLQJ�ZDWHU�UHTXLUHPHQWV�

LQ�LUULJDWHG�ULFH�SURGXFWLRQ��3DSHU�IRU�,QWHUQDWLRQDO�'LDORJXH�RQ�5LFH�DQG�ZDWHU��([SORULQJ�2SWLRQV�IRU�
)RRG�6HFXULW\�DQG�VXVWDLQDEOH�(QYLURQPHQWV��KHOG�DW�,55,��/RV�%DQRV��3KLOLSLQHV��

%DQJODGHVK� 5LFH� 5HVHDUFK� ,QVWLWXWH� �%55,�� RQOLQH� .QRZOHGJH� %DQN�� KWWS���ZZZ�NQRZOHGJHEDQN�
EUUL�RUJ�DZG�SKS��

3KLO5LFH��KWWS���ZZZ�SKLOULFH�JRY�SK��LQGH[�SKS"RSWLRQ FRPBFRQWHQW	WDVN YLHZ	LG ���	,WHPLG �����
6\VWHP�RI�5LFH�,QWHQVLILFDWLRQ��KWWS���VUL�FLLIDG�FRUQHOO�HGX�VUL��
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3URFHVVLQJ�RI�6UDD�6RU��ULFH�OLTXRU��LQ�7DNHR�3URYLQFH��
&DPERGLD�

&+,0�&+$<��
5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH��3KQRP�3HQK��&DPERGLD�
(PDLO��FKD\FKLP#\DKRR�FRP��

,72�.$680,��
,QWHUQDWLRQDO��&RRSHUDWLRQ�&HQWHU�IRU�$JULFXOWXUDO�(GXFDWLRQ�
1DJR\D�8QLYHUVLW\��-DSDQ�

+$0$12�0,7685,��
,QWHUQDWLRQDO�&RRSHUDWLRQ�&HQWHU�IRU�$JULFXOWXUDO�(GXFDWLRQ�
1DJR\D�8QLYHUVLW\��-DSDQ�

0$7680272�7(7682��
,QWHUQDWLRQDO�&RRSHUDWLRQ�&HQWHU�IRU�$JULFXOWXUDO�(GXFDWLRQ�
1DJR\D�8QLYHUVLW\��-DSDQ�

020�6(1*��
5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH��3KQRP�3HQK��&DPERGLD�

5HFHLYHG����'HFHPEHU������ $FFHSWHG����-DQXDU\�������

$EVWUDFWV� 6UDD� VRU� �ULFH� OLTXRU�� LV� D� WUDGLWLRQDO� NKPHU� OLTXRU� PDGH� IURP� ULFH� ZLWK�
IHUPHQWDWLRQ�DQG�GLVWLOODWLRQ�SURFHVVHV��7KH�REMHFWLYH�RI�WKLV�UHVHDUFK�LV�WR�GHVFULEH�WKH�ULFH�
OLTXRU�SURFHVVLQJ�LQ�7DNHR�SURYLQFH��$�VHPL�VWUXFWXUH�TXHVWLRQQDLUH�DQG�REVHUYDWLRQ�ZHUH�
XVHG�WR�VXUYH\�WKH�ULFH�OLTXRU�SURFHVVLQJ�ZLWK����ULFH�OLTXRU�SURGXFHUV��3URGXFHUV�OHDUQHG�
WKH�PHWKRG�RI�ULFH�OLTXRU�SURGXFWLRQ�IURP�WKHLU�SDUHQWV��:KROH�ULFH�RI�6URXY�.URKRP��ULFH�
YDULHW\�� RU� EURNHQ� ULFH�PL[HG�ZLWK�PDQ\� YDULHWLHV� DQG�Pp� VUDD�9LHWQDP� �\HDVW� YDULHW\��
ERXJKW�DW�ORFDO�PDUNHWV�ZHUH�XVHG�WR�SURGXFH�OLTXRU��5LFH�KXVN�DQG�ILUH�ZRRGV�ZHUH�XVHG�
IRU�VWHDPLQJ�RU�ERLOLQJ�ULFH�DQG�GLVWLOODWLRQ��3URGXFHUV�XVHG�SRQG�ZDWHU�RU�ZHOO�ZDWHU�IRU�
FRRNLQJ�ULFH�DQG�UDLQ�ZDWHU�IRU�DGMXVWLQJ�DOFRKRO�FRQFHQWUDWLRQ��7KH�SURGXFHUV�VROG�WKHLU�
VUDD�VRU�WR�PLGGOHPHQ�EHFDXVH�WKH\�FRXOG�UHFHLYH�PRQH\�RQ�VLWH��$PRXQW�RI�FRRNHG�ULFH�
ZDV� ��NJ� DQG� \HDVW� ���J� DW� RQH� WLPH�� 6HYHQW\� HLJKW� OLWWHUV� RI� ZDWHU� ZHUH� DGGHG� DIWHU�
IHUPHQWLQJ� WZR� RYHU� QLJKWV�� 7LPH� VSHQG� RQ� GLVWLOODWLRQ� ZDV� WKUHH� KRXUV�� 7KH� DOFRKRO�
GHJUHH�ZDV�VDLG����SHUFHQW�LQ�ILQDO�SURGXFWLRQ�E\�IDUPHUV���

.H\ZRUGV�ULFH�OLTXRU��VUDD�VRU���SURFHVVLQJ��\HDVW��IHUPHQWDWLRQ��GLVWLOODWLRQ�

,1752'8&7,21�

5LFH��2U\]D�VDWLYD�/��� LV�RQH�RI� WKH� OHDGLQJ�VWDSOH�FURSV�RI� WKH�ZRUOG��7KHUH�DUH�PDQ\�DOFRKROLF�
SURGXFWV�PDGH�IURP�ULFH�VXFK�DV�VDNH��3DGK\H�DQG�6DOXQNKH���������/DR�ULFH�ZKLVNH\��+DWVDGRQJ�
	� *LEVRQ� ������ DQG� VUDD� VRU�� ,Q� $VLDQ� FRXQWULHV�� ULFH� ZLQH� DQG� OLTXRU� DUH� SRSXODU� DOFRKROLF�
EHYHUDJHV� DQG� WKH� JLYHQ� QDPHV� YDU\� IURP� ORFDWLRQ� WR� ORFDWLRQ� VXFK� DV� VDNH�� D� ZHOO�NQRZQ� DQG�
SRSXODU�WUDGLWLRQDO�SURGXFW�LQ�-DSDQ��,ZDWD�HW�DO����������$OFRKROLF�EHYHUDJHV�DUH�GLYLGHG�LQWR�WZR�
FDWHJRULHV�EDVHG�RQ�WKH�EDVLV�PDNLQJ�SURFHVV�LQFOXGLQJ�IHUPHQWLQJ�DOFRKRO�EHYHUDJHV��ZLQH��EHHU��
VDNH��HWF����DQG�FRPELQDWLRQ�RI�IHUPHQWDWLRQ�DQG�GLVWLOODWLRQ��ZKLVN\��EUDQG\��OLTXRU��YRGND��WHTXLOD��
HWF��� �/LVGL\DQWL� DQG�.R]DNL�� �������6UDD� VRU� SURFHVVLQJ�EHORQJV� WR� FRPELQDWLRQ�RI� IHUPHQWDWLRQ�
DQG�GLVWLOODWLRQ����

,Q�&DPERGLD��ULFH�FDQ�EH�D�UDZ�PDWHULDO�WR�PDQ\�SURGXFWV�VXFK�DV�ULFH�VWDUFK��QRRGOH�DQG�VUDD�
VRU�ZKLFK�LV�D�WUDGLWLRQDO�.KPHU�OLTXRU�DQG�KDV�EHHQ�SURGXFHG�VLQFH�ORQJ�WLPH�DJR��+RZHYHU��VUDD�

ᶃᶐᶂ

5HVHDUFK�DUWLFOH�
�
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VRU�SURFHVVLQJ�PHWKRGV�YDU\�IURP�DUHD�WR�DUHD�DQG�IURP�IDPLO\�WR�IDPLO\��+HQFH��WKH�REMHFWLYH�RI�
WKLV�UHVHDUFK�LV�WR�GHVFULEH�WKH�ULFH�OLTXRU�SURFHVVLQJ�LQ�7DNHR�SURYLQFH����

0(7+2'6�

7KLV� UHVHDUFK�ZDV�FRQGXFWHG� LQ�7DNHR�SURYLQFH��&DPERGLD��)DUPHUV�ZKR�SURGXFH�VUDD�VRU�ZHUH�
WDUJHWHG�IRU�LQWHUYLHZV��7KH�WRWDO�VDPSOH�QXPEHU�ZDV����LQ�WKLV�VWXG\��7ZR�NLQGV�RI�GDWD��SULPDU\�
DQG�VHFRQGDU\��ZHUH�UHTXLUHG�IRU�WKH�UHVHDUFK��3ULPDU\�GDWD�FRPSULVHG�LQIRUPDWLRQ�IURP�LQWHUYLHZV��
6HPL�VWUXFWXUHG� LQWHUYLHZV� DQG� REVHUYDWLRQ� ZHUH� XVHG� DV� WKH� PHWKRG� IRU� KRXVHKROGV¶� VXUYH\�
WKURXJK�TXHVWLRQQDLUHV��6HFRQGDU\�GDWD�ZHUH�WDNHQ�IURP�WHFKQLFDO�SDSHUV��ERRN��MRXUQDOV��DQG�RWKHU�
SXEOLFDWLRQV��7KH�FROOHFWHG�SULPDU\�GDWD�ZHUH�LQVWDOOHG�DQG�DQDO\]HG�ZLWK�6366�YHUVLRQ�����

5(68/76�$1'�',6&86,21�

9DULHWLHV� DQG� VRXUFHV� RI� ULFH�� 7DEOH� �� VKRZV� WKH� YDULHWLHV� DQG� VRXUFHV� RI� ULFH�� )RUW\� SHUFHQW� RI�
SURGXFHUV�DUH�XWLOL]LQJ�EURNHQ�ULFH�PL[HG�ZLWK�PDQ\�YDULHWLHV������RI�ZKROH�ULFH�RI�6URXYNURKRP�
�ULFH�YDULHW\�������RI�ZKROH�ULFH�RI�,5��DQG����RWKHU�ULFH�IRU�SURGXFLQJ�OLTXRU���$OO�ULFH�YDULHWLHV�
ZHUH� ERXJKW� DW� ORFDO�PDUNHWV� VXFK� DV� DW�PLOOHUV� DW� ����� YLOODJH�PDUNHWV� ������� RZQ� ULFH� ������
QHLJKERULQJ� IDUPHUV������DQG�RWKHUV��������7KH�EURNHQ� ULFH�PL[HG�ZLWK�PDQ\�YDULHWLHV�DQG� ,5�
ULFH�LV�FKHDSHU�WKDQ�WR�WKH�RWKHUV��7DVWH�ZDV�QRW�GLIIHUHQW�EHWZHHQ�ZKROH�ULFH�DQG�EURNHQ�ULFH�PL[HG�
ZLWK�PDQ\�YDULHWLHV��

7DEOH���9DULHWLHV�DQG�ULFH�VRXUFHV�IRU�VUDD�VRU�SURGXFWLRQ��
7\SHV�RI�ULFH� 3HUFHQW� 6RXUFHV�RI�ULFH� 3HUFHQW�

%URNHQ�ULFH�PL[HG�ZLWK�PDQ\�YDULHWLHV� ��� 0LOOHUV� �����
:KROH�ULFH�RI�6URXYNURKRP� ��� 9LOODJH�PDUNHWV� �����
:KROH�ULFH�RI�,5� ��� 2ZQ�ULFH�� ������

2WKHUV� ��� 1HLJKERULQJ�IDUPHUV�RI�� ������
2WKHUV� �����

�
7\SHV�RI�Pp�VUDD��ULFH�\HDVW���)LJ����VKRZV�WKH�W\SHV�Pp�VUDD��0p�VUDD� LV� WKH�FRQYHUVLRQ�RI�

VWDUFK�LQWR�VXJDU�DQG�HWK\O�DOFRKRO��7KH�SURGXFHUV�XWLOL]HG� WKH�Pp�VUDD�9LHWQDPHVH�DW��������Pp�
VUDD�&KLQHVH�DW�����Pp�7DNHR�DW������DQG�Pp�VUDD�.RPSRQJ�&KDP�DW�������WR�SURGXFH�OLTXRU��
0p� VUDD� 9LHWQDPHVH� LV� EHWWHU� WKDQ� RWKHU�Pp� VUDD� EHFDXVH� WKH\� SURGXFHG� WKH� KLJK� DOFRKRO� DQG�
TXDQWLW\�SURGXFWLRQ��0p�VUDD�.RPSRQJ�&KDP�LV�JRRG�DW�VPHOO�DQG�WDVWH�EXW�ZLWK�ORZ�SURGXFWLYLW\���

���� �
)LJ����7\SHV�RI�Pp�VUDD�

�
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7\SHV� RI� )XHO� &RQVXPSWLRQ�� )LJ�� �� VKRZV� WKH� W\SHV� RI� IXHO� FRQVXPSWLRQ�� 7KH� SURGXFHUV�
XWLOL]HG� ULFH� KXVN� DW� ������� WUHH� OHDYHV� ���� ULFH� KXVN�PL[HG� ZLWK� WUHH� OHDYHV� ������� ULFH� KXVN�
PL[HG�ZLWK�ZRRGV�������WUHH�OHDYHV�PL[HG�ZLWK�ZRRGV�������DQG�ULFH�KXVN�PL[HG�ZLWK�WUHH�OHDYHV�
DQG�ZRRGV�����IRU�FRRNLQJ�ULFH�DQG�GLVWLOOLQJ�IHUPHQWHG�OLTXLG��5LFH�KXVN�FRQVXPSWLRQ�LV�SRSXODU�
EHFDXVH� LW� LV� HDV\� WR� ILQG� DQG� WR� FRQWURO� ILUH�� DQG� FKHDSHU� WKDQ� RWKHU� PDWHULDOV�� 7KH� SURGXFHUV�
FROOHFWHG�WKH�WUHH�OHDYHV�DQG�ZRRGV�E\�WKHPVHOYHV���

�
�

)LJ����7\SHV�RI�IXHO�FRQVXPSWLRQ�

:DWHU�5HVRXUFHV�IRU�&RRNLQJ�DQG�)HUPHQWDWLRQ��7DEOH���VKRZV�ZDWHU� UHVRXUFHV�IRU�FRRNLQJ�
DQG� IHUPHQWDWLRQ�� � :DWHU� IRU� FRRNLQJ� IURP� ZHOO� ZDV� ����� SRQG� ���� DQG� UDLQZDWHU� ����� )RU�
IHUPHQWDWLRQ��ZDWHU�UHVRXUFHV�IURP�ZHOO�ZDV�XVHG�DW������SRQG�����DQG�UDLQZDWHU������:HOO�DQG�
SRQG�DUH�QRUPDOO\�DYDLODEOH�DURXQG�WKHLU�KRXVHV��H[FHSW�WKH�UDLQZDWHU�ZKLFK�FDQ�EH�DFFHVVLEOH�LQ�
WKH�UDLQ\�VHDVRQ�DQG�XWLOL]HG�WR�EOHQG�WKH�OLTXRU��7DVWH�RI�ULFH�OLTXRU�XVLQJ�ZHOO�ZDWHU�LV�EHWWHU�WKDQ�
SRQG�ZDWHU�EHFDXVH�SRQG�ZDWHU�KDYH�PXGG\�VPHOO��

7DEOH���:DWHU�FRQVXPSWLRQ�DQG�DGGLWLRQ�LQ�IHUPHQWDWLRQ�
:DWHU�UHVRXUFHV�IRU�FRRNLQJ� 3HUFHQW� :DWHU�UHVRXUFHV�IRU�IHUPHQWDWLRQ� 3HUFHQW�
:HOO�ZDWHU�� ��� :HOO�ZDWHU�� ���
3RQG�ZDWHU� ��� 3RQG�ZDWHU� ���
5DLQZDWHU�� ��� 5DLQZDWHU�� ���
� �

5LFH�&RRNLQJ�0HWKRGV��)LJ���� VKRZV� WKH� ULFH�FRRNLQJ�PHWKRGV��7KH�FRRNLQJ�PHWKRGV�ZHUH�
ERLOLQJ��������VWHDPLQJ�������DQG�PL[LQJ�IUHVK�ULFH�ZLWK�ZDWHU�������5LFH�ERLOLQJ�LV�D�WUDGLWLRQDO�
PHWKRG�IRU�FRRNLQJ�ULFH��5LFH�VWHDPLQJ�LV�DFFHSWDEOH�IRU�FRRNHG�PHWKRG�EHFDXVH�LW�LV�QRQ�EXUQ�DQG�
VPRN\�VPHOO��0HWKRG�RI�VWHDPLQJ�ULFH�LV�EHWWHU�WKDQ�ERLOLQJ�ULFH�EHFDXVH�RI�QR�EXUQ�ULFH��
�
�
�
�
�
�
�
�
�
�
�
�
�

)LJ����5LFH�FRRNLQJ�PHWKRGV�
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0HWKRGV�RI�SURFHVVLQJ�OLTXRU�

3UHSDUDWLRQ� RI� ULFH��0DWHULDOV� IRU�PDNLQJ� OLTXRU� DUH� ULFH��ZDWHU� DQG�Pp� VUDD�� 5LFH�ZDV�ZHLJKHG�
DFFRUGLQJ�WR�WKH�SXUSRVH��7KH�ULFH�ZDV�ZDVKHG�WR�UHPRYH�ULFH�EUDQ�DQG�GXVW\�DQG�VRDNHG�RYHUQLJKW�
IRU�ZDWHU�DEVRUSWLRQ��

&RRNLQJ� ULFH�� 7KH� ZDVKHG� ULFH� ZDV� SXW� WR� ERLO� RU� VWHDP�� 'XULQJ� WKH� FRRNLQJ�� VWDEOH� ILUH�
SURYLVLRQ� LV� QHHGHG� EHFDXVH� WKH� VWURQJ� ILUH� FDXVHV� KRUULEOH� VPHOO� DQG� WDVWH�� 7KHUHIRUH�� WKH� ILUH�
VKRXOG�EH�FRQWUROOHG�IURP�WKH�VWDUW�WLOO�WKH�HQG�RI�FRRNLQJ�ULFH��

0L[LQJ� FRRNHG� ULFH� DQG� Pp� VUDD�� $IWHU� FRRNLQJ� ULFH�� WKH� VWHDPHG� ULFH� ZDV� VSUHDG� IURP�
GLVWLOODWLRQ�SDQ�WR�D�PDW�IRU�FRROLQJ��$IWHU�WKDW�Pp�VUDD�ZDV�VSULQNOHG�DQG�PL[HG�ZLWK�ULFH��Pp�VUDD�
���J�����NJ�RI�ULFH���

)HUPHQWDWLRQ��6WHDPHG�ULFH�PL[HG�ZLWK�Pp�VUDD�ZDV�GLYLGHG�HTXDOO\�LQWR���SRWV�ZKLFK�DPRXQW�
RI�FRRNHG�ULFH�PL[HG�ZLWK�Pp�VUDD�DURXQG����WR���.J�SHU�SRW��:DWHU�DURXQG����WR���NJ�SHU�SRW�
ZDV�DGGHG�LQ�WKH�VHFRQG�GD\��DURXQG����KRXUV��ZLWKRXW�VWLUULQJ�WKH�FRQWHQW�DQG�LW�ZDV�FRQWLQXHG�WR�
IHUPHQWDWLRQ�IRU�WZR�GD\V��7KH�GXUDWLRQ�RI�IHUPHQWDWLRQ�ODVWHG�������KRXUV�EHIRUH�GLVWLOODWLRQ��7KLV�
IHUPHQWDWLRQ� SURFHVV� SURGXFHV� HWKDQRO� DV� +HQGHUVRQ� ������� VWDWHG� WKDW� WKH� SULQFLSDO� PHWDEROLF�
SURFHVV� LQ�ZLQHPDNLQJ� LV� WKH� DOFRKROLF� IHUPHQWDWLRQ��ZKLFK� FRQVLVWV� LQ� WKH� ELRWUDQVIRUPDWLRQ� RI�
JUDSH� VXJDUV� �JOXFRVH� DQG� IUXFWRVH�� LQWR� HWKDQRO� DQG�FDUERQ�GLR[LGH�� ,Q� D� VWDQGDUG� IHUPHQWDWLRQ��
DERXW�����RI�WKH�VXJDU�LV�FRQYHUWHG�LQWR�HWKDQRO�DQG�FDUERQ�GLR[LGH�����LQWR�FHOOXODU�PDWHULDO�DQG�
���LQWR�RWKHU�SURGXFWV�VXFK�DV�JO\FHURO��+HQGHUVRQ���������

'LVWLOODWLRQ��3XW�WKH�IHUPHQWHG�OLTXLG�DQG�VROLG�RI�FRRNHG�ULFH�PL[LQJ�ZLWK�Pp�VUDD�DQG�ZDWHU�
�EDD\�VUDD��LQ�WKH�GLVWLOODWLRQ�SDQ��$IWHU�RQH�KRXU��EDD\�VUDD�EHFRPHV�KRW��7KH�ILUH�FRQWURO�VKRXOG�
EH� VWDEOH�� 7KH� ILUVW� GURS� RI� FORXGHG� OLTXRU� ZLWK� VHGLPHQW�PD\� EH� LQ� �� WR� ���PLQXWHV�� $IWHU� ���
PLQXWHV�� WUDQVSDUHQW� VUDD�ZDV�REVHUYHG�DQG� LW�EHFDPH�FORXGHG�DJDLQ��7KH�SURGXFHUV�XVHG�SODVWLF�
ERWWOH�WR�NHHS�VUDD�VRU��8VDJH�RI�JODVVHV�RU�FHUDPLF�SRWV�LV�EHWWHU�WKDQ�SODVWLF�ERWWOH�LQ�VWRUDJH�RI�
VUDD� VRU� EHFDXVH� VRPH� FKHPLFDO� RI� SODVWLF� FDQ� EH� H[WUDFWHG�ZLWK� DOFRKRO�ZKLFK� SODVWLF� VPHOO� LV�
UHOHDVHG�LQWR�VUDD�VDU��'LVWLOODWLRQ�LV�HYDSRUDEOH�OLTXRU�IURP�IHUPHQWHG�OLTXLG�RI�FRRNHG�ULFH�PL[LQJ�
ZLWK�Pp� VUDD� DQG� ZDWHU� WKDW� WKH� IHUPHQWHG� OLTXLG� ZDV� ERLOHG� LQ� D� YHVVHO� ZKLFK� 9HUPD� �������
VKRZHG��7KH�YDSRU�ZDV�OHG�WR�WKH�ZDWHU�FRROHU�WR�EH�OLTXHILHG�DQG�FROOHFWHG�WR�WKH�JODVV�ERWWOHV��

7DEOH���*RRG�DQG�ORZ�TXDOLW\�RI�6UDD�VRU�

*RRG�TXDOLW\� /RZ�TXDOLW\�
,WHPV� 3HUFHQW� ,WHPV� 3HUFHQW�
6ZHHW�WDVWH� ����� 6RXU�VPHOO� �����
+LJK�DOFRKRO� ����� /RZ�DOFRKRO� �����
*RRG�VPHOO� ����� 6PRNLQJ�VPHOO� �����
&RPIRUWDEOH�OLTXRU� ����� 7DVWHOHVV� �����

*RRG� DQG� EDG� TXDOLW\� RI�6UDD� VRU��7DEOH� �� VKRZV�EDG� DQG� JRRG�TXDOLW\� RI� VUDD� VRU��*RRG�
TXDOLW\�RI�VUDD�VRU�ZDV�VZHHW�WDVWH�DW������KLJK�DOFRKRO������JRRG�VPHOO�������DQG�FRPIRUWDEOH�
OLTXRU��������+RZHYHU��EDG�TXDOLW\�ZDV�VRXU�VPHOO�DW�������� ORZ�DOFRKRO�������VPRNLQJ�VPHOO�
������DQG�WDVWHOHVV��������*RRG�TXDOLW\�RI�VUDD�VRU�ZDV�GHSHQGLQJ�RQ�JRRG�VPHOO��VZHHW�WDVWH�DQG�
KLJK�DOFRKRO�EHFDXVH�LW�ZDV�SUHIHUUHG�E\�FRQVXPHUV�DQG�HDV\�WR�GULQN�ZKLFK�RSSRVLWH�ZLWK�VPRNLQJ�
VPHOO��VRXU�VPHOO�DQG�WDVWHOHVV�ZHUH�ORZ�TXDOLW\�RI�VUDD�VRU�����

/RFDO� SHRSOH� XVHG�PLOOHG� ULFH� DV� UDZ�PDWHULDOV� IRU�PDNLQJ� VUDD� VRU��$IWHU� TXLFN�ZDVK�� WKH�
PLOOHG�ULFH�ZHUH�VWHDP�ERLO�IRU����WR����PLQXWHV��VSUHDG�RQ�EDPERR�PDW�IRU�FRROLQJ��DQG�VSUHDG�RI�
Pp�VUDD��$IWHU� WKDW�� SXW� WKH� VWHDPHG�ERLOHG� ULFH�PL[�ZLWK�Pp�VUDD� LQ� WKH� FXSV�DQG� IHUPHQW� WKHP�
ZLWKRXW�ZDWHU���DQG�ZLWK�ZDWHU���QLJKWV��7KH�SURGXFW�RI�IHUPHQWHG�VROXWLRQ�ZDV�SXW�LQWR�GLVWLOODWLRQ�
SDQ�DQG�GLVWLOOHG��7KH�DOFRKRO�EHYHUDJH�LV�FRQWDLQHG�DERXW�����DOFRKRO��,I�WKH�IDUPHU�VDOH�WKLV�VUDD�
WR� WKH�PDUNHW�� WKH\�GLOXWHG� WKH�SURGXFW� LQWR������7KH�SURFHVVLQJ�RI� WKLV�PHWKRG�RI� VUDD� VRU�ZDV�
VLPLODU�WR�GLVWLOOHG�VSLULW�IURP�ULFH�ZLQH�LQ�6RXWKHDVW�$VLD�FRXQWULHV��/LVGL\DQWL�DQG�.R]DNL���������
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DQG�/DR�/DR� ULFH�ZKLVNH\� �+DWVDGRQJ�	�*LEVRQ� ������� EXW� LW� LV� RSSRVLWH� WR� VDNH� �,ZDWD�� HW� DO���
������DQG�ZKLVN\��+HQGHUVRQ������������
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)LJ����3UHSDUDWLRQ�SURFHVV�RI�VUDD�VRU�
�

/RFDO� SHRSOH� XVHG�PLOOHG� ULFH� DV� UDZ�PDWHULDOV� IRU�PDNLQJ� VUDD� VRU��$IWHU� TXLFN�ZDVK�� WKH�
PLOOHG�ULFH�ZHUH�VWHDP�ERLO�IRU����WR����PLQXWHV��VSUHDG�RQ�EDPERR�PDW�IRU�FRROLQJ��DQG�VSUHDG�RI�
Pp�VUDD��$IWHU� WKDW�� SXW� WKH� VWHDPHG�ERLOHG� ULFH�PL[�ZLWK�Pp�VUDD� LQ� WKH� FXSV�DQG� IHUPHQW� WKHP�
ZLWKRXW�ZDWHU���DQG�ZLWK�ZDWHU���QLJKWV��7KH�SURGXFW�RI�IHUPHQWHG�VROXWLRQ�ZDV�SXW�LQWR�GLVWLOODWLRQ�
SDQ�DQG�GLVWLOOHG��7KH�DOFRKRO�EHYHUDJH�LV�FRQWDLQHG�DERXW�����DOFRKRO��,I�WKH�IDUPHU�VDOH�WKLV�VUDD�
WR� WKH�PDUNHW�� WKH\�GLOXWHG� WKH�SURGXFW� LQWR������7KH�SURFHVVLQJ�RI� WKLV�PHWKRG�RI� VUDD� VRU�ZDV�
VLPLODU�WR�GLVWLOOHG�VSLULW�IURP�ULFH�ZLQH�LQ�6RXWKHDVW�$VLD�FRXQWULHV��/LVGL\DQWL�DQG�.R]DNL���������
DQG�/DR�/DR� ULFH�ZKLVNH\� �+DWVDGRQJ�	�*LEVRQ� ������� EXW� LW� LV� RSSRVLWH� WR� VDNH� �,ZDWD�� HW� DO���
������DQG�ZKLVN\��+HQGHUVRQ���������

&21&/86,21�

,Q� FRQFOXVLRQ�� ULFH� OLTXRU�SURFHVV� LV�GLYLGHG� LQWR� IRXU� VWHSV�� ULFH� FRRNLQJ��PL[LQJ�RI� FRRNHG� ULFH�
ZLWK�Pp� VUDD�� IHUPHQWHG� ZLWKRXW� DQG� ZLWK� ZDWHU�� DQG� GLVWLOODWLRQ�� 5LFH� OLTXRU� SURFHVVLQJ� LV� WKH�
FRPELQDWLRQ�RI�IHUPHQWLQJ�DQG�GLVWLOODWLRQ�EDVHG�RQ�EDVLV�OLTXRU�SURFHVVLQJ���+RZHYHU��PRVW�RI�WKH�
VUDD�VRU�SURGXFHUV�IDFHG�SUREOHPV�LQ�VUDD�VRU�EXVLQHVV�VXFK�DV�D�ORZ�VDOH�SULFH��KLJK�SULFH�RI�D�UDZ�
PDWHULDO��ORZ�TXDOLW\�RI�VUDD�VRU��DQG�FORXG\�FRORU��

5()(5(1&(6�

+DWVDGRQJ�� .��� 'RXDQJVLOD� DQG� *LEVRQ�� 3�� ������� 5LFH�EDVHG� WUDGLWLRQV� DQG� ULWXDOV� LQ� WKH� 0HNRQJ� ULYHU�
YDOOH\��,QWHUQDWLRQDO�5LFH�5HVHDUFK�,QVWLWXWH����������

+HQGHUVRQ��0���������:KLVNH\��+DQGERRN�RI� IRRG�DQG�EHYHUDJH�IHUPHQWDWLRQ�WHFKQRORJ\��0DUFHO�'HNNHU��
,QF���86$��

0p�
6UDD�

5LFH� %RLOLQJ�
ULFH�

&RROLQJ�
GRZQ�

0L[HG�VWHDPHG�ULFH�
ZLWK�0p�6UDD�

)HUPHQWHG�
ZLWKRXW�ZDWHU�

'LVWLOODWLRQ�6UDD�VRU� )HUPHQWHG�
ZLWK�ZDWHU�
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,ZDWD��+���6X]XNL��7��DQG�$UDPDNL�� ,�� �������3XULILFDWLRQ� DQG�FKDUDFWHUL]DWLRQ�RI� ULFH�D�JOXFRVLGDVH�� D� NH\�
HQ]\PH�IRU�DOFRKRO�IHUPHQWDWLRQ�ULFH�SROLVK��-RXUQDO�RI�%LRVFLHQFH�DQG�%LRHQJLQHHULQJ�����������������

/LVGL\DQWL�� 3�� DQG�.R]DNL��0�� �������5LFH�ZLQH� LQ� 6RXWKHDVW�$VLD� FRXQWULHV��7KDLODQG��/DR��9LHWQDP� DQG�
0\DQPDU��7KH�)LUVW�,QWHUQDWLRQDO�6\PSRVLXP�RQ�,QVLJKW�LQWR�WKH�:RUOG�RI�,QGLJHQRXV�)HUPHQWHG�)RRGV�
IRU� 7HFKQRORJ\� 'HYHORSPHQW� DQG� )RRG� VDIHW\�� 'HSDUWPHQW� RI� 0LFURELRORJ\�� .DVHWVDUW� 8QLYHUVLW\��
7KDLODQG��

3DGKH\��9��DQG�6DOXQNKH��'���������([WUDFWLRQ�DQG�FKDUDFWHUL]DWLRQ�RI�ULFH�SURWHLQV��&HUHDO�&KHPLVWU\��������
���������

9HUPD�� /�5�� ������� ,QGLJHQRXV� WHFKQRORJ\� NQRZOHGJH� IRU� ZDWHUVKHG� PDQDJHPHQW� LQ� XSSHU� QRUWKZHVW�
+LPDOD\DV�RI�,QGLD��)$2��81���*&3�5$6�����1(7��
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6PDOO�6L]HG�)LVK�3DVWH��3UDKRF��3URFHVVLQJ�LQ�&DPERGLD�

&+$.5,<$�1251*�
5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH��3KQRP�3HQK��&DPERGLD�
(PDLO��FKDUL\DBQRUQJ#\DKRR�FR�Q]�

&+,0�&+$<��
5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH��3KQRP�3HQK��&DPERGLD�

1$0�62�
,QODQG�)LVKHULHV�5HVHDUFK�DQG�'HYHORSPHQW�,QVWLWXWH��)LVKHULHV�$GPLQLVWUDWLRQ��3KQRP�3HQK��
&DPERGLD�

.,0�&+$8�
'HSDUWPHQW�RI�$QLPDO�3URGXFWLRQ�DQG�+HDOWK��3KQRP�3HQK��&DPERGLD�

5HFHLYHG����'HFHPEHU������ $FFHSWHG����-DQXDU\������

$EVWUDFW� 6PDOO�VL]HG� ILVK� SDVWH� FDOO� 3UDKRF� LQ� .KPHU� LV� RQH� RI� WKH� PRVW� SRSXODU�
IHUPHQWHG� ILVK� SURGXFWV� XVHG� DV� D� FRQGLPHQW� LQ� &DPERGLD�� ,W� LV� WKH� PDLQ� IRRG� IRU�
&DPERGLDQ�SHRSOH��HVSHFLDOO\�WKH�UHPRWH�SRRU��3UDKRF�LV�W\SLFDOO\�PDGH�IURP�VPDOO�ILVK�
VXFK� DV� WKH� FRPPRQ� VPDOO� F\SULQLGV� �+HQLFRUK\QFKXV� VSS��� LQ�.KPHU�7UHL� 5HLO�� ,W�ZDV�
RULJLQDWHG�DV�D�ZD\�RI�SUHVHUYLQJ�ILVK�GXULQJ�WKH�ORQJHU�PRQWKV�ZKHQ�IUHVK�ILVK�ZDV�QRW�
DYDLODEOH�LQ�SOHQWLIXO�VXSSO\��3UDKRF� LV� WUDGLWLRQDOO\�SURGXFHG�E\�PL[LQJ�ZKROH�ILVK�ZLWK�
VDOW� DW� D� UDWLR� RI� ��������� DQG� IHUPHQWHG� IRU� ����� PRQWKV� RU� ORQJHU�� 0RUHRYHU�� VRPH�
SUREOHPV� UHODWLQJ� ZLWK� SURFHVVLQJ� ZHUH� IRXQG� DQG� GHWHUPLQGHG� WR� NHHS� IRU� EDVH� OLQH�
LQIRUPDWLRQ�IRU�WKH�QH[W�UHVHDUFKHUV���

.H\ZRUGV�VPDOO�VL]HG�ILVK��ORZ�YDOXH�ILVK��ILVK�SDVWH��3UDKRF���SURFHVVLQJ�WHFKQLTXHV�

,1752'8&7,21�

)LVKHULHV�SOD\�D�YHU\�VLJQLILFDQW�UROH�LQ�SURYLGLQJ�LQFRPH��HPSOR\PHQW�DQG�IRRG�VHFXULW\�WR�PLOOLRQ�
RI�UXUDO�SRRU�LQ�&DPERGLD��=DOLQJH�HW�DO����������+RUWOH�HW�DO��������	������VWDWHG�WKDW�WKRXVDQGV�RI�
WRQV�RI�VPDOO�VL]HG�RU�ORZ�PDUNHWHG�YDOXH�ILVK�DUH�FDXJKW�HDFK�\HDU�LQ�WKH�&DPERGLD�0HNRQJ�EDVLQ�
DQG�LQ�WKH�7RQOH�6DS��2WKHUZLVH��WKH�VPDOO�VL]HG�ILVK�DUH�DOVR�XVHG�IRU�SURGXFLQJ�ILVK��DQLPDO�PHDO�
DQG�IRU�KXPDQ�FRQVXPSWLRQ��1DP�HW�DO�����������

3UDKRF�LV�D�FUXVKHG��VDOWHG�DQG�IHUPHQWHG�ILVK�SDVWH�PDGH�IURP�PXG�ILVK�VPDOO�VL]HG�ILVK�VXFK�
DV�7UH\�5LHO��7UHL�6OHXN�5HXVVH\�� HWF�� �+RUWOH�HW� DO��������� � ,W� LV� XVHG� LQ�&DPERGLDQ�FXLVLQH�DV�D�
VHDVRQLQJ�RU�D�FRQGLPHQW��%HFDXVH�RI�LWV�VDOWLQHVV�DQG�VWURQJ�IODYRU��LW�ZDV�XVHG�DV�DQ�DGGLWLRQ�WR�
PDQ\�PHDOV�LQ�&DPERGLDQ�FXLVLQH��VXFK�DV�VRXSV��7KH�QLFNQDPH�&DPERGLDQ�FKHHVH�FDOOHG�3URKRF�
KDV� D� VWURQJ� DQG� GLVWLQFW� VPHOO�� 3UDKRF� LV� XVXDOO\� HDWHQ� ZLWK� ULFH� LQ� WKH� FRXQWU\VLGH� RU� SRRUHU�
UHJLRQV�� %HFDXVH� LW� LV� HDVLO\� VWRUHG� DQG� SUHVHUYHG�� 3UDKRF� LV� RIWHQ� JLYHQ� RXW� IRU� GRQDWLRQV� WR�
YLFWLPV� RI� IORRG� RU� GURXJKW� E\� FKDULWLHV� DQG� RWKHU� RUJDQL]DWLRQV� �7DPLPL�� ������� 'HVSLWH� WKH�
LPSRUWDQFH� RI� 3UDKRF� LQ� GDLO\� IRRG� RI� &DPERGLD�� LWV� SURFHVVLQJ� WHFKQRORJLHV� DUH� QRW� \HW� ZHOO�
XQGHUVWRRG� RU� GRFXPHQWHG�� 7KH� SXUSRVHV� RI� WKLV� VWXG\� DUH� WR� UHYLHZ� H[LVWLQJ� PHWKRGRORJLHV��
GHWHUPLQH�SUREOHPV�DQG�WR�DQDO\]H�HFRQRPLF�DVSHFWV�RI�VPDOO�VL]H�ILVK�SDVWH�SURGXFWLRQ��7KH�GDWD�
WKDW� KDV� EHHQ� GRQH� LV� DOO� XVHIXO� DQG� SURYLGHG� EDVHOLQH� LQIRUPDWLRQ� WR� LPSURYH� WKH� DJULFXOWXUDO�
H[SORUDWLRQ�LQ�XQLYHUVLW\�DQG�WKH�ZKROH�&DPERGLD��
�
�
�

ᶃᶐᶂ

5HVHDUFK�DUWLFOH�
�
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0(7+2'2/2*<�

7KH� VWXG\� RQ� 3UDKRF� SURFHVVLQJ� WHFKQLTXHV� ZHUH� FRQGXFWHG� LQ� IRXU� PDMRU� SURYLQFHV� QDPHO\��
.DQGDO��.'���.DPSRQJ�&KKQDQJ��.*�&KK���%DWWDPEDQJ��%%���6LHP�5HDS��65��LQ�DGGLWLRQ�WR�WKH�
DUHD� LQ� 3KQRP� 3HQK�� 7KH� UHVHDUFK� LQVWUXPHQW� ZDV� UHSUHVHQWHG� E\� XVLQJ� VWDQGDUG� VHPL�RSHQ�
TXHVWLRQQDLUHV� ZLWK� ���� VDPSOHV� ���� VDPSOHV� RI� PLFUR�� VPDOO�� PHGLXP�� DQG� ODUJH�VFDOH� SHU�
SURYLQFH�FDSLWDO���7KH�VDPSOHV�DUH�SXUSRVLYHO\�VHOHFWHG��7KH�FROOHFWHG�GDWD�ZDV�DQDO\]HG�WKURXJK�
6366�YHUVLRQ�����)RU�HFRQRPLF�HIILFLHQF\��WKH�GDWD�ZDV�LQVWDOOHG�DQG�DQDO\]HG�LQ�0LFURVRIW�([FHO�
DQG� WKH� IRUPXOD�RI�(FRQRPLF�(IILFLHQF\� �7RWDO�5HYHQXH� �75��GLYLGHG�E\�7RWDO�&RVW� �7&��ZDV�
XVHG��

5(68/76�$1'�',6&866,21�

%DVHG� RQ� WKH� UHVXOW� REWDLQHG� LQ� WKH� VWXG\�� WKH� W\SHV� RI�3UDKRF� SURFHVVLQJ� DUH� GLYLGHG� LQWR� IRXU�
VFDOHV��7KRVH�DUH�PLFUR��VPDOO��PHGLXP�DQG�ODUJH�VFDOH��

0LFUR�VFDOH��7KH�DQQXDO�ILVK�LQSXW�LV�OHVV�WKDQ�RQH�WRQ��3URGXFWLRQ�ZDV�GRQH�XVLQJ�D�SURFHVV�
XVXDOO\�E\�D�KRXVHKROG��7KH�FDSLWDO� XVHG� LV� OHVV� WKDQ�����86'��7KH�3UDKRF�ZDV�XVHG� IRU�KRPH�
FRQVXPSWLRQ�DQG�H[FKDQJHG�IRU�IRRG�DQG�RWKHU�EDVLF�VXSSOLHV��1R�OLFHQVH�LV�UHTXLUHG��

6PDOO�VFDOH��7KH�DQQXDO�3UDKRF� LQSXW� LV�OHVV� WKDQ���� WRQV��)HUPHQWHG�ILVK�SDVWH� LV�PDGH�IRU�
FRPPHUFLDO�SXUSRVHV��7KH�FDSLWDO�LV�OHVV�WKDQ��������86'��7KH�SHUPDQHQW�ZRUNHUV�DUH�DERXW�����
SHUVRQV� DQG� WKH� FDVXDO� ZRUNHUV� DUH� DERXW� ������ SHUVRQV�� $� OLFHQVH� WR� UXQ� WKH� EXVLQHVV� LV� DOVR�
UHTXLUHG�DQG�LV�LVVXHG�E\�HLWKHU�SURYLQFLDO�RU�FHQWUDO�JRYHUQPHQW�LQVWLWXWLRQV��

0HGLXP�VFDOH��7KH�DQQXDO�3UDKRF�LQSXW�LV�PRUH����WRQV�WR�������WRQV��,W�LV�EHLQJ�SURGXFHG�IRU�
FRPPHUFLDO� SXUSRVHV� E\� D� K\GURO\VLV� SURFHVV�� DQG� SURGXFWLRQ� LQYROYHV� ODUJH� LQYHVWPHQW� DQG�
UHODWLYHO\� KLJK� RSHUDWLRQDO� FRVWV�� 7KH� FDSLWDO� LV� EHWZHHQ� ��������������� 86'�� 7KH� SHUPDQHQW�
ZRUNHUV�DUH�DERXW�����SHUVRQV�DQG�WKH�FDVXDO�ZRUNHUV�DUH�DERXW�������SHUVRQV��2SHUDWLRQ�UHTXLUHV�D�
OLFHQVH� IURP�0LQLVWU\� RI� $JULFXOWXUH� )LVKHULHV� DQG� )RUHVWU\� �0$))��� DQG�0LQLVWU\� RI� ,QGXVWU\�
0LQH�DQG�(QHUJ\�0,0(��

/DUJH�VFDOH��7KH�DQQXDO�ILVK�SDVWH�LQSXW�LV�PRUH�WKDQ�������WRQV��3UDKRF�LV�EHLQJ�SURGXFHG�IRU�
FRPPHUFLDO� SXUSRVHV� E\� D� FRPSDQ\� SURFHVV� DQG� SURGXFWLRQ� LQYROYHV� ODUJH� LQYHVWPHQW� DQG� KLJK�
RSHUDWLRQDO� FRVWV�� 7KH� FDSLWDO� LV�PRUH� WKDQ� ��������86'�� 7KH� SHUPDQHQW�ZRUNHUV� DUH� DERXW� ���
SHUVRQV� DQG� FDVXDO� ZRUNHUV� DUH� DERXW� ������ SHUVRQV�� $� OLFHQVH� LV� UHTXLUHG� IURP� 0LQLVWU\� RI�
$JULFXOWXUH�)LVKHULHV�DQG�)RUHVWU\� �0$))���0LQLVWU\�RI� ,QGXVWU\�0LQH�DQG�(QHUJ\� �0,0(��DQG�
0LQLVWU\�RI�&RPPHUFLDO��0R&���7KLV�VFDOH�KDV�KDG�RQO\�LQ�%DWWDPEDQJ�SURYLQFH���

7KHVH�IRXU�FDWHJRULHV�RI�3UDKRF�LQGXVWULHV�DUH�DFFRUGLQJ�WR�WKH�GHILQLWLRQ�VHW�E\�0,0(��������
RQ� WKH� HQWHUSULVHV�� +RZHYHU�� LQYHVWRU� DQG� ODERUHUV� LQ� WKHVH� VWXGLHV� ZHUH� QRW� H[DFWO\� QXPEHUHG�
EHFDXVH�WKH�V\VWHP�RI�SURFHVVLQJ�LQ�&DPERGLD�LV�QRW�\HW�FODULILHG����

)LVK�LV�WKH�UDZ�PDWHULDO�IRU�SURGXFWLRQ�RI�3UDKRF��WKHQ�VDOW��$V�VKRZQ�LQ�7DEOH����ILVK�VSHFLHV�
FRPPRQO\�XWLOL]HG� IRU�3UDKRF� DUH� WKRVH�RI�7UHL�5HLO�F\SULQLG�KHQLFRUK\QFKXV�7UHL� VOHXN�UHXVVH\�
DQG�RWKHU�ILVKHV�ZHUH�DOVR�XVHG�VXFK�DV�EDJULG�FDWILVKHV��.DQFKRV���EDUE��&KSLQ���7KDL�ULYHU�VSUDW�
�%DQGRXO�$PSRY���SHUFKOHW� �.DQKFKUDV�7KRP��� FDUSV� �/LQK��.KQRUQJ�9HQJ��6UDNDU�6GDUP��.URV��
$QJNRN� 3UDN�� &KDQWHDV� 3KOXN� DQG� .DHN�� DQG� HOHSKDQW� SDUDGLVHXV� ILVK� �.RPSHXV��� ULYHU� FDWILVK�
�3UD��� +RZHYHU�� 7UHL� .RPSOHDQK� VSHFLHV� LV� RQO\� EHLQJ� XVHG� LQ� %DWWDPEDQJ� DQG� 6LHP� 5HDS�
SURYLQFHV��

7DEOH���$PRXQW�RI�ILVK�IRU�3UDKRF�SURGXFWLRQ�

.LQGV�RI�ILVK��
1DPH�RI�SURYLQFHV�DQG�FDSLWDO�

7RWDO�����
33� .'� .*�&KK� %%� 65�

7UHL�5HLO���������� ��� ��� ��� ��� �� ���
7UHL�6OHXN�5HXVVH\��������� ��� ��� �� ��� �� ���
7UHL�.RPSOHDQK�������� �� �� �� ��� ��� ���
2WKHU�ILVKHV��������� ��� ��� ��� ��� �� ���
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7DEOH���VKRZHG�WKH�SHUFHQWDJH�RI�WKH�DPRXQW�RI�VDOW�LQ�3UDKRF�SURGXFWLRQ�SHU�WRQ�RI�IUHVK�ILVK��
$ERXW�����RI�WKH�SURGXFHUV�UHVSRQGHG�WKDW�WKH�VDOW�DSSURSULDWH�IRU�SURGXFLQJ�3UDKRF�LV�����NJ�SHU�
WRQ� RI� IUHVK� VPDOO�VL]HG� ILVK�� 0RVW� RI� WKH� SURGXFHUV� ������ REWDLQHG� ���� NJ� QHW� SURGXFWLRQ� RI�
3UDKRF�IURP�WKH�IUHVK�ILVK�LQ�RQH�WRQ��2Q�WKH�RWKHU�KDQG������RI�SURGXFHUV�DEOH�WR�SURGXFHG�����
NJ�RI�3UDKRF�SHU�WRQ�RI�IUHVK�ILVK��
�
7DEOH���6DOW�XVLQJ�IRU�3UDKRF�SURGXFWLRQ�

$PRXQW�RI�3UDKRF�
3URGXFWLRQ�

$PRXQW�RI�VDOW�� 7RWDO�����
���� ���� ���� ���� ����

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

�
3UDKRF� SURFHVVLQJ� WHFKQLTXHV� GLIIHUV� GHSHQGLQJ� RQ� WKH� ORFDWLRQ� RI� IDFWRU\� DQG� WKH� VFDOH� RI�

SURGXFWLRQ�� %HGGRZV� ������� LOOXVWUDWHG� WKDW� PHWKRG� RI� SURFHVVLQJ� LV� ILVK� SUHVHUYDWLRQ� DQG� D�
FRQFHQWUDWHG�IRUP�RI�IHUPHQWHG�ILVK��+RUWOH���������)LVK�DUH�EHKHDGHG�DQG�FOHDQHG�ZHOO�WR�SUHYHQW�
VSRLOLQJ� IURP� WKHLU� RZQ� PLFURRUJDQLVPV� LQ� WKH� VOLP�� JXW� DQG� JLOOV� RQ� WKHLU� ERGLHV�� 7KHVH�
PLFURRUJDQLVPV�DV�ZHOO�DV�WKH�HQ]\PHV�LQ�WKH�ILVK�WLVVXHV��EULQJ�DERXW�SXWUHI\LQJ�FKDQJHV�LQ�ILVK�
ZKHQ� LW� GLHV� �3DUU\� DQG� 3DZVH\�� ������� 6DOW� LV� XVHG� DV� SUHVHUYDWLYH� WR� SUHYHQW� VSRLODJH� DQG� WR�
VWDELOL]H� IHUPHQWDWLRQ�� 7KH� VPHOO� RI� 3UDKRF� DOVR� GLIIHUV� DFFRUGLQJ� WR� WKH� DPRXQW� RI� VDOW� XVHG��
:DWDQDEH��������VKRZHG�WKDW�WKH�FKDUDFWHULVWLF�VPHOO�RI�IHUPHQWHG�ILVK�LV�WKH�UHVXOW�RI�HQ]\PDWLF�
DQG�PLFURELRORJLFDO�DFWLYLW\� LQ� WKH�ILVK�PXVFOH��5DKD\X��������UHFRUGHG� WKDW�WKH�ILUVW�VDOWLQJ�VWHS�
WDNHV� VHYHUDO� ZHHNV� WR� GHYHORS� LWV� FKDUDFWHULVWLF� IODYRU� DQG� WH[WXUH�� DQG� WKLV� LV� IROORZHG� E\� D�
PDWXUDWLRQ�SKDVH��2QO\�RQH�SURGXFHU�LQ�.DPSRQJ�&KKQDQJ�SURYLQFH�VDLG�WKDW�WKH\�XVHG�FKHPLFDO�
VXEVWDQFH� OLNH� LQVHFWLFLGHV�WR�SUHVHUYH�ILVK��8QIRUWXQDWHO\�� WKHVH�FKHPLFDOV�DUH� WDNHQ�ZLWKRXW�DQ\�
VWULFW�FRQWURO�RYHU�WKH�VDIH�GRVDJH�OHYHO��+HQFH�WKH�SURGXFW��WKRXJK�SURWHFWHG�IURP�LQVHFWV��FRXOG�EH�
KDUPIXO�WR�FRQVXPHUV��,Q�WKLV�VWDJH��LW�LV�LQ�OLQH�ZLWK�$]H]D��������DQG�.RIL���������

�
3UDKRF�SURFHVVLQJ�FKDLQ�IRU�PLFUR�VFDOH�LQ�WKH�SURYLQFH�DQG�FDSLWDO�

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

)LJ����3UDKRF�&KD�HDQJ�SURFHVVLQJ���� �������)LJ����3UDKRF�6DFK�SURFHVVLQJ�



,-(5'�±�,QWHUQDWLRQDO�-RXUQDO�RI�(QYLURQPHQWDO�DQG�5XUDO�'HYHORSPHQW������������

��,6(5'�
���

3UDKRF�SURFHVVLQJ�FKDLQ�IRU�VPDOO��PHGLXP��DQG�ODUJH�VFDOH�
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)LJ����3URFHVVLQJ�FKDLQ�LQ�%DWWDPEDQJ��������������)LJ����3URFHVVLQJ�FKDLQ�LQ�6LHP�5HDS�

)LJ����3URFHVVLQJ�FKDLQ�LQ�3KQRP�3HQK�
�����������DQG�.DQGDO�

�

)LJ����3URFHVVLQJ�FKDLQ�LQ�.*�&KKQDQJ�
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7KH�PDLQ�SUREOHPV�IDFHG�E\�SURGXFHUV�ZHUH�����SRRU�TXDOLW\�DQG�K\JLHQLF�FRQGLWLRQV�RI�LQODQG�
VPDOO�VL]HG�ILVK�SDVWH�GXH�WR�WKH�ODFN�RI�TXDOLW\�FRQWURO�V\VWHP�LQ�&DPERGLD��OHDGLQJ�WR�IOXFWXDWLRQ�
RI� GHPDQGV� IRU� H[SRUW�PDUNHWV� DQG� FKDQJH� LQ� SULFH���� LQFUHDVLQJ� SULFH� RI� UDZ�PDWHULDOV� VXFK� DV�
IUHVK�VPDOO�VL]HG�ILVK�DQG�VDOW�LQGLFDWLQJ�DQ�LQFUHDVH�RI�����DQG�����UHVSHFWLYHO\����ODFN�RI�JRRG�
LQIRUPDWLRQ�RQ�GRPHVWLF�DQG�IRUHLJQ�VRXUFHV�RI�WHFKQRORJ\�DQG�HTXLSPHQWV�PDWHULDOV��IRU�H[DPSOH��
QRQ�H[LVWLQJ�UHDVRQDEOH�JUDGLQJ�DQG�SDFNDJLQJ�PDWHULDOV��OHDGLQJ�WR�XQGHUGHYHORSHG�H[SRUW�PDUNHW�
���VKRUWDJH�DQG�ODFN�RI�ZRUNLQJ�FDSLWDO�WR�VWDUW�RU�H[SDQG�WKH�EXVLQHVV�GXH�WR�D�YHU\�KLJK�LQWHUHVW�
UDWH�IURP�PRVW�ORFDO�PLFUR�FUHGLW�LQWXLWLRQV�RU�EDQNV����ORZ�WHFKQLFDO�VNLOOV�WKDW�DUH�VKRZQ�E\�����
WR��������SRRU�UHVHDUFK��DQG����ODFN�RI�WUDLQHG�KXPDQ�UHVRXUFHV�LQ�ILVK�SURFHVVLQJ��
�
7DEOH���0DMRU�SUREOHPV�DQG�FRQVWUDLQV�LQ�3UDKRF�SURGXFWLRQ�

&RQVWUDLQV�LQ�3UDKRF�SURGXFWLRQ�
1DPH�RI�SURYLQFH�DQG�FDSLWDO� 7RWDO�

����33� .'� .*�&KK� %%� 65�
([SHQGLQJ�RQ�IHH�DQG�QRQ�IHH�IRU�DXWKRULW\� ���� ���� ���� ��� ��� ���
'LIILFXOW\�LQ�GHWHUPLQLQJ�WKH�PDUNHW�SULFH�RI�
ILQDO�SURGXFWLRQ� ���� ���� ���� ���� ��� ���

/RZ�SULFH�RI��3UDKRF�� ��� ��� ���� ���� ���� ���
$IIRUGDEOH�FRPSHWLWLRQ�IRU�IUHVK�ILVK� ���� ��� ���� ��� ��� ���
+LJK�SULFH�RI�VDOW� ��� ���� ��� ��� ��� ���
$GGLEOH�ZDWHU�EHIRUH�ZHLJKW� ���� ���� ���� ��� ���� ���
8QFOHDQ�SURFHVVHG�ILVK� ��� ���� ���� ��� ���� ���
5DQFLGQHVV�� ���� ��� ���� ��� ���� ���
6DOWLQJ�LV�QRW�JRRG�LQ�WKH�ILUVW�VWDJH�� ���� ���� ���� ��� ���� ���
/DFN�RI�ZRUNDEOH�FDSLWDO�� ���� ���� ���� ��� ���� ���
7KH�FRPSDQ\�EOHQGV�WKH�SULFH�RI�IUHVK�ILVK� ���� ���� ���� ��� ���� ���

�
0LFUR�VFDOH�3UDKRF�SURGXFWLRQ�LQ�3KQRP�3HQK��IRXU�SURYLQFHV�RI�.DQGDO��.DPSRQJ�&KKQDQJ��

DQG�%DWWDPEDQJ�ZDV�PLQXV�ZKLOH�WKH�PHGLXP�VFDOH�3UDKRF�SURGXFHUV�KDYH�WKH�KLJKHVW�HFRQRPLF�
HIILFLHQF\��0HDQZKLOH��SURGXFHUV� LQ�6LHP�5HDS�ZHUH�JHWWLQJ�VXLWDEOH�SURILW�EHFDXVH�RI� WKH�SULFH��
NLQGV�RI�ERQHOHVV�3UDKRF��DQG�TXDOLW\��3URGXFHUV�KDYH�NHSW�3UDKRF�IRU�WKHLU�RZQ�FRQVXPSWLRQ�GXH�
WR� WKH� LQWXLWLRQV� WKDW�3UDKRF� LQ� WKH�PDUNHW� DUH� EHLQJ� XVHG� ZLWK� FKHPLFDO� SUHVHUYDWLYH� DQG� SRRU�
VDQLWDWLRQ�RI�3UDKRF�SURGXFWLRQ��
�
7DEOH���(FRQRPLF�DQDO\VLV�RI�3UDKRF�VFDOHV�LQ�WKH�SURYLQFHV�DQG�FDSLWDO��

6FDOHV� (FRQRPLF�HIILFLHQF\�
33� .'� .*�&KK� %%� 65�

0LFUR� ����� ����� ����� ����� �����
6PDOO� ����� ����� ����� ����� �����
0HGLXP� ����� ����� ����� ����� �����
/DUJH� � � � ����� �

&21&/86,21�

$FFRUGLQJ� WR� WKH� SURGXFWLRQ� VFDOH� RI� 3UDKRF�� WKHUH� DUH� WZR� NLQGV� RI� VPDOO�VL]HG� ILVK� SDVWH�
SURFHVVLQJ�LQ�&DPERGLD��)LUVW��PLFUR�VFDOH�LV�GLYLGHG�LQWR�WZR�W\SHV�ZKLFK�DUH�ERQ\�DQG�ERQHOHVV�
�&KD�HDQJ�DQG�6DFK� LQ�.KPHU��3UDKRF�SURFHVVLQJ� WHFKQLTXH��6HFRQG�� VPDOO��PHGLXP��DQG� ODUJH�
VFDOH�DUH�SURFHVVHG�DV�ERQ\�3UDKRF��%RQ\�3UDKRF�SURFHVVLQJ�WHFKQLTXH�LV�GRFXPHQWHG�LQ�DOO�ILYH�
VXUYH\HG�SURYLQFHV��,W�LV�PRVWO\�FRQVXPHG�E\�WKH�SRRU�ZKR�KDYH�OLPLWHG�LQFRPH��

%RQHOHVV�3UDKRF� SURFHVVLQJ� WHFKQLTXH� LV�GRFXPHQWHG� LQ� WKH� VXUYH\HG� SURYLQFHV� E\� XVLQJ���
VSHFLHV� RI� VPDOO�VL]HG� ILVK�� WKH� PRRQOLJKW� JRXUDPL� WULFKRJDVWHU� PLFUROHSLV� DQG� WKH� WKUHH�VSRW�
JRXUDPL� WULFKRJDVWHU� WULFKRSWHUXV�� ,W� LV� EHLQJ� VROG� DW� D� KLJKHU� SULFHV� FRPSDUHG� WR� WKDW� RI� ERQ\�
VPDOO�VL]HG�ILVK�SDVWH��0RUHRYHU��WKH�WZR�PDLQ�SUREOHPV�HQFRXQWHUHG�LQ�3UDKRF�SURFHVVLQJ�DUH�WKH�
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IOXFWXDWLRQ� RI� SULFHV� RI� UDZ�PDWHULDOV� DQG� ODFNLQJ� RI� WHFKQLFDO� VNLOOV� VXFK� DV� K\JLHQLF� DQG� IRRG�
VDIHW\� SUDFWLFH�� 0LFUR�VFDOH� 3UDKRF� SURGXFHUV� JDLQHG� QHJDWLYH� LQFHQWLYH� H[FHSW� LQ� 6LHP� 5HDS�
SURYLQFH�EHFDXVH�WKDW� WKH\�DUH�SURGXFLQJ�ERQHOHVV�3UDKRF�ZKLFK�FRXOG�EH�PRUH�SURILWDEOH� LQ�WKH�
PDUNHW��%DVHG�RQ�WKH�UHVXOWV�RQ�WKLV�UHVHDUFK��LW�ZDV�FRQFOXGHG�WKDW�LPSURYLQJ�WKH�TXDOLW\��K\JLHQH�
DQG� VDIHW\� RI� 3UDKRF� LV� QHFHVVDU\� WR� EH� LPSURYHG� LQ� RUGHU� WR� LQFUHDVH� WKH� GHPDQG� RI� 3UDKRF�
SURGXFWV��

$&.12:/('*(0(176�

,�ZRXOG�OLNH�WR�H[SUHVV�P\�JUDWLWXGH�DQG�UHVSHFW�IRU�P\�VXSHUYLVRU�DQG�FR�VXSHUYLVRU�IRU�KLV�NLQG�KHOS�
DQG�DGYLFH�GXULQJ�P\�VWXG\��7KDQNV�DOVR�WR�LQGLYLGXDOV�DQG�GHSDUWPHQWV�ZKR�JDYH�WLPH�WR�GLVFXVV�DQG�
SURYLGH�VRPH�GRFXPHQWV�DQG�LQIRUPDWLRQ�UHODWHG�ZLWK�P\�UHVHDUFK��$OVR��YHU\�NLQG�WKDQNV�WR�DOO�RI�P\�
IULHQGV�� 7KDQNV� HVSHFLDOO\� 0U�� &KD\� &KLP� P\� EHVW� IULHQG� IRU� KLV� KHOS� GXULQJ� WKH� ILHOG� VXUYH\� DQG�
UHFRPPHQGDWLRQ�� )LQDOO\�� ,�ZRXOG� OLNH� WR� H[SUHVV�P\� VSHFLDO� JUDWLWXGH� WR�P\�0RWKHU�+RX\�6HLQJHQ��
EURWKHUV�DQG�VLVWHUV��,�DP�JUDWHIXO�IRU�WKHLU�SDWLHQFH�DQG�VDFULILFH�WR�FRPSOHWH�P\�HQWLUH�VWXG\��

5())(5(1&(6�

$]H]D��1�,���������7KH�SUREOHP�RI�FKRLFH�DQG�VDIHU�PHWKRGV�RI�UHGXFLQJ�SRVW�KDUYHVW�ORVVHV�LQ�/DNH�&KDG�
SURFHVVHG� ILVK�� 3URFHHGLQJV� RI� WKH� )$2� H[SHUW� FRQVXOWDWLRQ� RQ� ILVK� WHFKQRORJ\� LQ� $IULFD�� /XVDND��
=DPELD��������-DQXDU\�������)$2�)LVK�5HS��������6XSSO���������

%HGGRZV��&�*���������)HUPHQWHG�ILVK�DQG�ILVK�SURGXFWV��,Q�0LFURELRORJ\�RI�IHUPHQWHG�IRRGV�9RO����HGLWHG�
E\�:RRG��%�-�%��(OVHYLHU��$SSOLHG�6FLHQFH��������

+RUWOH��.�*�� �������&RQVXPSWLRQ� DQG� WKH� \LHOG�RI� ILVK� DQG�RWKHU� DTXDWLF� DQLPDOV� IURP� WKH� ORZHU�0HNRQJ�
%DVLQ��05&�7HFKQLTXH�3DSHU���������0HNRQJ�5LYHU�&RPPLVVLRQ��/DRV���

+RUWOH��.�*���1JR��2���+HP��5��DQG�/LHQJ��6�� �������7RQOH�6DS�\LHOGV� UHFRUG�KDXO�� ,Q�&DWFK�DQG�&XOWXUH��
)LVKHULHV�5HVHDUFK�DQG�'HYHORSPHQW�LQ�WKH�0HNRQJ�5HJLRQ��������0HNRQJ�5LYHU�&RPPLVVLRQ��/DRV��

+RUWOH�� .�*��� /LHQJ� 6�� DQG� 9DOER�-RUJHQVHQ� -�� ������� $Q� LQWURGXFWLRQ� WR� &DPERGLD
V� LQODQG� ILVKHULHV��
0HNRQJ�'HYHORSPHQW�6HULHV�1R�����0HNRQJ�5LYHU�&RPPLVVLRQ��&DPERGLD��

.RIL��0�(�� ������� )HUPHQWHG� )LVK� LQ� $IULFD�� $� 6WXG\� RQ� 3URFHVVLQJ��0DUNHWLQJ� DQG� &RQVXPSWLRQ�� )$2�
)LVKHULHV�7HFKQLFDO�3DSHU��5RPH�������

0,0(��������3ULYDWH�6HFWRU�$VVHVVPHQW�IRU�WKH�.LQJGRP�RI�&DPERGLD��
1DP�� 6��� 7RQJ�� (��� 1RUQJ�� 6�� DQG� +RUWOH�� .�� ������� 8VH� RI� IUHVKZDWHU� ORZ� YDOXH� ILVK� IRU� DTXDFXOWXUH�

GHYHORSPHQW� LQ� WKH�&DPERGLD¶V�0HNRQJ� EDVLQ�� 3DSHU� SUHVHQWHG� DW� WKH� ³5HJLRQDO�:RUNVKRS� RQ� /RZ�
9DOXH�DQG�µ75$6+�),6+¶�LQ�WKH�$6,$�3$&,),&�5HJLRQ´�+DQRL��9LHW�1DP������-XQH�������

3DUU\��7�-��DQG�3DZVH\��5�.���������3ULQFLSOHV�RI�PLFURELRORJ\�IRU�VWXGHQWV�RI�IRRG�WHFKQRORJ\��+XWFKLQVRQ�
(GXFDWLRQDO��8.��

5DKD\X��6�� �������3URFHVVLQJ�RI�SHGD��,Q�FRPSLODWLRQ�RI� UHVHDUFK�UHVXOWV�RI� ILVKHU\�SRVW�KDUYHVW��(GLWHG�E\�
6XSDUQR�� 1DVUDQ�� 6�� DQG� 6HWLDEXGL�� (�� 3XVDW� 3HQHOLWLDQ� GDQ� 3HQJHPEDQJDQ� 3HULNDQDQ�� ������ �,Q�
,QGRQHVLDQ���

7DPLPL��������3UDKRF��KWWS���ZZZ�VPVR�QHW�3UDKRN��
:DWDQDEH�� .�� ������� )LVK� KDQGOLQJ� DQG� SURFHVVLQJ� LQ� WURSLFDO� $IULFD�� ,Q� 3URFHHGLQJV� RI� WKH� )$2� H[SHUW�

FRQVXOWDWLRQ�RQ�ILVK�WHFKQRORJ\�LQ�$IULFD��&DVDEODQFD��0RURFFR�������-XQH�������)$2�)LVK�5HS��������
6XSSO�������

=DOLQJH��9�1�3���7KXRN��1��DQG�1XRY��6���������6WDWXV�RI�WKH�&DPERGLDQ�LQODQG�FDSWXUH�ILVKHULHV�VHFWRU�ZLWK�
VSHFLDO�UHIHUHQFH�WR�WKH�7RQOH�6DS�*UHDW�/DNH��&DPERGLD�)LVKHULHV�7HFKQLFDO�SDSHU�6HULHV�9ROXPH�,,,��
������,QODQG�)LVKHULHV�5HVHDUFK�DQG�'HYHORSPHQW�,QVWLWXWH��'HSDUWPHQW�RI�)LVKHULHV��&DPERGLD��
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7KH�3URFHVV�RI�(VWDEOLVKLQJ�DQG�)XQFWLRQLQJ�RI�)DUPHU�
:DWHU�8VHU�&RPPLWWHH��):8&��RI�6&,5,3�

629$71$�3+21�
5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH��3KQRP�3HQK��&DPERGLD�
(PDLO��UXDVRYDWQD#\DKRR�FRP�

.52(61$�.$1*�
5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH��3KQRP�3HQK��&DPERGLD�

6(1*�6821�
5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH��3KQRP�3HQK��&DPERGLD�

%811(7+�%(1*�
5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH��3KQRP�3HQK��&DPERGLD�

5HFHLYHG����'HFHPEHU������ $FFHSWHG����-DQXDU\������

$EVWUDFW�7KH�6WXQJ�&KLQLW�,UULJDWLRQ�DQG�5XUDO�,QIUDVWUXFWXUH�3URMHFW��6&,5,3��DLPHG�WR�
LPSURYH�OLYLQJ�VWDQGDUG�RI�WKH�ORFDO�IDUPHUV�WKURXJK�LQFUHDVLQJ�WKH�VL]H�RI�IDUPODQGV�DQG�
DW�OHDVW���WLPHV�SHU�\HDU�LQ�ULFH�IDUPLQJ��+RZHYHU��WKH�WRWDO�WDUJHWHG�DUHD�RI�������KD�LQ�WKH�
ZHW� VHDVRQ� DQG� ���� LQ� WKH� GU\� VHDVRQ� UHDFKHG� RQO\� �����KD� DQG� ������� UHVSHFWLYHO\�
�PRVWO\�YHJHWDWLRQ��DQG�WKH�\LHOG�ZDV�VWLOO�ORZ��7KH�):8&�ZDV�HVWDEOLVKHG��EXW�WKH�SURMHFW�
ZDV�VWLOO�D�SUREOHP�IRU�WKH�IDUPHUV��7KH�VWXG\�DLPHG�WR��DVVHVV�WKH�SURFHVV�RI�WKH�):8&¶V�
IRUPDWLRQ�DQG�LWV�UROHV�DQG�UHVSRQVLELOLWLHV�LQ�SURYLGLQJ�VHUYLFHV�WR�LWV�PHPEHUV��DVVHVV�WKH�
IXQFWLRQLQJ� RI� WKH� ):8&� DQG� LWV� SHUIRUPDQFH� FRPSDUHG� ZLWK� WKH� GHILQHG� UROHV� DQG�
UHVSRQVLELOLWLHV��DQG�DQDO\VH�FRQVWUDLQWV�DQG�SRWHQWLDOV�RI�):8&�HQFRXUDJHG�SDUWLFLSDWLRQ�
IURP� LWV� PHPEHUV��7KH� UHVHDUFKHUV� VHOHFWHG� ��� GLIIHUHQW� YLOODJHV� IURP� �� FRPPXQHV�
LQFOXGLQJ�����KRXVHKROGV�RI�PHPEHUV�DQG����KRXVHKROGV�RI�QRQ�PHPEHUV����SHUVRQV�IURP�
):8&�� ��� YLOODJH� KHDGV� DQG� �:8*� LQ� HDFK� YLOODJH�� DQG� �� UHSUHVHQWDWLYH� IURP� HDFK�
3'R$��&('$&��$)'��*5(7�DQG�3'2:5$0�WR�EH�LQWHUYLHZHG��7KH�UHVXOWV�VKRZHG�WKDW�
WKH�SURMHFW�ZDV�GHVLJQHG�ZLWK�LQVXIILFLHQW�VWXG\�RI�WKH�ORFDWLRQ���7KHUH�ZDV�WRR�GHHS�RI�D�
GUDLQ��WRR�VPDOO�RI�D�ZDWHUFRXUVH�RI�WHUWLDU\�DQG�TXDWHUQDU\�FDQDOV��XQHTXDO�ODQG�XQLIRUPLW\�
DQG�SRRU�TXDOLW\�RI�VRLO��EDVDOW��\RXQJ�DQG�ROG�DOOXYLXP���7KH�IRUPDWLRQ�RI�WKH�):8&�DQG�
LWV�UHJXODWLRQ�GLG�QRW�LQYROYH�SDUWLFLSDWLRQ�IURP�DOO�LWV�PHPEHUV��0RUHRYHU��RQO\��������
RI� WKH� UHJXODWLRQV� ZHUH� LPSOHPHQWHG� DQG� WKHVH� IRFXVHG� D� ORW� RQ� ILVKLQJ� DFWLYLWLHV��
PDQDJHPHQW�RI�FDWWOH�DQG�EXIIDORHV��DQG� WKH�XVH�RI� URDGV�DQG�R[�FDUW� WUDFNV��EXW� OHVV�RQ�
PDQDJHPHQW�� ZDWHU� GLVWULEXWLRQ�� LUULJDWLRQ� DQG� FDQDO� SURWHFWLRQ�� 7KH� SDUWLFLSDWLRQ� IURP�
IDUPHUV� ZDV� SRRU� IRU� WKH� VPDOO� SORWV� RI� ODQG� WKH\� RZQHG�� WUDGLWLRQDO� KDELW� RI� ULFH� ILHOG�
SURWHFWLRQ��PXOWLSOH� MREV�� SRRU� FRPPLWPHQW� DQG� FRRSHUDWLRQ� DPRQJVW� IDUPHUV� LQ� V\VWHP�
SURWHFWLRQ��,Q�DGGLWLRQ��SHVW�ERRNOHWV�FDXVHG�SUREOHPV��7KH�SUREOHP�UHVXOWHG�IURP�LQWHUQDO�
IDFWRUV�� SRRU� SURMHFW� GHVLJQ�� SRRU� ):8&¶V� LPSOHPHQWDWLRQ�� SRRU� SDUWLFLSDWLRQ� IURP�
IDUPHUV�DQG�H[WHUQDO�IDFWRUV��SHVW�ERRNOHWV�DQG�SRRU�VRLO�FRQGLWLRQV��

.H\ZRUGV�IDUPHU�ZDWHU�XVHU�FRPPLWWHH��SDUWLFLSDWRU\��FRRSHUDWLRQ�

,1752'8&7,21�

7KH� LUULJDWLRQ� VFKHPH� SOD\V� D� YHU\� VLJQLILFDQW� UROH� LQ� LUULJDWLQJ� WKH� ILHOGV�� ,W� KDV� EHHQ� D� SXEOLF�
SROLF\�LVVXHV�DQG�GHYHORSPHQW�GLVFRXUVHV�LQ�&DPERGLD�IRU�ORQJ�WLPH��0DQ\�LUULJDWLRQ�VFKHPHV�LQ�
&DPERGLD�ZHUH�FRQVWUXFWHG�GXULQJ�WKH�3RO�3RW�UHJLPH��+RZHYHU��PRVW�RI�WKHP�ZHUH�GHWHULRUDWHG�
DIWHU�WKH�UHJLPH�ZDV�FROODSVHG��7U\���������7KH�LPSRUWDQFH�RI�WKH�VFKHPH�LV�WR�HOLPLQDWH�SRYHUW\�
WKURXJK� LQFUHDVLQJ� SURGXFWLRQ�� WKH� DJULFXOWXUDO� VHFWRU�ZDV� WDUJHWHG� E\� WKH�5R\DO�*RYHUQPHQW� RI�

