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7KH�UHVHDUFKHUV�VRXJKW�WR�GHWHUPLQH�WKH�DQWLELRWLF�VXVFHSWLELOLW\�SURILOH�RI�EDFWHULD�
LVRODWHG�IURP�VXUIDFH�ZDWHU�RI�HVWXDULQH�DQG�VDQFWXDU\�HQYLURQPHQWV�DQG�KLJK�GHQVLW\�
LQGXVWULDO�]RQH� LQ�'DYDR�&LW\��&RQGXFWHG�DV�D�FRQFHUWHG�HIIRUW� WR�VKHG� OLJKW�RQ� WKH�
EXUJHRQLQJ�SUREOHP�RI�DQWLELRWLF�UHVLVWDQW�EDFWHULD�ZLWK�WKH�LQYHVWLJDWLRQ�RI�WKH�VSDWLDO�
GLVWULEXWLRQ�RI�VHOHFWHG�KHDY\�PHWDOV�LQ�VXUIDFH�VHGLPHQWV�RI�VXUIDFH�ZDWHU��7KH�VXUIDFH�
ZDWHU�VRXUFHV�IURP�WKH�WKUHH�VDPSOLQJ�VLWHV��+LJK�,QGXVWULDO��1HDUVKRUH�(VWXDULQH�DQG�
7XUWOH�6DQFWXDU\��ZHUH�IRXQG�WR�EH�FRQWDPLQDWHG�ZLWK�HQWHULF�EDFWHULD��FDUULHG�RXW�E\�
XVLQJ�VHOHFWLYH�PHGLD�DJDU�SODWH�DQG�DQDO\]HG�XVLQJ�WKH�.LUE\�%DXHU�7HVW��=RQH�RI�
,QKLELWLRQ�7HVW���)XUWKHU��E\�GHWHUPLQLQJ�WKH�$QWLELRWLF�5HVLVWDQFH�,QGH[��$5,��RI�WKH�

GHWHUPLQDQWV�LQ�D�SRSXODWLRQ��ZKHUHLQ��WKH�WKUHH�VDPSOLQJ�VLWHV�KDYH�EHHQ�IRXQG�WR�EH�
FRPSDUDEO\�FRQWDPLQDWHG�E\�SDWKRJHQLF�HQWHULF�EDFWHULD��S!�������7KH�ILQGLQJV�RI�WKLV�
UHVHDUFK�VHUYH�DV�EDVHOLQH�LQIRUPDWLRQ�IRU�JRYHUQPHQW�DJHQFLHV�LQ�PDNLQJ�QHFHVVDU\�
JXLGHOLQHV� WR� FRQWURO� WKH� WUDQVSRUW� DQG� GLVSRVDO� RI� WR[LF� DQG� KD]DUGRXV� ZDVWHV� LQ�
WKH� DUHD��7KLV� VKDOO� WKHQ� VHUYH� DV� D� \DUGVWLFN� WR� DGRSW� DQ� HIIHFWLYH�ZDWHU� WUHDWPHQW�
PDQDJHPHQW�WR�PLWLJDWH�WKH�FXUUHQW�SUHYDOHQFH�RI�DQWLELRWLF�UHVLVWDQW�LQIHFWLRQV��

.(<:25'6��$QWLELRWLF�VXVFHSWLELOLW\��HVWXDULQH�HQYLURQPHQW��WXUWOH�VDQFWXDU\��
KLJK�GHQVLW\�LQGXVWULDO�]RQH

,1752'8&7,21

5DSLGO\�HPHUJLQJ�UHVLVWDQW�EDFWHULD�UHVXOWLQJ�IURP�XVH��PLVXVH�DQG�RXWULJKW�DEXVH�
RI� DQWLELRWLFV�� HQGDQJHU� WKH� HIILFDF\� RI� DQWLELRWLF� WUHDWPHQW� WR� WUHDW� HYHQ� WKH�PRVW�
FRPPRQ� WUHDWDEOH� LQIHFWLRXV� GLVHDVHV�� $QWLELRWLF�UHVLVWDQW� EDFWHULD� DUH� SRWHQWLDOO\�
RQH�RI� WKH�GHDGOLHVW�SXEOLF�KHDOWK�FRQFHUQV�DQG�DSSHDU� WR�EH�UDSLGO\�LQFUHDVLQJ�DQG�
VSUHDGLQJ�LQ�WKH�HQYLURQPHQW��7KH�:RUOG�+HDOWK�2UJDQL]DWLRQ��:+2��DQG�&HQWHU�IRU�
'LVHDVH�&RQWURO�DQG�3UHYHQWLRQ��&'&��DUH�SUHGLFWLQJ�VHYHUH�FRQVHTXHQFHV�LI�WKHUH�DUH�
QR�SURSRVHG�LQLWLDWLYHV�WR�UHGXFH�DQG�FRQWURO�WKH�VSUHDG�RI�UHVLVWDQW�EDFWHULD��9HQWROD��
�������

6XUIDFH�ZDWHU�VHUYHV�DV�PDMRU�VRXUFHV�RI�ZDWHU�VXSSO\�IRU�GULQNLQJ�DQG�GRPHVWLF�
SXUSRVHV�ZKLFK�JUHDWO\� LPSDFW�SXEOLF�KHDOWK�� DV� WKHVH�FRXOG� VHUYH�DV� UHVHUYRLUV� IRU�
WUDQVIHU�RI�DQWLELRWLF�UHVLVWDQW�SDWKRJHQV��6XUIDFH�ZDWHU�HQYLURQPHQWV�DUH�VXVFHSWLEOH�
WR�SURPRWH�FRQWDPLQDWLRQ�RI� UHVLGXDO� DQWLELRWLFV� WKDW� DUH� UHOHDVHG� WKURXJK�GLIIHUHQW�
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VRXUFHV��VXFK�DV�OHDFKLQJ�DJULFXOWXUDO�UXQ�RIIV��VHZDJH�GLVFKDUJHV�DQG�OHDFKLQJ�IURP�
QHDUE\�OLYHOLKRRGV�RI�FRPPXQLWLHV��0DQ\L�/RK�HW��DO�������

5HVLGXHV� RI� DQWLELRWLFV� UHDFK� ZDWHU� ERGLHV� WKURXJK� ZDVWHV� GLVFKDUJHG� IURP�
KRXVHKROGV�� GUXJ� PDQXIDFWXULQJ� XQLWV�� KRVSLWDOV� DQG� SRXOWU\� LQGXVWULHV� ZKHUH�
DQWLELRWLFV�DUH�XVHG�LQ�IHHGV�WR�LPSURYH�OLYHVWRFN�\LHOG��7KHVH�DQWLELRWLFV�LQ�ZDWHU�OHDG�
WR�HYROXWLRQ�RI�EDFWHULD�WKDW�DUH�UHVLVWDQW�WR�DQWLELRWLFV��ZKLFK�WKHQ�JURZ�LQ�QXPEHUV�
DQG�VSUHDG�LQ�WKH�HQYLURQPHQW��7KH�VLWXDWLRQ�FRXOG�SRVH�D�GDQJHU�WR�KXPDQ�KHDOWK�DV�
LQIHFWLRQ�ZLWK�VXFK�NLQG�RI�UHVLVWDQW�EDFWHULD�FRXOG�EHFRPH�XQWUHDWDEOH��

$V� SRVLWHG� E\� *XR\RPDUG�5DEHQLULQD� �������� DSSUR[LPDWHO\� �������� GHDWKV�
RFFXU�GXH�WR�DQWLELRWLF�UHVLVWDQW�EDFWHULDO�LQIHFWLRQ�HDFK�\HDU��ERWK�LQ�GHYHORSHG�DQG�
GHYHORSLQJ�FRXQWULHV��,Q�KLJK�LQFRPH�FRXQWULHV��WKH�FRQWLQXHG�KLJK�UDWHV�RI�DQWLELRWLF�
XVH� LQ�KRVSLWDOV�� WKH�FRPPXQLW\�DQG�DJULFXOWXUH�KDYH�EHHQ� VXVSHFWHG�DV�RQH�RI� WKH�
PDLQ�UHDVRQV�IRU�WKH�VSUHDG�RI�DQWLELRWLF�UHVLVWDQW�EDFWHULD��2Q�WKH�RWKHU�KDQG��LQ�ORZ�
LQFRPH�FRXQWULHV��DQWLELRWLF�UHVLVWDQW�EDFWHULD�VSUHDG�HDVLO\�GXH�WR�SRRU�KDQG�K\JLHQH�
EHWZHHQ�KXPDQV�LQ�WKH�FRPPXQLW\�DQG�WKURXJK�WKHLU�HQYLURQPHQW��

&RQVHTXHQWO\��DFFXUDWH�LGHQWLILFDWLRQ�RI�EDFWHULDO�SDWKRJHQV�DQG�GHWHUPLQLQJ�WKHLU�
GUXJ�VXVFHSWLELOLW\�SDWWHUQ�DUH�FULWLFDO�IRU�WKH�HIILFLHQW�PDQDJHPHQW�RI�WKHVH�DQWLELRWLF�
UHVLVWDQW�VWUDLQV�RI�LQIHFWLRQV��7KH�UHVXOWV�RI�$QWLELRWLF�6XVFHSWLELOLW\�7HVWLQJ��$67��
RI�EDFWHULDO�LVRODWHV�FDQ�SUHGLFW�WKH�FOLQLFDO�UHVSRQVH�WR�WUHDWPHQW�DQG�JXLGH�VHOHFWLRQ�
RI� DQWLELRWLFV�� 8VLQJ� WKH� 0LQLPXP� ,QKLELWRU\� &RQFHQWUDWLRQV� �0,&V�� RI� EDFWHULDO�
LVRODWHV�� WKLV� GHWHUPLQHV� WKH� ORZHVW� FRQFHQWUDWLRQ� RI� DQWLELRWLF� WKDW� ZLOO� LQKLELW�
LWV� JURZWK�� $FFRUGLQJ� WR� WKH� &OLQLFDO� DQG� /DERUDWRU\� 6WDQGDUGV� ,QVWLWXWH� �&/6,���
EDFWHULD� DUH� FODVVLILHG� DV� 6XVFHSWLEOH� �6�� ZKHUHLQ� EDFWHULDO� LVRODWHV� DUH� LQKLELWHG�
ZKHQ� UHFRPPHQGHG�GRVDJH�RI�DQWLELRWLFV� LV�XVHG��5HVLVWDQW� �5��ZKLFK� LPSOLHV� WKDW�
EDFWHULDO� LVRODWHV� DUH� QRW� LQKLELWHG� E\� WKH� UHFRPPHQGHG� GRVDJH� RI� DQWLELRWLFV� DQG�
FOLQLFDO�HIILFDF\�DJDLQVW�WKH�LVRODWH�KDV�QRW�EHHQ�UHOLDEOH��DQG�,QWHUPHGLDWH��,��LQFOXGHV�
EDFWHULDO�LVRODWHV�ZLWK�0,&V�WKDW�DSSURDFK�XVXDOO\�DWWDLQDEOH�EORRG�DQG�WLVVXH�OHYHOV�
DQG�IRU�ZKLFK�UHVSRQVH�UDWHV�PD\�EH�ORZHU�WKDQ�IRU�VXVFHSWLEOH�LVRODWHV��$SOH\��������

(QYLURQPHQWDO�SROOXWLRQ�KDV�REYLRXVO\�RFFXUUHG�LQ�PDQ\�FRDVWDO�DUHDV��HVSHFLDOO\�
LQ� HVWXDULHV� DQG� FRDVWDO� ED\V� ZLWK� GHQVH� KXPDQ� SRSXODWLRQV� LQ� WKHLU� ZDWHUVKHGV��
(VWXDULHV�DUH�WUDQVLWLRQDO�DUHDV�EHWZHHQ�WKH�ODQG�DQG�WKH�VHD��DQG�EHWZHHQ�IUHVKZDWHU�
DQG�VDOWZDWHU�HQYLURQPHQWV��WKH\�FDQ�EH�VHULRXVO\�LPSDFWHG�E\�DQ\�QXPEHU�DFWLYLWLHV�
�(QYLURQPHQWDO� 3URWHFWLRQ� $JHQF\�� 86�(3$�� Q�G���� 3HRSOH� KDYH� KLVWRULFDOO\�
YLHZHG� HVWXDULHV� DQG�ZDWHUZD\V� DV� SODFHV� WR� GLVFDUG� WKH� XQZDQWHG� E\�SURGXFWV� RI�
FLYLOL]DWLRQ��3ROOXWLRQ�GXH�WR�FRQWDPLQDQWV�WKDW�HQGDQJHU�WKH�KHDOWK�DQG�ZHOO�EHLQJ�RI�
WKH�VXUURXQGLQJ�FRPPXQLW\�LV�SUREDEO\�WKH�PRVW�LPSRUWDQW�WKUHDW�WR�ZDWHU�TXDOLW\�LQ�
HVWXDULHV��

5DWLRQDOH��$QWLELRWLF� UHVLVWDQFH� LV� D�PDMRU� SXEOLF� KHDOWK� ULVN� WKDW� FDQ� OHDG� WR�
SUREOHPV� VXFK� DV� LQFUHDVHG� KXPDQ� LOOQHVV�� VXIIHULQJ� DQG� GHDWK�� LQFUHDVHG� FRVW� DQG�
OHQJWK� RI� WUHDWPHQWV�� LQFUHDVHG� HFRQRPLF� DQG� HPRWLRQDO� EXUGHQ� RQ� IDPLOLHV� DQG�
KHDOWKFDUH� V\VWHPV�� 7R� IXUWKHU� FRPSRXQG� WKH� SUREOHP�� EDFWHULD� ZLWK� WKH� KLJKHVW�
OHYHO� RI� UHVLVWDQFH� ZHUH� LVRODWHG� IURP� WKH� HQYLURQPHQW�� ZKHUH� VXUIDFH� ZDWHU� KDV�
EHHQ�LGHQWLILHG�DV�WKH�PDLQ�UHFHSWDEOH�UHVHUYRLU�RI�DQWLELRWLFV�DQG�DQWLELRWLF�UHVLVWDQW�
EDFWHULD��3RRQLD�HW�DO���������

$OWKRXJK� ZDVWHZDWHU� WUHDWPHQW� SODQW� VLJQLILFDQWO\� UHGXFHV� WKH� WRWDO� QXPEHU�
RI� EDFWHULD�� QXPHURXV� VWXGLHV� KDYH� GHPRQVWUDWHG� WKDW� WUHDWHG� ZDVWHZDWHU� PD\�
FRQWDLQ� DQWLELRWLF� UHVLVWDQW� EDFWHULD�� HVSHFLDOO\� (QWHUREDFWHULDFHDH DQG� FRQWULEXWH�

$\D�D\�HW�DO�



WR� WKH� FRQWDPLQDWLRQ� RI� VXUIDFH�ZDWHU�� ,Q� DGGLWLRQ��ZDVWHZDWHU� LV� ULFK� LQ� QXWULHQWV��
DQWLPLFURELDO� VXEVWDQFHV��DQG�RWKHU�SROOXWDQWV� VXFK�DV�KHDY\�PHWDOV�� DQG� WKXV�RIIHU�
RSWLPDO� FRQGLWLRQV� IRU� EDFWHULDO� GHYHORSPHQW� DQG� WKH� VSUHDG� RI� DQWLELRWLF� UHVLVWDQW�
EDFWHULD�E\�PXWDWLRQ�RU�KRUL]RQWDO�JHQH�WUDQVIHU��*XR\RPDUG�5DEHQLULQD��������

$V� D� FRQFHUWHG� HIIRUW� WR� VKHG� OLJKW� RQ� WKLV� EXUJHRQLQJ� SUREOHP� RI� DQWLELRWLF�
UHVLVWDQW�EDFWHULD��DQ�LQLWLDWLYH�WR�LQYHVWLJDWH�WKH�VSDWLDO�GLVWULEXWLRQ�RI�VHOHFWHG�KHDY\�
PHWDOV�LQ�VXUIDFH�VHGLPHQWV�RI�VXUIDFH�ZDWHU�E\�$\D�D\��HW�DO���������ZDV�FRQGXFWHG�
WR� LQGLFDWH� WKH�GHJUHH�RI�FRQWDPLQDWLRQ� LQ� WKH�DUHD�E\�HYDOXDWLQJ�FRQFHQWUDWLRQV�RI�
YDULRXV�SROOXWDQWV�DFFXPXODWLQJ�LQ�WKH�DTXDWLF�UHVRXUFHV�RI�WKH�UHJLRQ�DQG�VWUHVVHG�WKDW�
WKH�VLWXDWLRQ�PD\�ZRUVHQ�LI�QR�HIIHFWLYH�PHDVXUH�ZLOO�EH�GRQH�E\�FRQFHUQHG�DXWKRULWLHV��

7KH�7XUWOH�6DQFWXDU\�LQ�'DYDR�&LW\�HQJDJHV�LQ�WKH�UHFRYHU\��WDJJLQJ�DQG�UHVFXH�
RI�LOOHJDOO\�FDSWXUHG�DQG�GHWDLQHG�PDULQH�WXUWOHV��,W�LV�DOVR�GHFODUHG�D�SURWHFWHG�DUHD�
IRU�PDQJURYHV�ZKLFK�DUH�DEXQGDQW�LQ�WKH�DUHD��7KH�VXUYLYDO�RI�WKH�WXUWOH�SRSXODWLRQ�
DPLG�HQYLURQPHQWDO�GHJUDGDWLRQ�OLH�RQ�WKH�TXDOLW\�RI�WKH�ZDWHU�UHVRXUFH�LQ�ZKLFK�WKH\�
LQKDELW��7KH�JURZLQJ�QXPEHU�RI�LQGXVWULHV�DQG�FRPPXQLWLHV�VXUURXQGLQJ�'DYDR�&LW\
V�
FDWFKPHQWV� LQ� WKH� DEVHQFH�RI� D� FHQWUDOL]HG�ZDVWH�ZDWHU� WUHDWPHQW�SODQW� FDQ� OHDG� WR�
GHSRVLWLRQ�RI�KHDY\�PHWDOV�ERWK�RQ�WKH�VXUIDFH�ZDWHU�DQG�VHGLPHQWV�DORQJ�WKH�W\SLFDO�
HVWXDU\�DQG�VDQFWXDU\�DUHDV��

0RUHRYHU��KLJK�GHQVLW\�LQGXVWULDO�]RQH�LQ�'DYDR�&LW\�SRVH�D�VLJQLILFDQW�WKUHDW�WR�
ZDWHU�TXDOLW\�WR�QHDUE\�FRPPXQLWLHV�DV�WKHUH�YDULRXV�GLVFKDUJHV�RI�XQWUHDWHG�ZDVWH�
ZDWHU� IURP�LOOHJDO�VHWWOHPHQWV�DORQJ�ZDWHUZD\V��SRRU�VHZDJH�V\VWHP�DQG� LQGXVWULDO�
DQG�GRPHVWLF�HIIOXHQWV�LQ�WKH�FLW\�

7R� DVVHVV� LPSDFW� RI� JURZLQJ� HFRQRP\� DQG� FRPPXQLWLHV� WR� WKH� HVWXDULQH�
HQYLURQPHQW�� WXUWOH� VDQFWXDU\� DQG� KLJK�GHQVLW\� LQGXVWULDO� ]RQH�� WKH� UHVHDUFKHUV� RI�
WKH� VWXG\� VRXJKW� WR� FRQGXFW� DQ� DQWLELRWLF� VXVFHSWLELOLW\� SURILOH� RI� EDFWHULD� LVRODWHG�
IURP�VXUIDFH�ZDWHU�RI�'DYDR�&LW\��WR�GHWHUPLQH�WKH�GHJUHH�RI�FRQWDPLQDWLRQ�EURXJKW�
DERXW�E\�GLVFKDUJHV�RI�LQGXVWULDO�DQG�GRPHVWLF�HIIOXHQWV��,Q�VR�GRLQJ��WKH�ILQGLQJV�RI�
WKLV�UHVHDUFK�ZLOO�JHQHUDWH�EDVHOLQH�LQIRUPDWLRQ�IRU�JRYHUQPHQW�DJHQFLHV�LQ�PDNLQJ�
QHFHVVDU\� JXLGHOLQHV� WR� FRQWURO� WKH� WUDQVSRUW� DQG� GLVSRVDO� RI� WR[LF� DQG� KD]DUGRXV�
ZDVWHV�LQ�WKH�DUHD��)XUWKHU��WKLV�VWXG\�FDQ�EH�XVHG�WR�VWUHQJWKHQ�DQG�LPSOHPHQW�H[LVWLQJ�
SXEOLF�SROLFLHV�LQ�SURWHFWLQJ�WKH�HQYLURQPHQW��:LWK�HPSKDVLV��RQ�WKH�,QWHJUDWHG�7ULSRG�
0LVVLRQ��WHDFKLQJ��FRPPXQLW\�VHUYLFH��DQG�UHVHDUFK��WKLV�VWXG\�LV�D�FUXFLDO�PHFKDQLVP�
IRU�WKH�UHVHDUFKHUV�WR�WUDQVIHU�UHVHDUFK�RXWFRPHV�WR�WKH�/*8�DQG�RWKHU�JRYHUQPHQW�
DJHQFLHV��7KHUH�LV�D�QHHG�WR�HVWDEOLVK�WKH�H[WHQW�WR�ZKLFK�WKH�VXUIDFH�ZDWHU�XVHG�ZLWKLQ�
WKH�FRPPXQLW\�LV�FRQWDPLQDWHG�ZLWK�SDWKRJHQLF�PLFURRUJDQLVPV��7KLV�VKDOO�WKHQ�VHUYH�
DV�D�\DUGVWLFN�WR�DGRSW�DQ�HIIHFWLYH�ZDWHU�WUHDWPHQW�PDQDJHPHQW�WR�PLWLJDWH�WKH�FXUUHQW�
SUHYDOHQFH�RI�DQWLELRWLF�UHVLVWDQW�LQIHFWLRQV�

*HQHUDOO\�� WKH� UHVHDUFKHUV� RI� WKLV� VWXG\� VRXJKW� WR� GHWHUPLQH� WKH� DQWLELRWLF�
VXVFHSWLELOLW\�SURILOH�RI�EDFWHULD�LVRODWHG�IURP�VXUIDFH�ZDWHU�RI�HVWXDULQH�HQYLURQPHQW��
WXUWOH�VDQFWXDU\�DQG�KLJK�GHQVLW\�LQGXVWULDO�]RQH�LQ�'DYDR�&LW\�

(PHUJHQFH�RI�DQWLELRWLF�UHVLVWDQW�SDWKRJHQLF�EDFWHULD�SRVHV�D�VHULRXV�SXEOLF�
KHDOWK�FKDOOHQJH�ZRUOGZLGH��+RZHYHU��DQWLELRWLF�UHVLVWDQFH�JHQHV�DUH�QRW�FRQILQHG�WR�
WKH�FOLQLF��LQVWHDG��WKH\�DUH�ZLGHO\�SUHYDOHQW�LQ�GLIIHUHQW�EDFWHULDO�SRSXODWLRQV�LQ�WKH�
HQYLURQPHQW��

7KHUHIRUH�� WR� XQGHUVWDQG� GHYHORSPHQW� RI� DQWLELRWLF� UHVLVWDQFH� LQ� SDWKRJHQV��
ZH� QHHG� WR� FRQVLGHU� LPSRUWDQW� UHVHUYRLUV� RI� UHVLVWDQFH� JHQHV�� ZKLFK� PD\� LQFOXGH�
GHWHUPLQDQWV� WKDW� FRQIHU� VHOI�UHVLVWDQFH� LQ� DQWLELRWLF� SURGXFLQJ� VRLO� EDFWHULD� DQG�

$\D�D\�HW�DO�6XUIDFH�:DWHU�$QDO\VHV�IRU�$QWLELRWLF�6XVFHSWLELOLW\
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JHQHV�HQFRGLQJ�LQWULQVLF�UHVLVWDQFH�PHFKDQLVPV�SUHVHQW�LQ�DOO�RU�PRVW�QRQ�SURGXFHU�
HQYLURQPHQWDO� EDFWHULD��:KLOH� WKH� SUHVHQFH� RI� UHVLVWDQFH� GHWHUPLQDQWV� LQ� VRLO� DQG�
HQYLURQPHQWDO�EDFWHULD�GRHV�QRW�SRVH�D�WKUHDW�WR�KXPDQ�KHDOWK��WKHLU�PRELOL]DWLRQ�WR�
QHZ�KRVWV�DQG�WKHLU�H[SUHVVLRQ�XQGHU�GLIIHUHQW�FRQWH[WV�FDQ�WUDQVODWH�LQWR�D�SUREOHP�RI�
KXJH�SURSRUWLRQV��+XPDQ�DFWLYLWLHV�IXUWKHU�UHVXOW�LQ�HQULFKPHQW�RI�VXFK�GHWHUPLQDQWV�
LQ�EDFWHULDO�SRSXODWLRQV��

7KXV��WKHUH�LV�DQ�XUJHQW�QHHG�WR�XQGHUVWDQG�GLVWULEXWLRQ�RI�UHVLVWDQFH�GHWHUPLQDQWV�
LQ�EDFWHULDO�SRSXODWLRQV��HOXFLGDWH�UHVLVWDQFH�PHFKDQLVPV��DQG�GHWHUPLQH�HQYLURQPHQWDO�
IDFWRUV�WKDW�SURPRWH�WKHLU�GLVVHPLQDWLRQ�

7KH� HQYLURQPHQW�� DQG� HVSHFLDOO\� IUHVKZDWHU�� FRQVWLWXWHV� D� UHDFWRU� ZKHUH� WKH�
HYROXWLRQ�DQG�WKH�ULVH�RI�QHZ�UHVLVWDQFHV�RFFXU��,Q�ZDWHU�ERGLHV�VXFK�DV�ZDVWHZDWHU�
HIIOXHQWV�� ODNHV�� DQG� ULYHUV� RU� VWUHDPV�� EDFWHULD� IURP� GLIIHUHQW� VRXUFHV�� H�J��� XUEDQ��
LQGXVWULDO��DQG�DJULFXOWXUDO�ZDVWH��SUREDEO\�VHOHFWHG�E\�LQWHQVLYH�DQWLELRWLF�XVDJH��DUH�
FROOHFWHG�DQG�PL[HG�ZLWK�HQYLURQPHQWDO�VSHFLHV��7KLV�PD\�FDXVH�WZR�HIIHFWV�RQ�WKH�
GHYHORSPHQW�RI�DQWLELRWLF�UHVLVWDQFHV��ILUVW��WKH�FRQWDPLQDWLRQ�RI�ZDWHU�E\�DQWLELRWLFV�
RU�RWKHU�SROOXWDQWV�OHDG�WR�WKH�ULVH�RI�UHVLVWDQFHV��6HFRQG��VLQFH�HQYLURQPHQWDO�VSHFLHV�
DUH�SURYLGHG�ZLWK�LQWULQVLF�DQWLELRWLF�UHVLVWDQFH�PHFKDQLVPV��WKH�PL[WXUH�ZLWK�FHUWDLQ�
VSHFLHV�LV�OLNHO\�WR�FDXVH�JHQHWLF�H[FKDQJH��/XSR�HW�DO�������

,Q� WKLV� FRQWH[W�� WKH� UROH� RI� SKDJHV� DQG� LQWHJURQV� IRU� WKH� VSUHDG� RI� UHVLVWDQFH�
PHFKDQLVPV�DSSHDUV�VLJQLILFDQW��&HUWDLQ�VSHFLHV�FRXOG�DFTXLUH�QHZ�UHVLVWDQFHV�IURP�
HQYLURQPHQWDO�GRQRUV�DQG�LQWURGXFH�WKH�QHZO\�DFTXLUHG�UHVLVWDQFH�PHFKDQLVPV�LQWR�
WKH�FRPPXQLW\��)UHVKZDWHU�DSSHDUV�WR�SOD\�DQ�LPSRUWDQW�UROH�LQ�WKH�HPHUJHQFH�DQG�LQ�
WKH�VSUHDG�RI�DQWLELRWLF�UHVLVWDQFHV��KLJKOLJKWLQJ�WKH�QHFHVVLW\�IRU�VWUDWHJLHV�RI�ZDWHU�
TXDOLW\�LPSURYHPHQW�

)XUWKHU�NQRZOHGJH�LV�QHHGHG�WR�EHWWHU�XQGHUVWDQG�WKH�UROH�RI�WKH�HQYLURQPHQW�DV�
UHVHUYRLU� RI� DQWLELRWLF� UHVLVWDQFHV� DQG� WR� HOXFLGDWH� WKH� OLQN� EHWZHHQ� HQYLURQPHQWDO�
SROOXWLRQ�E\�DQWKURSRJHQLF�SUHVVXUHV�DQG�HPHUJHQFH�RI�DQWLELRWLF�UHVLVWDQFHV��2QO\�DQ�
LQWHJUDWHG�YLVLRQ�RI�WKHVH�WZR�DVSHFWV�FDQ�SURYLGH�HOHPHQWV�WR�DVVHVV�WKH�ULVN�RI�VSUHDG�
RI�DQWLELRWLF�UHVLVWDQFHV�YLD�ZDWHU�ERGLHV�DQG�VXJJHVW��LQ�WKLV�FRQWH[W��VROXWLRQV�IRU�WKLV�
XUJHQW�KHDOWK�LVVXH�

2EMHFWLYHV�RI�WKH�6WXG\

7KLV� VWXG\� VRXJKW� WR� GHWHUPLQH� WKH� DQWLELRWLF� VXVFHSWLELOLW\� SURILOH� RI� EDFWHULD�
LVRODWHG�IURP��VXUIDFH�ZDWHU�RI�HVWXDULQH�DQG�VDQFWXDU\�HQYLURQPHQWV�DQG�KLJK�GHQVLW\�
LQGXVWULDO� ]RQH� LQ� 'DYDR� &LW\�� 7KH� VWXG\� ZDV� FRPSULVHG� RI� D� UDQJH� RI� DFWLYLWLHV�
LQFOXGLQJ� GHWHUPLQDWLRQ� RI� VDPSOLQJ� SRLQWV�� ILHOG� VDPSOLQJ�� ODERUDWRU\� DQDO\VHV��
HYDOXDWLRQ� DQG� UHSRUWLQJ� RI� UHVXOWV� WR� UDLVH� DZDUHQHVV� RQ� GHJUHH� RI� FRQWDPLQDWLRQ�
LQ� WKH�YDULRXV�VDPSOLQJ�DUHDV�RI� LQWHUHVW��7KHUH�ZHUH� WKUHH�����VDPSOLQJ�SRLQWV� WKDW�
ZLOO� EH� FOXVWHUHG� DFFRUGLQJ� WR� WKH� IROORZLQJ� FULWHULD� DQG� ZDVWHZDWHU� FDWFKPHQW��
+LJK� 'HQVLW\� ,QGXVWULDO� =RQH�� 7\SLFDO� (VWXDU\� HQYLURQPHQW� DQG� 7XUWOH� 6DQFWXDU\��
6XUIDFH�ZDWHU�VDPSOHV�IURP�WKH�SUH�GHWHUPLQHG�VWDWLRQV�ZHUH�FROOHFWHG�LQ�SUHYLRXVO\�
FOHDQHG�DQG�GU\�ERWWOH�XVLQJ�WKH�GLUHFW�PHWKRG��6DIH�KDQGOLQJ�SURWRFRO�DQG�WUDQVSRUW�
PHFKDQLVPV�ZHUH�REVHUYHG��$OO�LVRODWHG�DQG�LGHQWLILHG�JURXS�RI�EDFWHULD�IURP�ZDWHU�
VDPSOHV�ZHUH�FXOWXUHG�XVLQJ�VHOHFWLYH�PHGLD�DJDU�SODWH�DQG�DQDO\]HG�XVLQJ�WKH�.LUE\�
%DXHU�7HVW��=RQH�RI�,QKLELWLRQ�7HVW���&RQVHTXHQWO\��WKH�$QWLELRWLF�5HVLVWDQFH�,QGH[�
�$5,��ZHUH�FDOFXODWHG�WR�GHWHUPLQH�WKH�H[WHQW�RI�FRQWDPLQDWLRQ�LQ�WHUPV�RI�H[SRVXUH�
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WR�DQWLELRWLFV�LQGLFDWHG�E\�SUHYDOHQFH�RI�EDFWHULDO�UHVLVWDQW�GHWHUPLQDQWV�VDPSOHG�IURP�
WKUHH�VDPSOLQJ�VLWHV�

0(7+2'

5HVHDUFK� 'HVLJQ�� 7KLV� VWXG\� HPSOR\HG� DQ� DQDO\WLF� REVHUYDWLRQDO� UHVHDUFK�
GHVLJQ�� ZKHUH� WKH� UHVHDUFKHUV� PHDVXUHG� WKH� H[SRVXUH� RI� WKH� VDPSOHV� XQGHU� VWXG\��
WKDW�LV�GHWHUPLQH�WKH�DQWLELRWLF�VXVFHSWLELOLW\�SURILOH�RI�EDFWHULD�LVRODWHG�IURP�VXUIDFH�
ZDWHU� RI� HVWXDULQH� DQG� VDQFWXDU\� HQYLURQPHQWV� DQG� KLJK�GHQVLW\� LQGXVWULDO� ]RQH� LQ�
'DYDR�&LW\��2EVHUYDWLRQDO� VWXGLHV� LQYHVWLJDWH� DQG� UHFRUG�H[SRVXUHV�RU� ULVN� IDFWRUV��
LQ� WKLV� FDVH�� H[SRVXUH� WR� DQWLELRWLFV� DQG� REVHUYH� RXWFRPHV�� LQ� WKLV� FDVH�� DQWLELRWLF�
VXVFHSWLELOLW\� DV� WKH\� RFFXU�� 0RUHRYHU�� DQ� DQDO\WLF� VWXG\� DWWHPSW� WR� TXDQWLI\� WKH�
UHODWLRQVKLS�EHWZHHQ�WKH�HIIHFW�RI�DQ�H[SRVXUH�RQ�DQ�RXWFRPH�DQG�LQ�WKLV�VWXG\��LW�LV�
FRQVLGHUHG�WR�EH�REVHUYDWLRQDO��ZKHUHLQ�WKH�UHVHDUFKHUV�RI�WKLV�VWXG\�PHUHO\�JDWKHUHG�
VRPH�ZDWHU�VDPSOHV�WR�PHDVXUH�HIIHFW�RI�SODXVLEOH�H[SRVXUH�RQ�RXWFRPH��(YLGHQWO\��QR�
LQWHUYHQWLRQ�ZDV�FRQGXFWHG�DQG�WKHUH�ZDV�SDVVLYH�LQYROYHPHQW�RI�UHVHDUFKHUV��&(%0��
������

5HVHDUFK� /RFDOH�� 7KH� SURMHFW� DUHD� FRYHUV� 'DYDR� &LW\�� 7KHUH� ZHUH� WKUHH� ����
VDPSOLQJ�SRLQWV�WKDW�ZHUH�FOXVWHUHG�DFFRUGLQJ�WR�WKH�IROORZLQJ�FULWHULD�DQG�ZDVWHZDWHU�
FDWFKPHQW�� (VWXDULQH� (QYLURQPHQW�� 7XUWOH� 6DQFWXDU\� DQG� +LJK� 'HQVLW\� ,QGXVWULDO�
=RQH�

6DPSOLQJ�3URFHGXUH��:DWHU�VDPSOH�FRQWDLQHUV�ZHUH�VRDNHG�LQ�GLOXWH�VROXWLRQV�RI�
K\GURFKORULF�DFLG��+&O���IROORZHG�E\�GLOXWH�QLWULF�DFLG��+12

�
��DQG�ILQDOO\�ZLOO�EH�ULQVHG�

ZLWK� GHLRQL]HG�ZDWHU� SULRU� WR� XVH�� 6XUIDFH�ZDWHU� VDPSOHV� IURP� WKH� SUH�GHWHUPLQHG�
VWDWLRQV�ZHUH�FROOHFWHG�LQ�SUHYLRXVO\�FOHDQHG�DQG�GU\�ERWWOH�XVLQJ�WKH�³GLUHFW�PHWKRG�´�
:DWHU�VDPSOHV�ZHUH�FROOHFWHG�DERXW�����FP�LQ�GHSWK�WR�DYRLG�VXUIDFH�GHEULV�XQWLO�WKH�
FRQWDLQHU�LV�IXOO��WKHQ�FDSSHG�DQG�SURSHUO\�ODEHOHG�ZLWK�WKH�VDPSOLQJ�VWDWLRQ��WLPH�DQG�
GDWH��&ROOHFWHG�WHVW�PDWHULDOV�ZHUH�SODFHG�LQ�ZDWHU�FRROHU�DERXW���&�IRU�SUHVHUYDWLRQ�
�86�(3$��2FWREHU��������6DPSOHV�ZHUH�LPPHGLDWHO\�WUDQVSRUWHG�WR�6FLHQFH�5HVRXUFH�
&HQWHU�±�8QLYHUVLW\�RI�,PPDFXODWH�&RQFHSWLRQ�IRU�ODERUDWRU\�WHVWLQJ��

$QDO\WLF�3URFHGXUH��7KH�DQWLELRWLF� VXVFHSWLELOLW\� WHVW�ZDV�XVHG� WR�GHWHUPLQH� LI�
WKH�ZDVWHZDWHU�VDPSOHV�ZHUH�UHODWHG�WR�D�KLJKHU�OHYHO�RI�EDFWHULDO�DQWLELRWLF�UHVLVWDQFH�
(VFKHULFKLD�FROL�DQG�RWKHU�SDWKRJHQLF�EDFWHULD�LQ�WKH�WKUHH�VDPSOLQJ�VLWHV��7KH�VXUIDFH�
ZDWHU�ZDV�FROOHFWHG�IURP�WKH�WKUHH�VDPSOLQJ�VLWHV�LQ�VWHULOH�VFUHZ�FDSSHG�ERWWOHV�IRU�
DQWLELRWLF�VXVFHSWLELOLW\� WHVW��$OO�VDPSOHV�ZHUH� WKHQ�SODFHG�LQ�D�SRUWDEOH� LFHER[�DQG�
EURXJKW�WR�WKH�ODERUDWRU\�ZLWKLQ�WZR�KRXUV�RI�FROOHFWLRQ��

$OO�LVRODWHG�DQG�LGHQWLILHG�JURXS�RI�EDFWHULD�IURP�ZDWHU�ZHUH�FXOWXUHG�XVLQJ�
VHOHFWLYH� PHGLD� �FHWULPLGH� DJDU�� SODWHV�� 7KUHH� FRORQLHV� ZHUH� LVRODWHG� IURP� HDFK�
VDPSOLQJ�VLWH�DQG�WUDQVIHUUHG�LQ�WR��P/�RI�VWHULOH�GLVWLOOHG�ZDWHU�WR�SUHSDUH�EDFWHULDO�
VXVSHQVLRQ��$OLTXRWV�RI�����

�FHWULPLGH�DJDU��SODWHV��7KUHH�FRORQLHV�ZHUH� LVRODWHG� IURP�HDFK�VDPSOLQJ� VLWH�DQG� WUDQVIHUUHG� LQ� WR�
/� IURP� HDFK�

VXVSHQVLRQ�ZHUH� VSUHDG�SODWHG�RQ�0XHOOHU�+LQWRQ�DJDU�SODWHV��$QWLELRWLF�GLVFV�ZHUH� DSSOLHG�RQ� WR�
IURP�HDFK�VXVSHQVLRQ�ZHUH�VSUHDG�SODWHG�RQ�0XHOOHU�

+LQWRQ�DJDU�SODWHV��$QWLELRWLF�GLVFV�ZHUH�DSSOLHG�RQ�WR�WKH�SODWHV�XVLQJ�VWHULOH�QHHGOHV�
DQG� WKH�SODWHV�ZHUH� LQFXEDWHG�DW����&�IRU����KRXUV��$IWHU� LQFXEDWLRQ�� WKH�DQWLELRWLF�
LQKLELWLRQ�]RQH�GLDPHWHUV��,='��ZDV�PHDVXUHG��7KH�UHVXOWV�REWDLQHG�ZHUH�WKHQ�XVHG�WR�
FODVVLI\�LVRODWHV�DV�EHLQJ�UHVLVWDQW��LQWHUPHGLDWH�UHVLVWDQW��RU�VXVFHSWLEOH�WR�D�SDUWLFXODU�
DQWLELRWLF� XVLQJ� VWDQGDUG� UHIHUHQFH� YDOXHV� DFFRUGLQJ� WR� &OLQLFDO� DQG� /DERUDWRU\�

$\D�D\�HW�DO�6XUIDFH�:DWHU�$QDO\VHV�IRU�$QWLELRWLF�6XVFHSWLELOLW\

,QWHUQDWLRQDO�-RXUQDO�RI�(GXFDWLRQ�5HVHDUFK�IRU�+LJKHU�/HDUQLQJ�����������



6WDQGDUGV� ,QVWLWXWH� �&/6,���0XOWLSOH� DQWLELRWLF� UHVLVWDQFH� �0$5�� SKHQRW\SHV� ZHUH�
JHQHUDWHG�IRU�LVRODWHV�WKDW�VKRZHG�UHVLVWDQFH�WR���RU�PRUH�DQWLELRWLFV�

7R� WHVW� IRU� DQWLELRWLF� UHVLVWDQFH�� WKH� IROORZLQJ� DQWLELRWLF� GLVFV� DW� WKH� ILQDO�
FRQFHQWUDWLRQV� WKDW� ZHUH� LQGLFDWHG� ZHUH� DPLQRJO\FRVLGHV� �JHQWDP\FLQ� ��� PFJ���
��ODFWDPV��DPR[LFLOOLQ����PFJ��DPSLFLOOLQ����PFJ��PHWKLFLOOLQ����PFJ�DQG�SHQLFLOOLQ�*�
���PFJ��� JO\FRSHSWLGHV� �YDQFRP\FLQ� ���PFJ���PDFUROLGHV� �HU\WKURP\FLQ� ���PFJ���
TXLQRORQHV� �FLSURIOR[DFLQ� ��� PFJ��� WHWUDF\FOLQHV� �WHWUDF\FOLQH� ��� PFJ�� DQG� RWKHUV�
�FKORUDPSKHQLFRO����PFJ���

7R� GHWHUPLQH� WKH� DQWLELRWLF� VXVFHSWLELOLW\� SURILOH� RI� LGHQWLILHG� SDWKRJHQLF�
PLFURRUJDQLVPV�LQ�WHUPV�RI�DQWLELRWLF�UHVLVWDQFH�VDPSOHG�IURP�WKUHH�VLWHV��L��(VWXDULQH�
HQYLURQPHQW��LL��7XUWOH�VDQFWXDU\��DQG�LLL��+LJK�GHQVLW\�LQGXVWULDO�]RQH��WKH�DQWLELRWLF�
LQKLELWLRQ�]RQH�GLDPHWHUV��,='��ZDV�PHDVXUHG��7KH�UHVXOWV�REWDLQHG�ZHUH�WKHQ�XVHG�WR�
FODVVLI\�LVRODWHV�DV�EHLQJ�UHVLVWDQW��LQWHUPHGLDWH�UHVLVWDQW��RU�VXVFHSWLEOH�WR�D�SDUWLFXODU�
DQWLELRWLF� XVLQJ� VWDQGDUG� UHIHUHQFH� YDOXHV� DFFRUGLQJ� WR� &OLQLFDO� DQG� /DERUDWRU\�
6WDQGDUGV� ,QVWLWXWH� �&/6,���0XOWLSOH� DQWLELRWLF� UHVLVWDQFH� �0$5�� SKHQRW\SHV� ZHUH�
JHQHUDWHG�IRU�LVRODWHV�WKDW�VKRZHG�UHVLVWDQFH�WR���RU�PRUH�DQWLELRWLFV�

6WDWLVWLFDO�7RROV��7R�GHWHUPLQH�WKH�H[WHQW�RI�FRQWDPLQDWLRQ�LQ�WHUPV�RI�H[SRVXUH�
WR�DQWLELRWLFV�LQGLFDWHG�E\�SUHYDOHQFH�RI�EDFWHULDO�UHVLVWDQW�GHWHUPLQDQWV�VDPSOHG�IURP�
WKUHH�VDPSOLQJ�VLWHV��WKH�DQWLEDFWHULDO�UHVLVWDQFH�LQGH[��$5,��RI�HDFK�ORFDWLRQ�ZDV�WKHQ�
FDOFXODWHG�DFFRUGLQJ�WR�+LQWRQ��HW�DO��������DV�FLWHG�E\�$]]DP�	��(O�'RXJGRXJ����������
XVLQJ� WKH� IRUPXOD�$5, \�Q[��ZKHUH� µ\¶� UHSUHVHQWV� WKH� DFWXDO� QXPEHU� RI� UHVLVWDQFH�
GHWHUPLQDQWV�WKDW�ZLOO�EH�UHFRUGHG�IURP�D�SRSXODWLRQ�RI�VL]H�µQ¶�DQG�µ[¶�DV�WKH�WRWDO�
QXPEHU�RI�DQWLEDFWHULDO�WKDW�ZLOO�EH�WHVWHG�LQ�WKH�VHQVLWLYLW\�WHVW�

7R� WHVW�ZKHWKHU� WKHUH� LV� D� VLJQLILFDQW�GLIIHUHQFH� LQ� WKH�H[WHQW�RI� FRQWDPLQDWLRQ�
EHWZHHQ� VXVFHSWLEOH� DQG� UHVLVWDQW�EDFWHULD� LVRODWHV� IURP� WKH� WKUHH� VDPSOLQJ� VLWHV�RI�
WKLV�VWXG\�� WKH�2QH�:D\�$QDO\VLV�RI�9DULDQFH��$129$��ZDV�FDOFXODWHG�DQG�UHVXOWV�
LQWHUSUHWHG��WKHUHDIWHU�

(WKLFDO�&RQVLGHUDWLRQV��7KLV� VWXG\�ZDV� FRQGXFWHG�ZLWK� D� VWURQJ� FRPPLWPHQW�
WR� HWKLFDO� FRQVLGHUDWLRQV�� LQFOXGLQJ� WUDQVSDUHQW� FRPPXQLFDWLRQ� RI� VWXG\� REMHFWLYHV�
WR�WKH�VLWHV��REWDLQLQJ�QHFHVVDU\�SHUPLVVLRQV�IURP�UHOHYDQW�DXWKRULWLHV��DQG�HQVXULQJ�
DQRQ\PLW\� WKURXJK� WKH� XVH� RI� FRGHV�� 0DLQWDLQLQJ� WKH� KLJKHVW� OHYHO� RI� REMHFWLYLW\�
WKURXJKRXW�WKH�UHVHDUFK�SURFHVV�ZDV�DOVR�D�IXQGDPHQWDO�HWKLFDO�SULQFLSOH��JXDUDQWHHLQJ�
XQELDVHG�GDWD�FROOHFWLRQ��DQDO\VLV��DQG�LQWHUSUHWDWLRQ��7KHVH�HWKLFDO�SUDFWLFHV�QRW�RQO\�
SURWHFWHG�WKH�ULJKWV�DQG�SULYDF\�RI�WKH�SDUWLFLSDQWV�EXW�DOVR�IRUWLILHG�WKH�LQWHJULW\�DQG�
FUHGLELOLW\� RI� WKH� VWXG\
V� ILQGLQJV�� UHLQIRUFLQJ� WKH� UHVSRQVLEOH� FRQGXFW� RI� VFLHQWLILF�
UHVHDUFK�

5(68/76�$1'�',6&866,21

6XVFHSWLELOLW\� 3URILOH� RI� %DFWHULD�� 7KH� UHVHDUFKHUV� RI� WKH� VWXG\� VRXJKW� WR�
GHWHUPLQH� WKH� DQWLELRWLF� VXVFHSWLELOLW\� RI� LVRODWHG� EDFWHULD� SUHVHQW� LQ� VXUIDFH�ZDWHU�
RI��WKUHH�VDPSOLQJ�VLWHV��L���HVWXDULQH�HQYLURQPHQW��LL���WXUWOH�VDQFWXDU\��DQG�LLL���KLJK�
GHQVLW\�LQGXVWULDO�]RQH��,Q�YLWUR�VXVFHSWLELOLW\�WHVWLQJ�ZDV�SHUIRUPHG�E\�GLVN�GLIIXVLRQ�
�.LUE\�%DXHU�� PHWKRG�� 7KH� VL]H� RI� WKH� JURZWK�IUHH� ]RQH� GHWHUPLQHG� ZKHWKHU� WKH�
EDFWHULXP�ZDV�FRQVLGHUHG�WR�GHWHUPLQH�ZKHWKHU�WKH�LVRODWHG�EDFWHULD�IURP�WKH�WKUHH�
VDPSOLQJ�VLWHV�ZHUH�VXVFHSWLEOH��UHVLVWDQW��RU�LQWHUPHGLDWH�WR�D�SDUWLFXODU�DQWLELRWLF��
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'DWD� RQ� WKH� PLQLPXP� LQKLELWRU\� FRQFHQWUDWLRQ� �0,&�� RI� YDULRXV� DQWLELRWLFV�
XVHG�DJDLQVW�WKH�LVRODWHG�EDFWHULD�ZKLFK�LV�GHILQHG�DV�WKH�PLQLPXP�FRQFHQWUDWLRQ�RI�
DQ�DQWLELRWLF� WKDW� LV� MXVW�EDUHO\� DEOH� WR�SUHYHQW� WKH� IXUWKHU�JURZWK�RI� WKH� LQIHFWLRXV�
RUJDQLVP�LQ�YLWUR�ZHUH�VXPPDUL]HG�LQ�7DEOHV���D����E�DQG���F�VXPPDUL]HV�WKH�UHVXOWV�
RI�VXVFHSWLELOLW\�SURILOH��

,Q� WKLV� VWXG\�� WKH� VXUIDFH� ZDWHU� VRXUFHV� IURP� WKH� WKUHH� VDPSOLQJ� VLWHV� �+LJK�
,QGXVWULDO��1HDUVKRUH�(VWXDULQH�DQG�7XUWOH�6DQFWXDU\���ZHUH�IRXQG�WR�EH�FRQWDPLQDWHG�
ZLWK� HQWHULF� EDFWHULD�� $OO� EDFWHULDO� LVRODWHV� ����� IURP� WKH� KLJKO\� LQGXVWULDOL]HG�
]RQH� ZHUH� IRXQG� VHQVLWLYH� WR� FR�DPR[\FODY�� HUWDSHQHP�� FHIRWD[LPH�� FHIRWHWDQ��
FHIXUR[LPH�� LPLSLQHP�� FRWULPR[D]ROH�� SLSHUDFLOOLQ� �WD]REDFWDP�� WREUDP\FLQ� DQG�
FKORUDPSKHQLFRO���+RZHYHU��6WHQRWURSKHPRQDV�PDOWRSKLOD�GHPRQVWUDWHG�UHVLVWDQFH�WR�
DQWLELRWLF�DPLNDFLQ��0RUHRYHU��(QWHUREDFWHU�VDND]LL��(QWHUREDFWHU�FORDFDH��.OHEVLHOOD�
SQHXPRQLD�� 3DVWHXUHOOD� SQHXPRWURSKLFD�KDHPRO\WLFD�� 3URWHXV� PLUDELOLV� DQG� 9LEULR�
IOXYLDOLV�ZHUH� IRXQG� WR�EH� UHVLVWDQW� WR� WHWUDF\FOLQH�� �$OVR�� �(QWHUREDFWHU� � VDND]DNLL��
DQG� .OHEVLHOOD� SQHXPRQLDH� GHSLFWHG� UHVLVWDQFH� WR� DQWLELRWLF� DPLSLFLOOLQ�VXOEDFWDP���
$� VSHFLILF� UHVLVWDQFH� WR� OHIR[LWLQ� ZDV� GHPRQVWUDWHG� E\� (QWHUREDFWHU� FORDFDH� DQG�
.OHEVLHOOD�SQHXPRQLD��(QWUREDFWHU�FORDFDH�ZDV�IRXQG�UHVLVWDQW�WR�DPSLFLOOLQ��

7KH�EDFWHULDO�LVRODWHV�IURP�WKH�QHDUVKRUH��HVWXDULQH�VKRZHG�VHQVLWLYLW\�WR�DOO�RWKHU�
DQWLELRWLFV�H[FHSW�PHURSHQHP��DQG�WHWUDF\FOLQH���

/DVWO\��WKH�EDFWHULDO�LVRODWHV�IURP�WKH�WXUWOH�VDQFWXDU\�VKRZHG�DQWLELRWLF�UHVLVWDQFH�
WRZDUGV�PHURSHQHP� �GRULSHQHP�� � WHWUDF\FOLQH�� DPSLFLOOLQ�VXOEDFWDP�� DQG� OHIR[LWLQ���
6SHFLILFDOO\�� %XUKROGHULD� FHSDFLDH� DQG� &KU\VRPRQDV� OXWHROD� VKRZHG� UHVLVWDQFH�
WR� 0HURSHQHP� ZKLOH� 6HUUDWLD� PDUFHVFHQV� WR� GRULSHQHP�� � (QWHUREDFWHU� DHURJHQHV��
(QWHUREDFWHU� VDND]LL�� DQG� 6HUUDWLD�PDUFHVFHQV�ZHUH� IRXQG� UHVLVWDQW� WR� WHWUDF\FOLQH��
2QO\�(QWHUREDFWHU�VDND]LL�ZDV�UHVLVWDQW� WR�DPLSLFLOOLQ�±6XOEDFWDP�DQG�(QWHUREDFWHU�
FORDFDH�� (QWHUREDFWHU� VDND]LL� DQG� .OHEVLHOOD� SQHXPRQLD� ZHUH� IRXQG� UHVLVWDQW� WR�
/HIR[LWLQ��7KHUH�ZHUH�DOVR�EDFWHULDO� LVRODWHV�WKDW�VKRZHG�LQWHUPHGLDWH�VXVFHSWLELOLW\�
WR� 'RULSHQHP� OLNH� &KU\VRPRQDV� OXWHROD�� (QWHUREDFWHU� FORDFDH�� (QWHUREDFWHU�
DHURJHQHV�DQG�6WHQRWURSKRPRQDV�PDOWRSKLOLD���(QWHUREDFWHU�DHURJHQHV�GHPRQVWUDWHG�
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HVWDEOLVKHG�E\�WKH�&OLQLFDO�DQG�/DERUDWRU\�6WDQGDUGV�,QVWLWXWH��&/6,��

$\D�D\�HW�DO�6XUIDFH�:DWHU�$QDO\VHV�IRU�$QWLELRWLF�6XVFHSWLELOLW\
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Ϭ Ϭ͘ϬϮ Ϭ͘Ϭϰ Ϭ͘Ϭϲ Ϭ͘Ϭϴ Ϭ͘ϭ Ϭ͘ϭϮ Ϭ͘ϭϰ Ϭ͘ϭϲ

%XUKROGHULD�FHSDFLD

&KU\VHRPRQDV�OXWHROD

(QWHUREDFWHU�FORDFDH

(QWHUREDFWHU�$HURJHQHV

(QWHUREDFWHU�VDND]DNLL

.OHEVLHOOD�SQHXPRQLDH

6HUUDWLD�PDUFHVFHQV

3DVWH\UHOOD�SQHXPRWURSKLFD�KDHPRO\WLFD

3URWHXV�PLUDELOLV

6WHQRWURSKHPRQDV�PDOWRSKLOLD

9LEULR�)OXYLDOLV

6HFRQG��WKH�UHVHDUFKHUV�VRXJKW�WR�GHWHUPLQH�WKH�H[WHQW�RI�FRQWDPLQDWLRQ�LQ�WHUPV�
RI�H[SRVXUH�WR�DQWLELRWLFV�LQGLFDWHG�E\�SUHYDOHQFH�RI�EDFWHULDO�UHVLVWDQW�GHWHUPLQDQWV�
VDPSOHG�IURP�WKUHH�VDPSOLQJ�VLWHV�XVLQJ�WKH�$QWLELRWLF�5HVLVWDQFH�,QGH[��$5,���&KDUW�
��VXPPDUL]HV�WKH�ILQGLQJV�

&KDUW����

$5,� $�1<��ZKHUH$ LV�WKH�WRWDO�QXPEHU�RI�UHVLVWDQW�GHWHUPLQDWHV�UHFRUGHG�LQ�WKH�
SRSXODWLRQ� 1 LV�WKH�QXPEHU�RI�LVRODWHV�LQ�WKH�SRSXODWLRQ��DQG < LV�WKH�WRWDO�QXPEHU�RI�
DQWLELRWLFV�WHVWHG��0RKDQWD�HW�DO� ������

7KH�DQWLEDFWHULDO�UHVLVWDQFH�LQGH[��$5,��ZDV�XVHG�IRU�DQDO\]LQJ�WKH�SUHYDOHQFH�

$Q�$5,�YDOXH�DERYH�����LQGLFDWHV�WKDW�LVRODWHV�DUH�H[SRVHG�WR�VHOHFWLYLW\�GXH�WR�WKH�
SUHVHQFH�RI�FRQWDPLQDQWV�VXFK�DV�DQWLELRWLFV��0RKDQWD�HW�DO���������6LQFH�VHOHFWLYH�
SUHVVXUH�FDQ�SURPRWH�GLVVHPLQDWLRQ�RI�WKH�UHVLVWDQFH�GHWHUPLQDQWV��D�SRSXODWLRQ�ZLWK�
D�KLJK�$5,�VFRUH�ZRXOG�KDYH�PRUH�PHPEHUV�FDUU\LQJ�UHVLVWDQFH�JHQHV�WKDW�ZHUH�OLNHO\�

$\D�D\�HW�DO�6XUIDFH�:DWHU�$QDO\VHV�IRU�$QWLELRWLF�6XVFHSWLELOLW\

,QWHUQDWLRQDO�-RXUQDO�RI�(GXFDWLRQ�5HVHDUFK�IRU�+LJKHU�/HDUQLQJ�����������



WR�SUROLIHUDWH�RU� WUDQVIHU�UHVLVWDQFH�JHQHV� WR�RWKHU�RUJDQLVPV��,Q� WKLV�VWXG\�� WKH�$5,�
VFRUHV�IRU�WKH�WKUHH�VDPSOLQJ�VLWHV�KDG�KLJKHVW�$5,�YDOXHV�IRU�(QWHUREFDWHU�VDND]DNLL��
IROORZHG�E\�.OHEVLHOOD�SQHXPRQLDH��)RU� WKH�KLJK�GHQVLW\� LQGXVWULDO� ]RQH�DQG� WXUWOH�
VDQFWXDU\�$5,� ZHUH� DOVR� KLJK� IRU� (QHWHUREDFWHU� FORDFDH��:KLOH�� 3URWHXV� PLUDELOLV�
DQG�9LEULR�IOXYLDOLV�KDG�DOVR�KLJK�YDOXHV�IRU�HVWXDULQH�HQYLURQPHQW�DQG�KLJK�GHQVLW\�
LQGXVWULDO�]RQH��

�ZHUH�DOVR�DERYH�$5,������IRU�WXUWOH�VDQFWXDU\�VDPSOLQJ�VLWH��
%RWK� WXUWOH� VDQFWXDU\� DQG� KLJK� GHQVLW\� LQGXVWULDO� ]RQH� KDG� KLJKHU�$5,� YDOXHV�

WKDQ�HVWXDULQH�HQYLURQPHQW��SUREDEO\�GXH�WR�WKDW�HVWXDULHV�DUH�VHPL�HQFORVHG�FRDVWDO�
ERGLHV�RI�ZDWHU�WKDW�KDYH�D�IUHH�FRQQHFWLRQ�ZLWK�WKH�VHD�DQG�ZLWKLQ�ZKLFK�VHD�ZDWHU�LV�
PHDVXUDEOH�GLOXWHG�E\�IUHVK�ZDWHU�FRPLQJ�IURP�VWUHDPV��ULYHUV�DQG�HYHQ�JURXQGZDWHU�
IRU� VRPH� DUHDV��7KH� GLIIHUHQFH� LQ�$5,� VFRUHV� IRU� WXUWOH� VDQFWXDU\� DQG� KLJK�GHQVLW\�
LQGXVWULDO�]RQH�PD\�EH�SDUWLDOO\�DWWULEXWHG�WR�WKH�ODWWHU�ZKLFK�PD\�FROOHFW�D�PXFK�JUHDWHU�
YROXPH�RI�ZDWHU�LQFOXGLQJ�VWRUP�ZDWHU�WKDW�PD\�GLOXWH�WKH�DQWLELRWLF�FRQFHQWUDWLRQV�
IURP�PXQLFLSDO�VRXUFHV�WKHUHE\�ORZHULQJ�WKH�VHOHFWLRQ�SUHVVXUH�

/DVWO\�� WR� WHVW� WKH�VLJQLILFDQW�GLIIHUHQFH�LQ�WKH�H[WHQW�RI�FRQWDPLQDWLRQ�EHWZHHQ�
VXVFHSWLEOH�DQG�UHVLVWDQW�EDFWHULD�LVRODWHV�IURP�WKH�WKUHH�VDPSOLQJ�VLWHV�RI�WKLV�VWXG\��
WKH�2QH�:D\�$129$�ZDV�FRPSXWHG�

7DEOH����

$129$�6XPPDU\

6RXUFH
'HJUHHV�RI�
)UHHGRP�
�')�

6XP�RI�
6TXDUHV��66�

0HDQ�
6TXDUH��06� )�6WDW 3�9DO�

XH

%HWZHHQ�*URXSV � ������ ������ ������ ������

:LWKLQ�*URXSV �� ������ ������

7RWDO� �� ������

5HVXOWV�RI�WKH�WHVW�VKRZHG�WKDW�WKH�GLVWULEXWLRQ�RI�WKH�LGHQWLILHG�HQWHULF�EDFWHULD�
DFFRUGLQJ�WR�WKHLU�$QWLELRWLF�5HVLVWDQW�,QGLFHV��$5,��IURP�WKH�WKUHH�VDPSOLQJ�VLWHV�GLG�
QRW�VLJQLILFDQWO\�GLIIHU��S�!��������7KRXJK��WKH�$5,�YDOXHV�REWDLQHG��WXUWOH�VDQFWXDU\��
KLJK�GHQVLW\� LQGXVWULDO� ]RQH� DQG� HVWXDULQH� HQYLURQPHQW� �DV� VHHQ� LQ� &KDUW� ��� KDYH�
YDU\LQJ�$5,�UDQJH�YDOXHV��VWDWLVWLFDOO\� WKLV� LV�QRW�VR��7KH� WKUHH�VDPSOLQJ�VLWHV�KDYH�
EHHQ�IRXQG�WR�EH�FRPSDUDEO\�FRQWDPLQDWHG�E\�SDWKRJHQLF�HQWHULF�EDFWHULD�

7KH� EDFWHULDO� FRQWDPLQDWLRQ� RI� VXUIDFH�ZDWHU� E\� DQWLELRWLF� UHVLVWDQW� SDWKRJHQV�
LQFUHDVH�WKH�ULVN�WR�KXPDQ�KHDOWK��$QWLELRWLF�UHVLVWDQFH�LV�GLIILFXOW�WR�UHPRYH�HYHQ�LI�
WKH�UHOHDVH�RI�DQWLELRWLF�UHVLVWDQFH�GHWHUPLQDQWV�LQ�WKH�HQYLURQPHQW�LV�GLVFRQWLQXHG�GXH�
EHFDXVH� WKH� UHVLVWDQW�SDWKRJHQV�PD\�H[KLELW�PXOWLSOH� UHVLVWDQFHV��:DWHU� UHJXODWLRQV�
DQG� FRQWURO� RI�ZDVWH�ZDWHU�� JDUEDJH�� DQG� DQ\� RWKHU� DFWLYLWLHV� WKDW� FDQ� FDXVH�ZDWHU�
SROOXWLRQ�VKRXOG�EH�SURKLELWHG��QRW�H[FOXGLQJ�XQPDQDJHDEO\�VFDWWHUHG�SROOXWLRQV��H�J��
IDUPODQGV�DQG�DQLPDO�IDUPV���7KXV��IHZ�QHZ�SROOXWDQWV�DUH�GLVFKDUJHG�LQWR�VXFK�DUHDV��
DQG� WKH� OHYHO� RI� DQWLELRWLF� UHVLVWDQW� SDWKRJHQV�ZLOO� JUDGXDOO\� GHFUHDVH� GXH� WR� JHQH�
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SROOXWDQWV� IURP� VFDWWHUHG� VRXUFHV� �VXFK� DV� IDUPODQGV� DQG� DQLPDO� IDUPV��� OHDFKLQJ�
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