ᶃᶐᶂ

5HVHDUFK�DUWLFOH�
�
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&DPERGLD��5*&�� WR�DFFHOHUDWH� WKH�GHYHORSPHQW�RI�WKH� LUULJDWLRQ�SURMHFW�� µ'HYHORSPHQW�RI�:DWHU�
5HVRXUFHV�0DQDJHPHQW�DQG�,UULJDWLRQ�,QIUDVWUXFWXUH�DUH�WR�,QFUHDVH�RI�$JULFXOWXUDO�3URGXFWLYLW\¶��
0RUHRYHU��02:5$0�UHPDUNDEO\�IRFXVHG�RQ�DJULFXOWXUDO�VHFWRU��RQH�RI�WKH�IRXU�SULRULW\�VHFWRUV�LQ�
WHUP�RI�DVVXUDQFH�RI�IRRG�VHFXULW\�DQG�LPSURYLQJ�OLYLQJ�VWDQGDUG��3KLOLSSH�	�6HEDVWLHQ���������

2QH� RI� WKH�PRVW� ELJJHVW� LUULJDWLRQ� VFKHPHV� LV� WKH�6WXQJ�&KLQLW�� WKH� ILIWK� ODUJHVW� VFKHPHV� LQ�
&DPERGLD�� IHOW� LQWR� D� VWDWH� RI� GLVUHSDLU� LQ� WKH� ODWH� HLJKWLHV� DQG� LW�ZDV� QRW�ZHOO� RSHUDWHG� �)$&7��
�������8S�WR�������WKH�SUHOLPLQDU\�DVVHVVPHQW�ZDV�FRQVLGHUHG�RQ�WKH�SRVVLELOLW\�RI�UHKDELOLWDWLRQ��
,Q�������WKH�5*&�SURSRVHG�WR�$VLDQ�'HYHORSPHQW�%DQN��$'%��DQG�$JHQFLHV�)UDQFH�'HYHORSPHQW�
�$)'��WR�VXSSRUW�WKH�H[LVWLQJ�LQIUDVWUXFWXUH�LQ�RUGHU�WR�SURYLGH�VXSSOHPHQWDU\�LUULJDWLRQ�DQG�UHDFK���
WKH�WDUJHW�RI�������KD�LQ�WKH�ZHW�VHDVRQ�DQG�����LQ�WKH�GU\�VHDVRQ��3KLOLSSH�	�6HEDVWLHQ����������

7KH�PDMRU�GLIIHUHQFH�LQ�6&,5,3�ZDV�WKDW�WKH�RXWSXW�FRXOG�QRW�UHDFK�WR�������KD�DQG�PRVW�RI�
WKH�IDUPHUV�SUDFWLFHG�IDUPLQJ�RQO\�RQH�WLPH�D�\HDU�GXULQJ�WKH�ZHW�VHDVRQ��$'%���������0RUHRYHU��
WKH�WKHRU\�ZDV�ZHOO�DSSOLHG�LQ�WKH�ZHW�VHDVRQ��0D\�WR�'HFHPEHU��YDU\LQJ�EHWZHHQ���WR���PRQWKV�
DQG�OHVV�LQ�WKH�GU\�VHDVRQ�PRVWO\�YHJHWDWLRQ��7KH�SURGXFWLYLW\�ZDV�YHU\�ORZ��$'%����������

7KH� VWXG\�SURSRVHG� WR� ILQG�RXW�ZKDW�ZDV� WKH� LVVXH� WDNHQ�SODFH�EHWZHHQ� WKH�):8&�DQG� WKH�
)DUPHUV� DQG� H[SODLQHG� WKH� SURFHVV� RI� ):8&¶V� IRUPDWLRQ� DQG� LWV� UROHV� DQG� UHVSRQVLELOLWLHV� LQ�
SURYLGLQJ�VHUYLFHV�WR�LWV�PHPEHUV�� WKH�IXQFWLRQLQJ�RI�):8&�DQG�LWV�SHUIRUPDQFH�FRPSDUHG�ZLWK�
WKH�GHILQHG�5	5��DQG�WKH�FRQVWUDLQWV�DQG�SRWHQWLDOV�RI�):8&�WR�HQFRXUDJH�SDUWLFLSDWLRQ�IURP�LWV�
PHPEHUV��

0(7+2'2/2*<�

7KH�VWXG\�ZDV�FRQGXFWHG�LQ���FRPPXQHV��.DPSRQJ�7KDU��%HRQJ�/YHD��DQG�3UDVDW��6DQWXN�'LVWULFW��
.DPSRQJ� 7KRP� 3URYLQFH� DUH� WKH� FRPPDQG� DUHDV� RI� WKH� 6&,5,3� DQG� LW� FRYHUHG� ��� YLOODJHV��
LQFOXGLQJ�%DQWHD\�<XPUHDFK�YLOODJH�WKDW�SDUWLFLSDWHG�DIWHU�WKH�SURMHFW�ZDV�FRPSOHWHO\�ILQLVKHG�LQ�
�������

7KH�VHOHFWLRQ�ZDV�LQFOXGLQJ�����KRXVHKROGV�RI�PHPEHUV�DQG����KRXVHKROGV�RI�QRQ�PHPEHUV��
��SHUVRQV�IURP�):8&�����YLOODJH�KHDGV�DQG���:DWHU�8VHU�*URXSV��:8*��LQ�HDFK�YLOODJH��DQG���
UHSUHVHQWDWLYH�IURP�HDFK�3'R$��&('$&��$)'��*5(7�DQG�3'2:5$0�ZDV�LQWHUYLHZHG��

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

)LJ����0DS�RI�UHVHDUFK�]RQH��$'%��������

5(68/7�$1'�',6&866,21�

7KH�SURMHFW�ZDV�LPSOHPHQWHG�LQ������������7KH�WDUJHW�DUHD�GHFUHDVHG�E\�RYHU�KDOI��IURP�������KD�
WR�������KD��GXH�WR�WKH�FKDQJH�RI�VFRSH�FDXVHG�E\�LQVXIILFLHQW�VWXG\��RYHU�ORZHU�HVWLPDWLRQ�RQ�WKH�
SURMHFW� FRVW� IURP� ���� PLOOLRQ� WR� ������ PLOOLRQ�� LPSURSHU� GHVLJQLQJ� DQG� FRQVWUXFWLQJ� RI�
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LQIUDVWUXFWXUHV� �$'%�� �������+RZHYHU�� WKH� SURMHFW�ZDV� VWLOO� UXQQLQJ� LQ� SURYLGLQJ� VHUYLFHV� WR� WKH�
IDUPHUV��

)LUVW��WKH�PHHWLQJ�ZDV�KHOG�ZLWKLQ�VWDNHKROGHUV�RQ�WKH�SURMHFW�REMHFWLYHV�DQG�EHQHILWV�WKHQ�WKH�
UHVXOWV�ZHUH�GLVVHPLQDWHG�WR�WKH�ORFDO�IDUPHUV��6HFRQG��WKH�WUDLQLQJ�ZDV�KHOG�RQ�WKH�IXQFWLRQV��UROHV�
DQG� UHVSRQVLELOLWLHV�� RUJDQL]DWLRQ�� UXOHV� DQG� UHJXODWLRQV� RI� WKH� ):8&� DV�ZHOO� DV� WKH�ZRUN� SODQ��
$IWHU�WKDW��WKH�HOHFWLRQ�RI�WKH�):8&�DQG�:8*V�ZDV�DWWHQGHG�E\�WKH�ORFDO�IDUPHUV�DURXQG��������
LQ�HDFK�HOHFWLRQ��7KH�ODVW�HOHFWLRQ�ZDV�KHOG�RQ�1RYHPEHU�����������7KHQ�WKH�):8&�SODQQLQJ�ZDV�
SUHSDUHG�DQG�SURFHHGHG��7KH�LUULJDWLRQ�ZDV�SODQQHG�WR�VWDUW� LQ�$XJXVW�������KRZHYHU��GXH�WR�WKH�
FKDQJH�RI�VFRSH�LW�ZDV�SRVWSRQHG�XQWLO�-XO\�������7R�PLQLPL]H�WKH�LPSDFW�RI�GHOD\V��WKH�EORFN�SLORW�
RI���KD�E\�SXPSLQJ�ZDV�LPSOHPHQWHG��1H[W��WKH\�SURSRVHG�VWXG\�WRXUV�WR�6LHP�5HDS�SURYLQFH�OHG�
E\�*5(7�DQG�&('$&�LQ�������WKHQ�WR�.DPSLQJ�3XR\��3UH\�1XE�DQG�2�7UHQJ�WR�JDLQ�H[SHULHQFHV�
DV�ZHOO�DV�WR�OHDUQ�WKH�ZD\�WR�PDQDJH�WKH�VFKHPH�IURP�WKRVH�ORFDWLRQV��

�
7DEOH���):8&¶�IRUPDWLRQ�DQG�VXSHUYLVLRQ�PLOHVWRQHV�
0LOHVWRQH�QR�� �� ��� ��� ��� ��� ���

287387�
6&+('8/(�

3URMHFW�DQG�
):8&�FRQFHSW�
2ULHQWDWLRQ�

):8&�
(OHFWLRQ�

):8&�
3ODQQLQJ�

):8&�
0DQDJHPHQW�

):8&�
6WXG\�
7RXU�

6XSHUYLVLRQ�
'XULQJ�'HIHFW�

/LDELOLW\�
�

7KH�OLDELOLW\�RI�WKH�ZKROH�V\VWHP�ZDV�VXSHUYLVHG�E\�WKH�):8&�LQ�6HSWHPEHU�������EXW�LW�VWLOO�
QHHGHG�WR�EH�VXSSRUWHG�IURP�&('$&�DQG�*5(7�DV�ZHOO�DV�WR�NHHS�LPSURYLQJ�WKH�ZRUN�SURFHHGLQJ�
IRU�WKH�SRRU�PDQDJHPHQW�RI�WKH�):8&�WR�WKH�ZKROH�V\VWHP��

):8&�UROHV��UHVSRQVLELOLWLHV�DQG�PHHWLQJV�

7KH�):8&�KDG�EHHQ�OHG�E\�WKH���FRPPLWWHHV��7KH�FKDLUPDQ�ZDV�LQ�FKDUJH�RI�JHQHUDO�VXSHUYLVLRQ��
ILUVW�YLFH�FKDLUPDQ�ZDV�LQ�FKDUJH�RI�PDLQWHQDQFH�DQG�UHSDLULQJ�SODQ��VHFRQG�YLFH�FKDLUPDQ�ZDV�LQ�
FKDUJH�RI�ZDWHU�VXSSO\�GLVWULEXWLRQ��WKH�WUHDVXUHUV�ZHUH�LQ�FKDUJH�RI�ILQDQFH�ZKLOH�DOO�:8*V�DQG�
PHPEHUV� ZHUH� LQ� FKDUJH� RI� UHSRUW� IDUPHUV¶� GHPDQG�� 7KH� H[HFXWLYH� GLUHFWRU� ZDV� LQ� FKDUJH� RI�
JHQHUDO�PDQDJHPHQW�DQG�DGPLQLVWUDWLRQ�DIIDLU��
�

�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

)LJ����):8&CV�VWUXFWXUH��3KLOLSSH�	�6HEDVWLHQ��������
�

7KHUH�ZHUH� WZR� NLQGV� RI�PHHWLQJ�� WKH� JHQHUDO� DVVHPEO\�PHHWLQJ� KHOG� RQFH� D� \HDU� EHWZHHQ�
):8&��:8*V�DQG�EORFN�UDQJHUV��*HQHUDO�PHHWLQJ�LV�EHLQJ�KHOG�WZR�WLPHV�D�\HDU��LQ�WKH�HDUO\�DQG�
WKH�HQG�RI�WKH�ZHW�VHDVRQ��LQFOXGLQJ�ZLWK�WKH�ORFDO�IDUPHUV�KRZHYHU�RQO\�PHPEHUV�FRXOG�MRLQ�WR�WKH�
PHHWLQJV��
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6\VWHP�SURWHFWLRQ��LUULJDWLRQ�VHUYLFH�IHH��,6)��DQG�ZDWHU�VXSSO\�

7KH�):8&�WRRN�FRQWURO�RI�WKH�ZKROH�V\VWHP�DQG�PHW�WKH�QHHGV�RI�WKH�IDUPHUV¶�GHPDQG��7KHUH�ZDV�
PXFK�FRQWURO�GXULQJ�WKH�ZHW�VHDVRQ�ZKHQ�WKH�FXOWLYDWLRQ�VHDVRQ�ZDV��EXW�OHVV�LQ�WKH�GU\�VHDVRQ�IRU�
DERXW�����RI�WKH�IDUPHUV�SUDFWLFHG�ULFH�IDUPLQJ��7KH�EORFN�UDQJHUV�GLG�QRW�DFW�LQ�WKH�GU\�VHDVRQ��,Q�
WKH�ZHW� VHDVRQ�� WKH�):8&� WRRN� DFWLRQV� VXFK� DV� UHSDUDWLRQ� RI� GLNHV� DQG� FDQDOV��PDQDJLQJ�ZDWHU�
IORZ�DQG�VROYLQJ�SUREOHPV�RI�ZDWHU�GLVWULEXWLRQ��FRQWUROOLQJ�ILVKLQJ�DFWLYLWLHV�PDLQO\�GXULQJ�WKH�ZHW�
VHDVRQ�ZKHQ�WKH�ZDWHU�JDWH�ZDV�RSHQHG��DQG�WKH�):8&�QHHGHG�WR�FRRSHUDWH�ZLWK�WKH�ORFDO�SROLFHV�
WR�WDNH�FRQWURO�GD\�DQG�QLJKW�RI�WKH�YLRODWRUV��ERWK�PHPEHUV�DQG�QRQ�PHPEHUV��FRQWUROOLQJ�DQLPDO�
KHUGLQJ� �PRVWO\� LQ� WKH�ZHW� VHDVRQ� GXH� WR� WKH� FDQDOV�ZHUH�ZHW�ZKLFK�ZDV� HDV\� WR� EH� GDPDJHG���
PDQDJLQJ�R[�FDUW�WUDFN�E\�DYRLGLQJ�OHDGLQJ�LW�DORQJ�WKH�6HFRQGDU\�&DQDO��6�&���'UDLQ�&DQDO��'�&���
)DUP� 'UDLQ� &DQDO� �)'�&�� DQG� 6�&� EULGJHV�� ,Q� DGGLWLRQ�� GXH� WR� WKH� VRLO� LQILOWUDWLRQ� WKH� ):8&�
EORFNHG�WKH�KHDG�HQG�RI�WKH�IDUP�GUDLQ�FDQDOV�WR�NHHS�ZDWHU�LQ�WKH�ILHOGV��7KH�YLRODWRUV�ZHUH�ILQHG�
IRU� WKH�V\VWHP�GHWHULRUDWLRQ��7KH� ILQLQJ�ZDV������� ULHO�WLPH�RU������� ULHO�DQLPDO��7KH�DQLPDOV�RU�
ILVKLQJ�WRROV�ZHUH�FDXJKW�DQG�NHSW�XQWLO�WKH�RZQHUV�FDPH�WR�QHJRWLDWH���

7KH� ,6)� ZDV� VWDUWHG� FROOHFWLQJ� LQ� ������ 7KH� FROOHFWRUV� ZHUH� LQFOXGLQJ� YLOODJH� KHDGV� DQG�
:8*V�� 7KH\� QRUPDOO\� EODPHG� E\� WKH� ORFDO� IDUPHUV� GXH� WR� WKH� LQVXIILFLHQW� ZDWHU� VXSSO\� WR� WKH�
IDUPHUV¶�ILHOGV��,W�ZDV�VKRZQ�WKDW�����RI�WKHP�FRPSODLQHG�RQ�WKH�KLJK�SULFH�RI�WKH�,6)�DQG�WKH\�
ZDQWHG� WKH� ,6)� WR� EH� ORZHU� RI� ������� ULHO�KD�� 7KH� ):8&� KDG� QR� FKRLFH� EXW� WR� ORZHU� WKH� ,6)�
EHFDXVH� LW�ZDV�VHW�IURP�WKH�02:5$0��+RZHYHU�� WKH�):8&�WULHG�WR�VXSSO\�PXFK�ZDWHU� WR�WKH�
IDUPHUV¶�ILHOGV��$V�D�UHVXOW��WKH�,6)�FROOHFWLRQ�ZDV�DFKLHYHG�E\�DERXW���������LQ��������

:DWHU�ZDV�QRW�VXSSOLHG�ZHOO�HQRXJK�WR�DOO�WKH�ILHOGV�GXH�WR�WKH�GLVWDQW�RI�WKH�ILHOGV�IURP�WKH�
VRXUFHV�� XQHTXDO� RI� JURXQG� OHYHO�� WRR� ODUJH� DQG� GHHS� RI� WKH�0DLQ�&DQDO� �0�&��� WRR� VPDOO� RI� WKH�
KHDG�RI�IOXPH��DERXW����FP���ZKLFK�FRXOG�QRW�EH�DEOH�WR�DOORZ�ZDWHU�IORZLQJ�WKURXJK�WKH�7HUWLDU\�
&DQDO� �7�&�� DQG� GLVWULEXWLQJ� WR� WKH� 4XDWHUQDU\� &DQDO� �4�&�� WKHQ� IORZLQJ� LQWR� HDFK� ILHOG�� 7KH�
):8&�WULHG�WR�SURYLGH�VXSSOHPHQWDU\�ZDWHU�WR�UHDFK�WKH�HQG�RI�WKH�ILHOGV��EXW�WKH�SUREOHP�ZDV�VWLOO�
KDSSHQHG�FDXVLQJ�WKH�IORRG�RI�WKH�ORZ�ODQG�SORWV��
�
�

�
�
�
�
�
�
�

)LJ����/HQJWK�IURP�ILHOGV�WR�7�&������������������������)LJ����*URXQG�OHYHO�
�
�

7DEOH���:DWHU�GLVWULEXWLRQ�ZLWK�ODQG�XQLIRUP�

�:DWHU�GLVWULEXWLRQ�� �������/RZ�SORW� 0LGGOH�SORW� +LJK�SORW�
)ORRG� ������� ������ �����������
(QRXJK� ������� ������� �����������
/HVV�VKRUWDJH� ������� ������� �������
1RW�HQRXJK� ������� ������� �����������

5HJXODWLRQ�HQIRUFHPHQW�DQG�SDUWLFLSDWLRQ�RI�IDUPHUV�

7KH�UHJXODWLRQ�ZDV�ZHOO�LPSOHPHQWHG�RQO\��������RQ�ILVKLQJ�DFWLYLWLHV��PDQDJHPHQW�RI�FDWWOH�DQG�
EXIIDORHV�� DQG� WKH� XVH� RI� URDGV� DQG� R[�FDUW� WUDFNV�� EXW� OHVV� RQ� PDQDJHPHQW�� ZDWHU� GLVWULEXWLRQ��
LUULJDWLRQ�DQG�FDQDO�SURWHFWLRQ��7KH�SUREOHP�ZDV�FDXVHG�E\�SRRU�VFKHPH�GHVLJQ�DQG�WROHUDWLRQ�ZLWK�
WKH� IDUPHUV�� 7KH� XQTXDOLILHG� VWDIIV� ZLWKLQ� WKH� ):8&� HVWDEOLVKHG� E\� WKH� SDUFHO� HOHFWLRQ� RI� ��
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PHPEHUV�D�JURXS�DV�ZHOO�DV�WKH�VKRUW�WHUP�PDQGDWH����\HDUV�PDQGDWH��DIIHFWHG�WR�WKH�SRRU�V\VWHP�
DQG�DGPLQLVWUDWLRQ�PDQDJHPHQW��,Q�DGGLWLRQ��DOO�WKH�LQFRPH�IURP�WKH�,6)�DQG�H[SHQGLWXUH�ZHUH�QRW�
LQGLFDWHG�FOHDUO\� WR�WKH�IDUPHUV��HVSHFLDOO\�H[SHQGLWXUH�RQ�WKH�FDQDOV� UHSDUDWLRQ��7KH�ZRUN�RI� WKH�
EORFN� UDQJHUV�ZDV� �� WLPHV� D�ZHHN� DQG� ��PRQWKV� D� \HDU� LQ� WKH�ZHW� VHDVRQ�� KRZHYHU�� LQ� WKH� GU\�
VHDVRQ�WKH�EORFN�UDQJHUV�KDG�QR�WDVNV�LQ�WKH�ILHOGV��7KH�ZDJH�ZDV�YHU\�ORZ���������ULHO�WLPH�ZKLFK�
GLG�QRW�HQFRXUDJH�WKH�EORFN�UDQJHUV�WR�ZHOO�DVVRFLDWH�ZLWK�WKHLU�ZRUN��

7KH� SDUWLFLSDWLRQ� E\� WKH� IDUPHUV� LQ� WKH� VFKHPH� ZDV� SRRU� HYHQ� LQ� WKH� PHHWLQJ�� V\VWHP�
SURWHFWLRQ��DQG�FRRSHUDWLRQ��2QO\�DERXW��������RI�WKHP�SDUWLFLSDWHG�LQ�WKH�PHHWLQJ������RI�WKHP�
FDPH� WR� MRLQ� UHJXODUO\� DQG� ���� RI� WKHP� FDPH� LUUHJXODUO\��� 7KH� SUREOHP� ZDV� FDXVHG� E\�
GLVVDWLVIDFWLRQ� WR� WKH�):8&�DQG�EXVLQHVV�ZLWK� WKHLU� MREV��7KH� ORFDO� IDUPHUV� �ERWK�PHPEHUV� DQG�
QRQ�PHPEHUV��LQ�WKH�FRPPDQG�DUHD�KDG�PXOWLSOH�MREV�ZKLFK�PDNH�WKHP�EXV\�ZLWK�WKHLU�DFWLYLWLHV��
$V�D�UHVXOW��WKH\�GLG�QRW�ZDQW�WR�MRLQ�WKH�PHHWLQJV��0RUHRYHU��WKH\�VWLOO�DGKHUHG�ZLWK�WUDGLWLRQDO�ULFH�
IDUPLQJ�DQG�RWKHU�ILHOG�RSHUDWLRQV��7KH�IDUPHUV�OHIW�WKHLU�ILHOGV�DIWHU�VRZLQJ�RU�EURDGFDVWLQJ�GXH�WR�
VXFK�SUREOHP��,Q�DGGLWLRQ��WKH�IDUPHUV�RZQHG�VPDOO�SORWV�RI�ODQG�LQ�WKH�EORFNV�WKDW�GLG�QRW�FRQYLQFH�
WKHP� WR� FDUH�PXFK� WKH� ILHOGV�� 7KH� SRRU� WUDGLWLRQDO� KDELW� RI� WKH� IDUPHUV� RI� KHUGLQJ� DQG� IHHGLQJ�
DQLPDOV�LQ�WKH�EORFNV�LQ�WKH�ZHW�DQG�WKH�GU\�VHDVRQ�FDXVHG�WKH�GDPDJHV�RQ�WKH�VFKHPH��,W�PRVWO\�
KDSSHQHG�LQ�WKH�ZHW�VHDVRQ��

�
���7DEOH���/DQG�DUHD�RI�WKH�ORFDO�IDUPHUV�LQ�WKH�FRPPDQG�DUHD�

� +RXVHKROG�E\�ODQG�VL]H����� )DUPODQG�VL]H�LQ�WKH�EORFN��+D��
���+D� ����+D� !��+D� 0D[� 0LQ� $YHUDJH�
������� ������� ������ ������ ������ ������

�
�
�
�
�
�
�
�
�
�
�
�

)LJ����3ODFHV�WR�KHUG�DQLPDOV��������������������������)LJ����3ODFHV�WR�ZDWHU�IHHGLQJ�WR�DQLPDOV�

2WKHU�IDFWRUV�DQG�SRWHQWLDO�

8QIHUWLOH�DQG�VDQG\�VRLO��EDVDOW��\RXQJ�DQG�ROG�DOOXYLXP��FRXOG�VWRUH�ZDWHU�LQ�WKH�ILHOGV�RI�DERXW�
�������RQO\�FRPSDUHG� WR�WKH�ZDWHU� IORZ�UHFHQWO\��3KLOLSSH�	�6HEDVWLHQ���������2XWEUHDN�RI� WKH�
LQVHFW��HVSHFLDOO\�EURZQ�KRSSHU�FRPH� LQ�)HEUXDU\�DQG�0DUFK�DQG�GHVWUXFWLRQ�E\�FUDEV�RU� VQDNHV�
DQG�VR�IRUWK�FDXVHG�WKH�GHIHFW�RI�WKH�IDUPHUV¶�HIIRUW�LQ�WKH�GU\�VHDVRQ��

7KH�):8&�WULHG�WR�PDQDJH�WKH�V\VWHP�E\�FRRSHUDWLQJ�ZLWK�WKH�IDUPHUV�WR�FRQWURO�WKH�ZKROH�
VFKHPH��SDUWLFXODUO\�UHYLVLQJ�WKH�)DUP�GUDLQ�&DQDOV��)'&��WR�NHHS�ZDWHU�LQ�WKH�ILHOGV��7KH�IDUPHUV�
ZHUH� ZLOOLQJ� WR� SD\� WKH� ,6)� GXH� WR� JRRG� HODERUDWLRQ� DQG� UHFHLYLQJ� ZDWHU� WR� JURZ� ULFH� HDUOLHU�
FRPSDUHG� WR�RWKHU�VLWH� �%DUD\�GLVWULFW���7KH�):8&��VWDNHKROGHUV�DQG�IDUPHUV�WKHPVHOYHV� WULHG� WR�
WDNH�DFWLRQ�RQ�WKH�ULVN�IDFWRUV�WRJHWKHU�WR�LPSURYH�OLYLQJ�VWDQGDUG�RI�WKH�ORFDO�IDUPHUV��

6XJJHVWLRQ�WR�NH\�LQIRUPDQWV�DQG�IDUPHUV��DGYDQWDJHV�DQG�GLVDGYDQWDJHV�RI�WKH�V\VWHP�

7R� VHWWOH� WKH� VWDWHG� SUREOHP�� WKH� ORFDO� IDUPHUV� VKRXOG� JUDGXDOO\� FKDQJH� WKH� VHDVRQ� WR� DYRLG�
SUHVHQWLQJ� RI� EURZQ� KRSSHU� LQFOXGLQJ� FKDQJLQJ� RI� ULFH� VHHG�� $OVR�� WKH\� VKRXOG� FKDQJH� WKHLU�
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WUDGLWLRQDO�KDELW�RI�KHUGLQJ�DQLPDOV�DQG�ILVKLQJ�DFWLYLWLHV��0RUHRYHU��IDUPHUV�VKRXOG�JURZ�WKH�VDPH�
ULFH� VHHG�� 7KH� KHDG� SORWV�ORZ� SORWV� RZQHUV� VKRXOG� JURZ� HDUOLHU� WR� SUHYHQW� IURP� IORRGLQJ�� ,Q�
DGGLWLRQ��IDUPHUV�VKRXOG�PDNH�ZHOO�FRRSHUDWLRQ�DOO�WRJHWKHU�WR�EXLOG�XS�WKH�IDUP�GLNHV�WR�NHHS�DQG�
VKDUH�ZDWHU�WR�RWKHU�ILHOGV��HVSHFLDOO\��WKH\�VKRXOG�DFWLYHO\�SDUWLFLSDWH�LQ�WKH�V\VWHP�SURWHFWLRQ��7KH�
):8&�VKRXOG�IROORZ�PXFK�ZLWK�WKH�IDUPHUV¶�LGHD�WR�PDNH�FRRSHUDWLRQ�FORVHU���

%HIRUH�WKH�SURMHFW�ZDV�VWDUWHG��WKH�ROG�V\VWHP�KDG�EHQHILWV�VXFK�DV�HQRXJK�ZDWHU�WR�DOO�ILHOGV��
HDV\�WR�IORRG�DQG�GUDLQ�WKH�ILHOGV��HQRXJK�ULFH�\LHOGV��QR�,6)��QR�EURZQ�KRSSHU��+RZHYHU��LW�FRXOG�
QRW�EH� SUDFWLFHG� LQ� WKH� GU\� VHDVRQ� IRU� WKH� ODFN� RI�ZDWHU� VXSSO\�� QRW� FOHDU� VWUXFWXULQJ�� HDV\� WR� EH�
GDPDJHG�E\�IUHH�DQLPDO�UDLVLQJ�DQG�ILVKLQJ�DFWLYLWLHV�GXH� WR�VHOI�PDQDJHPHQW��:KHUHDV�� WKH�QHZ�
FRQILJXUDWLRQ�VFKHPH�KDG�EHQHILWV�LQFOXGLQJ�JRRG�VWUXFWXULQJ��JRRG�PDQDJHPHQW��HDUOLHU�JURZLQJ��
UHGXFWLRQ�RI�YLRODWRUV�DQG�DW�OHDVW�RQH�WLPH�D�\HDU�RI�ULFH�JURZLQJ��+RZHYHU��WKH�\LHOG�ZDV�VWLOO�ORZ�
GXH�WR�WRR�VPDOO�RI�7�&��4�&�DQG�KHDG�RI�IOXPHV��,6)�FROOHFWLRQ��DQG�QRW�HQRXJK�ZDWHU�VXSSOLHV��

5HFRPPHQGDWLRQ�

7KH� IDUPHUV�VKRXOG�FKDQJH� WKHLU� WUDGLWLRQDO�KDELW�RI�DQLPDOV� WHQGLQJ�DQG� ILVKLQJ� LQ� WKH�EORFNV�DV�
ZHOO� DV� FKDQJH� ULFH� IDUPLQJ� VHDVRQ� VWDUWHG� IURP�0DUFK�DYRLGLQJ� IURP�EURZQ�KRSSHU��0RUHRYHU��
WKH\�VKRXOG�MRLQ�KDQG�WRJHWKHU�LQ�ULFH�IDUPHUV��WKH�VDPH�VHHGV��WKH�ORZ�SORWV�FORVHG�SORWV�WR�WKH�7�&�
VKRXOG�EH�JURZQ�HDUOLHU��EXLOG�XS�WKH�GLNHV��DQG�FDUU\�RXW�WKH�UHJXODWLRQV��7KH�):8&�DQG�:8*V�
VKRXOG�DFWLYHO\�SURWHFW�DQG�PDQDJH�WKH�V\VWHP�DQG�IROORZ�WKH�JRRG�H[SUHVVLRQ�RI�WKH�ORFDO�IDUPHUV���

&21&/86,21�

7KH�TXLWH�GLIIHUHQFH�FKDQJH�RI�WKH�WDUJHW�SURMHFW�DUHD�RI������KD�LQ�WKH�ZHW�VHDVRQ�DQG�����LQ�WKH�
GU\�VHDVRQ�ZDV�GXH�WR�WKH�FKDQJH�RI�VFRSH��7KH�):8&�DQG�:8*V�ZHUH�HVWDEOLVKHG�DQG�WKH�UROHV�
DQG�UHVSRQVLELOLWLHV�RI�WKH�):8&�DQG�WKH�LQWHUQDO�UHJXODWLRQ�ZHUH�FUHDWHG�VLPXOWDQHRXVO\��$FWXDOO\��
WKH� UROHV�UHVSRQVLELOLWLHV� DQG� UHJXODWLRQ� ZHUH� EHWWHU� LQ� WKHRU\�� EXW� LW� FRXOG� QRW� EH� ZHOO� LQ�
LPSOHPHQWLQJ�GXH�WR�WKH�LQVXIILFLHQW�VWXG\�RI�WKH�UHDO�ORFDWLRQ��ORRVHQHVV�RI�UHJXODWLRQ�HQIRUFHPHQW�
RI� WKH� ):8&� IRU� WROHUDWLRQ� WR� WKH� IDUPHUV�� DQG� WKH� WUDGLWLRQDO� KDELW� RI� WKH� IDUPHUV� LQ� DQLPDOV�
KHUGLQJ��ILVKLQJ�DFWLYLWLHV�DQG�FDUHOHVV�RI�ULFH�IDUPLQJ��,W�DOVR�FDXVHG�E\�LQVHFW��XQIHUWLOH�VDQG\�VRLO�
DQG� VRLO� LQILOWUDWLRQ�� +RZHYHU�� WKH� ZKROH� VFKHPH� KDG� EHHQ� EHWWHU� VLQFH� WKHQ� EHFDXVH� WKH� ORFDO�
IDUPHUV� ZHUH� JHWWLQJ� OHDQW� RI� WKH� UHJXODWLRQV� DQG� LPSOHPHQWDWLRQ�� ,Q� DGGLWLRQ�� WKH� ):8&�ZHUH�
ZLOOLQJ�WR�FRRSHUDWH�ZLWK�WKH�IDUPHUV�LQ�UHYLVLQJ�DQG�SUDFWLFLQJ�FXOWLYDWLRQ����

$&.12:/('*(0(176�

7KLV� UHVHDUFK� ZDV� VXSSRUWHG� E\� &(1'25� 2UJDQL]DWLRQ� FRRSHUDWLQJ� ZLWK� 5R\DO� 8QLYHUVLW\� RI�
$JULFXOWXUH��58$���DV�ZHOO�DV�WKH�*,'$5�0DVWHU�3URJUDP�ZDV�VXSSRUWHG�E\�WKH�)63�SURMHFW�IXQGHG�E\�
WKH�)UHQFK�*RYHUQPHQW�DQG� WKH�58$��$V�ZHOO��ZH�ZRXOG�JUHDW� WKDQN� WR�DOO�SDUWQHUV�ZKR�FRRSHUDWHG�
ZLWK�WKH�UHVHDUFK���

5()(5(1&(6�

$'%� ������� 5HVHWWOHPHQW� SODQ� SKDVH� ,�� 6WXQJ� &KLQLW� ,UULJDWLRQ� DQG� 5XUDO� ,QIUDVWUXFWXUH� 3URMHFW�� $VLDQ�
'HYHORSPHQW�%DQN��&DPERGLD��

$'%� �������&DPERGLD��6WXQJ�&KLQLW� LUULJDWLRQ� DQG� UXUDO� LQIUDVWUXFWXUH�SURMHFW��$VLDQ�'HYHORSPHQW�%DQN��
&DPERGLD��

)$&7��������7RQOH�6DS�:DWFK��6WXQJ�&KLQLW�LUULJDWLRQ�DQG�UXUDO�LQIUDVWUXFWXUH�SURMHFW��&DPERGLD��
3KLOLSSH��5��DQG�6HEDVWLHQ��%�� �������6WXQJ�&KLQLW� LUULJDWLRQ�DQG� UXUDO� LQIUDVWUXFWXUH�SURMHFW��0DLQ� OHVVRQV�

OHDUQW�IURP�SURMHFW�LPSOHPHQWDWLRQ��0LQLVWU\�RI�:DWHU�5HVRXUFH�DQG�0HWHRURORJ\��&DPERGLD��
7U\��7���������0�32:(5�)HOORZ������������&DPERGLD��
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7KH�5ROH�RI�*HQGHU�LQ�'HFLVLRQ�0DNLQJ�LQ�,QYHVWLQJ�DQG�
0DQDJLQJ�WKH�+RXVHKROG�/LYHOLKRRG�LQ�6WXQJ�&KLQLW�
,UULJDWLRQ�&RPPRQ�$UHD��.DPSRQJ�7KRP�3URYLQFH�

%23+$�+285��
5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH��3KQRP�3HQK��&DPERGLD�
(PDLO��ERSKDBKRXU#\DKRR�FRP�KRXUERSKD#JPDLO�FRP�

.52(61$�.$1*�
5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH��3KQRP�3HQK��&DPERGLD�

6(1*�6821�
5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH��3KQRP�3HQK��&DPERGLD�

%811(7+�%(1*�
5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH��3KQRP�3HQK��&DPERGLD�

5HFHLYHG����'HFHPEHU������ $FFHSWHG����-DQXDU\������

$EVWUDFW�&DPERGLDQ�SRSXODWLRQV�KDG�����RI�ZRPHQ�DQG�����RI�PHQ��ZKHUH�DURXQG�����
DUH� IDUPHUV� OLYLQJ� LQ� UXUDO� DUHDV��:RPHQ� DUH� EDVLFDOO\� LQIOXHQWLDO� LQ� JHQHUDWLQJ� IDPLO\�
LQFRPH��+RZHYHU�ZRPHQ¶V�UROH�RQ�GHFLVLRQ�PDNLQJ�LQ�KRXVHKROG�OLYHOLKRRG�LV�FRPPRQO\�
LJQRUHG��6R�� WKH� VWXG\�DLPHG� WR�DVVHVV� WKH� VRFLDO� FODVV� LQ�HYHU\�KRXVHKROG� OLYHOLKRRG�� WR�
DVVHVV� WKH� VWDWXV� RI� GHFLVLRQ�PDNLQJ� DERXW� KRXVHKROG� OLYHOLKRRG�� DQG� DQDO\]H� WKH�
FRQVWUDLQWV�DQG�RSSRUWXQLWLHV�RI�ZRPHQ�LQ�GHFLVLRQ�PDNLQJ��7KH�UHVXOW�VKRZHG�WKDW�����
RI�KRXVHKROGV�ZHUH�ULFK������ZHUH�PHGLXP������ZHUH�SRRU�DQG�����ZHUH�XQGHUSRRU��,Q�
PDLQ�MREV������RI�KRXVHKROGV�SODQWHG�UDLQ\�VHDVRQ�ULFH������ZHUH�EXVLQHVV�RZQHUV�����
VHOO� ODERXU�� ���ZDV�*RYHUQPHQWW� RIILFLDOV�� ���SODQWHG�GU\� VHDVRQ� ULFH�� ���GLG� FKDPND�
DQG����GLG�RWKHU�MREV��,Q�VXE�MREV������RI�KRXVHKROGV�UDLVHG�DQLPDOV������GLG�FKDPND��
����ZDV��EXVLQHVV�RZQHU������VHOO�ODERXU�����FROOHFWHG�IRUHVW�SURGXFW�����SODQWHG�UDLQ\�
VHDVRQ�ULFH�����SODQWHG�GU\�VHDVRQ�ULFH�����ZDV�ILVKHU�����ZDV�PRWRU�WD[L�GULYHU�DQG����
GLG� RWKHU� MREV�� 7KH� KHDGV� RI� IDPLOLHV� ZHUH� PRVWO\� PHQ� H[FHSW� IRU� ZLGRZV� DQG� VLQJOH�
ZRPHQ��ZKR�SOD\�YHU\�LPSRUWDQW�UROHV�DV�KHDGV�RI�WKHLU�IDPLOLHV�DV�GHFLVLRQ�PDNHUV��7KH�
FRQVWUDLQWV� RI� ZRPHQ� LQ� GHFLVLRQ�PDNLQJ� LQ� KRXVHKRRG� OLYHOLKRRG� ZHUH� GXH� WR�� SRRU�
HGXFDWLRQ��SRRU� WHFKQLFDO�VNLOO��EXV\�RQ�GRLQJ�KRXVH�ZRUN��ZHDN�KHDOWK��SRRU�VHOI�EHOLHI��
SRRU�VHOI�FRQILGHQFH�LQ�GHFLVLRQ�PDNLQJ��QR�SDWLFLSDWLRQ�LQ�VRFLHW\��WUDGLWLRQDO�FXOWXUH��DQG�
SRRU� UHFRJQLWLRQ� RQ� WKH� LQFRPH� UHFHLYHG� IURP� KXVEDQG� ZRUN�� ,Q� FRQVWUDFW�� WKH�
RSSRUWXQLWLHV�ZHUH��SDWLHQW��KDUGZRUN��IXOOILOLQJ�ZRUNV��VDYLQJ�PRQH\��MRLQLQJ�RQ�GHFLVLRQ�
PDNLQJ� LQ� IDPLO\� DQG� VXSSRUWHG� E\� JRYHUQPHQW� DQG� 1*2V�� ,Q� FRQFOXVLRQ�� IHPDOH�
SDUWLFLSDWLRQ� LQ� GHFLVLRQ�PDNLQJ� LV� YHU\� QHFHVVDU\� IRU� KRXVHKROG� OLYHOLKRRGV�� 6R�� WKH�
*RYHUQPHQW�� 1*2V�� VRFLHW\� DQG� ZRPHQ� WKHPVHOYHV� VKRXOG� SDUWLFLSDWH� WR� EULQJ�
HPSRZHUPHQW� WR� ZRPHQ� LQ� GHFLVLRQ�PDNLQJ�� LQYHVWLQJ�� PDQDJLQJ� DQG� LPSURYLQJ�
KRXVHKROG�OLYHOLKRRGV��

.H\ZRUGV�JHQGHU��GHFLVLRQ�PDNLQJ��KRXVHKROG�OLYHOLKRRG��IHPDOH�HPSRZHUPHQW�

,1752'8&7,21��

,Q�UHJDUGV�WR�LWV�HDUO\�KLVWRU\��&DPERGLD�LV�DPRQJVW�WKH�ROGHVW�FRXQWULHV�LQ�$VLD�WR�KDYH�GHYHORSHG�
D�ZHOO�NQRZQ�FLYLOL]DWLRQ�DQG�HFRQRP\��%XW�VLQFH�WKH�UHFHQW�FLYLO�ZDU�ZKLFK�ODVWHG�DERXW���GHFDGHV��
&DPERGLD�KDV�VXIIHUHG�ORVVHV�LQ�DOPRVW�DOO�VHFWRUV��HVSHFLDOO\�LQ�WKH�VRXUFH�RI�KXPDQ�UHVRXUFHV�DQG�
LQ�WKH�ZHDOWK�WKDW�KDV�WKH�SRZHU�WR�PRYH��EXLOG�DQG�GHYHORS�WKH�FRXQWU\��1RZ�&DPERGLD�LV�WU\LQJ�

ᶃᶐᶂ

5HVHDUFK�DUWLFOH�
�



,-(5'�±�,QWHUQDWLRQDO�-RXUQDO�RI�(QYLURQPHQWDO�DQG�5XUDO�'HYHORSPHQW������������

��,6(5'�
���

WR�UHEXLOG�HYHU\�VHFWRU�LQFOXGLQJ�WKH�DJULFXOWXUDO��WKH�HFRQRP\�DQG�HVSHFLDOO\�WKH�KXPDQ�UHVRXUFH�
VHFWRU��ZKLFK�DUH�QHFHVVDU\�IRU�&DPERGLD�WR�EH�EHWWHU���

,Q�������WKH�HVWLPDWHG�SRSXODWLRQ�RI�&DPERGLD�ZDV������PLOOLRQ��������ZHUH�PDOH�DQG�������
IHPDOH�³�03��������&&R&�������´��0RUHRYHU��WKH�SRSXODWLRQ¶V�DQQXDO�JURZWK�UDWH�EHWZHHQ������
DQG������ZDV������������RI�&DPERGLDQV�OLYHG�LQ�UXUDO�DUHDV�DQG�WKH�DYHUDJH�KRXVHKROG�VL]H�ZDV�
����SHRSOH�³�03��������&&R&�������´��5HVXOWV�JLYHQ�IURP�WKH�0DUFK������&HQVXV�HVWLPDWH� WKDW�
WKH�FRXQWU\
V�SRSXODWLRQ�ZDV�������������RI�ZKRP�������ZHUH�PDOH�DQG�������IHPDOH��������RI�
&DPERGLDQV�OLYH�LQ�UXUDO�DUHDV��7KH�DYHUDJH�KRXVHKROG�VL]H�LV�����SHRSOH�³�6DU�.KHQJ��������&&R&��
�����´�� $ERXW� ���� RI� &DPERGLDQ� ZRPHQ� DQG� ���� RI� PHQ� DERYH� WKH� DJH� RI� ��� KDYH� QHYHU�
DWWHQGHG� VFKRRO�� $FFRUGLQJ� WR� 1*2� UHSRUWV�� ZRPHQ� PDNH� XS� ���� RI� WKH� SRSXODWLRQ�� ���� RI�
DJULFXOWXUDO�ZRUNHUV������RI�WKH�EXVLQHVV�ZRUN�IRUFH������RI�WKH�LQGXVWULDO�ZRUN�IRUFH��DQG�����RI�
DOO�VHUYLFH�VHFWRU�ZRUNHUV��2Q�DYHUDJH��&DPERGLDQ�ZRPHQ�UHFHLYH�RQH�WKLUG�OHVV�SD\�WKDQ�PHQ�ZLWK�
VLPLODU�HGXFDWLRQ�DQG�H[SHULHQFH�IRU�FRPSDUDEOH�ZRUN������RI�KRXVHKROGV�DUH�KHDGHG�E\�ZRPHQ��
DQG� RQO\� ���� RI� &DPERGLDQ� ZRPHQ� KDYH� DFFHVV� WR� UHSURGXFWLYH� KHDOWK� VHUYLFHV� DQG� SURGXFWV�
³�333��������&&R&�������´��

/LYHOLKRRGV� KDYH� DQ� LPSRUWDQW� UROH� IRU� GHYHORSLQJ� IDPLO\� DQG� QDWLRQDO� HFRQRPLHV�� )DUPHUV�
KDYH�WULHG�KDUG�WR�ZRUN�WR�VXSSRUW�WKHPVHOYHV�HYHQ�ZKLOH�WKH\�DUH�IDFLQJ�WKH�F\FOH�RI�GHYHORSPHQW��
7KHLU�V\VWHP�RI�OLYHOLKRRG�ZLOO�EH�LPSURYHG�EHFDXVH�WKH�&DPERGLDQ�*RYHUQPHQW��1*2V�DQG�ORFDO�
DXWKRULWLHV�KDYH�HQFRXUDJHG�DQG�VWURQJO\�VXSSRUWHG�WKHP�³�0$))�������´��$URXQG�����RI�SHRSOH�
OLYLQJ� LQ�UXUDO�DUHDV�DUH�IDUPHUV�DQG�GR�ZRUNV� LQYROYLQJ�DJULFXOWXUH��7KXV�DJULFXOWXUH�KDV�D�PDLQ�
UROH� IRU� KRXVHKROG� OLYHOLKRRGV� LQ� UXUDO� DUHDV�� &DPERGLDQ� IDUPHUV� FRXOG� JHW� JRRG� LQFRPHV� E\�
JURZLQJ� DQG� VHOOLQJ� YHJHWDEOHV��+RZHYHU��PDQ\� IDUPHUV� FDQQRW� H[SORLW� WKLV� RSSRUWXQLW\� EHFDXVH�
WKH\� ODFN� WKH� NQRZOHGJH�� JRRG� TXDOLW\� LQSXWV�� FUHGLW�� DQG� PDUNHW� LQIRUPDWLRQ� �,'(�� �������
6LPLODUO\�� PRVW� IDUPHUV� KDYH� ORZ� LQFRPHV� EHFDXVH� WKHLU� OLYHOLKRRGV� GHSHQG� VWURQJO\� RQ� ORZ�
\LHOGLQJ� ULFH� SURGXFWLRQ�� 7KH\� ODFN� D� UHOLDEOH� VRXUFH� RI� LUULJDWLRQ� WKDW� ZRXOG� HQDEOH� WKHP� WR�
GLYHUVLI\� LQWR� IUXLWV� DQG� YHJHWDEOHV�ZKLFK� DUH�PRUH� QXWULWLRXV� DQG�PDUNHWDEOH� ³�,'(�� �����´�� ,Q�
DGGLWLRQ��HYHQ�WKRXJK�ZRPHQ�SDUWLFLSDWH�LQ�WKLV�KRXVHKROG�OLYHOLKRRG�GHYHORSPHQW��WKH�GLYLVLRQ�RI�
UROHV�DQG�OHYHOV�RI�SDUWLFLSDWLRQ�RI�JHQGHUV�DUH�QRW�FOHDU��7KHUHIRUH��WR�JDLQ�NQRZOHGJH�DERXW�WKHVH�
XQFOHDU�SRLQWV��WKH�UHVHDUFKHUV�FRQGXFWHG�D�UHVHDUFK�WLWOHG�µ7KH�5ROH�RI�*HQGHU�LQ�'HFLVLRQ�0DNLQJ�
LQ�,QYHVWLQJ�DQG�0DQDJLQJ�WKH�+RXVHKROG�/LYHOLKRRG¶��

7KLV� UHVHDUFK� FRQWDLQV� WKH� RYHUDOO� REMHFWLYH� RI� WKH� VWXG\��ZKLFK�ZDV� WR� ILQG� RXW� WKH� IDFWRUV�
LQIOXHQFLQJ� WKH� JHQGHU� SDUWLFLSDWLRQ� RQ� GHFLVLRQ�PDNLQJ� LQ� LQYHVWPHQW� DQG� PDQDJPHQW� RI�
KRXVHKROG�OLYHOLKRRGV���

0(7+2'2/2*<�

7KH�.DPSRQJ�7RP�SURYLQFH�ZDV�FKRVHQ�DV�WKH�VWXG\�VLWH�RI� WKLV�VWXG\�GXH�WR�WKH�LQWHUHVW�RI�WKH�
SURMHFW�GRQRUV� LQ� WKH�VXEMHFW��&RQVWUDLQWV�IRU�)DUPHUV� LQ�5HDOL]LQJ� WKH�3RWHQWLDOV�RI�6WXQJ�&KLQLW�
,UULJDWLRQ�,QIUDVWUXFWXUH��7KH�UHVHDUFK�ZDV�FRQGXFWHG�DURXQG�WKH�FRPPRQ�DUHDV�RI�WKH�6WXQJ�&KLQLW�
LUULJDWLRQ�LQ�.DPSRQJ�7KRP�SURYLQFH��7KH�UHVHDFKHUV�VHOHFWHG�����KRXVHKROGV��LQFOXGLQJ����PHQV��
��� ZRPHQ�� DQG� ��� YLOODJH� FKLHIV� LQ� ��� YLOODJHV�� �� FRPPXQHV� DQG� �� GLVWULFW� LQ� 6WXQJ� &KLQLW�
LUULJDWLRQ� FRPPPRQ� DUHDV�� 7R�PDNH� D� JRRG� VDPSOLQJ� MXVWLILFDWLRQ�� WKH� UHVHDUFKHU� FKRVH� SHRSOH�
OLYLQJ�LQ�WKH�6WXQJ�&KLQLW�,UULJDWLRQ�FRPPRQ�DUHD�DQG�WKHQ�VHOHFWHG�VDPSOHV�E\�VWUDWLILHG�UDQGRP�
VDPSOLQJ�� 7KH� GDWD�ZDV� FROOHFWHG� IURP� ERWK� VHFRQGDU\� DQG� SULPDU\� VRXUFHV� �GLUHFW� REVHUYDWLRQ��
JURXS�GLVFXVVLRQ��LQ�GHSWK�LQWHUYLHZV��VHPL�VWUXWXUHG�LQWHUYLHZV�DQG�FDVH�VWXG\���7KH�TXHVWLRQQDLUH�
ZDV�GHVLJQHG� WR�FRQGXFW�D�EDVHOLQH� VXUYH\�RQ� WKH� FXUUHQW� UROHV�RI�JHQGHU� LQ�GHFLVLRQ�PDNLQJ�RQ�
LQYHVWLQJ�DQG�PDQDJLQJ�KRXVHKROG�OLYHOLKRRG�DQG�ZDV�GLYLGHG�LQWR���VHFWLRQV�DV�IROORZV��JHQHUDO�
LQIRUPDWLRQ��KRXVHKROG� OLYHOLKRRG��JHQGHU¶V� IRUP�RI� MRE�DQDO\]LQJ��GHFLVLRQ�PDNLQJ�RI�JHQGHU� LQ�
KRXVHKROG� OLYHOLKRRG�� IRUP� RI� PDQDJLQJ� UHVRXUFHV� DQG� JDLQLQJ� EHQHILWV�� DQG� FRQVWUDLQWV� DQG�
RSSRUWXQLWLHV� LQ� GHFLVLRQ�PDNLQJ� RI� ZRPHQ�� ZKLFK� ZHUH� FUHDWHG� IURP� WKH� VWDWXV� RI� KRXVHKROG�
OLYHOLKRRGV�DQG�GHFLVLRQ�PDNLQJ�SURFHVVHV��
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5(68/7�$1'�',6&866,21�

+HDG�RI�KRXVHKROG�

7KH�KHDGVKLS�RI�D�KRXVHKROG�LV�D�YHU\�LPSRUWDQW�UROH��7KH�KHDG�LV�UHVSRQVLEOH�RI�DOO�WKH�KRXVHKROG�
OLYHOLKRRG�DQG�LV�WKH�RQH�WKDW�DOO�WKH�PHPEHUV�LQ�WKH�IDPLO\�GHSHQG�RQ��UHVSHFW�DQG�ORYH�H[WUHPHO\��
7KH�UHVHDUFK�LQGLFDWHG�WKDW�PDOH�KHDG�RI�KRXVHKROGV�KDG�����DQG�IHPDOH�KHDG�RI�KRXVHKROGV�KDG�
����� 7KLV� VKRZHG� WKDW� WKH� KHDG� RI� KRXVHKROGV� DUH� PRVWO\� PHQ� H[FHSW� IRU� ZLGRZV� DQG� VLQJOH�
ZRPDQ���

7KH�FDUHHU�RI�JHQGHU�LQ�KRXVHKROG�OLYHOLKRRG�

+RXVHKROG¶V� FDUHHUV� FDQ� EH� GLYLGHG� LQWR� WZR� SDUWV�� PDLQ� MREV� DQG� VXE�MREV��0DLQ� MREV� DUH� WKH�
LPSRUWDQW�RU�YHU\�QHFHVVDU\� MREV�ZKLFK�KRXVHKROGV�WKRXJKW�FRXOG�SURYLGH�KLJK� LQFRPHV�WR�IXOILOO�
WKH�GHPDQGV�RI�WKH�IDPLO\��6XE�MREV�DUH�WKH�MREV�WKDW�SURYLGH�LQFRPHV�WR�KRXVHKROGV�OHVV�WKDQ�PDLQ�
MREV��EXW�WKH\�DUH�LPSRUWDQW�DOVR�EHFDXVH�DOO�SHRSOH�QHHG�ERWK��PDLQ�DQG�VXE�MREV��,Q�WKLV�UHJDUG��
WKH�UHVXOW�LQ�7DEOH���VKRZHG�WKDW�SODQWLQJ�UDLQ\�VHDVRQ�ULFH�ZDV�WKH�PDLQ�MRE�RI�KRXVHKROGV�ZKLFK�
KDG�WKH�KLJKHVW�SHUFHQWDJH��������ZKHUH�ZRPHQ�ZHUH�������DQG�PHQ��������,Q�WKH�RWKHU�KDQG��LQ�
VXE�MREV�� LW� LQGLFDWHG� WKDW�PRVW� KRXVHKROGV� EUHHG� DQLPDOV� DV� IDPLO\� VWDQGDUG� �������ZKHUH� ����
ZHUH� ZRPHQ� DQG� ���� ZHUH� PHQ�� 7KLV� PHDQV� WKDW� KRXVHKROG¶V� OLYHOLKRRG� PRVWO\� GHSHQGHG� RQ�
IDUPLQJ��*HQHUDOO\��&DPERGLDQ�IDUPHUV�DOZD\V�SODQW�ULFH�GXULQJ�WKH�UDLQ\�VHDVRQ�VR�WKHLU�ULFH�ILHOG�
\LHOG� GHSHQGV� RQO\� RQ� QDWXUDO� UDLQ�� 7KH\� GR� VR� EHFDXVH� WKH\� KDYH� ORWV� RI� ULFH� ILHOGV�� UDLQ\� ULFH�
\LHOGV�DUH�KLJKHU� WKDQ�GU\�VHDVRQ�ULFH�ILHOGV��DQG�EHFDXVH�LW� LV� WKH�WUDGLWLRQ�IRU� WKHP��0HDQZKLOH��
DFFRUGLQJ� WR� WKH� :RUOG� )RRG� 3URJUDP� �:)3��� LQ� ������ KRXVHKROGV� OLYLQJ� LQ� UXUDO� DUHDV� LQ�
&DPERGLD�GHSHQGHG�RQ�PXOWLSOH�VRXUFHV�RI�LQFRPH�IRU� WKHLU�OLYHOLKRRGV��EXW� WKH\�GLIIHUHG�GXH� WR�
DJUR�FOLPDWLF�FRQGLWLRQV��0RVW�UXUDO�UHVLGHQWV�VWLOO�OLYH�LQ�WUDGLWLRQDO�ZD\V��SULPDULO\�FXOWLYDWLQJ�ULFH�
DQG� FROOHFWLQJ� QDWXUDO� UHVRXUFHV� IURP�ZDWHU� ERGLHV� DQG� IRUHVWV�� WKXV�� DJULFXOWXUH�� KHUH�� LQFOXGHV��
FURS�DQG�OLYHVWRFN�SURGXFWLRQ��IRUHVWU\�DQG�ILVKLQJ�DFWLYLWLHV��7KLV�UHPDLQV�WKH�SULPDU\�RFFXSDWLRQ�
IRU����SHUFHQW�RI�KRXVHKROGV��\HW�DFFRXQWV�IRU�RQO\����SHUFHQW�RI�JURVV�GRPHVWLF�SURGXFW��7KXV�WKH�
FUXFLDO� LPSRUWDQFH� RI� RII�IDUP� LQFRPHV�� OLNH� UHPLWWDQFHV�� ZDJH� ODERU� DQG� QRQ�DJULFXOWXUDO� VHOI�
HPSOR\PHQW��WKDW�DUH�JURZLQJ�UDSLGO\��

�

7DEOH���0DLQ�DQG�VXE�MRE�RI�KRXVHKROGV�
'HVFULSWLRQ� 0DLQ�-RE����� 'HVFULSWLRQ� 6XE�-RE�����

:RPHQ� 0HQ� 7RWDO�� :RPHQ� 0HQ� 7RWDO��
3ODQWLQJ�5DLQ\��
6HDVRQ�5LFH�

��� ��� ��� 5DLVLQJ�$QLPDO� ��� ��� ���

%XVLQHVV�2ZQHU� �� �� ��� 'RLQJ�&KDPND� ��� ��� ���
6HOOLQJ�/DERU� �� �� �� %XVLQHVV�2ZQHU� ��� �� ���
*RYQ
W�2IILFLDO� �� �� �� 6HOOLQJ�/DERU� �� ��� ���
3ODQWLQJ�'U\�
6HDVRQ�5LFH�

�� �� �� &ROOHFWLQJ�)RUHVW�
3URGXFW�

�� �� ��

'RLQJ�&KDPND� �� �� �� 3ODQWLQJ�5DLQ\��
6HDVRQ�5LFH�

�� �� ��

2WKHUV� �� �� �� 3ODQWLQJ�'U\�
6HDVRQ�5LFH�

�� �� ��

� � � � )LVKLQJ� �� �� ��
� � � � 0RWRU�7D[L�'ULYHU� �� �� ��
� � � � 2WKHUV� �� �� ��

�
�
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$YHUDJHG�LQFRPH�RI�KRXVHKROG�SHU�\HDU��

,QFRPH� RI� KRXVHKROGV�� ZKHWKHU� LW� LQFUHDVHV� RU� GHFUHDVHV�� LV� WKH� QHFHVVDU\� IDFWRU� WR� LPSURYH�
OLYHOLKRRG��+RXVHKROGV� FDQ� JDLQ� LQFRPH�E\� GRLQJ�PDQ\� MREV� LQYROYHG�ZLWK� ERWK� DJULFXOWXUH� DQG�
QRQ�DJULFXOWXUH�� ,Q� WKLV�ZD\��DV�VHHQ� LQ�)LJ����� WKH�KLJKHVW� LQFRPH�RI�KRXVHKROGV� LV� IURP�UXQQLQJ�
WKHLU�RZQ�EXVLQHVV�DQG�ZRPHQ¶V�LQFRPH�ZDV�PRUH�WKDQ�PHQ�IURP�WKLV�MRE�DV�ZHOO��

�
$YHUDJHG�LQFRPH�RI�KRXVHKROGV�SHU�\HDU
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1DPH�RI�WKH�&DUHHU
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5
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:RPHQ
0HQ

�
)LJ����$YHUDJHG�LQFRPH�RI�JHQGHU�SHU�\HDU�

�
7KH� GDWD� LQ� UHVHDUFK� VKRZHG� WKDW� WKH� LQFRPH� RI� PHQ� ZDV� KLJKHU� WKDQ� WKDW� RI� ZRPHQ�� ,W�

FODULILHG�WKDW�WKH�PHQ�LQ�WKH�VWXG\�DUHD�GLG�PDQ\�MREV�LQYROYHG�ZLWK�DJULFXOWXUH�DQG�QRQ�DJULFXOWXUH�
DFWLYLWLHV�LQ�ERWK�UDLQ\�DQG�GU\�VHDVRQ��VXFK�DV�FROOHFWLQJ�IRUHVW�SURGXFWV��VHOOLQJ�ODERXU��PRWRU�WD[L�
GULYLQJ��ILVKLQJ��GRLQJ�RZQ�EXVLQHVV�DQG�GRLQJ�RWKHU�MREV��,QFRPH�RI�PHQ�ZDV�PRUH�WKDQ�WKDW�RI�
ZRPHQ��HYHQ�WKRXJK��ZRPHQ�SDUWLFLSDWHG�LQ�DJULFXOWXUDO�DFWLYLWLHV�PRUH�WKDQ�PHQ�GLG��,Q�FRQWUDVW��
ZRPHQ�XVXDOO\� FRXOG� QRW�GR� H[WUD� DFWLYLWLHV� LQ� WKH� GU\� VHDVRQ� OLNH� WKH�PHQ�GLG� EHFDXVH�ZRPHQ�
ZHUH� EXV\� GRLQJ� KRXVHZRUN�� WDNLQJ� FDUH� RI� WKH� FKLOGUHQ� DQG� PDQDJLQJ� WKH� KRXVH�� ,Q� DGGLWLRQ��
ZRPHQ¶V�HGXFDWLRQ�ZDV�SRRU�DQG� WKH�ZRPHQ�FRXOG�QRW�GR� WKH�ZRUN�ZKLFK�ZDV� ORFDWHG� IDU� IURP�
WKHLU�KRPH��VR�ZRPHQ�FRXOG�RQO\�GR�VPDOO�EXVLQHVV�DW�KRPH��,Q� WKH�VDPH�ZD\��ZRPHQ�SURYLGHG�
PRUH� DJULFXOWXUDO� ODERXU�� HVSHFLDOO\� LQ� ULFH� SODQWLQJ� DQG� KDUYHVWLQJ�� WKDQ� PHQ�� :RPHQ� KDYH� D�
VXEVWDQWLDOO\� JUHDWHU� FDSDFLW\� IRU� JURXS�ZRUN� LQ� WKHVH� WDVNV�� VLQFH� DV�PDQ\� DV� WZHOYH� RU� ILIWHHQ�
ZRPHQ�ZRUN� WRJHWKHU� LQ�HDFK�RWKHU¶V� ILHOGV��7KH� LPSRUWDQW�SRLQW�LQ�WKLV�GLIIHUHQWLDO�ZRUN� ORDG�LV�
WKDW�RI�WDNLQJ�FDUH�RI�WKH�FKLOGUHQ��SUHSDULQJ�IRRG�DQG�FOHDQLQJ�WKH�KRXVH��QRQH�RI�ZKLFK�LV�GRQH�E\�
PHQ��H[FHSW�IRU�FKLOG�FDUH�GXULQJ�WKH�ZLIH¶V�DEVHQFH��5*&��,05&��0:50��$'%���������

6WDWXV�RI�JHQGHU¶V�GHFLVLRQ�PDNLQJ�LQ�KRXVHKROG�OLYHOLKRRG�

'HFLVLRQ�PDNLQJ� RI� JHQGHU� LQ� OLYHOLKRRG� LQ� WKLV� VWXG\� KDG� WZR� SDUWV�� SULPDU\� DQG� FRQWLQXLQJ�
GHFLVLRQ�PDNLQJ��3ULPDU\�GHFLVLRQ�PDNLQJ� UHIHUV� WR� LQLWLDO�GHFLVLRQ�PDNLQJ� LQ�FKRRVLQJ� WKH� MREV��
&RQWLQXLQJ�GHFLVLRQ�PDNLQJ�IRFXVHG�RQ�GHFLVLRQ�PDNLQJ�RQ�GRLQJ�WKH�MREV�ZKLFK�DUH�EHLQJ�FDUULHG�
RQ�� 7DEOH� �� VKRZV� WKDW� LQ� SODQWLQJ� UDLQ\� DQG� GU\� ULFH�� GRLQJ� FKDPND�� EUHHGLQJ� DQLPDO�� VHOOLQJ�
ODERXU� DQG� GRLQJ� RZQ� EXVLQHVV�� ERWK� ZRPHQ� DQG� PHQ� PDGH� VPRRWKO\� SULPDU\� DQG� FRQWLQXLQJ�
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GHFLVLRQ�PDNLQJ�� 7KH� UHDVRQ� ZDV� WKDW� WKHVH� DFWLYLWLHV� ZHUH� WKH� WUDGLWLRQDO� RQHV� WKDW� DOO� IDUPHUV�
ZDQWHG� WR� GR�� ,Q� FRQWUDVW�� LQ� ILVKLQJ�� FROOHFWLQJ� IRUHVW� SURGXFWV�� PRWRU�WD[L� GULYLQJ�� JRYHUQPHQW�
RIILFLDO�� VHOOLQJ� ODERXU� DQG� GRLQJ� RWKHU� MREV�� WKH� SHUFHQWDJH� RI� PHQ� LQ� SULPDU\� DQG� FRQWLQXLQJ�
GHFLVLRQ�PDNLQJ�ZDV� KLJKHU� WKDQ�ZRPHQ� EHFDXVH� WKHVH� DFWLYLWLHV�ZHUH� GLIILFXOW�� GHPDQGHG� IXOO�
WLPH�ODERXU�DQG�ZHUH�ORFDWHG�IDU�DZD\�IURP�KRPH�WRR��$V�D�UHVXOW��ZRPHQ�FRXOG�QRW�SDUWLFLSDWH�DV�
PHQ�GLG��%XW�LQ�GRLQJ�RZQ�EXVLQHVV��ZRPHQ�KDG�KLJKHU�GHFLVLRQ�PDNLQJ�WKDQ�PHQ��7R�VXP�XS��WKH�
LQLWLDO�LGHD�RI�ZRPHQ�LQ�GHFLVLRQ�PDNLQJ�LQ�IDPLO\�LQFRPH�JHQHUDWLRQ�ZDV�YHU\�LPSRUWDQW�IRU�WKH�
LPSURYHPHQW� RI� KRXVHKROG� OLYHOLKRRG� EHFDXVH� ZRPHQ� KDG� LQGLVSHQVDEOH� UROHV� LQ� WKH� IDPLO\��
$FFRUGLQJ�WR�.HDVD�.KXQ���������ZRPHQ¶V�UROHV�LQ�SRZHU�DQG�GHFLVLRQ�PDNLQJ�DUH�QRW�QDWLRQDOO\�
UHFRJQL]HG��:RPHQ�KDYH�WR�NHHS�VLOHQW�LQ�HYHU\�W\SH�RI�FLUFXPVWDQFH��WKH\�DUH�QRW�DOORZHG�WR�PDNH�
DQ\� GHFLVLRQ� RU� HYHQ� WDNH� FRQWURO� RI� SRZHU�� ,Q� WKH� IDPLO\��PHQ� JDLQ� DOO� WKH� SRZHU� DQG� GHFLVLRQ�
PDNLQJ� SULYLOHJHV� ZKLOH� ZRPHQ� MXVW� FDQ� ZDLW� IRU� WKH� DUUDQJHPHQW� IURP� WKHP�� ,Q� VRFLHW\�� VLQFH�
ZRPHQ� KDYH� ORZ� HGXFDWLRQ�� WKH\� DUH� GLVFRXUDJHG� IURP� JHWWLQJ� LQYROYHG� LQ� WKH� FRPPXQLWLHV¶�
DFWLYLWLHV�RU�FRQWULEXWLQJ�WR�WKH�LQIRUPDWLRQ��,Q�WKH�SROLWLFDO�DVSHFW��ZRPHQ¶V�SDUWLFLSDWLRQ�UHPDLQV�
LQ�D�VORZ�SURJUHVV�WRZDUGV�UHDO�SRZHU��
�
7DEOH���3ULPDU\�DQG�FRQWLQXLQJ�RI�JHQGHU¶V�GHFLVLRQ�PDNLQJ�LQ�KRXVHKROG�OLYHOLKRRG�
'HVFULSWLRQ�
��

3ULPDU\�'HFLVLRQ�0DNLQJ����� �&RQWLQXLQJ�'HFLVLRQ�0DNLQJ������

:RPHQ� 0HQ� %RWK� :RPHQ� 0HQ� %RWK�
3ODQWLQJ�5DLQ\�6HDVRQ�5LFH�� ������ ��������� ����� ������ ������ �����
3ODQWLQJ�'U\�6HDVRQ�5LFH� ����� ��������� ����� ����� ������ �����
'RLQJ�&KDPND� ������ ��������� ����� ������ ������ �����
5DLVLQJ�$QLPDO� ����� ��������� ����� ����� ������ �����
)LVKLQJ� ������ �������� ����� ������ ����� �����
&ROOHFWLQJ�)RUHVW�3URGXFW� ������ ������ ������ ������ ����� �����
6HOOLQJ�/DERU� ������ �������� ����� ������ ����� �����
0RWRU�7D[L�'ULYHU� ������ �������� ����� ������ ����� �����
*RYQ¶W�2IILFLDO� ����� �������� ������ ����� ����� �����
%XVLQHVV�2ZQHU� ����� ��������� ����� ����� ������ �����
2WKHUV� ����� �������� ����� ����� ����� �����

)RUP�RI�UHVRXUFH�PDQDJHPHQW�

6RPH� UHVRXUFHV� LQ� WKH� IDPLO\� DUH�� HGXFDWLRQ� RI� IDPLO\�PHPEHUV��PRQH\��ZRUNV�� HTXLSPHQW� DQG�
ODQG�� DQG� JHWWLQJ� EHQHILW� VXFK� DV� RXWVLGH� LQFRPH�� RXWVLGH� SURSHUW\�� PDLQ� GHPDQGV�� DQG� ULJKW� LQ�
ZRUNLQJ� DQG� SROLWLFDO� EXW� DOO� WKHVH� UHVRXUFH� ZHUH� YDULHG� LQ� HDFK� KRXVHKROG� DQG� WKH� JHQGHU�
PDQDJLQJ�WKHVH�UHVRXUFH�ZDV�GLIIHUHQW�GXH�WR�WKH�VLWXDWLRQ�LQ�HYHU\�IDPLO\��,Q�)LJ����LW�LV�VKRZHG�
WKDW�ZRPHQ�PDQDJLQJ�WKH�UHVRXUFH�LQ�WKH�KRXVH�DUH�PRUH�WKDQ�PHQ��+RZHYHU��LQ�)LJ�����PHQ�JRW�
PRUH�EHQHILWV�WKDQ�ZRPHQ��H[FHSW�LQ�PDLQ�GHPDQG���
�
�
�
�
�
�
�
�
�
�
�

)LJ����0DQDJLQJ�UHVRXUFHV�������������������������������������)LJ����*HWWLQJ�EHQHILWV�

)RUP�RI�UHVRXUFH�PDQDJHPHQW
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�
7DEOH���6:27�DQDO\VLV�RI�ZRPHQ�LQ�GHFLVLRQ�PDNLQJ�SURFHVV�WKDW�ZHUH�FUHDWHG�IURP�VXFK�
��������������VWDWXV�RI�KRXVHKROG�OLYHOLKRRG�DQG�GHFLVLRQ�PDNLQJ�SURFHVV�

6WUHQJWK� :HDNQHVV�
3DWLHQW�� KDUG� ZRUN�� IXOILOOLQJ� ZRUN�� NHHS� PRQH\��
PXFK�MRLQLQJ�GHFLVLRQ�PDNLQJ�LQ�IDPLO\�
�
�

3RRU� HGXFDWLRQ�� SRRU� WHFKQLFDO� VNLOO�� EXV\� WR� GR�
KRXVH� ZRUN�� ZHDN� KHDOWK�� SRRU� VHOI� EHOLHI�� SRRU�
FRQILGHQFH� LQ�GHFLVLRQ�PDNLQJ��QR�SDUWLFLSDWLRQ� LQ�
VRFLHW\�

2SSRUWXQLW\� 7KUHDWHQ�
6XSSRUWLQJ� IURP� JRYHUQPHQW� DQG� 1*2V� VXFK� DV�
&('$&��*5(7��:RPHQ�2UJDQL]DWLRQ��HWF��

7UDGLWLRQDO�FXOWXUH��DQG�ODFN�YDOXLQJ�RQ�WKH�LQFRPH�
DFWLYLWLHV�IURP�KXVEDQG�

&21&/86,21�

,Q�FRQFOXVLRQ��WKHUH�ZHUH�WZR�SDUWV�RI��KRXVHKROG�OLYHOLKRRGV��IDUPLQJ�DQG�QRQ�IDUPLQJ��,Q�UHJDUGV�
WR� WKH� IDUPLQJ� SDUW�� WKHUH� ZHUH� ZHW� DQG� GU\� VHDVRQ� FURSV�� UDLVLQJ� DQLPDOV�� FROOHFWLQJ� IRUHVW�
SURGXFWV�� ILVKLQJ� DQG� VHOOLQJ� ODERXU�� ,Q� UHJDUGV� WR� WKH� QRQ�IDUPLQJ� SDUW�� WKH� MREV� ZHUH� RZQLQJ�
EXVLQHVVHV�� VHOOLQJ� ODERXU�� PRWRU±WD[L� GULYLQJ�� *RYHUQPHQW� RIILFLDOV�� DQG� RWKHUV� MREV�� :RPHQ�
SDUWLFLSDWHG� LQ� DOO� DFWLYLWLHV� LQ� OLYHOLKRRGV�� ERWK� LQFRPH� DQG� QRQ�LQFRPH� ZRUNV�� 7KXV�� IHPDOH�
SDUWLFLSDWLRQ� LQ� GHFLVLRQ�PDNLQJ� LV� YHU\� QHFHVVDU\� IRU� KRXVHKRRG� OLYHOLKRRGV��0RVW� KHDGV�RI� WKH�
IDPLO\�DUH�PHQ�H[FHSW�IRU�ZLGRZV�DQG�VLQJOH�ZRPDQ��ZKR�SOD\�YHU\�LPSRUWDQW�UROHV�DV�WKH�KHDGV�RI�
WKHLU� IDPLOLHV� �DQG�DV�GHFLVLRQ�PDNHUV� LQ� WKH�IDPLO\��HYHQWKRXJK��ZRPHQ�SDUWLFLSDWHG�DFWLYHO\� LQ�
LQFRPH�JHQHUDWLRQ��$V�VXFK��WKH�JRYHUQPHQW��1*2V��VRFLHW\�DQG�ZRPHQ�WKHPVHOYHV�VKRXOG�KHOS�WR�
HPSRZHU� ZRPHQ� LQ� GHFLVLRQ�PDNLQJ�� LQYHVWLQJ� DQG� PDQDJLQJ� DQG� LPSURYLQJ� KRXVHKROG�
OLYHOLKRRGV��

$&.12:/('*(0(176�

7KH�DXWKRU�LV�JUDWHIXO�WR�58$��WKH�5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH���&(1'25��)63�3URMHFW�WKDW�JDYH�
VXSSRUW� WKURXJK� IXQGLQJ� IRU� WKLV� UHVHDUFK��'U��.DQJ�&URHVQD��0V��%HQJ�%XQQHWK��0U��6XRQ�6HQJ� IRU�
WKHLU�YDOXDEOH�JXLGDQFH��FRQVWUXFWLYH�FRPPHQWV��DQG�SURYLVLRQ�RI�UHODWHG�GRFXPHQWV��WR�$PDQGD�7DOVWUD�
DQG�WR�'DQLHO�7$/675$�IRU�JUDPPDWLFDO�HGLWLQJ��

5()(5(1&(6�

&DPERGLDQ�&RPPXQLWLHV�RXW�RI�&ULVLV��������)DFW�DQG�ILJXUH�DERXW�&DPERGLD��&DPERGLD��
,QWHUQDWLRQDO�'HYHORSPHQW�(QWUHSHQHXUVKLS��������3URMHFW��$YRQ�ODGLHV�IRU�YHJHWDEOHV��&DPERGLD��
1DWLRQDO� ,QVWLWXWH� RI� 6WDWLVWLFV� ������� &DPERGLD� LQWHU�FHQVDO� SRSXODWLRQ� VXUYH\�� 0LQLVWU\� RI� 3ODQQLQJ��

&DPERGLD��
.KXQ��.���������*HQGHU�LVVXH�LQ�&DPERGLD��5R\DO�8QLYHUVLW\�RI�3KQRP�3HQK��&DPERGLD���
0$))� ������� 3ULQFLSOH� SODQQLQJ� IRU� QDWLRQDO� DJULFXOWXUDO� UHVHDUFK��0LQLVWU\� RI�$JULFXOWXUDO�� )RUHVWU\� DQG�

)LVKHU\��&DPERGLD���
3KQRP�3HQK�3RVW��������3RSXODWLRQ�VHUYLFH�LQWHUQDWLRQDO�DQG�VXQ�TXDOLW\�KHDOWK�1HWZRUN��&DPERGLD��
6DU��.�� �������5HSRUW�RI�3KQRP�3HQK�3RVW��0LQLVWHU�RI� WKH� ,QWHULRU�DQG�&KDLUPDQ�RI� WKH�1DWLRQDO�&HQVXV�

&RPPLWWHH��&DPERGLD���
$VLDQ�'HYHORSPHQW�%DQN��������5HVHWWOHPHQWS�SODQ�SKDVH�,,��6WXQJ�&KLQLW�LUULJDWLRQ�DQG�UXUDO�LQIUDVWUXFWXUH�

SURMHFW��&DPERGLD��
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&RQWURO�0HDVXUHV�IRU�WKH�%URZQ�3ODQWKRSSHU�2XWEUHDN�LQ�
.RPSRQJ�6SHX�3URYLQFH�

621*/<�<28�
*UDGXDWH�VFKRRO��5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH��3KQRP�3HQK��&DPERGLD�
(PDLO��VRQJO\B\RX#\DKRR�FRP�

62.+$�3(/�
'LYLVLRQ�UHVHDUFK�DQG�H[WHQVLRQ��5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH��3KQRP�3HQK��&DPERGLD�

&+$17+<�+827�
*UDGXDWH�VFKRRO��5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH��3KQRP�3HQK��&DPERGLD�

3,6,'+�92(�
3ODQW�7LVVXH�&XOWXUH�/DE��*UDGXDWH�6FKRRO��5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH�

5HFHLYHG����'HFHPEHU������ $FFHSWHG����-DQXDU\������

$EVWUDFW�7KH�DLPV�RI�WKLV�UHVHDUFK�ZHUH�WR�LGHQWLI\�ULFH�FURSSLQJ�V\VWHPV�DQG�PHDVXUHV�WR�
FRQWURO� 7KH�%URZQ� 3ODQWKRSSHU� %3+� LQ� RXWEUHDN� DUHDV� LQ� .DPSRQJ� 6SHX� SURYLQFH�� ,Q�
WRWDO�����KRXVHKROGV�LQ�3UH\�9LKHDU�DQG�3R�$QJNURQJ�FRPPXQHV�ZHUH�UDQGRPO\�VHOHFWHG�
IRU�DQ�LQWHUYLHZ�LQ�������7KH�LQWHUYLHZHG�IDUPHUV�GLG�QRW�JURZ�ULFH�DOO�WKH�\HDU�URXQG�DQG�
ULFH�FXOWLYDUV�XVHG�ZHUH�GLYHUVLILHG��+RZHYHU��PRVW�FXOWLYDUV�DUH�VXVFHSWLEOH�WR�WKH�%3+��
0RUHRYHU�� 5LFH� LQ� HDUO\� UDLQ\� VHDVRQ� ZDV� D� SRWHQWLDO� VRXUFH� IRU� LPPLJUDQW� %3+�
PXOWLSOLFDWLRQ��$OPRVW�DOO�HIIHFWLYH�PHDVXUHV��ERWK�SK\VLFDO��PRVTXLWR�QHW� WR�WUDS�LQVHFWV�
DQG� GLVSDWFKLQJ� GXFNV� LQ� WKH� ILHOGV�� DQG� FKHPLFDO� �%XSURIH]LQ�� )HQREXFDUE� DQG�
'HQRWHIXUDQ�� ZHUH� LQWURGXFHG� E\� WKH� 3URYLQFLDO� 'HSDUWPHQW� RI� $JULFXOWXUH� �3'$���
0HDQZKLOH�� WKH�RQO\�RQH�HIIHFWLYH�PHDVXUH� LQQRYDWHG�E\� IDUPHUV�ZDV� WKH�DSSOLFDWLRQ�RI�
XVHG�HQJLQH�RLO��+RZHYHU�� WKLV�VXEVWDQFH�ZDV�QRW�SURPRWHG�E\� WKH�3'$��1R�IDUPHU� ORVW�
ULFH� FRPSOHWHO\� LQ� WKH� RXWEUHDN� \HDU� EHFDXVH� DOO� KRXVHKROGV� SRVVHVV� VPDOO� IUDJPHQWHG�
SDGG\� ILHOGV� LQ� WKUHH� GLIIHUHQW� DJUR�HFRV\VWHPV�� VR� WKH� SHULRGV� RI� WUDQVSODQWLQJ� DQG�
JURZLQJ�ZHUH�DOVR�GLIIHUHQW��

.H\ZRUGV�EURZQ�SODQWKRSSHU��ULFH�SURGXFWLRQ��RXWEUHDN��FURSSLQJ�V\VWHP�

,1752'8&7,21�

7KH�%URZQ�3ODQWKRSSHU� �%3+��ZDV� FRQVLGHUHG�DV�RQH�RI� WKH�PDMRU� WKUHDWV� WR� ULFH�SURGXFWLRQ� LQ�
$VLD�LQ�WKH�VHYHQWLHV�DQG�HLJKWLHV��7KURXJK�WKH�LQWHJUDWHG�SHVW�PDQDJHPHQW��,30��SURJUDP��ILHOG�
VFKRROV�� LQVHFWLFLGH� UHGXFWLRQ�FDPSDLJQV��DQG�SROLF\�FKDQJHV� WR�UHGXFH� WKH�XVH�RI�SHVWLFLGHV�� WKH�
%3+�KDV�EHHQ�FRQWDLQHG�IRU�PDQ\�\HDUV��+HRQJ���������6XEVHTXHQWO\��HQWRPRORJLFDO�UHVHDUFK�DQG�
SODQWKRSSHUV�EHJDQ� WR�UHFHLYH� OHVVHU�DWWHQWLRQ��+HRQJ���������6LQFH�������SODQWKRSSHU�RXWEUHDNV�
KDYH�DIIHFWHG�VHYHUDO�PLOOLRQ�KHFWDUHV�RI�ULFH�ODQG�LQ�FRXQWULHV�VXFK�DV�9LHWQDP��&KLQD��,QGRQHVLD��
.RUHD��-DSDQ�DQG�0DOD\VLD��+HRQJ��������,55,����������

0DQ\� DSSURDFKHV� DQG� PHDVXUHV� ZHUH� GHYHORSHG� WR� FRQWURO� %3+� EDVHG� RQ� DYDLODELOLW\� RI�
WHFKQRORJ\�DQG�JHRJUDSK\��(FRORJLFDO�ILHOG�VWXGLHV��OLJKW�WUDS�FDWFKHV�DQG�SUHGLFWLYH�PRGHOLQJ�KDYH�
LQGLFDWHG� WKH� SRVVLELOLW\� RI� PRYHPHQWV� ZLWKLQ� WKH� WURSLFV� EXW� WKH� SDWWHUQ� RI� PRYHPHQW� DQG� WKH�
VHSDUDWLRQ�RI�PLJUDQWV�IURP�WKH�HQGHPLF�SRSXODWLRQ�KDYH�SURYHG�WR�EH�PRUH�GLIILFXOW�WR�HVWDEOLVK�
�3HQGHU���������5RPEDFK�DQG�*DOODJKHU��������VKRZHG�D�GHWDLOHG�UHFRUG�RI�WKH�EUHDNGRZQ�RI�IRXU�
UHVLVWDQW�JHQHV�GXULQJ�3KLOLSLQH�5LFH�6HOI�VXIILFLHQF\�SURJUDP�7KH�HYROXWLRQ�RI�FKHPLFDO�FRQWURO�RI�
WKH� %3+� LV� H[HPSOLILHG� LQ� VRPH� H[SHULHQFHV� LQ� -DSDQ�� 7KH� XVH� RI� ZKDOH� RLO� ZDV� IRXQG� WR� EH�
HIIHFWLYH�LQ������DQG�WKHQ�NHURVHQH�EHJDQ�WR�UHSODFH�ZKDOH�RLO� LQ�������6XHQDJD�DQG�1DNDWVXND��

ᶃᶐᶂ

5HVHDUFK�DUWLFOH�
�
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������0DWVXR��������''7�GXVW�ZDV�WKH�ILUVW�SRVW��:RUOG�:DU�,,�LQVHFWLFLGH�WR�UHSODFH�NHURVHQH�DQG�
LW�ZDV�VRRQ�UHSODFHG�E\�%+&�DQG�DIWHU�WKDW�PDQ\�LQVHFWLFLGHV�ZHUH�GHYHORSHG�DQG�UHSODFHG�WKH�ROG�
RQHV� �0DWVXR�� ������� ,Q� WURSLFDO� UHJLRQV� EHWZHHQ� ����� DQG� ������ %3+� GHYHORSHG� UHVLVWDQFH� WR�
VHYHUDO� LQVHFWLFLGHV�� LQFOXGLQJ�� FDUEDU\O�� PHWROFDUE�� LVRSURFDUE�� PDODWKLRQ�� GLD]LQRQ�� DQG�
IHQLWURWKLRQ� �+HLQULFKV�� ������)URP� ����� WR� ������ %3+� LQFUHDVHG� LWV� UHVLVWDQFH� WR� PDODWKLRQ��
HWRIHQSUR[� DQG� LPLGDFORSULG� �1DJDWD� HW� DO��� �������2ND� ������� VXJJHVWHG� V\QFKURQL]HG� SODQWLQJ�
DQG�FURS�URWDWLRQ�DV�D�PHDVXUH�WR�FRQWURO�%3+��+RZHYHU��LW�LV�VRFLDOO\�XQDFFHSWDEOH�HYHQ�LI�LW�PLJKW�
EH�WHFKQLFDOO\�XVHIXO��7KH�LQWHUDFWLRQV�EHWZHHQ�SODQWKRSSHUV�DQG�WKHLU�QDWXUDO�HQHPLHV�DUH�EHOLHYHG�
WR�EH� WKH�PDMRU� IDFWRU�ZKHQ�FRQWUROOLQJ� WKH�SDWWHUQ�RI�SRSXODWLRQ�JURZWK� �:DGD�HW�DO��� �������$�
QHZ� DSSURDFK� FDOOHG� µHFRORJLFDO� HQJLQHHULQJ¶� ZDV� SURSRVHG� LQ� WKH� DLPV� WR� UHHVWDEOLVK� HVVHQWLDO�
HFRV\VWHP�VHUYLFHV�WKURXJK�LQFUHDVLQJ�ORFDO�ELRGLYHUVLW\�LQ�ULFH�SURGXFWLRQ�V\VWHPV��+HRQJ���������

,Q�&DPERGLD��EHIRUH�������%3+�ZDV�D�VHFRQGDU\�SHVW��6LQFH�WKHQ��%3+�ZDV�HSLGHPLF�DOPRVW�
HYHU\ZKHUH�HVSHFLDOO\�WKH�SURYLQFHV�DORQJ�WKH�9LHWQDPHVH�ERUGHU��+HQJ���������7KH�JRYHUQPHQW�
EHJDQ�GRFXPHQWLQJ�SHVW�RXWEUHDNV�LQ������DQG�WKHQ�%3+�RXWEUHDN�RFFXUV�HYHU\�\HDU��3UHDS���������
,Q�������%3+�ZDV�UHFRJQLVHG�WR�EH�WKH�PDLQ�ULFH�LQVHFW�SHVW��$W�WKDW�WLPH��VRPH�SHVWLFLGHV�VXFK�DV�
$SSODXG� �%XSURIH]LQ��� 7UHERQ� ��� (&� �(WKRIHQSUR[��� %DVVD� �)HQREXFDUE� RU� %30&��� 0LSFLQ�
�,VRSURFDUE�� ZHUH� UHFRPPHQGHG� IRU� FRQWUROOLQJ� %3+� LQ� ����V�� 7KHVH� SHVWLFLGHV� KDYH� GLIIHUHQW�
HIIHFW�RQ�%3+�DQG�VXLW�WR�GLIIHUHQW�ULFH�JURZWK�VWDJH�DQG�FHUWDLQ�HQYLURQPHQWDO�FRQGLWLRQ�DQG�KDYH�
OHVV� HIIHFW� RQ� QDWXUDO� HQHPLHV� �+HQJ�� ������� 7R� GDWH�� %XSURIH]LQ� DUH� VROG� LQ� &DPERGLD� XQGHU�
GLIIHUHQW�WUDGH�QDPHV�VXFK�DV��/REE\���:3��$SROR���:3��%XW\O���:3��$VPDL����:3��$SSODXG�
��:3��3DMHUR���:3�DQG�7HQ�&RQJ��3HO����������

2XWEUHDN� KLVWRU\� RI� %3+� LQ� WKH� &DPERGLDQ� ULFH� DJUR�HFRV\VWHP� ZDV� ZHOO�FRPSLOHG� IURP�
$JURQRP\�'HSDUWPHQW� UHFRUGV� E\� 3UHDS� ������� DQG� KH� DOVR� FRQFOXGHG� WKDW� WKH� RXWEUHDNV� ZHUH�
ORFDOL]HG�DQG�SDWFK\�ZLWKLQ�D�ILHOG��+RZHYHU��FRQWURO�PHDVXUHV�IRU�%3+�RXWEUHDNV�KDYH�QRW�EHHQ�
ZHOO�GRFXPHQWHG��SDUWLFXODUO\�DW�WKH�JUDVV�URRW�OHYHO��7KH�DLPV�RI�WKLV�UHVHDUFK�ZHUH�WR�LGHQWLI\�ULFH�
FURSSLQJ�V\VWHPV�DQG�PHDVXUHV�WR�FRQWURO�%3+�LQ�RXWEUHDN�DUHDV�LQ�.DPSRQJ�6SHX�SURYLQFH��

0(7+2'2/2*<�

7ZR�FRPPXQHV�LQ�.RPSRQJ�6SHX�SURYLQFH�ZHUH�VHOHFWHG�EDVHG�RQ�DGPLQLVWUDWLYH�ERUGHUV��ZKHUH�
WKH�ODUJHVW�FURSSHG�DUHD�ZDV�LQIHFWHG�DQG�RU�GDPDJHG�E\�%3+�RXWEUHDN�LQ�������'$$/,���������
XVLQJ�KLHUDUFKLFDO�RUGHU�IURP�SURYLQFLDO�WR�YLOODJH�OHYHO��7KH�VWXGLHG�YLOODJHV�ZHUH��ILUVWO\��VFRUHG�
E\�WKH�OHYHO�RI�GDPDJHV�E\�KHDGV�RI�DJULFXOWXUH�RIILFHV�RI�ERWK�FRPPXQHV��,Q�WRWDO�����KRXVHKROGV�
LQ�3UH\�9LKHDU�DQG�3R�$QJNURQJ�FRPPXQHV�ZHUH�UDQGRPO\�VHOHFWHG�IRU�DQ�LQWHUYLHZ�LQ������7KH�
GDWD�FROOHFWLRQ�ZDV�FRQGXFWHG�LQ�WKUHH�SKDVHV��)LUVWO\��WKH�VHPL�VWUXFWXUH�ZDV�XVHG�WR�LQWHUYLHZ�NH\�
LQIRUPDQWV� RU� SHUVRQV� DW� GLIIHUHQW� OHYHOV� WR� LGHQWLI\� WKH� ULFH� SURGXFWLRQ� DUHDV� DIIHFWHG� E\� %3+�
RXWEUHDN� DQG� LVVXHV� UHODWHG�� 6HFRQGO\�� D� VWUXFWXUHG� TXHVWLRQQDLUH� ZDV� HODERUDWHG� WR� LQWHUYLHZ�
LQGLYLGXDO� IDUPHUV��&KHPLFDO� DQG�SK\VLFDO�PHWKRGV�XVHG�E\� IDUPHUV� DQG� WKHLU�SHUFHSWLRQV�RI� WKH�
HIIHFWLYHQHVV� RI� WKH� PHWKRGV� ZHUH� SURYLGHG� E\� WKHP� EDVHG� RQ� WKHLU� RZQ� H[SHULHQFHV�� 7KLUGO\��
DQDO\]HG�GDWD�ZHUH�UHFKHFNHG�DQG�FRQILUPHG�E\�NH\�LQIRUPDQWV�RU�SHUVRQV�DW�GLIIHUHQW�OHYHOV��'DWD�
ZHUH�FRGHG�DQG�SURFHVVHG�LQ�0LFURVRIW�([FHO������VRIWZDUH�DQG�H[SRUWHG�WR�6366�YHUVLRQ�����

5(68/76�$1'�',6&866,21�

7KH�QXPEHU�RI�IDUPHUV�JURZLQJ�HDUO\�UDLQ\�VHDVRQ�ULFH�LQ�3R�$QJNURQJ�ZDV�KLJKHU� WKDQ�LQ�3UH\�
9LKHDU��

,Q�ERWK�FRPPXQHV��WKHUH�ZDV�D�VOLJKW�LQFUHDVH�LQ�WKH�QXPEHU�RI�KRXVHKROGV�JURZLQJ�WKLV�NLQG�
RI�ULFH��7DEOH����,W�PD\�EH�LQIOXHQFHG�E\�KLJK�ULFH�SULFH�LQ�WKH�ORFDO�PDUNHW��

(YHU\�KRXVHKROG�LQ�ERWK�FRPPXQHV�QRUPDOO\�JURZ�WKUHH�ULFH�FXOWLYDUV�EHFDXVH�DOO�KRXVHKROGV�
SRVVHVV�VPDOO�IUDJPHQWHG�SDGG\�ILHOGV�LQ�WKUHH�DJUR�HFRV\VWHPV��7KH�GDWD�LQ�7DEOH���LOOXVWUDWHV�WKH�
YDULRXV�ULFH�YDULHWLHV�LQ�3UH\�9LKHDU�DQG�3R�$QJNURQJ�FRPPXQH��3HUFHQWDJH�RI�HDFK�YDULHW\�QDPH��
DV� LW� LV� FDOOHG� E\� ORFDO� SHRSOH�� ZDV� FDOFXODWHG� IURP� PXOWLSOH� DQVZHUV� RI� HDFK� UHVSRQGHQW�� 7KH�
YDULHWLHV�XVHG�E\�IDUPHUV�LQ�ERWK�FRPPXQHV�ZHUH�TXLWH�GLYHUVH�DQG�GLIIHUHQW�IURP�HDFK�RWKHU��EXW�
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VRPH�YDULHWLHV�ZHUH�JURZQ�LQ�ERWK�UHJLRQV��,Q�3UH\�9LKHDU��IDUPHUV�QHDUO\�JUHZ�WUDGLWLRQDO�YDULHWLHV�
DPRQJ�ZKLFK� &KPDU� 3UXP�ZDV� HDVLO\� WKH�PRVW� SRSXODU�� 7KH� RWKHU� OLNH� &KDPURHXQ� 3KDO�� .XP�
$PSRD��.RQJ�6RU�DQG�1HDQJ�0DOLV�ZHUH�VOLJKWO\�XVHG��&RQYHUVHO\�&KPDU�3UXP�ZDV�QRW�WKH�PRVW�
IUHTXHQW�XVHG�RI�IDUPHUV�LQ�3R�$QJNURQJ��ZKHUH�WKHUH�ZHUH�IRXU�LPSRUWDQW�YDULHWLHV�LQFOXGLQJ�&$5�
�� DQG� 5DLQJ� &KH\�� ZKLFK� DUH� WKH� LPSURYHG� YDULHWLHV� UHOHDVHG� E\� WKH� 9DULHW\� 5HFRPPHQGDWLRQ�
&RPPLWWHH�RI�&DPERGLD��95&���DV�ZHOO�DV�WZR�PRGHUQ�YDULHWLHV��,5���DQG�,5����7KH�UHVWV�ZHUH�
6HQSLGRU�DQG�5DLQJ�&KH\��DOVR�UHOHDVHG�E\�95&�DQG�.DERU�� WKH�ORFDO�YDULHW\��0RVW�FXOWLYDUV�DUH�
VXVFHSWLEOH�WR�%3+��

�
7DEOH���(DUO\�UDLQ\�VHDVRQ�ULFH�IURP������WR������LQ�3UH\�9LKHDU�DQG�3R�$QJNURQJ�
(DUO\�ZHW�VHDVRQ�ULFH�
��

3UH\�9LKHDU� 3R�$QJNURQJ�

IUHTXHQF\� �� IUHTXHQF\� ��

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

�

7DEOH���5LFH�YDULHWLHV�XVHG�LQ�3UH\�9LKHDU�DQG�3R�$QJNURQJ�FRPPXQH�
9DULHW\�QDPH� 3UH\�9LKHDU� 3R�$QJNURQJ�

IUHTXHQF\� ���� IUHTXHQF\� ����
$WK�&KKQRV�

� ���� ������� ���� �������
&$5��
� �� �� ��� ������
&KDP�5RHXQ�3KDO� ���� ������� ��� ������
&KPDU�3UXP�

� ��� ������ �� ��
,5���� �� �� ���� �������
,5���� �� �� ���� �������
.DERU�� ���� ������� ���� �������
.RQJ�.DERWK�� �� �� ���� �������
.RQJ�6RU�� ���� ������� ��� ������
.UD�+RP�

� ���� ������� ��� ������
.XP�$PSDR�� ���� ������� �� ��
1HDQJ�0DOLV�� ���� ������� ���� �������
1HDQJ.KHQJ� ���� ������� �� ��
3RUN�/RORN�� �� �� ���� �������
3UDP�%HL�.RXU� ���� ������� �� ��
5DLQJ�&KH\�
� �� �� ���� �������
6HQ�3LGRU�� �� �� ���� �������
7RWDO� ��� ������� ��� �������

�6XVFHSWLEOH�FXOWLYDU��0HQ�HW�DO����������

�VXVFHSWLEOH�FXOWLYDU��3UHDS��������

7KHUH�ZDV�D�KLJK�GLIIHUHQFH�LQ�WKH�QXPEHU�RI�IDUPHUV�XVLQJ�DJUR�FKHPLFDOV�DJDLQVW�%3+�LQ�WKH�
FRPPXQHV��)DUPHUV�LQ�3UH\�YLKHDU�FRPPXQH�XVHG�IHZHU�DJUR�FKHPLFDOV�WR�NLOO�%3+�WKDQ�RQHV�LQ�
3R�$QJNURQJ������DQG��������UHVSHFWLYHO\��7DEOH�����EHFDXVH�3R�$QJNURQJ�ZDV�PRUH�VHULRXVO\�
LQIHVWHG�� $JUR�FKHPLFDOV� JLYHQ� E\� 7KH� 3URYLQFLDO� 'HSDUWPHQW� RI� $JULFXOWXUH� 3'$� DQG� 2VKLQ�
��:3��'HQRWHIXUDQ��ZHUH�FRPPRQO\�XVHG�E\�IDUPHUV��3'$�SURYLGHG�DJUR�FKHPLFDOV�QDPHG�%DVVD�
��(&��)HQREXFDUE���%XW\O���:3��%XSURIH]LQ��DQG�0DS�-XGR���:3��%XSURIH]LQ��WR�FRQWURO�%3+��
7KH� WZR� IRUPHU� LQVHFWLFLGHV� ZHUH� SURYLGHG� E\� 0$))� DQG� 0DS� -XGR� ��:3� �%XSURIH]LQ�� ZDV�
SURYLGHG�E\�$Q�*LDQJ�SURYLQFH��9LHWQDP��)HQREXFDUE�KDV�EHHQ�XVHG�IRU�ULFH�SODQWKRSSHU�FRQWURO�
LQ�$VLD�IRU�WKH�ODVW����\HDUV�DQG�LW�LV�VWLOO�LQ�XVH�QRZDGD\V��6ULUDWDQDVDN�HW�DO���������UHSRUWHG�WKDW�
WKHUH� LV�D�GLIIHUHQW� UHVLVWDQFH� WR�)HQREXFDUE�IURP�SRSXODWLRQV�RI�%3+�LQ�3KLOLSLQH��7KDLODQG�DQG�
&KLQD��7KH�%3+�SRSXODWLRQ� LQ�&KLQD�ZDV�WKH�PRVW� UHVLVWDQW��DERXW����WLPHV�DQG����WLPHV�KLJKHU�
WKDQ� SRSXODWLRQ� LQ� WKH� 3KLOLSSLQHV� DQG� 7KDLODQG�� UHVSHFWLYHO\�� ,Q� &KLQD�� ���IROG� UHVLVWDQFH� WR�
%XSURIH]LQ� �LQ� FRPSDULVRQ� WR� ������ ZDV� REVHUYHG�� 6R� %3+� KDV� WKH� SRWHQWLDO� WR� GHYHORS� KLJK�
UHVLVWDQFH� WR� EXSURIH]LQ� �:DQJ� HW� DO��� ������� � :DQJ� HW� DO��� ������� SURSRVHG� D� UHVLVWDQFH�
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PDQDJHPHQW�SURJUDP�ZLWK�URWDWLRQ�RI�EXSURIH]LQ�DQG�RWKHU�SHVWLFLGHV� WR�GHOD\�RU�VORZ�GRZQ�WKH�
UHVLVWDQFH� GHYHORSPHQW�� 2VKLQ� ��:3� �'HQRWHIXUDQ�� ZDV� LQWURGXFHG� WR� IDUPHU� E\� $JURWHFK�
&RPSDQ\�DJHQF\��:DQJ�HW�DO����������H[DPLQHG�WKH�VXVFHSWLELOLW\�RI�%3+�WR�LQVHFWLFLGHV�E\�XVLQJ�
VL[� SRSXODWLRQV� IURP� YDULRXV� VLWHV� LQ� &KLQD��1R� UHVLVWDQFH�ZDV� IRXQG� DJDLQVW�'LQRWHIXUDQ�� 7KLV�
UHVXOW�VKRZHG�WKDW�'LQRWHIXUDQ�LV�HIIHFWLYH�WR�FRQWURO�%3+��

7DEOH���&KHPLFDO�PHWKRGV�XVHG�E\�IDUPHUV�DQG�)DUPHUV¶�SHUFHSWLRQ�RI�HIIHFWLYHQHVV�
DJDLQVW�%3+�GXULQJ�RXWEUHDN�LQ������

&KHPLFDO�PHWKRGV� 3UH\�9LKHDU��1 ���� 3R�$QJNURQJ��1 ����
� IUHTXHQF\� ����� )3(���� IUHTXHQF\�� ���� )3(����
8VH�FKHPLFDO�V�� �� ������ �� ��� ������ ��
2VKLQ� �� ������� ����� ��� ������ ������
8QNQRZQ�QDPH� �� ������ ������ ���� ������� �������
3'$
V�LQVHFWLFLGHV� �� ������ ������ ��� ������ ������
7RWDO� ��� ������� � ��� ������� �
)3(��)DUPHUV
�SHUFHSWLRQ�RI��HIIHFWLYHQHVV�RI�WKH�PHWKRG�

$SDUW�IURP�DSSO\LQJ�DJUR�FKHPLFDOV��IDUPHUV�DOVR�XVHG�SK\VLFDO�PHWKRGV��7DEOH����WR�FRQWURO�
%3+��2I�WKRVH�PHWKRGV��DGGUHVVLQJ�PRVTXLWR�QHW�WR�WUDS�WKH�LQVHFWV�DQG�GLVSDWFKLQJ�GXFNV�LQ�WKH�
ILHOGV�ZHUH�WKH�WZR�FRPPRQ�SUDFWLFDO�PHWKRG�LQWURGXFHG�E\�WKH�0LQLVWU\�RI�$JULFXOWXUH��)RUHVWU\�
DQG�)LVKHULHV��0$))��WKURXJK�3'$��0$))�DOVR�LQWURGXFHG�WUDSSLQJ�LQVHFWV�E\�OLJKW��)DUPHUV�DOVR�
DSSOLHG�XVHG�HQJLQH�RLO�WR�WKH�ILHOGV�LQ�RUGHU�WR�FRQWURO�%3+��EXW�WKLV�VXEVWDQFH�ZDV�QRW�SURPRWHG�
E\�3'$��+RZHYHU��3'$�VXJJHVWHG�D�PRUH�FRQYHQLHQW�PHWKRG��FRQVLVWLQJ�RI�PL[LQJ�VDQG�ULFH�KXVN�
ZLWK�XVHG�HQJLQH�RLO��DQG�WKHQ�WR�VSUHDG�LW�RYHU�WKH�ILHOG��$OWKRXJK�WKH�XVHG�HQJLQH�RLO�LV�HIIHFWLYH�
WR�NLOO�%3+��LW�SRWHQWLDOO\�KDUPV�KXPDQ�KHDOWK�DQG�HQYLURQPHQW��2LO�5HF\FOLQJ��������UHSRUWHG�D�
VKRUW�WHUP�DQG�ORQJ�WHUP�HIIHFW�RI�FRQWDPLQDWLRQ�RI�XVHG�RLO��

7DEOH���3K\VLFDO�PHWKRGV�XVHG�E\�IDUPHUV�DQG�)DUPHUV¶�SHUFHSWLRQ�RI�HIIHFWLYHQHVV�DJDLQVW�
%3+�GXULQJ�RXWEUHDN�LQ������

3K\VLFDO�PHWKRGV� 3UH\�9LKHDU��1 ���� 3R�$QJNURQJ��1 ����
� IUHTXHQF\� ����� )3(����� IUHTXHQF\�� ���� )3(����
8VH�SK\VLFDO�PHWKRG�V�� �� ����������� �� ��� ������ ��
8VHG�HQJLQH�RLO�� �� ������ ������ ��� ������ ������
/LJKW�WUDS� �� ����� ������� ��� ����� �������
0RVTXLWR�QHW� �� ������ ������ ��� ������ ������
)ORRGLQJ�WKH�ILHOGV� �� ������ ������ ��� ����� ������
'LVSDWFKLQJ�GXFNV�� �� ������ ������ ��� ������ ������
,QWURGXFLQJ�FDWWOH� �� ����� ������ ��� ����� ������
6SLQH�WZLJ�� �� ����� ������ ��� ����� �����
7RWDO� �� ������� �� ��� ������� ��
)3(��)DUPHUV
�SHUFHSWLRQ�RI��HIIHFWLYHQHVV�RI�WKH�PHWKRG�

7R�HVWLPDWH� WKH�FKDQJHV�RI� ULFH�FURSSHG�DUHDV��DQ�DYHUDJH�RI�SDGG\� LQ�HDFK�FRPPXQH� IURP�
�����WR������ZDV�FDOFXODWHG�DQG� WKH�DQQXDO�\LHOG�RI�HDFK�\HDU�ZDV�DOVR�DVVXPHG��7DEOH�����7KH�
DYHUDJH�ULFH�DUHD�RI�HDFK�FRPPXQH�KDV�QRW�VLJQLILFDQW�FKDQJHV��3!������ZLWKLQ�WKLV�SHULRG�RI�WLPH��
EXW�WKHUH�ZDV�D�VLJQLILFDQWO\�KLJK�GLIIHUHQFH��3�������EHWZHHQ�WKH�DYHUDJH�RI�KRXVHKROG�ULFH�DUHDV�
LQ�3UH\�9LKHDU�DQG�3R�$QJNURQJ�FRPPXQH���$FFRUGLQJ�WR�WKH�ILJXUHV�LQ�7DEOH�������IDPHUV�LQ�3R�
$QJNURQJ�FRPPXQH�KDG�ULFH�DUHDV�DV�WZLFH�DV�ELJJHU�WKDQ�WKRVH�LQ�3UH\�9LKHDU�FRPPXQH��2Q�WKH�
RWKHU�KDQG��WKHUH�ZDV�D�VLJQLILFDQW�GLIIHUHQFH��3�������LQ�DQQXDO�ULFH�\LHOG�HQ�HYHU\�FRPPXQH�DQG�
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EHWZHHQ�WKHP�IURP������WR�������+RZHYHU��WKHUH�ZDV�QRW�VLJQLILFDQW�YDULDWLRQ�LQ�DQQXDO�ULFH�\LHOG�
EHWZHHQ�������ZKHQ�WKH�ULFH�FXOWLYDWLRQ�FRQGLWLRQ�ZDV�DSSURSULDWH��DQG�������ZKHQ�WKH�%3+�ZDV�
RXWEUHDN��,I�WKH�\LHOGV�RI������DQG�������DQG�WKDW�RI�������ZKHQ�GURXJKW�ZDV�ODVWHG�XQWLO�WLOO�PLG�
6HSWHPEHU��ZHUH� FRPSDUHG�� WKH� \LHOGV�ZHUH� VLJQLILFDQWO\� GLIIHUHQW�� 7KLV�PHDQV� WKDW� GURXJKW� KDV�
PRUH�HIIHFWV�WR�GHFUHDVH�WKH�\LHOG�WKDQ�WKH�%3+�RXWEUHDN�LQ�������,Q�������WKH�ZDWHU�FRQGLWLRQ�ZDV�
YHU\�JRRG�DW�WKH�EHJLQQLQJ�DQG�WKH�HQG�RI�WKH�SHULRGV�RI�JURZLQJ�VHDVRQ�LQ�WKLV�VWXG\�DUHD��7KHUH�
ZHUH�WZR�UHDVRQV�WKDW�\LHOG�GLG�QRW�GHFUHDVH�LQ�WKH������ZHW�VHDVRQ��)LUVWO\��%3+�RXWEUHDN�PRVWO\�
RQ�PHGLXP�ULFH�FXOWLYDUV�DQG�VRPH�IDUPHUV�WUDQVSODQWHG�DJDLQ�ZLWK�D�JRRG�FRQGLWLRQ�RI�ZDWHU�DQG�
ZLWKRXW� DQ\� GDPDJH� E\� RWKHU� SHVWV� LQ� ODWH� ZHW�VHDVRQ�� 7KH� VHFRQG� UHDVRQ� ZDV� WKDW� IDUPHUV�
WUDQVSODQWHG�ODWHU�WKDQ�WKH�RXWEUHDN�RFFXUUHG��ZKHUHDV�VRPH�RI�WKHLU�SDGG\�ILHOGV�ZHUH�WUDQVSODQWHG�
EHIRUH�WKH�RXWEUHDN��7KHVH�GHVWUR\HG�DUHDV�FRXOG�EH�UHFRYHUHG�E\�UH�WUDQVSODQWLQJ�ZLWK�LPSURYHG�
YDULHWLHV�� VRPH� RI� WKRVH� LQVHQVLWLYH�SKRWR� SHULRG� YDULHWLHV�� UHVXOWLQJ� WKDW� JURZLQJ� SHULRG� FRXOG�
H[WHQG�JURZLQJ�WLPH�DQG�SURGXFH�D�VDWLVIDFWRU\�KDUYHVW��

7DEOH���&KDQJHV�LQ�ULFH�\LHOG�LQ�ERWK�FRPPXQHV�IURP������WR������

&RPPXQH� <HDU� +RXVHKROG�FURSSHG�DUHD��KD�� <LHOG��WRQ�KD��
3UH\�9LKHDU� ����� ���� �� ����� E�� ���� �� ����� D�

� ����� ���� �� ����� E� ���� �� ����� D�

� ����� ���� �� ����� E� ���� �� ����� F�

3R�$QJNURQJ� ����� ���� �� ����� D� ���� �� ����� D�

� ����� ���� �� ����� D� ���� �� ����� DE�

� ����� ���� �� ����� D� ���� �� ����� EF�

)� � 

� 

�
��9DOXHV�LQ�FROXPQV�IROORZHG�E\�WKH�VDPH�OHWWHU�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW�DW�3������
�

�+LJKO\�VLJQLILFDQW�� �

&21&/86,21�

5LFH� SURGXFWLRQ� LQ� VWXGLHG� DUHDV� ZDV� QRW� \HDU�URXQG� DQG� ULFH� FXOWLYDUV� XVHG� ZHUH� GLYHUVLILHG��
+RZHYHU��PRVW�FXOWLYDUV�ZHUH�UHSRUWHG�WR�EH�VXVFHSWLEOH�WR�WKH�%3+��0RUHRYHU��HDUO\�UDLQ\�VHDVRQ�
ULFH�FRXOG�EH�D�SRWHQWLDO�VRXUFH�IRU�LPPLJUDQW�%3+�PXOWLSOLFDWLRQ��$OPRVW�DOO�HIIHFWLYH�PHDVXUHV��
ERWK�SK\VLFDO� �PRVTXLWR�QHW� WR� WUDS�WKH� LQVHFWV�DQG�GLVSDWFKLQJ�GXFNV� LQ� WKH�ILHOGV��DQG�FKHPLFDO�
�%XSURIH]LQ�� )HQREXFDUE� DQG� 'HQRWHIXUDQ�� ZHUH� LQWURGXFHG� E\� 3'$��0HDQZKLOH�� WKH� RQO\� RQH�
HIIHFWLYH� PHDVXUH� LQQRYDWHG� E\� IDUPHUV� ZDV� WKH� DSSOLFDWLRQ� RI� XVHG� HQJLQH� RLO�� +RZHYHU�� WKLV�
VXEVWDQFH� ZDV� QRW� HQFRXUDJHG� E\� 3'$�� 1R� IDUPHU� ORVW� ULFH� FRPSOHWHO\� LQ� WKH� RXWEUHDN� \HDU�
EHFDXVH� DOO� KRXVHKROGV� SRVVHVV� VPDOO� IUDJPHQWHG� SDGG\� ILHOGV� LQ� WKUHH� DJUR�HFRV\VWHPV� VR�
WUDQVSODQWLQJ�WLPH�DQG�FXOWLYDUV�XVHG�ZHUH�DOVR�GLIIHUHQW���

$&.12:/('*(0(176�

:H�WKDQN�DOO�WKH�UHVSRQGHQWV�ZKR�VSHQW�WLPH�WR�SDWLHQWO\�DQVZHU�DOO�WKH�TXHVWLRQV�WKDW�GLVWXUEHG�WKHP�
DQG�WKH�JRYHUQPHQW�RIILFHUV�ZKR�JDYH�LQIRUPDWLRQ�WR�RXU�UHVHDUFK��

5()(5(1&(6�

'$$/,��������5HSRUW�RQ�UHVXOW�RI�%3+�FRQWURO�LQWHUYHQWLRQ�RQ�ULFH�LQ����SURYLQFHV�FLWLHV��8QSXEOLVKHG�GDWD��
+HLQULFKV��(�$���������,PSDFW�RI�LQVHFWLFLGHV�RQ�WKH�UHVLVWDQFH�DQG�UHVXUJHQW�RI�ULFH�SODQWKRSSHUV��(GLWHG�E\�

'HQQR��5�)��DQG�3HUIHFW��7�-��7KHLU�HFRORJ\�DQG�PDQDJHPHQW��&KDSPDQ�DQG�+DOO��
+HQJ��&�+���������5LFH�EURZQ�SODQWKRSSHU��%DFKHORU�WKHVLV��5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH��,Q�.KPHU���
+HRQJ�� .�/�� ������� 3ODQWKRSSHUV� �� SRWHQWLDO� WKUHDWV� WR� WKH� VXVWDLQDELOLW\� RI� LQWHQVLYH� ULFH� V\VWHPV�� KWWS����

ULFHKRSSHUV�QHW��������������
+HRQJ��.�/���������%URZQ�SODQWKRSSHU�SUREOHP�LQ�1HZ�<RUN�7LPHV��KWWS���ULFHKRSSHUV�QHW������������
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,55,��������:K\�LV�LW�KDSSHQLQJ"�7KH�5LFH�3ULFH�&ULVLV��KWWS���EHWD�LUUL�RUJ�OXWLRQV�LQGH[�SKS"RSWLRQ FRPB�
FRQWHQWDQGWDVN YLHZDQGLG ��DQG,WHPLG ��DQGOLPLW �DQGOLPLWVWDUW ���

0DWVXR��7���������5LFH�DQG�ULFH�FXOWLYDWLRQ�LQ�-DSDQ��,QVWLWXWH�RI�$VLDQ��(FRQRPLF�$IIDLUV��-DSDQ������
0HQ��6���&KDXGKDU\��5�&���-DYLHU��(���2XN��0���6DNKDQ��6���+XQ��<���3LWK��.�+���.KXQ��/�+���6LGKX��*�6���6LQ��

6��� 6D\�� 3��� 8QJ�� 6�� DQG� 3UHDE� 9�� ������� 'HVFULSWLRQ� RI� ULFH� YDULHWLHV� UHOHDVHG� E\� WKH� YDULHWDO�
UHFRPPHQGDWLRQ� FRPPLWWHH� RI� &DPERGLD� ������������� &DPERGLDQ� $JULFXOWXUDO� 5HVHDUFK� DQG�
'HYHORSPHQW�,QVWLWXWH��&DPERGLD��

1DJDWD�� 7��� .DPLPXUR�� 7��� :DQJ�� <�&��� +DQ�� 6�*�� DQG� 1RRU�� 1�0�� ������� 5HFHQW� VWDWXV� RI� LQVHFWLFLGH�
UHVLVWDQFH�RI�ORQJ�GLVWDQFH�PLJUDWLQJ�ULFH�SODQWKRSSHUV�PRQLWRUHG�LQ�-DSDQ��&KLQD�DQG�0DOD\VLD��7KH��UG�
,QWHUQDWLRQDO�:RUNVKRS�RQ�%URZQ�3ODQWKRSSHU�������9LHWQDP��

2LO�5HF\FOLQJ��������8VHG�RLO� ��KHDOWK�DQG�HQYLURQPHQWDO� LPSDFWV��)DFWVKHHW��KWWS���ZZZ�RLOUHF\FOLQJ�JRY��
DX��SXEV�IDFWVKHHW���SGI��

2ND��,�1���������&XOWXUDO�FRQWURO�RI�WKH�EURZQ�SODQWKRSSHU��7UHDW�WKH�5LFH�3URGXFWLRQ�LQ�$VLD��,QWHUQDWLRQDO�
5LFH�5HVHDUFK�,QVWLWXWH�����������3KLOLSSLQHV��

3HO��6���������3HVWLFLGH�ULVN�UHGXFWLRQ�LQ�&DPERGLD��$Q�$VVHVVPHQW�RI�)LQGLQJV�IURP�5HVHDUFK�RQ�3HVWLFLGH�
8VH��5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH��&DPERGLD��

3HQGHU�� -�� �������0LJUDWLRQ� RI� WKH� EURZQ� SODQWKRSSHU��1LODSDUYDWD� OXJHQV� �6WDO��ZLWK� VSHFLDO� UHIHUHQFH� WR�
V\QRSWLF�PHWHRURORJ\�����������������*UDQD��

3UHDS��9�� ������� /RFDOLVHG� RXWEUHDNV� RI� EURZQ� SODQWKRSSHU� �1LODSDUYDWD� OXJHQV� 6WnO�� LQ�&DPERGLDQ�5LFH�
(FRV\VWHPV��3RVVLEOH�FRQWULEXWLQJ�IDFWRUV��3K'�GLVVHUWDWLRQ��7KH�8QLYHUVLW\�RI�4XHHQVODQG��$XVWUDOLD��

5RPEDFK�� &�0�� DQG� *DOODJKHU�� '�.�� ������� 7KH� EURZQ� SODQWKRSSHU�� 3URPLVHV�� SUREOHPV�� DQG� SURVSHFWV��
(GLWHG�E\�+HLQULFKV�(�$��%LRORJ\�DQG�0DQDJHPHQW�RI�5LFH�,QVHFWV��:LOH\�(DVWHUQ�/LPLWHG��,QGLD������
�����,QGLD��

6ULUDWDQDVDN��:���7HSDQGXQJ��6���*DUFLD��3��DQG�)DEHOODU��/���������7R[LFLW\�RI�D�FDUEDPDWH��%30&�WR�%3+�
LQ� WKUHH�SURYLQFHV�RI�7KDLODQG��KWWS���ULFHKRSSHUV�QHW������������WR[LFLW\�RI�D�FDUEDPDWH�ESPF�WR�ESK�
LQ�WKUHH�SURYLQFHV�RI�WKDLODQG��

6XHQDJD��+�� DQG�1DNDWVXND��.�� ������� 6WXGLHV� RQ� WKH� IRUHFDVWLQJ� RI� WKH� RFFXUUHQFH� RI� OHDIKRSSHUV� LQ� WKH�
SDGG\�ILHOG��6SHFLDO�UHSRUW�RI�GLVHDVH�DQG�LQVHFW�IRUHFDVWLQJ��0LQLVWU\�RI�$JULFXOWXUH�DQG�)RUHVWU\�������
-DSDQ��

:DGD��7���:DWDQDEH��7��DQG�1RRU��1�0�� �������5LFH�SODQWKRSSHUV�DQG� WKHLU�QDWXUDO�HQHPLHV� LQ� WKH�SDGG\�
ILHOGV� RI� WKH�0XGD�$UHD��:HVW�0DOD\VLD��5HVHDUFK�+LJKOLJKWV�� 7URSLFDO�$JULFXOWXUH�5HVHDUFK�&HQWHU��
�������

:DQJ��<���*DR��&���;X��=���=KX��<�&��� =KDQJ�� -���/L��:���'DL��'���/LQ��<���=KRX��:�� DQG�6KHQ�� -�� �������
%XSURIH]LQ� VXVFHSWLELOLW\� VXUYH\�� UHVLVWDQFH� VHOHFWLRQ� DQG� SUHOLPLQDU\� GHWHUPLQDWLRQ� RI� WKH� UHVLVWDQFH�
PHFKDQLVP�LQ�1LODSDUYDWD�OXJHQV��+RPRSWHUD��'HOSKDFLGDH���3HVW�0DQDJHPHQW�6FLHQFH�����������������
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&KDOOHQJHV�RI�'U\�6HDVRQ�5LFH�3URGXFWLRQ�XQGHU�,UULJDWLRQ�
6FKHPH�RI�7DSHLQJ�7KPRU�:DWHU�5HVHUYRLU�

3,6,'+�92(�
*UDGXDWH�6FKRRO��5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH��3KQRP�3HQK��&DPERGLD�
(�PDLO��SLVLGKBDJUR#\DKRR�FRP�

-($1�&+5,6723+(�',(3$57�
8QLY��/LHJH�±�*HPEORX[�$JUR�%LR�7HFK��(FRQRP\�DQG�UXUDO�'HYHORSPHQW�8QLW��
�3KQRP�3HQK��&DPERGLD�

020�6(1*�
5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH��3KQRP�3HQK��&DPERGLD�

621*/<�<28�
*UDGXDWH�6FKRRO��5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH��3KQRP�3HQK��&DPERGLD��

5HFHLYHG����'HFHPEHU������ $FFHSWHG���)HEUXDU\������

$EVWUDFW� 7KLV� SDSHU� H[DPLQHV� WKH� EDUULHU� RI� GU\� VHDVRQ� ULFH� LQWHQVLILFDWLRQ� RI�
FRPPXQLW\¶V�LUULJDWRU�XQGHU�,UULJDWLRQ�VFKHPH�RI�7DSHLQJ�7KPRU�:DWHU�5HVHURLU��,Q�WRWDO��
���ZDWHU�XVLQJ�KRXVHKROGV�DQG�ZDWHU�XVH�FRPPLWWHHV�ZHUH�VHOHFWHG�IRU�LQWHUYLHZLQJ��7KH�
UHSUHVHQWDWLYHV� RI� ):8&� DUJXH� WKH� LUULJDWLRQ� LV� IXQFWLRQLQJ� TXLWH� ZHOO� EXW� VPDOOKROGHU�
IDUPHUV�FRPSODLQ� WR�KDYH�QR�DFFHVV� WR� LUULJDWLRQ�ZDWHU�� VXSSRVHGO\�GXH� WR� LQDSSURSULDWH�
GHVLJQ�DQG�IXQFWLRQLQJ�RI� WKH�FDQDO�V\VWHPV��6RPH�DOVR�DUJXH� WKDW�ZDWHU�PDQDJHPHQW�DW�
WKH�FRPPXQLW\�OHYHO�LV�QRW�ZHOO�RUJDQL]HG��ZKLFK�OHDYHV�SDUW�RI�WKH�VPDOOKROGHUV�IDUPHUV�
ZLWK� QR� RSSRUWXQLWLHV� IRU� GU\� VHDVRQ� ULFH� SURGXFWLRQ�� )LHOG� ZRUN� DOVR� UHYHDOV� WKDW�
DJULFXOWXUDO�H[WHQVLRQ�VHUYLFHV�DUH�QRW�HQWLUHO\�HIILFLHQW�DQG�QRW�HYHQO\�VSUHDG�RXW�WKURXJK�
WKH� FRPPXQLW\� RI� ZDWHU� XVLQJ� IDUPHUV�� ,Q� DGGLWLRQ�� WKH� FDSLWDO� DQG� ODERXU� QHHGHG� IRU�
VPDOOKROGHU�IDUPHUV�WR�EH�HQJDJHG�LQ�GU\�VHDVRQ�ULFH�SURGXFWLRQ�ZLWK�KLJK�SXUFKDVLQJ�RI�
DJULFXOWXUDO� LQSXWV� XVXDOO\� OHDGV� IDUPHUV� WR� FRQWUDFW� ORDQV� IURP� ORFDO�PRQH\OHQGHUV�ZKR�
FKDUJH�D� KLJK� LQWHUHVW� UDWH��7KH�SDSHU� GLVFXVVHV� WKDW� IXUWKHU� GHYHORSPHQW� IRU� GU\� VHDVRQ�
ULFH� SURGXFWLRQ� XQGHU� 7DSHLQJ� 7KPRU¶V� LUULJDWLRQ� VFKHPH� VKRXOG� IRFXV� RQ� LPSURYLQJ�
DJULFXOWXUDO�H[WHQVLRQ�VHUYLFHV�DQG�WKH�SURYLVLRQ�RI�DIIRUGDEOH�DFFHVV�WR�FUHGLW�LQ�RUGHU�WR�
PD[LPL]H�LWV�RXWUHDFK��

.H\ZRUGV�GU\�VHDVRQ�ULFH�LQWHQVLILFDWLRQ��FRPPXQLW\�LUULJDWRU�

,1752'8&7,21�

5LFH�EDVHG�IDUPLQJ�V\VWHPV�DUH�WKH�EDFNERQH�RI�&DPERGLD¶V�DJULFXOWXUDO�VHFWRU��ZKLFK�LV�WKH�PDLQ�
DJULFXOWXUDO�SURGXFH�DV�ZHOO�DV�VWDSOH�IRRG�RI�WKH�FRXQWU\��5LFH�SURGXFWLRQ�FRQWULEXWHG�D�TXDUWHU�RI�
WKH�DJULFXOWXUDO�*'3�LQ������DQG�������RI�DJULFXOWXUH�JURZWK�EHWZHHQ������DQG�������0RVW�RI�WKH�
DJULFXOWXUDO�ODQG�ZDV�GRPLQDWHG�E\�ULFH�FXOWLYDWLRQ��,Q�������������RI�FXOWLYDWHG�ODQG�ZDV�GHYRWHG�
WR�ULFH�ILHOGV��5LFH�SURGXFWLRQ�ZDV�HVWLPDWHG�DW�����PLOOLRQ� WRQQHV��ZLWK�\LHOGV�DYHUDJLQJ�VOLJKWO\�
PRUH�WKDQ���WRQHV�KD��%LQJ[LQ�<X���������+LQ�6DULWK��������VWDWHG�WKDW�WRWDO�FXOWLYDWLRQ�DUHD�LV����
����� ���� KD� DQG� IRU�ZHW� VHDVRQ� FXOWLYDWLRQ� DUHD� DURXQG����������� KD� DQG� GU\� VHDVRQ� FXOWLYDWLRQ�
DUHD�DERXW����������KD���

7KH�1RUWKZHVW�,UULJDWLRQ�6HFWRU�3URMHFW�SODFHG�DQ�LUULJDWLRQ�V\VWHP�SURMHFW�WR�GHDO�ZLWK�UXUDO�
SRYHUW\� E\� LPSURYLQJ� DJULFXOWXUDO� SURGXFWLYLWLHV� DPRQJ� SRRUHU� IDUPHUV�� 7KH� IDUPHUV� LQ� WKHVH�
SURMHFW� DUHDV� ZLOO� EH� RUJDQL]HG� LQWR� IDUPHU� ZDWHU� XVHU� DVVRFLDWLRQV� DQG� WUDLQHG� RQ� VXVWDLQDEOH�
RSHUDWLRQV� DQG� PDLQWHQDQFH� RI� WKH� QHZ� LUULJDWLRQ� VFKHPHV�� 7KH� SURMHFW� ZLOO� DOVR� WUDLQ� FXUUHQW�

ᶃᶐᶂ

5HVHDUFK�DUWLFOH�
�
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DJULFXOWXUDO�H[WHQVLRQ�ZRUNHUV�DQG�SODFH�D�QHZ�JURXS�RI�LUULJDWLRQ�H[WHQVLRQ�SHUVRQQHO�WR�KHOS�WKH�
IDUPHUV�LPSURYH�ULFH�SURGXFWLRQ��GLYHUVLI\�FURSV��DQG�LQWHJUDWH�OLYHVWRFN�DQG�ILVKHULHV��,W�ZLOO�DOVR�
KHOS�HVWDEOLVK�UXUDO�FUHGLW�WR�KRXVHKROGV��$'%���������

5LFH�FXOWLYDWLRQ�DW�GU\�VHDVRQ�XVXDOO\�SURGXFHV�KLJKHU�\LHOGV��EXW�WKHUH�LV�D�FRQIRXQGLQJ�HIIHFW�
ZLWK� LQFUHDVHG� IHUWLOL]HU� XVH��'U\� VHDVRQ� ULFH� SURGXFWLRQ� XQGHU� DQ� LUULJDWLRQ� VFKHPH� RI� 7DSLHQJ�
7KPRU�:DWHU�5HVHUYRLU� LV� IDYRUDEOH� WR� LQWHQVLI\� ULFH�FXOWLYDWLRQ� LQ� WKH�GU\�VHDVRQ�VLQFH�ZDWHU� LV�
DYDLODEOH�� +RZHYHU�� WKH� IDUPHU� LV� UHOXFWDQW� WR� LQWHQVLI\� EHFDXVH� FRPPXQLW\� ZDWHU� PDQDJHPHQW�
UHPDLQV� WR�EH� WKH�FULWLFDO�LVVXH�DQG� LW�VRPHWLPHV�FUHDWHV�FKURQLF�FRQIOLFW�DPRQJ�GRZQVWUHDP�DQG�
XSVWUHDP�ZDWHU�XVHUV��'DYLG��)�HW�DO���������

0(7+2'2/2*<�

7KH�XQLYHUVDO�LQTXLU\�RI�UHVHDUFK�VWXG\�KDV�GHVLJQHG�ERWK�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�UHVHDUFK�
E\�FROOHFWLQJ�LQIRUPDWLRQ�IURP�SHDVDQW�KRXVHKROGV��ZKR�DUH�WKH�PHPEHUV�RI�LUULJDWLRQ�FRPPXQLWLHV��
7KH�PRVW�TXDOLWDWLYH�PHWKRG�XVHG�ZDV�WR�JDWKHU�LQIRUPDWLRQ�LQ�ZDWHU�PDQDJHPHQW�IURP�WKH�)DUPHU�
:DWHU� 8VH� &RPPXQLW\�� 4XHVWLRQQDLUHV� ZHUH� XVHG� WR� FRQGXFW� LQWHUYLHZV� ZLWK� WDUJHW� SHDVDQW�
KRXVHKROGV�DQG�WKH�FKHFN�OLVW�ZDV�GHVLJQHG�IRU�FROOHFWLQJ�LQIRUPDWLRQ�IURP�PHPEHUV�RI�):8&¶V�
FRPPLWWHH��VWDII�RI�1*2V�DQG�DJULFXOWXUDO�RIILFHUV��6DPSOH�VHOHFWLRQ�XVHG�D�µ6QRZEDOO¶�WHFKQLTXH�
IRU�VHOHFWLQJ�LUULJDWLRQ�PHPEHUV��7KH�VL]H�RI�WKH�VDPSOH��Q��ZDV�GHWHUPLQHG�E\�XVLQJ�<DPDQH�7DUR�
�������IRUPXOD�WR�UHVWULFW�WKH�QXPEHU�RI�SHDVDQW�KRXVHKROGV�IRU�HDFK�FRPPXQLW\��7KH�WRWDO�QXPEHU�
RI�FXOWLYDWRU�IRU�HDFK�FRPPXQLW\�DW�GU\�VHDVRQ�UHSUHVHQWHG�IRU�SRSXODWLRQ� �1��DQG�DFFXUDF\�OHYHO�
�H�� ZDV� ����� 7ZR� FRPPXQLWLHV� ZHUH� VHOHFWHG� DPRQJ� ILYH� FRPPXQLWLHV� RI� ):8&� RI� 7DSHLQJ�
7KPRU� :DWH� 5HVHUYRLU�� ,Q� WRWDO�� ��� SHDVDQW� KRXVHKROGV� ZHUH� VHOHFWHG� XVLQJ� WKH� <DPDQH� 7DUR�
IRUPXOD�IRU�FRQGXFWLQJ�LQWHUYLHZ��

<DPDQH�7DUR�)RUPXOD���������(TXDWLRQ��Q 1���1�H���������������������������������������������������������������

7KH� PDLQ� YDULDEOH� LQ� VRFLR�HFRQRPLF� DQG� WHFKQLFDO� SUDFWLFH� ZDV� DVVLJQHG� LQWR� IRUPV� RI� VHPL�
VWUXFWXUH� DQG� VWUXFWXUH� LQWHUYLHZ� IRU� FROOHFWLQJ� WKH� LQIRUPDWLRQ� IURP� SHDVDQW� KRXVHKROGV�� )RU�
LQIRUPDWLRQ�UHODWHG�WR�WKH�IXQFWLRQDO�LUULJDWLRQ�VFKHPH�DQG�PDQDJHPHQW�RI�ZDWHU�GLVWULEXWLRQ��QRQ�
VWUXFWXUH� LQWHUYLHZV� ZHUH� XVHG� WR� JDWKHU� LQIRUPDWLRQ� IURP� WKH� FRPPLWWHH� RI� ZDWHU� GLVWULEXWLRQ�
�):8&��� )RU� WKH� UHVW� RI� DFWRUV� LQ� DJULFXOWXUDO� LQWHUYHQWLRQ� LVVXH� DV� ZHOO� DV� WKH� GHVLJQ� RI� QRQ�
VWUXFWXUH� LQWHUYLHZV� IRU� WKH� GLVWULFW� GHSDUWPHQW� RI� DJULFXOWXUH� DQG� (&26251�� 2WKHUZLVH�� WKH�
UHJXODWRU\� IUDPHZRUN� RI� ZDWHU� PDQDJHPHQW� FRPPLWWHHV� ZDV� FROOHFWHG� DV� WKH� GRFXPHQW� IURP�
):8&� WR� YHULI\� WKH� SHUIRUPDQFH� RI� WKH� FRPPXQLW\� LQ� ZDWHU� GLVWULEXWLRQ�� &ROOHFWHG� GDWD� ZDV�
FODVVLILHG� LQWR� WZR� NLQGV� RI� GDWD� FDOOHG� TXDQWLWDWLYH� GDWD� DQG� TXDOLWDWLYH� GDWD�� 4XDOLWDWLYH� GDWD�
DQDO\VLV�KDV�EHHQ�FDUULHG�RXW�E\�V\QWKHVLV�LQ�WKUHH�GLPHQVLRQV�RI�D�WKHRUHWLFDO�PRGHO��D�IUDPHZRUN�
GHVLJQ� RI� ):8&�� DQG� DQ� DSSOLFDWLRQ� RI� ZDWHU� GLVWULEXWLRQ� WR� HYDOXDWH� WKH� SHUIRUPDQFH� RI�
FRPPXQLW\� ZDWHU� LQ� ZDWHU� PDQDJHPHQW�� 7KH� SRUWLRQ� RI� TXDQWLWDWLYH� GDWD� KDV� EHHQ� DQDO\VHG� LQ�
6366� SURJUDP�� DQG� WKH� RXWSXW� KDV� EHHQ� GLVFXVVHG� E\� XVLQJ� WDEXODWLRQ� DQG� FURVV�WDEXODWLRQ� RI�
YDULDEOHV�ZLWK�SHUFHQWDJH�YDOXHV�DQG�S�YDOXHV�LQ�GHVFULSWLYH�VWDWLVWLFV��

5(68/76�

/DERU�RI�IDPLO\�PHPEHU�RFFXSLHG�RQ�FXOWLYDWHG�ODQG�DUHD�

,QYROYHPHQW�RI�ODERU�E\�IDPLO\�PHPEHUV�LQ�WKHLU�ULFH�FXOWLYDWLRQ�LV�LPSRUWDQW�IRU�WKHLU�SURGXFWLRQV��
1RUPDOO\� LQ� ULFH� SURGXFWLRQ� RI� &DPERGLDQ� SHDVDQWV�� WKH\� FRXOG� LQWHQVLI\� D� ODERU� LQWR� WKHLU�
SURGXFWLRQ�GHSHQG�RQ�DPRXQW�RI�ODERU�LQ�WKHLU�IDPLO\��VR�SRVVLELOLW\�RI�ULFH�SURGXFWLRQ�LQ�D�IDPLO\�
ZDV�GHWHUPLQHG�E\�D�QXPEHU�RI�ODERU�LQ�WKHLU�IDPLO\��7DEOH���VKRZV�UHVXOWV�RQ�SHDVDQW�KRXVHKROGV�
ZKR�FXOWLYDWHG�RQ�VXUIDFH�DUHD�OHVV�WKDQ���KD��7KH�QXPEHU�RI�ZRUNLQJ�IDPLO\�PHPEHUV�LQYROYHG�LV�
VLJQLILFDQWO\�UDWKHU�WKDQ�WKH�SHDVDQW�KRXVHKROGV�ZKR�KDV�ODQG�FXOWLYDWHG�DUHD�ODUJHU�WKDQ���KD��)RU�
H[DPSOH�� WKH� SHDVDQW� KRXVHKROGV� ZKR� KDV� VPDOO� VFDOH� RI� ODQG� FXOWLYDWLRQ� ������ KD�� DQG� IDPLO\�
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PHPEHU�DURXQG�����SHRSOH��LW�LQGLFDWHG�DURXQG��������VR�LW�VXJJHVW�WKDW�VPDOO�FXOWLYDWLRQ�DUHD��EXW�
D�ODERU�RI�IDPLO\�PHPEHU�LQYROYHG�PRUH�WKDW�WKH�SHDVDQW�KRXVHKROGV�ZKR�KDYH�WKH�ODUJH�VFDOH�RI�
ODQG�FXOWLYDWLRQ�������KD��DQG�IDPLO\�PHPEHU�DERXW�����SHRSOH�ZDV�UHYHDOHG�RQO\�������$FWXDOO\��
SHDVDQW�KRXVHKROG�ZKR�KDYH�ODUJH�VFDOH�RI�ODQG�FXOWLYDWLRQ�KLUHG�H[WUD�ODERU�RU�PDFKLQHU\�WR�ZRUN�
LQVWHDG�RI�KXPDQ�ODERU�EHFDXVH�WKH\�SUHIHUUHG�WR�VDYH�WLPH�DQG�KXPDQ�ODERU�WR�GR�RWKHU�ZRUNV��

7DEOH���/DERU�RI�IDPLO\�PHPEHU�DQG�FXOWLYDWHG�ODQG�DUHD�

�� /DQG�&XOWLYDWLRQ��KD�� �
�� ����� ����������� ������������ ������ 7RWDO�

)DPLO\�0HPEHU�
�ODERU��

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

7RWDO� ������ ������ ������ ����� �����

,QWHQVLILHG�ODERU�LQ�FXOWLYDWHG�ODQG�DUHD�

$GRSWLRQ�RI�KLJK� WHFKQRORJ\� LQ�ULFH�FXOWLYDWLRQ�KDV�UHGXFHG� WKH�QHHG�IRU�KXPDQ�ODERU��+RZHYHU��
DGGLWLRQDO�ODERU�IRUFH�KDV�UHPDLQHG�QHFHVVDU\�IRU�VRPH�SHDVDQWV�ZKR�KDG�D� ODUJH�VFDOH�IDUP�DQG�
IDFHG�ODERU�VKRUWDJH�LQ�WKHLU�IDPLO\��5HJDUGLQJ�WKLV�UHVHDUFK�VWXG\��.�+HOPHUV��������VWDWHG�LQ�KLV�
UHSRUW� WKDW� PRVW� RI� WKH� UHVHDUFK� IRXQG� HYLGHQFH� WKDW� SHDVDQW� KRXVHKROG� IUHTXHQWO\� H[SHULHQFHG�
ODERU�VKRUWDJH�DQG�WKH\�XVXDOO\�KLUHG�ODERU�GXULQJ�SHDN�GHPDQG��'XULQJ�GU\�VHDVRQ��ODERU�VKRUWDJH�
ZDV�QRW�D�VLJQLILFDQW�SUREOHP�GXULQJ�FXOWLYDWLRQ�EHFDXVH�WKH�VFDOH�RI�ODQG�FXOWLYDWLRQ�DUHD�ZDV�QRW�
WRR� ODUJH� LQ�FRPSDULVRQ� WR� ODERU� LQ� WKH� UHJLRQ��7KH� UHVXOW� RI� VWXG\� VKRZHG� WKDW��������RI� VPDOO�
VFDOH�IDUP��OHVV�WKDQ������KD��KLUHG�DGGLWLRQDO�ODERU��DQG�ODUJH�VFDOH�IDUP��PRUH�WKDQ������KD���KLUHG�
����� DGGLWLRQDO� ODERU� WR� DVVLVW� WKHLU� FXOWLYDWLRQ�� 2Q� WKH� FRQWUDU\�� &KL�TXLUH� DQDO\VLV� RI� WKHVH�
LQWHUYLHZV�GHPRQVWUDWHG�WKDW�WKH�VFDOH�RI�FXOWLYDWHG�ODQG�DUHD�ZLWK�KLULQJ�RI�DGGLWLRQDO�ODERU�LV�QRW�
VLJQLILFDQW��&RQVHTXHQWO\��KLULQJ�RI�DGGLWLRQDO�ODERU�GLG�QRW�GHSHQG�RQ�WKH�IDUP�VFDOH�RU�FXOWLYDWHG�
ODQG�DUHD��

3HDVDQW¶V�H[SHULHQFH�RI�GU\�VHDVRQ�ULFH�FXOWLYDWLRQ�DQG�DJULFXOWXUDO�LQWHUYHQWLRQ�

'U\� VHDVRQ� ULFH� SURGXFWLRQ� XQGHU� 7DSHLQJ� 7KDPRU� LUULJDWLRQ� VFKHPH� KDV� DSSHDUHG� D� FRXSOH� RI�
\HDUV� DJR�� VLQFH� 'HPRFUDWLF�.DPSXFKHD� UHJLPH� WRSSOHG�� 7KH� LQYHVWPHQW� E\� WKH� JRYHUQPHQW� LQ�
LUULJDWLRQ� V\VWHPV� DFFRPSDQLHG� E\� WKH� DGRSWLRQ� RI� JUHHQ� UHYROXWLRQ� HQVXUHG� IRRG� VHFXULW\� DQG�
GRXEOHG� ULFH� H[SRUW� DV� WKH� FRUH� SROLF\� RI� &DPERGLD
V� JRYHUQPHQW�� 7DSLHQJ� 7KDPRU� LUULJDWLRQ�
VFKHPH� KDV� RSHQHG� DFFHVV� WR� SHDVDQWV� LQ� LQWHQVLI\LQJ� ULFH� SURGXFWLRQ� DW� GU\� VHDVRQ�� /DFN� RI�
H[SHULHQFH�LQ�GU\�VHDVRQ�ULFH�SURGXFWLRQ�ZDV�WKH�SUREOHP�ZKLFK�SHDVDQWV�IDFHG�LQ�WKHLU�SURGXFWLRQ��
$Q�HPSLULFDO�UHVXOW�LQGLFDWHG�WKDW��)LJ����DERXW�����RI�D�SHDVDQW�LUULJDWRUV�KDV�QHYHU�EHHQ�HQJDJHG�
LQ�GU\�VHDVRQ�ULFH�FXOWLYDWLRQ��7KHUH�ZHUH�����RI�D�SHDVDQW�LUULJDWRUV�KDV�EHHQ�HQJDJHG�H[SHULHQFH�
IURP�����WLPHV�DQG�RQO\����RI�D�SHDVDQW�LUULJDWRUV�LQYROYHG�LQ�GU\�VHDVRQ�ULFH�FXOWLYDWLRQ�IURP�����
WLPHV��7HPSRUDULO\��DOO�WKH�H[SHULHQFHV�WKDW�WKH\�KDG�DW�GU\�VHDVRQ�ZHUH�VR�OLWWOH�WR�OHDG�WKH�SHDVDQW�
WR�RYHUFRPH�WKH�FKDOOHQJHV�WKH\�IDFHG��$JULFXOWXUDO�H[WHQVLRQ�VHUYLFH�RIIHUV�OLPLWHG�DFFHVV�WR�WKH�
SHDVDQWV�DW�WKH�FRPPXQLW\�OHYHO��

,Q� RUGHU� WR� DFFRPSDQ\� WKH� UHKDELOLWDWHG� LUULJDWLRQ� VFKHPH�� WKHUH� ZHUH� PDQ\� 1*2V� DQG�
JRYHUQPHQW�RIILFHUV�LQYROYHG� WR�SURYLGH�WKH�DJULFXOWXUDO�VHUYLFH�SDFNDJH�IRU�EXLOGLQJ�FDSDFLW\�RI�
SHDVDQWV�� $FFRUGLQJ� WR� WKH� REWDLQHG� UHVXOW� LQGLFDWHG� LQ� )LJ� ��� ���� RI� SHDVDQWV� GR� QRW� KDYH�
DJULFXOWXUDO� LQWHUYHQWLRQ� IURP� WKH� UHVW�� 7KH\� SUDFWLFHG� WKHLU� FXOWLYDWLRQ� E\� FDUU\LQJ� RXW� DQ�
H[SHULHQFH�DW�WKH�SUHYLRXV�WLPH�LQ�ZHW�VHDVRQ�RU�DQ�H[SHULHQFH�ZKLFK�VKDUHG�IURP�WKHLU�QHLJKERXU��
7KH� SHDVDQWV�ZKR� UHJDUG� DJULFXOWXUDO� LQWHUYHQWLRQ�DERXW� ����ZHUH� WDUJHW� JURXS�RI�1*2V��7KH\�
UHJDUGHG�DJULFXOWXUDO�SDFNDJH�HLWKHU�VHUYLFH�RU�PDWHULDO�VXFK�WHFKQLFDO�VXSSRUW��IHUWLOL]HU�DQG�VHHGV��
EXW� WKRVH� SHDVDQWV� ZHUH� QRW� VLJQLILFDQW� WR� LQWHQVLI\� WKHLU� SURGXFWLRQV� FRPSDUH� WR� WKH� SHDVDQW�
ZLWKRXW�LQWHUYHQWLRQ��VR�LW¶V�FRQVLVWHQW�ZLWK�HYROXWLRQ�RI�WKH�GLVWULFW�DJULFXOWXUDO�GHSDUWPHQW�VWDWHG�
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WKURXJK� WKH� VSHHFK� WKDW� PDMRULW\� RI� SHDVDQWV� FRXOGQ¶W� EHQHILW� IURP� WKHLU� SURGXFWLRQ�� EXW� VRPH�
SHDVDQW�FRXOG�EHQHILW�EHFDXVH�WKH�VLWXDWLRQ�RI�WKHLU�ODQG�FXOWLYDWLRQ�FORVHG�WR�WKH�FDQDO��

�
)LJ����([SHULHQFH�LQ�GU\�VHDVRQ�ULFH�FXOWLYDWLRQ�DQG�DJULFXOWXUDO�LQWHUYHQWLRQ�

$FFRPSDQ\LQJ�RI�WHFKQRORJ\�

2[HQ�DUH�VWLOO�WKH�PRVW�SRSXODUO\�XVHG�IRU�ODQG�SUHSDUDWLRQ�DQG�WUDQVSRUWDWLRQ���(DFK�SDLU�RI�DQLPDOV�
LV�FDSDEOH�RI�SORZLQJ�EHWZHHQ�����DQG������KD�SHU�GD\�DQG�WKH�DYHUDJH�IDUP�DUHD�ZRUNHG�SHU�SDLU�LV�
��KD��RWKHUZLVH�KDQG�KHOG�ZDONLQJ�WUDFWRU�KDV�DQ�DELOLW\�WR�ZRUN�����WLPHV�PRUH�FRPSDUHG�ZLWK�D�
SDLU�RI�R[HQ��5LFNPDQ�HW�DO���������$OWKRXJK��R[HQ�UHPDLQ�WKH�SRSXODU�SRZHU�VRXUFH�IRU�SHDVDQWV��
WKH�UHVHDUFK�UHVXOW�LQGLFDWHG�RQO\�������RI�SDLU�DQLPDO�DUH�XVHG�DV�GUDJJLQJ�DQLPDOV�DW�RQH�WLPH��
2Q� WKH�RWKHU�KDQG��KDQG�KHOG�ZDONLQJ� WUDFWRUV� DUH�XVHG� IRU�FXOWLYDWLRQ�DW� DSSUR[LPDWHO\������ ,Q�
FRPSDULVRQ�EHWZHHQ�D�KDQG�KHOG�ZDONLQJ�WUDFWRU�DQG�GUDJJLQJ�DQLPDO��LW�UHYHDOHG�WKDW�DURXQG�����
RI�SHDVDQW�KRXVHKROG�XVHG�ERWK�DQLPDO�DQG�PDFKLQH�EHFDXVH�D�KDQG�KHOG�ZDONLQJ�WUDFWRU�FRXOG�QRW�
RSHUDWH� LQ� GLIILFXOW� FLUFXPVWDQFHV�� 2WKHUZLVH� SHDVDQWV� ZKR� KDYH� RQO\� D� SDLU� DQLPDO� ZHUH�
DSSUR[LPDWHO\� ����� 7KH\� NHSW� LW� IRU� WUDQVSRUWDWLRQ� DQG� SORZLQJ� LQ� IORDWLQJ� ULFH� DUHD�� 2Q� WKH�
FRQWUDU\��WKHUH�ZDV�QR�SHDVDQW�LQ�WKH�UHVHDUFK�DUHDV�ZKR�GR�ODQG�SUHSDUDWLRQ�E\�D�SDLU�RI�DQLPDOV�LQ�
GU\�VHDVRQ�ULFH�FXOWLYDWLRQ��0RVW�RI�WKH�SHDVDQW�SUHIHUV�WR�SORZ�DQG�KDUURZ�ZLWK�KDQG�KHOG�ZDONLQJ�
WUDFWRU�EHFDXVH�LWV�WDVN�FDQ�EH�DFFRPSOLVKHG�PXFK�IDVWHU��

7DEOH���8VLQJ�GUDJ�DQLPDO�DQG�KDQG�KHOG�ZDONLQJ�WUDFWRU�

� � +DQG�KHOG�ZDONLQJ�WUDFWRU� �
� � <HV� 1R� 7RWDO�

'UDJ�DQLPDO�
<HV� ������ ������ ������
1R� ������ ������ ������
7RWDO� ������ ������ �������

&DSLWDO�VKRUWDJH�

$GRSWLQJ�PRGHUQ�YDULHWLHV�LQ�GU\�VHDVRQ�QHHGHG�PRUH�UHTXLUHPHQWV�RI�IHUWLOL]HU��SHVWLFLGH��DQG�VR�
RQ��7KH�UHTXLUHPHQW�RI�DJULFXOWXUDO�LQSXW�ZDV�UHTXLUHG�WZLFH�DV�PXFK�LQ�FRPSDULVRQ�WR�ZHW�VHDVRQ�
EHFDXVH�DW� WKDW�WLPH� WKH\�FRXOG�XVH�RQO\� WUDGLWLRQDO�YDULHW\�� ,Q�RUGHU� WR� LQFUHDVH� WKHLU�SURGXFWLRQ��
VRPH� SHDVDQW� KRXVHKROG� XVHG� WKHLU� FDSLWDO� WR� EX\� IHUWLOL]HU� DQG� SHVWLFLGH�� EXW� RWKHU� SHDVDQW�
KRXVHKROGV�ORDQHG�FUHGLW�EHFDXVH�WKH\�FRXOG�QRW�PHHW�WR�GRVH�RI�IHUWLOL]HU�DSSOLFDWLRQ�IRU�PRGHUQ�
YDULHWLHV��$V�WKH�DQDO\]HG�UHVXOW������RI�SHDVDQWV�ORDQHG�FUHGLW�ZKHQ�WKH\�EHJDQ�WR�SUHSDUH�ODQG�IRU�
FXOWLYDWLRQ�� ���� ZKHQ� WKH\� QHHGHG� IHUWLOL]HU� GXULQJ� PDLQWHQDQFH� DQG� RQO\� ���� ZKHQ� WKH\�
KDUYHVWHG��
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$FFRPSDQ\LQJ�RI�FUHGLW�SURYLGHU�

/DFN�RI�FUHGLW�DYDLODELOLW\� LV�FRQVLGHUHG� WR�EH�D�PDMRU�FRQVWUDLQW�RQ�UXUDO�GHYHORSPHQW��$FWXDOO\��
QHFHVVDU\�RI� FUHGLW� DFFUXHG� WR� WKH�SHDVDQWV��ZKHQ� WKH\�EHJLQ� WR�SUDFWLFH� FXOWLYDWLRQ�� WKH\�DOZD\V�
ORDQHG�FUHGLW�WR�IXOILO�JDS�LQ�FURS�F\FOH��&XUUHQWO\��UXUDO�FUHGLW�VHUYLFHV�DUH�SURYLGHG�WKURXJK�1*2V�
DQG�LQIRUPDO�LQVWLWXWLRQ�RU�LQ�FRRSHUDWLRQ�ZLWK�1*2V�DQG�LQWHUQDWLRQDO�RUJDQL]DWLRQV��$FFRUGLQJ�WR�
HPSLULFDO�UHVXOW��LW�GHPRQVWUDWHG�WKDW�SHDVDQW�ORDQHG�PRQH\�IURP�GLIIHUHQW�FKDQQHOV�VXFK�DV�NLQVKLS�
DURXQG� ����� QHDUO\� ���� IURP� GRPHVWLF� PHUFKDQWV� DQG� IURP� WKH� IRUPDO� FUHGLW� LQVWLWXWH� DURXQG�
DSSUR[LPDWH� ����� 0RVW� RI� WKH� SHDVDQW� ZKR� SUHIHUUHG� WR� ORDQHG� PRQH\� IURP� WKH� GRPHVWLF�
PHUFKDQWV�GRQ¶W�KDYH�D� ODQG�FHUWLILFDWH�RU� DUH�XQDEOH� WR� UHLPEXUVH�RQ� WLPH�� ,QWHUHVW� UDWHV� DPRQJ�
WKUHH� FKDQQHOV�� PRVW� RI� WKH� SHDVDQW� ORDQHG� IURP� WKH� GRPHVWLF� PHUFKDQWV� ZLWK� DQ� LQWHUHVW� UDWH�
DURXQG� ������������ 2WKHUZLVH�� LQ� FRPSDULVRQ� WR� WKH� VDPH� OHYHO� RI� LQWHUHVW� UDWH� ZLWK� D� IRUPDO�
LQVWLWXWLRQ��LW¶V�LQGLFDWHG�QHDUO\������,I�ZH�ORRN�EDFN�WR�WKH�SHUFHQWDJH�RI�SHDVDQW�ORDQHG�PRQH\�
IURP�WKH�GRPHVWLF�PHUFKDQWV�LQ�DQ�LQWHUHVW�UDWH������������WKH�SHUFHQWDJH�FRQWLQXHG�WR�LQFUHDVH�LQ�
FRPSDULVRQ�WR�GLIIHUHQW�DFWRUV�RI�FUHGLW�SURYLGHU�DW�WKH�VDPH�OHYHO�RI�LQWHUHVW�UDWH��

)XQFWLRQ�RI�ZDWHU�VXSSO\�

$IWHU� 7DSLHQJ� 7KPRU�:DWHU� 5HVHUYRLU�ZDV� UHKDELOLWDWHG� XQGHU� WKH� SURMHFW� RI�0LQLVWHU� RI�:DWHU�
5HVRXUFH� DQG� 0HWURORJ\� �0:5$0��� LWV� FDSDFLW\� DOVR� ZDV� HQODUJHG� WR� VWRUH� ZDWHU� DW�
DSSUR[LPDWHO\�����PLOOLRQ�P��HTXDO�WR�������WR�������KD�RI�WKH�ZDWHU�ERG\�DW�ZHW�VHDVRQ��DQG�LW�
FRXOG�VXSSO\�ULFH�FXOWLYDWLRQ�DURXQG���������KD��)RU�WKH�GU\�VHDVRQ�LW�KDV�D�FDSDFLW\�WR�VWRUH�ZDWHU�
DW�D�YROXPH�DURXQG���� WR����PLOOLRQ�P��DQG� LW�KDV�D�SRVVLELOLW\� WR� LUULJDWH�DURXQG������KD�DW�GU\�
VHDVRQ�� &XUUHQWO\�� WKHUH� DUH� �� FRPPXQLWLHV� UHJLVWHUHG� XQGHU� )DUPHU� :DWHU� 8VH� &RPPXQLW\¶V�
7DSLHQJ�7KPRU��EXW�RQO\���FRPPXQLWLHV�WKDW�DFWLYDWHG�LQ�GU\�ULFH�FXOWLYDWLRQ��LQ�WRWDO�DURXQG�����
KD��7KHRUHWLFDOO\��WKH�YROXPH�RI�ZDWHU�DW�GU\�VHDVRQ�VKRZV�LW�LV�SRVVLEOH�WR�LUULJDWH�VL[�WLPHV�ZKDW�LV�
QHHGHG�WR�FXOWLYDWH�WKH�DUHD�RI�WKH�DFWLYDWHG�FRPPXQLWLHV�XQGHU�DQ�LUULJDWLRQ�VFKHPH��

&XOWLYDWLRQ�DQG�LUULJDWLRQ�VLWXDWLRQ�

7KH� ,UULJDWLRQ�VFKHPH�ZDV� UHKDELOLWDWHG�RQO\�PDLQ�FDQDO�E\�FRQQHFWLQJ� IURP� WKH� UHVHUYRLU��EXW�D�
VXE�FDQDO�ZDV�QRW� FRQVWUXFWHG� WR� IDFLOLWDWH�ZDWHU�GLVWULEXWLRQ��/DFN�RI� D� VXE�LUULJDWLRQ� VFKHPH� WR�
GUDLQ�ZDWHU�IURP�PDLQ�FDQDO��SHDVDQWV�FRXOG�QRW�H[SHQG�WKHLU�SDGG\�SORW�IDU�DZD\�IURP�WKH�PDLQ�
FDQDO�EHFDXVH�LW� LV�GLIILFXOW� WR�GUDLQ�ZDWHU� IRU�LUULJDWLRQ�� � ,W� UHTXLUHG�PRUH�HTXLSPHQW� WR�IDFLOLWDWH�
LUULJDWLRQ�� VR� WKH� LQFUHDVHG� SURGXFWLRQ� FRVW� FRXOG� QRW� EHQHILW� WKH� SHDVDQW�� � $V� WKH� UHVXOW� RI�
REVHUYDWLRQ�� WKH� SHDVDQWV� LQ� &:8¶V� 7DQNDP� FXOWLYDWHG� IDU� IURP� PDLQ� FDQDO� LQ� DYHUDJH�
DSSUR[LPDWHO\�����P��3DUWLFXODUO\��SHDVDQWV�DUH�ORFDWHG�DW�&:8¶V�3RQOH\��DQG�WKH\�FXOWLYDWHG�DQ�
DYHUDJH�GLVWDQFH�IURP�WKH�PDLQ�FDQDO�WR�SDGG\�SORW�DSSUR[LPDWHO\����P��2Q�WKH�FRQWUDU\��PRVW�RI�
WKH� SHDVDQWV� LQ� &:8¶V� 7DQNDP� FRXOG� XVH� ROG� VXE�LUULJDWLRQ� VFKHPHV�� $FWXDOO\�� PRVW� RI� WKH�
SHDVDQWV�FRXOG�SUDFWLFH�WKHLU�FXOWLYDWLRQ�DW�GU\�VHDVRQ��DV�ORQJ�DV�WKHLU�ULFH�ILHOG�ZDV�QRW�IDU�IURP�
PDLQ�FDQDO�E\�PRUH�WKDQ��KD��

:DWHU�VKRUWDJH�

&URS�,UULJDWLRQ�LV�EDVHG�RQ�ZDWHU�DYDLODELOLW\�DQG�WKH�VLWXDWLRQ�RI�ULFH�ILHOG�RU�NQRZOHGJH�RI�SHDVDQW��
7KHUH� DUH� VRPH� GLIIHUHQFHV� RI� FURS� LUULJDWLRQ� DPRQJ� WZR� FRPPXQLWLHV��&:8¶V�7DQNDP� ORFDWHG�
GRZQVWUHDP�DUH�DOZD\V�IDFHG�ZLWK�ZDWHU�VFDUFLW\�PRUH�WKDQ�&:8¶V�3RQOH\�EHFDXVH�RI�WKH�VLWXDWLRQ�
RI�D�FDQDO�WKDW�LV�XQDEOH�WR�KROG�ZDWHU�DQG�WUDQVIHU�ZDWHU�SURSHUO\��,WV�FRQVHTXHQW�XSRQ�D�VKDOORZ�
FDQDO�DQG�VRPH�SDUW�RI�D�SK\VLFDO�FDQDO�ZDV�GDPDJHG��&URS�LUULJDWLRQ�ZDV�GRQH�ZKHQ�ZDWHU�ZDV�
DYDLODEOH� LQ� WKH� FRPPXQLW\�� DQG� VRPHWLPH� WKH\� ZHUH� XQDEOH� WR� LUULJDWH� EHFDXVH� ZDWHU� ZDV�
XQDYDLODEOH�� $OWKRXJK� LW� LV� D� WLPH� RI� FURS� ZDWHU� GHPDQG�� LW� EURXJKW� ZDWHU� XWLOL]DWLRQ� LQ� WKH�
FRPPXQLW\�LQWR�FRPSHWLWLRQ��$V�WKH�LPSHULDO�UHVXOW�UHYHDOHG�WKDW�����RI�PHPEHU�LUULJDWRUV�QHYHU�
IDFHG�ZLWK�ZDWHU� VKRUWDJH� GXULQJ� WKHLU� FXOWLYDWLRQ� DQG� ����KDV� EHHQ� IDFHG�ZLWK�ZDWHU� VKRUWDJH�
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EHFDXVH�RI� WKH� WXUQ�RI�ZDWHU�GHOHJDWLRQ� LV�QRW�D� WLPH� IRU� LUULJDWLRQ��RWKHUZLVH� LOOHJDO�DFWLYLWLHV�RI�
LUULJDWRU¶V� LUULJDWRU
V�PHPEHUV� DW� XSVWUHDP� VXFK� DV� EORFNLQJ�ZDWHU� VWUHDP�� 6R�� WKRVH� LVVXHV� KDYH�
FRQWULEXWHG�WR�ZDWHU�LQDGHTXDWH��

3HUIRUPDQFH�RI�):8&�LQ�ZDWHU�PDQDJHPHQW�DQG�GLVWULEXWLRQ�

)DUPHU�:DWHU�8VH�&RPPXQLW\�ZDV�RUJDQL]HG�E\�0LQLVWU\�RI�:DWHU�5HFRXUVH�DQG�0HWURORJ\�DQG�
WKH�UHJXODWRU\�IUDPHZRUN�ZDV�GHVLJQHG�DQG�DXWKRUL]HG�E\�):8&�DQG�0R:5$0��$V�WKH�UHVXOW�RI�
YHULI\LQJ� XVLQJ� SULQFLSOH�GHVLJQ� LQ� FRPPRQ�SRRO� UHVRXUFHV�PDQDJHPHQW� RI�(�2VWURP�KDYH� EHHQ�
SXEOLVKHG�LQ������DV�WKH�PRGHO�WKHRU\�LQ�RUGHU�WR�YHULI\�ZLWK�WKH�UHJXODWRU\�IUDPHZRUN�RI�):8&��
ZKLFK�DOPRVW�FRQVLVWHQW�ZLWK�PRGHO�WKHRU\��2Q�WKH�FRQWUDU\��LPSOHPHQWDWLRQ�FRXOGQ¶W�FDUU\�RXW�WR�
WKH�ILHOG�ZRUN�EHFDXVH�LW�ODFNV�RI�SDUWLFLSDWLRQ�IURP�D�WHDP�PHPEHUV��2QO\�IHZ�PHPEHUV�ZRUNHG�
DFWLYHO\�LQ�ZDWHU�PDQDJHPHQW�DQG�GLVWULEXWLRQ��VR�WKH\�FRXOG�QRW�UHVSRQG�DW�DOO��7KH�JDS�LQ�ZDWHU�
PDQDJHPHQW� DQG� GLVWULEXWLRQ� FRQWULEXWHG� WR� ZDWHU� XVDJH� DW� WKH� FRPPXQLW\� OHYHO� LQWR� WKH�
FRPSOH[LW\��3DULW\�RI�ZDWHU�GLVWULEXWLRQ�ZDV�QRW�HTXDO�DFFHVV�EHWZHHQ�XSVWUHDP�DQG�GRZQVWUHDP��
6RPHWLPH�WKH�SHDVDQW�ZKR�ORFDWHG�DW�WKH�XSVWUHDP�ZDV�DEXVHG�WKH�WXUQ�WKH�SHDVDQW�DW�GRZQVWUHDP��
EXW� WKH� UHOHYDQW�DXWKRULWLHV�QHYHU�SXQLVKHG� WKH�RQHV�ZKR�YLRODWHG�RSHUDWLRQDO� UXOH�� HYHQ� WKH� UXOH�
ZDV�UHJXODWHG�\HW��7KH�FKLOG�H[SHULHQFH�LQ�ZDWHU�PDQDJHPHQW�DQG�GLVWULEXWLRQ�RI�):8&�ZDV�WKH�
SUREOHP�RI�OHVV�DFWLYDWLRQ�RI�):8&��$Q\ZD\�D�ODFN�RI�ILQDQFLDO�VXSSRUW�DV�ZHOO�DV�WKH�LVVXH�WKDW�
):8&�FRXOG�QRW�RSHUDWH�ZDWHU�GLVWULEXWLRQ�SURSHUO\�WR�FRPPXQLWLHV��

&21&/86,21�

7KLV�SDSHU�DGGUHVVHV�VRPH�LPSRUWDQW�DVSHFW�RI�FKDOOHQJHV� LQ�GU\�VHDVRQ�ULFH�LQWHQVLILFDWLRQ� LQ�DQ�
DUHD�ZKHUH�ZDWHU�FRPPDQG�RI�7DSHLQJ�7KPRU�:DWHU�5HVHUYRLU��:DWHU�ERG\�LQ�WKH�UHVHUYRLU�ZDV�
VXUSOXV���WLPHV�LQ�FRPSDULVRQ�WR�WKH�FXOWLYDWHG�DUHD��EXW�VRPH�SHDVDQW� IDFHG�ZLWK�ZDWHU�VKRUWDJH�
IRU� LUULJDWLRQ� DSSOLFDWLRQ�� HYHQ� VRPH� SDUW� RI� DQ� LUULJDWLRQ� VFKHPH� ZDV� UHKDELOLWDWHG�� 7KH�
SHUIRUPDQFH�RI�FRPPXQLW\�LQ�ZDWHU�GLVWULEXWLRQ�LV�QRW�RUJDQL]HG�ZHOO�EHFDXVH�RQO\�IHZ�PHPEHUV�
RI�):8&��ZKR�ZRUNHG�LQ�ZDWHU�DFWLRQ��$OO�WKH�SURFHVV�LQ�WKHLU�FXOWLYDWLRQ�DOPRVW�ZDV�UHSODFHG�E\�
PDFKLQHU\�� DOWKRXJK�KXPDQ� ODERUV� DUH� VLJQLILFDQW� WR� LQWHQVLI\� WKHLU� FXOWLYDWLRQ�� � )LHOG�ZRUN� DOVR�
UHYHDOHG� WKDW� DJULFXOWXUDO� H[WHQVLRQ� VHUYLFHV� DUH� QRW� HQWLUHO\� HIILFLHQW� DQG� QRW� HYHQO\� VSUHDG� RXW�
WKURXJK� WKH� FRPPXQLW\� RI�ZDWHU�XVHU� SHDVDQWV�� ,Q� DGGLWLRQ�� WKH� FDSLWDO� QHHGHG� IRU� VPDOO� KROGHUV�
SHDVDQWV�WR�EH�HQJDJHG�LQ�GU\�VHDVRQ�ULFH�SURGXFWLRQ�ZLWK�KLJK�SXUFKDVLQJ�RI�DJULFXOWXUDO�LQSXWV��,W�
XVXDOO\�OHDGV�IDUPHUV�WR�FRQWUDFW�ORDQ�IURP�ORFDO�PRQH\OHQGHUV�ZKLFK�FKDUJH�D�KLJK�LQWHUHVW�UDWH��

5()(5(1&(6�

$'%� ������� ,UULJDWLRQ� LQIUDVWUXFWXUHV� IRU� LPSURYLQJ� DJULFXOWXUDO� SURGXFWLRQ�� &RXQWU\� :DWHU� $FWLRQ��
&DPERGLD��$'%�3URMHFW�3URILOH��1RUWKZHVW�,UULJDWLRQ�6HFWRU�LQ�&DPERGLD��

%LQJ[LQ�� <�� ������� 5LFH� SURGXFWLRQ� UHVSRQVH� LQ� &DPERGLD�� ,QWHUQDWLRQDO� $VVRFLDWLRQ� $JULFXOWXUDO�
(FRQRPLVWV��&KLQD��

'DYLG��)���/HRQDUGR��*���0DULD��=��DQG�5DGD��.�� �������7KH�SRWHQWLDO�RI� ULFH� LQWHQVLILFDWLRQ� LQ�3DR\�&KDU��
%DQWHD\��0HDQFKH\� SURYLQFH�� ZHVWHUQ�&DPERGLD�� &DVH� VWXG\� LQ� 7UDSHDQJ�7KPD�.KDQJ�7ERXQJ� DQG�
3RD\� 7D� 2QJ� 9LOODJHV�� 6/86(� 5HSRUW� ������ )DFXOW\� RI� /LIH� 6FLHQFH�� 8QLYHUVLW\� RI� &RSHQKDJHQ��
'HPQDUN��

+LQ��6��DQG�.RQJ��.���������&RXQWU\�UHSRUW�RQ�KRUWLFXOWXUH�LQ�&DPERGLD��0LQLVWU\�RI�$JULFXOWXUH��)RUHVWU\�
DQG�)LVKHULHV��&DPERGLD���

+HOPHUV�� .�� ������� 5LFH� LQ� &DPERGLD� HFRQRP\�� 3DVW� DQG� 3UHVHQW�� +�-�� 1HVELWW� �HG���� 5LFH� SURGXFWLRQ� LQ�
&DPERGLD��&DPERGLD�,55,�$XVWUDOLD�3URMHFW��&DPERGLD��

5LFNPDQ�� -�� )��� 3\VHWK�� 0��� 6RWK\�� 2��� 7KHDU\�� &�� DQG� 1KHP�� 6�� ������� )DUP� PHFKDQL]DWLRQ� DQG� FURS�
SURGXFWLRQ�LQ�&DPERGLD��&DPERGLD�,55,�$XVWUDOLD�3URMHFW�%DVHOLQH�6XUYH\�5HSRUW�1R����&,$3������
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7KH�$JULFXOWXUDO�/DQG�8VH�6LWXDWLRQ�RQ�WKH�3HULSKHU\�RI�
WKH�7RQOH�6DS�/DNH�

627+81�621*�
5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH��3KQRP�3HQK��&DPERGLD�
(PDLO��VRQJVRWKXQ#\DKRR�FRP�

38<�/,0��
7RQOH�6DS�$XWKRULW\��3KQRP�3HQK��&DPERGLD�

2(81�0($6�
7RQOH�6DS�$XWKRULW\��3KQRP�3HQK��&DPERGLD�

1$5$�0$2�
5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH��3KQRP�3HQK��&DPERGLD�

5HFHLYHG����'HFHPEHU������ $FFHSWHG����)HEUXDU\������

$EVWUDFW�7KH�7RQOH�6DS�/DNH�DQG�LWV�SHULSKHU\�H[KLELW�PDQ\�GLYHUVLILHG�ODQG�XVH�SDWWHUQV��
LQFOXGLQJ� ILVKLQJ� DUHDV�� JUDVV� ILHOGV�� DJULFXOWXUDO� ODQG� DQG� IRUHVW� ODQG�� 6LQFH� WKHUH� KDYH�
EHHQ� GUDPDWLF� FKDQJHV� LQ� WKHVH� SDWWHUQV�� WKLV� UHVHDUFK� ZDV� FRQGXFWHG� WR� LGHQWLI\� WKH�
G\QDPLFV�RI�DJULFXOWXUDO� ODQG�XVH� IURP�����������DQG� WR� LQYHVWLJDWH� WKH� IDUPHUV¶�VRFLR�
HFRQRPLF� VWDWXV� LQ� WKH� %DUD\� DQG� .DPSRQJ� /HDHQJ� GLVWULFWV� RI� .DPSRQJ� 7KRP� DQG�
.DPSRQJ�&KKQDQJ�SURYLQFHV��UHVSHFWLYHO\��7R�DFKLHYH�WKH�REMHFWLYHV��6SDWLDO�$QDO\VLV�RQ�
$HULDO� 3KRWRV� LQ� ����� DQG� ������ 'LUHFW� 2EVHUYDWLRQ�� 6HPL�VWUXFWXUHG� ,QWHUYLHZV� DQG�
6WUXFWXUHG�,QWHUYLHZV�ZHUH�XVHG��7KH�UHVXOWV�VKRZHG�WKDW�WKH�WRWDO�DJULFXOWXUDO�ODQG�XVH�LQ�
=RQH���RI�%DUD\�GLVWULFW� LQFUHDVHG�IURP�����LQ������WR�����LQ�������ZKLOH�DJULFXOWXUDO�
ODQG�LQ�=RQH���RI�.DPSRQJ�/HDHQJ�GLVWULFW�LQFUHDVHG�IURP�����LQ������WR�����LQ�������
�������RI�WRWDO�KRXVHKROGV�LQ�%DUD\�GLVWULFW�DUH�IDUPHUV��ZKLOH��������RI�WRWDO�KRXVHKROGV�
LQ�.DPSRQJ�/HDHQJ�GLVWULFW�DUH�IDUPHUV��ZLWK�DQ�DYHUDJH�RI���PHPEHUV�SHU�KRXVHKROG�ZKR�
UHO\� RQ� ULFH�� VXEVLGLDU\� DQG� LQGXVWULDO� FURSV� FXOWLYDWLRQV�� )DUPLQJ� KRXVHKROGV� RZQHG� DQ�
DYHUDJH� RI� ����� KD� RI� ULFH� ODQG� DQG� ����� KD� RI� FURSODQG� LQ� %DUD\�� ZKLOH� LQ� .DPSRQJ�
/HDHQJ� WKH\� RZQHG� DQ� DYHUDJH� RI� ����� KD� RI� ULFH� ODQG� DQG� ����� KD� RI� FURSODQG�� 2Q�
DYHUDJH��D�KRXVHKROG�LQ�%DUD\�HDUQHG��������\HDU�IURP�IDUPLQJ�DQG�VSHQW�RQ��������\HDU�
GDLO\� OLYLQJ� DQG� DJULFXOWXUDO� SURGXFWLRQ��ZKLOH� LQ�.DPSRQJ�/HDHQJ� D� KRXVHKROG� HDUQHG�
�������\HDU�DQG�VSHQW��������\HDU��,Q�FRQFOXVLRQ��WKH�G\QDPLFV�RI�DJULFXOWXUDO�ODQG�XVH�LQ�
%DUD\�DQG�.DPSRQJ�/HDHQJ�GLVWULFWV�KDYH�UHGXFHG�WKH�IORRGHG�IRUHVW�DUHDV�RQ�WKH�7RQOH�
6DS�/DNH¶V�SHULSKHU\��$OWKRXJK�IDUPHUV�KDYH�WULHG�WR�LQFUHDVH�WKHLU�LQFRPH�E\�H[WHQGLQJ�
WKHLU� SURGXFWLYH� DUHDV�� WKHLU� LQFRPH� ZDV� VWLOO� IRXQG� WR� EH� ORZHU� WKDQ� H[SHQVHV�� 7KHVH�
IDUPHUV�QHHG�WR�DFFHVV�PRUH�MRE�RSSRUWXQLWLHV�WR�VXSSRUW�WKHPVHOYHV�DQG�WKHLU�IDPLOLHV��

.H\ZRUGV�DJULFXOWXUDO�ODQG�XVH��7RQOH�6DS�ODNH¶V�SHULSKHU\��DHULDO�SKRWRV���
�������������������VSDWLDO�DQDO\VLV��IDUPHUV¶�VRFLR�HFRQRPLF�VWDWXV��

,1752'8&7,21�

$V� WKH�PDLQ�RFFXSDWLRQ�RI� WKH�PDMRULW\�RI� WKH�SRSXODWLRQ� LQ�&DPERGLD��PRUH� WKDQ�����RI� UXUDO�
KRXVHKROGV� UHO\� RQ� DJULFXOWXUH� DQG� LWV� UHODWHG� VXE�VHFWRUV� �6$:�� ������� ,Q� ������ DJULFXOWXUH�
FRQWULEXWHG� ������ RI� *'3� �0$))�� ������ DQG� WKH� PDLQ� HPSOR\PHQW� RI� WKH� PDMRULW\� RI� WKH�
ZRUNIRUFH�ZDV�VXEVLVWHQFH�IDUPLQJ��6$:���������$JULFXOWXUH�LQ�&DPERGLD�KDV�FRQWULEXWHG�WR�WKH�
HFRQRPLF�JURZWK��SRYHUW\�DOOHYLDWLRQ�DQG� MRE�HPSOR\PHQW��2YHU�����RI�&DPERGLDQ�KRXVHKROGV�
DUH�ZRUNLQJ�LQ�DJULFXOWXUDO�VHFWRUV�DQG�VXE�VHFWRUV��OHDGLQJ�WR�D�UHGXFWLRQ�LQ�WKH�SRYHUW\�UDWH�IURP�

ᶃᶐᶂ

5HVHDUFK�DUWLFOH�
�
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����LQ������ WR�����LQ������DQG� UHFHQWO\�HVWLPDWHG�DW�����LQ�������7KH�SRYHUW\� UDWH�KDV�EHHQ�
GHFOLQHG�E\����D�\HDU��RQ�DYHUDJH��0$))���������

,Q�������WKHUH�ZDV�GUDVWLF�JURZWK�LQ�WKH�DJULFXOWXUDO�SURGXFWLRQ�DQG�DJULFXOWXUH�FRQWULEXWHG�D�
KLJK� VKDUH� RI� *'3�� 7KH� FXOWLYDWHG� DUHD� IRU� ULFH� FRYHUHG� DERXW� ����� PLOOLRQ� KD�� SURYLGLQJ� DQ�
DYHUDJH� \LHOG� RI� ����� WRQ�KD�� ZLWK� D� WRWDO� SURGXFWLRQ� RI� RYHU� ����� PLOOLRQ� WRQV�� 0RUHRYHU�� WKH�
FXOWLYDWHG�DUHDV�IRU�VXEVLGLDU\�DQG�LQGXVWULDO�FURSV�FRYHUHG�RQ�DERXW������DQG������PLOOLRQ�KD��ZLWK�
WRWDO� SURGXFWLRQ� RI� RYHU� ����� DQG� �����PLOOLRQ� WRQV�� UHVSHFWLYHO\� �0$))�� ������� 7KH� FRQVLVWHQW�
JURZWK�RI�DJULFXOWXUDO�VHFWRU�LQ������ZDV�GXH�WR�WKH�GHFOLQH�RI�WKH�FRQVWUXFWLRQ�LQGXVWU\�VHFWRU�DQG�
WKH�VHUYLFHV�VHFWRU�VLQFH������IURP�WKH�ZRUOG�HFRQRPLF�FULVLV��0$))���������

7KH�FRPELQDWLRQ�RI�&DPERGLDQ�SRSXODWLRQ�JURZWK�IURP������PLOOLRQ�LQ�������1,6��������WR�
RYHU� ����� PLOOLRQ� LQ� ����� �81'(6$�� ������ WRJHWKHU� ZLWK� HFRQRPLF� JURZWK� DQG� JOREDOL]DWLRQ��
KDYH�UHVXOWHG�LQ�KLJK�VWUDLQV�RQ�QDWXUDO�UHVRXUFH��HVSHFLDOO\�FULWLFDO�FKDQJHV�RI�ODQG�XVH�SDWWHUQV��

7KH�SHULSKHU\�RI�WKH�7RQOH�6DS�/DNH���WKH�PDLQ�IORRGHG�SODLQ�DUHD�IRU�DJULFXOWXUDO�SURGXFWLRQ�
LQ� &DPERGLD�� FRYHUV� RYHU� ����PLOOLRQ� KD� LQ� WRWDO� DQG� H[WHQGV� WR� WKH� VL[� SURYLQFHV� EHWZHHQ� WKH�
1DWLRQDO� 5RDG� �� DQG� ��� LQFOXGHG� .DPSRQJ� &KKQDQJ�� 3XUVDW�� %DWWDPEDQJ�� %DQWHD\� 0HDQFKH\��
6LHP�5HDS�DQG�.DPSRQJ�7KRP��7KH�DUHD�LV�FKDUDFWHUL]HG�LQWR���PDLQ�=RQHV��=RQH����QRQ�IORRGHG�
DUHDV�ZKLFK�DUH�WKH�UHVLGHQWLDO�DUHDV�DQG�WKH�SURGXFWLYH�DUHDV�RI�ULFH�DQG�VXEVLGLDU\�FURSV��=RQH����
IORRGHG� DUHDV� ZKLFK� H[KLELW� WKH� UHVLGHQWLDO� DUHDV�� JUDVV� ILHOGV�� IRUHVWV�� ULFH� ILHOG�� VXEVLGLDU\� DQG�
LQGXVWULDO�FURSV��=RQH����WKH�IORRGHG�IRUHVW�DUHDV�DQG�SURWHFWHG�DUHDV��)URP������������HQFURDFKPHQWV�
RQ�WKH�IORRGHG�IRUHVW�IRU�IDUPLQJ�HVSHFLDOO\�LQ�.DPSRQJ�7KRP�DQG�.DPSRQJ�&KKQDQJ�SURYLQFHV�
OHG�WR�DQ�LQFUHDVH�LQ�WKH�ODQG�XVHG�IRU�DJULFXOWXUH�E\�����DQG������UHVSHFWLYHO\��76$����������

7KH�SXUSRVH�RI�WKLV�UHVHDUFK�LV�WR�LGHQWLI\�WKH�G\QDPLFV�RI�DJULFXOWXUDO�ODQG�IURP�����������
DQG�LQYHVWLJDWH�IDUPHU�KRXVHKROGV¶�VRFLR�HFRQRPLF�VWDWXV�LQ�%DUD\�DQG�.DPSRQJ�/HDHQJ�GLVWULFWV�
RI�.DPSRQJ�7KRP�DQG�.DPSDQJ�&KKQDQJ�SURYLQFHV�ORFDWHG�RQ�WKH�7RQOH�6DS�/DNH¶V�SHULSKHU\��

0(7+2'2/2*<�

'XH�WR�WKH�OLPLWHG�WLPH�DQG�WKH�DFFHVVLELOLW\�RI�WKH�$HULDO�3KRWRV��WKH�UHVHDUFK�ZDV�FRQGXFWHG�RQO\�
LQ�=RQH���RI�%DUD\�DQG�.DPSRQJ�/HDHQJ�GLVWULFWV�IURP�0D\�WR�1RYHPEHU�������7KH�,QWHUSUHWDWLRQ�
RI�WKH�$HULDO�3KRWRV�LQ������DQG������ZDV�GRQH�XVLQJ�$UF*,6�����WR�PDS�WKH�DJULFXOWXUDO�ODQG�XVH�
LQ������DQG������DQG�WKH�FKDQJHV�EHWZHHQ�WKH�\HDUV��7KHQ��'LUHFW�2EVHUYDWLRQ�ZDV�GRQH�WR�YHULI\�
EHWZHHQ�WKH�UHDO�VLWXDWLRQ�RI�DJULFXOWXUDO�ODQG�XVH�DQG�WKH�GLJLWL]HG�PDSV��LQFOXGLQJ�*36�PDUNLQJ�
IRU�DQ\�XQFOHDU�LQWHUSUHWDWLRQ��0RUHRYHU��6HPL�VWUXFWXUHG�,QWHUYLHZV�ZHUH�FRQGXFWHG�ZLWK����NH\�
LQIRUPDQWV�XVLQJ�D�FKHFNOLVW� WR�REWDLQ�VRPH�EDVLF� LQIRUPDWLRQ�DERXW� WKH�G\QDPLFV�RI�DJULFXOWXUDO�
ODQG� XVH� DQG� JHQHUDO� LQIRUPDWLRQ� DERXW� WKH� IDUPHU� KRXVHKROGV¶� VRFLR�HFRQRPLF� VLWXDWLRQ� LQ� WKH�
VWXGLHG� DUHDV�� /DVWO\�� WKH�6WUXFWXUHG� ,QWHUYLHZV�ZHUH� GRQH� UDQGRPO\�ZLWK� ��� IDUPHU� KRXVHKROGV�
IURP�%DUD\�GLVWULFW�DQG�DQRWKHU����KRXVHKROGV�IURP�.DPSRQJ�/HDHQJ�GLVWULFW��7KH�LQWHUYLHZV�XVHG�D�
TXHVWLRQQDLUH�WR�REWDLQ�PRUH�LQIRUPDWLRQ�RQ�WKH�UHDO�VLWXDWLRQ�RI�WKH�IDUPHU�KRXVHKROGV¶�OLYHOLKRRG��
DJULFXOWXUDO�DFWLYLWLHV��DJULFXOWXUDO�LQFRPH�DQG�H[SHQVH��KRXVLQJ�FRQGLWLRQ�� ILQDQFLDO� UHVRXUFH�� WKH�
DFFHVV�WR�LQIUDVWUXFWXUH�GHYHORSPHQW��HGXFDWLRQ�DQG�KHDOWK�FDUH��DQG�VRPH�SUREOHP�DIIHFW�WR�WKHLU�
OLYHOLKRRG��$OO� WKH�GDWD�IURP� WKH�VXUYH\V��ERWK�TXDOLWDWLYH�DQG�TXDQWLWDWLYH�GDWD��ZHUH�VWRUHG�DQG�
DQDO\]HG�XVLQJ�VLPSOH�GHVFULSWLYH�VWDWLVWLFV�LQ�0LFURVRIW�2IILFH�([FHO��������

5(68/76�$1'�',6&866,21�

$JULFXOWXUDO�ODQG�XVH�LQ�%DUD\�GLVWULFW�

7KH�UHVXOW�RI�WKH�$HULDO�3KRWRV�,QWHUSUHWDWLRQ�LQ�=RQH���RI�%DUD\�GLVWULFW�VKRZHG�WKDW�WKH�WRWDO�ODQG�
DUHD� LQ� WKH�=RQH� �� LV� ���������� KD� DQG� WKHLU� ODQG� XVH� SDWWHUQV� LQ� ����� LQFOXGHG� EXUQHG� IRUHVWV��
IRUHVW�� IUHH� ODQG�� JUDVV� ILHOG�� LQGXVWULDO� FURSV�� ULFH� ILHOGV�� VXEVLGLDU\� FURSV�� VHWWOHPHQW� DUHDV� DQG�
ZDWHU��7KH�ODQG�XVH�SDWWHUQV�FDWHJRUL]HG�LQWR�DJULFXOWXUDO�ODQG�XVH�DUH�ULFH�ILHOGV�� LQGXVWULDO�FURSV�
DQG�VXEVLGLDU\�FURSV��7KHVH�WRWDOHG����������KD�LQ�������$PRQJ�WKHVH�XVHV��ULFH�ILHOGV�FRYHUHG�WKH�
PRVW�DW���������ZKLOH�VXEVLGLDU\�DQG�LQGXVWULDO�FURSV�FRYHUHG�������DQG��������UHVSHFWLYHO\��,Q�
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������WKH�DJULFXOWXUDO�ODQG�LQFUHDVHG�WR�����������KD�ZLWK�ODQG�IURP�EXUQHG�IRUHVWV�DQG�JUDVV�ILHOGV��
5LFH�ILHOG�LQFUHDVHG�E\��������DQG�VXEVLGLDU\�FURSV�DQG�LQGXVWULDO�FURSV�E\��������DQG���������
UHVSHFWLYHO\��FRPSDUHG�WR�WKH�DUHDV�LQ�������7DEOH�����)XUWKHUPRUH��DPRQJ�WKH�LQFUHDVHG�DUHDV��DOO�
RI�WKH�EXUQHG�IRUHVW�ZDV�FRQYHUWHG�WR�ULFH�ILHOGV�DQG�WKH�JUDVV�ILHOGV�ZHUH�PRVWO\�FKDQJHG�WR�ULFH�
ILHOGV�DQG�SDUWLDOO\�WR�VXEVLGLDU\�DQG�LQGXVWULDO�FURSV��7DEOH�����

7DEOH���$JULFXOWXUDO�ODQG�XVH�LQ�=RQH���RI�%DUD\�GLVWULFW�LQ������DQG������

/DQG�XVH�SDWWHUQV� ����� � ����� &KDQJHG�
DUHD��KD��

*URZWK¶V�
SHUFHQW�����$UHD��KD�� 3HUFHQW����� � $UHD��KD�� 3HUFHQW�����

5LFH�)LHOG� ��������� ������ � ���������� ������ ��������� ������
6XEVLGLDU\�&URSV� ������� ����� � ������� ����� ������ ������
,QGXVWULDO�&URSV� ������� ����� � ������� ����� ������ ������
7RWDO� ��������� ������ � ���������� ������ ��������� ������

7DEOH���7KH�GHFUHDVH�DQG�LQFUHDVH�RI�ODQG�XVH�SDWWHUQV�LQ�=RQH���RI�%DUD\�GLVWULFW�
� � 'HFUHDVHG�*UDVV�)LHOG� � 'HFUHDVHG�%XUQHG�)RUHVW� 7RWDO��KD�� 3HUFHQW�����
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5LFH�)LHOG� ��������� ������ � ������� ���� ��������� ����������
6XEVLGLDU\�&URSV� ������ ����� �� �� ������ �����������
,QGXVWULDO�&URSV� ������ ����� � �� �� ������ �����
7RWDO� ��������� ������� � ������� ���� ��������� �������

$JULFXOWXUDO�ODQG�XVH�LQ�.DPSRQJ�/HDHQJ�GLVWULFW�

7KH� WRWDO� DUHD� LQ� =RQH� �� RI�.DPSRQJ�/HDHQJ� GLVWULFW� LV� ���������� KD� DQG� WKHLU� ODQG� XVH� SDWWHUQV�
LQFOXGHG� EXUQHG� IRUHVWV�� FOHDUHG� IRUHVWV�� IUXLWV�� IRUHVW�� JUDVV� ILHOGV�� LQGXVWULDO� FURSV�� ULFH� ILHOGV��
VXEVLGLDU\�FURSV��VHWWOHPHQW�DUHDV��ZDWHU��DQG�IORRGHG�JUDVV�DQG�IRUHVWV��,Q�������WKH�WRWDO�DJULFXOWXUDO�
ODQG�ZDV�����������KD�DPRQJ�ZKLFK��������ZHUH�ULFH�ILHOG��ZKLOH�VXEVLGLDU\�FURSV�DQG� LQGXVWULDO�
FURSV�ZHUH��������DQG��������UHVSHFWLYHO\��,Q�������WKH�DJULFXOWXUDO�ODQG�LQFUHDVHG�WR�����������KD��
ZLWK� ULFH� ILHOGV� LQFUHDVLQJ� E\� ������� DQG� VXEVLGLDU\� FURSV� DQG� LQGXVWULDO� FURSV� E\� ������� DQG�
���������UHVSHFWLYHO\��FRPSDUHG�WR�WKH�DUHDV�LQ�������7DEOH�����,Q�������ULFH�ILHOG��VXEVLGLDU\�FURSV�
DQG� LQGXVWULDO� FURSV� LQFUHDVHG�ZLWK� ODQG� IURP�EXUQHG� IRUHVWV�� FOHDUHG� IRUHVWV�� JUDVV� ILHOGV�� VRPH�RI�
IRUHVW�� IORRGHG� JUDVV� DQG� IRUHVW�� DQG� VRPH� DUHDV� RI�ZDWHU�� 6SHFLILFDOO\�� WKH� EXUQHG� IRUHVWV�� FOHDUHG�
IRUHVWV�DQG�JUDVV�ILHOGV�ZHUH�DOO�FKDQJHG�LQWR�ULFH�ILHOGV�DQG�VXEVLGLDU\�FURSV��7DEOH�����

7DEOH���$JULFXOWXUDO�ODQG�XVH�LQ�=RQH���RI�.DPSRQJ�/HDHQJ�GLVWULFW�LQ������DQG������

/DQG�XVH�SDWWHUQV� ����� � ����� &KDQJHG�
DUHD��KD��

*URZWK¶V�
SHUFHQW�����$UHD��KD�� 3HUFHQW����� � $UHD��KD�� 3HUFHQW�����

5LFH�)LHOG� ��������� ������ � ���������� ������ ��������� ������
6XEVLGLDU\�&URSV� ��������� ������ � ��������� ������ ��������� ������
,QGXVWULDO�&URSV� ������� ����� � ������� ����� ������� �������
7RWDO� ���������� ������ � ���������� ������ ��������� ������

7DEOH���&KDQJHG�FDWHJRULHV�RI�DJULFXOWXUDO�ODQG�XVH�LQ�=RQH���RI�.DPSRQJ�/HDHQJ�GLVWULFW�
� � ,QFUHDVHG�ULFH�ILHOG� ,QFUHDVHG�

VXEVLGLDU\�FURSV�
,QFUHDVHG�

LQGXVWULDO�FURSV� 7RWDO��KD��3HUFHQW������ � $UHD��KD�� �� $UHD��KD�� �� $UHD��KD�� ��
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%XUQHG�)RUHVW� ����� �������� ����� ������� ����� �������� ����� �����
&OHDUHG�)RUHVW� ������� ������� ����� ����� ����� �������� ������� �����
)RUHVW� ������� ������ ��������� ������ ������ ������� ��������� ������
*UDVV�)LHOG� ������� ������ ������� ����� ����� ������� ������� ������
:DWHU� ������� ������ ������� ������ ������� ������ ��������� ������
)ORRGHG� *UDVV�
	�)RUHVW�

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

7RWDO� ��������� ������� ��������� ������� ������� ������� ��������� �������
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'LVFXVVLRQ�RQ�WKH�G\QDPLFV�RI�DJULFXOWXUDO�ODQG�XVH�LQ�WKH�VWXGLHG�DUHDV�

$V�VKRZQ�LQ�7DEOH���DQG�7DEOH����WRWDO�DJULFXOWXUDO�ODQG�XVH�LQ�=RQH���RI�%DUD\�GLVWULFW�LQFUHDVHG�
IURP�DSSUR[LPDWHO\�����WR�����GXULQJ������������$V�IRU�=RQH���RI�.DPSRQJ�/HDHQJ�GLVWULFW��LW�
LQFUHDVHG�IURP�DERXW�����WR�����LQ�WKH�VDPH�SHULRG��$OWKRXJK�WKH�WRWDO�DUHD�LQ�=RQH���RI�.DPSRQJ�
/HDHQJ�LV�VPDOOHU�WKDQ�=RQH���RI�%DUD\��WKH�JURZWK�RI�DJULFXOWXUDO�ODQG�LQ�.DPSRQJ�/HDHQJ�ZDV�
KLJKHU�WKDQ�LQ�%DUD\�GLVWULFW��7KH�FKDQJH�LQ�DJULFXOWXUDO�ODQG�XVH�LQ�%DUD\�GLVWULFW�ZDV�PRVWO\�LQ�WKH�
JUDVV�ILHOGV�VLQFH�LW¶V�FRYHUHG�LQ�PRVW�RI�WKH�DUHD��ZKLOH�LQ�.DPSRQJ�/HDHQJ��WKH�DJULFXOWXUDO�ODQG�
LQFUHDVHG�PRVWO\�LQ�WKH�IRUHVWV�EHFDXVH�LW�FRYHUHG�DOPRVW�KDOI�RI�WKH�DUHD��5HJDUGLQJ�WR�WKH�LQFUHDVHV��
ULFH�ILHOGV�SUHVHQWHG�WKH�ELJJHVW�JURZWK�LQ�%DUD\�LQ�FRQWUDVW�WR�VXEVLGLDU\�FURSV�WKDW�SUHVHQWHG�WKH�
KLJKHVW�JURZWK�LQ�.DPSRQJ�/HDHQJ�GLVWULFW��)LJ������)LJ����VKRZV�D�PDS�RI�WKH�FKDQJLQJ�G\QDPLFV�
RI�DJULFXOWXUDO�ODQG�LQ�=RQH���RI�%DUD\�DQG�.DPSRQJ�/HDHQJ�GLVWULFWV��7KH�FDXVHV�RI�WKH�FKDQJHV�
ZHUH�WKH�SRSXODWLRQ�JURZWK�LQ�WKH�DUHDV��WKH�KLJK�GHPDQG�RI�DJULFXOWXUH�SURGXFWV��WKH�KLJK�IHUWLOLW\�
RI�WKH�VRLO�LQ�WKH�DUHDV�DQG�LOOHJDO�HQFURDFKPHQW�RQ�WKH�IORRGHG�IRUHVW�LQ�WKH�SURWHFWHG�DUHDV��
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5LFH�)LHOG 6XEVLGLDU\�&URSV ,QGXVWULDO�&URSV
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=RQH���RI�%DUD\ =RQH���RI�.DPSRQJ�/HDHQJ �
)LJ���7KH�FKDQJLQJ�G\QDPLFV�RI�ODQG�XVH�IRU�DJULFXOWXUH�LQ�WKH�WZR�GLVWULFWV�IURP�����������

� �
)LJ����'\QDPLFV�PDS�RI�DJULFXOWXUDO�ODQG�LQ�=RQH���RI�%DUD\�DQG�.DPSRQJ�/HDHQJ�GLVWULFWV�
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6RFLR�HFRQRPLF�VLWXDWLRQ�LQ�%DUD\�GLVWULFW�

%DUD\�GLVWULFW� LV�FRPSULVHG�RI����FRPPXQHV�DQG�����YLOODJHV�ZLWK�D� WRWDO�SRSXODWLRQ�RI���������
SHUVRQV�LQ��������KRXVHKROGV�DQG�ZLWK�DQ�DYHUDJH�RI���PHPEHUV�SHU�KRXVHKROG��)HPDOHV�PDNH�XS�
�������RI�WKH�WRWDO�SRSXODWLRQ�DQG�SHRSOH�ZKR�DUH�DJHG�RYHU����\HDUV�ROG�DUH��������RI�WKH�WRWDO�
SRSXODWLRQ�� ������� RI� ZKLFK� DUH� IHPDOH��:RPHQ� DUH� WKH� KHDG� RI� KRXVHKROG� LQ� ������� RI� WKH�
KRXVHKROGV���������RI�WKH�WRWDO�KRXVHKROGV�DUH�HQJDJHG�LQ�WKH�DJULFXOWXUDO�VHFWRU��IDUPLQJ��ILVKLQJ�
DQG�DQLPDO�UDLVLQJ���ZKLOH�WKH�UHVW�DUH�HQJDJHG�LQ�WKH�VHUYLFH�VHFWRU��KDQGLFUDIW�DQG�LQWHJUDWHG�MREV�
ZLWK� ������� ������ DQG� ������� UHVSHFWLYHO\�� )XUWKHUPRUH�� VRPH�PHPEHUV� LQ� WKH� KRXVHKROGV� DUH�
DOVR�HPSOR\HG�LQ�SXEOLF�DQG�SULYDWH�VHFWRU�LQ�ZKLFK�������RI�KRXVHKROGV�KDG�PHPEHUV�HPSOR\HG�
LQ�WKH�SXEOLF�VHFWRU��ZKLOH�RWKHU��������ZHUH�HPSOR\HG�LQ�WKH�SULYDWH�VHFWRU��

(YHQ�WKRXJK�WKH�SHRSOH�ZKR�DJHG�������\HDUV�VHHPHG�WR�KDYH�WKHLU�UHJXODU�RFFXSDWLRQV�LQ�WKH�
GLVWULFW��PLJUDWLRQ�ZDV�VWLOO�D�SUREOHP��������RI�WKH� WRWDO�SRSXODWLRQ�PLJUDWHG�RXWVLGH� WKH�GLVWULFW�
IRU�HPSOR\PHQW��RI�ZKLFK�������ZHUH�HPSOR\HG�LQ�UHJXODU�MREV�DQG�WKH�RWKHU�������LQ�LUUHJXODU�MREV��

,Q� WKH�GLVWULFW��VL[� W\SHV�RI�KRXVHV�ZHUH�IRXQG�LQFOXGLQJ�ZRRGHQ�KRXVHV�ZLWK� WKDWFKHG�URRIV�
����������ZRRGHQ�KRXVHV�ZLWK�]LQF�URRIV�����������ZRRGHQ�KRXVHV�ZLWK�WLOHG�URRIV�����������IODW�
IRU�PXOWL�KRXVHKROGV����������FRQFUHWH�KRXVHV���������DQG�YLOODV����������)XUWKHUPRUH��WKH�DFFHVV�
WR� HOHFWULFLW\� ZDV� VWLOO� YHU\� ORZ� LQ� WKH� ZKROH� GLVWULFW� DW� ���� RI� WKH� WRWDO� KRXVHV� DQG� IRU� WKH�
KRXVHKROGV�ZKR�FRXOGQ¶W�DFFHVV�HOHFWULFLW\�XVHG�WKH�EDWWHULHV�LQVWHDG��

5RDG� LQIUDVWUXFWXUH� ZDV� VHHQ� WR� EH� EHWWHU� VLQFH� WKHUH� ZHUH� ILYH� W\SHV� RI� URDG� WUDQVSRUW�
LQIUDVWUXFWXUH� VXFK� DV� ELWXPLQRXV� URDGV�� SDYHG� URDGV�� UHG�JUDYHOHG� SDWKV��ZKLWH�VDQG\� SDWKV� DQG�
PRXQWDLQ� WUDLOV�� 7KH� HGXFDWLRQDO� VLWXDWLRQ�ZDV�PRUH� SRVLWLYH� VLQFH� ������� RI� SHRSOH� DJHG� �����
\HDUV�KDG�VRPH�HGXFDWLRQ�RU�VFKRROLQJ�DQG��������KDG�QR�VFKRROLQJ��+RZHYHU��WKH�LOOLWHUDF\�ZDV�
VWLOO�D�SUREOHP���������RI�SHRSOH�DJHG�������\HDUV�ZHUH�LOOLWHUDWH��RI�ZKLFK�������ZHUH�IHPDOH���

7KH�VXUYH\HG�IDUPLQJ�KRXVHKROGV�LQ�WKH�GLVWULFW�KDG�DQ�DYHUDJH�RI������KD�RI�ULFH�ODQG�DQG������
KD� RI� FURSODQG� SHU� KRXVHKROG�� 2Q� DYHUDJH�� D� KRXVHKROG� FRXOG� HDUQ� LQFRPH� ������ ��\HDU� IURP�
IDUPLQJ�DQG�VSHQW���������\HDU�RQ�DJULFXOWXUDO�LQSXWV�DQG�GDLO\�OLYLQJ��

6RFLR�HFRQRPLF�VLWXDWLRQ�LQ�.DPSRQJ�/HDHQJ�GLVWULFW�

.DPSRQJ�/HDHQJ�GLVWULFW�LV�FRPSULVHG�RI���FRPPXQHV�DQG����YLOODJHV��ZLWK�D�SRSXODWLRQ�RI��������
SHUVRQV�LQ�������KRXVHKROGV�ZLWK�DQ�DYHUDJH�RI���PHPEHUV�SHU�KRXVHKROG��)HPDOHV�DUH��������RI�
WKH� WRWDO� SRSXODWLRQ� DQG� SHRSOH� ZKR� DUH� RYHU� ��� \HDUV� ROG� DUH� ������� RI� WKH� WRWDO� SRSXODWLRQ��
������� RI� ZKLFK� DUH� IHPDOH�� ,Q� WKH� GLVWULFW�� ZRPHQ� DUH� WKH� KHDG� KRXVHKROG� LQ� ������� RI� WKH�
KRXVHKROGV���������RI� WKH� WRWDO�KRXVHKROGV�DUH� LQYROYHG� LQ� WKH�DJULFXOWXUDO�VHFWRU��ZKLOH� WKH�UHVW�
DUH� HQJDJHG� LQ� WKH� VHUYLFH� VHFWRU�� KDQGLFUDIW� DQG� LQWHJUDWHG� MREV�ZLWK� ������� ������DQG��������
UHVSHFWLYHO\��0RUHRYHU��VRPH�PHPEHUV�LQ�WKH�KRXVHKROGV�DUH�HPSOR\HG�E\�ERWK�WKH�SXEOLF�DQG�WKH�
SULYDWH� VHFWRUV�� ������ RI� KRXVHKROGV� KDG�PHPEHUV� HPSOR\HG� LQ� WKH� SXEOLF� VHFWRU�� ZKLOH� ������
ZHUH�HPSOR\HG�LQ�WKH�SULYDWH�VHFWRU��

,Q�WKH�GLVWULFW��PLJUDWLRQ�ZDV�DOVR�VWLOO�D�SUREOHP��������RI�WKH�WRWDO�SRSXODWLRQ�ZKR�DJHG����
���\HDUV�PLJUDWHG�RXWVLGH�WKH�GLVWULFW�IRU�HPSOR\PHQW��RI�ZKLFK�������ZHUH�HPSOR\HG�LQ�UHJXODU�
MREV�DQG�WKH�RWKHU�������LQ�LUUHJXODU�MREV��

,Q�WKH�GLVWULFW��IRXU�W\SHV�RI�KRXVHV�ZHUH�IRXQG�LQFOXGLQJ�ZRRGHQ�KRXVHV�ZLWK�WKDWFKHG�URRIV�
����������ZRRGHQ�KRXVHV�ZLWK�]LQF�URRIV�����������ZRRGHQ�KRXVHV�ZLWK�WLOHG�URRIV����������DQG�
FRQFUHWH� KRXVHV� ��������� )XUWKHUPRUH�� WKH� DFFHVV� WR� HOHFWULFLW\� ZDV� VWLOO� YHU\� ORZ� LQ� WKH� ZKROH�
GLVWULFW�DW�������RI�WKH�WRWDO�KRXVHV�DQG�IRU�WKRVH�ZKR�FRXOGQ¶W�DFFHVV�HOHFWULFLW\�XVHG�WKH�EDWWHU\�
LQVWHDG��

'XH� WR� WKH� LVODQG� ]RQH� DQG� IORRGHG� ODQGVFDSH� JHRJUDSK\�� WKH�.DPSRQJ�/HDHQJ�GLVWULFW� KDV�
ODFNHG�RI�URDG�LQIUDVWUXFWXUH��7KUHH�W\SHV�RI�URDGV�ZHUH�IRXQG�WR�UHG�JUDYHOHG�SDWKV��ZKLWH�VDQG\�
SDWKV�DQG�PRXQWDLQ�WUDLOV��7KH�HGXFDWLRQDO�VLWXDWLRQ�ZDV�LQ�SRVLWLYH�VLQFH��������RI�SHRSOH�DJHG���
���\HDUV�KDG�VRPH�VFKRROLQJ�DQG��������KDG�QR�VFKRROLQJ��+RZHYHU�� WKH� LOOLWHUDF\�ZDV�VWLOO� WKH�
SUREOHP���������RI�SHRSOH�DJHG�������\HDUV�ZHUH�LOOLWHUDWH��RI�ZKLFK�������ZHUH�IHPDOH���
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7KH�VXUYH\HG�IDUPLQJ�KRXVHKROGV�RFFXSLHG�DQ�DYHUDJH�RI������KD�RI� ULFH� ODQG�DQG������KD�RI�
FURSODQG�SHU�KRXVHKROG��2Q�DYHUDJH��D�KRXVHKROG�FRXOG�HDUQ�LQFRPH���������\HDU�IURP�IDUPLQJ�DQG�
VSHQW���������\HDU�RQ�DJULFXOWXUDO�LQSXWV�DQG�GDLO\�OLYLQJ��

&21&/86,21�

7KH�DJULFXOWXUDO�ODQG�XVH�LQ�=RQH���RI�%DUD\�GLVWULFW�RI�.DPSRQJ�7KRP�SURYLQFH�DQG�LQ�=RQH���RI�
.DPSRQJ�/HDHQJ�GLVWULFW�RI�.DPSRQJ�&KKQDQJ�SURYLQFH�FKDQJHG�GUDPDWLFDOO\�IURP������WR�������
,Q�%DUD\�GLVWULFW��WKH�DJULFXOWXUDO�ODQG�LQFUHDVHG�E\����IURP�WKH�JUDVV�ILHOGV�DQG�EXUQHG�IRUHVWV�LQ�
WKH�=RQH���DQG�WKH�JUDVV�ILHOGV��ZKLFK�UHJDUGHG�LQWR�WKH�IORRGHG�IRUHVW�DUHD�RQ�WKH�SHULSKHU\�RI�WKH�
7RQOH� 6DS� /DNH�� SUHVHQWHG� D� KLJK� GHFUHDVH�� $PRQJ� WKH� LQFUHDVHG� DJULFXOWXUDO� ODQG�� ULFH� ILHOGV�
VKRZHG�WKH�KLJKHVW�JURZWK��

,Q�.DPSRQJ�/HDHQJ�GLVWULFW�� WKH�DJULFXOWXUDO� ODQG�LQFUHDVHG�E\�DSSUR[LPDWHO\�����IURP�WKH�
EXUQHG� IRUHVWV�� FOHDUHG� IRUHVWV�� JUDVV� ILHOGV�� IRUHVW�� IORRGHG� JUDVV� DQG� IRUHVWV�� DQG� VRPH� DUHDV� RI�
ZDWHU� LQ� WKH� =RQH� ��� $ORQJ�ZLWK� WKH� LQFUHDVHG� DJULFXOWXUDO� ODQG�� VXEVLGLDU\� FURSV� SUHVHQWHG� WKH�
KLJKHVW�SHUFHQW�RI�JURZWK��

7KH� FDXVHV� RI� WKH� FKDQJHV� ZHUH� WKH� SRSXODWLRQ� JURZWK� LQ� WKH� DUHDV�� WKH� KLJK� GHPDQG� RI�
DJULFXOWXUH� SURGXFWV�� WKH� KLJK� IHUWLOLW\� RI� WKH� VRLO� LQ� WKH� DUHDV� DQG� LOOHJDO� HQFURDFKPHQW� RQ� WKH�
IORRGHG�IRUHVW�LQ�WKH�SURWHFWHG�DUHDV�WKDW�LQFUHDVLQJO\�JURZ�IURP�\HDU�WR�\HDU��

7KH�FKDQJLQJ�G\QDPLFV�RI�DJULFXOWXUDO�ODQG�XVH�LQ�ERWK�=RQH���RI�%DUD\�DQG�.DPSRQJ�/HDHQJ�
GLVWULFWV� KDYH� GHYDVWDWHG� WKH� IORRGHG� IRUHVW� DUHDV� RQ� WKH� SHULSKHU\� RI� WKH�7RQOH�6DS�/DNH�ZKLFK�
VHUYHV� DV� WKH� PDLQ� SURWHFWRU� RI� WKH� 7RQOH� 6DS� /DNH� DQG� LWV� ELRGLYHUVLW\� UHVRXUFHV�� ,I� SURSHU�
PHDVXUHV� DUH� QRW� WDNHQ� WR� OHVVHQ� WKH� LOOHJDO� HQFURDFKPHQW�� WKHVH� ZLOO� VKRUWO\� GHVWUR\� WKH�
ELRGLYHUVLW\�DQG�ELRVSKHUH�UHVHUYH�RI�WKH�7RQOH�6DS�/DNH��

7KH�FKDQJLQJ�G\QDPLFV�RI�DJULFXOWXUDO�ODQG�XVH�LQ�WKH�DUHDV�DUH�FORVHO\�UHODWHG�WR� WKH�VRFLR�
HFRQRPLF�VLWXDWLRQ�RI�WKH�SHRSOH��7KH�SHRSOH�KDYH�WULHG�WR�LQFUHDVH�WKHLU�LQFRPH�E\�H[WHQGLQJ�WKHLU�
SURGXFWLYH�DUHDV�ZKLFK�UHGXFH�RWKHU�ODQG�XVH�SDWWHUQV��+RZHYHU��WKHLU�LQFRPH�LV�VWLOO�VKRZQ�WR�EH�
ORZHU� WKDQ� H[SHQVHV�� VR� WKH\� QHHG� WR� DFFHVV� PRUH� MRE� RSSRUWXQLWLHV� WR� VXSSRUW� WKHPVHOYHV�
DGHTXDWHO\�� $GGLWLRQDOO\�� LQ� RUGHU� WR� WDNH� DQ\� PHDVXUHV� WR� OHVVHQ� WKH� LPSDFW� RI� WKH� FKDQJLQJ�
G\QDPLFV�RI�DJULFXOWXUDO�ODQG��WKH�VRFLR�HFRQRPLF�RI�IDUPHUV�QHHGV�WR�EH�XQGHUVWRRG�ZHOO�LQ�RUGHU�
WR�DGYDQFH�WKH�PHDVXUHV�HIIHFWLYHO\�DQG�HIILFLHQWO\��

$&.12:/('*(0(176�

7KH� ILQDQFLDO� DQG� UHVHDUFK�PDWHULDOV� VXSSRUWV� IURP�76$�DQG�02:5$0�IRU� WKLV� UHVHDUFK�DUH�KLJKO\�
DSSUHFLDWHG��7KH�DXWKRUV�JLYH�KHDUWIHOW�WKDQNV�WR�WKH�)63�3URMHFW�DQG�DOO�OHFWXUHV�DW�*UDGXDWH�6FKRRO�RI�
5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH�ZKR�KHOSHG�WR�LQLWLDWH�WKH�UHVHDUFK��

5()(5(1&(6�

0$))��������$QQXDO�UHSRUW�RQ�WKH�DJULFXOWXUH��IRUHVWU\�DQG�ILVKHULHV�IRU������������0LQLVWU\�RI�$JULFXOWXUH��
)RUHVWU\�DQG�)LVKHULHV�������������LQ�.KPHU���&DPERGLD��

1,6��������6WDWLVWLFDO�\HDUERRN�������1DWLRQDO�,QVWLWXWH�RI�6WDWLVWLF�RI�0LQLVWU\�RI�3ODQQLQJ��&DPERGLD��
6$:� ������� 6WUDWHJ\� IRU� DJULFXOWXUH� DQG� ZDWHU�� &DPERGLDQ� DJULFXOWXUDO� DQG� ZDWHU� UHVRXUFHV� UHVHDUFK��

HGXFDWLRQ�DQG�H[WHQVLRQ�SURJUDP��0LQLVWU\�RI�$JULFXOWXUH��)RUHVWU\�DQG�)LVKHULHV�DQG�0LQLVWU\�RI�:DWHU�
5HVRXUFHV�DQG�0HWHRURORJ\��)LQDO�'UDIW�����&DPERGLD��

76$� �������7KH� ILUVW� HYDOXDWLRQ� UHSRUW� RQ� DJULFXOWXUH� VHFWRU� LQ� WKH� VL[� SURYLQFHV� RQ� WKH� SHULSKHU\� RI� WKH�
7RQOH�6DS�/DNH��LQ�.KPHU���&DPERGLD��

81'(6$� �������:RUOG� SRSXODWLRQ� SURVSHFWV�� 3RSXODWLRQ� 'LYLVLRQ� RI� WKH� 8QLWHG� 1DWLRQV� 'HSDUWPHQW� RI�
(FRQRPLF� DQG� 6RFLDO� $IIDLUV�� KWWS���ZZZ�XQ�RUJ�HVD�SRSXODWLRQ�SXEOLFDWLRQV�ZSS�����ZSS����BWH[WB�
WDEOHV�SGI��KWWS���HQ�ZLNLSHGLD�RUJ�ZLNL�/LVWBRIBFRXQWULHVBE\BSRSXODWLRQ��
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(FRQRPLF�/DQG�&RQFHVVLRQ�DQG�LWV�,PSDFW�RQ�/RFDO�
/LYHOLKRRGV�LQ�.DPSRQJ�6SHX�3URYLQFH��&DPERGLD�

&+($�&+(9�
5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH��3KQRP�3HQK��&DPERGLD�
(�PDLO��VRFKHD#JPDLO�FRP�

020�6(1*�
5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH��3KQRP�3HQK��&DPERGLD�

-($1�&+5,6723+(�',(3$57�
8QLYHUVLW\�)DFXOW\�RI�$JULFXOWXUDO�6FLHQFHV��*HPEORX[��%HOJLXP�

5HFHLYHG����'HFHPEHU������ $FFHSWHG����-DQXDU\������

$EVWUDFW��'HYHORSPHQW�RI�SULYDWH�HQWHUSULVH�LQ�WKH�IRUP�RI�ODQG�FRQFHVVLRQV�JUDQWHG�IRU�
IRUHVWU\�DJUR�EXVLQHVV� KDV� EHHQ� VXJJHVWHG� DV� WKH� PHDQV� RI� GHYHORSPHQW� DQG� SRYHUW\�
UHGXFWLRQ�LQ�WKH�UXUDO�DUHDV�LQ�&DPERGLD��7KH�VWXG\�ZDV�FRQGXFWHG�LQ�RUGHU�WR�H[DPLQH�WKH�
QHFHVVDU\�HFRQRPLF�DQG�VRFLDO�LPSDFWV�RI�(FRQRPLF�/DQG�&RQFHVVLRQ��(/&��GHYHORSPHQW�
RQ�ORFDO�FRPPXQLW\¶V� OLYHOLKRRGV��,Q�3KQRP�6UXRFK�GLVWULFW�RI�.DPSRQJ�6SHX�SURYLQFH��
��� KRXVHKROGV� ZHUH� LQWHUYLHZHG�ZLWK� TXDOLWDWLYH� PHWKRGV� DSSOLHG� WR�PDNH� RXW� WKH� ILYH�
OLYHOLKRRG�DVVHWV��FRSLQJ�VWUDWHJLHV�� WLPHOLQHV��DQG�UHVRXUFHV�PDS�RI� WKH�DUHD��7KH�UHVXOWV�
LQGLFDWHG�WKDW�WKH�GHYHORSPHQW�RI�(/&�LQ�WKH�FDVH�RI�*ROGHQ�/DQG�'HYHORSPHQW�&R���/WG��
LQ� &KRDP� 6DQNDH� FRPPXQH� KDV� D� VXEVWDQWLDO� QHJDWLYH� LPSDFW� UHVXOWLQJ� LQ� WKH� ORVV� RI�
DFFHVV� WR� ODQG� DQG� QDWXUDO� UHVRXUFHV�ZKLFK� DUH� WKH� SULPDU\� DVVHWV� RI� OLYHOLKRRGV� IRU� WKH�
ORFDO� SHRSOH�� 7KH� UHVXOWV� LQ� WKH� VXUYH\� ZHUH� LQGLFDWHG� WKDW� ������� RI� KRXVHKROGV� DUH�
ODQGOHVV� ZKLOH� ������� RZQHG� OHVV� WKDQ� ���� KD� SHU� KRXVHKROG��0RVW� RI� WKH� UHVSRQGHQWV�
KDYH� PRUH� GLIILFXOW\� WR� ILQG� ILUHZRRG� EHFDXVH� RI� SULYDWHO\� RZQHG� SURWHFWHG� ODQGV�� 7R�
GHYHORS�DQ�LQWHQVLYH�DJULFXOWXUH�DQG�DJUR�LQGXVWU\�DUH�DPRQJ�WKH�SXUSRVHV�RI�(/&��,Q�WKLV�
VWXG\�� LW� ZDV� UHFRUGHG� WKDW� RQO\� DQ� HVWLPDWHG� ����� RI� WRWDO� JUDQWHG� ODQGV� KDG� EHHQ�
FXOWLYDWHG��$V� D� UHVXOW�� WKHUH�ZHUH� RQO\� ������ RI� ORFDO� ODERU� IRUFH� KDG� EHHQ� HPSOR\HG��
0HDQZKLOH�� WKH�ODFN�RI�VNLOOV�DQG�IRUPDO�WUDLQLQJ�SUHYHQW� WKHP�IURP�WKH�RSSRUWXQLWLHV� WR�
DGMXVW� LQ� WKH�UDSLG�FKDQJHV�RI� ODQG�WUDQVIRUPDWLRQ��$Q�HVWLPDWHG�������KRXVHKROGV�KDYH�
PLJUDWHG�WR�RWKHU�UHJLRQV�VHHNLQJ�IRU�MREV�ZLWK�KLJKHU�ULVNV�DQG�ORZ�LQFRPH��,Q�FRQFOXVLRQ��
WKH� ORFDO� SHRSOH� LQ�3KQRP�6UXRFK�GLVWULFW�ZHUH�QRW� SUHSDUHG� WR� WKH� ODQG� WUDQVIRUPDWLRQ��
7KHUHIRUH�� WKLV� LV� RQH� RI� WKH� LVVXHV� WKDW� VKRXOG� EH� WDNHQ� LQWR� FRQVLGHUDWLRQ� RQ� SROLF\�
GLVFXVVLRQ�RQ�WKH�UROH�DQG�VWUDWHJ\�RI�ODQG�FRQFHVVLRQ�ZKHWKHU�LW�FRXOG�KDYH�D�VLJQLILFDQW�
FRQWULEXWLRQ�WR�WKH�GHYHORSPHQW�RI�WKH�SRRU��

.H\ZRUGV�HFRQRPLF�ODQG�FRQFHVVLRQ��HFRQRPLF�DQG�VRFLDO�LPSDFWV��OLYHOLKRRG���
&KRDP�6DQJNDH��&DPERGLD�

,1752'8&7,21�

2YHU����SHUFHQW�RI�PRUH�WKDQ����PLOOLRQ�&DPERGLDQV�DUH�FXUUHQWO\�OLYLQJ�LQ�UXUDO�DUHDV��1,6��������
WKDW�GHSHQG�RQ�QDWXUDO� UHVRXUFHV� WR� VXSSRUW� WKHLU� OLYHOLKRRGV��0RVW�DUH�VXEVLVWHQW�� UHO\LQJ�RQ�RQH�
FURS� WKDW� LV� ULFH�� ILVK� DQG�RWKHU� DTXDWLF� UHVRXUFHV��DQG�YDULHWLHV�RI� IRUHVW�SURGXFWV� �.DVSHU� HW�DO���
������� 7KH� GHYHORSPHQW� RI� SULYDWH� HQWHUSULVH� LQ� WKH� IRUP� RI� ODQG� FRQFHVVLRQV� JUDQWHG� IRU�
IRUHVWU\�DJUR�EXVLQHVV�KDV�EHHQ�VXJJHVWHG�DV�D�PHDQV�RI�GHYHORSPHQW�DQG�SRYHUW\�UHGXFWLRQ�LQ�WKH�
UXUDO�DUHDV��0DUDQD�HW�DO�����������

7KH� VSHFLILF� REMHFWLYHV� RI� ODQG� FRQFHVVLRQ� DUH� WR� GHYHORS� LQWHQVLYH� DJULFXOWXUDO� DQG� DJUR�
LQGXVWULDO�DFWLYLWLHV��,WV�DLP�LV�WR�JHQHUDWH�VWDWH�RU�SURYLQFLDO�UHYHQXHV�WKURXJK�HFRQRPLF�ODQG�WD[HV�

ᶃᶐᶂ

5HVHDUFK�DUWLFOH�
�
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DQG�WR�LQFUHDVH�HPSOR\PHQW�LQ�UXUDO�DUHD�ZLWKLQ�D�IUDPHZRUN�RI�LQWHQVLILFDWLRQ�DQG�GLYHUVLILFDWLRQ�
RI� OLYHOLKRRG� RSSRUWXQLWLHV� DQG� ZLWKLQ� D� IUDPHZRUN� RI� QDWXUDO� UHVRXUFHV� PDQDJHPHQW� EDVHG� RQ�
DSSURSULDWH�HFRORJLFDO�V\VWHP��0$))���������$V�D�UHVXOW��WKHUH�DUH����FRPSDQLHV�RFFXS\LQJ�D�WRWDO�
ODQG� DUHD� RI� �������� KD� WKDW�ZHUH� FRQWUDFWHG� E\� WKH� HQG� RI� ������ ,Q�.DPSRRQJ�6SHX� SURYLQFH��
WKHUH�DUH���FRPSDQLHV�FRYHULQJ��������KHFWDUHV���

+RZHYHU�� PDQ\� FKDOOHQJHV� UHPDLQ� WR� EH� DGGUHVVHG� RQ� ODQG� FRQFHVVLRQ�� IRU� LQVWDQFH�� WKH�
GHFOLQLQJ�DFFHVV�WR�ODQG��IRUHVWV�DQG�ILVKHULHV�GXH�WR�DSSURSULDWLRQ�E\�RWKHU�LQWHUHVWV��)XUWKHUPRUH��
WKH� FRQFHVVLRQV� KDYH� JHQHUDWHG� PRUH� ODQG� FRQIOLFWV� HVSHFLDOO\� ZLWK� ORFDO� FRPPXQLWLHV�� ,W� ZDV�
UHSRUWHG�WKDW�ODQGOHVVQHVV�LV�HVWLPDWHG�DW�����LQ�UXUDO�DUHDV��:RUOG�%DQN���������7KH�ODQG�FRQIOLFWV�
RIWHQ� KDYH� H[WHQVLYH� QHJDWLYH� HIIHFWV� RQ� HFRQRPLF�� VRFLDO�� VSDWLDO� DQG� HFRORJLFDO� GHYHORSPHQW�
�%DEHWWHU�� ������� ,Q� DGGLWLRQ�� IDUPHUV� WKDW� ORVVHV� DFFHVV� WR� ODQG� UHVRXUFHV�ZKLFK�ZHUH� XQGHU� WKH�
(/&�KDYH�GLIILFXOWLHV�WR�ILQG�HPSOR\PHQW� LQ�LQGXVWULHV�DQG�VLQFH�WKHUH�LV�RQO\�D�YHU\� OLPLWHG�MRE�
RSSRUWXQLWLHV�IRU�WKHP��3DGHN���������$OVR��WKH�LPSOHPHQWDWLRQ�RI�(/&�EHFDPH�PRUH�DJJUDYDWHG�
GXH� WR� WKH� ODFN� RI� FRPPXQLFDWLRQ� DQG� FRQVXOWDWLRQ� EHWZHHQ� WKH� ORFDO� FRPPXQLWLHV�� ORFDO�
JRYHUQPHQW�XQLW�DQG�QDWLRQDO�JRYHUQPHQW��7KHUH�LV�SRRU�FRPPXQLFDWLRQ�DQG�FRQVXOWDWLRQ�EHWZHHQ�
ORFDO� FRPPXQLWLHV�� ,I� DQ\� FRQVXOWDWLRQV� DUH� FRQGXFWHG� DW� DOO�� LW� LV� YHU\� PLQLPDO� ZLWK� PRVWO\�
GHFLVLRQV� UHJDUGLQJ� WKH� FRQFHVVLRQ� WDNHQ� DW� WKH� FHQWUDO� JRYHUQPHQW� OHYHO�� OHDYLQJ� WKH� ORFDO�
DXWKRULWLHV�SRZHUOHVV��

0(7+2'2/2*<�

&RQFHSWXDO�IUDPHZRUN�

6XVWDLQDEOH�OLYHOLKRRG�DV�D�FRQFHSWXDO�IUDPHZRUN�RI�DQDO\VLV�ZHUH�UHYLHZHG�ZKLFK�VXSSRUWHG�WKH�
LPSOHPHQWDWLRQ� RI� WKH� UHVHDUFK� UHVXOWV�� 7KH� IUDPHZRUN� VKRZV� WKH� SURFHVVHV� DQG� FRUH� IDFWRUV� RI�
OLYHOLKRRGV�WR�VXVWDLQ�IRU�ORFDO�SHRSOH��HVSHFLDOO\�UHODWHG�WR�WKH�QHZ�WUDQVIRUPDWLRQ�ZKLFK�KDV�OHG�WR�
WKH�ORVV�RI�DFFHVV�WR�ODQG�DQG�QDWXUDO�UHVRXUFHV��7KH�UHYLHZ�RI�OLYHOLKRRG�DQG�VXVWDLQDEOH�OLYHOLKRRG�
DUH� WKH� GHILQLWLRQ� RI� WKH�8QLWHG�.LQJGRP¶V�'HSDUWPHQW� IRU� ,QWHUQDWLRQDO�'HYHORSPHQW� �'),'�¶V�
PRGHO�EDVH�IRXQGHG�LQ��������

7KH�OLYHOLKRRG�DSSURDFK�LV�EDVHG�RQ�WKH�SUHPLVHV��VXFK�DV�WKH�DVVHW�VWDWXV�RI�WKH�SRRU�ZKLFK�LV�
IXQGDPHQWDO�WR�XQGHUVWDQG�WKH�RSWLRQV�RSHQ�WR�WKHP��WKH�VWUDWHJLHV�WKH\�DGDSW�WR�DWWDLQ�OLYHOLKRRGV��
WKH�RXWFRPHV� WKH\�DVSLUH� WR�DQG� WKH�YXOQHUDELOLW\�FRQWH[W�XQGHU�ZKLFK� WKH\�RSHUDWH��(OOLV���������
'),'�GLVWLQJXLVKHG�ILYH�FDWHJRULHV�RI�DVVHWV�RU�FDSLWDO�QDPHO\��QDWXUDO��VRFLDO��KXPDQ��SK\VLFDO�DQG�
ILQDQFLDO��&DUQH\�������DV�VLWHG�LQ�&DKQ��QR�GDWH���/LYHOLKRRG�VKRFNV�DQG�ULVNV�FDXVHG�E\�WKH�ODFN�
RI� DVVHWV� DQG� LQFRPH� RSSRUWXQLWLHV� WR� HQJDJH� LQ� SURGXFWLYH� DFWLYLWLHV�� /LYHOLKRRGV� EDVHG� QDWXUDO�
UHVRXUFHV��DJULFXOWXUDO� LQWHQVLILFDWLRQ��QRQ�IDUP�DFWLYLWLHV�DQG�GLYHUVLILFDWLRQ�ZKLFK�ZDV�UHYLHZHG�
EDVHG�RQ�WKH�WKHRU\�RI�OLYHOLKRRG�VWUDWHJLHV���

6WXG\�VLWHV�

7KH� FDVH� VWXG\�ZDV� FRQGXFWHG� LQ�&KRDP�6DQJNDH�&RPPXQH�� 3KQRP�6UXRFK� GLVWULFW��.DPSRQJ�
6SHX�SURYLQFH�ORFDWHG�LQ�ZHVWHUQ�SDUW�RI�&DPERGLD�ZKLFK�KDV�D�ODUJH�DUHD�HQWLWOHG�IRU�(/&��7KHUH�
DUH� �� FRPSDQLHV� FRYHULQJ� ������� KD� RI� ODQG� LQ� WKH� SURYLQFH�� &KRDP� 6DQJNDH� &RPPXQH� ZDV�
GLYLGHG� LQWR� �� YLOODJHV� ZLWK� ������ KRXVHKROG� IDPLOLHV�� $W� SUHVHQW�� WKHUH� DUH� ������ KD� RI� WKH�
FRPPXQH� ODQG� JUDQWHG� WR� D� FRPSDQ\� LQ� ������ D� 7DLZDQ� EDVHG� FRPSDQ\� QDPHG� *ROGHQ� /DQG�
'HYHORSPHQW�&R���/WG��7KHUH�ZHUH� WZR�YLOODJHV� VXEMHFWHG� IRU� WKH� FDVH� VWXGLHV�ZKLFK� DUH�PRVWO\�
XQGHU�LQ�WKH�FRQFHVVLRQ�DUHD��WKH�3KQRP�&KHDV�DQG�WKH�'RXQ�3URXQJ�YLOODJH���

'DWD�FROOHFWLRQ�

$� WRWDO� RI� ��� KRXVHKROGV�ZHUH� LQWHUYLHZHG� DQG� RWKHU� TXDOLWDWLYH�PHWKRGV� WKDW� FRQVLVW� RI� YLOODJH�
UHVRXUFHV�PDS�� WUDQVHFW�ZDONV�� WLPH� OLQHV�� VHDVRQDO� FDOHQGDU�� REVHUYDWLRQV� DQG� JURXSV�GLVFXVVLRQ�
ZHUH�DOVR�DSSOLHG�WR�PDNH�RXW�WKHLU�ILYH�OLYHOLKRRG�DVVHWV��FRSLQJ�VWUDWHJLHV��KLVWRU\�FKDQJHV��DQG�
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UHVRXUFHV� PDS� RI� WKH� DUHD�� $Q� LQ�GHSWK� LQWHUYLHZLQJ� PHWKRG� ZDV� XVHG� WR� LQYHVWLJDWH� WKH� QHZ�
DGDSWDWLRQ�VWUDWHJLHV�RI�ORFDO�OLYHOLKRRGV���

5(68/76�$1'�',6&866,21�

6LWXDWLRQ�RI�VWXG\�VLWHV�

7KH�DYHUDJH�ODQG�VL]H�SHU�KRXVHKROG�LQ�3KQRP�&KHDV�DQG�'RXQ�3URXQJ�LV�VOLJKWO\�GLIIHUHQW�KDYLQJ�
�����KD�DQG������KD�UHVSHFWLYHO\��7KH�QXPEHU�RI�ODQGOHVV�KRXVHKROG�ZDV�������LQ�3KQRP�&KHDV�
DQG������� LQ�'RXQ�3URXQJ��7KHUH�DUH�EDQNV�DOORZLQJ� ORFDO�YLOODJHUV� WR�JHW�D�FUHGLW��SDUWLFXODUO\�
WKRVH�ZKR�DUH�ZDQWLQJ�WR�VWDUW�FRWWDJH�LQGXVWULHV��+RZHYHU��RQO\�IHZ�RI�WKHP�DUH�DGDSWLQJ�WR�FUHGLW�
DFFRXQWLQJ�����LQ�3KQRP�&KHDV�DQG�����LQ�'RXQ�3URXQJ��

)DUPLQJ�V\VWHP�DQDO\VLV�

)DUPLQJ�V\VWHP�LV�GHILQHG�DV�D�SRSXODWLRQ�RI�LQGLYLGXDO�IDUPLQJ�V\VWHPV�WKDW�KDYH�EURDGO\�VLPLODU�
UHVRXUFH� EDVHV�� HQWHUSULVH� SDWWHUQV�� KRXVHKROG� OLYHOLKRRG� FRQVWUDLQWV� DQG� IRU� ZKLFK� VLPLODU�
GHYHORSPHQW�VWUDWHJLHV�DQG�LQWHUYHQWLRQV�ZRXOG�EH�DSSURSULDWH��

7DEOH���/LYHOLKRRG�DQG�DVVHWV�LQ�3KQRP�&KHDV�DQG�'RXQ�3URXQJ�YLOODJHV�

'HVFULSWLRQ� 8QLW� 3KQRP�&KHDV�
YLOODJH�

'RXQ�3URXQJ�
YLOODJH�

7RWDO�VDPSOH�
VHOHFWLRQ�

$YHUDJH�PHPEHU�SHU�KRXVHKROG� � ������� �������� �������
$JH�DFWLYH�ODERU��������� �� ������ ������� ������
$YHUDJH�ODQG�VL]H�SHU�KRXVHKROG� KD� ������� �������� �������
$YHUDJH�ODQG�SHU�DFWLYH�ODERU� KD� ���������� ����������� �������
/DQGOHVVQHVV�� �� ������ ������ ������
$FFHVV�WR�FUHGLW�DELOLW\� �� ������ ������ ������
6DYLQJ�JURXS�IRUPDWLRQ� �� ������� ������ ������
0LJUDWLRQ�RI�KRXVHKROG� �� ������ ������ ������
&DWWOH�SURGXFWLRQ������KHDGV�� �� ������ ������ ������
�

%DVHG�RQ�WKH�UHVXOWV�LQ�WKLV�VWXG\��LW�ZDV�IRXQG�RXW�WKDW�WKH�ORFDO�YLOODJHUV�UHO\�RQ�UDLQ\�VHDVRQ�
ULFH� EDVHG� DFWLYLWLHV�� RYHU� ���� DV� PDLQ� RFFXSDWLRQ� DQG� RWKHUV� DUH� VHFRQGDU\� MREV�� /LYHVWRFN�
SURGXFWLRQV� EDVHG� DFWLYLWLHV� FRQWULEXWH� DERXW� ���� DV� VHFRQG� RFFXSDWLRQ�� 2UFKDUG� DQG� EDFN\DUG�
JDUGHQLQJ�DUH�XQGHUWDNHQ�E\�PRVW�KRXVHKROG�EXW�QRW� IRU� WUDGLQJ�SXUSRVHV��&XUUHQWO\��QRQ�WLPEHU�
IRUHVW� SURGXFWV� �17)3V�� SOD\� OHVV� LPSRUWDQW� UROH� EHFDXVH� WKHUH� DUH� YHU\� IHZ� XVLQJ� IRU� GDLO\�
KRXVHKROG�FRQVXPSWLRQ��2II�IDUP�EDVHG�DFWLYLWLHV�FRQWULEXWH�DERXW������HVSHFLDOO\�ODERU�PLJUDWLRQ�
DQG�D�IHZ�VPDOO�VFDOH�EXVLQHVVHV��

7DEOH���&RUUHODWLRQV�EHWZHHQ�ODQG�DQG�RWKHU�IDFWRUV�

� ��
3DGG\�ULFH�

ODQG� &RZ�QXPEHU�
0LJUDWLRQ�
QXPEHU��

3DGG\�ILHOG�DUHD� 3HDUVRQ�FRUUHODWLRQ� �� �����

�� ������

��
�� 6LJ����WDLOHG�� � ����� �����
�� 1� ��� ��� ���
&RZ�QXPEHU�� 3HDUVRQ�FRUUHODWLRQ� �����

�� �� ������

��
�� 6LJ�����WDLOHG�� ����� � �����
�� 1� ��� ��� ���
0LJUDWLRQ�1XPEHU� 3HDUVRQ�FRUUHODWLRQ� ������

�� ������

�� ��
�� 6LJ�����WDLOHG�� ����� ����� �
�� 1� ��� ��� ���


�VLJQLILFDQW�GLIIHUHQFH�DW�����
�
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7DEOH���SURYLGHV� ILJXUHV�RQ�FRUUHODWLRQV�EHWZHHQ� IRXU� IDFWRUV� UHODWHG� WR�KRXVHKROG� ODQG�VL]H�
ZKLFK� LQGLFDWH� QHJDWLYH� UHODWLRQ� EHFDXVH� WKH� S�YDOXH� HTXDOV� ������ DQG� WKH� SRVLWLYH� VWUHQJWK�
GLUHFWLRQ� LV� ������� 7KLV�PHDQV� WKDW� ZKHQ� KRXVHKROG� KDYH� D� ODUJH� ODQG� DUHD�� D� WHQGHQF\� WR� KLJK�
QXPEHU�RI�FRZV�FRXOG�DOVR�EH�UHDUHG��DV�D�VLJQLILFDQW�OHYHO�RI�������ZDV�UHFRUGHG��7KH�SDGG\�ILHOG�
DUHD�UHODWHV�WR�WKH�QXPEHU�RI�KRXVHKROGV¶�PLJUDWLRQ�ZKLFK�S�YDOXH�LV�������ZLWK�QHJDWLYH�GLUHFWLRQ�
RI� U�YDOXH� LV� HTXDO� WR� ������� 7KLV� LPSOLHG� WKDW� ZKHQ� KRXVHKROGV� RZQHG� D� ODUJH� ODQG� DUHD�� WKH�
QXPEHU�RI�KRXVHKROG¶V�PLJUDWLRQ�ZLOO�GHFOLQH���

,PSDFW�RI�(/&�RQ�ORFDO�OLYHOLKRRGV�

7KLV�VHFWLRQ�ZLOO�GLVFXVV�WKH�LPSDFW�RI�(/&�RQ�ORFDO�OLYHOLKRRG�RI�&KRDP�6DQJNDH�FRPPXQH��7KH�
LPSDFWV�ZRXOG�DIIHFW�RQO\�VRPH�FDWHJRU\��VXFK�DV�IROORZV��DJULFXOWXUDO�ODQG��OLYHVWRFN�SURGXFWLRQ��
KRXVHKROG�PLJUDWLRQ�� KRXVHKROG� VL]H� DQG� GLVSODFHPHQW�� ,Q� WKH� FRQWH[W� RI� HFRQRPLF� GHYHORSPHQW�
VWUDWHJ\�RI�WKH�JRYHUQPHQW��ODQG�FRQFHVVLRQV�EHFRPH�SRSXODU�DV�LW�ZDV�H[SHFWHG�WR�UHGXFH�SRYHUW\�
LQ�WKH�UXUDO�DUHDV�LQ�&DPERGLD���

7KLV� UHSRUW� LQGLFDWHV� WKH� UHVXOW� RI� ILHOG� UHVHDUFK� WKDW� ZDV� FRQGXFWHG� LQ� &KRDP� 6DQJNDH�
FRPPXQH�LQ�.DPSRQJ�6SHX�SURYLQFH�RI�&DPERGLD��7KH�SRVLWLYH�DQG�QHJDWLYH�LPSDFWV�RI�JUDQWLQJ�
ODQGV�IURP�*ROGHQ�/DQG�'HYHORSPHQW�&R���/WG��IRU�ORFDO�OLYHOLKRRGV�LQ�WKH�HDUO\��������

3RVLWLYH�LPSDFWV�

7KLV�VHFWLRQ�ZLOO�H[DPLQH�WKH�SRVLWLYH�LPSDFWV�RI�WKH�JUDQWLQJ�ODQG�IURP�*/'�&R���/WG��WR�WKH�UXUDO�
YLOODJHUV�ZKLFK�JHQHUDWH�OLYHOLKRRG�WKURXJK�QRQ�IDUP�HPSOR\PHQW�DQG�HPSOR\PHQW�WUDQVIRUPDWLRQ��
7KH�FRPSDQ\�SURYLGHV�HPSOR\PHQW�WR�WKH�ORFDO�SHRSOH�DFFRXQWHG�IRU�DERXW����LQ�������+RZHYHU��
WKLV�QXPEHU�FRQWLQXH�WR�GHFUHDVH�HYHU\�\HDU�XQWLO�LQ�WKH�\HDU������WR��������

)LJ����VKRZV�WKH�SHUFHQWDJH�DQG� W\SHV�RI�HPSOR\PHQW�DV�IROORZV������RI� WKH�ZRUNHUV�ZHUH�
SODQWHUV�� ����ZHUH� ZRUNLQJ� RQ� ODQG� DQG� IRUHVW� FOHDULQJ� DQG� ����ZHUH� HPSOR\HG� DV� SODQWDWLRQ�
JXDUGV��:DJHV�RI� WKH�ZRUNHUV�ZHUH�DERXW������� ULHO� ������86���SHU�GD\��7KH�KLJKHVW�QXPEHU�RI�
HPSOR\HHV� RI� ORFDO� YLOODJHUV�ZKR�ZRUNHG�ZLWK� WKH� FRPSDQ\�ZDV� LQ� �����EXW� ODVWHG� RQO\� �� WR� ��
PRQWKV��)URP������XS�WR�������RQO\�DERXW����RI�WKH�LQWHUYLHZHG�KRXVHKROGV�KDG�EHHQ�HPSOR\HG��
�

�
)LJ����3HUFHQWDJH�RI�ORFDO�SHRSOH�HPSOR\HG�E\�WKH�FRPSDQ\�IURP������WR������

1HJDWLYH�LPSDFWV�

/RFDO�SHRSOH�DUH�DZDUH�RQ�WKH�LPSRUWDQFH�RI�DJULFXOWXUDO�ODQG�DOWKRXJK�RQO\��������RI�KRXVHKROGV�
ZHUH�JUDQWHG�RI�ODQG�ZLWK�OHVV�WKDQ�����KD���������ZLWK�����WR���KD�DQG��������ZLWK�ODQG�ODUJHU�
WKDQ���KD��+RZHYHU��WKHUH�LV�QR�DVVXUDQFH�WKDW�WKHVH�JUDQWHG�ODQGV�DUH�FRQWLQXRXVO\�XVDEOH�IRU�WKHP�



,-(5'�±�,QWHUQDWLRQDO�-RXUQDO�RI�(QYLURQPHQWDO�DQG�5XUDO�'HYHORSPHQW������������

��,6(5'�
�

���

RQFH�WKHVH�ODQGV�ZLOO�EH�FRQFHGHG�E\�WKH�FRPSDQ\��0HDQZKLOH�WKRVH�����RI�WKH�KRXVHKROGV�ZHUH�
QRW�JUDQWHG�WKRXJK�WKH\�FDQ�KDYH�WKH�RSSRUWXQLW\�WR�EHFRPH�WHQXUHV�IURP�RWKHU�ODQGRZQHUV�KDYLQJ�
ZLGH�DUHDV�RI�ODQG��2Q�WKH�RWKHU�KDQG��DERXW�����RI�WKH�LQWHUYLHZHG�KRXVHKROGV�KDYH�WKHLU�RZQHG�
ODQG�EXW�ZLWKRXW�ODQG�WLWOHV��7KHVH�FDVHV�DUH�FRPPRQ�LQ�'RXQ�3URXQJ�YLOODJH�DOWKRXJK�PRVW�RI�WKH�
ODQG� KROGHUV� KDYH� EHHQ� OLYLQJ� DQG� FXOWLYDWLQJ� IRU� PRUH� WKDQ� ��� \HDUV� EXW� VWLOO� KDYH� QR� SURRI�
GRFXPHQWV�RI�ODQG�RZQHUVKLS��

,Q�WHUPV�RI�DJUR�SURGXFWLRQ�LQ�&KRDP�6DQJNDH�FRPPXQH��OLYHVWRFN�LV�WKH�VHFRQG�NQRZQ�DJUR�
SURGXFWLRQ�QH[W�WR�FURS�SURGXFWLRQ��,W�ZDV�QRWLFHG�WKDW�����RI�WKH�ORFDO�SHRSOH�VKLIWHG�IURP�FDWWOH�
UHDULQJ�WR�SLJ�EUHHGLQJ��7KH�VWXG\�UHYHDOHG�WKDW��������RI�WKH�LQWHUYLHZHG�SHRSOH�WHQGHG�WR�UHGXFH�
WKH�QXPEHU�RI�FDWWOH�IRU�DERXW����LQ�3KQRP�&KHDV�DQG�����LQ�'RXQ�3URXQJ��,W�ZDV�NQRZQ�WKDW�
VKLIWLQJ�IURP�FDWWOH�WR�SLJJHU\�SURGXFWLRQ�ZDV�GXH�WR�WKH�OHVV�DYDLODELOLW\�RI�JUD]LQJ�ODQG��&RQWUDU\�
WR�VKLIWLQJ�RI�OLYHVWRFN�SURGXFWLRQ�IURP�FDWWOH�WR�SLJJHU\������RI�WKH�LQWHUYLHZHG�KRXVHKROGV�UHWDLQ�
WKH�QXPEHU�RI�FDWWOH��0HDQZKLOH������RI�WKH�ORFDO�SHRSOH�WHQG�WR�LQFUHDVH�WKH�QXPEHU�RI�FDWWOH�WKDW�
PDGH�SRVVLEOH�E\�XWLOL]LQJ�JUD]LQJ�ODQGV�LQ�WKH�QHDUE\�YLOODJHV�DQG�YLOODJH�LQ�WKH�ERDUGHU���

)LUHZRRG� DQG� FKDUFRDO� DUH� DOVR� FRQVLGHUHG� DV� DPRQJ� RI� WKH� VRXUFHV� RI� LQFRPH� IRU� ORFDO�
YLOODJHUV�DV�ZHOO�DV�IRU�WKHLU�RZQ�KRXVHKROG�FRQVXPSWLRQ��,W�ZDV�UHYHDOHG�WKDW�PRUH�WKDQ�����RI�
WKH�LQWHUYLHZHG�KRXVHKROGV�KDG�GLIILFXOWLHV�RQ�JDWKHULQJ�ILUHZRRG�HYHQ�IRU�WKHLU�RZQ�FRQVXPSWLRQ�
GXH�WR�WKH�ODQG�FRQFHVVLRQ�ZKHUH�LQ�IRUHVWHG�ODQGV�ZHUH�JUDQWHG�WR�SULYDWH�FRPSDQLHV��$ERXW�����
RI�ORFDO�YLOODJHUV�FDQ�KDYH�WKH�RSSRUWXQLW\�WR�JDWKHU�ILUHZRRG�RQFH�ODQG�FOHDULQJ�ZLOO�EH�GRQH�RQ�
WKH�JUDQWHG�ODQG��GHILQLWHO\�QRW�D�VXVWDLQDEOH�VRXUFH�GXH�WR�WKH�FKDQJH�RI�ODQG�XVH�LQ�WKH�DUHD��7KLV�
FDVH�KDG�LQIOXHQFHG�RWKHU�����RI�ORFDO�SHRSOH�WR�PRYH�WR�RWKHU�GLVWDQW�DUHDV�ZKHUH�ILUHZRRG�FDQ�EH�
FROOHFWHG��

,Q�WKH�HDUO\�&DPERGLDQV��QRQ�WLPEHU�IRUHVW�SURGXFWV�ZHUH�D�YHU\�LPSRUWDQW�DGGLWLRQDO�VRXUFH�
RI�LQFRPH�WR�WKH�ORFDO�SHRSOH��,W�FRQWULEXWHV�DQ�LQFRPH�DERXW�����WR�WKRVH�LQ�WKH�PHGLXP�LQFRPH�
KRXVHKROGV� DQG� DERXW� ���� WR� WKRVH� LQ� WKH� ORZ� LQFRPH� KRXVHKROGV� �&6:�� ������� 7KH� 17)3V�
LQFOXGHV� YHJHWDEOHV�� IUXLWV��ZLOG� DQLPDOV�� YLQHV� DQG� EDUNV�� WUHH� UHVLQV�� EDPERR�� URRW�WXEHU� FURSV��
EXVKHV�DV�UDZ�PDWHULDOV�IRU�KDQGLFUDIW�DQG�VR�RQ��+RZHYHU�� LW�ZDV�IRXQG�RXW�WKDW�17)3V�EHFDPH�
OHVV�LPSRUWDQW�WR�WKH�ORFDO�SHRSOH�ZLWK�UHVSHFW�WR�LWV�IXQFWLRQ�DV�VXSSOHPHQW�IRU�KRXVHKROG�LQFRPH���

8QMXVWLILDEOH� UHVHWWOHPHQW� RIWHQ� KDSSHQ� LQ�&DPERGLD� HLWKHU� LQ� XUEDQ� DQG� UXUDO� DUHDV�� ,Q� WKH�
FDVH�RI�&KRDP�6DQJNDH�FRPPXQH����RXW�RI����LQWHUYLHZHG�KRXVHKROGV�PDQLIHVWHG�WKDW�WKH\�ZHUH�
IRUFHIXOO\� HYLFWHG� IURP� WKHLU� ODQG� ZLWKRXW� FRPSHQVDWLRQ� LQ� ������0DQ\� SHDVDQWV¶� KRXVHV� ZHUH�
EXUQHG�DQG�GHVWUR\HG�E\�PLOLWDULHV�DQG�DUPLHV�SURWHFWLQJ�WKH�FRPSDQ\¶V�ODQGV���)XUWKHUPRUH��WKHLU�
KRXVHV� ZHUH� WRUFKHG� DQG� GHVWUR\HG� DW� QLJKW� ZKLOH� WKH\� ZHUH� VWLOO� DVOHHS�� (DFK� IDPLO\� VSHQW� IRU�
DERXW���������ULHO��RYHU�����86���WR�UHEXLOG�HYHQ�D�ORZ�FRVW�KRXVLQJ���

6WUDWHJLF�WUDQVIRUPDWLRQ�RQ�OLYHOLKRRG�

,Q� WKH� ROGHQ� GD\V�� ORFDO� SHRSOH� ZHUH� PRVWO\� GHSHQGLQJ� RQ� QDWXUDO� UHVRXUFHV� IRU� OLYLQJ�� 7KH�
LQFUHDVLQJ�GHPDQG�RI�EDVLF�QHHGV�ZLWK� WKH� UDSLG� LQFUHDVH�RI�SRSXODWLRQ�� DQG�D� VKULQNLQJ�SRRO�RI�
QDWXUDO�UHVRXUFH��LV�D�WKUHDWHQLQJ�HIIHFW��SDUWLFXODUO\�GXH�WR�ODQG�FRQFHVVLRQ��IRU�LQVWDQFH��JUDQWLQJ�
RI�WKH�VWDWH�IRUHVW�ODQG�WR�SULYDWH�FRPSDQLHV�IRU�LQGXVWULDO�XVH��,Q�WKLV�VWXG\��VWUDWHJLHV�WKDW�DUH�EHLQJ�
SUDFWLFHG� E\� WKH� ORFDO� FRPPXQLWLHV� DGDSWLQJ� DQRWKHU� IRUP� RI� OLYHOLKRRG� DUH� FDWHJRUL]HG� LQWR�
DJULFXOWXUDO�EDVH�DQG�QRQ�DJULFXOWXUDO�EDVH�VWUDWHJ\��

7KH�VWXG\�UHYHDOHG�WKDW�WKH�ORFDO�FRPPXQLWLHV�DUH�XWLOL]LQJ�WKH�JUDQWHG�ODQGV�E\�SURPRWLQJ�DQG�
GHYHORSLQJ�D�VXVWDLQDEOH�IRUP�RI�DJUR�IRUHVWU\�DQG�EDFN\DUG�JDUGHQLQJ�ZKLFK�ZLOO�EH�FDUULHG�RXW�LQ�
FRPPXQLW\�OHYHO�DQG�KRXVHKROG�OHYHO��UHVSHFWLYHO\��7KHVH�SUDFWLFHV�EHORQJ�WR�DQ�DJULFXOWXUDO�EDVH�
VWUDWHJ\��$V�PHQWLRQHG��DPRQJ�WKH�SXUSRVHV�RI�HFRQRPLF�ODQG�FRQFHVVLRQ��(/&���LW� LV�WR�GHYHORS�
DQ� LQWHQVLYH� DJULFXOWXUH� DQG�DJUR�LQGXVWU\��+RZHYHU�� WKH� ORFDO�SHRSOH� DUH�QRW�FDSDEOH� WR�SURYLGH�
KLJK� LQSXWV� RI� ODERU�� PDWHULDO� DQG� WHFKQLFDO� FDSLWDO�� 7KXV�� WKH� ORFDO� YLOODJHUV� WUDQVIRUPHG� IURP�
LQWHQVLYH�DJULFXOWXUH�WR�H[WHQVLYH�DJULFXOWXUH�E\�SURGXFLQJ�RUJDQLF�IHUWLOL]HUV��OLTXLG�ELR�IHUWLOL]HUV��
HIIHFWLYH�PLFURRUJDQLVPV��(0���RUJDQLF�DQLPDO�IHHGV�DQG�VPDOO�VFDOH�ILVK�SRQGV�WKURXJK�LQGLYLGXDO�
KRXVHKROG�DSSURDFK��

1RQ�DJULFXOWXUDO� EDVH� VWUDWHJ\� RQ� LPSURYLQJ� WKH� OLYHOLKRRG� RI� WKH� ORFDO� FRPPXQLW\� LV� E\�
WDNLQJ�VLGHOLQH� MREV�GXULQJ�GU\�VHDVRQ��&RPPRQ�DYDLODEOH� MRE� WKDW�SHRSOH� LQYROYH�DUH� IRUHVW�DQG�
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ODQG�FOHDULQJ�ZKLFK�HDFK�SHUVRQ�HDUQV�IURP����WR����86��D�PRQWK��$OVR��FRWWDJH�LQGXVWU\�LV�EHLQJ�
FDUULHG�RXW�E\� VRPH�YLOODJHUV�ZKLFK� LV� VXSSRUWHG�ERWK� LQ� WHFKQLFDO� DQG�QR� LQWHUHVW� ORDQ� ILQDQFLDO�
IURP����WR����86��SURYLGHG�E\�ORFDO�QRQ�JRYHUQPHQW�RUJDQL]DWLRQ��+RZHYHU��LW�ZDV�IRXQG�RXW�LQ�
WKLV�VWXG\�WKDW�RQO\�������RI�WKH�LQWHUYLHZHG�KRXVHKROGV�DGDSW�WKH�FRWWDJH�LQGXVWU\��

&21&/86,21�

7KH�LPSOHPHQWDWLRQ�RI�(FRQRPLF�/DQG�&RQFHVVLRQ��(/&��FRXOG�QRW�PHHW�WKH�RYHUDOO�REMHFWLYHV�RI�
WKH� JRYHUQPHQW� GHYHORSPHQW� SROLF\�� *UDQWLQJ� RI� VWDWH� RZQHG� ODQG� DQG� IRUHVW� DUHDV� WR� SULYDWH�
FRPSDQLHV�FDXVHV�WKH�ORVV�RI�DFFHVV�RI�ORFDO�SHRSOH�IRU�IXHO�DQG�QRQ�WLPEHU�IRUHVW�SURGXFWV��(/&�
DOVR�UHVXOWV�LQ�WKH�GHFUHDVH�RI�DJULFXOWXUDO�ODQG�DUHDV�IRU�WKH�ORFDO�SHRSOH��,Q�DGGLWLRQ��JUDQWLQJ�RI�
ODQG�IURP�SULYDWH�FRPSDQLHV�WR�WKH�ORFDO�SHRSOH�UHVXOW�FRQIOLFWV�RQ�ODQG�RZQHUVKLS��1HYHUWKHOHVV��
JUDQWLQJ� RI� VWDWH� RZQHG� ODQG� WKURXJK� (/&� WR� SULYDWH� FRPSDQLHV� LV� VWLOO� FRQWLQXRXVO\� LQFUHDVHV��
+RZHYHU��(/&�KDYH�LWV�SRVLWLYH�LPSDFW�E\�SURYLGLQJ�HPSOR\PHQW�RI�SULYDWH�LQGXVWULDO�FRPSDQLHV�
WR�ORFDO�YLOODJHUV��1HYHUWKHOHVV��WKHUH�ZHUH�RQO\�IHZ�RI�WKH�ORFDO�SHRSOH�WKDW�ZHUH�HPSOR\HG��$OVR��
WKH�ORFDO�SHRSOH�OHDUQW�RQ�KRZ�WR�XWLOL]H�WKH�JUDQWHG�ODQG�IRU�WKHP�IURP�SULYDWH�FRPSDQ\�WKURXJK�
WUDQVIRUPLQJ�IURP�LQWHQVLYH�DJULFXOWXUH�WR�D�VXVWDLQDEOH�IRUP�RI�DJULFXOWXUH�ZKLFK�LV�NQRZQ�DV�WKH�
H[WHQVLYH�DJULFXOWXUH���

,Q�FRQFOXVLRQ��WKH�HVWDEOLVKPHQW�RI�(/&�ZDV�REVHUYHG�WR�KDYH�PRUH�QHJDWLYH�LPSDFWV�WR�WKH�
OLYHOLKRRG�LQ�WKH�PDMRULW\�RI�ORFDO�SHRSOH�LQ�WKH�VWXG\�VLWH��

$&.12:/('*(0(176��

:H�ZRXOG�OLNH�WR�WKDQN�3ROH�GH�)RUPDWLRQ�6SpFLDOLVpH��3)6��DQG�&RPPLVVLRQ�8QLYHUVLWDLUH�SRXU�OH�
'pYHORSSHPHQW��&8'��WKDW�IXQGHG�WKLV�SURJUDP�HQWLWOHG�³,QWHUQDWLRQDO�0DVWHU�RI�5XUDO�(FRQRPLFV�
DQG�6RFLRORJ\��,0$5(6�´��:H�DOVR�H[WHQG�RXU�JUDWLWXGH�WR�+DQRL�8QLYHUVLW\�RI�$JULFXOWXUH�DQG�
8QLYHUVLW\� RI� /LHJH�ZKLFK� DVVRFLDWHG� WKH� SURJUDP�� 7KH� ODVW� EXW� QRW� WKH� OHDVW�� WKDQN�'H\�:��<��
5LFKDUG�IRU�DVVLVWLQJ�RQ�WKH�HGLWLRQ�RI�WKLV�SDSHU��

5()(5(1&(6�

%DEHWWH��:�� ������� /DQG� &RQIOLFWV�� $� SUDFWLFDO� JXLGH� WR� GHDOLQJ� ZLWK� ODQG� GLVSXWHV�� (VFKERUQ�� 'HXWVFKH�
*HVHOOVFKDIW�I�U��7HFKQLVFKH�=XVDPPHQDUEHLW��*7=��*PE+��*HUPDQ\��

&DUQH\��'���������6XVWDLQDEOH�UXUDO�OLYHOLKRRGV��'HSDUWPHQW�IRU�,QWHUQDWLRQDO�'HYHORSPHQW��'),'���8QLWHG�
.LQJGRP��

'),'� ������� 6XVWDLQDEOH� OLYHOLKRRG� JXLGHOLQH� VKHHWV�� 'HSDUWPHQW� IRU� ,QWHUQDWLRQDO� 'HYHORSPHQW� �'),'���
8QLWHG�.LQJGRP��

(OOLV��)���������5XUDO�OLYHOLKRRGV�DQG�GLYHUVLW\�LQ�GHYHORSLQJ�FRXQWULHV��2[IRUG�8QLYHUVLW\�3UHVV��2[IRUG��
.DVSHU�� .�+�� DQG� 1HWK�� 7RS� ������� 1DWXUDO� IRUHVW� EHQHILWV� DQG� HFRQRPLF� DQDO\VLV� RI� QDWXUDO� IRUHVW�

FRQYHUVLRQ�LQ�&DPERGLD��:RUNLQJ�3DSHU�1R������&DPERGLD�'HYHORSPHQW�5HVRXUFH�,QVWLWXWH��&'5,���
0$))��������(FRQRPLF�ODQG�FRQFHVVLRQ��0LQLVWU\�RI�$JULFXOWXUH��)RUHVWU\�DQG�)LVKHULHV��&DPERGLD��
0DURQD��6���$GHOLQD��3�� DQG�0DULD��/�� �������(FRQRPLF� ODQG� FRQFHVVLRQ� WR� UHGXFH�SRYHUW\� D� TXHVWLRQDEOH�

SROLF\��&RPPXQLW\�EDVHG�1DWXUDO�5HVRXUFH�0DQDJHPHQW�/HDUQLQJ�,QVWLWXWH��&%150���&DPERGLD���
1,6��������&DPERGLD�VRFLR�HFRQRPLF�VXUYH\��1DWLRQDO�,QVWLWXWH�RI�6WDWLVWLFV��&DPERGLD��
3DGHN��������,QIRUPLQJ�WR�HPSRZHU��3DUWQHUVKLS�IRU�'HYHORSPHQW�LQ�.DPSXFKHD��3DGHN���&DPERGLD��
6&:��������7KH�VFKRRO�DWODV�RI�&DPERGLD��6DYH�&DPERGLD¶V�:LOGOLIH��6&:���&DPERGLD��
:RUOG�%DQN��������5XUDO�GHYHORSPHQW�DQG�DJULFXOWXUH�LQ�&DPERGLD��:RUOG�%DQN��86$��
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3RWHQWLDO�IRU�'HYHORSLQJ�7RXULVP�LQ�%DQWHD\�&KKPDU��
&DPERGLD�

&+$1'$5$987+�+$1*�
5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH��3KQRP�3HQK��&DPERGLD�
(PDLO��FKDQGDUDYXWKBKDQJ#\DKRR�FRP�

627+81�621*�
5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH��3KQRP�3HQK��&DPERGLD�

5HFHLYHG����'HFHPEHU������ $FFHSWHG����-DQXDU\������

$EVWUDFW�7RXULVP�LQ�%DQWHD\�&KKPDU�KDYH�EHHQ�JURZLQJ�JUDGXDOO\�VLQFH�HDUO\������ZLWK�
WKH� DVVLVWDQFH� RI� WKH� %DQWHD\� &KKPDU� &RPPXQLW\�%DVHG� 7RXULVP� �&%7��� D� VHUYLFH�
SURYLGHU� WR� WKH� WRXULVWV�ZKR�YLVLW� DQG� VWD\� LQ� WKH�DQFLHQW�KLVWRULFDO� UHVRUW�� ,Q������� WKHUH�
ZHUH�����WRXULVWV�YLVLWHG�WKH�%DQWHD\�&KKPDU�WRXULVW�VLWH��'XH�WR�WKH�VORZ�LQFUHDVH�WRXULVWV�
YLVLWLQJ� %DQWHD\� &KKPDU�� D� ILHOG� VWXG\� ZDV� GRQH� LQ� ����� WR� LQYHVWLJDWH� WKH� FXUUHQW�
PDQDJHPHQW� RI� WRXULVP� LQ� %DQWHD\� &KKPDU�� 7KH� REMHFWLYHV� RI� WKH� ILHOG� VWXG\� DUH� WR�
GHWHUPLQH�WKH�LPSDFW�RI� WRXULVP�RQ�WKH�ORFDO�OLYHOLKRRG�DQG�HQYLURQPHQW��WR�HYDOXDWH�WKH�
SRWHQWLDO� RI� WRXULVW� DWWUDFWLRQ� VLWHV� DQG� WR� DQDO\]H� WKH� FRQVWUDLQWV� DQG� RSSRUWXQLWLHV� IRU�
LQFUHDVLQJ� WRXULVP� LQ� %DQWHD\� &KKPDU�� ,Q� RUGHU� WR� DFKLHYH� WKH� REMHFWLYHV�� ��� VHPL�
VWUXFWXUH� LQWHUYLHZV�� ��� TXHVWLRQQDLUHV�� ��� HYDOXDWLRQ� GDWD� VKHHWV�� PDSSLQJ�� VRPH�
SDUWLFLSDWRU\� UXUDO� DSSUDLVDO� �35$�� WRROV�� GLUHFW� REVHUYDWLRQ� DQG� D� VWUHQJWK� ZHDNQHVV�
RSSRUWXQLW\�WKUHDW��6:27��DQDO\VLV�ZHUH�FRQGXFWHG��7KH�UHVXOWV�VKRZHG�WKDW�WKH�%DQWHD\�
&KKPDU�&%7�SOD\V�LPSRUWDQW�UROHV�LQ�WRXULVP�PDQDJHPHQW��6LQFH�WKH�WRXULVP�EHJDQ��WKH�
VKDUH� RI� WRXULVP� LQ� HPSOR\PHQW� FRQWULEXWHV� ��� �� RI� WKH� WRWDO� LQFRPH� DQG� LPSURYHG�
SHRSOH¶V� OLYLQJ� VWDQGDUG��0RUHRYHU�� DZDUHQHVV� RI� FXOWXUDO� DQG� HQYLURQPHQWDO� YDOXH� KDG�
DOVR� LQFUHDVHG��+RZHYHU�� WKH� RYHUXVH� RI�ZDWHU� IURP� WKH�PRDW�� YHJHWDEOH� JDUGHQLQJ� DQG�
ZDVWH�GLVSRVDO� LQVLGH�WKH�WHPSOH�DIIHFWV�QHJDWLYH� LPSDFWV� LQ�WKH�WRXULVW�VLWH��&XOWXUDO�DQG�
KLVWRULFDO�VLWHV�DQG�ORFDO�WUDGLWLRQDO�ZD\V�RI�OLIH�DUH�WKH�PDLQ�WRXULVW�DWWUDFWLRQV��$VLGH�IURP�
WKH�PDLQ� DWWUDFWLRQ�ZKLFK� LV� WKH�%DQWHD\�&KKPDU� WHPSOH�� RWKHU�&%7� VHUYLFHV�ZHUH� DOVR�
HQMR\HG�E\�PDQ\� WRXULVWV� VXFK� DV� H[SORULQJ� WKH� VDWHOOLWH� WHPSOHV�� F\FOLQJ�� R[�FDUW� ULGLQJ�
DQG� YLVLWLQJ� WKH� YLOODJHV��2SSRUWXQLWLHV� IRU� WRXULVW� GHYHORSPHQW�ZHUH� LGHQWLILHG�� VXFK� DV�
LQFUHDVLQJ�WRXULVP�WKURXJK�ZLGHVSUHDG�WRXULVP�LQIRUPDWLRQ��QHZ�LQFRPH�IURP�YLVLWLQJ�WKH�
WHPSOH�DQG� WKH� WHPSOH¶V� UHJLVWUDWLRQ�DV�D�:RUOG�+HULWDJH�6LWH�� ,Q�FRQWUDVW��PDVV� WRXULVP�
YHUVXV�RI�&%7�EH�FRQFHUQHG�DERXW�VH[XDO�WUDIILFNLQJ�LVVXHV��DQG�GUXJ�VPXJJOLQJ�FRXOG�EH�
FRQVWUDLQWV�IRU�IXWXUH�WRXULVP�GHYHORSPHQW��,Q�FRQFOXVLRQ��WKH�UHVHDUFK�VXJJHVWHG�WKDW�DQ\�
IXWXUH� WRXULVP�GHYHORSPHQW�PXVW�EH�EDODQFHG� LQ�DOO�HFRQRPLF��VRFLDO�DQG�HQYLURQPHQWDO�
DVSHFWV��

.H\ZRUGV�%DQWHD\�&KKPDU��FRPPXQLW\�EDVHG�WRXULVP��WRXULVP�GHYHORSPHQW��6:27���
�������������������35$�

,1752'8&7,21�

7RXULVP�LV�FRQVLGHUHG�DV�WKH�PDMRU�VHFWRU�WKDW�FRQWULEXWHV�WR�WKH�GHYHORSPHQW�RI�QDWLRQDO�HFRQRP\�
LQ�&DPERGLD��,W�SURYLGHV�DGGLWLRQDO�LQFRPH�DQG�HPSOR\PHQW�RSSRUWXQLWLHV�WKDW�LPSURYH�WKH�OLYLQJ�
VWDQGDUG�RI�ORFDO�SHRSOH�DQG�FRQWULEXWH�RQ�SRYHUW\�DOOHYLDWLRQ��7HN����������

&DPERGLD�LV�DPRQJ�WKH�FRXQWULHV�LQ�6RXWKHDVW�$VLD�DQG�DURXQG�WKH�ZRUOG�WKDW�KDYH�SOHQW\�RI�
QDWXUDO�DQG�KLVWRULFDO�UHVRUWV�ZLWK�DQFLHQW�FXOWXUH�DFURVV�WKH�FRXQWU\�WKDW�SOD\V�DQ�LPSRUWDQW�UROH�LQ�
WRXULVP��7KH�%DQWHD\�&KKPDU�WHPSOH�ZKLFK�LV�ORFDWHG�LQ�%DQWHD\�&KKPDU�&RPPXQH��7KPRU�3RXN�
'LVWULFW��%DQWHD\�0HDQFKH\�3URYLQFH�GHSLFWLQJ�WKH�.KPHU�.LQJGRP�GXULQJ�WKH�$QJNRULDQ�3HULRG�
LV� RQH� RI� WKH� JUHDWHVW� DUFKLWHFWXUDO� PDVWHUSLHFHV� LQ� 6RXWKHDVW� $VLD�� 0RUHRYHU�� LW� LV� RQH� RI� WKH�

5HVHDUFK�DUWLFOH�
�

ᶃᶐᶂ
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&DPERGLD¶V� WRS�OLVWHG� KLVWRULFDO� VLWHV� EHLQJ� QRPLQDWHG� IRU� 81(6&2¶V� :RUOG� +HULWDJH� �*+)��
�������

+RZHYHU�� WKH� ODFN� RI� FRQVHUYDWLRQ� DQG�PDQDJHPHQW� UHVXOWV�%DQWHD\�&KKPDU¶V� WHPSOHV� DQG�
WRZHUV� JUDGXDOO\� FROODSVH�� GLVLQWHJUDWHG� DQG� RYHUJURZQ� ZLWK� WUHHV�� ,Q� DGGLWLRQ�� ORRWLQJ� LV� DOVR�
RFFXUULQJ�LQ�%DQWHD\�&KKPDU��*+)��������ZKLFK�WKHUHIRUH�FRQVHUYDWLRQ�DQG�SURSHU�PDQDJHPHQW�
DUH�QHFHVVDULO\�QHHGHG��

7KH�REMHFWLYHV�RI�WKLV�VWXG\�DUH�WR�LQYHVWLJDWH�WKH�FXUUHQW�PDQDJHPHQW�RI�WRXULVP�LQ�%DQWHD\�
&KKPDU�� WR� GHWHUPLQH� WKH� LPSDFW� RI� WRXULVP� RQ� WKH� OLYHOLKRRG� DQG� HQYLURQPHQW�� WR� HYDOXDWH� WKH�
SRWHQWLDO� RI� WRXULVW� DWWUDFWLRQV� DQG� WR� DQDO\]H� WKH� FRQVWUDLQWV� DQG�RSSRUWXQLWLHV� IRU� LQFUHDVLQJ� WKH�
WRXULVP�LQ�%DQWHD\�&KKPDU��

0(7+2'2/2*<�

,Q� WKLV� VWXG\�� VHYHUDO� PHWKRGV� ZHUH� FDUULHG� RXW� WR� DFKLHYH� WKH� DERYH� REMHFWLYHV� WKDW� LQFOXGH��
LQWHUYLHZV�� TXHVWLRQQDLUH� VXUYH\V�� SDUWLFLSDWRU\� UXUDO� DSSUDLVDO�� PDSSLQJ�� GLUHFW� REVHUYDWLRQ� DQG�
VWUHQJWK�ZHDNQHVV�RSSRUWXQLW\�WKUHDW�DQDO\VLV��7KH�LQWHUYLHZV�ZHUH�FRQGXFWHG�ZLWK����KRXVHKROGV�
LQ�ZKLFK���KRXVHKROGV�IURP�&%7�PHPEHUV�ZKLOH�WKH�RWKHU���KRXVHKROGV�ZHUH�QRQ�&%7�PHPEHUV��
0RUHRYHU����NH\�HOGHUO\�SHRSOH�LQWHUYLHZV�DQG����LQIRUPDO�LQWHUYLHZV�ZHUH�DOVR�GRQH�WR�JHW�EHWWHU�
XQGHUVWDQGLQJ� RQ� WKH� WRXULVP� LQ�%DQWHD\�&KKPDU�� 7R� HYDOXDWH� RQ� WKH� WRXULVW� DWWUDFWLRQ� VLWHV�� ���
WRXULVWV�ZHUH�LQWHUYLHZHG�XVLQJ�WKH�TXHVWLRQQDLUHV�DQG����VDPSOHV�RI�WRXULVW�HYDOXDWLRQ�GDWDVKHHWV�
IURP� WKH�&%7�ZHUH� XVHG�� ,Q� DGGLWLRQ��9HQQ�GLDJUDP�ZDV� XWLOL]HG� WR� LQGLFDWH� UHJDUGLQJ�ZLWK� WKH�
FXUUHQW�PDQDJHPHQW�RI�WRXULVP��3LH�GLDJUDP�ZDV�XWLOL]HG�WR�GLVWLQJXLVK�WKH�LPSDFW�RI�WRXULVP�RQ�
OLYHOLKRRG�DQG�HQYLURQPHQW��6HDVRQDO�&DOHQGDU��'UHDP�PDS�� DQG�6QDNH�DQG�/DGGHU�RI� WKH�35$�
ZHUH� WR� HYDOXDWH� WKH� FRQVWUDLQWV� DQG� RSSRUWXQLWLHV� GHYHORS� WRXULVP� LQ� %DQWHD\� &KKPDU��
)XUWKHUPRUH�� *36� PDSSLQJ� ZHUH� DOVR� GRQH� WR� SRLQW� RXW� WKH� WRXULVW� DWWUDFWLRQ� VLWHV� GXULQJ� WKH�
REVHUYDWLRQ�LQ�WKH�VWXGLHG�DUHD��DV�IRU�6:27�DQDO\VLV�ZDV�GRQH�DIWHU�FROOHFWLQJ�WKH�GDWD��

5(68/76�$1'�',6&866,21�

5ROHV�RI�VWDNHKROGHUV�RQ�WRXULVP�PDQDJHPHQW��

7KHUH� DUH� VRPH� VWDNHKROGHUV� WKDW� DUH� VWURQJO\� LQYROYLQJ� LQ� WRXULVP� GHYHORSPHQW�� WRXULVP�
PDQDJHPHQW�DQG�LPSURYLQJ�WKH�WRXULVP�VHUYLFHV�LQ�%DQWHD\�&KKPDU�VXFK�DV�&&%(1��*+)��&%7���
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�
�

�
)LJ����'LDJUDP�RI�VWDNHKROGHUV¶�UHODWLRQVKLS�LQ�WRXULVP�GHYHORSPHQW�LQ�%DQWHD\�&KKPDU�

1RWH �
$'%��$VLDQ�'HYHORSPHQW�%DQN
81(6&2��8QLWHG�1DWLRQV�(GXFDWLRQDO��6FLHQWLILF�DQG�
&XOWXUDO�2UJDQL]DWLRQ
&&%(1��&DPERGLDQ�&RPPXQLW\�%DVHG�(FRWRXULVP�
1HWZRUN
&$7$��&DPERGLD�$VVRFLDWLRQ�7UDYHO�$JHQF\
(&26251��(FRQRPLF�DQG�6RFLDO�GHYHORSPHQW�RI�
1RUWKZHVW�&DPERGLD
*+)��*OREDO�+HULWDJH�)XQG
&2$:)��&DPERGLDQ�2UJDQL]DWLRQ�IRU�$VVLVWDQFH�WR�
:LGRZV�DQG�)DPLOLHV
&2'$&��&RRSHUDWH�'HYHORSPHQW�$JULFXOWXUH�
2UJDQL]DWLRQ�RI�&DPERGLD

'LUHFW�,QYROYHPHQW�
,QGLUHFW�,QYROYHPHQW�
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,PSDFW�RI�WRXULVP�RQ�OLYHOLKRRG�DQG�HQYLURQPHQW�

7KH�LPSDFW�RI�WRXULVP�RQ�OLYHOLKRRG�LV�WKH�FKDQJH�RI�LQFRPH�VRXUFHV�RI�&%7�PHPEHUV�LQGLFDWLQJ�D�
VKDUH�RI�����LQ�WKH�WRWDO�LQFRPH�DIWHU�LQYROYLQJ�LQ�WRXULVP��)LJ������7KH�LQFRPH�IURP�WRXULVP�KDV�
SOD\HG� LPSRUWDQW� UROH� RI� &%7� PHPEHU¶V� H[SHQVHV� QRW� RQO\� UHLQYHVWPHQW� LQ� WRXULVP� EXW� DOVR�
LQYHVWPHQW�LQ�WKH�H[LVWLQJ�DFWLYLWLHV��)LJ�����0RUHRYHU��&%7�LQFRPH�IURP�WRXULVP�DOVR�FRQWULEXWHV�
��� SHUFHQW� LQ� /RFDO� 'HYHORSPHQW� )XQG� �)LJ����� 7RXULVP� LQ� %DQWHD\� &KKPDU� LV� LQFUHDVLQJ� WKH�
SHRSOH¶V�DZDUHQHVV�RQ�WKH�HQYLURQPHQW��1RZ�WKH�HQYLURQPHQW�LV�QRW�\HW�SROOXWHG�EHFDXVH�LW¶V�XQGHU�
FRQWURO� RI� &%7�� KRZHYHU�� WKH� PDLQ� SUREOHP� LV� WKH� RYHUXVH� RI� ZDWHU� IURP� WKH� PRDW�� YHJHWDEOH�
JDUGHQLQJ� DQG� ZDVWH� PDQDJLQJ� DURXQG� WKH� PDLQ� WHPSOH�� 7R� SUHYHQW� DQ\� SUREOHPV�� WKH� ]RQLQJ�
V\VWHP�KDV�EHHQ�SURSRVHG�WR�PDQDJH�IXWXUH�GHYHORSPHQW�HIIHFWLYHO\�DQG�HIILFLHQWO\��

�

�
�
�
�
�
�
�
�

)LJ����&KDQJHV�RQ�GDLO\�DFWLYLWLHV�RI�&%7�PHPEHUV�D��EHIRUH�DQG�E��DIWHU�LQYROYLQJ�
LQ�WRXULVP�LQGXVWU\�

�
�

�
�
�
�
�
�
�
�
�
�

)LJ����7KH�GLYHUVLILHG�H[SHQGLWXUH�RQ�WKH�LQFRPH�IURP�WRXULVP�
����

�

�
�
�
�
�
�

)LJ����7KH�EHQHILW�VKDULQJ�IURP�WRXULVP�LQFRPH�LQ�%DQWHD\�&KKPDU�&%7�
�

7RXULVW�DWWUDFWLRQ�VFKHPH�

7RXULVW� DWWUDFWLRQ� VFKHPH� ZDV� DQDO\]HG� WKURXJK� WKH� GDWD� VKHHW� IURP� &%7�� *HQHUDO� WRXULVW�
DWWUDFWLRQV�ZHUH� UDQNHG� IURP��� �ORZHVW� VDWLVI\�� WR����KLJKHVW� VDWLVI\���$PRQJ� WKRVH�DWWUDFWLRQV�DV�
VKRZQ�LQ�)LJ�����F\FOLQJ��YLVLWLQJ�WKH�WHPSOHV�DQG�R[�FDUG�ULGLQJ�DUH�WKH�PRVW�DWWUDFWLYH�DFWLYLWLHV�
IRU�WRXULVWV��

D�� E��
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)LJ����5DQN�UDWLQJ�RQ�GLIIHUHQW�WRXULVW�DWWUDFWLRQV�LQ�%DQWHD\�&KKPDU�

7RXULVW�DWWUDFWLRQ�PDSSLQJ�

7KH� WRXULVW�DWWUDFWLRQ�PDSSLQJ�KHOSV� WR� LGHQWLI\� WKH�VSHFLILF�DUHDV� IRU� WKH� WRXULVWV� WR� HQMR\� LQ� WKH�
WRXU�RIIHUHG�E\�WKH�%DQWHD\�&KKPDU�&%7��:LWK�WKLV�PDS��WRXULVWV�ZLOO�EH�DEOH�WR�GLVFRYHU�WKH�SODFH�
ZKHUH�WKH\�SUHIHU�WR�YLVLW�ILUVWO\�RU�ZKHUH�WKH�ORFDO�JXLGH�FRXOG�DFFRPSDQ\�ZLWK�WKHP��7KH�WRXULVW�
DWWUDFWLRQ� PDSSLQJ� FRQVLVWV� RI� WKH� FXOWXUDO� DWWUDFWLRQV� �WKH� PDLQ� WHPSOH� DQG� VDWHOOLWH� WHPSOHV���
KLVWRULFDO�DWWUDFWLRQV��&KRHXQJ�.UXRV�:DWHU�5HVHUYRLU��DQG�WUDGLWLRQDO�DWWUDFWLRQ��EHH�NHHSLQJ�DQG�
VLON�KDQGLFUDIW���7KH�PDLQ�WHPSOH�LV�%DQWHD\�&KKPDU��ZKLFK�ZDV�EXLOW�RQ�WKH�DUHD�RI�DSSUR[LPDWHO\�
�����KD�LQ�RYHU�����\HDUV�DJR���+DYLQJ�WKH�%D\RQ�SURWRW\SH�DQG�VXUURXQGHG�E\�IRUHVW��WKHVH�DUH�WKH�
PDLQ� DWWUDFWLRQ� IRU� WKH� WRXULVWV��0RUHRYHU�� RWKHU� �� VDWHOOLWH� WHPSOHV� VXFK� DV�&KHQK�&KRHP�7UH\��
<HD\� .RUP��:HVW� 6DPQDQJ� 7D� 6RN�� (DVW� 6DPQDQJ� 7D� 6RN�� 7D� 3UXP�� %DODQJ��0H� %XQ�� <HD\�
&KRXU��DQG�7D�(P��DUH�DOVR�UHJDUGHG�DV�WKH�WRXULVW�DWWUDFWLRQ�LQ�DUHD��0RVW�RI�WKH�VDWHOOLWH�WHPSOHV�
DUH�FRYHUHG�E\�IRUHVW�DQG�WKH�PRVW�DWWUDFWLYH�WHPSOHV�DUH�7D�3UXP��DQG�0H�%XQ�WHPSOHV���

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

)LJ����7RXULVW�DWWUDFWLRQ�WHPSOH�DQG�ODQGVFDSH�LQ�%DQWHD\�&KKPDU��&DPERGLD�
�

&KRHXQJ�.UXRV�:DWHU�5HVHUYRLU�OLHV�LQ�ODUJH�RSHQ�JUHHQ�DUHDV��,W�ZDV�EXLOW�GXULQJ�WKH�3RO�3RW�
�.KPHU�5RXJH��UHJLPH�LQ�WKH�SXUSRVH�RI�DJULFXOWXUDO�XVH��7KHUH�LV�D�JUHDW�YLHZ�RI�JUDVVODQG�DQG�WKH�
'DQJUHN�5DQJH�0RXQWDLQ�WKDW�FDQ�EH�VHHQ�LQ�WKH�VRXWK�ZHVW�WR�QRUWK�ZHVW�RI�WKH�DUHDV��

5DQN�
���/RZHVW�VDWLVI\��
���/RZHU�VDWLVI\�
���0RGHUDWH�VDWLVI\�
���+LJKHU�VDWLVI\�
���+LJKHVW�VDWLVI\�
�
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7KH�&RQVWUDLQWV�DQG�RSSRUWXQLWLHV�

$IWHU� DOO� GDWD� DQG� LQIRUPDWLRQ� LQ� WKH� ILHOG� ZHUH� FROOHFWHG� DQG� DQDO\]HG� SURSHUO\�� WKH� 6:27�
DQDO\VLV� ZDV� GRQH� WR� GLVFRYHU� VRPH� VXLWDEOH� VWUDWHJLHV� WR� GHDOW� ZLWK� WKH� FRQVWUDLQWV� DQG�
RSSRUWXQLWLHV�IRU�GHYHORSLQJ�WRXULVP�LQ�%DQWHD\�&KKPDU�DV�VKRZHG�LQ�7DEOH����

7DEOH���6:27�DQDO\VLV�IRU�GHYHORSLQJ�WRXULVP�LQ�%DQWHD\�&KKPDU�

6:27�$QDO\VLV�IRU�
GHYHORSLQJ�WRXULVP�LQ�
%DQWHD\�&KKPDU�

6WUHQJWK��6�� :HDNQHVV��:��

��&%7�SURYLGHV�VHUYLFHV�WR�
WRXULVWV�
��+DYLQJ�VXSSRUW�IURP�*+)�
&&%(1��(&26251�
��0RUH�WRXULVW�DWWUDFWLRQV�
��7RXULVP�VLWH�LV�FORVH�WR�WKH�
&DPERGLDQ�7KDLERUGHU�
��+DYLQJ�PDVWHU�SODQ�IRU�%DQWHD\�
&KKPDU�FRPPXQH�
��=RQH�GLYLVLRQ�
��&RPPXQH�GHYHORSPHQW�IXQG�
IURP�&%7�
��+DYLQJ�VRPH�ZDWHU�UHVRXUFHV�

�
�

��&%7�KDVQ¶W�EHHQ�UHFRJQL]HG�
E\�WKH�JRYHUQPHQW�
��,QIUDVWUXFWXUH�GHYHORSPHQW�
KDVQ¶W�GRQH�ZLGHO\�\HW�
��7RXULVP�VHUYLFHV�DUH�QRW�\HW�
GLYHUVLILHG�DQG�DGHTXDWH�
��/DFN�RI�FRQWUROOLQJ�RQ�WRXULVW�
ZKR�HQWHU�WKH�WHPSOH�
��/LPLWHG�DGYHUWLVHPHQW�RI�
WRXULVP�LQ�%DQWHD\�&KKPDU�
��/RZ�LQFRPH�IURP�WRXULVP�LQ�
UDLQ\�VHDVRQ�
��+LJK�UHTXLUHPHQW�RI�EHLQJ�
PHPEHU�RI�&%7�
��,QDGHTXDWH�IUHVK�ZDWHU�DQG�
HOHFWULFLW\�VXSSO\�

2SSRUWXQLW\��2�� 6WUDWHJLHV�IRU�6	2� 6WUDWHJLHV�IRU�:	2�
��%DQWHD\�&KKPDU�WHPSOH�ZLOO�
EH�LQFOXGHG�LQ�ZRUOG�KHULWDJH�
��7RXULVW�ZLOO�EH�LQFUHDVHG�
��,QFUHDVLQJ�RI�HQYLURQPHQW�
DQG�FXOWXUDO�DZDUHQHVV�
��1HZ�WRXULVW�DWWUDFWLRQV�
��,QFUHDVLQJ�LQ�&%7�PHPEHUV�
DQG�MRE�RSSRUWXQLWLHV�
��,QFUHDVLQJ�WKH�DGYHUWLVHPHQW�
RI�WRXULVP�LQ�%DQWHD\�&KKPDU�
��1HZ�LQFRPH�IURP�YLVLWLQJ�WKH�
WHPSOH�

��(IIHFWLYHO\�LPSOHPHQW�]RQLQJ�
V\VWHP�WR�HQVXUH�WKH�HQYLURQPHQW�
SUHVHUYDWLRQ�
��7UDLQLQJ�PRUH�RQ�WKH�H[LVWLQJ�
&%7�PHPEHUV�LQ��WRXULVW�JXLGH�
��'LYHUVLI\��IRRG�DQG�KRPHVWD\�
VHUYLFHV�
��%HWWHU�LQIUDVWUXFWXUH�
GHYHORSPHQW�WR�PHHW�WKH�
LQFUHDVLQJ�RI�WRXULVWV�DQG�
LPSURYLQJ�WRXULVW�DWWUDFWLRQV�
��0RUH�FRQWURO�RQ�WKH�WRXULVWV�
LQFUHDVH�LQFRPH�

��6XJJHVW�WKH�JRYHUQPHQW�WR�
UHFRJQL]H�WKH�&%7�RIILFLDOO\�
��,QFUHDVLQJO\�DGYHUWLVH�QHZ�
WRXULVW�DWWUDFWLRQV�LQ�WKH�DUHD�
��/HVVHQ�WKH�UHTXLUHPHQW�RI�
EHLQJ�PHPEHU�RI�&%7�
��(QFRXUDJH�WR�KDYH�PRUH�
LQYHVWPHQW�RQ�IUHVK�ZDWHU�DQG�
HOHFWULFLW\�VHUYLFHV�

7KUHDW��7�� 6WUDWHJLHV�IRU�6	7� 6WUDWHJLHV�IRU�:	7�
��/LPLWHG�IXQGV�IRU�&%7�UXQQLQJ�
SURFHVV�
��3ROOXWLRQ�RQ�VRFLDO��FXOWXUH�
HQYLURQPHQW�
��WKURXJK�PLJUDQWV�
��=RQLQJ�FDQ�DIIHFW�WR�SHRSOH�
OLYHOLKRRG�
��3RVVLEOH�FRQIOLFW�EHWZHHQ�&%7�
PHPEHU�DQG��
��1RQ�&%7�PHPEHU�
��7HPSOH�HURVLRQ�
��0DVV�WRXULVP�ZLOO�DIIHFW�RQ�&%7�
��/RVLQJ�DJULFXOWXUDO�ODERU��
��6H[XDO�DQG�GUXJ�VPXJJOLQJ�
��7LPH�DQG�PRQH\�FRQVXPLQJ�LQ�
UHSDLULQJ�WKH��WHPSOHV�

��)DFLOLWDWH�WKH�WRXULVP�
GHYHORSPHQW�ZLWK�&%7�
��&%7�VKRXOG�SUHSDUH�LWV�RZQ�
VWUDWHJ\�LQ�GHYHORSLQJ�WRXULVP��
DJUHHLQJ�ZLWK�WKH���
FRPPXQH�GHYHORSPHQW�SODQ�

��/RFDO�DXWKRULW\�KDYH�WR�FRQWURO�
FDUHIXOO\�WKH�
��WRXULVWV�DQG�SULYDWH�VHUYLFHV�LQ�
WKH�DUHD�
��)LQG�DQG�HQDEOH�IXQGV�IRU�
GHYHORSLQJ�WKH�DUHD�
��7UDQVSDUHQF\�LQ�LQFRPH�
GLVWULEXWLRQ�WR�
��FRPPXQH�GHYHORSPHQW��

��7UDQVSDUHQWO\�DVVLPLODWH�WKH�
]RQLQJ�GLYLVLRQ�WR�
��ORFDO�SHRSOH�
��8UJHQWO\�UHFRJQL]H�WKH��
OHJDOLW\�RI�&%7�
��,QFUHDVH�PRUH�MRE�RSSRUWXQLW\�
DQG�DYDLODELOLW\�
��,QFUHDVH�VHDVRQDO�FURSSLQJ�
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&21&/86,21�

7RXULVP� PDQDJHPHQW� LQ� %DQWHD\� &KKPDU� LV� LQFUHDVLQJO\� LPSURYHG� IURP� \HDU� WR� \HDU� WKURXJK�
LQFUHDVLQJ�LQ�WKH�WRXULVWV�QXPEHUV��%DQWHD\�&KKPDU�&%7�LV�WKH�PDLQ�LQVWLWXWLRQ�ZKLFK�UHVSRQVLEOH�
IRU�PDQDJLQJ�DQG�SURYLGLQJ�WKH�VHUYLFHV�WR�WKH�WRXULVWV��+RZHYHU��LW�VWLOO�QHHGV�PRUH�VXSSRUWV�IRU�LW�
VXVWDLQDEOH�UXQQLQJ�SURFHVV��

7KH�PDLQ�VWDNHKROGHU�WKDW�FDQ�LPSURYH�VXVWDLQDEOH�WRXULVP�LV�5R\DO�*RYHUQPHQW�RI�&DPERGLD��
%HVLGHV�� VRPH� UHOHYDQW� LQVWLWXWLRQV� DQG�1*2V� VXFK� DV�*+)��&&%(1��&$7$� DQG� RWKHU� WRXULVP�
DJHQFLHV�DUH�DOVR�RQH�FDWDO\VW�LQ�FRRSHUDWLQJ�DQG�DGYHUWLVLQJ�WKH�WRXULVP�LQ�%DQWHD\�&KKPDU��

7KH� TXDOLW\� RI� &%7� VHUYLFHV� LV� UHFRJQL]HG� DQG� JLYHQ� WKH� KLJK� YDOXH� E\� WKH� WRXULVWV� ZKR�
ZHOFRPHG�E\�&%7��KRZHYHU��&%7�DOVR�JRW�VRPH�FRPPHQWV�IURP�WRXULVW�WR�LPSURYH�WKH�VHUYLFHV���

7RXULVP�LQ�%DQWHD\�&KKPDU�KDV�UHDOO\�EHQHILWHG�WR�ORFDO�OLYHOLKRRG�DQG�HQYLURQPHQW�VLQFH�LW¶V�
FRQWULEXWHG� WR� JHQHUDWH� LQFRPH�� � ,QFRPH� IURP� WRXULVP� KDV� FRQWULEXWHG� ��� SHUFHQW� RI� WKH� WRWDO�
LQFRPH��DQG�E\�WKH�LQFRPH��SHRSOH�KDYH�HQKDQFHG�WKHLU�OLYLQJ�VWDQGDUG�WKURXJK�PRGHUQL]DWLRQ�RI�
WKH� VHUYLFHV� DQG� GDLO\� H[SHQVH�� 0RUHRYHU�� HQYLURQPHQW� FRQVLGHUDWLRQ� LV� JUDGXDOO\� SRSXODU��
LQFUHDVLQJ� WKH� DZDUHQHVV� RI� WKH� HQYLURQPHQWDO� PDLQWDQFH�� KRZHYHU�� ZDWHU� XVLQJ� DQG� ZDVWH�
PDQDJLQJ�DUH�WKH�PDLQ�SUREOHP�LQ�WKH�SUHVHQW��

7KHUH� DUH�PDQ\�RSSRUWXQLWLHV� IRU�GHYHORSLQJ� WRXULVP� LQ�%DQWHD\�&KKPDU�EDVH�RQ� LWV� WRXULVW�
DWWUDFWLRQV� DQG�ZHOO�PDQDJHG�E\�&%7��KDYLQJ�EHWWHU�FRRUGLQDWLRQ�ZLWK�PDQ\� VWDNHKROGHUV��0RUH�
DGYHUWLVHPHQW�RI�WKH�WRXULVW�VLWH��XSGDWLQJ�VRPH�VHUYLFHV��LQFUHDVH�WKH�&%7�PHPEHUV�DQG�DZDUHQHVV�
RI�HQYLURQPHQW��VWUHQJWKHQ�WKH�H[LVWLQJ�WUDGLWLRQ�DQG�GHYHORSPHQW�RI�WKH�WRXULVW�DWWUDFWLRQ�VLWHV�DUH�
DOVR� WKH� RSSRUWXQLWLHV�� 2QO\� SHUPDQHQW� WUDGLWLRQDO� DFWLYLWLHV� WKDW� FDQ� EH� WKH� DWWUDFWLRQV� WR� WKH�
WRXULVWV�DQG�WKHVH�FDQ�DOVR�SUHVHUYH�WKH�WUDGLWLRQ�DQG�ZD\�RI�OLIH�RI�WKH�SHRSOH�LQ�%DQWHD\�&KKPDU��

+RZHYHU��WKH�FRQVWUDLQW�IRU�GHYHORSLQJ�WRXULVP�LQ�%DQWHD\�&KKPDU�LV�WKH�PDVV�WRXULVP�ZKLFK�
FRXOG� KDYH� QHJDWLYH� LPSDFW� RQ� HQYLURQPHQWDO�� VRFLDO� DQG� HFRQRPLFDO� DVSHFWV�� 0RUHRYHU�� VRPH�
WKUHDWV�KDYH�WR�EH�FRQVLGHUHG�VXFK�DV�LVRODWHG�PDQDJHPHQW�RI�WRXULVP�RI�WKH�VWDNHKROGHUV��GHVWUR\�
WKH� HQYLURQPHQW� ZKHQ� GHYHORSLQJ� FRPH�� SROOXWLRQ� WR� VRFLDO� DQG� FXOWXUH�� DQG� VH[XDO� DQG� GUXJ�
VPXJJOLQJ��

,Q�EULHI��WKH�PDLQ�SUREOHP�WKDW�FDQ�DIIHFW�WR�VXVWDLQDEOH�GHYHORSPHQW�RI�%DQWHD\�&KKPDU�&%7�
LV�PDVV� WRXULVP�ZKLFK�ZLOO� QHJDWLYHO\� LPSDFW� RQ� WKH�ZDWHU� UHVRXUFHV��ZDVWH� FRQWURO�� DQG�&%7¶V�
EHQHILW�VKDULQJ�WR�WKH�PHPEHUV��7KHUHIRUH��DYRLGLQJ�WKLV�SRVVLEOH�SUREOHP��DOO�GHYHORSPHQW�DVSHFWV�
KDYH�WR�WKLQN�RI�HQYLURQPHQWDO��VRFLDO�DQG�HFRQRPLFDO�VXVWDLQDELOLW\��

$&.12:/('*(0(176�

)XQGLQJ� IURP� )UHQFK�$VVLVWDQW� 3URMHFW� RI� )UDQFH� (PEDVV\� LV� KLJKO\� DFNQRZOHGJHG�� 7KH� DXWKRUV� DUH�
JUDWHIXO�WR�'U��&KDQ�1DUHWK��'U��6HQJ�0RP��DQG�DOO�OHFWXUHUV�RI�*UDGXDWH�VFKRRO�IRU�WKHLU�FRQWULEXWLRQ��
6SHFLDO�WKDQNV�WR�%DQWHD\�&KKPDU�&%7�DQG�DOO�SHRSOH�ZKR�DUH�ZHOO�FRRSHUDWHG�ZLWK�RXU�UHVHDUFK�WHDP��

5()(5(1&(6�

7HN��6�� �������3RWHQWLDO� RI� GHYHORSLQJ� HFR�WRXULVP�RQ�0HNRQJ�5LYHU��1RUWKHUQ�3DUW� RI�&DPERGLD� LQ�7DOD�
%RULYDWK�GLVWULFW��6WHXQJ�7UHQJ�SURYLQFH��06F��7KHVLV��5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH��&DPERGLD��

.XPDU�� 6�� �������0HWKRGV� IRU� FRPPXQLW\� SDUWLFLSDWLRQ�� $� FRPSOHWH� JXLGH� IRU� SUDFWLWLRQHUV�� ,QWHUPHGLDWH�
7HFKQRORJ\�3XEOLFDWLRQ�/WG��

*+)��������*OREDO�+HULWDJH�)XQG��KWWS���JOREDOKHULWDJHIXQG�RUJ�ZKHUH�EDQWHD\�KWPO��
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$JUR�IRUHVWU\�6\VWHP�LQ�6DOW�$IIHFWHG�$UHD�LQ�.KRQ�.DHQ�
3URYLQFH��1RUWKHDVW�RI�7KDLODQG�

-((5$18&+�6$..+$0'8$1*�
*UDGXDWH�6FKRRO�RI�$JULFXOWXUH��7RN\R�8QLYHUVLW\�RI�$JULFXOWXUH��-DSDQ�
(PDLO��RUDLUFG��#KRWPDLO�FRP�

/$/,7$�6,5,:$77$1$121�
$VVRFLDWLRQ�RI�(QYLURQPHQWDO�DQG�5XUDO�'HYHORSPHQW��3DWKXP�7KDQL��7KDLODQG�

0$&+,72�0,+$5$�
)DFXOW\�RI�5HJLRQDO�(QYLURQPHQW�6FLHQFH��7RN\R�8QLYHUVLW\�RI�$JULFXOWXUH��-DSDQ�

5HFHLYHG����'HFHPEHU������ $FFHSWHG����-DQXDU\������

$EVWUDFW�2QH�RI�WKH�VHYHUH�HQYLURQPHQWDO�SUREOHPV�IDFLQJ�LQ�WKH�QRUWKHDVW�RI�7KDLODQG�LV�
VDOW�DIIHFWHG�VRLO��,Q�WKH�WRWDO�DUHD�RI�WKH�QRUWKHDVW�UHJLRQ�DW��������PLOOLRQ�KHFWDUH��������
PLOOLRQ�KHFWDUH�LV�VDOW�DIIHFWHG�ODQG��LQ�ZKLFK�WKH�0DKDVDUDNKDP�URFN�VDOW�OD\HU�ODLG�DW�WKH�
GHSWK� RI� ��������PHWHUV�� 7KH� VDOW� DIIHFWHG� VRLO� LV� FDXVLQJ� YDULRXV� HFRQRPLF� DQG� VRFLDO�
SUREOHPV�LQ�WKH�UXUDO�DUHDV��$V�WKH�VDOW�DIIHFWHG�VRLO�ZDV�QRW�VR�VHULRXV�GXULQJ�����¶V�ZKHQ�
WKH� ODQG� ZDV� FRYHUHG� ZLWK� IRUHVWV�� DWWHQWLRQ� KDV� EHHQ� SDLG� WR� DQ� DJUR�IRUHVWU\� V\VWHP��
ZKLFK�LV�RQH�RI�DOWHUQDWLYH�DJULFXOWXUH�FRPELQLQJ�ZLWK�IRUHVWV��,W�LV�H[SHFWHG�WR�UHGXFH�WKH�
LQWHQVLW\� RI� VDOLQLW\� LQ� WKH� DUHD�� +RZHYHU�� SODQWLQJ� WUHHV� GRHV� QRW� SURYLGH� VKRUW� WHUP�
EHQHILWV� FRPSDULQJ� WR� JURZLQJ� ILHOG� FURSV�� VR� DJUR�IRUHVWU\� LV� KDUGO\� WR� EH� DFFHSWHG� E\�
ORFDO�SHRSOH��7KXV��WKH�LQWHJUDWLRQ�RI�VDOW�WROHUDQW�WUHHV�DQG�RWKHU�FURSV�FRXOG�EH�WKH�PRVW�
EHQHILFLDO� IRU� IDUPHUV� DQG� VRLO� HQYLURQPHQW�� $FFRUGLQJO\�� WKLV� VWXG\� ZDV� IRFXVHG� RQ�
LGHQWLI\LQJ�ZKDW� HIIHFWLYH� DJUR�IRUHVWU\� V\VWHPV� DUH� LQ� VDOW� DIIHFWHG� DUHD�� ([LVWLQJ� DJUR�
IRUHVWU\� SUDFWLFHV� LQ� .KRQ� .DHQ� 3URYLQFH� ZHUH� LQYHVWLJDWHG� LQ� WKLV� VWXG\�� 7KH� DJUR�
IRUHVWU\� SUDFWLFHV� ZHUH� FRQGXFWHG� LQ� SDWFK� IRUHVWV�� SDGG\� EXQGV�� SODQWDWLRQV� DVVRFLDWHG�
ZLWK�DQLPDO�KXVEDQGU\��KRPH�JDUGHQV�DQG�YHJHWDEOH�JDUGHQV��7KH�GRPLQDQW�WUHHV�LQ�WKHVH�
ORFDWLRQV� ZHUH� 6LQGRUD� VLDPHQVLV�� 6KRUHD� REWXVD�� (XFDO\SWXV� FDPDOGXOHQVLV�� %DPEXVD�
EDPERV� DQG�0DQJLIHUD� LQGLFD��$OVR�� WKH� QXPEHUV� RI� YDULHW\� RI� WUHHV� SODQWHG� LQ� WKH� VDOW�
DIIHFWHG�DUHDV�ZHUH�ORZHU�WKDQ�WKDW�LQ�WKH�QRQ�VDOW�DIIHFWHG�DUHDV��%DVHG�RQ�WKH�LQYHVWLJDWHG�
UHVXOWV��LW�ZDV�SURSRVHG�WKDW�DJUR�IRUHVWU\�SUDFWLFHV�ZLWK�KLJKHU�YDULHWLHV�RI�WUHHV�VKRXOG�EH�
PDGH�LQ�VDOW�DIIHFWHG�DUHD��

.H\ZRUGV�VDOW�DIIHFWHG�VRLO��DJUR�IRUHVWU\��1RUWKHDVW�RI�7KDLODQG��

,1752'8&7,21�

6DOW� DIIHFWHG� VRLO� LV� RQH� RI� WKH� VHYHUH� HQYLURQPHQWDO�SUREOHPV� LQ� WKH� QRUWKHDVW�RI�7KDLODQG��7KH�
WRWDO�DUHD�RI�WKLV�UHJLRQ�LV��������PLOOLRQ�KHFWDUH�ZKLOH�WKH�VDOW�DIIHFWHG�ODQG�FRYHUV�������PLOOLRQ�
KHFWDUH��6DOW�FRPSRQHQWV�KDYH�EHHQ�WUDQVIHUUHG�WR�VRLO�VXUIDFH�IURP�0DKDVDUDNKDP�URFN�VDOW�OD\HU�
DW�WKH�GHSWK�RI���������PHWHUV��<XZDQL\RP����������

.KRQ�.DHQ� 3URYLQFH� LV� RQH� RI� WKH� SURYLQFHV� LQ� WKH� QRUWKHDVW� RI� 7KDLODQG� ZKLFK� IDFHV� VDOW�
DIIHFWHG�VRLO�SUREOHP��$URXQG�������SHUFHQW�RI�WKH�WRWDO�DUHD�RI�������PLOOLRQ�KHFWDUH�LV�XVHG�IRU�
DJULFXOWXUH��LQ�ZKLFK������SHUFHQW�LV�VDOW�DIIHFWHG�ODQG�DQG�������SHUFHQW�KDV�URFN�VDOW�XQGHUQHDWK�
�7DEOH�����(VSHFLDOO\��VDOW�DIIHFWHG�VRLO�SUREOHP�LV�VHYHUH�LQ�3KUD�<XQ�'LVWULFW��%DQ�)DQJ�'LVWULFW��
0XDQJ�'LVWULFW�DQG�%DQ�3KDL�'LVWULFW��.KRQ�.DHQ�3URYLQFH���������

6HYHUDO�RUJDQL]DWLRQV�LQ�7KDLODQG�DQG�RYHUVHDV�KDYH�LQWURGXFHG�WKH�XWLOL]DWLRQ�RI�VDOW�WROHUDQW�
WUHHV� DQG� FURSV� WR� VROYH� RU� WR� PLWLJDWH� WKLV� SUREOHP�� +RZHYHU�� ORFDO� IDUPHUV� KDYH� QRW� DGDSWHG�
SODQWLQJ�WUHHV��DV�LW�WDNHV�ORQJ�WLPH�WR�JDLQ�WKH�SURILW��9LWWD\DNRUQ��HW�DO���������
�

ᶃᶐᶂ

5HVHDUFK�DUWLFOH�
�
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7DEOH���6DOW�DIIHFWHG�DUHD�RI�.KRQ�.DHQ�SURYLQFH�

6DOW�DIIHFWHG� $UHD��KD�� 3HUFHQW� �

$JULFXOWXUDO�DUHD� ����������� ������ �

6DOW�DIIHFWHG�DUHD� ���������� ����� �

$UHD�XQGHU�VDOW�URFN� ����������� ������ �

7RWDO�DUHD� ������������� ������� �
6RXUFH��/DQG�'HYHORSPHQW�'HSDUWPHQW��������

�
$JUR�IRUHVWU\�� DQ� DOWHUQDWLYH� DJULFXOWXUH�� KDV�EHHQ� SUDFWLFHG� LQ� WKH� QRUWKHDVW� RI�7KDLODQG�� ,Q�

WKLV� SUDFWLFH�� WUHHV� DUH� SODQWHG� WRJHWKHU� ZLWK� ILHOG� FURSV� LQ� YDULRXV� DSSOLFDWLRQV�� (YHQ� DIWHU�
KDUYHVWLQJ�WKH�FURSV��WKH�ODQG�LV�VWLOO�FRYHUHG�ZLWK�WUHHV�SURYLGLQJ�ZLQGEUHDN��IXHO�ZRRGV��VKDGHV��
FRQVWUXFWLRQ�PDWHULDOV�DQG�IRRGV�WR�ORFDO�SHRSOH��

,Q�������5XD\VRRQJHUQ�VWXGLHG�DERXW�DJUR�IRUHVWU\�V\VWHPV�LQ�WKH�QRUWKHDVW�RI�7KDLODQG�DQG�
FDWHJRUL]HG� LQWR� IROORZLQJ� ��� JURXSV�� ��� DJUR�IRUHVWU\� LQ� KRPH� JDUGHQ�� ��� DJUR�IRUHVWU\� LQ� ELJ�
SDGG\�EXQG�� ��� DJUR�IRUHVWU\� DURXQG�SRQG�� ��� DJUR�IRUHVWU\� DURXQG�ZDWHU� HGJHV�� ��� DJUR�IRUHVWU\�
VXUURXQGLQJ� ZDWHU� UHVRXUFH�� ��� DJUR�IRUHVWU\� ZLWK� ZDWHU� UHVRXUFH�� ��� DJUR�IRUHVWU\� DORQJ� ZDWHU�
VRXUFH�� ��� DJUR�IRUHVWU\� LQ� EDFN\DUG�� ��� WUHH� SODQWDWLRQ�ZLWK� XQGHUJURZWK� FURSV�� ���� WUHHV� DORQJ�
QDWXUDO�ZDWHU�ZD\�� ���� WUHHV�ZLWK� YHJHWDEOH� JDUGHQ������ YHJHWDEOH� LQ� SDGG\�KHDG� ODQG�� ���� WUHHV�
DURXQG�IHQFH�OLQH������JDUGHQ�DURXQG�IDUP�VKHOWHU������WUHHV�DORQJ�GLWFK�FRQVWUXFWLRQ������WUHHV�IRU�
IDUP� ERUGHU�� ���� DJUR�IRUHVWU\� LQ� VDOW� DIIHFWHG� DUHD�� ���� DJUR�IRUHVWU\� LQ� IORRG� SURQH� DUHD�� ����
LQWHJUDWHG� WUHHV� DQG� IUXLW� WUHHV�� ���� EDPERR� SODQWDWLRQ�� ���� 0HOLDQWKD� VXDYLV� SODQWDWLRQ�� ����
0HOLDQWKD� VXDYLV� DURXQG� SRQG�� ���� LQWHJUDWHG� YHJHWDEOH� ZLWK� WUHHV�� ���� HFRQRPLF� VXIILFLHQF\�
SUDFWLFH�DQG�����RUDQJH�SODQWDWLRQ�LQ�DULG�DUHDV��

:KLOH�WKHUH�ZHUH�VRPH�UHVHDUFKHV�UHJDUGLQJ�DJUR�IRUHVWU\�V\VWHP�LQ�7KDLODQG��WKHUH�ZHUH�IHZ�
LQYHVWLJDWLRQV� IRFXVLQJ� RQ� DJUR�IRUHVWU\� SUDFWLFHV� LQ� VDOW� DIIHFWHG� DUHD�� 6R�� WKH� REMHFWLYH� RI� WKLV�
VWXG\� LV� WR� FDWHJRUL]H� WKH� H[LVWLQJ� DJUR�IRUHVWU\� SUDFWLFHV� LQ� VDOW� DIIHFWHG� DUHDV� LQ� .KRQ� .DHQ�
3URYLQFH���

0$7(5,$/6�$1'�0(7+2'6�

7KH�ILHOG�LQYHVWLJDWLRQ�RQ�H[LVWLQJ�DJUR�IRUHVWU\�SUDFWLFHV�LQ�VDOW�DIIHFWHG�DUHDV�ZDV�FRQGXFWHG�LQ�
6HSWHPEHU�������LQ�.KRQ�.DHQ�3URYLQFH��7KDLODQG��$HULDO�PDSV�ZHUH�XVHG�IRU�LGHQWLI\LQJ�WKH�ODQG�
XWLOL]DWLRQ��$IWHU� WKH� ODQG� XWLOL]DWLRQ�ZDV� GLVWLQJXLVKHG�� DJUR�IRUHVWU\� SUDFWLFHV�ZHUH� FDWHJRUL]HG�
EDVHG�RQ�WKH�SORW�RI����P�[����P��7KHQ��REVHUYLQJ�SODQW�SURILOHV�RI�HDFK�SORW�ZHUH�GRQH�DV�ZHOO�DV�
FRQGXFWLQJ�D�KHDULQJ�VXUYH\�WR�IDUPHUV�UHJDUGLQJ�WKHLU�ODQG�XWLOL]DWLRQ��

5(68/76�$1'�',6&866,21�

7UHHV� JURZQ�ZLWK� DJUR�IRUHVWU\� SUDFWLFHV� RQ� VDOW� DIIHFWHG� ODQG� FDQ� EH� REVHUYHG� LQ� SDWFK� IRUHVWV��
SDGG\�EXQGV��SODQWDWLRQV�DVVRFLDWHG�ZLWK�DQLPDO�KXVEDQGU\��KRPH�JDUGHQV�DQG�YHJHWDEOH�JDUGHQV��

3DWFK�IRUHVW�LV�D�VPDOO�DUHD�RI�QDWXUDO�IRUHVW�VXUURXQGHG�E\�QDNHG�ODQG��)LJ�����7UHHV�UHPDLQ�LQ�
VPDOO�FOXVWHUV�DORQJ� WKH�VWUHDP�RU�ERG\�RI�ZDWHU��7KH�YLOODJHUV�FDQ�FROOHFW� IXHO�ZRRGV�DQG�IRRGV�
VXFK�DV�OHDYHV�DQG�IORZHUV��0RUHRYHU��WKH�SDWFK�IRUHVW�SURYLGHV�RWKHU�HGLEOH�SODQWV�OLNH�PXVKURRPV�
RU� VKRRWV�� 7KH� VDPSOHV� RI� WUHH� IURP� SDWFK� IRUHVW� ZHUH� 6LQGRUD� VLDPHQVLV�� 'LSWHURFDUSXV�
REWXVLIROLXV��;\OLD�[\ORFDUSD�DQG�/DQQHD�FRURPDQGHOLFD��

$V� VKRZQ� LQ�)LJ���� IDUPHUV� LQ� WKH� QRUWKHDVW� RI�7KDLODQG� SUHIHU� WR� NHHS� WUHHV� LQ� WKHLU� SDGG\�
EXQGV�IRU�JHWWLQJ�VKDGHV��IRRGV��PHGLFLQHV�DQG�FRQVWUXFWLRQ�PDWHULDOV��$OO�RI�WKH�WUHHV�IRXQG�LQ�WKH�
SDGG\�EXQGV�ZHUH�FRQVLGHUHG� LPSRUWDQW�GXH� WR� WKHLU�FRPPHUFLDO�YDOXH��)DUPHUV� UHDOL]H� WKDW� WKH\�
FDQ� JDLQ� SURILWV� IURP� VHOOLQJ� WKHVH� WUHHV� LQ� WKH� IXWXUH�� (YHQ� WKH� WUHH¶V� SURGXFW� OLNH� UHVLQ� LV�
FRPPHUFLDOO\�YDOXDEOH��6KRUHD�REWXVD�ZDV�WKH�GRPLQDQW�WUHH�IRXQG�LQ�WKH�SDGG\�EXQGV��
�
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)LJ����7UHHV�LQ�SDWFK�IRUHVWV�
�
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)LJ����7UHHV�LQ�SDGG\�EXQGV�
�
�
�
�
�
�
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)LJ����7UHHV�LQ�SODQWDWLRQV�DVVRFLDWHG�ZLWK�DQLPDO�KXVEDQGU\�
�

6RPH�IDUPHUV�ZLWK�ODUJH�DUHDV�RI�IDUPODQG�SODQWHG�FHUWDLQ�YDULHWLHV�RI�WUHH�DQG�OHW�WKHLU�FRZV�
JUD]H�LQ�WKH�SODQWDWLRQ�IRU�ZHHG�FRQWURO��)LJ������7KH�FRZV�DOVR�SURYLGH�QDWXUDO�IHUWLOL]HU��FRZ�GXQJ��
IRU�WKH�WUHH�JURZLQJ�LQ�WKH�SODQWDWLRQ��7KH�VDPSOHV�RI�WKH�WUHH�IURP�WKH�SODQWDWLRQ�ZHUH�(XFDO\SWXV�
FDPDOGXOHQVLV��7HFWRQD�JUDQGLV�DQG�3WHURFDUSXV�PDFURFDUSXV��

$V� VKRZQ� LQ� )LJ�� ��� VRPH� IDUPHUV�ZKR� KDYH� VXIILFLHQW� DUHD� LQ� WKHLU� KRPH� JDUGHQV� SODQWHG�
VHYHUDO� NLQGV� RI� WUHH� IRU� IRRGV�� FRQVWUXFWLRQ� PDWHULDOV�� IXHO� ZRRGV�� ELR�SHVWLFLGHV� DQG� KHUEDO�
PHGLFLQHV��7KH�H[DPSOHV�RI� WUHH� LQ� WKH�KRPH�JDUGHQV�ZHUH�%DPEXVD�EDPERV� DQG�7K\UVRVWDFK\V�
VLDPHQVLV� IRU� KDQGLFUDIW�� JDUGHQ� IHQFHV� DQG� WHPSRUDU\� FRQVWUXFWLRQ�PDWHULDOV��6LQGRUD� VLDPHQVLV�
IRU� FRQVWUXFWLRQ�PDWHULDOV� DQG� IXUQLWXUH�� DQG�$]DGLUDFKWD� LQGLFD� IRU� FRQVWUXFWLRQ�PDWHULDOV�� IXHO�
ZRRGV�� IRRGV�� KHUEV� DQG� ELR�SHVWLFLGHV��6LPLODUO\�� $QQRQD� VTXDPRVD�ZDV� XVHG� IRU� HGLEOH� IUXLWV��
KHUEV� DQG� ELR�SHVWLFLGHV�� )DVW�JURZLQJ�$QWKRFHSKDOXV� FKLQHQVLV� ZDV� IRU� WHPSRUDU\� FRQVWUXFWLRQ�
PDWHULDOV�DQG�3HQQLVHWXP�SXUSXUHXP�IRU�IRGGHU��
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)LJ����7UHHV�LQ�KRPH�JDUGHQV�
�
�
�
�
�
�
�
�
�
�
�
�

)LJ����7UHHV�LQ�YHJHWDEOH�JDUGHQV�
�
�
7DEOH���7KH�XWLOL]DWLRQ�RI�GRPLQDQW�WUHHV�IRXQG�LQ�VDOW�DIIHFWHG�DUHD�

1XPEHU� 1DPH�RI�WUHH� 8WLOL]DWLRQ�
�� 6LQGRUD�VLDPHQVLV� FRQVWUXFWLRQ�
�� 6KRUHD�REWXVD� FRQVWUXFWLRQ��UHVLQ�
�� (XFDO\SWXV�FDPDOGXOHQVLV� FRQVWUXFWLRQ��SXOS�SDSHU�
�� %DPEXVD�EDPERV�� FRQVWUXFWLRQ��KDQGLFUDIW�
�� 0DQJLIHUD�LQGLFD� HGLEOH�IUXLW�

�
�

,Q�VPDOO�YHJHWDEOH�JDUGHQV�DV�VKRZQ�LQ�)LJ�����IDUPHUV�SODQWHG�VHYHUDO�NLQGV�RI�WUHH�WRJHWKHU�
ZLWK� YHJHWDEOHV��:KLOH�ZDLWLQJ� IRU� WKH� WUHHV� WR� EH� FRPPHUFLDOO\� YDOXDEOH�� IDUPHUV�PDNH� SURILWV�
IURP� YHJHWDEOHV�� 7KH� WUHHV� RI� 0DQJLIHUD� LQGLFD�� &RFRV� QXFLIHUD�� 0XVD� VDSLHQWXP� DQG�
$QWKRFHSKDOXV� FKLQHQVLV� ZHUH� XVHG� IRU� HGLEOH� IUXLWV� DQG� WHPSRUDU\� FRQVWUXFWLRQ� PDWHULDOV�� 7KH�
W\SHV� RI� YHJHWDEOH� SODQWHG� ZLWK� WKH� WUHHV� ZHUH� &DSVLFXP� IUXWHVFHQV�� 2FLPXP� FDQXP�� 9LJQD�
XQJXLFXODWD�DQG�&XFXUELWD�PRVFKDWD���

7KH� UHVXOWV�RI� WKH� ILHOG� LQYHVWLJDWLRQ� LQ�.KRQ�.DHQ�3URYLQFH� LQGLFDWHG� WKDW� WUHH�YDULHWLHV�RI�
DJUR�IRUHVWU\�SUDFWLFHV�LQ�VDOW�DIIHFWHG�DUHD�UDQJLQJ�IURP���WR���ZHUH�VPDOOHU�WKDQ�WKDW�LQ�WKH�QRUWK�
DW� ��� YDULHWLHV�� WKH� HDVW� DW� ��� YDULHWLHV� RU� WKH� VRXWK� DW� ��� YDULHWLHV� �3KRWKLWDL�� ������� 6R�� LW� ZDV�
SURSRVHG� WKDW� IDUPHUV� VKRXOG� LQFUHDVH� WKH� GLYHUVLW\� RI� WUHH� VSHFLH� HVSHFLDOO\� VDOW� WROHUDQW� WUHH�
WRJHWKHU�ZLWK�VDOW�WROHUDQW�YHJHWDEOH�RU�ILHOG�FURS�LQ�HDFK�DJUR�IRUHVWU\�SUDFWLFH�LQ�VDOW�DIIHFWHG�DUHD��

&21&/86,21�

([LVWLQJ�DJUR�IRUHVWU\�SUDFWLFHV�LQ�.KRQ�.DHQ�3URYLQFH�ZHUH�LQYHVWLJDWHG�LQ�WKLV�VWXG\��7KH�DJUR�
IRUHVWU\�SUDFWLFHV�ZHUH�FRQGXFWHG�LQ�SDWFK�IRUHVWV��SDGG\�EXQGV��SODQWDWLRQV�DVVRFLDWHG�ZLWK�DQLPDO�
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KXVEDQGU\�� KRPH� JDUGHQV� DQG� YHJHWDEOH� JDUGHQV�� 7KH� GRPLQDQW� WUHHV� LQ� WKHVH� ORFDWLRQV� ZHUH�
6LQGRUD� VLDPHQVLV�� 6KRUHD� REWXVD�� (XFDO\SWXV� FDPDOGXOHQVLV�� %DPEXVD� EDPERV� DQG�0DQJLIHUD�
LQGLFD���

$OVR��WKH�YDULHWLHV�RI�WUHH�SODQWHG�LQ�WKH�VDOW�DIIHFWHG�DUHD�ZHUH�ORZHU�WKDQ�WKDW�LQ�WKH�QRQ�VDOW�
DIIHFWHG�DUHDV��%DVHG�RQ�WKH�LQYHVWLJDWHG�UHVXOWV��LW�ZDV�SURSRVHG�WKDW�DJUR�IRUHVWU\�SUDFWLFHV�ZLWK�
KLJKHU�YDULHWLHV�RI�WUHH�VKRXOG�EH�PDGH�LQ�VDOW�DIIHFWHG�DUHD��

$&.12:/('*(0(17�

7KH�DXWKRUV�ZRXOG�OLNH�WR�H[WHQG�WKH�JUDWLWXGH�WR�DOO�FROOHDJXHV�DW�WKH�$VVRFLDWLRQ�RI�(QYLURQPHQWDO�
DQG�5XUDO�'HYHORSPHQW��7KDLODQG��DV�ZHOO�DV�WKH�LQIRUPDQWV�LQ�WKLV�VWXG\���

5()(5(&(6�

.KRQ� .DHQ� 3URYLQFH� 2IILFH� ������� *HQHUDO� LQIRUPDWLRQ� RI� .KRQ� .DHQ� SURYLQFH�� KWWS���ZZZ�NKRQ�
NDHQSRF�FRP�NKRQNDHQ�JHQDUDOBLQGH[��SKS��

/DQG� 'HYHORSPHQW� 'HSDUWPHQW� ������� /DQG� XWLOL]DWLRQ� RI� 7KDLODQG�� KWWS���RVO����OGG�JR�WK�OXVH�� OXVHB�
SURGXFW������KWP��

3KRWKLWKDL�� 0�� ������� $JURIRUHVWU\� LQ� 7KDLODQG� SHUVSHFWLYH� RI� IRUHVW� LQGXVWU\� RUJDQL]DWLRQ� �),2��� 7KDL�
-RXUQDO�RI�)RUHVWU\�������������

5XD\VRRQJHUQ�� 6�� �������$JURIRUHVWU\� V\VWHPV� LQ� WKH� QRUWKHDVW� RI�7KDLODQG�� )DFXOW\� RI�$JULFXOWXUH��.KRQ�
.DHQ�8QLYHUVLW\��7KDLODQG��

9LW\DNRUQ��3���3ROWKDQL��$�� DQG�.ULWVDQDSKXWL��:�� �������)DFWRUV� LQIOXHQFLQJ� QXPEHU�RI� WUHHV� DQG� IDUPHUV�
FRQGLWLRQV�IRU�WUHHV�LQWHJUDWLRQ�LQ�WKH�IDUPLQJ�V\VWHP��$�FDVH�VWXG\�RI�'LVWULFW�RI�.UDQXDQ��.KRQ�.DHQ��
1RUWKHDVW� 7KDLODQG�� )DFXOW\� RI� $JULFXOWXUH�� .KRQ� .DHQ� 8QLYHUVLW\�� 7KDLODQG� �LQ� 7KDL� ZLWK� (QJOLVK�
DEVWUDFW���

<XZDQL\RP��$���������6DOLQH�VRLO�PDQDJHPHQW��/DQG�'HYHORSPHQW�'HSDUWPHQW��7KDLODQG��LQ�7KDL���
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/RFDO�$FFHSWDELOLW\�RQ�2UJDQLF�)DUPLQJ�LQ�.DPSRQJ�
&KDP�3URYLQFH��&DPERGLD��

623+($�7,0��
,QVWLWXWH�RI�(QYLURQPHQW�5HKDELOLWDWLRQ�DQG�&RQVHUYDWLRQ��&DPERGLD�%UDQFK�
3KQRP�3HQK��&DPERGLD��
(PDLO��VRSKHDBDWP#\DKRR�FRP�

%817+$1�1*2�
5R\DO�8QLYHUVLW\�RI�$JULFXOWXUH��3KQRP�3HQK��&DPERGLD�

/$/,7$�6,5,:$77$1$121�
$VVRFLDWLRQ�RI�(QYLURQPHQWDO�DQG�5XUDO�'HYHORSPHQW��7KDLODQG�

0$&+,72�0,+$5$�
)DFXOW\�RI�5HJLRQDO�(QYLURQPHQW�6FLHQFH��7RN\R�8QLYHUVLW\�RI�$JULFXOWXUH��-DSDQ�

5HFHLYHG����'HFHPEHU������ $FFHSWHG����)HEUXDU\������

$EVWUDFW�5HFHQWO\�� LQ�.DPSRQJ�&KDP�3URYLQFH�RI�&DPERGLD��VXEVLVWHQFH�DJULFXOWXUH� LV�
EHLQJ�FRQYHUWHG� WR�FRPPHUFLDO�PRQR�FXOWXUH�� DQG� WKH�DPRXQWV�RI�DJULFXOWXUDO� FKHPLFDOV�
DSSOLHG� WR� IDUPODQGV� DUH� LQFUHDVLQJ� HYHU\� \HDU�� 7KHUH� VHHP� WR� EH�PDQ\� FDVHV� LQ�ZKLFK�
SHRSOH�DSSO\�DJULFXOWXUDO�FKHPLFDOV�ZLWKRXW�XQGHUVWDQGLQJ�WKH�LPSDFW�RQ�KHDOWK�DQG�IRRG�
VDIHW\�� ,W� LV� QHFHVVDU\� WR� SURPRWH� DQG� HQKDQFH� XQGHUVWDQGLQJ� RI� VXVWDLQDEOH� DJULFXOWXUH�
DPRQJ� ORFDO� SHRSOH� LQFOXGLQJ� IDUPHUV�� 6R�� WKLV� VWXG\� GHDOW�ZLWK� WKH� HYDOXDWLRQ� RI� ORFDO�
IDUPHUV¶� DFFHSWDELOLW\� RQ� RUJDQLF� DJULFXOWXUH� EDVHG� RQ� WKH� SDUWLFLSDWRU\� OHYHO�� 7KH�
H[WHQVLRQ�DFWLYLWLHV��VXFK�DV�SURPRWLQJ�VXVWDLQDEOH�DJULFXOWXUH�WKURXJK�GHPRQVWUDWLQJ�KRZ�
WR� PDNH� FRPSRVW� ER[� DQG� FRPSRVW�� OHDGHU� WUDLQLQJ� IRU� WKHLU� GHHSHU� SHUFHSWLRQ� RQ�
VXVWDLQDEOH� DJULFXOWXUH�� DQG� FRQGXFWLQJ� ZRUNVKRSV� RQ� VXVWDLQDEOH� DJULFXOWXUH� WKURXJK�
FRPSRVWLQJ�� ZHUH� LPSOHPHQWHG� LQ� ������ ,Q� WKH� LQLWLDO� VWDJH� RI� WKH� H[WHQVLRQ� DFWLYLWLHV��
IDUPHUV¶� SDUWLFLSDWLRQ� ZDV� HYDOXDWHG� DV� /HYHO� ��� SDUWLFLSDWLRQ� E\� FRQVXOWDWLRQ�� DV� WKH�
IDUPHUV�SDUWLFLSDWHG�E\�DQVZHULQJ� WKH�TXHVWLRQV��$OVR� LQ������� IROORZLQJ�DFWLYLWLHV�ZHUH�
LPSOHPHQWHG�� LQWURGXFLQJ� WKH� IDUPHUV� KRZ� WR� PDNH� SHOOHW� FRPSRVW�� LQLWLDWLQJ� �� PRGHO�
RUJDQLF� IDUPV�� OHDGHU� WUDLQLQJ� RQ� PDNLQJ� ELR�SHVWLFLGH� DQG� FRQGXFWLQJ� ZRUNVKRSV� RQ�
VXVWDLQDEOH� DJULFXOWXUH� WKURXJK� DSSO\LQJ� SHOOHW� FRPSRVW�� ,Q� DGGLWLRQ� WR� WKH� H[WHQVLRQ�
DFWLYLWLHV�� WKH� VXUYH\V� E\� LQWHUYLHZ� DQG� TXHVWLRQQDLUH� IRU� HYDOXDWLQJ� ORFDO� IDUPHUV¶�
DFFHSWDELOLW\�RQ�RUJDQLF�DJULFXOWXUH�ZHUH� LPSOHPHQWHG�RFFDVLRQDOO\��7KURXJK�D� VHULHV�RI�
WKH� H[WHQVLRQ� DFWLYLWLHV�� WKH� IDUPHUV¶� SDUWLFLSDWLRQ�ZDV� HYDOXDWHG� DV� /HYHO� ��� IXQFWLRQDO�
SDUWLFLSDWLRQ��DV�WKH�IDUPHUV�SDUWLFLSDWHG�E\�IRUPLQJ�WKH�JURXSV�WR�PHHW�WKH�SUHGHWHUPLQHG�
REMHFWLYHV�RI� WKH�H[WHQVLRQ�SURMHFW��$FFRUGLQJ� WR� WKH� UHVXOWV�RI� HYDOXDWLQJ� ORFDO� IDUPHUV¶�
DFFHSWDELOLW\�RQ�RUJDQLF�DJULFXOWXUH�EDVHG�RQ�WKH�SDUWLFLSDWRU\�OHYHO��LW�ZDV�FRQVLGHUHG�WKDW�
EXLOGLQJ�ORFDO�IDUPHUV¶�FRQILGHQW�WKURXJK�YDULRXV�H[WHQVLRQ�DFWLYLWLHV�LV�WKH�PRVW�LPSRUWDQW�
NH\�WR�LQFUHDVH�ORFDO�DFFHSWDELOLW\��

.H\ZRUGV�RUJDQLF�IDUPLQJ��DFFHSWDELOLW\��ORFDO�IDUPHUV��H[WHQVLRQ��&DPERGLD�

,1752'8&7,21�

.DPSRQJ�&KDP�SURYLQFH��RQH�RI�WKH����SURYLQFHV�DQG�WRZQ�RI�&DPERGLD��LV�ORFDWHG�LQ�WKH�FHQWUDO�
UHJLRQ�RI�&DPERGLD�DQG�JHWV�HIIHFW�IURP�0HNRQJ�5LYHU�EDVLQ��7KH�PDLQ�DFWLYLW\�RI�WKH�SHRSOH�LQ�
WKLV� DUHD� LV� DJULFXOWXUH�� PDLQO\� FXOWLYDWLQJ� ULFH� DQG� YHJHWDEOH�� DQG� UDLVLQJ� DQLPDOV�� $JULFXOWXUDO�
DFWLYLWLHV�RI�WKH�DUHD�WHQG�WR�FKDQJH�IURP�VXEVLVWHQFH�WR�FRPPHUFLDO�PRQR�FXOWXUH��DQG�WKH�DPRXQWV�

ᶃᶐᶂ

5HVHDUFK�DUWLFOH�
�
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RI�DJULFXOWXUDO�FKHPLFDOV�DSSOLHG�WR�IDUPODQGV�DUH�LQFUHDVLQJ�HYHU\�\HDU��7KH�DSSOLHG�FKHPLFDOV�LQ�
IDUPODQGV� FDXVH�VHULRXV� HQYLURQPHQWDO�SUREOHPV� LQ�GRZQVWUHDP�� VXFK�DV�HXWURSKLFDWLRQ��XQXVXDO�
JURZWK�RI�DTXDWLF�SODQWV��GHFUHDVH�LQ�GLVVROYHG�R[\JHQ�DQG�DFFXPXODWLRQ�RI�ERWWRP�VHGLPHQWV� LQ�
WKH�ZDWHU� UHVRXUFHV� �0LKDUD� DQG� )XMLPRWR�� ������� $OVR�� WKHUH� VHHP� WR� EH�PDQ\� FDVHV� LQ�ZKLFK�
SHRSOH� DSSO\� DJULFXOWXUDO� FKHPLFDOV�ZLWKRXW�XQGHUVWDQGLQJ� WKH� LPSDFW�RQ�KHDOWK� DQG� IRRG� VDIHW\��
$FFRUGLQJ� WR� 1JR� ������� PRUH� WKDQ� ���� RI� IDUPHUV� LQ� 3UH\� &KKRU� GLVWULFW�� .DPSRQJ� &KDP�
SURYLQFH��KDG�DSSOLHG�DJULFXOWXUDO�FKHPLFDOV�ZLWKRXW�XQGHUVWDQGLQJ�WKH�LPSDFW��

,Q� RUGHU� WR� FRQWULEXWH� WR� VROYLQJ� WKH� SUREOHPV�� XQGHUVWDQGLQJ� RI� VXVWDLQDEOH� DJULFXOWXUH��
QDPHO\�RUJDQLF�DJULFXOWXUDO�SUDFWLFHV�ZHUH�SURPRWHG�DQG�HQKDQFHG�DPRQJ�ORFDO�SHRSOH�LQFOXGLQJ�
IDUPHUV��6R��WKH�REMHFWLYH�RI�WKLV�VWXG\�ZDV�WR�GLVFXVV�DQG�HYDOXDWH�WKH�ORFDO�IDUPHUV¶�DFFHSWDELOLW\�
RQ�RUJDQLF�DJULFXOWXUH�EDVHG�RQ�WKH�SDUWLFLSDWRU\�OHYHO��

678'<�6,7(�$1'�0(7+2'6�

7KH�VWXG\�ZDV�FRQGXFWHG�LQ�:DW�&KDV�YLOODJH��%DUD\�FRPPXQH��3UH\�&KKRU�GLVWULFW�LQ�.DPSRQJ�
&KDP�SURYLQFH� DURXQG�����NLORPHWHUV� IURP�3KQRP�3HQK�FLW\� �)LJ������ ,Q�:DW�&KDV�YLOODJH�� WKH�
IDUPHUV�PDLQO\�JURZ�ULFH�DQG�VKRUW�WHUP�YHJHWDEOH�FURSV��7KH�ELJ�DPRXQWV�RI�FKHPLFDO�IHUWLOL]HUV�
DQG�SHVWLFLGHV�KDYH�EHHQ�DSSOLHG�LQ�WKHLU�IDUPODQGV�WKURXJK�DOO�FXOWLYDWLQJ�VHDVRQV��7KH�LPSDFW�RI�
VXFK� DSSOLHG� FKHPLFDO� VXEVWDQFHV� RQ� VRLO� IHUWLOLWLHV�� IDUPHUV¶� KHDOWK� DQG� HQYLURQPHQW� WHQG� WR� EH�
VHYHUHU��EXW�WKH�IDUPHUV�GLG�QRW�XQGHUVWDQG�WKHVH�SUREOHPV��

7KH� VWXG\� ZDV� FRQVWLWXWHG� ZLWK� WKH� H[WHQVLRQ� DFWLYLWLHV�� VXFK� DV� KROGLQJ� ZRUNVKRSV� ZLWK�
EURFKXUH�GLVWULEXWLRQ��TXHVWLRQQDLUH�VXUYH\��PDNLQJ�GHPRQVWUDWLRQ�PRGHOV�DQG�PDNLQJ�ILHOG�VWXG\�
WRXU�IRU�WKH�IDUPHUV��,Q�������WKH�SDUWLFLSDWRU\�OHDUQLQJ�ZRUNVKRSV�ZHUH�KHOG�LQ�WKH�YLOODJH�ZLWK����
PDLQ� IDUPHUV�� 7KH� PDLQ� FRQWHQWV� RI� WKH� ZRUNVKRSV� LQFOXGHG� L�� WKH� LQWURGXFWLRQ� WR� RUJDQLF� DQG�
VXVWDLQDEOH� DJULFXOWXUH� SUDFWLFHV�� LL�� WKH� H[SODQDWLRQ� RI� WKH� SULQFLSOH� RI� FRPSRVWLQJ� DQG� � LLL�� WKH�
GHPRQVWUDWLRQ�RI�PDNLQJ�FRPSRVW�ER[�DQG�FRPSRVW��7KH�IDUPHUV�ZHUH�GLYLGHG�LQWR����JURXSV��DQG�
D�FRQFUHWH�FRPSRVW�ER[�ZDV�VHW�XS�WR�HDFK�JURXS�FRQVWLWXWHG�ZLWK�����PHPEHUV�IRU�PDNLQJ�WKHLU�
FRPSRVW��)XUWKHU�JXLGDQFH�H[SODQDWLRQV�DQG�PRQLWRULQJ�ZHUH�FRQGXFWHG�UHJXODUO\�LQ�WKH�SURFHVV�RI�
WKH� H[WHQVLRQ� DFWLYLWLHV�� $W� ODWHU� VWDJH� RI� ������ IROORZLQJ� DFWLYLWLHV� ZHUH� LPSOHPHQWHG�� L�� WKH�
ZRUNVKRS� RQ� LQWURGXFLQJ� WKH� IDUPHUV� WR� PDNH� SHOOHW� FRPSRVW�� LL�� WKH� HVWDEOLVKPHQW� RI� �� PRGHO�
RUJDQLF� IDUPV� DQG� LLL�� WKH� OHDGHU� WUDLQLQJ� RQ� PDNLQJ� ELR�SHVWLFLGH� DQG� DSSURSULDWH� ZD\� RI� LWV�
DSSOLFDWLRQ�LQ�WKH�PRGHO�IDUPV���

$� TXHVWLRQQDLUH� VXUYH\� IRU� HYDOXDWLRQ� ZDV� FRQGXFWHG� ZLWK� ��� IDUPHUV� ����� RI� WKH� YLOODJH�
KRXVHKROGV�� LQ�0DUFK�������7KH�PDLQ�TXHVWLRQV�RI� WKH�VXUYH\�ZHUH� IRFXVHG�RQ� L�� WKHLU�DFFHSWHG�
SHUFHSWLRQ�RQ�RUJDQLF� IDUPLQJ�SUDFWLFHV�� LL��KRZ�FKDQJH� LQ� WKH�DPRXQW�RI�FKHPLFDO� IHUWLOL]HU�DQG�
SHVWLFLGH�WKDW�IDUPHUV�KDYH�DSSOLHG��DQG�LLL��KRZ�GLIIHUHQFH�LQ�IDUPLQJ�SUDFWLFHV�EHIRUH�DQG�DIWHU�WKH�
H[WHQVLRQ�DFWLYLWLHV��$OVR��VRPH�TXHVWLRQV�FRQFHUQLQJ�WKH�OHYHO�RI�WKH�IDUPHUV¶�SDUWLFLSDWLRQ�LQ�WKH�
RUJDQLF�IDUPLQJ�SUDFWLFHV�ZHUH�LQFOXGHG�LQ�WKH�TXHVWLRQQDLUH�VKHHW��

�
�
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�
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�
�
�

)LJ����/RFDWLRQ�RI�:DW�&KDV�YLOODJH�LQ�.DPSRQJ�&KDP�SURYLQFH�

�

3UH\�7RWHQJ�

:DW�&KDV�
9LOODJH�

.DPSRQJ�&KDP�
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7KH�ZD\V�RI� IDUPHUV¶�SDUWLFLSDWLRQ�ZHUH� HYDOXDWHG�RQ� WKH�EDVLV�RI� WKH� ILHOG�REVHUYDWLRQ�� WKH�
FRQWHQW�RI�GLVFXVVLRQ�DQG�WKH�TXHVWLRQQDLUH�VXUYH\��7KH�FRQFOXVLRQ�RI�WKH�OHYHO�RU�GHJUHH�RI�WKHLU�
SDUWLFLSDWLRQ�ZDV�GUDZQ�RQ�WKH�EDVLV�RI�WKH�SDUWLFLSDWRU\�OHYHO�GHYHORSHG�E\�3UHWW\��������FLWHG�LQ�
0LKDUD� DQG� <DPDML� �������� ZKLFK� WKHUH� DUH� VHYHQ� W\SHV� RI� SHRSOH� SDUWLFLSDWLRQ�� 0DQLSXODWLYH�
3DUWLFLSDWLRQ�� 3DVVLYH� 3DUWLFLSDWLRQ�� 3DUWLFLSDWLRQ� E\� &RQVXOWDWLRQ�� 3DUWLFLSDWLRQ� IRU� 0DWHULDO�
,QFHQWLYHV��)XQFWLRQDO�3DUWLFLSDWLRQ��,QWHUDFWLYH�3DUWLFLSDWLRQ�DQG�6HOI�0RELOL]DWLRQ��7DEOH�����

�
7DEOH���$�W\SRORJ\�RI�SDUWLFLSDWLRQ�

7\SRORJ\� &KDUDFWHULVWLFV�RI�HDFK�W\SH�
���0DQLSXODWLYH�3DUWLFLSDWLRQ� 3DUWLFLSDWLRQ� LV� VLPSO\� D� SUHWHQFH�� ZLWK� µSHRSOH¶V¶� UHSUHVHQWDWLYHV�

RQ�RIILFLDO�ERDUGV�EXW�ZKR�DUH�XQHOHFWHG�DQG�KDYH�QR�SRZHU��
���3DVVLYH�3DUWLFLSDWLRQ� 3HRSOH� SDUWLFLSDWH� E\� EHLQJ� WROG� ZKDW� KDV� EHHQ� GHFLGHG� RU� KDV�

DOUHDG\� KDSSHQHG�� ,W� LQYROYHV� XQLODWHUDO� DQQRXQFHPHQWV� E\� DQ�
DGPLQLVWUDWLRQ� RU� SURMHFW� PDQDJHPHQW� ZLWKRXW� DQ\� OLVWHQLQJ� WR�
SHRSOH¶V�UHVSRQVHV���

���3DUWLFLSDWLRQ�E\�&RQVXOWDWLRQ� 3HRSOH� SDUWLFLSDWH� E\� EHLQJ� FRQVXOWHG� RU� E\� DQVZHULQJ� TXHVWLRQV��
([WHUQDO� DJHQWV� GHILQH� SUREOHPV� DQG� LQIRUPDWLRQ� JDWKHULQJ�
SURFHVVHV��DQG�VR�FRQWURO�DQDO\VLV���

���3DUWLFLSDWLRQ�IRU�0DWHULDO�
,QFHQWLYHV�

3HRSOH�SDUWLFLSDWH�E\�FRQWULEXWLQJ�UHVRXUFHV��7KH\�PD\�SURYLGH�WKH�
ILHOGV�DQG�ODERU��EXW�DUH�LQYROYHG�LQ�QHLWKHU�H[SHULPHQWDWLRQ�QRU�WKH�
SURFHVV�RI�OHDUQLQJ���

���)XQFWLRQDO�3DUWLFLSDWLRQ� 3DUWLFLSDWLRQ� VHHQ� E\� H[WHUQDO� DJHQFLHV� DV� D� PHDQV� WR� DFKLHYH�
SURMHFW� JRDOV�� HVSHFLDOO\� UHGXFHG� FRVWV�� 3HRSOH�PD\� SDUWLFLSDWH� E\�
IRUPLQJ� JURXSV� WR� PHHW� SUHGHWHUPLQHG� REMHFWLYHV� UHODWHG� WR� WKH�
SURMHFW���

���,QWHUDFWLYH�3DUWLFLSDWLRQ� 3HRSOH� SDUWLFLSDWH� LQ� MRLQW� DQDO\VLV�� GHYHORSPHQW� RI� DFWLRQ� SODQV�
DQG�IRUPDWLRQ�RU�VWUHQJWKHQLQJ�RI�ORFDO�LQVWLWXWLRQV��3DUWLFLSDWLRQ�LV�
VHHQ�DV�D�ULJKW��QRW�MXVW�WKH�PHDQV�WR�DFKLHYH�SURMHFW�JRDOV���

���6HOI�0RELOL]DWLRQ� 3HRSOH� SDUWLFLSDWH� E\� WDNLQJ� LQLWLDWLYHV� LQGHSHQGHQWO\� RI� H[WHUQDO�
LQVWLWXWLRQV�WR�FKDQJH�V\VWHPV���

6RXUFH��3UHWW\��������FLWHG�LQ�0LKDUD�DQG�<DPDML��������

5(68/76�$1'�',6&866,21�

/RFDO�IDUPHUV¶�DFFHSWDELOLW\�RQ�FRPSRVW�DQG�SHOOHW�FRPSRVW�PDNLQJ�

$�ZRUNVKRS�RQ�KRZ� WR�PDNH�FRPSRVW�ER[�� DQG�D� IHZ�RWKHU�ZRUNVKRSV�RQ�PDNLQJ�FRPSRVW� DQG�
FRPSRVWLQJ�ZHUH� FRQGXFWHG� IRU� WKH� YLOODJHUV� LQ� ����� �)LJ�� ����7KH� FRQWHQWV� RI�KRZ� WR� EXLOG� WKH�
FRPSRVW� ER[�� PDNLQJ� FRPSRVW� XVLQJ� ORFDO� PDWHULDOV�� FRPSRVW� DSSOLFDWLRQ� DQG� LWV� EHQHILWV� ZHUH�
H[SODLQHG�DQG�GHPRQVWUDWHG�LQ�WKHVH�ZRUNVKRSV��

$URXQG� ��� WR� ��� IDUPHUV� SDUWLFLSDWHG� LQ� HDFK� ZRUNVKRS�� $OO� SDUWLFLSDQWV� KDYH� IRXQG� WKH�
ZRUNVKRSV� YHU\� LPSRUWDQW� DQG� PRVW� RI� WKHP� KDYH� XQGHUVWRRG� ZHOO� DERXW� WKH� PHDQLQJ� RI� WKH�
ZRUNVKRSV��DQG�UHVSRQGHG� WKDW�WKH\�ZDQW�WR�SDUWLFLSDWH�LQ�QH[W�ZRUNVKRSV��WRR��$FFRUGLQJ� WR� WKH�
UHVXOWV�RI�WKH�TXHVWLRQQDLUH�VXUYH\��������RI�WKH�IDUPHUV�ZKR�KDG�SDUWLFLSDWHG�LQ�WKH�ZRUNVKRSV�RQ�
FRPSRVWLQJ�WRRN�WKH�FRPSRVW�WHFKQRORJ\�LQWR�SUDFWLFHV�DQG�DSSOLHG�LW�LQ�WKHLU�IDUPODQGV��DQG�KDYH�
VHHQ�KRZ�HIIHFWLYH�WKH�FRPSRVW�LV�WR�WKHLU�JURZLQJ�FURSV��)LJ������+RZHYHU��DPRQJ�WKH������RI�WKH�
SDUWLFLSDQWV�ZKR�GLG�QRW�SUDFWLFH�PDNLQJ�FRPSRVW�DIWHU�WKH�ZRUNVKRSV��VRPH�UHVSRQGHG�LQ�UHDVRQ�
WKDW�WKH\�FDQQRW�DIIRUG�WR�PDNH�WKH�FRPSRVW�ER[HV��DQG�WKH�RWKHUV�VDLG�WR�EH�EXV\�ZLWK�RWKHU�ZRUNV��
$OVR��WKLV�VXUYH\�UHVXOWV�VKRZHG�WKDW�DURXQG���RU����RI�RWKHU�YLOODJHUV�ZKR�GLG�QRW�SDUWLFLSDWH�LQ�
WKH�ZRUNVKRSV� KDV� OHDUQHG� DQG�PDGH� FRPSRVW� DQG� DSSOLHG� LW� LQ� WKHLU� IDUPODQGV� WR� LQFUHDVH� VRLO�
IHUWLOLW\��7KLV�LQGLFDWHG�WKDW�WKH�NQRZOHGJH�OHDUQHG�LQ�WKH�ZRUNVKRSV�KDV�EHHQ�WUDQVIHUUHG�WR�RWKHU�
YLOODJHUV� ZKR� FRXOG� QRW� SDUWLFLSDWH� GLUHFWO\� LQ� WKH� H[WHQVLRQ� ZRUNVKRSV�� $SSO\LQJ� FRPSRVW�� WKH�
IDUPHUV�LQ�:DW�&KDV�YLOODJH�UHGXFHG�WKH�DPRXQW�RI�DSSOLHG�FKHPLFDO�IHUWLOL]HUV�DURXQG�����IURP�
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����NJ�WR����NJ�SHU�\HDU��)LJ�����DQG�FDQ�VDYH�VRPH�PRQH\�DV�WKH�PDWHULDOV�IRU�PDNLQJ�FRPSRVW�
DUH�DYDLODEOH�LQ�RU�QHDU�WKH�YLOODJH�ZLWKRXW�DQ\�FKDUJH��
�
�
�
�
�
�
�
�
�
�
�

)LJ����)DUPHUV�DWWHQGLQJ�ZRUNVKRS�RI�FRPSRVWLQJ�
�
�

�
�
�
�
�
�
�
�
�

�
)LJ����:RUNVKRS�RQ�SHOOHW�FRPSRVW�PDNLQJ�ZLWK�IDUPHUV�

�
7KH�ZRUNVKRS� RI� WUDQVIHUULQJ� WKH� SHOOHW� FRPSRVW� WHFKQRORJ\�ZDV� FRQGXFWHG� LQ� ������ 3HOOHW�

FRPSRVW�KDV�KLJKHU�UHVLVWDQW�IURP�ZDVKLQJ�RXW�E\�VXUIDFH�UXQRII��0RUH�QXWULHQWV�FDQ�EH�VXSSOLHG�WR�
FURSV� DQG� NHSW� LQ� VRLOV� IRU� ORQJ� WHUP� FRPSDULQJ� WR� FRQYHQWLRQDO� FRPSRVW� �6LULZDWWDQDQRQ� DQG�
0LKDUD�� �������7KH� UHDVRQV�ZK\� WKH� SHOOHW� FRPSRVW�ZDV� GHYHORSHG�ZHUH� H[SODLQHG�� DQG� KRZ� WR�
PDNH� WKH�SHOOHW� FRPSRVW�ZDV� GHPRQVWUDWHG�ZLWK� D� VPDOO�VFDOH�PLQFLQJ�PDFKLQH� GHOLYHUHG� WR� WKH�
IDUPHUV��7KH�SDUWLFLSDQWV�VXUHO\�DJUHHG�WKDW�WKH�SHOOHW�FRPSRVW�LV�DQRWKHU�NLQG�RI�RUJDQLF�IHUWLOL]HU�
ZKLFK�LV�QRW�VR�FRPSOLFDWHG�WR�SURGXFH��PRUH�FRPIRUWDEOH�WR�XVH��HDV\�WR�NHHS��DQG�UHGXFH�QXWULHQW�
ORVV� E\� KHDY\� UDLQIDOO� RU� VXUIDFH� UXQRII�� +RZHYHU��PDNLQJ� SHOOHW� FRPSRVW� UHTXLUHV� WKH�PLQFLQJ�
PDFKLQH�� DQG� LW� LV� WKH� SUREOHP� IRU� WKH� ORFDO� IDUPHUV� DV� WKH\� FDQQRW� DIIRUG�� $FFRUGLQJ� WR� WKH�
TXHVWLRQQDLUH�VXUYH\��RQO\�����RI�WKH�ZRUNVKRS�SDUWLFLSDQWV�KDYH�PDGH�SHOOHW�FRPSRVW�DQG�DSSOLHG�
LW�RQ�WKHLU�FURSV��EXW�WKH�RWKHU�YLOODJHUV�KDYH�QHYHU�SURGXFHG�SHOOHW�FRPSRVW��)LJ������7KH�IDUPHUV�
UHVSRQGHG� WKDW� WKH� GRQDWHG� PLQFLQJ� PDFKLQH� LV� WRR� VPDOO� FRPSDULQJ� WR� WKH� DPRXQWV� RI� SHOOHW�
FRPSRVW� WKH\� QHHG� WR� DSSO\� LQ� WKHLU� IDUPODQGV�� VR� WKH\� MXVW� DSSOLHG� WKH� FRQYHQWLRQDO� FRPSRVW�
GLUHFWO\��7KLV�VXUYH\�DOVR�VKRZHG�WKDW�WKHUH�DUH�KLJK�SRVVLELOLW\�WR�EH�ZLGHO\�DGYDQFHG�LQ�PDNLQJ�
DQG�DSSO\LQJ�SHOOHW�FRPSRVW�LI�D�ELJJHU�PLQFLQJ�SHOOHW�PDFKLQH�FRXOG�EH�VHW�XS��

1RZ� WKHVH� ORFDO� IDUPHUV� KDYH� XQGHUVWRRG� ZHOO� DERXW� WKH� EHQHILWV� RI� FRPSRVW� DQG� SHOOHW�
FRPSRVW�PDNLQJ�DQG�LWV�DSSOLFDWLRQ��DQG�PRVW�RI�WKHP�DUH�DEOH�WR�H[SODLQ�WKLV�WHFKQRORJ\�WR�RWKHU�
ORFDO�SHRSOH�RXWVLGH�WKH�YLOODJH��

/RFDO�DFFHSWDELOLW\�RQ�ELR�SHVWLFLGH�

%LR�SHVWLFLGH� LV� D�JRRG�DOWHUQDWLYH� WR� FKHPLFDO� LQVHFWLFLGH� WKH� IDUPHUV�XVHG� WR� DSSO\�� FRQFHUQLQJ�
DERXW�WKH�IDUPHUV¶�KHDOWK��IRRG�VDIHW\�DQG�ZDWHU�FRQVHUYDWLRQ��7R�WUDQVIHU�WKH�NQRZOHGJH�RI�XVLQJ�
ELR�SHVWLFLGH�WR�WKH�ORFDO�IDUPHUV��WZR�ZRUNVKRSV�ZHUH�FRQGXFWHG�DQG���PRGHO�RUJDQLF�IDUPV�ZHUH�
SURPRWHG�LQ�:DW�&KDV�YLOODJH�LQ�������)LJ������
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)LJ����)DUPHUV�PDNLQJ�ELR�SHVWLFLGH�LQ�WKH�ZRUNVKRS��OHIW��DQG��
�����������RQH�RI�WKH�IRXU�PRGHO�RUJDQLF�IDUP�RI�WKH�IDUPHUV��ULJKW��

�
�
�
�
�
�
�
�
�

�)LJ����3HUFHQWDJH�RI�IDUPHUV�DFFHSWDELOLW\� )LJ����5HGXFHG�DPRXQW�RI�FKHPLFDO�IHUWLOL]HUV�
� RQ�RUJDQLF�IDUPLQJ�SUDFWLFHV� ������������DQG�SHVWLFLGHV�XVH�LQ�KRXVHKROG�SHU�\HDU�

�
�
�
�
�
�
�
�
�

)LJ����&KDQJH�LQ�DSSOLFDWLRQ�ZLWK�RUJDQLF�IDUPLQJ�RI�IDUPHUV�EHIRUH�DQG�
DIWHU�WKH�H[WHQVLRQ�DFWLYLWLHV�

�
7KH� IDUPHUV� ZHUH� WDXJKW� DERXW� PDNLQJ� DQG� DSSO\LQJ� ELR�SHVWLFLGH� XVLQJ� WKH� DYDLODEOH�

PDWHULDOV� LQ� WKH�YLOODJH��$OVR�� WKH� LPSDFW�RI� DSSOLHG�FKHPLFDO� LQVHFWLFLGHV�RQ�KHDOWK�� DJULFXOWXUDO�
SURGXFWV�DQG�ZDWHU�UHVRXUFHV�ZDV�VKRZQ�DQG�H[SODLQHG�LQ�WKH�ZRUNVKRSV��$�EXFNHW�ZDV�GHOLYHUHG�
WR�HDFK�RZQHU�RI�WKH�PRGHO�RUJDQLF�IDUP�IRU�PDNLQJ�ELR�SHVWLFLGH��$IWHU�DSSO\LQJ��WKH�IDUPHUV�VDZ�
WKDW�ELR�SHVWLFLGH�ZDV�DOVR�HIIHFWLYH�LQ�FKDVLQJ�RU�NLOOLQJ�WKH�LQVHFWV��EXW�LW�UHTXLUHG�WKH�IDUPHUV�WR�
VSUD\� LW� PRUH� RIWHQ�� ���� WLPHV� SHU� ZHHN�� 0DQ\� IDUPHUV� LQ� WKH� YLOODJH� KDYH� OHDUQHG� DERXW� WKH�
HIIHFWLYH�RI�ELR�SHVWLFLGH�DQG�NQRZQ�KRZ�WR�PDNH�LW�XVLQJ�ORFDO�PDWHULDOV��'XH�WR�WKH�UHVXOWV�RI�WKH�
VXUYH\������RI�IDUPHUV�ZKR�SDUWLFLSDWHG� LQ� WKH�ZRUNVKRSV�KDYH�PDGH�DQG�DSSOLHG�ELR�SHVWLFLGH��
EXW�DOO�RI� WKHP�VWLOO� VRPHWLPHV�DSSOLHG�FKHPLFDO� LQVHFWLFLGH��7KH�SHRSOH�DQVZHUHG� WKDW� WKH\�PD\�
VWLOO� DSSO\� FKHPLFDO�SHVWLFLGH�EHFDXVH�PDNLQJ�DQG�DSSO\LQJ�ELR�SHVWLFLGH�QHHG� WLPHV� DQG� UHTXLUH�
WKHP� WR� VSUD\� PRUH� RIWHQ�� HYHQ� FKHPLFDO� LQVHFWLFLGH� LV� PXFK� PRUH� H[SHQVLYH�� 6R�� VRPH�
HQFRXUDJLQJ� DFWLYLWLHV� RI� XVLQJ� ELR�SHVWLFLGHV� VXFK� DV� SURYLGLQJ� VRPH� UHZDUGV� IRU� IDUPHUV� ZKR�
DSSO\� ELR�SHVWLFLGH� RU� VRPH� NLQGV� RI� SURPRWLQJ� WKH� PDUNHWV� IRU� RUJDQLF� SURGXFWV� VKRXOG� EH�
FRQVLGHUHG���
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(YDOXDWLRQ�RI�IDUPHUV¶�SDUWLFLSDWLRQ�

7KHUH� DUH� YDULRXV� OHYHOV� RU� GHJUHHV� RI� IDUPHUV¶� SDUWLFLSDWLRQ�� 7KH� HYDOXDWLRQ� RI� WKH� IDUPHUV¶�
DFFHSWDELOLW\�RQ�RUJDQLF�IDUPLQJ�RI�WKLV�VWXG\�ZDV�GLVFXVVHG�RQ�WKH�EDVLV�RI�WKH�SDUWLFLSDWLRQ�OHYHOV�
GHYHORSHG�E\�3UHWW\���������ZKLFK�KDV���OHYHOV�DV�VKRZQ�LQ�7DEOH����

,Q�WKH�LQLWLDO�VWDJH�RI�WKH�H[WHQVLRQ�DFWLYLWLHV��IDUPHUV¶�SDUWLFLSDWLRQ�ZDV�HYDOXDWHG�DV�/HYHO����
SDUWLFLSDWLRQ�E\�FRQVXOWDWLRQ�DV�WKH�IDUPHUV�SDUWLFLSDWHG�E\�DQVZHULQJ�WKH�TXHVWLRQV��$OVR�LQ�������
IROORZLQJ� DFWLYLWLHV� ZHUH� LPSOHPHQWHG�� LQWURGXFLQJ� WKH� IDUPHUV� KRZ� WR� PDNH� SHOOHW� FRPSRVW��
LQLWLDWLQJ� �� PRGHO� RUJDQLF� IDUPV�� OHDGHU� WUDLQLQJ� RQ� PDNLQJ� ELR�SHVWLFLGH�� DQG� FRQGXFWLQJ�
ZRUNVKRSV�RQ�VXVWDLQDEOH�DJULFXOWXUH�WKURXJK�DSSO\LQJ�SHOOHW�FRPSRVW��,Q�DGGLWLRQ�WR�WKH�H[WHQVLRQ�
DFWLYLWLHV�� VXUYH\V� E\� LQWHUYLHZ� RU� TXHVWLRQQDLUH� IRU� HYDOXDWLQJ� ORFDO� IDUPHUV¶� DFFHSWDELOLW\� RQ�
RUJDQLF�DJULFXOWXUH�ZHUH� LPSOHPHQWHG�RFFDVLRQDOO\��$FFRUGLQJ� WR� WKH�UHVXOWV�RI� WKH�TXHVWLRQQDLUH�
VXUYH\��WKH�IDUPHUV¶�SDUWLFLSDWLRQ�ZDV�HYDOXDWHG�DV�/HYHO����IXQFWLRQDO�SDUWLFLSDWLRQ�DV�WKH�IDUPHUV�
SDUWLFLSDWHG�E\�IRUPLQJ�WKH�JURXSV�WR�PHHW�WKH�SUHGHWHUPLQHG�REMHFWLYHV�RI�WKH�H[WHQVLRQ�SURMHFW��
7KLV�UHVXOW�ZDV�VLPLODU�WR�WKH�VWXG\�RI�6LULZDWWDQDQRQ�DQG�0LKDUD���������FRQGXFWHG�LQ�.KRQ�.DHQ�
RI�1RUWKHUQ�7KDLODQG��DQG�1JR�DQG�6LULZDWWDQDQRQ��������ZKLFK�VKRZHG�WKDW�LQ�WKH��VW�ZRUNVKRS�
IDUPHUV�SDUWLFLSDWLRQ�ZDV�YHU\�ORZ�DW�/HYHO���RU���EXW�WKLV�EHFDPH�YHU\�KLJK�DW�/HYHO���LQ�WKH��UG�
ZRUNVKRS� DIWHU� WKH� IDUPHUV� XQGHUVWRRG� ZHOO� DERXW� WKH� EHQHILWV� RI� WKH� FRPSRVW�� 7KXV�� LW� ZDV�
FRQVLGHUHG� WKDW�EXLOGLQJ� ORFDO� IDUPHUV¶�FRQILGHQW� WKURXJK�YDULRXV�H[WHQVLRQ�DFWLYLWLHV� LV� WKH�PRVW�
LPSRUWDQW�NH\�WR�LQFUHDVH�ORFDO�DFFHSWDELOLW\��

&21&/86,21�

$FFRUGLQJ�WR�WKH�UHVXOWV�DQG�GLVFXVVLRQV�GRQH�LQ�WKLV�VWXG\��LW�FDQ�EH�FRQFOXGHG�WKDW�WKH�H[WHQVLRQ�
DFWLYLWLHV�IRU�HQKDQFLQJ�VXVWDLQDEOH�DJULFXOWXUH� WKURXJK�FRQGXFWLQJ�ZRUNVKRSV�DQG�PRGHO�RUJDQLF�
IDUP� GHPRQVWUDWLRQV� KDYH� IDYRUDEOH� HIIHFW� RQ� FKDQJH� LQ� DPRXQW� RI� FKHPLFDO� IHUWLOL]HUV� DQG�
LQVHFWLFLGHV�XVHG�E\� WKH�ORFDO� IDUPHUV��7KH�FRPSRVW� WHFKQRORJ\�ZDV�KLJKO\�DFFHSWHG�E\� WKH� ORFDO�
IDUPHUV�� EXW� WKH� SHOOHW� FRPSRVW� WHFKQRORJ\� ZDV� QRW� ZLGHO\� DGDSWHG� ZLWK� WKH� UHDVRQV� WKDW� WKH�
PLQFLQJ� PDFKLQH� ZDV� WRR� VPDOO�� 7KH� ORFDO� SHRSOH� IRXQG� ELR�SHVWLFLGH� LV� UHDOO\� JRRG� IRU� WKH�
IDUPHUV¶� KHDOWK�� IRRG� VDIHW\�� DQG� HQYLURQPHQW�� EXW� WKH\� VWLOO� FRQWLQXH� DSSO\LQJ� FKHPLFDO�
LQVHFWLFLGHV�VRPHWLPHV�DV�DSSO\LQJ�ELR�SHVWLFLGHV�UHTXLUHG�PRUH�WLPHV��6R��VRPH�PRUH�HQFRXUDJLQJ�
DFWLYLWLHV�RQ�PDNLQJ�DQG�DSSO\LQJ�ELR�SHVWLFLGH�VXFK�DV�SURYLGLQJ�VRPH�UHZDUGV�IRU�IDUPHUV�ZKR�
DSSO\� ELR�SHVWLFLGH� RU� VRPH� NLQGV� RI� SURPRWLQJ� WKH� PDUNHWV� IRU� RUJDQLF� SURGXFWV� VKRXOG� EH�
FRQVLGHUHG�� ,W� ZDV� FRQFOXGHG� WKDW� EXLOGLQJ� ORFDO� IDUPHUV¶� FRQILGHQW� WKURXJK� YDULRXV� H[WHQVLRQ�
DFWLYLWLHV�LV�WKH�PRVW�LPSRUWDQW�NH\�WR�LQFUHDVH�ORFDO�DFFHSWDELOLW\��

5()(5(1&(6�

(5(&21� ������� (5(&21� DQQXDO� UHSRUW� ����������� ,QVWLWXWH� RI� (QYLURQPHQW� 5HKDELOLWDWLRQ� DQG�
&RQVHUYDWLRQ��-DSDQ��

0LKDUD��0��DQG�)XMLPRWR��$���������6XVWDLQDEOH�IDUPLQJ�SUDFWLFHV�IRU�HQYLURQPHQWDO�FRQVHUYDWLRQ��,QVWLWXWH�
RI�(QYLURQPHQW�5HKDELOLWDWLRQ�DQG�&RQVHUYDWLRQ�DQG�7RN\R�8QLYHUVLW\�RI�$JULFXOWXUH�������-DSDQ��

0LKDUD�� 0�� DQG� <DPDML�� (�� ������� 3DUWLFLSDWRU\� VWUDWHJ\� IRU� VRLO� DQG� ZDWHU� FRQVHUYDWLRQ�� ,QVWLWXWH� RI�
(QYLURQPHQW�5HKDELOLWDWLRQ�DQG�&RQVHUYDWLRQ�����������-DSDQ��

1JR�� %�� DQG� 6LULZDWWDQDQRQ�� /�� ������� 6XLWDEOH� WLPLQJ� RI� DSSOLFDWLRQ� RI� SHOOHWL]HG� FRPSRVW� DQG� IDUPHUV¶�
DFFHSWDQFH�LQ�&DPERGLD��-��,66$$6����������������

6LULZDWWDQDQRQ��/��DQG�0LKDUD��0���������'HYHORSPHQW�RI�JUDQXODU�FRPSRVW�IRU�UHGXFLQJ�QLWURJHQ�ORVVHV�DQG�
LOOXPLQDWLQJ� FDPSDLJQ� WKURXJK� IDUPHUV¶� SDUWLFLSDWLRQ�� 3DUWLFLSDWRU\� 6WUDWHJ\� IRU� 6RLO� DQG� :DWHU�
&RQVHUYDWLRQ��,QVWLWXWH�RI�(QYLURQPHQW�5HKDELOLWDWLRQ�DQG�&RQVHUYDWLRQ�����������-DSDQ��

6LULZDWWDQDQRQ��/��DQG�0LKDUD��0���������*UDQXODU�FRPSRVW�GHYHORSPHQW�DQG�IDUPHUV¶�DGDSWDELOLW\�LQ�.KRQ�
.DHQ��1RUWKHDVW�7KDLODQG��-RXUQDO�RI�$ULG�/DQG�6WXGLHV����������������
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6HFWRUDO�3ODQV�RQ�1DWXUDO�5HVRXUFHV�DQG�(QYLURQPHQW�������
$�6WXG\�RQ�3DN�3KOL�'LVWULFW��7KDLODQG�

)2:=,$�*8/6+$1$�5$6+,'�/23$�
$VLDQ�,QVWLWXWH�RI�7HFKQRORJ\��3DWKXPWKDQL��7KDLODQG�
(PDLO��ORSDBJXOVKDQ#\DKRR�FRP�

5HFHLYHG����-DQXDU\������ $FFHSWHG����)HEUXDU\�������

$EVWUDFW� 6LQFH� GLVWULFW� KDV� DQ� LQWHUPHGLDWH� SRVLWLRQ� WR� PXOWLOHYHO� SODQQLQJ� V\VWHP� LQ�
DOPRVW�DOO�GHYHORSLQJ�FRXQWULHV��WKHUH�LV�D�QHHG�WR�GHYHORS�DQG�SUHSDUH�SODQ�DW�GLVWULFW�OHYHO�
LQFRUSRUDWLQJ� WKH�QHHGV�RI� WKH�SHRSOH�� SUREOHPV�� SRWHQWLDOV� DQG�GHYHORSPHQWDO� LVVXHV� RI�
WKH�VXE�GLVWULFWV�WR�HQVXUH�VXVWDLQDEOH�UXUDO�GHYHORSPHQW��:LWK�WKLV�YLHZ��WKH�5HJLRQDO�DQG�
5XUDO�'HYHORSPHQW�3ODQQLQJ�3URJUDPPH�RI�WKH�$VLDQ�,QVWLWXWH�RI�7HFKQRORJ\��$,7��KDV�
LQWHQVLILHG�WKH�SODQQLQJ�ZRUNVKRS�FRXUVH�WR�SUHSDUH�VHFWRUDO�SODQV�ZLWKLQ�WKH�GLVWULFW�SODQV�
IRU� VWUHQJWKHQLQJ� GHFHQWUDOL]HG� SODQQLQJ� H[HUFLVH�� 7KLV� SDSHU� IRFXVHV� VHFWRUDO� SODQV� RQ�
QDWXUDO� UHVRXUFHV�DQG�HQYLURQPHQW��3DN�3KOL�GLVWULFW��1DNKRQ�1D\RN�3URYLQFH��7KDLODQG��
7KH� REMHFWLYH� RI� WKLV� VWXG\� LV� WR� FOHDUO\� IRFXV� RQ� QHHG� DVVHVVPHQW�� SROLF\� DQDO\VLV��
SUREOHPV� DQG� SRWHQWLDOV� DQDO\VLV� DQG� ILQDOO\�� LGHQWLILFDWLRQ� RI� GHYHORSPHQW� SURJUDPPHV�
DQG� SURMHFWV� WR� IXOILOO� VHFWRUDO�� VSDWLDO� DQG� FOLHQWHOH� UHTXLUHPHQWV�� 7KH� PHWKRGRORJ\� LV�
GHYHORSHG�RQ�SDUWLFLSDWRU\�SODQQLQJ�DSSURDFK��FRQFHSW�RI� OHDUQLQJ�ZKLOH�ZRUNLQJ��JURXS�
GLVFXVVLRQ�LQWHUYLHZV�� GLVFXVVLRQ� ZLWK� JRYHUQPHQWDO� RIILFLDOV� WKURXJK� PHHWLQJV�� EUDLQ�
VWRUPLQJ��JURXS�H[HUFLVH�DQG�SUHVHQWDWLRQ��+RZHYHU��VWXG\�VKRZV�WKDW�DOWKRXJK�3DN�3KOL�LV�
EOHVVHG�ZLWK� WKH�DWWUDFWLRQ�RI�QDWXUDO� UHVRXUFHV�DQG�UHQRZQHG�ZLWK�DEXQGDQW�DJULFXOWXUDO�
SURGXFWV�� RUFKDUG� JDUGHQV�� EHDXWLIXO� ZDWHU� UHVHUYRLUV� DQG� ZDWHUIDOOV� EXW� VRLO� EDFNZDUG�
VLWXDWLRQ� �JUDYHO� VRLO�� KDUG� VRLO�� VDOW\� VRLO� RU� DFLGLF� VRLO��� VHYHUH� VRLO� HURVLRQ�� KLJK� VRLO�
GHJUDGDWLRQ�DQG�LPSURSHU�ZDVWH�PDQDJHPHQW�DUH�WKH�PRVW�VLJQLILFDQW�SUREOHPV�ZKLOH�ODFN�
RI�ODQG�WLWOH��ORZ�VRLO�IHUWLOLW\��IORRGLQJ��QRQ�IXQFWLRQLQJ�RI�FRPPXQLW\�IRUHVWU\�SURMHFW�DQG�
ZDWHU� SROOXWLRQ� DUH� SULRULWL]HG� DV� SUREOHPV� LQ� WKLV� GLVWULFW�� ,Q� DFFRUGDQFH� ZLWK� VHYHUDO�
UHFRPPHQGDWLRQV�� WKLV� VWXG\�SURSRVHV� WKUHH�SURMHFWV� IRU� GHYHORSLQJ�RI� QDWXUDO� UHVRXUFHV�
DQG� HQYLURQPHQW� VHFWRU�� ���� $FLG� VRLO� PDQDJHPHQW� E\� DSSO\LQJ� OLPLQJ� DQG� RUJDQLF�
IDUPLQJ� SUDFWLFHV�� ���� 6WUHQJWKHQLQJ� FRPPXQLW\� IRUHVWU\� SURMHFW� E\� HQKDQFLQJ� FDSDFLW\�
EXLOGLQJ�RI�H[LVWLQJ�FRPPXQLW\�IRUHVWU\�JURXSV��DQG�����,PSURYLQJ�PXQLFLSDO�VROLG�ZDVWH�
PDQDJHPHQW� V\VWHP� E\� LQYROYLQJ� SULYDWH� VHFWRU� DQG� FRPPXQLW\� SHRSOH� WR� FDUU\� RXW�
FRPPXQLW\�VROLG�ZDVWH�PDQDJHPHQW��
.H\ZRUGV�VHFWRUDO�SODQ��GHYHORSPHQW�SURJUDPPH��SDUWLFLSDWRU\�SODQQLQJ��RUJDQLF�

�IDUPLQJ��FRPPXQLW\�IRUHVWU\��VROLG�ZDVWH�PDQDJHPHQW�

,1752'8&7,21�

3DN� 3KOL� GLVWULFW�� D� GLVWULFW� LQ� WKH� HDVWHUQ� SDUW� RI� 1DNKRQ� 1D\RN� 3URYLQFH�� HDVWHUQ� 7KDLODQG� LV�
EOHVVHG�ZLWK�WKH�DWWUDFWLRQ�RI�QDWXUDO�UHVRXUFHV�DQG�DOVR��FDOOHG�DV�SURYLQFLDO�KHULWDJH�VLWH�VLQFH�LW�LV�
UHQRZQHG� ZLWK� DEXQGDQW� DJULFXOWXUDO� SURGXFWV�� RUFKDUG� JDUGHQV�� EHDXWLIXO� WRXULVW� VSRWV� DQG�
ZDWHUIDOOV�� DQG� JUDFHIXO� ZLWK� JUHHQ� QDWXUH� DQG� ORFDO� FXOWXUH�� +RZHYHU�� VWXG\� VKRZV� DOWKRXJK�
QDWXUDO�UHVRXUFHV�DUH�DYDLODEOH�EXW�VRLO�EDFNZDUG�VLWXDWLRQ��JUDYHO�VRLO��KDUG�VRLO��VDOW\�VRLO�RU�DFLGLF�
VRLO��� VHYHUH� VRLO� HURVLRQ�� KLJK� VRLO� GHJUDGDWLRQ� DQG� LPSURSHU� ZDVWH� PDQDJHPHQW� DUH� WKH� PRVW�
VLJQLILFDQW� SUREOHPV� ZKLOH� ODFN� RI� ODQG� WLWOH�� ORZ� VRLO� IHUWLOLW\�� IORRGLQJ�� QRQ�IXQFWLRQLQJ� RI�
FRPPXQLW\�IRUHVWU\�SURMHFW�DQG�ZDWHU�SROOXWLRQ�DUH�SULRULWL]HG�DV�SUREOHPV�LQ�WKLV�DUHD��

6LQFH� GLVWULFW� KDV� DQ� LQWHUPHGLDWH� SRVLWLRQ� LQWR� PXOWLOHYHO� SODQQLQJ� V\VWHP� IRU� HQVXULQJ�
VXVWDLQDEOH� UXUDO� GHYHORSPHQW� LQFRUSRUDWLQJ� WKH� QHHGV� RI� WKH� VXE�GLVWULFWV�� WKLV� SDSHU� PDNHV� DQ�
DWWHQWLRQ� WR�GHYHORS�3DN�3KOL� GLVWULFW� SODQ� IRFXVLQJ� LWV�QDWXUDO� UHVRXUFHV� DQG�HQYLURQPHQW� VHFWRU��

ᶃᶐᶂ

5HVHDUFK�DUWLFOH�
�
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7KLV�VWXG\�GRHV�FOHDUO\�DQDO\VLV�WKH�QHHG��H[LVWLQJ�QDWLRQDO�SROLFLHV�DQG�VWUDWHJLF�SODQV��SUREOHPV�
DQG� SRWHQWLDOV� DQG� ILQDOO\�� LGHQWLILHV� GHYHORSPHQW� SURJUDPPHV� DQG� SURMHFWV� WR� IXOILOO� VSDWLDO� DQG�
FOLHQWHOH�UHTXLUHPHQWV�RI�QDWXUDO�UHVRXUFHV�DQG�HQYLURQPHQW�VHFWRU�DW�ORFDO�OHYHO��

0(7+2'2/2*<�

7KH�VWXG\�LV�FRQGXFWHG�E\�D�ZRUNVKRS�FRXUVH�RIIHUHG�IRU�ILYH�PRQWKV�LQ�HYHU\�$XJXVW�VHVVLRQ�E\�
WKH�'HSDUWPHQW�RI�5HJLRQDO�DQG�5XUDO�'HYHORSPHQW�3ODQQLQJ��$VLDQ�,QVWLWXWH�RI�7HFKQRORJ\��$,7���
7KDLODQG���$�SUHOLPLQDU\�UHFRQQDLVVDQFH�VXUYH\�LV�FRQGXFWHG�E\�ZRUNVKRS�FRRUGLQDWRU�LQ�RUGHU�WR�
VHOHFW� WKH� VWXG\� DUHD�� 7KH� FRPSXWHUL]HG� YLOODJH� OHYHO� GDWD� EDVH�� IRU� H[DPSOH�� 1DWLRQDO� 5XUDO�
'HYHORSPHQW�GDWD�EDVH��15'��&��������DQG�%DVLF�0LQLPXP�1HHG��%01��������PDLQWDLQHG�E\�D�
FHQWUDO�DJHQF\�LQ�7KDLODQG��7KDPPDVDW�8QLYHUVLW\�'DWD�3URFHVVLQJ�&HQWUH��%DQJNRN��DUH�XVHG�WR�
NQRZ� WKH� GHYHORSPHQW� VWDWXV� RI� VWXG\� DUHD�� $SDUW� IURP� WKHVH� VRXUFHV� RI� VHFRQGDU\� GDWD� DQG�
LQIRUPDWLRQ�� D� SULPDU\� VDPSOH� VXUYH\� LV� XVXDOO\� FRQGXFWHG� E\� WKH� IDFXOWLHV�� VWDIIV� DQG� VWXGHQWV�
WKURXJK�D�VWUXFWXUHG�TXHVWLRQQDLUH�WR�SURYLGH�DGGLWLRQDO�LQIRUPDWLRQ�RQ�SDUWLFXODU�VHFWRUDO�DQDO\VLV��
+RZHYHU��HTXDO�HPSKDVLV�LV�DOVR�JLYHQ�WR�FROOHFW�ILUVW�KDQG�LQIRUPDWLRQ�E\�XVLQJ�SDUWLFLSDWRU\�UDSLG�
UXUDO�DSSUDLVDO�DQG�ILHOG�UHVHDUFK�PHWKRGV��UDSLG�GLVWULFW�DSSUDLVDO���7KLV�JLYHV�WKH�VFRSH�WR�LQWHUDFW�
GLUHFWO\�ZLWK�SHRSOH��GLIIHUHQW�JURXSV��ORFDO�OHDGHUV��JRYHUQPHQW�RIILFLDOV�DW�SURYLQFLDO��GLVWULFW�DQG�
VXE�GLVWULFW�OHYHO�DQG�WKXV�IDFLOLWDWHV�SDUWLFLSDWRU\�SODQQLQJ�SURFHGXUHV��5RXWUD\���������

4XDOLWDWLYH�UHVHDUFK�DSSURDFK�LV�DSSOLHG�IRU�WKLV�VWXG\�EHFDXVH�TXDOLWDWLYH�LQTXLU\�LV�LQGXFWLYH�
IRFXVLQJ� RQ� SUDFWLFH�� SHUFHSWLRQ� DQG� LQWHUSUHWDWLRQ� UDWKHU� WKDQ� GHGXFWLYH� DQG� H[SHULPHQWDO�� )RU�
GRLQJ� WKLV�� WKLV� VWXG\� IUHTXHQWO\�XVHV� VRPH� VHOHFWHG� WHFKQLTXHV�VXFK�DV�� VHFRQGDU\�GDWD� DQDO\VLV��
FRQWHQW� DQDO\VLV�� 6:27�DQDO\VLV�� SUREOHP� DQG� SURSRVDO�PDWUL[� DQDO\VLV� DQG� LQ�GHSWK� FDVH� VWXG\�
DQDO\VLV��

5(68/76�$1'�',6&866,21�

6HFWRUDO�DQDO\VLV�RQ�QDWXUDO�UHVRXUFHV�DQG�HQYLURQPHQW��3DN�3KOL�GLVWULFW�

3K\VLFDO�VHWWLQJ��ODQG�IRUP�DQG�WRSRJUDSK\�

3DN�3KOL�GLVWULFW�LV�VXEGLYLGHG�LQWR�RQH�����PXQLFLSDOLW\��.KR�:DL�PXQLFLSDOLW\��DQG�VHYHQ�����VXE�
GLVWULFWV��.R�:DL��.R�3KR��3DN�3KOL��.KRN�.UXDW��7KH�5XHD��1RQJ�6HDQJ�DQG�1D�+LQ�/DG��LQ�)LJ�����
IXUWKHU�VXEGLYLGHG�LQWR�ILIW\�RQH������YLOODJHV��7KH�WRWDO�DUHD�RI�WKLV�GLVWULFW�LV�������VT�NP�RU�����RI�
SURYLQFLDO�DUHD��7KH�ODQG�IRUP�RI�.R�:DL��NR�3KR��3DN�3KOL��DQG�7KD�5XHD�LV�IORRG�SODLQ�ZKHUHDV�
WKH�ODQG�IRUP�RI�.KRN�.UXDW�DQG�1RQJ�6HDQJ�LV�IRRW�KLOO��7KH�ODQG�IRUP�RI�1D�+LO�1DW�LV�PRXQWDLQ�
W\SH� DQG�KHLJKW�RI� WKH� ODQG� LV� IRXQG�ZLWKLQ� WKH� UDQJH�RI� ����P�±�����P��ZKHUHDV� WKH�KHLJKW�RI�
RWKHU�VXE�GLVWULFWV¶�KLJK�ODQG�LV�EHORZ����P��
�
�
�
�
�
�
�
�
�
�
�
�
�

)LJ����%DVH�PDS�RI�3DN�3KOL�'LVWULFW�
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/DQG��VRLO�VLWXDWLRQ��ZDWHU�UHVRXUFH�DQG�IRUHVW�

3DN� 3KOL� GLVWULFW� LV� PDLQO\� IRUHVW� DUHD� ������ DQG� DJULFXOWXUH� ������ LV� WKH� PDMRU� OLYHOLKRRG�
RFFXSDWLRQ� FRPSDULQJ� RWKHUV� RFFXSDWLRQV� OLNH� DQLPDO� KXVEDQGU\� ����� DQG� IUXLW� RUFKDUG� SUDFWLFH�
����� ZLWKLQ� WKH� GLVWULFW�� :DWHU� UHVRXUFHV� KDYH� ORZHVW� VKDUH� RI� WRWDO� DUHD�� RQO\� ��� �/DQG�
GHYHORSPHQW�GHSDUWPHQW����������

%01�������VKRZV�WKH�H[LVWHQFH�RI�ODFN�RI�ODQG�WLWOH�IRU�PDQ\�SHRSOH�DQG�ODQGOHVV�LQ�WKLV�DUHD��
1D�+LQ�/DG�KDV�WKH�KLJKHVW�SHUFHQWDJH�������RI�KRXVHKROG�WKDW�KDV�RZQ�ODQG�ZKHUHDV�.R�3KR�KDV�
WKH�ORZHVW�SHUFHQWDJH�������RI�KRXVHKROG��,W�DOVR�VKRZV�WKDW�PRVW�RI�WKH�ODQG�LV�UHQWHG�E\�IDUPHUV�
IRU� SDGG\� GXH� WR� WKH� QHHG� IRU� WKH� HFRQRP\� RI� VFDOH�� ,W� LV� IRXQG� WKDW� 7KD�5XHD� KDV� WKH� KLJKHVW�
SHUFHQWDJH� RI� KRXVHKROG�ZLWK� ODQG� JUHDWHU� WKDQ� ��� UDL�� 2WKHU� VXE�GLVWULFWV� FRPSRVHG� RI� ����RI�
KRXVHKROG�ZLWK������� UDL�RI� ODQG�.KRN�.UXDW�KDV� WKH�KLJKHVW�SHUFHQWDJH�RI�KRXVHKROG�ZLWK� OHVV�
WKDQ���UDL�����������+RZHYHU��.R�:DL�DQG�.R�3KR�KDYH�OHVV�WKDQ�����KRXVHKROG�ZLWK�UHQW�ODQG��

3DN�3KOL�'LVWULFW�KDV�IRUHVW�RI�����LQ�LWV�ZKROH�DUHD�ZKLOH�DQRWKHU�����LV�FRYHUHG�E\�VHYHUDO�
VRLO�VHULHV�VLWXDWLRQV��'HSHQGLQJ�RQ�VRLO�VHULHV��WKH�GRPLQDQW�VRLO�W\SHV�RI�3DN�3KOL�'LVWULFW�DUH�&OD\�
VRLO��6DQG\�VRLO�DQG�/RDP\�VRLO��&OD\�VRLO�FRYHUV��������5DL�ZKHUHDV�6DQG\�VRLO�DQG�/RDP\�VRLO�
FRYHU��������5DL�RI�WRWDO�DUHD��/HVV�WKDQ����RI�DUHD������5DL��LQ�1D�+LO�1DG�LV�VWHHS�PRXQWDLQV�
�/DQG�'HYHORSPHQW�'HSDUWPHQW���������7DEOH�����

7DEOH���6RLO�VHULHV�VLWXDWLRQ�LQ�3DN�3KOL�'LVWULFW�

�
15'��&�������DQG�ILHOG�VXUYH\�������VKRZV�WKDW�WKH�VRLO�VLWXDWLRQ�RI�WKH�YLOODJHV�RI�.R�:DL��

NKRN�NUXDW��1D�+LO�1DG�DQG�1RQJ�6HDQJ�DUH�IHUWLOH�DQG�IDUPHUV�DUH�XVLQJ� OHVV�DPRXQW�&KHPLFDO�
IHUWLOL]HU� ������� H[FHVV� DPRXQW� RI� RUJDQLF� IHUWLOL]HU� �FKLFNHQ� �ILVK�� ������ DQG� RUJDQLF� SHVWLFLGH��
$JULFXOWXUH�OHDUQLQJ�FHQWHUV�DQG�DZDUHQHVV�JURZLQJ�FDPSDLJQ�E\�WKHP�RQ�XVLQJ�RUJDQLF�IHUWLOL]HUV��
HQYLURQPHQWDO� SURWHFWLRQ�� VROLG� ZDVWH� PDQDJHPHQW�� URDG� PDLQWHQDQFH� DQG� DIIRUHVWDWLRQ� DUH�
DYDLODEOH�� +RZHYHU�� 3DN� 3KOL�� 7KH� 5XHD� DQG� .KR� 3KR� IDFH� KLJK� VRLO� GHJUDGDWLRQ� GXH� WR� XVLQJ�
H[FHVV� DPRXQW� RI� FKHPLFDO� IHUWLOL]HU� ������ DQG� SHVWLFLGH�� 6HYHUH� VRLO� HURVLRQ� LV� IRXQG� LQ�1RQJ�
6HDQJ�EHFDXVH�RI�LW�SK\VLFDO�VRLO�SURILOH�RI�VORS�DQG�YDOOH\�FRPSOH[���

%01�������VKRZV�WKDW�WKHUH�DUH����&DQHOV�ULYHUV�����SRQGV�VZDPSV�DQG���GDPV�DUH�IRXQG�DV�
QDWXUDO�ZDWHU�UHVRXUFHV�WKURXJKRXW�DOO�VXE�GLVWULFWV�LQ�3DN�3KOL�GLVWULFW��)RU�HQVXULQJ�GULQNLQJ�ZDWHU�
VRXUFHV� DQG� UHVHUYLQJ�ZDWHU� IRU� GU\� VHDVRQ��.KRN�.UXDW�KDV� WKH� KLJKHVW� QR�� RI� SRQGV� ������ DQG�
ERZHOV� ������1D�+LO�1DG� DQG�.R�:DL� KDYH� �� DQG� ��PDQPDGH� UHVHUYRLU� DFFRUGLQJO\�� ,Q� FDVH� RI�
ZDWHU�IRU�DJULFXOWXUH��1'5��&�������VKRZV�WKDW�RXW�RI�GDWD�DYDLODELOLW\�RI����YLOODJHV����YLOODJHV�
�����DUH�EDFNZDUG�KDYLQJ�QR�ZDWHU�VXIILFLHQWO\�IRU�DJULFXOWXUDO�FXOWLYDWLRQ�����YLOODJHV�������DUH�

6RLO�6HULHV������/RFDWLRQ����������������$UHD��������������������7H[WXUH�������)LOWUDWLRQ�������S+������1XWULHQW������8VDJH�

�� 1RQJ�6DHQJ��.KRN�
.UXDW� ������ ����� &OD\� /RZ� ����

����
)H��
0J�

3DGG\��
YHJHWDEOHV�

��� 3DN�3KOL��7KD�5XHD� ������ ����� &OD\� /RZ� ���� Q�D� 3DGG\��
YHJHWDEOHV�

��� .R�:DL��.R�3KR��
3DN�3KOL��7KD�5XHD� ������� ������ &OD\� /RZ� ����

���� $O� 3DGG\��
YHJHWDEOHV�

���
1D�+LQ�/DW��1RQJ�
6DHQJ��.R�:DL��.R�

3KR��3DN�3KOL�
������� ������ 6DOW\�

FOD\� 0HGLXP� ����
����

)H��
0J� 3DGG\�

��� 1D�+LQ�/DW��.KRN�
.UXDW� ������ ����� 6DQG� +LJK� ����

���� Q�D� 8SODQG�FURSV�

��� 1RQJ�6DHQJ� ������ ����� &OD\�
ORDP� 0HGLXP� ����

���� Q�D� 8SODQG�FURSV�

��� 1D�+LQ�/DW��.KRN�
.UXDW� ������ ����� 6DQG\�

VLOW� +LJK� ����
���� Q�D� 8SODQG�FURSV�

��� 1D�+LQ�/DW� ���� ����� 5RFNV� Q�D� Q�D� Q�D� 1RW�VXLWDEOH�
IRU�FXOWLYDWLRQ�

)RUHVW� 1D�+LO�1DW� �������� ������ Q�D� Q�D� Q�D� Q�D� )RUHVWU\�WUHVV�
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PRGHUDWH�KDYLQJ�ZDWHU�VXIILFLHQWO\�GXULQJ�UDLQ\�VHDVRQ��DQG����YLOODJHV�������DUH�SURJUHVV�KDYLQJ�
ZDWHU�VXIILFLHQWO\�IRU�FXOWLYDWLRQ�GXULQJ�DOO�\HDU��

7KH� WRWDO� IRUHVW� DUHD� RI� 3DN� 3KOL� GLVWULFW� LV� �������� UDL�� � �������� UDL� RI� WRWDO� IRUHVW� DUHD� LV�
UHVHUYHG�DQG�SURWHFWHG�ZLWK�WKH�IRUHVW�ODZV�UHJXODWHG�E\�WKH�5R\DO�)RUHVW�'HSDUWPHQW�ORFDWHG�DW�1D�
+LO� /DG� VXE�GLVWULFW�� WDEOH� ��� 3UHVHQWO\�� JRYHUQPHQW� SURPRWHV� HFR�DJUR� WRXULVP� DFWLYLWLHV� LQ� WKLV�
DUHD��

7DEOH���$UHD�RI�IRUHVW�DQG�SODQWDWLRQ��UDL��

�
)LHOG� 6XUYH\�� ����� VKRZV� WKH� ODNH� RI� FRPSUHKHQVLYH� PDQDJHPHQW� SODQ� LQ� LPSOHPHQWLQJ�

&RPPXQLW\�IRUHVWU\�DFWLYLWLHV��3HRSOH�XVXDOO\�SHUFHLYH�WKHLU�UROH�DV�UHFLSLHQWV�RI�WRS�WRZQ�GHFLVLRQ�
PDNLQJ�DQG� WKHUHIRUH�RQO\�SXW� DVVLJQPHQWV�SURMHFWV� LQWR�SUDFWLFH��&RQVHTXHQWO\�� RQH� FRPPXQLW\�
IRUHVW�LQ�.KRN�.UXDW�VXE�GLVWULFW�LV�DERXW�WR�FKDQJH�LQWR�SOD\�JURXQG��$OVR��ORFDO�JRYHUQPHQWV�KDYH�
SODQQHG�WR�FXW�GRZQ�WKH�IRUHVW�DQG�FRQYHUW�LW�LQWR�WKH�VSRUW�ILHOG�IROORZLQJ�WKH�SXEOLF�GHPDQG��

(QYLURQPHQWDO�PDQDJHPHQW��SROLF\�DQG�SURJUDP�DQDO\VLV�

15'��&� VKRZV� WKDW� .KRN� .UXDW� DQG� 1D� +LO� 1DG� KDYH� SURJUHVVLYH� OHYHO� RI� HQYLURQPHQWDO�
PDQDJHPHQW� IDFLQJ� QR� VROLG� ZDVWH� PDQDJHPHQW� �6:0�� SUREOHP�� &DVH� VWXG\� RI� .KR� :DL�
PXQLFLSDOLW\� VKRZV� WKDW� LW� LV� UHVSRQVLEOH� WR� FROOHFW�ZDVWH� IURP� KRXVHKROG� RI� HYHU\� VXE� GLVWULFWV�
XVLQJ�WZR�YHKLFOHV��FDE�YDQ���VWRUDJH�FDSDFLW\����/E�P��SHU�GD\��7KHVH�YHKLFOHV�JR�WR�FROOHFW�ZDVWH�
RQH�WLPH�SHU�GD\��(YHU\�GD\�WKH�WRWDO�RI�������OLWHUV�IXHO�LV�XVHG�IRU�JDUEDJH�FROOHFWLRQ��7R�JHW�WKLV�
IDFLOLW\��HYHU\�KRXVHKROG�SD\V�����EDWKV�SHU�PRQWK��.KR�:DL�KDV�RZQ�ODQGILOO�WR�GLVSRVDO�WKH�ZDVWH�
FROOHFWHG�IURP�HYHU\�KRXVHKROG��(YHU\�GD\�����WRQV�ZDVWH�LV�GLVSRVDEOH�LQ�WKLV�ODQGILOO��/RSD�HW�DO��
��������
�
�
�
�
�
�
�
�
�
�
�

)LJ���3UREOHP�WUHH�DQDO\VLV�RI�6:0�
�

+RZHYHU��WKH�ZDVWH�FROOHFWHG�IURP�3DN�3KOL�GLVWULFW�LV�DOVR�VWRUHG�LQ�.KR�:DL�ODQGILOO��(YHU\�
GD\�����NJ�ZDVWH�IURP�3DN�3KOL�LV�GLVSRVDEOH�LQWR�.KR�:DL�ODQGILOO��+RZHYHU��ILHOG�6XUYH\¶������
VKRZV�PXQLFLSDOLW\�GRHV�QRW�FROOHFW�ZDVWH�IURP�DOO�VXE�GLVWULFWV��,W�FROOHFWV�ZDVWH�EXW�LUUHJXODU�IURP�

6U����������&DWHJRU\������1DXQJ�6HQJ��.R�3KR�����3DN�3KOL����.R�:DL������.KRN�.UXDW��7KD�5HDX����1D�+LQ�/DW����������7RWDO�
�� 'HQVH�

(YHUJUHHQ�
)RUHVW�

�� �� �� �� �� �� �������� ��������

�� 'LVWXUEHG�
(YHUJUHHQ�
)RUHVW�

�� �� �� �� �� �� ��� ���

� 6XE�WRWDO� � � � � � � � ��������
�� 3ODQWDWLRQ� ���� ���� ��� ��� ��� ���� ���� ������
�� &RPPXQLW\�

IRUHVWU\�
���� ���� �� �� ���� �� �� ����

� 7RWDO� � � � � � � � ��������

&RQWDPLQDWHV�FURS��FRQVXPHUV�DQG�IDUP�ZRUNHUV�
/HVV�FURS�SURGXFWLRQ�

/RZ�VRLO�IHUWLOLW\�

,QFUHDVHV�DFLG�VRLO�VWDWXV�

,PSURSHU�VROLG�ZDVWH�PDQDJHPHQW�

3ROOXWHV�ZDWHU�

0XQLFLSDO�UHOXFWDQFH� /DFN�RI�HQYLURQPHQWDO�NQRZOHGJH�DQG�DZDUHQHVV�RI�ORFDO�SHRSOH�
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WKRVH�DUHDV�ZKLFK�DUH�QHDU�DERXW�WR�PXQLFLSDOLW\��7KLV�FRQGLWLRQ�LV�FRQVLGHUHG�D�VHULRXV�DQG�YLVLEOH�
HQYLURQPHQWDO�SUREOHP�DQG�SXEOLF�KHDOWK�ULVN��)LJ�����/RSD����������

7KHUH� LV� VWLOO� ODFN� RI� DGHTXDWH�SURJUDPPHV� LQ� OLQH�ZLWK� WKH�QDWLRQDO� SROLFLHV� DQG� VWUDWHJLHV��
)DUP� EXUQLQJ� DV� LOOHJDO� LQ� QDWLRQDO� SROLFLHV� EXW� LW� LV� ZLGHO\� SUHYDOHQW� LQ� DOO� VXE�GLVWULFWV�� ,W� KDV�
DGHTXDWHO\� DGGUHVVHG� WKH� DZDUHQHVV� RQ� HQYLURQPHQWDO� SROOXWLRQ� DQG� VROLG� ZDVWH� PDQDJHPHQW�
V\VWHP� EXW� SURJUDPV� WR� DGGUHVV� WKH� LVVXHV� DUH� QRW� FRQGXFWHG� LQ� WKH� ORFDO� DUHD�� )RUHVW� QDWLRQDO�
SROLFLHV�KDYH�DGGUHVVHG�ZHOO�EXW�VLQFH�WKH�IRUHVW�HQFURDFKPHQW�DQG�FOHDUDQFH�DUH�KLJK��FDPSDLJQV�
IRU� DZDUHQHVV� UDLVLQJ�� DQG� WUDLQLQJV� IRU� FDSDFLW\� EXLOGLQJ�� IRUHVW� UHIRUHVWDWLRQ� SURJUDPPHV� DUH�
QHHGHG�WR�EH�LQWHQVLILHG�DV�WKH�VFRSH�RI�WKHVH�DFWLYLWLHV�DUH�IRXQG�WR�EH�YHU\�OLPLWHG��

3UREOHPV�DQG�SURVSHFW�DQDO\VLV�

7DEOH���3UREOHP�PDWUL[�

�
7DEOH���3URSRVDO�PDWUL[�

3URYLQFLDO�DQG�GLVWULFW�OHYHO�VWUDWHJLHV�KDYH�DGHTXDWHO\�DGGUHVVHG�WKH�GULQNLQJ�ZDWHU�LVVXH�EXW�
QRW�IRU�WKH�DJULFXOWXUDO�SXUSRVHV��+RZHYHU��SUHVHQWO\��WKH\�KDYH�SODQQHG�WR�LQWURGXFH�D�ODUJH�VFDOH�

3UREOHPV� �� �� �� �� �� �� �� �� �� 6FRUH�� 5DQN��
/RZ�VRLO�IHUWLOLW\�� � � � � � � � � � �� ��
$FLGLF�VRLO�VWDWXV�� [� � � � � � � � � �� ��
6HYHUH�VRLO�HURVLRQ� [� � � � � � � � � �� ��
+LJK�VRLO�GHJUDGDWLRQ� [� [� � � � � � � [� �� ��
/DFN�RI�ODQG�WLWOH� � � � � � � � � � �� ��
)ORRGLQJ�GXULQJ�UDLQ\�VHDVRQ� � � � � � � � � � �� ��
,PSURSHU�ZDVWH�PDQDJHPHQW� [� [� � [� � � � � � �� ��
1RQ�IXQFWLRQLQJ�RI��FRPPXQLW\�IRUHVWU\� � � � � � � � � � �� ��
6HYHUH�ZDWHU�SROOXWLRQ� � � � � � � � � � �� ��

,GHQWLILHG�3UREOHPV� 'HYHORSPHQW�3RWHQWLDO� 3ROLF\�6LWXDWLRQ� 3URMHFW�3URSRVDOV�
��� /RZ�6RLO�IHUWLOLW\�LQ�.R�:DL��

.R�3KR��3DN�3KOL��7KH�5XHD�
DQG�1D�+LO�1DG�

��� $FLGLF�VRLO�VWDWXV�LQ�.R�:DL��
.R�3KR��3DN�3KOL��7KH�5XHD�

��� 6HYHUH�VRLO�HURVLRQ�LQ�1RQJ�
6HDQJ��

��� /DFN�RI�ODQG�WLWOH�
��� +LJK�6RLO�'HJUDGDWLRQ�LQ�

3DN�3KOL��7KH�5XHD�DQG�.KR�
3KR�

��� )ORRGLQJ�GXULQJ�UDLQ\�VHDVRQ�
LQ�.KR�3KR��.KR�:DL��3DN�
3KOL��7KH�5XHD��.KRN�.UXDW�
DQG�1RQJ�6HDQJ�

��� ,UUHJXODU�0XQLFLSDO�:DVWH�
0DQDJHPHQW�LQ�.KR�:DL��
1RQD�6DHQJ�DQG�3DN�3KOL�
DQG�LOOHJDO�ZDVWH�GXPSLQJ�
SUDFWLFH�E\�KRXVHKROG�LQ�
RWKHU�VXE�GLVWULFWV�

��� 1RQ�IXQFWLRQLQJ�RI�
FRPPXQLW\�IRUHVWU\�LQ�QRQJ�
6HDQJ��.KR�3KR�DQG�.KRN�
.UXDW�

��� 6HYHUH�ZDWHU�SROOXWLRQ�LQ�
3DN�3KOL�DQG�.KR�3KR�

���$YDLODELOLW\�RI�ZDWHU�
UHVRXUFHV�DQG�
LUULJDWLRQ�	�ZDWHU�
DFFHVVLELOLW\�SURMHFW�
LQ�WKH�GLVWULFW�

���$YDLODELOLW\�RI�IRUHVW�
UHVRXUFHV������RI�
WRWDO�DUHD��

���$YDLODELOLW\�RI�
RUJDQL]HG�ODQG�
VXLWDELOLW\�DQG�ODQG�
FODVVLILFDWLRQ�GDWD��

���'XH�FRQVLGHUDWLRQ�
IRU�1DWXUDO�5HVRXUFH�
DQG�(QYLURQPHQW�
,VVXHV�E\�/DQG�
'HYHORSPHQW�
'HSDUWPHQW�

���3URVSHFW�IRU�HFR�
DJUR�WRXULVP�
GHYHORSPHQW�

���3URPRWLRQ�ORFDO�
SDUWLFLSDWLRQ�RQ�
HQYLURQPHQW�
PDQDJHPHQW�
���1DWXUDO�UHVRXUFHV�
DQG�HQYLURQPHQWDO�
UHKDELOLWDWLRQ�VXFK�DV�
FRPPXQLW\�IRUHVWU\�
SURJUDP�SURPRWLRQ�
���3ROLWLFDO�DQG�
DGPLQLVWUDWLYH�
GHYHORSPHQW�VXFK�DV�
SHRSOH¶V�
SDUWLFLSDWLRQ��SROLWLF�
DQG�DGPLQLVWUDWLRQ�
SURPRWLRQ�

�

���$FLG�VRLO�
PDQDJHPHQW�E\�
DSSO\LQJ�OLPLQJ�
DQG�RUJDQLF�
IDUPLQJ�
SUDFWLFHV��

���6WUHQJWKHQLQJ�
FRPPXQLW\�
IRUHVWU\�SURMHFW�
E\�HQKDQFLQJ�
FDSDFLW\�
EXLOGLQJ�RI�
H[LVWLQJ�
FRPPXQLW\�
IRUHVWU\�JURXSV��

���,PSURYLQJ�
PXQLFLSDO�VROLG�
ZDVWH�
PDQDJHPHQW�
V\VWHP�E\�
LQYROYLQJ�
SULYDWH�VHFWRU�
DQG�FRPPXQLW\�
SHRSOH�WR�FDUU\�
RXW�FRPPXQLW\�
VROLG�ZDVWH�
PDQDJHPHQW��
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ZDWHU�VXSSO\�DQG�LUULJDWLRQ�SURMHFW�LQ�ZKLFK�.KR�ZDL��.KRN�.UXDW�3DN�3KOL�DQG�1D�+LO�1DG�VXE�
GLVWULFWV�FRYHU��������UDL�IRU�LUULJDWLRQ�SURMHFW�DQG�7KD�5XHD��3DN�3KOL�	�.KR�3KR�FRYHU���������
UDL�IRU�HQVXULQJ�ZDWHU�DFFHVVLELOLW\�GXULQJ�WKH�GU\�VHDVRQ��1DWLRQDO�DQG�GLVWULFW�OHYHO�VWUDWHJLHV�KDYH�
DGHTXDWHO\�DGGUHVVHG�WKH�LVVXH�RI�ODQG�UHIRUP�RQJRLQJ�RQO\�LQ�WKUHH�VXE�GLVWULFWV�EXW�WKH�SUREOHP�LV�
ODFN�RI�ODQG�WLWOH�LQ�WKHVH�DUHDV�QHHG�WR�DGGUHVV��

)URP�WKH�SUREOHP�PDWUL[�DQDO\VLV��7DEOH����LW�LV�IRXQG�WKDW�KLJK�VRLO�GHJUDGDWLRQ�DQG�LPSURSHU�
VROLG�ZDVWH�PDQDJHPHQW�DUH�WKH�PRVW�LPSRUWDQW�SUREOHPV�RI�WKLV�DUHD�ZKHUHDV�DFLG�VRLO�VWDWXV�DQG�
ORZ�VRLO�HURVLRQ�DUH�HTXDOO\�LPSRUWDQW�ZKLOH�QRQ�IXQFWLRQLQJ�FRPPXQLW\�IRUHVWU\��ODFN�RI�ODQG�WLWOH��
IORRGLQJ�� ORZ� VRLO� IHUWLOLW\� DQG� VHYHUH�ZDWHU� SROOXWLRQ� DUH� OHDVW� LPSRUWDQW� DPRQJ� WKHVH� QLQH� FRUH�
SUREOHPV��$SDUW�IURP�WKHVH�SUREOHPV��SURVSHFWV�IRU�ZDWHU�DQG�LUULJDWLRQ�SURMHFWV��DYDLODEOH�IRUHVW�
UHVRXUFHV� DQG� SURVSHFW� IRU� HFR�DJUR� WRXULVP�SURMHFWV�� GXH� FRQVLGHUDWLRQ� IRU� QDWXUDO� UHVRXUFH� DQG�
HQYLURQPHQWDO�PDQDJHPHQW�DUH�PDLQ�SRWHQWLDOV�REVHUYHG��7DEOH�����

&21&/86,21�

5DSLG�SRSXODWLRQ�JURZWK�DQG�LQFUHDVLQJ�DJULFXOWXUDO�LQWHQVLW\�KDYH�GULYHQ�LQWHUUHODWLRQVKLS�EHWZHHQ�
ORFDO�SHRSOH�DQG�HQYLURQPHQW�ZKLFK�EHFRPH�FRPSOH[�SXWWLQJ�KLJK�SUHVVXUH�RQ�QDWXUDO� UHVRXUFHV�
UDQJLQJ�IURP�SRRU�VRLO�TXDOLW\��VRLO�DFLG��VRLO�HURVLRQ�� IRUHVW�HQFURDFKPHQW�� ODFN�RI� ODQG� WLWOH�DQG�
ODQGOHVVQHVV�� /LNHZLVH� LQFUHDVLQJ� DJULFXOWXUDO� DQG� KRXVHKROG� DFWLYLWLHV� KDYH� EURXJKW� DERXW�
HQYLURQPHQWDO� SROOXWLRQ�� OLNH� DLU� SROOXWLRQ� IURP� EXUQLQJ� KDUYHVWLQJ�� VROLG�ZDVWH�� DQG� LPSDFWV� RI�
H[WHQVLYH� FKHPLFDO� XVHV� WR� KXPDQ� DQG� HQYLURQPHQW�� $SDUW� IURP� WKHVH� SUREOHPV�� DYDLODELOLW\� RI�
FRPPXQLW\�IRUHVWU\�DQG�VXFFHVVIXO�LPSOHPHQWDWLRQ�DQG�SUREDELOLW\�RI�LWV�SURPRWLRQ�LQ�RWKHU�VXE�
GLVWULFWV��WRSRJUDSKLFDO�DGYDQWDJHV�ZKLFK�FDQ�OHDG�WR�VWRUDJH�RI�KLJK�ZDWHU�DQG�VROYH�WKH�SUREOHP�
RI� ZDWHU� VKRUWDJH� DQG� SURPRWH� DJULFXOWXUDO� SURGXFWLYLW\� DQG� H[LVWHQFH� RI� IDYRUDEOH� QDWLRQDO��
SURYLQFLDO�DQG�GLVWULFW�OHYHO�SROLFLHV�DUH�VRPH�RI�WKH�SRWHQWLDOV�RI�WKH�VHFWRU��%XW�WKHVH�SRWHQWLDOV�DUH�
QRW�IXOO\�KDUQHVVHG���

7KHUH�H[LVW�IDYRUDEOH�SROLFLHV�DQG�SODQV�DW�QDWLRQDO��SURYLQFLDO��GLVWULFW�DQG�VXE�GLVWULFW�OHYHOV�
WR�DGGUHVV�WKH�ORFDO�SUREOHPV�EXW�WKHUH�LV�JDS�LQ�GHVLJQ�DQG�LPSOHPHQWDWLRQ�RI�SURJUDPPHV�DV�SHU�
WKH�QHHG�RI�ORFDO�SUREOHPV��3URJUDPV�XWLOL]LQJ�WKH�SRWHQWLDOV�DQG�VROYLQJ�WKH�SUREOHPV�RI�WKH�DUHD�
VKRXOG� EH� GHVLJQHG� DQG� LPSOHPHQWHG� ZKLFK� QHHG� HIIHFWLYH� FRRUGLQDWLRQ� DPRQJ� WKH� SURYLQFLDO��
GLVWULFW�DQG�ORFDO�OHYHO�JRYHUQPHQWV�RI�WKH�DUHD���

$&.12:/('*(0(176�

7KH�DXWKRU�LV�WKDQNIXO�WR�WKH�IDFXOWLHV�RI�ZRUNVKRS�FRXUVH��'U��-D\DQW��.��5RXWUD\�DQG�'U��6RSDUWK�
3RQJTXDQ�� FRXUVH� FRRUGLQDWRU�� 0U�� 9LWRRQ� 1LO�8ERO� DQG� D� VSHFLDO� WKDQN� LV� JLYHQ� WR� JURXS�
PHPEHUV��6XPLYD��%HVKLU��+RQJ�DQG�7XQ�7XQ�IRU�ZRUNLQJ�KDUG�WR�SUHSDUH�WKH�UHSRUW�RI�³6HFWRUDO�
DQDO\VLV� RQ� 1DWXUDO� 5HVRXUFHV� DQG� (QYLURQPHQWDO� 0DQDJHPHQW�� $� 6WXG\� RQ� 3DN� 3KOL� 'LVWULFW��
1DNKRQ�1D\RN�3URYLQFH��7KDLODQG�´�

5()(5(1&(6�

/RSD�� )�*�5��� 9LHQJNHR�� 6��� 1DLQJ�� 7�7�� DQG� 6DLGH�� %�� ������� 6HFWRUDO� DQDO\VLV� RQ� QDWXUDO� UHVRXUFH� DQG�
HQYLURQPHQWDO� PDQDJHPHQW�� $� VWXG\� RQ� 3DN� 3KOL� 'LVWULFW�� 1DNKRQ� 1D\RN� 3URYLQFH�� 7KDLODQG��
:RUNVKRS� UHSRUW�� 'HSDUWPHQW� RI� 5HJLRQDO� DQG� 5XUDO� 'HYHORSPHQW� 3ODQQLQJ�� $VLDQ� ,QVWLWXWH� RI�
7HFKQRORJ\��7KDLODQG��

/RSD��)�*�5���������:DVWH�PDQDJHPHQW�DW�ORFDO�OHYHO��$�VWXG\�RQ�3DN�3KOL�GLVWULFW��7KDLODQG��,QWHUQDWLRQDO�
&RQIHUHQFH�RQ�(QYLURQPHQWDO�$VSHFW�RI�%DQJODGHVK��-DSDQ������������

/RSD�� )�*�5�� HW� DO� �������:DVWH� FRQFHUQ�� $Q�1*2� IRU� WKH� VROLG� ZDVWH�PDQDJHPHQW� DW� FRPPXQLW\� OHYHO��
7HUP�SDSHU��'HSDUWPHQW�RI�8UEDQ�DQG�5HJLRQDO�3ODQQLQJ��-DKDQJLUQDJDU�8QLYHUVLW\��%DQJODGHVK��

/DQG�'HYHORSPHQW�'HSDUWPHQW� �������/DQG�XVH�DQG�VRLO� VHULHV� VLWXDWLRQ�RI�3DN�3KOL�'LVWULFW� WKURXJK�*,6�
$SSOLFDWLRQ��1DNKRQ�1D\RN�3URYLQFH��7KDLODQG��

5RXWUD\�� -�.�� DQG�0RKDSDWUD�� $�&�� ������� 3UDFWLFH�RULHQWHG� SDUWLFLSDWRU\� PHWKRGRORJ\� DQG� WHFKQLTXHV� LQ�
UHJLRQDO�GHYHORSPHQW�DQG�SODQQLQJ��5DZDW�SXEOLFDWLRQV��-DLSXU�DQG�1HZ�'HOKL�����������
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,PSURYHPHQW�LQ�3UDFWLFLQJ�6\VWHP�RI�5LFH�,QWHQVLILFDWLRQ�
�65,��3ULQFLSOHV�E\�)DUPHUV�LQ�5DLQIHG�$UHD�RI�&DPERGLD�

-81�76858,�
'HSDUWPHQW�RI�,QWHUQDWLRQDO�6WXGLHV��*UDGXDWH�6FKRRO�RI�)URQWLHU�6FLHQFHV���
7KH�8QLYHUVLW\�RI�7RN\R��-DSDQ�
(PDLO�M�WVXUXL#VD��VR�QHW�QH�MS�

(,-,�<$0$-,�
'HSDUWPHQW�RI�,QWHUQDWLRQDO�6WXGLHV��*UDGXDWH�6FKRRO�RI�)URQWLHU�6FLHQFHV���
7KH�8QLYHUVLW\�RI�7RN\R��-DSDQ�

68.�629$11$5$�
&HQWUH�G
eWXGHV�HW�GH�'pYHORSSHPHQW�$JULFROH�&DPERGJLHQ��&('$&���&DPERGLD�

5HFHLYHG����-DQXDU\������ $FFHSWHG����0DUFK�������

$EVWUDFW� 6\VWHP� RI� ULFH� LQWHQVLILFDWLRQ� �65,�� LV� D� ULFH� IDUPLQJ� SUDFWLFH� GHYHORSHG� LQ�
0DGDJDVFDU�XQGHU�LUULJDWHG�FRQGLWLRQV��5HFHQWO\��65,�KDV�EHHQ�GLIIXVHG�LQ�UDLQIHG�SDGG\�
DUHDV� RI� &DPERGLD�� &RQILUPLQJ� WKH� UHDVRQV� IRU� WKH� GLIIXVLRQ� ZLOO� XQGRXEWHGO\� SURYLGH�
FOXHV� IRU� LPSURYLQJ� UDLQIHG� DJULFXOWXUH� XQDIIHFWHG� E\� JUHHQ� UHYROXWLRQ� WHFKQRORJ\�� ,Q�
������WKH�DXWKRUV�LQWURGXFHG�65,�WR�UDLQIHG�ULFH�IDUPHUV�LQ�WKH�.DPSRQJ�6SHX�SURYLQFH�RI�
&DPERGLD�� 6L[� YROXQWHHU� IDUPHUV� XQIDPLOLDU�ZLWK� 65,� WHFKQLTXHV� FRQGXFWHG� DQ� RQ�IDUP�
WULDO� WR�FRPSDUH�FRQYHQWLRQDO�SUDFWLFHV�ZLWK�65,��7KH� IDUPHUV�DGRSWHG�RQO\� VHYHUDO�65,�
SULQFLSOHV��DQG�D�VLJQLILFDQW�\LHOG�GLIIHUHQFH�EHWZHHQ�65,�DQG�FRQYHQWLRQDO�SUDFWLFHV�ZDV�
DEVHQW��(YHQ�WKRXJK�\LHOG�GLG�QRW�LQFUHDVH�GUDPDWLFDOO\��DOO�FRRSHUDWLQJ�IDUPHUV�DJUHHG�WR�
FRQWLQXH�65,�DW�OHDVW�LQ�VPDOO�VFDOH�WULDO�SORWV�VLQFH�65,�VKRZHG�LQGLFDWLRQV�RI�EHLQJ�PRUH�
HIILFLHQW� VXFK� DV� VDYLQJV� RQ� WKH� FRVW� RI� VHHGV�� ,Q� ������ WKH� IDUPHUV� SUDFWLFHG�65,�PRUH�
ULJRURXVO\� IROORZLQJ� LQWHQVLYH� WUDLQLQJ�� 7KH� SULQFLSOH� RI� ³UHGXFLQJ� QXPEHU� RI� VHHGOLQJV�
SHU�KLOO´�ZDV�IRXQG�WR�EH�WKH�PRWLYDWLQJ�IDFWRU�WKDW�OHG�WR�LQWURGXFLQJ�65,�RWKHU�SULQFLSOHV��
)RU� H[DPSOH�� WKH� IDUPHUV� ZHUH� FRPSHOOHG� WR� XVH� \RXQJHU� VHHGOLQJV�� &RQYHQWLRQDOO\��
IDUPHUV�JUHZ�D�KXJH�QXPEHU�RI�VHHGOLQJV�LQ�D�ODUJH�QXUVHU\�DUHD��PDNLQJ�LW�PRUH�GLIILFXOW�
WR� JURZ� \RXQJ� VHHGOLQJV� ZLWK� FDUH�� 65,�� DQG� LWV� DGYDQWDJH� RI� IHZHU� VHHGOLQJV�
UHTXLUHPHQWV��FKDQJHG�WKLV�SUDFWLFH�DQG�WKH�IDUPHUV�VWDUWHG�XVLQJ�\RXQJHU�VHHGOLQJV��$V�D�
UHVXOW�� \LHOG� GLIIHUHQFH�EHWZHHQ�65,� DQG� FRQYHQWLRQDO� SUDFWLFHV� LQ� �����ZDV� ODUJHU� WKDQ�
WKDW� LQ� ������ ,W� ZDV� DOVR� REVHUYHG� WKDW� WKH� IDUPHUV� LQVWLWXWHG� VHYHUDO� 65,� SULQFLSOHV� LQ�
FRPSDULVRQ�SORWV�IRU�FRQYHQWLRQDO�SUDFWLFH��QRW�RQO\�LQ�65,�SORWV��7KH�IDUPHUV�LQWURGXFHG�
WKHLU�RZQ�LGHDV�LQ�VHDUFK�RI� WKH�EHVW�FRPELQDWLRQ�RI�65,�SULQFLSOHV��$QRWKHU�UHPDUNDEOH�
UHVXOW�ZDV� WKDW� WKH� IDUPHUV�DOVR� WRRN� WKH� LQLWLDWLYH� WR� LQWURGXFH�VRPH�65,�SULQFLSOHV� LQWR�
WKHLU�RZQ�QRQ�FRPSDULVRQ�SORWV���

.H\ZRUGV�V\VWHP�RI�ULFH�LQWHQVLILFDWLRQ��VXVWDLQDEOH�ULFH�IDUPLQJ��UDLQIHG�ORZODQG�SDGG\���
�������������������VPDOO�VFDOH�WULDO�SORW�

,1752'8&7,21�

65,�LQ�UDLQIHG�ORZODQG�SDGG\�DUHDV�RI�&DPERGLD�

6\VWHP� RI� ULFH� LQWHQVLILFDWLRQ� �65,�� LV� D� ULFH� IDUPLQJ� SUDFWLFH� GHYHORSHG� E\� )DWKHU� +HQUL� GH�
/DXODQÕ�H��LQ�0DGDJDVFDU�LQ������XQGHU�LUULJDWHG�FRQGLWLRQV��DQG�ZDV�LQWURGXFHG�LQWR�&DPERGLD�LQ�
�����DQG�GLVVHPLQDWHG�E\�RUJDQL]DWLRQV�VXFK�DV�WKH�&HQWUH�G
eWXGH�HW�GH�'pYHORSSHPHQW�$JULFROH�

ᶃᶐᶂ

5HVHDUFK�DUWLFOH�
�
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&DPERGJLHQ��&('$&���7KH�GLVWLQFWLYH�FKDUDFWHULVWLF�RI�65,�LQ�&DPERGLD�LV�WKDW�PRVW�IDUPHUV�DUH�
SUDFWLFLQJ�65,�LQ�UDLQIHG�ORZODQG�SDGG\�DUHDV��

2EMHFWLYHV�

8QGHUVWDQGLQJ�WKH�UHDVRQV�IRU�65,�GLIIXVLRQ�LQ�&DPERGLD�KDV�WKH�SRWHQWLDO�RI�VXJJHVWLQJ�FOXHV�IRU�
LPSURYLQJ� UDLQIHG�DJULFXOWXUH�XQVXSSRUWHG�E\�JUHHQ� UHYROXWLRQ� WHFKQRORJ\��7KH�REMHFWLYHV�RI� WKH�
UHVHDUFK�DUH�WR��

��� HYDOXDWH�65,�LQ�UDLQIHG�ORZODQG�SDGG\�DUHDV�IURP�WKH�YLHZSRLQWV�RI�&DPERGLDQ�IDUPHUV��
��� DQDO\]H�WKH�UHDVRQV�DQG�PHFKDQLVP�IRU�IDUPHU�DFFHSWDQFH�RI�65,�SUDFWLFHV��DQG�
��� FRQVWUXFW�D�FDVH�H[DPSOH�XVHIXO�IRU�IXUWKHU�65,�UHVHDUFK�DQG�GHYHORSPHQW��

)UDPHZRUN�

$Q�RQ�IDUP�H[SHULPHQW�ZLWK�SDUWLFLSDWRU\�DFWLRQ�UHVHDUFK��3$5��FRQFHSW�ZDV�FRQGXFWHG�IRU�WKUHH�
\HDUV��3$5�VHHNV�WR�XQGHUVWDQG�DQG�WR�LPSURYH�WKH�ZRUOG�E\�FKDQJLQJ�LW��&ROOHFWLYH��VHOI�UHIOHFWLYH�
LQTXLU\�WKDW�UHVHDUFKHUV�DQG�SDUWLFLSDQWV�XQGHUWDNH�LV�WKH�KHDUW�RI�WKH�FRQFHSW��7KLV��LQ�WXUQ��HQDEOHV�
EHWWHU� XQGHUVWDQGLQJ� RI� DQG� LPSURYHPHQW� LQ� HPSOR\HG� SUDFWLFHV� DQG� XQGHU� ORFDO� HQYLURQPHQWDO�
FRQGLWLRQV��7KH� UHIOHFWLYH�SURFHVV� LV�GLUHFWO\� OLQNHG� WR� DFWLRQ�� LQIOXHQFHG�E\�DQ�XQGHUVWDQGLQJ�RI�
KLVWRU\��FXOWXUH��DQG� ORFDO�FRQWH[W�DQG�HPEHGGHG� LQ� VRFLDO� UHODWLRQVKLSV� �%DXP�HW�DO����������7KH�
H[SHULPHQW�ZDV�FDUULHG�RXW�XQGHU�WKH�HDUQHVW�GHVLUH�DQG�GHFLVLRQ�PDNLQJ�LQLWLDWLYH�RI�WKH�IDUPHUV�
ZLWK�WKH�IOH[LELOLW\�WR�FKDQJH�WKH�GHVLJQ�RI�WKH�H[SHULPHQW��:H�H[SHFWHG�WKH�3$5�FRQFHSW�WR�HQDEOH�
XV�WR�JDLQ�NQRZOHGJH�RI�IDUPHU�SHUFHSWLRQV�RI�65,��

7KH�H[SHULPHQW�KDV�EHHQ�FRQGXFWHG�VLQFH������DQG�WKLV�DUWLFOH�UHSRUWV�WKH�UHVXOWV�RI�WKH�VHFRQG�
\HDU�RI�WKH�H[SHULPHQW�LQ�������

5HVXOWV�RI�WKH�ILUVW�\HDU�H[SHULPHQW�LQ������

7KH� H[SHULPHQW� VWDUWHG� LQ� �����ZLWK� VL[� YROXQWHHU� IDUPHUV� LQ� 7ERXQJ�$QJN�� 6DPGDFK�2Y�� DQG�
&KDV� YLOODJHV� RI� 3UH\� 1KHDW� FRPPXQH�� .RQJ� 3LVHL� GLVWULFW�� .DPSRQJ� 6SHX� SURYLQFH� LQ� WKH�
VRXWKZHVW� SDUW� RI� &DPERGLD�� 7KH� YLOODJHV� DUH� VFDWWHUHG� LQ� WKH� YLFLQLW\� RI� ODWLWXGH� ��q��¶1� DQG�
ORQJLWXGH����q��¶(��5HVXOWV�VXJJHVWHG�SRWHQWLDO�DGYDQWDJHV�RI�65,�LQ�UDLQIHG�ORZODQG�ULFH�SDGG\�
DUHDV� VLQFH� WKH� IDUPHUV�ZHUH�DEOH� WR�PDLQWDLQ�\LHOGV�ZLWK�IHZHU� UHVRXUFHV��DW� OHDVW� LQ� VPDOO�VFDOH�
WHVW�SORWV��,W�ZDV�DOVR�UHYHDOHG�WKDW�WKH�QHHG�IRU�IHZHU�VHHGOLQJV�SHU�KLOO�ZDV�DQ�LPSRUWDQW�PRWLYH�
IRU�WKH�IDUPHUV�LQ�DSSO\LQJ�65,�VLQFH�VHHG�LQSXW�FDQ�EH�GHFUHDVHG���7VXUXL�HW�DO����������

0(7+2'�

$OO� VL[� IDUPHUV� GXULQJ� WKH� ILUVW� \HDU� RI� WKH� H[SHULPHQW� LQ� ����� DJUHHG� WR� FRQWLQXH� WKH� RQ�IDUP�
H[SHULPHQW�LQ�WKH�VHFRQG�\HDU�LQ�������7KH�IDUPHUV�FRPSDUHG�65,�DQG�FRQYHQWLRQDO�ULFH�IDUPLQJ�
SUDFWLFHV�LQ�VPDOO�VFDOH�RQ�IDUP�FRPSDULVRQ�SORWV�WR�HYDOXDWH�65,�HIIHFWLYHQHVV��,W�VKRXOG�EH�QRWHG�
WKDW�QR�VHHGV�� IHUWLOL]HU��HTXLSPHQW��DJURFKHPLFDOV��RU�RWKHU�SK\VLFDO�VXSSRUW�ZDV�SURYLGHG� WR� WKH�
IDUPHUV��,W�ZDV�WKRXJKW�WKDW�VXFK�SK\VLFDO�VXSSRUW�PLJKW�FUHDWH�ELDV�LQ�IDUPHU�GHFLVLRQV��+HQFH��WKH�
IDUPHUV�ZHUH�SURYLGHG�ZLWK�WHFKQLFDO�JXLGDQFH�RQO\��

5(68/76�2)�60$//�6&$/(�&203$5,621�7(67�

5DLQIDOO�

5HFRUGV� RI� PRQWKO\� UDLQIDOO� LQ� .DPSRQJ� 6SHX� �ODWLWXGH� ��q��¶1�� ORQJLWXGH���q��¶(�� UHSRUW�
����PP�RI� UDLQIDOO� GXULQJ� -XQH�'HFHPEHU� ������ QHDUO\� ����PP� ORZHU� WKDQ� D� ILYH�\HDU� DYHUDJH�
������������RI������PP���
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/D\RXW�DQG�VL]H�RI�FRPSDULVRQ�SORWV�

7ZR�IDUPHUV��)DUPHUV�%�DQG�)��UHGHVLJQDWHG�FRPSDULVRQ� WHVW�SORWV� WR�FORVHU�RU�ODUJHU�SORWV� IURP�
WKRVH�XVHG�GXULQJ� WKH� ILUVW� \HDU� �VHH�7DEOH�����$OO� VL[� IDUPHUV� DSSOLHG� WUDGLWLRQDO� FXOWLYDU� IRU� WKH�
FRPSDULVRQ� WHVW�� EXW� WZR� DSSOLHG� GLIIHUHQW� FXOWLYDU� IRU� FRQYHQWLRQDO� SUDFWLFH� DQG� 65,�� 7KHVH�
IDUPHUV�ZHUH�LQWHUHVWHG�LQ�ILQGLQJ�D�VXLWDEOH�FXOWLYDU�IRU�65,��

2Q�DYHUDJH�����NJ�KD�RI�FKHPLFDO�IHUWLOL]HU�ZDV�DSSOLHG�WR�FRPSDULVRQ�SORWV�IRU�FRQYHQWLRQDO�
SUDFWLFH��LQFUHDVHG�E\���NJ�KD�IURP�WKH�ILUVW�\HDU���DQG����NJ�KD�ZDV�DSSOLHG�IRU�65,��LQFUHDVHG�E\�
��NJ�KD��� ,W�ZDV�DOVR�HVWLPDWHG� WKDW�DERXW����NJ�KD��GHFUHDVHG�IRU����NJ�KD��RI�FKHPLFDO�IHUWLOL]HU�
ZDV�DSSOLHG�WR�QRQ�FRPSDULVRQ�SORWV��7KH�IDUPHUV�GHFLGHG�WR�FRQGXFW�WKH�VHFRQG�\HDU�FRPSDULVRQ�
WHVW� E\� LQFUHDVLQJ� WKH� DPRXQW� RI� SXUFKDVHG� FKHPLFDO� IHUWLOL]HU� VOLJKWO\� ZKLOH� DW� WKH� VDPH� WLPH�
UHGXFLQJ�WKH�DPRXQW�IRU�QRQ�FRPSDULVRQ�SORWV��
�

7DEOH���2XWOLQH�RI�FRPSDULVRQ�WHVW�LQ�������\HDU����
,WHP� 3ORW� )DUPHU�$� )DUPHU�%� )DUPHU�&� )DUPHU�'� )DUPHU�(� )DUPHU�)�
7HVW�SORW�
GLVSODFHPHQW�IURP�
<HDU����������

� 1R� <HV�
�WR�QHDUHU�

SORW��

1R� 1R� 1R� <HV�
�WR�ELJJHU�

SORW��
7HVW�SORW�
DOLJQPHQWV�

� 6DPH�SORW�
ZLWKRXW�
OHYHH�

6DPH�SORW�
ZLWK�OHYHH�

6DPH�SORW�
ZLWK�OHYHH�

6HSDUDWHG�
����P�

GLVWDQFH��

6DPH�SORW�
ZLWK�OHYHH�

6DPH�SORW�
ZLWK�OHYHH�

3ORW�VL]HV��D�
� &)3� ����� ����� ���� ����� ���� ����
65,� ����� ���� ���� ����� ���� �����

&XOWLYDU

� &)3� &KKPD�
3UXP�

&KDPSDU�
PHDV�

&KKPD�
3UXP�

%HLNDQWDP� /XP�$QJ�
.KVDFK�

/XP�$QJ�
.KVDFK�

65,� GLWWR� &KKPD�
3UXP�

%HLNDQWDP� GLWWR� GLWWR� GLWWR�

&KHPLFDO�IHUWLOL]HU�
DSSOLFDWLRQ��NJ�KD��

&)3� ��� ��� ��� ��� ��� ��
65,� ��� ��� ��� �� �� ��


6L]H�RI�SORWV�ZDV�PHDVXUHG�E\�KDQGKHOG�*OREDO�3RVLWLRQLQJ�6\VWHP�UHFHLYHU��


2QO\�WUDGLWLRQDO�FXOWLYDUV�XVHG��
1RWH��&)3��&RQYHQWLRQDO�ULFH�IDUPLQJ�SUDFWLFH�
6RXUFH��$XWKRUV¶�GDWD�

$GRSWLRQ�RI�65,�SULQFLSOHV�

,W� ZDV� FRQILUPHG� WKDW� DERXW� ���� RI� SUDFWLFHV� HTXLYDOHQW� WR� WKRVH� RI� 65,� KDG� DOUHDG\� EHHQ�
LQWURGXFHG� LQWR� WKHVH� IDUPHUV� HYHQ� EHIRUH� WKH� IDUPHUV� OHDUQHG� DERXW� 65,� LQ� ������ ,Q� ������ WKH�
IDUPHUV� ZHUH� LQWURGXFHG� WR� 65,� SUDFWLFHV� DQG� LQVWUXFWHG� WR� IROORZ� ��� 65,� SULQFLSOHV� DV� EHVW� DV�
SRVVLEOH��+RZHYHU�� WKH�65,�DGRSWLRQ�UDWH��UDWLR�RI�DSSOLHG�65,�SULQFLSOHV�DJDLQVW�WRWDO�QXPEHU�RI�
65,�SULQFLSOHV�ZKLFK�LV�����LQ������ZDV�����HYHQ�LQ�VPDOO�VFDOH�FRPSDULVRQ�SORWV�IRU�65,���

,Q� ������ WKH� IDUPHUV� ZHUH� SURYLGHG� LQWHQVLYH� WUDLQLQJ� DQG� VWURQJO\� XUJHG� WR� DSSO\� WKH�
SULQFLSOHV�� HVSHFLDOO\� LQ� FRPSDULVRQ� SORWV� IRU�65,��$V� D� UHVXOW�� WKH� DYHUDJH�DGRSWLRQ� UDWH� RI�65,�
SULQFLSOHV� LQ�FRPSDULVRQ�SORWV� IRU�65,� LQFUHDVHG�E\������VHH�7DEOH�����+RZHYHU��65,�SULQFLSOHV�
UHODWHG�WR�ZDWHU�PDQDJHPHQW�ZHUH�QRW�ZHOO�SUDFWLFHG���

8QH[SHFWHGO\�� WKH� IDUPHUV� LQWURGXFHG� VHYHUDO� 65,� SULQFLSOHV� LQWR� FRPSDULVRQ� SORWV� IRU�
FRQYHQWLRQDO� SUDFWLFH� RQ� WKHLU� RZQ� LQLWLDWLYH�� ,Q� VRPH� FDVHV�� WKLV� PLJKW� KDYH� KDSSHQHG�
FRLQFLGHQWDOO\�EHFDXVH�WKH�SORWV�ZHUH�ORFDWHG�YHU\�QHDU�WR�65,�FRPSDULVRQ�SORWV��7KH�IDUPHUV�ZHUH�
DEOH�WR�SURYLGH�QDWXUDO� IHUWLOL]HU�RU�ZHHGLQJ�IRU�FRPSDULVRQ�SORWV� IRU�FRQYHQWLRQDO�SUDFWLFH�DW� WKH�
VDPH�WLPH�DV�WKH\�GLG�IRU�65,�SORWV��+RZHYHU��WUDQVSODQWLQJ�RQH�RU�WZR�VHHGOLQJV�SHU�KLOO�RU�RWKHU�
65,� SULQFLSOHV� ZHUH� LQWURGXFHG� LQWHQWLRQDOO\�� WKDW� LV�� WKH� IDUPHUV� LQWURGXFHG� WKHLU� RZQ� LGHDV� LQ�
KRSHV� RI� GLVFRYHULQJ� WKH� RSWLPDO� FRPELQDWLRQ� RI� 65,� SULQFLSOHV�� 7KH� DGRSWLRQ� UDWH� RI� 65,�
SULQFLSOHV�LQ�FRPSDULVRQ�SORWV�IRU�FRQYHQWLRQDO�SUDFWLFH�ZDV������
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)LJ���� VKRZV�FKDQJHV� LQ�65,�DGDSWLRQ�UDWH�E\� LQGLYLGXDO� IDUPHU� LQ� WKH�FRPSDULVRQ�SORWV� IRU�
FRQYHQWLRQDO�SUDFWLFH��)LJ����VKRZV�WKDW�IRU�65,�ERWK�VHWV�RI�ILJXUHV�LQGLFDWH�WKDW�WKH�DGRSWLRQ�UDWH�
IURP�WKH�ILUVW�\HDU�RI�WKH�H[SHULPHQW�LQFUHDVHG�DPRQJ�DOO�IDUPHUV�H[FHSW�IDUPHU�(��,W�LV�QRWHG�WKDW�
)DUPHU�'�DSSOLHG�����RI�SULQFLSOHV�LQ�WKH�65,�SORW�LQ�������

<LHOG�

1*2�VWDII�RU�IDUPHUV�FRPSDUHG�WKH�\LHOGV�RI�65,�DQG�FRQYHQWLRQDO�SUDFWLFH�LQ�WKH�VDPH�WKUHH�SORWV�
�)DUPHUV�$��&�DQG�(��IURP�WKH�ILUVW�\HDU�RI�WKH�H[SHULPHQW�E\�TXDGUDW�VDPSOLQJ��,Q�WKH�VHFRQG�\HDU��
\LHOGV�LQ�65,�SORW�ZHUH�KLJKHU�WKDQ�FRQYHQWLRQDO�SUDFWLFH�\LHOGV�LQ�7ERQJ�$QJN�DQG�6DPGDFN�2Y�
YLOODJHV��\HW�WKH�\LHOG�LQFUHDVH�LQ�&KDV�YLOODJH�ZDV�OLWWOH��<LHOGV�RI�WKH�FRQYHQWLRQDO�SUDFWLFH�SORWV�
DQG�65,�SORWV�ZHUH�DW�DQ�DYHUDJH�RI�����WRQ�KD�DQG�����WRQ�KD�UHVSHFWLYHO\��

�
7DEOH���$GRSWLRQ�UDWH�RI�65,�SULQFLSOHV�E\�WKH�VL[�IDUPHUV�LQ������

65,�3ULQFLSOHV�
$GRSWLRQ�UDWH�RI�WKH�VL[�IDUPHUV�����
%HIRUH�
�����

<HDU����������
&)3� 65,� 121�

:DWHU�PDQDJHPHQW�
��� OHYHO�WKH�SDGG\�ILHOG�DQG�SURYLGH�GUDLQDJH� ��� ��� ��� ��
��� NHHS�WKH�ZDWHU�GHSWK�LQ�WKH�SDGG\�ILHOG�VKDOORZ� �� ��� ��� ��
1XUVHU\�SUHSDUDWLRQ�
��� UDLVH�QXUVHU\�EHGV�RU�XVH�GU\�QXUVHU\�EHGV� ��� ��� ��� ���
��� VHOHFW� GHQVH� VHHGV� IRU� VRZLQJ� ZLWKRXW� PL[LQJ� WKHP� ZLWK�

RWKHU�YDULHWLHV� ��� ��� ��� ���
7UDQVSODQWLQJ����������������������
��� WUDQVSODQW�\RXQJ�VHHGOLQJV��VHHGOLQJV�XSWR����GD\V�� �� ��� ��� ��
��� VHOHFW�ELJ�VHHGOLQJV�DQG�WUDQVSODQW�WKHP�LPPHGLDWHO\� �� ��� ��� ���
��� WUDQVSODQW�RQH�WR�WZR�SODQW�V��SHU�KLOO��SUHIHUDEO\�RQO\�RQH�� �� ��� ��� ���
��� WUDQVSODQW� VHHGOLQJV� DW� D� VKDOORZ�GHSWK� DQG�NHHS� WKH� URRWV�

KRUL]RQWDO� ��� ��� ��� ���
��� WUDQVSODQW�VHHGOLQJV�LQ�VTXDUH�SDWWHUQ�RU�OLQHV� �� �� ���� ��
���� WUDQVSODQW�VHHGOLQJV�������FP�DSDUW�� ��� ��� ��� ���
)HUWLOL]LQJ�
���� DSSO\�QDWXUDO�IHUWLOL]HU�DV�PXFK�DV�SRVVLEOH� ��� ��� ��� ���
:HHGLQJ�
����ZHHG�DW�OHDVW�����WLPHV�D�VHDVRQ� ��� ��� ��� ��

$YHUDJH� ��� ��� ��� ���
1RWH�� &)3�� FRPSDULVRQ� SORW� IRU� WKH� FRQYHQWLRQDO� IDUPLQJ� SUDFWLFH�� 65,�� FRPSDULVRQ� SORW� IRU� WKH� 65,�� 121�� 1RQ�
FRPSDULVRQ�SORW�

$GRSWLRQ�UDWH�ZDV�FDOFXODWHG�E\�JLYLQJ���SRLQW�IRU�³IXOO\�DGRSWHG´������SRLQW�IRU�³SDUWO\�DGRSWHG´��DQG���SRLQW�IRU�³QRW�
DGRSWHG´�WR�HDFK�IDUPHU��DQG�GLYLGH�WKH�WRWDO�VFRUH�E\�WKH�QXPEHU�RI�IDUPHUV��
6RXUFH��$XWKRUV¶�GDWD�

)DUPLQJ�SUDFWLFH�LQ�QRQ�FRPSDULVRQ�SORWV�

2QH�UHPDUNDEOH�UHVXOW� LQ� WKH�VHFRQG�\HDU�ZDV�WKDW� IRXU�IDUPHUV��)DUPHUV�$��%��&�DQG�'��VWDUWHG�
LQWURGXFLQJ�VRPH�65,�SULQFLSOHV� LQ� WKHLU�RZQ�QRQ�FRPSDULVRQ�SORWV�ZLWKRXW�DQ\� LQVWUXFWLRQ�IURP�
1*2�VWDII��WKDW�LV��XQGHU�WKHLU�RZQ�LQLWLDWLYH��VHH�)LJ������2I�VSHFLDO�QRWH�LV�WKDW��WKH\�UHGXFHG�WKH�
QXPEHU�RI�VHHGOLQJV�SHU�KLOO�IURP�WKH�SUHYLRXV������SODQWV�SHU�KLOO�WR�����SODQWV�SHU�KLOO��

',6&866,21�

3DUWLFLSDWRU\�HYDOXDWLRQ�RI�65,�

7KH�IDUPHUV¶�SHUFHSWLRQ�RI�65,�ZDV�FRQILUPHG�WKURXJK�VHPL�VWUXFWXUHG�LQWHUYLHZV�DW�WKH�HQG�RI�WKH�
ILUVW�\HDU�WULDO��,W�ZDV�FRQILUPHG�WKDW�WKH�PDLQ�EHQHILW�RI�65,�IRU�WKH�IDUPHUV�LV�³UHGXFLQJ�QXPEHU�RI�
VHHGOLQJV�SHU�KLOO´��
�



,-(5'�±�,QWHUQDWLRQDO�-RXUQDO�RI�(QYLURQPHQWDO�DQG�5XUDO�'HYHORSPHQW������������

��,6(5'�
�

����

Ϭй ϮϬй ϰϬй ϲϬй ϴϬй ϭϬϬй

&ĂƌŵĞƌͲ�

&ĂƌŵĞƌͲ�

&ĂƌŵĞƌͲ�

&ĂƌŵĞƌͲ�

&ĂƌŵĞƌͲ�

&ĂƌŵĞƌͲ&

�ĞĨŽƌĞ�ϮϬϬϴ

ϮϬϬϴ�;ϭƐƚ�ǇĞĂƌͿ

ϮϬϬϵ�;ϮŶĚ�ǇĞĂƌͿ

�
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SORWV�IRU�FRQYHQWLRQDO�SUDFWLFH�
)DUPLQJ�SUDFWLFH�LQ������ZDV�DVVXPHG�WR�EH�
VDPH�DV�WKH�SUDFWLFH�EHIRUH������XQOHVV�DQ\�
FKDQJHV�ZHUH�UHSRUWHG�E\�WKH�IDUPHUV��
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)DUPLQJ�SUDFWLFH�LQ������ZDV�DVVXPHG�WR�EH�WKH�VDPH�DV�WKDW�EHIRUH�������
� �

)LJ����65,�DGRSWLRQ�UDWH�LQ�QRQ�FRPSDULVRQ�SORWV�
�

7KLV� HQDEOHG� WKH� IDUPHUV� WR� VDYH� VHHG�DQG�FRQVXPH�PRUH� ULFH��7KH� VHFRQG�PDMRU�EHQHILW� LV�
³UHGXFLQJ� ODERU� HVSHFLDOO\� IRU� XSURRWLQJ´��1DWXUDOO\� WKH� DPRXQW� RI� ODERU� IRU� XSURRWLQJ� FRXOG� EH�
UHGXFHG�DFFRUGLQJO\�E\�UHGXFLQJ�WKH�QXPEHU�RI�VHHGOLQJV��7KH�IDUPHUV�VDLG�WKH\�QHHGHG�PRUH�ODERU�
IRU� WUDQVSODQWLQJ�VHHGOLQJV�ZLWK� OLQHV��EXW� VXFK� LQFUHPHQW�FRXOG�EH�EDODQFHG�RXW�E\� UHGXFLQJ� WKH�
ODERU�IRU�XSURRWLQJ��7KH�WKLUG�PDMRU�EHQHILW�ZDV�UHYHDOHG�WR�EH�³LQFUHDVH�RI�\LHOG´��$V�H[SHFWHG��
WKH�IDUPHUV�IRXQG�ODUJHU�EHQHILW�IURP�UHGXFLQJ�UHVRXUFHV�WKDQ�LQFUHDVLQJ�\LHOG��

65,�GLIILFXOWLHV�ZHUH�DOVR�FRQILUPHG��7KH�PDMRU�GLIILFXOW\�LV�³WUDQVSODQWLQJ�VHHGOLQJV�LQ�VTXDUH�
SDWWHUQ�RU�OLQHV´��)DUPHUV�ILQG�LW�GLIILFXOW�DQG�WLPH�FRQVXPLQJ�WR�WUDQVSODQW�VHHGOLQJV�LQ�OLQHV�VLQFH�
WKH\� KDYH� EHHQ� DFFXVWRPHG� WR� UDQGRP� WUDQVSODQWLQJ��1RW� RZQLQJ� URWDU\�ZHHGHUV�� KRZHYHU��PD\�
YHU\� ZHOO� SUHYHQW� WKH� IDUPHUV� IURP� UHDOL]LQJ� WKH� VLJQLILFDQW� EHQHILW� IURP� OLQH� WUDQVSODQWLQJ�� 2I�
VSHFLDO� QRWH� LV� WKDW� QR� IDUPHU� LQWURGXFHG� OLQH� WUDQVSODQWLQJ� LQ� FRPSDULVRQ� SORWV� IRU� FRQYHQWLRQDO�
SUDFWLFH� WKRXJK�DOO� IDUPHUV� HPSOR\HG� LW� LQ�65,� SORWV�� 3UREDEO\� WKLV� EHKDYLRU� KDV� VRPH� V\PEROLF�
PHDQLQJ�� VKRZLQJ� WKDW� IDUPHUV� DUH� SUDFWLFLQJ� 65,�� 7KH� VHFRQG� PDMRU� GLIILFXOW\� LV� ³LQVXIILFLHQW�
ZDWHU´��+RZHYHU��WKLV�FRPSODLQW�RFFXUUHG�UHJDUGOHVV�RI�WKH�ULFH�JURZLQJ�PHWKRG��7KH�WKLUG�PDMRU�
GLIILFXOW\�LV�³DGGLWLRQDO�ZHHGLQJ´�DQG�³GLIILFXOW\�LQ�FDUU\LQJ�FRPSRVW�IURP�KRXVH�\DUG�WR�SDGG\�E\�
R[� FDUW�� HVSHFLDOO\� LI� QR� SURSHU� URDG� LV� DYDLODEOH´�� 2WKHU� GLIILFXOWLHV� LQFOXGHG� ³GLIILFXOW\� LQ�
GUDLQDJH´� DQG� ³DWWLWXGH� RI� RWKHU� YLOODJHUV� �YLOODJHUV� UHFRJQL]HG� WKH� IDUPHU� LV� GRLQJ� VRPHWKLQJ�
VWUDQJH�´��

)LQDOO\��IDUPHUV�FRPPHQWHG�WKDW�WKH\�IHOW��WKH�IDUPHUV�HYDOXDWHG�65,�DV��65,�ZDV�DQ�HIIHFWLYH�
PHWKRG�� DW� OHDVW� IRU� VPDOO�VFDOH� SORWV�� VLQFH� EHQHILWV� RXWZHLJKHG� GLIILFXOWLHV�� 7KLV� IDFW� VXJJHVWV�
LPSURSHUQHVV�RI�HYDOXDWLQJ�65,�RQO\�E\�\LHOG�RU�HFRQRPLF�EHQHILW��7KH�IDUPHUV�PLJKW�QRW�DOZD\V�
WKLQN�DERXW�\LHOG�RU�WKH\�PLJKW�QRW�FDOFXODWH�HFRQRPLF�EHQHILW�DV�VFLHQWLVWV�GR��,W�PXVW�EH�LPSRUWDQW�
WR�LQFOXGH�IDUPHUV¶�LQSXW�DQG�HYDOXDWH�65,�WRJHWKHU�ZLWK�IDUPHUV�DQG�IURP�WKHLU�YLHZSRLQWV��
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3URFHVV�RI�LQWURGXFLQJ�65,�SULQFLSOHV�

5HJDUGLQJ� WKH� W\SLFDO�SURFHVV�RI�KRZ� WKH� IDUPHUV� LQLWLDWHG�65,�SULQFLSOHV�� WZR�HQWU\�SRLQWV�ZHUH�
REVHUYHG��³WUDQVSODQW�RQH�WR�WZR�SODQW�V��SHU�KLOO´�DQG�³DSSO\�QDWXUDO�IHUWLOL]HU�DV�PXFK�DV�SRVVLEOH´��
7KHVH�WZR�HQWU\�SRLQWV�JDYH�LPSHWXV�WR�WKH�LQWURGXFWLRQ�RI�RWKHU�SULQFLSOHV��)LJ����DQG�WKH�DWWDFKHG�
H[SODQDWLRQ�VKRZ�WKH�SURFHVV�RI�LQWURGXFLQJ�65,�SULQFLSOHV��6ROLG� OLQH�DUURZV�VKRZ�UHODWLRQVKLSV�
SUDFWLFHG�E\�WKH�IDUPHUV��DQG�GRWWHG�OLQH�DUURZV�LQGLFDWH�FRQFHSWXDO�UHODWLRQVKLSV�SUDFWLFHG�RQ�VLWH��
³5HGXFH�QXPEHU�RI�VHHGOLQJV�SHU�KLOO´�LV�FOHDUO\�VWURQJO\�LQIOXHQFHG�WKH�LQWURGXFWLRQ�RI�RWKHU�65,�
SULQFLSOHV��
�

7UDQVSODQW�RQH�WR�
WZR�SODQW�V��SHU�
KLOO��SUHIHUDEO\�
RQO\�RQH�

5DLVH�QXUVHU\�EHGV�
RU�XVH�GU\�QXUVHU\�
EHGV

7UDQVSODQW�\RXQJ�
VHHGOLQJV�
�VHHGOLQJV�\RXQJHU�
WKDQ����GD\V�

6HOHFW�GHQVH�VHHGV�
IRU�VRZLQJ�ZLWKRXW�
PL[LQJ�WKHP�ZLWK�
RWKHU�YDULHWLHV

7UDQVSODQW�
VHHGOLQJV�DW�D�
VKDOORZ�GHSWK�DQG�
NHHS�WKH�URRWV�
KRUL]RQWDO

6HOHFW�ELJ�
VHHGOLQJV�DQG�
WUDQVSODQW�WKHP�
LPPHGLDWHO\

/HYHO�WKH�SDGG\�
ILHOG�DQG�SURYLGH�
GUDLQDJH

.HHS�WKH�ZDWHU�
GHSWK�LQ�WKH�SDGG\�
ILHOG�VKDOORZ

:HHG�DW�OHDVW�����
WLPHV�D�VHDVRQ

$SSO\�QDWXUDO�
IHUWLOL]HU�DV�PXFK�
DV�SRVVLEOH

7UDQVSODQW�
VHHGOLQJV�������FP�
DSDUW

7UDQVSODQW�
VHHGOLQJV�LQ�VTXDUH
SDWWHUQ�RU�OLQHV
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)LJ�����7\SLFDO�SURFHVV�RI�LQWURGXFLQJ�65,�SULQFLSOHV�
�

D�� 5HGXFLQJ�QXPEHU�RI�VHHGOLQJV�HQDEOHV�LQWURGXFWLRQ�RI�UDLVHG�EHG�QXUVHU\�VLQFH�D�VPDOOHU�DUHD�LV�UHTXLUHG��
E�� 5HGXFLQJ�QXPEHU�RI�VHHGOLQJV�HQDEOHV�IDUPHUV�WR�VHHG�LQ�-XO\�ZKHQ�UDLQ�PD\�EH�LQIUHTXHQW��)DUPHUV�FDQ�ZDWHU�E\�
ZDWHULQJ�FDQ�LI�WKH�QXUVHU\�LV�VPDOO���

F�� ,W�LV�SRVVLEOH�WR�WUDQVSODQW�VHHGOLQJV�ZLWK�VKDOORZHU�GHSWK��RQO\�LI�WKH�VHHGOLQJV�DUH�\RXQJ��2OG�VHHGOLQJV�FDQQRW�
VXSSRUW�WKHPVHOYHV�LI�WKH\�DUH�WUDQVSODQWHG�LQWR�VKDOORZ�GHSWK�EHFDXVH�RI�WKHLU�ZHLJKW��

G�� )DUPHUV�FDQ�WUDQVSODQW�TXLFNO\�LI�QXPEHU�RI�VHHGOLQJV�DUH�OHVV��
H�� 3UHSDUDWLRQ�RI�VDOW�ZDWHU�IRU�VHHGV�VHOHFWLRQ�EHFRPHV�HDVLHU�LI�WKH�UHTXLUHG�QXPEHU�RI�VHHGV�LV�OHVV��
I�� ,PSURYHPHQW�LQ�JHUPLQDWLRQ�SHUFHQWDJH�GHFUHDVHV�PHQWDO�DQ[LHW\�RI�IDUPHUV�RYHU�VSDUVH�VHHGLQJ��
J�� ([KDXVWLYH�OHYHOLQJ�LV�UHTXLUHG�WR�DYRLG�VXEPHUJHQFH�RI�\RXQJ�VHHGOLQJV��
K�� $PRXQW�RI�ZHHG�LV�LQFUHDVH�LI�ZDWHU�LV�NHSW�VKDOORZHU�E\�SURYLGLQJ�GUDLQDJH��
L�� $PRXQW�RI�ZHHG�LV�LQFUHDVH�LI�ZDWHU�LV�NHSW�VKDOORZHU��
M�� 7UDQVSODQWLQJ�LQ�VTXDUH�SDWWHUQ�RU�OLQHV�LV�HVVHQWLDO�IRU�HIILFLHQW�ZHHGLQJ�ZLWK�URWDU\�ZHHGHU��
N�� 7UDQVSODQW�VHHGOLQJV�ZLWK�ZLGHU�VSDFLQJ�LV�D�UDWLRQDO�RSWLRQ�LI�SK\VLFDO�DQG�FKHPLFDO�SURSHUW\�RI�VRLO�LV�LPSURYHG�
E\�DSSO\LQJ�QDWXUDO�IHUWLOL]HU��

O�� $PRXQW�RI�ZHHG�FRYHU�LQFUHDVHV�LI�VHHGOLQJV�DUH�WUDQVSODQWHG�ZLWK�ZLGHU�GLVWDQFH��

&21&/86,21�

5HVXOWV�RI�WKH�VHFRQG�\HDU�H[SHULPHQW�VXJJHVW�WKH�SRWHQWLDO�DGYDQWDJHV�RI�65,�LQ�UDLQIHG�ORZODQG�
ULFH�JURZLQJ��5HGXFLQJ�UHVRXUFHV��LQSXW��SURGXFHG�JUHDWHU�\LHOG��RXWSXW���5HJDUGOHVV�RI�WKH�W\SH�RI�
SORW��WKH�IDUPHUV�EHQHILWHG��+RZHYHU��WKH�65,�DGRSWLRQ�UDWH�UHPDLQHG�ORZ�LQ�QRQ�FRPSDULVRQ�SORWV�
VXJJHVWLQJ�WKH�SRVVLELOLW\�RI�VRPH�GLIILFXOW\�LQ�DSSO\LQJ�65,�WR�ODUJHU�DUHDV��$VVXPLQJ�WKH�IDUPHUV�
FDQ�EH�PDGH�WR�UHDOL]H�WKH�IXOO�SRWHQWLDO�EHQHILWV��WKH�UHVHDUFKHUV�H[SHFW�WR�FRQWLQXH�WKH�H[SHULPHQW�
DQG�LQWURGXFH�65,�SULQFLSOHV�LQ�ODUJHU�SORWV��
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$&.12:/('*(0(176�

7KH�DXWKRUV�WKDQN�-DSDQHVH�1*2�=XWWR�6XVWDLQDEOH�DQG�&DPERGLDQ�1*2�&('$&�IRU�DOORZLQJ�XV�WR�
FRQGXFW�UHVHDUFK�LQ�WKHLU�SURMHFW�DUHD��

5()(5(1&(6�

%DXP�� )��� 0DF'RXJDOO�� &�� DQG� 6PLWK�� '�� ������� 3DUWLFLSDWRU\� DFWLRQ� UHVHDUFK�� -�� (SLGHPLRO� &RPPXQLW\�
+HDOWK���������������

7VXUXL��-���<DPDML��(��DQG�6RYDQQDUD��6���������$FFHSWLQJ�V\VWHP�RI�ULFH�LQWHQVLILFDWLRQ��65,��E\�IDUPHUV�LQ�
UDLQIHG�ORZODQG�SDGG\�DUHD�RI�&DPERGLD��,QWHUQDWLRQDO�-RXUQDO�RI�(QYLURQPHQW�DQG�5XUDO�'HYHORSPHQW�
��������������
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&ULWLFDO�$SSUHFLDWLRQ�RI�5HVWRUDWLRQ�DQG�&RQVHUYDWLRQ�RI�
'HJUDGHG�0DQJURYHV�LQ�7KDLODQG�

-81$,'�$/$0�0(021�
$VLDQ�,QVWLWXWH�RI�7HFKQRORJ\��7KDLODQG�
(PDLO��PHPRQ#JP[�XV��

$:$,6�$1:$5�&+$1',2�
$VLDQ�,QVWLWXWH�RI�7HFKQRORJ\��7KDLODQG�

5HFHLYHG����'HFHPEHU������ $FFHSWHG���)HEUXDU\������

$EVWUDFW� 7KLV� SDSHU� SURYLGHV� FULWLFDO� DSSUHFLDWLRQ� RI� WKH� H[SHULHQFH� RI� 7KDLODQG� LQ�
UHVWRUDWLRQ� DQG� FRQVHUYDWLRQ� RI� GHJUDGHG� PDQJURYHV�� 7KURXJK� OLWHUDWXUH� VXUYH\�� WKH�
FRQVWUDLQWV� WKDW� KLQGHU� WKH� VXFFHVVIXO� UHVWRUDWLRQ� DQG� FRQVHUYDWLRQ� RI� PDQJURYHV�� DQG�
RSSRUWXQLWLHV� WKDW� OHDG� WRZDUGV�DFKLHYLQJ� VXFK�JRDO�ZHUH�DVVHVVHG��5HVXOWV� UHYHDOHG� WKDW�
VLQFH� WKH� VHFRQG� KDOI� RI� WKH� WZHQWLHWK� FHQWXU\�� 7KDLODQG� ORVW� PRUH� WKDQ� KDOI� RI� LWV�
PDQJURYH�FRYHU�GXH�WR�VKULPS�IDUPLQJ�DQG�FKDUFRDO�SURGXFWLRQ��7KLV�KDV�UDLVHG�FRQFHUQV�
WKDW�OHG�WR�HQKDQFHG�HIIRUWV�WR�UHVWRUH�DQG�FRQVHUYH�WKH�PDQJURYHV��6LQFH�7KDLODQG�UDWLILHG�
YDULRXV�UHOHYDQW� LQWHUQDWLRQDO�DJUHHPHQWV�� LW� LV�REOLJDWHG�WR�SD\�VHULRXV�DWWHQWLRQ�WRZDUGV�
WKH� FRQVHUYDWLRQ� DQG� UHVWRUDWLRQ� RI� WKHVH� HFRV\VWHPV�� 7KXV�� WKH� JRYHUQPHQW� ODXQFKHG�
YDULRXV� UH�SODQWDWLRQ� SURMHFWV� DQG� HVWDEOLVKHG� LPSUHVVLYH� VXSSRUWLYH� LQIUDVWUXFWXUHV� WR�
IDFLOLWDWH�VXFK�HIIRUWV��0HDQZKLOH��WKH�7VXQDPL������DOVR�UH�VHQVLWL]HG�WKH�7KDL�VRFLHW\�WR�
WKH�SURWHFWLYH� UROH�RI�PDQJURYHV�DV�PDQ\�FRPPXQLWLHV� WRRN�VXR�PRWX� LQLWLDWLYHV� IRU� WKH�
FRQVHUYDWLRQ�RI�PDQJURYHV�LQ�WKHLU�UHVSHFWLYH�DUHDV��+RZHYHU��µWKH�VXFFHVV¶�LQ�PDQJURYHV�
FRQVHUYDWLRQ� KDV� UHPDLQHG� YHU\� OLPLWHG�� ZKLFK� FRXOG� EH� DWWULEXWHG� WR� ODFN� RI� SROLF\�
LQWHJUDWLRQ� DQG� FRRUGLQDWLRQ� DPRQJ� GLIIHUHQW� DJHQFLHV�� QDUURZ� IRFXV� RQ� WKH� IRUHVW�
FRPSRQHQW� RI� PDQJURYH� HFRV\VWHP�� LQDGHTXDWH� HFRORJLFDO� NQRZOHGJH� DQG� UHVWRUDWLRQ�
VNLOOV� DPRQJ� WKH� IRUHVW� ODQG� XVH� PDQDJHUV�� DQG� KDOIKHDUWHG� GHSDUWPHQWDO� VXSSRUW� IRU�
FRPPXQLW\� SDUWLFLSDWLRQ� LQ� PDQJURYH� UHVWRUDWLRQ�� 7KHUHIRUH�� 7KDL� SROLF\� PDNHUV� PXVW�
UHYLVLW� WKH� LVVXHV� DQG� RSSRUWXQLWLHV�� DQG� GHYLVH� DSSURSULDWH� SROLFLHV� WR� DGGUHVV� WKH�
VWUXFWXUDO�FDXVHV�RI�PDQJURYHV�GHJUDGDWLRQ�DQG�DFKLHYH�VXFFHVVIXO�HFRORJLFDO�UHVWRUDWLRQ��

.H\ZRUGV�PDQJURYH��PDQJURYHV�UHVWRUDWLRQ��PDQJURYHV�FRQVHUYDWLRQ��PDQJURYHV��
� �������UH�SODQWDWLRQ��PDQJURYH�HFRV\VWHP��PDQJURYHV�LQ�7KDLODQG�

29(59,(:�2)�0$1*529(�/266�,1�7+$,/$1'�

2I� WKH����SURYLQFHV�RI�7KDLODQG�����DUH�HQGRZHG�ZLWK�PDQJURYHV�DORQJ� WKH�FRXQWU\¶V�������NP�
FRDVWOLQH��$NVRUQNRDH�	�7RNULVQD��������1$&$���������$ERXW����SHUFHQW�RI�WKH�PDQJURYHV�DUH�
IRXQG� LQ� WKH� VRXWKHUQ� UHJLRQ� ���� DQG� ��� SHUFHQW� RQ� WKH� $QGDPDQ� 6HD� FRDVWOLQH� DQG� *XOI� RI�
7KDLODQG��UHVSHFWLYHO\��ZKLOH�WKH�UHPDLQLQJ�����DUH�IRXQG�LQ�WKH�HDVWHUQ�DQG�FHQWUDO�UHJLRQV�RI�WKH�
FRXQWU\� �$NVRUQNRDH� 	� 7RNULVQD�� ������ )$2�� ������ 1$&$�� ������� %HWZHHQ� ����� DQG� ������
7KDLODQG� KDG� ORVW�PRUH� WKDQ� ��� SHUFHQW� RI� LWV�PDQJURYHV� RQ� DFFRXQW� RI� DTXDFXOWXUH� DQG� VKULPS�
SRQGV� GHYHORSPHQW�� UHVHWWOHPHQWV�� DJULFXOWXUH�� XUEDQL]DWLRQ�� DQG� SRUWV� DQG� URDG� FRQVWUXFWLRQV�
�$NVRUQNRDH�	�7RNULVQD���������$TXDFXOWXUH�DQG�VKULPS�IDUPLQJ�DORQH�LV�UHVSRQVLEOH�IRU�DERXW����
WR����SHUFHQW�RI�WKH�WRWDO�PDQJURYH�ORVV�XQWLO������PRVWO\�EHFDXVH�LQ�����������WKH�LQGXVWU\�JUHZ�
DOPRVW�XQUHJXODWHG��$KPHG��������$NVRUQNRDH��������+XLWULF�HW�DO���������0DFLQWRVK�HW�DO���������
:50���������$OWKRXJK� DIWHUZDUGV�� VLJQLILFDQW� HIIRUWV� KDG� EHHQ� GLYHUWHG� WRZDUGV� WKH� UHVWRUDWLRQ�
DQG�FRQVHUYDWLRQ�RI�PDQJURYHV�EXW�WKUHDWV�OLNH�LOOHJDO�HQFURDFKPHQW�LQ�PDQJURYH�DUHDV�VWLOO�H[LVW�
WKDW� FDXVH�7KDLODQG� WR� EHDU� WKH� FRQWLQXHG� VLJQLILFDQW� ORVV� RI�PDQJURYH� DUHDV� HDFK� \HDU� �1$&$��
������6DWKLUDWKDL���������)RU�H[DPSOH��EHWZHHQ� WKH�SHULRG�IURP������ WR������DORQH�� WKH�FRXQWU\�

5HYLHZ�DUWLFOH�
�ᶃᶐᶂ
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ORVW�DERXW���SHUFHQW�RI�LWV�PDQJURYH�FRYHU��1$&$���������7KH�ORVV�RI�PDQJURYHV�LQ�WHUPV�RI�DUHD�
ZDV� KLJKHU� LQ� WKH� VRXWKHUQ� UHJLRQ� VLQFH� WKLV� DUHD� FRQWDLQV� D� KXJH� SURSRUWLRQ� RI� WKH� FRXQWU\¶V�
PDQJURYH�DUHDV��ZKHUHDV�WKH�ORVV�DV�SHUFHQWDJH�RI�UHJLRQDO�WRWDO�ZDV�KLJKHU�LQ�WKH�HDVWHUQ�UHJLRQ�RI�
WKH�FRXQWU\��1$&$���������

0$1*529(�5(6725$7,21�$1'�&216(59$7,21�,1,7,$7,9(6�

5HVWRUDWLRQ�RI�GHJUDGHG�PDQJURYHV�LQ�7KDLODQG�GDWHV�EDFN�WR�WKH�����V�EXW�WKH�VFDOH�DQG�VWUHWFK�RI�
VXFK� LQLWLDWLYHV� UHPDLQHG� FRQVLGHUDEO\� ORZ� XQWLO� WKH� ����V� �+DYDQRQG�� ������ 1$&$�� ������
7KDPSDQ\D� HW� DO��� ������� ,Q� ������ WKH�*RYHUQPHQW� RI�7KDLODQG� DGRSWHG� D� ]RQLQJ� SROLF\� IRU� WKH�
SURWHFWLRQ� DQG� FRQVHUYDWLRQ� RI� WKH� FRXQWU\¶V� UDSLGO\� GZLQGOLQJ� PDQJURYH� FRYHU� �$NVRUQNRDH��
�������8QGHU� WKLV�SROLF\��DERXW����SHUFHQW�RI� WKH�PDQJURYH�DUHDV�ZHUH�GHFODUHG�DV�&RQVHUYDWLRQ�
=RQH�ZKHUH� WKH�PDQJURYHV�ZHUH� WR� EH�PDLQWDLQHG� LQ� WKHLU� SUHVHQW� FRQGLWLRQ�� 7KH� UHPDLQLQJ� ���
SHUFHQW�ZHUH�GHFODUHG�XQGHU�WKH�'HYHORSPHQW�=RQH�ZKHUH�WKH�PDQJURYHV�ZHUH�WR�EH�UHKDELOLWDWHG�
DQG�UHVWRUHG��7KH�WDVN�WR�FDUU\�RXW�WKH�UHVWRUDWLRQ�ZDV�JLYHQ�WR�WKH�5R\DO�)RUHVW�'HSDUWPHQW��5)'��
ZKLFK� LGHQWLILHG� DERXW� ������� KD� RI� GHJUDGHG� PDQJURYHV� DQG� QHZ� PXGIODWV� DV� SRWHQWLDO�
DIIRUHVWDWLRQ� VLWHV� �$NVRUQNRDH�� ������ (UIWHPHLMHU� 	� /HZLV� ,,,�� ������� /DWHU� LQ� ������ WKH� 7KDL�
&DELQHW�SDVVHG�D� UHVROXWLRQ�ZKLFK�SURKLELWHG�VKULPS�IDUPLQJ�DQG� WLQ�PLQLQJ� LQ� IHUWLOH�PDQJURYH�
DUHDV��$NVRUQNRDH�	�7RNULVQD��������0DFLQWRVK�HW�DO����������$OWKRXJK�GHJUDGHG�PDQJURYHV�ZHUH�
VWLOO�DYDLODEOH�IRU�FRQYHUVLRQ�LQWR�VKULPS�DQG�DTXDFXOWXUH�SRQGV��WKH�SRVLWLYH�LPSDFW�RI�WKH�SROLF\�
FRXOG�EH�LQ�WKH�LQWHQVLILFDWLRQ�RI�VKULPS�SRQGV�XVLQJ�VPDOOHU�DUHDV��$NVRUQNRDH�	�7RNULVQD����������

2Q�WKH�VDPH�\HDU��WKH�7KDL�&DELQHW�DOVR�DSSURYHG�D�PDVVLYH�VFDOH�PDQJURYH�UHVWRUDWLRQ�DQG�
UH�SODQWDWLRQ�SURJUDP�ZLWK�DQ�RYHUDOO�ILQDQFLDO�RXWOD\�RI�86�����PLOOLRQ��DLPHG�DW�UHSODQWLQJ�DERXW�
�������KD�RI�PDQJURYH�DUHDV�EHWZHHQ������DQG�������+DYDQRQG��������+DYDQRQG���������7KXV��
IRXU� PDQJURYH� VHHGOLQJ� SURGXFWLRQ� FHQWHUV� ZHUH� HVWDEOLVKHG� LQ� 7UDW�� 3KDQJQJD�� 1DNKRQ� 6L�
7KDPPDUDW�� DQG� 6DWXQ� 3URYLQFHV� WR� VXSSRUW� WKH� SURJUDP� �1$&$�� ������ +DYDQRQG�� �������
+RZHYHU��E\������WKH�SURJUDP�ZDV�DEOH�WR�DFKLHYH�RQO\����SHUFHQW�RI�LWV�VSHFLILHG�WDUJHWV�DV�PRVW�
RI�WKH�VLWHV�LGHQWLILHG�IRU�UH�SODQWDWLRQ�ZHUH�VWLOO�XQGHU�WKH�FRQFHVVLRQV�IRU�FKDUFRDO�SURGXFWLRQ�DQG�
VKULPS�IDUPV��+DYDQRQG���������(YHQ�LQ�FHUWDLQ�DUHDV�ZKHUH�WKH�SURJUDP�ZDV�DEOH�WR�LQWHUYHQH��WKH�
VXFFHVV�UDWH�ZDV�VWLOO�YHU\�OLPLWHG��&RQIURQWHG�ZLWK�WKH�ODFN�RI�WHFKQLFDO�NQRZOHGJH�LQ�PDQJURYH�
SODQWDWLRQ�DQG�UHVWRUDWLRQ�FRXSOHG�ZLWK�SRRU�PRQLWRULQJ�DQG�RYHUVHHLQJ�DUUDQJHPHQWV��WKH�JHQHUDO�
VXUYLYDO�UDWH�RI�QHZO\�UHSODQWHG�PDQJURYHV�UHPDLQHG�PRVWO\�EHORZ����SHUFHQW�ZKLOH�LQ�VRPH�DUHDV�
LW�ZDV�D�FRPSOHWH�IDLOXUH��(UIWHPHLMHU�	�/HZLV�,,,����������

6LQFH�WKHQ��YDULRXV�SURYLQFLDO� OHYHO�PDQJURYH�UHVWRUDWLRQ�SURMHFWV�VXSSRUWHG�E\�QDWLRQDO�DQG�
ELODWHUDO�DJHQFLHV�ZHUH�HLWKHU�FRPSOHWHG�RU�DUH�VWLOO�RQJRLQJ��)RU�H[DPSOH��PRVW�RI�WKH�PDQJURYHV�
LQ� WKH� 5DQRQJ� %LRVSKHUH� 5HVHUYH� DORQJ� WKH� $QGDPDQ� 6HD� FRDVWOLQH� DUH� WKH� RXWFRPH� RI� WKH�
UHKDELOLWDWLRQ�RI�IRUPHU�FKDUFRDO�FRQFHVVLRQ�EORFNV��DEDQGRQHG� WLQ�PLQLQJ�DQG�VKULPS�SRQG�VLWHV�
�0DFLQWRVK� HW� DO��� ������� 9DULRXV� ORFDO� QRQJRYHUQPHQWDO� RUJDQL]DWLRQV� DUH� DOVR� DFWLYHO\�
SDUWLFLSDWLQJ�LQ�WKH�JRYHUQPHQW�LQLWLDWLYHV�IRU�WKH�UHVWRUDWLRQ�RI�GHJUDGHG�PDQJURYHV�E\�LQWURGXFLQJ�
YDULRXV�PHGLXP�� DQG� VPDOO�VFDOH�PDQJURYH� UH�SODQWDWLRQ� SURMHFWV��7KH� ILYH� \HDU� µ*UHHQ�&DUSHW¶�
SURMHFW� VXSSRUWHG� E\� -DSDQ� )XQG� IRU� (QYLURQPHQW� DQG� .HLGDQUHQ� 1DWXUH� &RQVHUYDWLRQ� )XQG�
�.1&)��ZKLFK�LV�LPSOHPHQWHG�E\�WKH�7KDL�8QLRQ�IRU�0DQJURYH�5HKDELOLWDWLRQ�DQG�&RQVHUYDWLRQ�LV�
RQH�VXFK�SURMHFW��ZKLFK�DLPHG�WR�SODQW�PDQJURYHV�LQ�DERXW������KD�DEDQGRQHG�VKULPS�SRQG�DUHDV�
LQ�1DNKRQ�6L�7KDPPDUDW�3URYLQFH��$PDUDVLQJKH�HW�DO����������$QRWKHU�H[DPSOH�LV�WKH�PDQJURYH�
UHVWRUDWLRQ�SURMHFW�DVVLVWHG�E\�WKH�2UJDQL]DWLRQ�IRU�,QGXVWULDO��6SLULWXDO�DQG�&XOWXUDO�$GYDQFHPHQW�
,QWHUQDWLRQDO� ZKLFK� UHSODQWHG� �������� VHHGOLQJV� RI�PDQJURYHV� LQ� D� ���� KD� DUHD� LQ� &KDQWKDEXUL�
3URYLQFH��2,6&$�,QW����������+RZHYHU��GHVSLWH�DOO�WKH�HIIRUWV�XQGHUWDNHQ�LQ������������WKH�H[WHQW�
RI� SODQWHG�PDQJURYH� DUHDV� UHPDLQHG� EHORZ���SHUFHQW� RI� WKH� QDWXUDO�PDQJURYH� DUHDV� LQ�7KDLODQG�
�)LHOG���������

0RUHRYHU��7KDLODQG�KDV�EHHQ�D�VLJQDWRU\�WR�YDULRXV�LQWHUQDWLRQDO�GHFODUDWLRQV�OLNH�WKH�5DPVDU�
&RQYHQWLRQ���������:RUOG�&XOWXUDO�DQG�1DWXUDO�+HULWDJH�&RQYHQWLRQ��:+6���3DULV���������8QLWHG�
1DWLRQV� &RQYHQWLRQ� RQ� WKH� /DZ� RI� WKH� 6HD� �81&/26��� 0RQWHJR� %D\�� ������ &RQYHQWLRQ� RQ�
,QWHUQDWLRQDO�7UDGH�LQ�(QGDQJHUHG�6SHFLHV�RI�:LOG�)DXQD�DQG�)ORUD��&,7(6���DQG�&RQYHQWLRQ�RQ�
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%LRORJLFDO�'LYHUVLW\� �&%'���5LR�GH�-DQHLUR��������7KHVH�GHFODUDWLRQV�KDG�PDGH� LW�REOLJDWRU\� IRU�
7KDLODQG� WR�SD\�VHULRXV�DWWHQWLRQ� WRZDUGV� WKH�UDSLG�GHJUDGDWLRQ�RI� WKH�FRXQWU\¶V�PDQJURYHV��7KH�
QHHG�IRU�UHVWRUDWLRQ�DQG�FRQVHUYDWLRQ�RI�PDQJURYHV�ZDV�IXUWKHU�UHLQIRUFHG�DIWHU�WKH�7VXQDPL������
ZKHQ� WKH� SURWHFWLYH� UROH� RI� WKH�PDQJURYHV�ZDV� UHDOL]HG� DQG� DSSUHFLDWHG� LQ� WKH� WVXQDPL� DIIHFWHG�
DUHDV� RI� 7KDLODQG�� 5HFHQWO\�� ��� VLWHV� FRYHULQJ� DQ� DUHD� RI� ������ NP�� ZKLFK� FRQWDLQ� VLJQLILFDQW�
SDWFKHV� RI� WKH� PDQJURYHV� DUH� GHFODUHG� DV� 0DULQH� 1DWLRQDO� 3DUNV� �013�� DQG� 3URWHFWHG� $UHDV��
7KHVH�DUHDV�LQFOXGH�IRU�H[DPSOH��WKH�$R�3KDQJ�QJD�1DWLRQDO�3DUN��3KDQJ�QJD�%D\��DQG�RWKHU�DUHDV�
DORQJ�ZLWK�7DUXWDR�� 6XULQ�� 6LPLODQ� DQG�$R�3KDQJQJD�013�ZKLFK� DUH�GHFODUHG� DV�5DPVDU� VLWHV��
0RUHRYHU�� WKH� 5DQRQJ� PDQJURYH� DUHDV� DUH� DOVR� SODFHG� XQGHU� WKH� 81(6&2�0$%� ELR�UHVHUYH�
�1$&$��������)$2����������

6LPLODUO\�� WKH�7KDL�VRFLHW\�DOVR�VHHPV�WR�EH�ZHOO�VHQVLWL]HG� WR� WKH� LPSRUWDQFH�DV�ZHOO�DV� WKH�
GHJUDGDWLRQ� RI� PDQJURYHV�� %HWZHHQ� ����� DQG� ������ WKH� 7KDL� &DELQHW� SDVVHG� D� QXPEHU� RI�
UHVROXWLRQV� WR� DEROLVK� DQG� UHYRNH� DOO�PDQJURYH� FRQFHVVLRQV� �1$&$�� ������ 6DPDEKGGKL�� �������
7KH� FRXQWU\¶V� 1DWLRQDO� (FRQRPLF� DQG� 6RFLDO� 'HYHORSPHQW� 3ODQ� ���������� FOHDUO\� XUJHG� DOO�
FRQFHUQHG�WR�H[HUW�HIIRUWV�WRZDUGV�PDLQWDLQLQJ�WKH�KHDOWK\�PDQJURYH�FRYHU�RI�QRW�OHVV�WKDQ���������
KD��+DYDQRQG���������$V�D�UHVXOW��D�VHSDUDWH�PDQJURYH�FRQVHUYDWLRQ�RIILFH�ZDV�HVWDEOLVKHG�ZLWK�WKH�
'HSDUWPHQW�RI�0DULQH�DQG�&RDVWDO�5HVRXUFHV�XQGHU�WKH�QHZ�XPEUHOOD�RI�WKH�0LQLVWU\�RI�1DWXUDO�
5HVRXUFHV� DQG� (QYLURQPHQW� �$NVRUQNRDH�	�7RNULVQD�� ������� +LVWRULFDOO\�� VLJQLILFDQW� GHJUHH� RI�
LQWHUHVW�KDG�DOVR�EHHQ�H[SUHVVHG�E\�ORFDO�FRPPXQLWLHV�WR�UHSODQW�DQG�FRQVHUYH�WKH�PDQJURYHV�WKDW�
KDV�EHHQ�IXUWKHU�UHYLWDOL]HG�DIWHU�WKH������7VXQDPL��%DUELHU��������%DUELHU����������6LPLODUO\��WKH�
SULYDWH�VHFWRU�DOVR�GLG�QRW�ODJ�EHKLQG�LQ�UH�SODQWLQJ�PDQJURYHV��&KRXGKXU\���������)XUWKHUPRUH��
WKH� *RYHUQPHQW� RI� 7KDLODQG� KDV� HVWDEOLVKHG� DQ� LQWHUQDWLRQDO� OHYHO� PDQJURYH� UHVHDUFK� FHQWHU� LQ�
5DQRQJ�3URYLQFH�ZKLOH�DQ�H[WHQVLYH�QHWZRUN�RI�PDQJURYH�UHVHDUFK�DQG�FRQVHUYDWLRQ�VWDWLRQV�H[LVWV�
LQ�DOO�LPSRUWDQW�FRDVWDO�DUHDV�RI�WKH�FRXQWU\�WR�FDUU\�RXW�VFLHQWLILF�UHVHDUFK�RQ�PDQJURYHV��1$&$��
��������

,668(6�$1'�&+$//(1*(6�,1�0$1*529(�5(6725$7,21�$1'�&216(59$7,21�

'HVSLWH� WKH� FRPPLWPHQW� DQG� VXSSRUW� VWUXFWXUH�� HIIRUWV� IRU� WKH� UHVWRUDWLRQ� DQG� FRQVHUYDWLRQ� RI�
PDQJURYHV�LQ�7KDLODQG�KDG�QRW�EHHQ�YHU\�SURPLVLQJ��)LUVWO\��WKH�FRXQWU\�LV�FRQIURQWHG�ZLWK�YDULRXV�
LVVXHV�DQG�FKDOOHQJHV�DW�ERWK�SROLF\�DQG�RSHUDWLRQDO�IURQWV�ZKLFK�DFW�DV�PDMRU�LPSHGLPHQWV�LQ�WKH�
VXFFHVVIXO�UHVWRUDWLRQ�DQG�FRQVHUYDWLRQ�RI�PDQJURYHV��2QH�YHU\�FUXFLDO�FKDOOHQJH�LV�RQ�WKH�IDFW�WKDW�
VKULPS�IDUPLQJ�DFWLYLWLHV�UHTXLUH�FOHDULQJ�RI�PDQJURYH�DUHDV��6LQFH�WKH�VKULPS�LQGXVWU\�LQ�7KDLODQG�
LV�D�OXFUDWLYH�HQWHUSULVH�WKDW�SXWV�WKH�FRXQWU\�DV�WKH�JOREDO�OHDGHU�LQ�VKULPS�SURGXFWLRQ��WKH�IRUHPRVW�
FKDOOHQJH�RI�WKH�FRXQWU\�LV�WR�PDNH�D�KDUG�FKRLFH�EHWZHHQ�PDQJURYH�FRQVHUYDWLRQ�DQG�PDQJURYH�
DUHD�FRQYHUVLRQ�LQWR�VKULPS�IDUPV��$KPHG��������*RVV�HW�DO���������:50���������6XSSRUWHG�E\�
YDULRXV�W\SHV�RI�GLUHFW�DQG�LQGLUHFW�VXEVLGLHV�FRXSOHG�ZLWK�SDWKHWLF�UHJXODWLRQV�RQ�WKH�HVWDEOLVKPHQW�
RI� VKULPS� IDUPV�� WKH� FRXQWU\¶V� DTXDFXOWXUH� LQGXVWU\� KDV� PDLQWDLQHG� DQ� LOOXVLRQ� RI� SURILWDELOLW\�
�+XLWULF�HW�DO����������,Q�JHQHUDO��WKH�SURGXFWLYLW\�RI�DQ�LQWHQVLILHG�VKULPS�IDUP�KDUGO\�JRHV�EH\RQG�
D� GHFDGDO� VSDQ� �&ODULGJH�� ������ 'LHUEHUJ� 	� .LDWWLVLPNXO�� ����� ERWK� FLWHG� LQ�0�� +XLWULF� HW� DO���
�������+RZHYHU�� GXH� WR� ODFN� RI� GDWD� RQ� IDUP� DEDQGRQPHQW�� WKH� LQGXVWU\� VXFFHVVIXOO\�PDVNV� WKH�
ORVVHV� DQG� HDVLO\� UHORFDWHV� LWVHOI� LQ� RWKHU�PDQJURYH� ULFK� UHJLRQV�� OHDYLQJ� EHKLQG� WKH� UXLQV� RI� WKH�
RQFH�ULFK�PDQJURYH�HFRV\VWHPV��+XLWULF�HW�DO���������:50����������

6HULRXV�SROLF\�IODZV�DQG�ODFN�RI�FRRUGLQDWLRQ�DPRQJ�JRYHUQPHQW�DJHQFLHV�KDG�DOVR�LQ�PDQ\�
FDVHV� UHYHUVHG� DOO� SUHYLRXV� HIIRUWV� DQG� DWWHPSWV� WKDW� KDG� EHHQ� PDGH� IRU� WKH� UHVWRUDWLRQ� DQG�
FRQVHUYDWLRQ� RI� WKH� PDQJURYHV� �1$&$�� ������� )URP� ����� DQG� RQZDUGV�� DERXW� ��� SROLF\�
VWDWHPHQWV� ZHUH� GHFODUHG� IRU� WKH� SURWHFWLRQ� RI� PDQJURYHV�� EXW� DW� WKH� VDPH� WLPH�� DTXDFXOWXUH�
SROLFLHV�FRQWLQXHG�WR�VXSSRUW�WKH�H[SDQVLRQ�RI�WKH�7KDL�VKULPS�LQGXVWU\�WKURXJK�YDULRXV�VXEVLGLHV�
LQFOXGLQJ�VXEVLGL]HG�PDQJURYH�FRQFHVVLRQV��'XURQJGHM���������%HIRUH�WKH�H[LVWHQFH�RI�WKH�FXUUHQW�
PLQLVWHULDO� VHWXS�� +XLWULF� HW� DO��� ������� REVHUYHG� WKDW� HYHQ� XQGHU� D� VLQJOH�PLQLVWU\� LQ� ������ WKH�
0LQLVWU\�RI�)RUHVW�SURFODLPHG�PDVVLYH�SURJUDPV�IRU�PDQJURYH�SODQWDWLRQ�EXW�DOVR�GXULQJ�VXFK�WLPH�
WKH� 'HSDUWPHQW� RI� )LVKHULHV� RI� WKH� 0LQLVWU\� RI� $JULFXOWXUH� DQG� &RRSHUDWLYHV� ZDV� RIIHULQJ�
PDQJURYH�OHDVHV�IRU�DTXDFXOWXUH�XVH��7KLV�ZDV�D�FOHDU�YLRODWLRQ�RI�DOO�WKH�FDELQHW�UHVROXWLRQV�UHODWHG�
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WR� PDQJURYH� FRQVHUYDWLRQ�� $V� REVHUYHG� E\�:50� ������� DQG� *RVV� HW� DO�� �������� JLDQW� VKULPS�
FRPSDQLHV� RSHUDWH� DW� KLJKHU� OHYHOV� RI� SROLWLFDO� KLHUDUFK\� LQ� WKH� FRXQWU\�� 8QGHU� VXFK� VHW� XS� WKH�
LQGXVWU\�FRXOG�RIWHQ�GHPDQG�IRU�H[WUDRUGLQDU\�IDYRUV�IURP�WKH�QDWLRQDO�OHYHO�SROLF\��RQ�WKH�SUHWH[W�
RI�WKH�QHHG�WR�PDLQWDLQ�WKH�FRXQWU\¶V�JOREDO�OHDG�LQ�DTXDFXOWXUH��6XEVHTXHQWO\��JRYHUQPHQW¶V�IDYRU�
IRU� WKH� DTXDFXOWXUH� OLNH� WKH� RQH� HQGRZHG� E\� IRUPHU� 3ULPH�0LQLVWHU� 7KDNVLQ� ZHUH� WKH� GH� IDFWR�
FDQFHOODWLRQ�RI�DOO�SUHYLRXV�FKHFNV�WR�FRQWURO�WKH�LQGXVWU\��+XLWULF�HW�DO����������

:KLOH� XQGHUWDNLQJ� SURJUDPV� RQ� WKH� UHVWRUDWLRQ� DQG� FRQVHUYDWLRQ� RI� PDQJURYHV�� DQRWKHU�
FKDOOHQJH� WKDW�FRQIURQWHG�7KDLODQG�ZDV� WKH�KHVLWDWLRQ�RI�JRYHUQPHQW�PDFKLQHU\� WR�GHYROYH� WKHLU�
FHQWUDOL]HG� SRZHUV� LQ� IDYRU� RI� WKH� ORFDO� FRPPXQLWLHV� �+XLWULF� HW� DO��� ������� 6XZDQQRGRP�� HW� DO��
�������UHSRUWHG�WKDW�PDQJURYH�UHVWRUDWLRQ�SURJUDPV�LPSOHPHQWHG�LQ�WKH�VRXWKHUQ�UHJLRQ�IURP������
WR������KDG�DFKLHYHG�FHUWDLQ�OHYHO�RI�VXFFHVV�HVSHFLDOO\�LQ�WKH�DUHDV�ZKHUH�WKH�FRPPXQLW\�EDVHG�
DSSURDFK�ZDV� DGRSWHG��9DULRXV� RWKHU� VWXGLHV� IRU� H[DPSOH� WKRVH� GRQH� E\�6DWKLUDWKDL� DQG�%DUELHU�
�������� %DUELHU� ������� SURYLGLQJ� OHJDO� VXSSRUW� IRU� VXFK� HQGHDYRUV�� 6XNZRQJ� �XQGDWHG��� DQG�
6RRQWRUQZRQJ� ������� DOVR� LQGLFDWHG� WKDW� ORFDO� FRPPXQLWLHV� OLYLQJ� QHDUE\� PDQJURYHV� ZHUH�
UHODWLYHO\� PRUH� HIILFLHQW� LQ� WKH� UHVWRUDWLRQ� DQG� FRQVHUYDWLRQ� RI� PDQJURYHV� WKDQ� WKH� RIILFLDOO\�
GHVLJQDWHG�JRYHUQPHQW�DJHQFLHV��$OWKRXJK�FRPPXQLW\�EDVHG�PDQJURYH�PDQDJHPHQW�KDV�UHPDLQHG�
D� KLJKO\� FRQWURYHUVLDO� LVVXH� LQ� 7KDL� SROLF\� GLDORJXH� IRU� ORQJ�� LW� ZDV� RQO\� LQ� ����� WKDW� WKH�7KDL�
&DELQHW� DSSURYHG� WKH�&RPPXQLW\�)RUHVW�%LOO� �&)%��SURYLGLQJ� OHJDO� VXSSRUW� IRU� VXFK�HQGHDYRUV��
(YHQ�PXFK�EHIRUH�WKDW��-RKQVRQ�DQG�)RUV\WK��������QRWHG�WKDW�PDQ\�FRPPXQLWLHV�ZHUH�VXFFHVVIXO�
LQ� EULQJLQJ� IDYRUDEOH� FRXUW� GHFUHHV� WR� VWRS� IXUWKHU� HQFURDFKPHQW� RI� WKH� DTXDFXOWXUH� LQGXVWU\� LQ�
PDQJURYH�DUHDV��E\�UHIHUULQJ�WR�WKH�&)%�GUDIW��+RZHYHU�LQ�JHQHUDO�� WKH�HQIRUFHPHQW�RI�&)%�KDG�
ODUJHO\�UHPDLQHG�ZHDN�VLQFH�PDQ\�RIILFLDOV�IURP�WKH�5)'�DQG�/DQG�'HYHORSPHQW�'HSDUWPHQW��DQG�
PDQ\�ORFDO�HOLWHV�KDG�VWURQJ�WLHV�ZLWK�WKH�DFWRUV�LQ�WKH�VKULPS�LQGXVWU\��

/DVW�EXW�QRW�WKH� OHDVW�� OLNH�PDQ\�RWKHU�$VLDQ�FRXQWULHV�� WKH�FRPSOH[�PDQJURYH�HFRV\VWHP�LQ�
7KDLODQG� LV� DOVR� PDQDJHG� PHUHO\� DV� RQH� W\SH� RI� IRUHVW�� $V� D� UHVXOW�� PRVW� RI� WKH� PDQJURYH�
UHVWRUDWLRQ�LQLWLDWLYHV�DUH�SODQQHG�E\�W\SLFDO�IRUHVWHUV�ZKR�DUH�PRVWO\�DUPHG�ZLWK�QDwYH�SULQFLSOHV�
RI� HFRORJLFDO� HQJLQHHULQJ� DQG� WKHUHIRUH� RIWHQ� IDLO� WR� GLVWLQJXLVK� EHWZHHQ� WKH� VLJQLILFDQFH� RI�
PDQJURYH�SODQWDWLRQ�DQG�HFRORJLFDO�UHVWRUDWLRQ��(OOLVRQ��������LQ�KLV�JOREDO�UHYLHZ��ZKLOH�UHIHUULQJ�
WR� WZR�PDQJURYH� UHVWRUDWLRQ�SURMHFWV�RI�7KDLODQG�QRWHG� WKDW�RQO\�RQH� VSHFLHV� IURP� WKH� DYDLODEOH�
WZHQW\� ILYH� VSHFLHV� KDG� EHHQ� VHOHFWHG� IRU� WKH� UH�SODQWDWLRQ�� 6LPLODU� REVHUYDWLRQV� ZHUH�PDGH� E\�
)LHOG��������DQG�$NVRUQNRDH��������ZKR�IRXQG�WKDW�WKH�PDLQ�REMHFWLYH�RI�PDQJURYH�UHKDELOLWDWLRQ�
SURJUDPV�LQ�7KDLODQG�KDG�UHPDLQHG�WR�JHDU�WRZDUGV�WKH�SURGXFWLRQ�RI�WLPEHU�DQG�FKDUFRDO�ZLWK�WKH�
REMHFWLYH� RI� HFRV\VWHP� UHKDELOLWDWLRQ� WDNLQJ� WKH� EDFN� VHDW�� 6XFK� VWXGLHV� IXUWKHU� UHDFKHG� VLPLODU�
REVHUYDWLRQ�DV�WKDW�RI�(OOLVRQ��������ZKLFK�FRQFOXGHG�WKDW�WKH�PDLQ�IRFXV�IRU�SODQWDWLRQ�ZDV�RQO\�
RQ�WZR�FRPPHUFLDOO\�LPSRUWDQW�PDQJURYH�VSHFLHV��/HZLV�DQG�0DUVKDOO��������FDOOHG�WKLV�W\SH�RI�
UHVWRUDWLRQ� HIIRUW� DV� D� ³JDUGHQLQJ´� DSSURDFK� �/HZLV� ,,,�� ������� 0DQ\� VR�FDOOHG� µVXFFHVVIXO¶�
SODQWDWLRQV�DUH�QRWKLQJ�EXW�WKH�PRQR�JHQXV�DQG�HFRQRPLFDOO\�YDOXDEOH�VWDQGV�RI�VHOHFWHG�VSHFLHV��
$W� SUHVHQW�� DPSOH� OLWHUDWXUH� LV� DYDLODEOH� RQ� WKH� SULQFLSOHV� RI� HFRORJLFDO� UHVWRUDWLRQ�� EXW�
XQIRUWXQDWHO\�7KDLODQG�KDV�\HW�WR�OHDUQ�IURP�VXFK�H[SHULHQFHV�DV�WKH�FRXQWU\�VHHPV�WR�VWLOO�SHUFHLYH�
WKDW� PRQR� VSHFLHV� SODQWDWLRQ� LV� V\QRQ\PRXV� ZLWK� WKH� HFRORJLFDO� UHVWRUDWLRQ� RI� PDQJURYH� DUHDV��
)ROORZLQJ� WKH� FRQYHQWLRQDO� IRUHVWU\� DSSURDFK� DQG� XQGHU� D� PL[WXUH� RI� REMHFWLYHV� DLPHG� DW� ERWK�
HFRORJLFDO� UHVWRUDWLRQ� DQG� FRPPHUFLDO� H[SORLWDWLRQ�� WKH� FRXQWU\¶V� DPELWLRXV� SODQV� OLNH� SODQWLQJ�
�����WR������KD�SHU�\HDU�ZLWK�VHOHFWHG�PDQJURYH�VSHFLHV�DUH�VWLOO�XQDEDWHG��$NVRUQNRDH���������

&21&/86,21�

,Q�RUGHU�WR�UHVSRQG�WR�WKH�YDULRXV�QDWLRQDO�DQG�LQWHUQDWLRQDO�REOLJDWLRQV��7KDLODQG�KDV�VKRZFDVHG�LWV�
VLJQLILFDQW�HIIRUWV�LQ�WKH�UHVWRUDWLRQ�DQG�FRQVHUYDWLRQ�RI�PDQJURYHV��+RZHYHU��WKH�VXFFHVV�RI�WKRVH�
HIIRUWV� KDV� EHHQ� ODUJHO\� FRQVWUDLQHG� E\� YDULRXV� XQDWWHQGHG� VWUXFWXUDO� FDXVHV� OHDGLQJ� WR� WKH�
GHJUDGDWLRQ� RI� PDQJURYHV�� )LUVW� DQG� WKH� IRUHPRVW� FDXVH� ZDV� WKH� ODFN� RI� SROLF\� LQWHJUDWLRQ� DQG�
FRRUGLQDWLRQ�DPRQJ�WKH�FRQFHUQHG�DJHQFLHV�ZKHUH�RQ� WKH�RQH�KDQG�DWWHPSWV�ZHUH�EHLQJ�PDGH� WR�
UHVWRUH� PDQJURYHV� ZKLOH� RQ� WKH� RWKHU� KDQG� DTXDFXOWXUH� H[SDQVLRQ� ZDV� VXEVLGL]HG� WKURXJK� WKH�
FRQFHVVLRQV�RI�PDQJURYHV�DUHDV��6XFFHVV�ZDV�DOVR�HTXDOO\�FRQVWUDLQHG�E\�WKH�IRUHVWU\�ELDVHG�YLHZ�



,-(5'�±�,QWHUQDWLRQDO�-RXUQDO�RI�(QYLURQPHQWDO�DQG�5XUDO�'HYHORSPHQW������������

��,6(5'�
�

����

RI� WKH� ULFK� HFRV\VWHP� WKDW�ZDV� HVVHQWLDOO\� DQ� RXWFRPH� RI� WKH� ODFN� RI� HFRORJLFDO� NQRZOHGJH� DQG�
UHVWRUDWLRQ� VNLOOV� DPRQJ� IRUHVW� ODQG� XVH�PDQDJHUV�� 7KHVH� VKRUWFRPLQJV� UHVXOWHG� LQ� XQGHUPLQLQJ�
KXJH�HIIRUW� WKDW�7KDLODQG�KDV�PDGH�LQ�WKH�SODQWDWLRQ�RI�PDQJURYHV�WKDW�EHWWHU�TXDOLILHV�VXFFHVVIXO�
HVWDEOLVKPHQW� RI� PRQR� VSHFLHV� ZRRGORW� WKDQ� WKH� VXFFHVVIXO� HFRORJLFDO� UHVWRUDWLRQ�� )LQDOO\�� WKH�
KHVLWDWLRQ�RI�5)'�EXUHDXFUDF\�WR�SURPRWH�FRPPXQLW\�SDUWLFLSDWLRQ�GHVSLWH�WKH�IDFW�WKDW�FRPPXQLW\�
LQWHUYHQHG�DWWHPSWV�RI�WKH�UHVWRUDWLRQ�RI�PDQJURYH�ZHUH�PRUH�VXFFHVVIXO�WKDQ�WKRVH�FDUULHG�RXW�E\�
5)'�LWVHOI��1HYHUWKHOHVV��WKH�JODVV�ZDV�DOVR�KDOI�IXOO�DQG�VLJQLILFDQW�SRWHQWLDOV�FRXOG�EH�VHHQ��7KDL�
FRPPXQLWLHV�KDG�D�SRVLWLYH�DWWLWXGH�WRZDUGV�PDQJURYHV�HVSHFLDOO\�DIWHU�WKH������7VXQDPL�DQG�WKDW�
ZDV�DQ�RSSRUWXQLW\�WKDW�FRXOG�EH�DYDLOHG�WR�HQVXUH�WKH�VRFLHWDO�RZQHUVKLS�RI�PDQJURYH�UHVWRUDWLRQ�
LQLWLDWLYHV���)XUWKHUPRUH��WKH�KDOI�FHQWXU\�H[SHULHQFHV�RI�WKH�VXFFHVVHV�DQG�IDLOXUHV�LQ�WKH�FRXQWU\¶V�
PDQJURYH�UHVWRUDWLRQ�HIIRUWV��D�JRRG�QHWZRUN�RI�PDQJURYH�UHVHDUFK�LQVWLWXWLRQV�ZHUH�D�IHZ�RI�WKH�
SOXV�SRLQWV�WKDW�7KDLODQG�FRXOG�XWLOL]H�IRU�WKH�VXFFHVVIXO�HFRORJLFDO�UHVWRUDWLRQ�RI�WKHLU�PDQJURYHV��

%DVHG� RQ� WKH� DERYH� UHYLHZ�� WKH� IROORZLQJ� EURDGHU� SROLF\� LPSOLFDWLRQV� HPHUJH�� )LUVWO\�� LW� LV�
REYLRXV� WKDW� WKH� GHVLUHG� JRDO� RI� VXFFHVVIXO�PDQJURYH� UHVWRUDWLRQ� DQG�PDQDJHPHQW� FRXOG� QRW� EH�
DFKLHYHG�XQOHVV�7KDL�SROLF\�PDNHUV� FDUU\�RXW� D�SDLQVWDNLQJ�DQDO\VLV�RI� WKH�SROLWLFDO� HFRQRP\�RI�
PDQJURYH� ORVV� DQG� GHYLVH� SROLFLHV� ZKLFK� FDQ� SULRULWL]H� DPRQJ� VKRUW� WHUPV� JDLQV� IURP� FRDVWDO�
DTXDFXOWXUH�DQG�WKH�ORQJ�WHUP�EHQHILWV�DVVRFLDWHG�ZLWK�WKH�LQWDFW�PDQJURYH�FRYHU��)XUWKHU�SROLFLHV�
PXVW� LQWHJUDWH�WKH�VHFWRUDO�REMHFWLYHV�DQG�HQJDJHG�PXOWLSOH�DJHQFLHV�LQ�SUHSDUDWLRQ�RI�UHVWRUDWLRQ�
SURMHFWV�LQ�RUGHU�WR�HQVXUH�WKDW�QR�SUHYLRXV�HIIRUW�JRHV�DV�D�ZDVWH�RI�VFDUFH�UHVRXUFHV��6HFRQGO\��WKH�
WUDGLWLRQDO�IRUHVWHUV�PXVW�EH�WUDLQHG�DQG�UHWUDLQHG�LQ�WKH�DUHD�RI�HFRORJLFDO�HQJLQHHULQJ�DV�LW�LV�DOVR�
RQH� RI� WKH� PRVW� LPSRUWDQW� IDFWRUV� LQ� WKH� VXFFHVVIXO� SODQQLQJ� DQG� LPSOHPHQWDWLRQ� RI� PDQJURYH�
UHVWRUDWLRQ� SURJUDPV�� 7KLUGO\�� GXULQJ� WKH� DSSUDLVDO� RI� YDULRXV� PDQJURYH� UHVWRUDWLRQ� SURMHFWV�� LW�
PXVW�EH�HQVXUHG�WKDW�VXIILFLHQW�DQDO\WLFDO�SURFHVV�KDV�EHHQ�FRQGXFWHG�DQG�FRPSOHWHG��DQG�WKDW�DOO�
RSWLRQV�IRU�HFRORJLFDO�UHVWRUDWLRQ�DUH�DGHTXDWHO\�HYDOXDWHG���

5()(5(1&(6�

$KPHG��)���������,Q�GHIHQFH�RI�ODQG�DQG�OLYHOLKRRG��6LHUUD�&OXE��&DQDGD��
$NVRUQNRDH��6���������(FRORJ\�DQG�PDQDJHPHQW�RI�PDQJURYHV��,8&1��7KDLODQG��
$NVRUQNRDH�� 6�� ������� 6XVWDLQDEOH� XVH� DQG� FRQVHUYDWLRQ� RI� PDQJURYH� IRUHVW� UHVRXUFHV� ZLWK� HPSKDVLV� RQ�

SROLF\� DQG�PDQDJHPHQW�SUDFWLFHV� LQ�7KDLODQG�� ,QW��:RUNVKRS�$VLD��3DFLILF�&RRSHUDWLRQ�5HVHDUFK� IRU�
&RQVHUYDWLRQ�RI�0DQJURYHV��-DSDQ��

$NVRUQNRDH��6��DQG�7RNULVQD��5���������2YHUYLHZ�RI�VKULPS�IDUPLQJ�DQG�PDQJURYH�ORVV�LQ�7KDLODQG��,Q�%�(��
%DUELHU��DQG�6DWKLUDWKDL��6��6KULPS�IDUPLQJ�DQG�PDQJURYH�ORVV�LQ�7KDLODQG��(GZDUG�(OJDU�3XE��/WG��

$PDUDVLQJKH�� 0�'��� 'XO\DSXUN�� 9��� 7DSDUKXGHH�� :��� <RRQSXQGK�� 5�� DQG� -XPQRQJVRQJ�� 6�� �������
0DQJURYHV� RI� 1DNKRQ� 6L� 7KDPPDUDW� 3URYLQFH� LQ� VRXWKHUQ� 7KDLODQG�� 6SHFLHV� GLYHUVLW\�� FRPPXQLW\�
VWUXFWXUH�DQG�FXUUHQW�VWDWXV��$TXDFXOWXUH�$VLD���������������

%DUELHU��(�%���������1DWXUDO�EDUULHUV�WR�QDWXUDO�GLVDVWHUV��UHSODQWLQJ�PDQJURYHV�DIWHU�WKH�WVXQDPL��)URQW�(FRO�
(QYLURQ����������������

%DUELHU�� (�%�� ������� ,Q� WKH� ZDNH� RI� WVXQDPL�� /HVVRQV� OHDUQHG� IURP� WKH� KRXVHKROG� GHFLVLRQ� WR� UHSODQW�
PDQJURYHV�LQ�7KDLODQG��5HVRXUFH�DQG�(QHUJ\�(FRQRPLFV���������������

&KRXGKXU\��-�.���������6XVWDLQDEOH�PDQDJHPHQW�RI�FRDVWDO�PDQJURYH�IRUHVW�GHYHORSPHQW�DQG�VRFLDO�QHHGV��
:RUO�)RUHVWU\�&RQJUHVV��7XUNH\��

'XURQJGHM��6���������/DQG�XVH�FKDQJHV�LQ�FRDVWDO�DUHDV�RI�7KDLODQG��$31�6859$6�/2,&=�-RLQW�&RQI��RQ�
&RDVWDO�,PSDFWV�RI�&OLPDWH�&KDQJH�DQG�$GDSWDWLRQ�LQ�WKH�$VLD���3DFLILF�5HJLRQ��-DSDQ��

(OOLVRQ��$�0���������0DQJURYH�UHVWRUDWLRQ��GR�ZH�NQRZ�HQRXJK"�5HVWRUDWLRQ�(FRORJ\����������������
(UIWHPHLMHU��3�/��DQG�/HZLV�,,,��5�5���������3ODQWLQJ�PDQJURYHV�RQ�LQWHUWLGDO�PXGIODWV��+DELWDW�UHVWRUDWLRQ�RU�

KDELWDW� FRQYHUVLRQ�� (&2721(�9,,,� 6HPLQDU� RQ� (QKDQFLQJ� FRDVWDO� HFR\VWHP� UHVWRUWLRQ� IRU� WKH� ��VW�
&HQWXDU\��5DQRQJ�	�3XNKHW��

)$2��������7KH�ZRUOG
V�PDQJURYHV������������)RUHVWU\�ZRUNLQJ�SDSHU��)RRG�	�$JULFXOWXUH�2UJDQL]DWLRQ��
�����5RPH��
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)LHOG��&�'���������5HKDELOLWDWLRQ�RI�PDQJURYH�HFRV\VWHPV��DQ�RYHUYLHZ��0DULQH�3ROOXWLRQ�%XOOHWLQ������������
���������

*RVV�� -��� %XUFK�� '�� DQG� 5LFNVRQ�� 5�(�� ������� $JUL�IRRG� UHVWUXFWXULQJ� DQG� 7KLUG� :RUOG� WUDQVQDWLRQDOV��
7KDLODQG��WKH�&3�*URXS�DQG�WKH�JOREDO�VKULPS�LQGXVWU\��:RUOG�'HYHORSPHQW������������������

+DYDQRQG��6���������&KDUFRDO�SURGXFWLRQ�LQ�IDUP�PDQJURYHV�LQ�7KDLODQG��-$0�10&7��:RUNVKRS�RQ�,772�
3URMHFW�������WK�$SULO��������7KDLODQG���

+DYDQRQG��6�� �������0DQJURYH�IRUHVW�FRQVHUYDWLRQ� LQ�7KDLODQG���0HHWLQJ�5HSRUW��%LRO��%XOO�1718��������
��������

+XLWULF��0���)RONH��&��DQG�.DXWVN\��1���������'HYHORSPHQW�DQG�JRYHUQPHQW�SROLFLHV�RI�WKH�VKULPS�IDUPLQJ�
LQGXVWU\�LQ�7KDLODQG�LQ�UHODWLRQ�WR�PDQJURYH�HFRV\VWHPV��(FRORJLFDO�(FRQRPLFV���������������

-RKQVRQ�� &�� DQG� )RUV\WK�� 7�� ������� ,Q� H\HV� RI� WKH� 6WDWH�� 1HJRWLDWLQJ� D� 
ULJKW�EDVHG� DSSURDFK
� WR� IRUHVW�
FRVHUYDWLRQ�LQ�7KDLODQG��:RUOG�'HYHORSPHQW�������������

/HZLV� ,,,�� 5�5�� ������� 0DQJURYH� UHVWRUDWLRQ� �� FRVWV� DQG� EHQHILWV� RI� VXFFHVVIXO� HFRORJLFDO� UHVWRUDWLRQ��
0DQJURYH� 9DOXDWLRQ� :RUNVKRS�� 8QLYHUVLWL� 6DLQV� 0DOD\VLD�� 3HQDQJ�� %HLMHU� ,QWHUQDWLRQDO� ,QVWLWXWH� RI�
(FRORJLFDO�(FRQRPLFV��6ZHGHQ��

0DFLQWRVK��'�-���$VKWRQ��(�&��DQG�+DYDQRQ��6���������0DQJURYH�UHKDELOLWDWLRQ�DQG�LQWHUWLGDO�ELRGLYHUVLW\��D�
VWXG\�LQ�WKH�5DQRQJ�PDQJURYH�HFRV\VWHP��7KDLODQG��(VWXDU�&RDVW�6KHOI�6���������±�����

1$&$��������0DQJURYH�HFRV\VWHPV��FRPPXQLWLHV�DQG�FRQIOLFW��7KDLODQG��KWWS���OLEUDU\�HQDFD�RUJ�PDQJURYH��
LQFHSWLRQ�WKDLODQG�RYHUYLHZ�SGI���

2,6&$�,QWHUQDWLRQDO��������0DQJURYH�DIIRUHVWDWLRQ�SURMHFW�DW�WKH�&KDQWKDEXUL�3URYLQFH�LQ�7KDLODQG��KWWS����
ZZZ�JLVSUL�RU�MS�HQJOLVK�QHZVOHWWHU�FSGI�2,6&$�SURMHFW�SGI���

6DPDEKGGKL�� .�� ������� ([SHUW� TXHVWLRQ� UHSRUW� RYHU� PDQJURYH� IRUHVWV�� ,QFUHDVH� LQ� IRUHVW� FRYHU� GRXEWHG��
%DQJNRN�3RVW��7KDLODQG��

6DWKLUDWKDL�� 6�� ������� (FRQRPLF� YDOXDWLRQ� RI� PDQJURYHV� DQG� WKH� UROHV� RI� ORFDO� FRPPXQLWLHV� LQ� WKH�
FRQVHUYDWLRQ�RI�WKH�UHVRXUFHV��FDVH�VWXG\�RI�6XUDW�7KDQL��6RXWK�RI�7KDLODQG��6LQJDSRUH��(FRQRP\�DQG�
(QYLURQPHQW�3URJUDP�IRU�6RXWKHDVW�$VLD��

6DWKLUDWKDL�� 6�� DQG� %DUELHU�� (�:�� ������� 9DOXLQJ� PDQJURYH� FRQVHUYDWLRQ� LQ� 6RXWKHUQ� 7KDLODQG��
&RQWHPSRUDU\�(FRQRPLF�3ROLF\�����������������

6RRQWRUQZRQJ�� 6�� ������� ,PSURYLQJ� UXUDO� OLYHOLKRRG� WKURXJK� &%150�� D� FDVH� RI� VHOI�RUJDQL]DWLRQ� LQ�
FRPPXQLW\�PDQJURYH�PDQDJHPHQW�LQ�7KDLODQG��,Q�0DKDQW\�HW�DO���HG��+DQJLQJ�LQ�WKH�EDODQFH��HTXLW\�LQ�
FRPPXQLW\�EDVHG�QDWXUDO�UHVRXUFH�PDQDJHPHQW�LQ�$VLD��(DVW�:HVW�&HQWHU��+DZDLL��

6XNZRQJ��6�� �XQGDWHG��)RUHVW� UHVWRUDWLRQ�DQG�FRPPXQLW\�SDUWLFLSDWLRQ��FDVH� VWXGLHV� LQ�7KDLODQG��.DVHWVDUW�
8QLYHUVLW\��5HJLRQDO�&RPPXQLW\�)RUHVWU\�7UDLQLQJ�&HQWHU��5(&2)7&���7KDLODQG��

6XZDQQRGRP��6���6LULERRQ��6�� DQG�3DSKDYDVLW��1�� �������$Q�DSSURDFK� WR� UHKDELOLWDWH�PDQJURYHV� IRUHVWV� LQ�
7KDLODQG���WK�,QW��&RQI��RQ�5HPRWH�6HQVLQJ�IRU�0DULQH�DQG�&RDVWDO�(QY��,,��86$��

7KDPSDQ\D�� 8��� 9HUPDDW�� -�(��� 6LQVDNXO�� 6�� DQG� 3DQDSLWXNNXO�� 1�� ������� &RDVWDO� HURVLRQ� DQG� PDQJURYH�
SURJUDGDWLRQ�RI�6RXWKHUQ�7KDLODQG��(VWXDU�&RDVW�6KHOI�6�������������

:50��������0DQJURYHV�ORFDO�OLYHOLKRRGV�YV��FRUSRUDWH�SURILWV��:RUOG�5DLQIRUHVW�0RYHPHQW��8UXJXD\��
�
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Philosophy of ISERD: 
Recently, in developing countries, subsistence agriculture is being converted to export-oriented mono-culture, 
and the amounts of agricultural chemicals applied to the farmland are increasing every year. The applied 
chemicals in farmland cause serious environmental problems downstream such as eutrophication, unusual 
growth of aquatic plants, decrease in dissolved oxygen and accumulation of bottom mud in water resources. 
Also, there seem to be many cases in which people apply agricultural chemicals without understanding its 
impact to health and food safety. Therefore, it is necessary to promote and enhance understanding of 
sustainable rural development among local stakeholders including farmers.  

Sustainable rural development aims to meet human needs while preserving the natural environment. As 
it should cover not only social and economic development but also natural environment conservation, no 
single organization can achieve sufficiently the aspirations of sustainable rural development. Collaboration 
among international, governmental and non-governmental organizations, together with the academe and 
scientific sector, is indispensable.  

The knowledge and intelligence accumulated in universities and research institutions are also expected 
to make the programs facilitated by the international, governmental and non-governmental organizations 
more adequately implemented and meaningful to societal development. However, these cases especially 
those implemented locally have been scattered without having been summarized well or recorded in annals 
academic or scientific societies.  

So, the International Society of Environmental and Rural Development founded in 2010, aims to discuss 
and develop suitable and effective processes or strategies on sustainable rural development focusing on 
agricultural and environmental aspects in developing countries. The ultimate goals of the society are to 
contribute to sustainable rural development through social and economic development in harmony with the 
natural environment, and to support the potential or capacity building of local institutions and stakeholders in 
the rural area with academic background.  
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The primary purposes of ISERD are to contribute to sustainable rural development through social and 
economic development in harmony with the natural environment and to support the potential or capacity 
building of local institutions and stakeholders in the rural area with academic background.  

In order to enhance the realization of the primary purposes of ISERD, the secondary purposes are;  
- to facilitate interaction among international, governmental, non-governmental organizations and local 
communities,  
- to hold conferences or symposia on environmental and rural development,  
- to publish the International Journal of Environmental and Rural Development, and  
- to encourage and develop local awareness concerning sustainable rural development. 
 
Membership:  
There shall be two categories of membership. 
(a) Individual 
(b) Organizational 
An application for membership of ISERD shall be submitted to the secretariat of ISERD, Institute of 
Environment Rehabilitation and Conservation (Japan) or Association of Environmental and Rural 
Development (Thailand) by writing or by other appropriate means. 
 
Council of ISERD: 
The affairs of ISERD shall be governed and managed by the ISERD Council. The councilors are as follows. 
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Prof. Dr. Mario T. Tabucanon, United Nations University, Institute of Advanced Studies, Japan 
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Dr. Bunthan Ngo, Royal University of Agriculture, Cambodia 
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Dr. Lalita Siriwattananon, Association of Environmental and Rural Development, Thailand 
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2987-1 Onoji Machida-Shi, Tokyo 195-0064, Japan 
Tel/Fax: +81-42736-8972 
E-mail: iserd@int-erd.org  
Webpage: www.int-erd.org 
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