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6DPPDQIDWWQLQJ

*HWWHU� L� 6YHULJH� KDU� VWRUD� SUREOHP� PHG� V|QGHUVOLWQD� |URQ�� LQIHNWLRQHU� RFK� VnUVNDGRU� VRP�
RUVDNDWV� DY� GHQ� REOLJDWRULVND� |URQPlUNQLQJHQ�� 7LGLJDUH� IRUVNQLQJ� KDU� YLVDW� DWW� DOWHUQDWLYD�
PlUNQLQJVPHWRGHU�H[HPSHOYLV�FKLSPlUNQLQJ�L�QlWPDJHQ��DQNHOEDQG��PHG�HOOHU XWDQ�FKLS��RFK�
FKLSPlUNQLQJ�XQGHU�KXG NDQ�YDUD�ElWWUH�PlUNQLQJDU��LQWH�EDUD I|U�JHWWHU�XWDQ�lYHQ�I|U�DQGUD�
GMXUVODJ��/lVEDUKHWHQ�Sn�HQ�,'�PlUNQLQJ�VND HQOLJW�UHJHOYHUNHW��,QWHUQDWLRQDO�2UJDQL]DWLRQ�IRU�
6WDQGDUGL]DWLRQ��,62���XSSQn�PLQVW������I|U�DWW�YDUD�JRGNlQG��6\IWHW�PHG�GHWWD�NDQGLGDWDUEHWH�
YDU�DWW�XQGHUV|ND�KXU�VWRU�DQGHO�DY�JHWlJDUQD�L�6YHULJH�VRP�XSSOHYHU�SUREOHP�PHG�QXYDUDQGH�
,'�PlUNQLQJ�RFK�YLONHQ�W\S�DY�SUREOHP�VRP�XSSVWnU�PHG�GDJHQV�PlUNQLQJVPHWRG��$UEHWHW�KDU�
lYHQ�V\IWDW� WLOO�DWW� I|UEHUHGD�I|U�GHQ�SUDNWLVND�GHOHQ�DY�I|UV|NHW�VRP�VND�JHQRPI|UDV� OlQJUH�
IUDP��$UEHWHW�EHVWnU�DY�WYn�GHODU��HQ�OLWWHUDWXUEDNJUXQG�DY�WLGLJDUH�IRUVNQLQJ�RFK�HQ�SUDNWLVN�
I|UV|NVGHO��'n� YLVVD� SUDNWLVND�PRPHQW� ILFN� VHQDUHOlJJDV� Sn� JUXQG� DY� I|UVHQDG�PlUNQLQJV�
XWUXVWQLQJ� EHVWnU� GHQ� SUDNWLVND� GHOHQ� DY� HQ� UHVXOWDWVDPPDQVWlOOQLQJ� DY� ��� HQNlWIUnJRU� VRP�
VNLFNDWV�XW�WLOO�6YHULJHV�JHWlJDUH��(QNlWVWXGLHQ�YLVDU�DWW������DY�GH�UHSUHVHQWHUDGH�JHWlJDUQD�
XSSOHYHU� DWW� GHQ� QXYDUDQGH� |URQPlUNQLQJHQ� LQWH� IXQJHUDU�� 'H� SUREOHP� VRP� lU� PHVW�
I|UHNRPPDQGH�lU�V|QGHUVOLWQD�|URQ�RFK�LQIHNWLRQHU�GlU����DY����JHWlJDUH XSSOHYHU�DWW�GH�KDU�
HWW HOOHU�EnGD�SUREOHPHQ��(Q�DOWHUQDWLY�PlUNQLQJVPHWRG�VRP�H[HPSHOYLV�RYDQ�QlPQGD�VNXOOH�
I|UKRSSQLQJVYLV�NXQQD�JH�HQ�I|UElWWUDG�LGHQWLILNDWLRQVVlNHUKHW�PHG PLQVNDG�SUREOHPDWLN�I|U�
JHWWHU�RFK�JHWlJDUH L�6YHULJH��6DPPDQIDWWQLQJVYLV�YLVDU�HQNlWUHVXOWDWHQ DWW�GHQ�QXYDUDQGH�,'�
PlUNQLQJVPHWRGHQ� I|U� JHWWHU� LQWH� IXQJHUDU RFK� DWW� GHW� ILQQV� HWW� VWRUW� EHKRY� DY� DOWHUQDWLYD�
PlUNQLQJVPHWRGHU� I|U� DWW� I|UElWWUD� LGHQWLILNDWLRQVVlNHUKHWHQ� RFK� PLQVND� SUREOHPHQ�� 0HU�
IRUVNQLQJ�NUlYV�I|U�DWW�XWYlUGHUD�DQGUD�PlUNQLQJVPHWRGHU��

$EVWUDFW

*RDWV�LQ�6ZHGHQ�KDYH�PDMRU�SUREOHPV�ZLWK�ZRUQ�HDUV��LQIHFWLRQV�DQG�ZRXQG�LQMXULHV�FDXVHG�
E\�WKH�REOLJDWRU\ HDU�WDJV��3UHYLRXV�UHVHDUFK�KDV�VKRZQ�WKDW�DOWHUQDWLYH�PDUNLQJ�PHWKRGV�VXFK�
DV�FKLS�PDUNLQJV�LQ�WKH�UHWLFXOXP��DQNOH�VWUDSV��ZLWK�RU�ZLWKRXW�FKLS��DQG FKLS�PDUNLQJ�XQGHU�
WKH� VNLQ� FDQ� EH� EHWWHU�PDUNLQJV�� QRW� RQO\� IRU� JRDWV� EXW� DOVR� IRU� RWKHU� DQLPDO� VSHFLHV�� 7KH�
UHDGDELOLW\� RI� DQ� ,'� PDUNLQJ� PXVW�� DFFRUGLQJ� WR� WKH� ,QWHUQDWLRQDO� 2UJDQL]DWLRQ� IRU�
6WDQGDUGL]DWLRQ� �,62�� DFKLHYH� DW� OHDVW� ���� LQ� RUGHU� WR EH� DSSURYHG�� 7KH� SXUSRVH� RI� WKLV�
EDFKHORU�WKHVLV�ZDV�WR�LQYHVWLJDWH�KRZ�PDQ\�RI�WKH�JRDW�RZQHUV�LQ�6ZHGHQ�DUH�H[SHULHQFLQJ�
SUREOHPV�ZLWK�WKH�FXUUHQW�,'�PDUNLQJ�DQG�ZKDW�W\SH�RI�SUREOHPV�DULVH�ZLWK�WRGD\V¶�PDUNLQJ�
PHWKRG��7KH�ZRUN�KDV�DOVR�EHHQ�DLPHG�DW SUHSDULQJ�IRU�WKH�SUDFWLFDO�SDUW�RI�WKH�H[SHULPHQW�WR�
EH�FDUULHG�RXW�ODWHU��7KH�ZRUN�FRQVLVWV�RI�WZR�SDUWV��D�OLWHUDWXUH�UHYLHZ�RI�SUHYLRXV�UHVHDUFK�DQG�
D�SUDFWLFDO�WHVW�SDUW��:KHQ�FHUWDLQ�SUDFWLFDO�HOHPHQWV�ZHUH�SRVWSRQHG�GXH�WR�GHOD\HG�PDUNLQJ�
HTXLSPHQW��WKH�SUDFWLFDO�SDUW�FRQVLVWV�RI�D�FRPSLODWLRQ�RI�UHVXOWV�RI����TXHVWLRQV�WKDW�KDYH�EHHQ�
VHQW�RXW�WR�6ZHGLVK�JRDW�RZQHUV��7KH�TXHVWLRQQDLUH�VXUYH\�VKRZV�WKDW������RI�WKH�UHSUHVHQWHG
JRDW�RZQHUV�IHHO�WKDW�WKH�FXUUHQW�HDU PDUNLQJ�GRHV�QRW�ZRUN��7KH�PRVW�FRPPRQ�SUREOHPV�DUH�
ZRUQ� HDUV� DQG� LQIHFWLRQV�ZKHUH� ��� RXW� RI� ��� JRDW� RZQHUV� IHHO� WKDW� WKH\� KDYH� RQH� RU� ERWK�
SUREOHPV��$Q�DOWHUQDWLYH�PDUNLQJ�PHWKRG�VXFK�DV PHQWLRQ�DERYH ZRXOG�KRSHIXOO\�SURYLGH�DQ�
LPSURYHG�LGHQWLILFDWLRQ�VHFXULW\�ZLWK UHGXFHG�SUREOHPV�IRU�JRDWV�DQG�JRDW�RZQHUV�LQ�6ZHGHQ��
,Q�VXPPDU\��WKH�VXUYH\�UHVXOWV�VKRZ�WKDW�WKH�FXUUHQW�,'�PDUNLQJ�PHWKRG�IRU�JRDWV�GRHV�QRW�
ZRUN�DQG�WKDW�WKHUH�LV�D�JUHDW�QHHG�IRU�DOWHUQDWLYH�PDUNLQJ�PHWKRGV�WR�LPSURYH�WKH�LGHQWLILFDWLRQ�
VHFXULW\�DQG�UHGXFH�WKH�SUREOHPV��0RUH�UHVHDUFK�LV�QHHGHG�WR�HYDOXDWH�RWKHU�PDUNLQJ�PHWKRGV��
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,QWURGXNWLRQ

0lUNQLQJ�DY�GMXU�XWI|UV�I|U�DWW LGHQWLILHUD�VDPW�I|U�DWW NXQQD�VSnUD�GMXU��YLG�VODNW��I|UVlOMQLQJ��
HYHQWXHOOD� VMXNGRPVXWEURWW� RFK YLG� LPSRUW� RFK� H[SRUW� DY� GMXU�� 0lUNQLQJ lU� YLNWLJW� XU
OLYVPHGHOVVlNHUKHWVV\QSXQNW� SURGXNWLRQVPlVVLJW RFK�I|U�DWW�NXQQD�VlNHUVWlOOD�VSnUQLQJ�DY GMXU
�*KLUDUGL�HW�DO���������&DUQp�HW�DO�������E��&DVWUR�HW�DO���������-RUGEUXNVYHUNHW��������

*RGNlQG�PlUNQLQJ�I|U�JHWWHU�L�6YHULJH�lU�ROLND�|URQPlUNQLQJDU��7DEHOO����RFK�GHW�NUlYV�HQGDVW�
HQ� DY� GHVVD� PlUNQLQJDU� I|U� DWW� GMXUHW� VND� YDUD� NRUUHNW� PlUNW �6WDWHQV� MRUGEUXNVYHUNV
I|UIDWWQLQJVVDPOLQJ� �������*HWWHU�lU�DNWLYD�RFK�Q\ILNQD�GMXU�VRP�RIWD�InU�SUREOHP�PHG�VNDGRU�
RFK�LQIHNWLRQHU�Sn�JUXQG�DY�VLQD�|URQPlUNHQ��'H�IDVWQDU�L�VO\��LQUHGQLQJ�L�VWDOODU�RFK�NDQ�lYHQ�
ELWD� L� YDUDQGUDV� |URQ�� YLONHW� NDQ� RUVDND� VWRUD� SUREOHP� �3HUVRQOLJW� PHGGHODQGH� 0DGHOHLQH�
+|JEHUJ���������0nQJD�PlUNHQ�lU�LQWH�P|MOLJD�DWW�VlWWD�WLOOEDND�Sn�JUXQG�DY�VNDGRU�HOOHU�Vn�
IDOOHU� PlUNHQ� DY� XSSUHSDGH� JnQJHU�� 'HWWD� OHGHU� WLOO� LGHQWLILNDWLRQVVYnULJKHWHU� QlU� LQGLYLGHU�
RP|MOLJW� NDQ� KnOODV� LVlU� �+|JEHUJ�� ������� 'n� JHWWHU� GHVVXWRP� YHUNDU� YDUD� PHU
LQIHNWLRQVNlQVOLJD�lQ�DQGUD�GMXUVODJ�EHK|YV�HQ�Q\�PHWRG�I|U�DWW�VlNHUVWlOOD�DWW�LGHQWLILNDWLRQHQ�
EOLU�NRUUHNW�VDPW� I|U�DWW� I|UElWWUD�GMXUHQV�YlOIlUG��6YHQVND�*HWDYHOVI|UEXQGHW��X�n����2DYVHWW�
YLONHQ� W\S� DY� |URQPlUNQLQJ� VRP� DQYlQGV� Vn� XSSYLVDU� JHWWHU� SUREOHP�PHG� H[HPSHOYLV� VnU��
VOLWVNDGRU��LQIHNWLRQHU�PHG�PHUD��bYHQ�InU�RFK�Q|WGMXU�XSSYLVDU�VDPPD�SUREOHP�VRP�JHWWHUQD�
YLONHW�KDU�NRQVWDWHUDWV�L�IOHUWDOHW�VWXGLHU��H[�&DMD�HW�DO���������(GZDUGV�	�-RKQVWRQ��������/¡NHQ�
HW�DO���������

6YHULJHV� JHWSRSXODWLRQ� OLJJHU� Sn� FD� ��� ���� JHWWHU� �-RUGEUXNHW L VLIIURU�� ������� 6n� OlQJH�
JHWSRSXODWLRQHQ LQWH�|YHUJnU ������� GMXU�lU HOHNWURQLVN�PlUNQLQJ�LQWH�ODJVWDGJDW RFK�GHW�ILQQV�
KHOOHU�LQJHW�NUDY�Sn�WYn�ROLND�W\SHU�DY�PlUNQLQJDU� 1nJUD�JHWlJDUH�L�6YHULJH�KDU�LGDJ�YDOW�DWW�
DQYlQGD� VLJ� DY� VXENXWDQ� FKLSPlUNQLQJ� VRP� HWW� NRPSOHPHQW� WLOO� |URQPlUNQLQJHQ� I|U� DWW�
|URQPlUNQLQJHQ�LQWH�IXQJHUDU�L�GHUDV�EHVlWWQLQJDU�RFK�HWW�VXENXWDQW�FKLS�JHU�P|MOLJKHWHQ�DWW�
KnOOD�LVlU�GMXUHQ�lYHQ�RP�|URQPlUNHQD IDOOHU�DY�HOOHU�PnVWH�WDV�ERUW��3HUVRQOLJW�PHGGHODQGH�
0DGHOHLQH�+|JEHUJ�� ������� 'H� FKLS� VRP� ILQQV� WLOOJlQJOLJD� I|U� GHQQD� W\S� DY�PlUNQLQJ� KDU�
VHULHQXPPHU� WLOOK|UDQGH� HQVNLOW� FKLS� LVWlOOHW� I|U� SURGXNWLRQVSODWVQXPPHU� VRP� GH� DQGUD�
PlUNQLQJDUQD�� 'HWWD� J|U� DWW� GMXUHQ� KDU� KHOW� ROLND� QXPPHU� RFK� LQWH� NDQ� VSnUDV� WLOO� HQ�
SURGXNWLRQVSODWV�

6WXGLHQ�E\JJHU�Sn�WYn�GHODU��$��/LWWHUDWXUEDNJUXQG�RFK�%��(QNlWVWXGLH��6\IWHW�PHG�HQNlWVWXGLHQ
YDU�DWW�XQGHUV|ND�KXU�GHQ QXYDUDQGH�,'�PlUNQLQJVPHWRGHQ I|U�JHWWHU�IXQJHUDU L�6YHULJH��0LQD�
K\SRWHVHU�YDU DWW�IOHU�lQ������DY�JHWlJDUQD�L�6YHULJH�XSSOHYHU�SUREOHP�PHG�|URQPlUNQLQJHQ�
DY�JHWWHU�RFK�DWW�GHW�YDQOLJDVWH�SUREOHPHW�lU�LQIHNWLRQHU�
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$� /LWWHUDWXUEDNJUXQG

)RUVNQLQJ�RFK� VWXGLHU� KDU� IUDPI|UDOOW� JMRUWV� L� 6SDQLHQ� DY� HQ� IRUVNDUJUXSS�RFK�JHWUDVHU� VRP�
DQYlQWV� L� VWXGLHUQD�lU�5LSROOHVD��0DQFKHJD��/DFDXQH�RFK�0DMRUHUD��)|UV|NHQ�KDU�XWI|UWV�Sn�
I|UV|NVGMXUVDQOlJJQLQJHQ�Sn�8QLYHUVLWDW�$XWyQRPD�GH�%DUFHORQD��&DUQp�HW�DO�������D�������
VDPW�8QLYHUVLGDG�GH�/DV�3DOPDV�GH�*UDQ�&DQDULD��&DVWUR�HW�DO����������6\IWHW�PHG�VWXGLHUQD�
YDU� DWW� VlNHUVWlOOD� RP�PlUNQLQJVPHWRGHUQD� ´UXPHQ� EROXV´� �FKLSPlUNQLQJ� L� QlWPDJHQ� RFK�
DQNHOEDQG�KDU�GHQ�OlVEDUKHW�VRP�,QWHUQDWLRQDO�2UJDQL]DWLRQ�IRU�6WDQGDUGL]DWLRQ��,62��NUlYHU�
VDPW�DWW�XWIRUPD�HQ�EUD�EROXVPlUNQLQJ�L�NRUUHNW�VWRUOHN�I|U�DWW�VlNHUW�NXQQD�DGPLQLVWUHUD�lYHQ�
WLOO�NLOOLQJDU�RFK�ODPP�

$OWHUQDWLYD� HOHNWURQLVND� PlUNQLQJVPHWRGHU� NDQ� YDUD� DQNHOEDQG� PHG� FKLS�� FKLSPlUNQLQJ� L�
QlWPDJHQ��UXPHQ�EROXV� HOOHU�VXENXWDQ�FKLSPlUNQLQJ��7DEHOO����%LOG����

7DEHOO����6DPPDQVWlOOQLQJ�DY�EHJUHSS�RFK�PlUNQLQJVPHWRGHU I|U�JHWWHU
$QNHOEDQG�PHG�FKLS ,'�FKLSPlUNQLQJ��HQ�W\S�DY�DUPEDQG�SODFHUDV�UXQW�EDNEHQHWV�DQNHO�Sn�

GMXUHW��DYOlVHV�PHG�FKLSOlVDUH�
$QNHOEDQG�XWDQ�FKLS ,'�PlUNQLQJ�� HQ� W\S� DY� DUPEDQG� SODFHUDV� UXQW� EDNEHQHWV� DQNHO Sn�

GMXUHW�PHG�WU\FNWD�VLIIURU��DYOlVHV�YLVXHOOW�
%ROXVPlUNQLQJ ,'�FKLSPlUNQLQJ� VRP� SODFHUDV� L� QlWPDJHQ� Sn� GMXUHQ�� DYOlVHV� PHG�

FKLSOlVDUH
%ROXVSLVWRO� 0lUNQLQJVUHGVNDS� XWIRUPDW� I|U� DGPLQLVWUHULQJ� DY� EROXVPlUNQLQJ� L�

GMXUHWV�QlWPDJH�
(OHNWURQLVN�PlUNQLQJ� ,'�PlUNQLQJ�VRP�DYOlVHV�HOHNWURQLVNW
(OHNWURQLVNW�|URQPlUNH ,'�FKLSPlUNQLQJ�VRP�SODFHUDV�L�|UDW�Sn�GMXUHW��YDQOLJHQ�PHG�WU\FNWD�

VLIIURU�VDPW�FKLS��DYOlVHV�DQWLQJHQ�YLVXHOOW�HOOHU�PHG�FKLSDYOlVDUH�
6XENXWDQ�FKLSPlUNQLQJ &KLS�DSSOLFHUDW�XQGHU�KXGHQ��DYOlVHV�PHG�FKLSOlVDUH
gURQPlUNH ,'�PlUNQLQJ�VRP�SODFHUDV�L�|UDW�Sn�GMXUHW�PHG�WU\FNWD�VLIIURU��DYOlVHV�

YLVXHOOW��

bYHQ�LFNH�HOHNWURQLVN�PlUNQLQJ�PHG�DQNHOEDQG�XWDQ�FKLS�lU�P|MOLJW�RFK�OLNQDU�Gn�|URQPlUNHQD�
PHG� WU\FNWD�VLIIURU� IDVW�GH�VLWWHU� LVWlOOHW� UXQW�JHWHQV�HQD�EDNEHQ� �&DUQp�HW�DO�������D���������
(QOLJW� ,62�VND�HQ�HOHNWURQLVN�PlUNQLQJ�DY�JHWWHU�KD�HQ� OlVEDUKHW�Sn�PLQVW��� ��RFK�KD�HQ�
IUHNYHQV�Sn�������N+]�PHG�HWW����VLIIULJW�QXPPHU��&DMD�HW�DO����������(QOLJW�ODJ�PnVWH�GMXUHQ�
KD�WYn�PlUNQLQJDU�YDUDY�PLQVW�HQ�PlUNQLQJ�VND�YDUD�HOHNWURQLVN�RP�JHWSRSXODWLRQHQ L�HWW�ODQG�
|YHUVWLJHU ��� ����GMXU��(XURSHLVND�XQLRQHQV�UnGV�I|URUGQLQJ�(*�QU����������������&DUQp�HW�
DO�������D��&DMD�HW�DO����������(OHNWURQLVND�|URQPlUNHQ�KDU�GRFN�VDPPD�SUREOHPDWLN�VRP�LFNH�
HOHNWURQLVND�|URQPlUNHQ� GHW�YLOO�VlJD ERUWIDOO�DY�PlUNHQ��VnUVNDGRU�VDPW�NOXYQD�|URQ��(GZDUGV�
	�-RKQVWRQ��������
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%LOG����6XENXWDQW FKLS�PHG�WLOOK|UDQGH�DSSOLFHULQJVQnO� )RWR�$OLFLD�-RVHIVVRQ

'HW�ILQQV�HQ�UDG�ROLND�PlUNQLQJDU�VRP�lU�JRGNlQGD�DY�´7KH�JOREDO�VWDQGDUG�IRU�OLYHVWRFN�GDWD´
�,&$5�� VRP� WLOO� H[HPSHO DQNHOEDQG�� EROXVPlUNQLQJ� RFK� |URQPlUNHQ�� %nGH� HOHNWURQLVND�
PlUNQLQJDU� RFK� LFNH� HOHNWURQLVND� PlUNQLQJDU� KDU� NRQWUROOHUDWV� RFK� FHUWLILHUDWV� HQOLJW� ,62�
�,&$5���������,�(8�lU�DOOD�GHVVD�PlUNQLQJDU�JRGNlQGD�PHQ�GHW�lU�XSS�WLOO�YDUMH�ODQG�DWW�VMlOYD�
YlOMD�YLONHQ�PlUNQLQJ�VRP�VND�DQYlQGDV��&DMD�HW�DO����������6RP�QlPQWV RYDQ�KDU�6YHULJH�YDOW�
DWW�HQEDUW�DQYlQGD�VLJ�DY�|URQPlUNHQ�

$GPLQLVWUHULQJ�DY�OlNHPHGHO�WLOO�GMXU�YLD�EROXV�KDU�IXQQLWV�XQGHU�HQ�OlQJUH�WLG�RFK�GHW�lU�LIUnQ�
GHQQD�LGp�VRP�,'�PlUNQLQJ�PHG�EROXV�KDU�XWYHFNODWV� 0HWRGHQ KDU�YLVDW VLJ YDUD�HWW�EUD�VlWW�
DWW�XWQ\WWMD�QlWPDJHQV�I|UPnJD�DWW�NYDUKnOOD�I|UHPnO�XQGHU�HQ�OlQJUH�WLG�I|U�DWW�OnQJVDPW�NXQQD�
DGPLQLVWUHUD�OlNHPHGHO�WLOO�LGLVVODUH��'HWWD NDQ�DQYlQGDV LVWlOOHW�I|U�DWW�H[HPSHOYLV�JH�HQ�GDJOLJ�
VSUXWD�VDPW�DWW� OlNHPHGOHW�NDQ�DGPLQLVWUHUDV�Sn�UlWW�SODWV�GLUHNW�PHG�KMlOS�DY�HQ�EROXVSLVWRO
�$OOHQ�HW�DO� ����� )DOORQ���������%ROXVPlUNQLQJHQ�ILQQV�L�QnJUD�ROLND�YDULDQWHU�L�NHUDPLN�PHG�
HWW� LQQHVOXWHW� FKLS�� DQWLQJHQ� NDQ� FKLSHW� YDUD� L� HWW� K|OMH� DY� JODV� HOOHU� SODVW�� GlU� JODV� lU� GHW�
YDQOLJDVWH� DWW� DQYlQGD� Gn� GHQ� \WWUH� EDUULlUHQ� DY� NHUDPLN VN\GGDU KHOD� FKLSHW� PHG� GHVV�
LQQHVOXWDQGH�VN\GG��%LOG����&DMD�HW�DO���������&DUQp�HW�DO�������D��E��������&DVWUR�HW�DO���������
/¡NHQ�HW�DO����������0nQJD�ROLND�VWRUOHNDU�RFK�W\QJGHU�KDU�SU|YDWV�PHG�EROXVPlUNQLQJ�I|U�DWW�
KLWWD�GHQ�ElVWD�VWRUOHNHQ�RFK�W\QJG�I|U�ROLND�GMXUVODJ�PHQ�lYHQ�LQRP�GMXUVODJ��'H�ElVW�OlPSDGH�
EROXVHQ�I|U�YX[QD�InU�RFK�JHWWHU�lU�LQWH�OlPSDGH�I|U�ODPP�HOOHU�NLOOLQJDU�XWDQ�EHK|YHU�YDUD�L�HQ�
PLQGUH�VWRUOHN�I|U�DWW�LQWH�ULVNHUD�DWW�IDVWQD�L�PDWVWUXSHQ� 'HVVD�PLQGUH�EROXV�NDOODV�PLQLEROXV
�*KLUDUGL�HW�DO���������&DVWUR�HW�DO���������

%LOG����%ROXVPlUNQLQJ�L�NHUDPLN�PHG�FKLS�LQQHVOXWHW�L�JODV��)RWR�$OLFLD�-RVHIVVRQ�
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$QNHOEDQG�PHG�RFK XWDQ�FKLS�ILQQV�PHG�ROLND�OnVYDULDQWHU�PHG�KDNDU�HOOHU�NQDSSDU VDPW�L�ROLND�
XWIRUPQLQJDU�GlU�HYHQWXHOOW�FKLS�VND�VLWWD��&DUQp�HW�DO����������%DQGHQ�ILQQV�lYHQ�HQEDUW�PHG�
SODWV� I|U� WU\FNW� QXPPHU� VRP� Sn� WUDGLWLRQHOOD� |URQPlUNHQ �%LOG� ����cU� ����� WRJV� SDWHQW� Sn�
DQNHOEDQG�PHG�NQDSSOnVQLQJ��+LOSHUW�	�/H�'UHDQ������� GlU�XWIRUPQLQJHQ�OLNQDU�GHQ�VRP�VND�
DQYlQGDV� L�GHW� SUDNWLVND I|UV|NHW� VRP�NRPPHU� DWW� JHQRPI|UDV� VRP�HQ� IRUWVlWWQLQJ DY�GHWWD�
NDQGLGDWDUEHWH�

%LOG����$QNHOEDQG�PHG�WU\FNWD�VLIIURU�VDPW�NQDSS�VRP�OnVIXQNWLRQ��)RWR�$OLFLD�-RVHIVVRQ�

,�6SDQLHQ�KDU�EROXVPlUNQLQJHQ�DQYlQWV VRP�DQGUD�PlUNQLQJ�VHGDQ�MDQXDUL�������&DUQp�HW�DO���
����E��D��������&DVWUR�HW�DO����������6WRUEULWDQQLHQ�KDU�RFNVn�YDOW�DWW�DQYlQGD�VLJ�DY�DOWHUQDWLYD�
PlUNQLQJVPHWRGHU� VRP� EODQG� DQQDW� EROXV� RFK� DQNHOEDQG� VHGDQ� HQ� NRUWDUH� WLG� WLOOEDND�
�*RYHUQPHQW� 8.�� ������� 8WDQI|U� (XURSD� KDU� .DQDGD� DQNHOEDQG� VRP� P|MOLJ� DOWHUQDWLY�
PlUNQLQJVPHWRG�I|U�JHWWHU��&DQDGLDQ�1DWLRQDO�*RDW�)HGHUDWLRQ��������

/lVEDUKHWHQ�I|U�GHVVD�W\SHU�DY�PlUNQLQJ�KDU�YLVDW�VLJ�YDULHUD�PHOODQ�ROLND�VWXGLHU��$QNHOEDQG�
KDGH�HQ�OlVEDUKHW�YLVXHOOW�RFK�HOHNWURQLVNW�Sn�!�����PHGDQ�EROXVPlUNQLQJHQ�LQWH�QnGGH�XSS�
WLOO�NUDYHQ��&DUQp�HW�DO����������0LQLEROXV�I|U�NLOOLQJDU�KDGH�HQ�nWHUWDJQLQJVIUHNYHQV�Sn��������
0HG�nWHUWDJQLQJVIUHNYHQV�PHQDV�DWW�PLQLEROXVHQ�ORNDOLVHUDGHV�YLG VODNW�DY�NLOOLQJDUQD�RFK�NDQ�
WDV�XU�VODNWNURSSHQ��&DVWUR�HW�DO����������0lUNQLQJHQ�PnVWH�Sn�JUXQG�DY�OLYVPHGHOVVlNHUKHWV�
VNlO�WDV�XW�IUnQ�VODNWNURSSHQ�SUHFLV�Sn�VDPPD�VlWW�VRP�DQQDQ�W\S�DY�PlUNQLQJ�PnVWH�DYOlJVQDV�
YLG�VODNW�

,�86$�XWI|UGHV�HQ�VWXGLH�GlU�JHWWHU�YLG����PnQDGHU�HIWHU�PlUNQLQJ�KDGH�HQ�nWHUWDJQLQJVIUHNYHQV�
Sn�EROXV�PHOODQ���±�������cWHUWDJQLQJVIUHNYHQVHQV�YDULDWLRQ�EHURGGH�Sn�EROXVHQV�VWRUOHN RFK�
W\QJG PHGDQ� LFNH�HOHNWURQLVND�|URQPlUNHQ� OnJ�Sn������nWHUWDJQLQJVIUHNYHQV� �&DUQp�HW�DO���
����E���(WW�XSSVNDWWDW�YlUGH�Sn�OlVEDUKHW�JMRUGHV�RFNVn�GlU�LQJHQ�DY�PlUNQLQJDUQD�XSSQnGGH�
NUDYHW�Sn�������(Q�VWXGLH�JMRUG�Sn�ODPP�YLVDGH�HQ�nWHUWDJQLQJVIUHNYHQV�Sn�PHOODQ���±������
�*KLUDUGL�HW�DO����������6WXGLHQ�WHVWDGH�WUH�ROLND�VWRUOHNDU�Sn�EROXVPlUNQLQJ�I|U�DWW�NXQQD�DYJ|UD�
YLONHQ�VRP�OlPSDGH�VLJ�ElVW�I|U�ODPP��'H�OlJVWD�nWHUWDJQLQJVIUHNYHQVHUQD�VRP�LQWH�QnGGH�XSS�
WLOO�JRGNlQGD�NUDYHW�YDU�EROXV���������J������[����PP��I|U�N|WWODPP�UHVSHNWLYH�EROXV���������
J������[����PP��I|U�PM|ONODPP��'RFN�YLVDGH�PlUNQLQJDUQD� LQWH�QnJRQ�VLJQLILNDQW�VNLOOQDG�
PHOODQ�YDUDQGUD��*KLUDUGL�HW�DO����������(OHNWURQLVN�|URQPlUNQLQJ�RFK�EROXVPlUNQLQJ�KDGH�HQ�
OlVEDUKHW�Sn�!������&DUQp�HW�DO�������D� L�HQ�VWXGLH�JMRUG�Sn�PM|ONJHWWHU�

'HQ�VW|UVWD�YDULDWLRQHQ L�nWHUWDJQLQJVIUHNYHQV�YLVDGHV�L�HQ�VWXGLH�DY�*KLUDUGL�HW�DO���������GlU�
IUHNYHQVHQ�OnJ�PHOODQ��±�������)OHUD�SURWRW\SHU�DY�ROLND�VWRUOHN�RFK�YLNW�DQYlQGHV�L�I|UV|NHQ�
VRP�JDY�GHQ�YDULHUDQGH�nWHUWDJQLQJVIUHNYHQVHQ��/lVEDUKHWHQ�YLVDGHV�GRFN�YDUD�P\FNHW�ElWWUH�
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QlU� GH� XQGHUV|NWH� HQEDUW� I\UD� EROXVW\SHU� YLG� I\UD� WLOOIlOOHQ�� 'n� YDU� OlVEDUKHWHQ� Sn� WUH� DY�
PlUNQLQJDUQD� !��� �� RFK� HQGDVW� HQ� XQGHU� NUDYHW� Sn� ��� �� �*KLUDUGL� HW� DO��� �������
6DPPDQVWlOOQLQJ�DY�WLGLJDUH�IRUVNQLQJ�JnU�DWW�OlVD�L�7DEHOO���

,� PHUSDUWHQ� DY� WLGLJDUH� VWXGLHU� lU� GMXUHQ� PlUNWD� PHG� |URQPlUNHQ� DY� ROLND� VODJ�� XW|YHU�
PlUNQLQJHQ�VRP�VND�WHVWDV��)|U�DWW�JH�HQ�ELOG�DY�GHQ�SUREOHPDWLN�VRP�ILQQV�XWI|UGH�(GZDUGV�HW�
DO �������HQ�VWXGLH�Sn� ODPP�RFK�WDFNRU�I|U�DWW� MlPI|UD�ROLND�|URQPlUNHQ�RFK�GHVV�QHJDWLYD�
LQYHUNDQ�Sn�GMXUHQ��6H[�ROLND�PlUNQLQJDU�DQYlQGHV��EODQG�DQQDW�PHWDOO�RFK�ROLND�YDULDQWHU�DY�
SODVWPlUNHQ��6nUVNDGRU�RFK�VYXOOQDG�YDU�GH�VNDGRU�VRP�XSSVWRG�PHVW�IUHNYHQW��8QGHU�VMlOYD�
PlUNQLQJVWLOOIlOOHW� REVHUYHUDGHV� ROLND� W\SHU� DY� EHWHHQGHQ�� WLOO� H[HPSHO� XSSYLVDGH� ODPPHQ�
YRNDOLVHULQJ�RFK�KXYXGVNDNQLQJDU�QlU�GH�PlUNWHV��$QWDOHW�ODPP�VRP�XSSYLVDGH�YRNDOLVHULQJDU�
RFK�KXYXGVNDNQLQJDU�YDU�VLJQLILNDQW�

'n�InU�RFK�JHWWHU�KDU�VDPPD�W\S�DY�|URQPlUNQLQJDU�L�6YHULJH�NDQ�UHVXOWDW�IUnQ�VWXGLHU�DY�InU�
I|UKRSSQLQJVYLV�YDUD�DSSOLFHUEDUD�lYHQ�Sn�JHWWHU��%nGD�GMXUVODJHQ�lU�VPn�LGLVVODUH�VRP�Sn�IOHUD�
VlWW� KnOOV� XQGHU� OLNQDQGH� I|UKnOODQGHQ�� ,� HQ� VWXGLH� DY� (GZDUG� RFK� -RKQVWRQ� ������ YLVDV�
VYnULJKHWHUQD� L� WUDGLWLRQHOO� |URQPlUNQLQJ� KRV� Q|WNUHDWXU� RFK� InU�� )OHUD� ROLND� W\SHU� DY�
|URQPlUNQLQJDU�MlPI|UGHV�RFK�GHW�EHG|PGHV�HIWHU�KXU�VYnUD�VNDGRU�GHVVD�RUVDNDGH�Sn�GMXUHQ�
PHG� VNDODQ� PLOG�� PnWWOLJW� HOOHU� DOOYDUOLJ�� 7RWDOW� DQYlQGHV� ����� GMXU� XSSGHODGH� L� JUXSSHU�
EHURHQGH�Sn�PlUNQLQJ��6W|UVW�DQGHO�VNDGRU�XSSPlWWHV�YLG�DQYlQGQLQJ�DY�PHWDOOPlUNHQ�VDPW
IDVWD�SODVWPlUNHQ��PHQ�DOOD�PlUNHQD�RUVDNDGH�VNDGRU� �(GZDUGV�	�-RKQVWRQ���������6WXGLHQ�
VWlPPHU�YlO�|YHUHQV�PHG�HQ�WLGLJDUH�XQGHUV|NQLQJ�EODQG�VYHQVND�JHWlJDUH�GlU�IOHUWDOHW�lJDUH�
XSSOHYGH� DWW� PHWDOOPlUNHQD� IXQJHUDGH� VlPVW� �3HUVRQOLJW� PHGGHODQGH� 0DGHOHLQH +|JEHUJ��
������
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7DEHOO����6DPPDQVWlOOQLQJ�DY�WLGLJDUH�IRUVNQLQJ DY�PlUNQLQJVPHWRGHU
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/lVEDUKHW DQWDOHW�O\FNDGH�DYOlVQLQJVI|UV|N�JMRUGD��

cWHUWDJQLQJ DQWDOHW�PlUNQLQJDU�IXQQD�RFK�
XUWDJQD�XU�VODNWNURSS�DY�GMXUHW� % %ROXV��0% �0LQL�EROXV��(g �(OHNWURQLVNW�|URQPlUNH��68% �
6XENXWDQ�FKLSPlUNQLQJ��D� �EHURHQGH�Sn�GMXUHWV�nOGHU
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%��(QNlWVWXGLHQ

6\IWHW�PHG�HQNlWVWXGLHQ�YDU�DWW�XQGHUV|ND�KXU�VWRU�DQGHO�DY�JHWlJDUQD�L�6YHULJH�VRP�XSSOHYGH
SUREOHP� PHG� QXYDUDQGH� ,'�PlUNQLQJ� RFK� YLONHQ� W\S� DY� SUREOHP� VRP� XSSVWRG VDPW� DWW�
I|UEHUHGD�I|U�GHQ�SUDNWLVND�GHOHQ�DY�I|UV|NHW�VRP�I|OMHU�GHWWD�NDQGLGDWDUEHWH�

0DWHULDO�RFK�PHWRGHU

(QNlWHQ�VRP�DQYlQGV�L�GHWWD�DUEHWH KDGH�WLGLJDUH NRQVWUXHUDGHV�DY�SURMHNWHWV�IRUVNQLQJVOHGDUH�
RFK� VNLFNDGHV� XW� DY� $QQD�.DULQ� *LGOXQG� Sn� 6YHQVND� JHWDYHOVI|UEXQGHW� WLOO� JHWlJDUH�
UHJLVWUHUDGH�L�6YHQVND�JHWDYHOVI|UEXQGHQ��(QNlWHQ ODGHV�lYHQ�XW�Sn�6YHQVND�JHWDYHOVI|UEXQGHWV�
KHPVLGD��VH�%LODJD����6YDU�PRWWRJV�IUnQ����JHWlJDUH��(QNlWVYDUHQ�DQRQ\PLVHUDGHV LQQDQ�GH�
VNLFNDGHV� WLOO� NDQGLGDWVWXGHQWHQ I|U� EHDUEHWQLQJ� HQOLJW� ODJHQ� I|U� *HQHUDO� 'DWD� 3URWHFWLRQ�
5HJXODWLRQ��*'35���3ULFHZDWHUKRXVH&RRSHUV���������)\UD�DY�WLR�IUnJRU�IUnQ�HQNlWHQ�YDOGHV�XW�
I|U� DWW� NXQQD�EHVYDUD� IUnJHVWlOOQLQJHQ�NRUUHNW� VDPW� WD� UHGD�Sn�KXU�PnQJD�JHWlJDUH� VRP�YDU
LQWUHVVHUDGH�DY�DWW�PHGYHUND�L�GHW�SUDNWLVND�I|UV|NHW��GHVVD I\UD IUnJRU�lU�IHWVWLODGH�L�%LODJD���

'H�XWYDOGD�IUnJRUQD�VRP�UHGRYLVDV�L�GHWWD�DUEHWH�YDU�

+XU�IXQJHUDU QXYDUDQGH�,'�PlUNQLQJVV\VWHP�I|U�HUD�JHWWHU"�%UD��PLQGUH�EUD� GnOLJW��
P\FNHW�GnOLJW�

2P�QL�VYDUDW�GnOLJW�HOOHU�P\FNHW�GnOLJW�Sn�I|UHJnHQGH�IUnJD��YDUI|U�XSSVWnU�SUREOHP"

bU�QL�LQWUHVVHUDGH�DY�DWW�GHOWD�L�GHQ�SUDNWLVND�GHOHQ�DY�FKLSPlUNQLQJVVWXGLHQ�PHG�QnJUD�
DY�HUD�JHWWHU"�-D��QHM��YHW�HM�MXVW�QX�

2P�QL�VYDUDW�MD�Sn�RYDQVWnHQGH�IUnJD��lU�GHW�Gn�2.�DWW�QnJUD�DY�HUD�JHWWHU�EOLU�FKLSSDGH�
PHG���FKLS����L�QlWPDJHQ�RFK���XQGHU�KXG��VDPW�InU�HWW�DQNHOEDQG�Sn�HQD�EDNEHQHW"�-D��
QHM��YHW�HM�

<WWHUOLJDUH�IUnJRU�L�HQNlWHQ�DQYlQGHV�GRFN�I|U�DWW�MlPI|UD�GH�ROLND�JnUGDUQD�RFK�VH�RP�GHW�IDQQV�
QnJRQ�NRSSOLQJ DQJnHQGH KXU�EUD�QXYDUDQGH�PlUNQLQJ�IXQJHUDGH�RFK�XWIRGULQJVVWUDWHJL��IRGHU�
HOOHU�RP JHWWHUQD�KDGH KRUQ�HOOHU�LQWH�

%HDUEHWQLQJ�DY�GDWD

%HDUEHWQLQJ�DY�GDWD�JMRUGHV�L�0LFURVRIW�([FHO�����3UR3OXV��(QNlWVYDUHQ�VNUHYV�LQ�L�([FHO�PHG�
JnUGVQXPPHU�RFK�XSSGHODGH�VYDU�Sn�YDUMH�IUnJD��)|U�DWW�JH�HQ�W\GOLJ�ELOG�|YHU�UHVXOWDWHW�JMRUGHV�
GLDJUDP�PHG�XWUlNQDGH�SURFHQWVDWVHU�IUnQ�([FHO�
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5HVXOWDW

6YDU�LIUnQ����JHWlJDUH�PRWWRJV�HIWHU�XWVNLFNDG�HQNlW��%HVlWWQLQJVVWRUOHNHQ�YDULHUDGH�PHOODQ��±
��� JHWWHU��8WLIUnQ�DQDO\VHUQD�IUnQ�HQNlWVYDUHQ�YLVDU�UHVXOWDWHW�DWW������DY�JHWlJDUQD�XSSOHYHU�
SUREOHP��(QEDUW������W\FNHU�DWW�QXYDUDQGH�PlUNQLQJ�IXQJHUDU�EUD��)LJXU�����$Y�GH������VRP�
XSSOHYHU�SUREOHP�PHG�QXYDUDQGH�PlUNQLQJ�XSSOHYHU������DWW�PlUNQLQJHQ�IXQJHUDU�P\FNHW�
GnOLJW�VDPW������GnOLJW�

)LJXU����(QNlWVYDU�IUnQ����JHWlJDUH�DQJnHQGH�KXU�EUD�GHQ�QXYDUDQGH�,'�PlUNQLQJHQ�IXQJHUDU�

*HWlJDUH�VRP�DQVHU�DWW�QXYDUDQGH�PlUNQLQJ�IXQJHUDU�EUD�KDU���������UHVSHNWLYH����GMXU�L�VLQD�
EHVlWWQLQJDU�� HQ� JHWlJDUH� VYDUDGH� LQWH� KXU� PnQJD� JHWWHU� GHQQH KDGH�� 'H� VRP� DQVHU� DWW�
PlUNQLQJHQ� IXQJHUDU�P\FNHW� GnOLJW� KDU� ��� ��� �� UHVSHNWLYH� �� GMXU��'H� JHWlJDUH� VRP� VYDUDGH�
PLQGUH�EUD�KDU�������������������UHVSHNWLYH����GMXU�L�VLQD�EHVlWWQLQJDU��'H�VRP�VYDUDGH�GnOLJW�
KDU�������������������������������UHVSHNWLYH���GMXU�L�VLQD�EHVlWWQLQJDU��HQ�GMXUlJDUH�VYDUDGH�LQWH�
KXU�PnQJD�JHWWHU�GHQQH KDGH�

1LR JHWlJDUH�XWIRUGUDU�VLQD�GMXU�PHG�K|��VO\�RFK�NUDIWIRGHU YLONHW LQQHIDWWDGH EnGH�IUL�WLOOJnQJ�
RFK�UHVWULNWLY�XWIRGULQJ�RFK�UHGRYLVDGH NDWHJRULHUQD�EUD��PLQGUH�EUD�RFK�GnOLJW�JlOODQGH�KXU�EUD�
QXYDUDQGH�PlUNQLQJ�IXQJHUDU��'H�JHWlJDUH�VRP�DQJDY NDWHJRULQ�P\FNHW�GnOLJW�KDGH DOOD�ROLND�
IRGHU�WLOO�JHWWHUQD�YLONHW�J|U�DWW�LQJHQ�NRSSOLQJ�PHOODQ�P\FNHW�GnOLJW�IXQJHUDQGH�PlUNQLQJ�RFK�
HWW� VSHFLILNW� IRGHUYDO� VnJV�� ,QWH� KHOOHU� NXQGH GHW� VHV� QnJRQ� NRSSOLQJ� L� YLONHQ� W\S� DY�
XWIRGULQJVWHNQLN�VRP�JHWlJDUHQ�DQYlQGH�VLJ�DY�RFK DWW�GHWWD VNXOOH�OHGD�WLOO�|NDG�SUREOHPDWLN��
.DWHJRULQ�IUL�WLOOJnQJ�LQQHK|OO�DOOD�YDULDWLRQHU�DY�KXU�EUD�QXYDUDQGH�PlUNQLQJ�IXQJHUDGH�

3UREOHPDWLNHQ�VRP�XSSVWnU�L�EHVlWWQLQJDUQD�lU�LQIHNWLRQHU��VnU��V|QGHUVOLWQD�|URQ��ERUWIDOO�VDPW�
DWW�GMXUHQ�IDVWQDU�PHG�VLQD�|URQPlUNHQ�L�EnGH�LQUHGQLQJ�L�VWDOODU�RFK�VO\�����JHWlJDUH�QlPQGH
LQIHNWLRQHU�VRP�HWW�SUREOHP��EnGH�Sn�JUXQG�DY�VMlOYD�PlUNQLQJVPRPHQWHW�QlU�GHW�lU�VYnUW�DWW�
KnOOD�IDVW�YX[QD�GMXU�PHQ�RFNVn�VRP�HQ�I|OMG�DY�VnUVNDGRU�VRP�LQWH�OlNHU��6|QGHUVOLWQD�|URQ�
XSSOHYGHV RFNVn�VRP�HWW�SUREOHP�DY����lJDUH��)LJXU�����(QOLJW�JHWlJDUQD�XSSVWnU�GH�V|QGHUVOLWQD�
|URQHQ�RIWDVW� QlU� |URQPlUNHQD� IDVWQDU� L� LQUHGQLQJ� HOOHU� VO\�RFK�Gn� VOLWV� XU� |URQHQ��)OHUD� DY�
JHWlJDUQD�KDU�QlPQW�L�HQNlWHQ�DWW�GH�V|NW�GLVSHQV�I|U�DWW�LQWH�KD�VLQD�JHWWHU�|URQPlUNWD�Gn�GH�
KDU�Vn�P\FNHW�SUREOHP�DWW�GH�DQVHU�DWW�|URQPlUNQLQJ�|YHUKXYXGWDJHW�LQWH�lU�P|MOLJW�

�ƌĂ
ϮϬй

DŝŶĚƌĞ�ďƌĂ
Ϯϰй

�ĊůŝŐƚ�
ϰϬй

DǇĐŬĞƚ�ĚĊůŝŐƚ
ϭϲй

,Ƶƌ�ďƌĂ�ĨƵŶŐĞƌĂƌ�ŶƵǀĂƌĂŶĚĞ�/�ͲŵćƌŬŶŝŶŐ͍

�ƌĂ

DŝŶĚƌĞ�ďƌĂ

�ĊůŝŐƚ

DǇĐŬĞƚ�ĚĊůŝŐƚ
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)LJXU� ��� (QNlWVYDU IUnQ� ��� JHWlJDUH� DQJnHQGH YLONHQ W\S� DY� SUREOHPDWLN� VRP� ILQQV�PHG� QXYDUDQGH�
|URQPlUNQLQJ�� 3UREOHPDWLNHQ� NULQJ� QXYDUDQGH�PlUNQLQJ� DQDO\VHUDGHV� I|U� VSHFLILND� SDUDPHWUDU� VRP�
LQIHNWLRQ��VnU��VOLWQD�|URQ��RP�GH�IDVWQDU�PHG�PlUNHQD�HOOHU�RP�PlUNHQD�IDOOHU�DY� )LJXUHQ�YLVDU�IOHU�
SUREOHPRPUnGHQ�lQ�DQWDOHW�JHWlJDUH�VRP�VYDUDGH�Sn�HQNlWHQ�YLONHW�EHURU�Sn�DWW IOHUWDOHW�JHWlJDUH�QlPQGH
IOHUD�DY�SDUDPHWUDUQD�L�HQNlWHQ�

)LJXU����(QNlWVYDU IUnQ����JHWlJDUH�DQJnHQGH YLOND�|URQPlUNHQ�VRP�IXQJHUDU�ElVW�

,�HQNlWHQ�VYDUDGH�JHWlJDUQD�Sn�YLONHW�|URQPlUNH�VRP�IXQJHUDGH�ElVW�DY�GH�ROLND�W\SHU�VRP�ILQQV�
UHJLVWUHUDGH� KRV� -RUGEUXNVYHUNHW� �-RUGEUXNVYHUNHW�� ������� (Q� JHWlJDUH� VYDUDGH� $OOIOH[�� ���
0LFUR��nWWD &RPEL������0LQL��HQ &RPEL������5XQG�RFK�WYn VYDUDGH�LQWH�Sn�IUnJDQ��)LJXU�����
'H�PlUNQLQJDU� VRP� IXQJHUDU� VlPVW� lU�PHWDOO�� &RPEL� �����PLQL� VDPW�0LFUR�� 7Yn JHWlJDUH�
VYDUDGH�PHWDOO��IHP &RPEL������PLQL�RFK�WYn 0LFUR��5HVWHUDQGH�VYDUDGH�YHW�HM�HOOHU�LQWH�DOOV�

,�HQNlWHQ�VYDUDGH����JHWlJDUH�DWW�GHUDV�JHWWHU�KDU�KRUQ��WUH DY�GHP�KDGH lYHQ�NXOOLJD�JHWWHU��
6DPWOLJD� WUH VRP� VYDUDGH DWW� GHUDV� JHWWHU� LQWH� KDU� KRUQ� XSSOHYGH DWW�PlUNQLQJHQ� IXQJHUDGH
GnOLJW��'HVVD�WUH�lU�GRFN�LQWH�GH�JHWlJDUH�VRP�KDU�K|JVW�DQWDO�JHWWHU�
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,QWUHVVHW�I|U�DWW�GHOWD�L�GHW�SUDNWLVND�I|UV|NHW�lU�VWRUW�KRV�JHWlJDUQD�RFK�HQEDUW������VYDUDGH QHM�
HOOHU�YHW�HM�Sn�IUnJDQ�RP�GH�NDQ�WlQND�VLJ�DWW�PHGYHUND�L�I|UV|NHW��)LJXU�����$QWDOHW�JHWlJDUH�
PHG�EHVlWWQLQJ�P|MOLJD�DWW�DQYlQGD�WLOO�GHW�SUDNWLVND�I|UV|NHW�lU�HIWHU�HQNlWVYDUHQ����VW\FNHQ�
Gn�GHVVD� VYDUDGH� MD WLOO DWW�GHOWD� \WWHUOLJDUH WUH�EHVlWWQLQJDU� VRP� LQWH�GHOWDJLW� L� HQNlWVWXGLHQ�
NRPPHU�lYHQ�DWW�GHOWD�L�I|UV|NHW�

)LJXU����(QNlWVYDU�IUnQ����JHWlJDUH�DQJnHQGH�KXU PnQJD�DY�GH�VRP�VYDUDGH�Sn�HQNlWHQ�VRP�NDQ�WlQND�
VLJ�DWW�YDUD�PHG�L�GHW�SUDNWLVND�I|UV|NHW�
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'LVNXVVLRQ

(QNlWVYDUHQ� VW\UNHU� K\SRWHVHQ� DWW� IOHU� lQ� ��� �� DY� JHWlJDUQD� XSSOHYHU� SUREOHPDWLN� PHG�
QXYDUDQGH�|URQPlUNQLQJ��'n DQDO\VHQ�YLVDU�DWW�HQEDUW������ W\FNHU�DWW�QXYDUDQGH�PlUNQLQJ�
IXQJHUDU�EUD�lU�GHW�|YHUYlJDQGH PnQJD�VRP�LQWH�W\FNHU�DWW�GHW�IXQJHUDU��'HWWD�VWlPPHU�|YHUHQV�
PHG� YDG� WLGLJDUH� IRUVNQLQJ� KDU� YLVDW� �(GZDUGV� 	� -RKQVWRQ�� ������ (GZDUGV� HW� DO��� �������
3UREOHPDWLNHQ VRP�JHWlJDUQD�QlPQHU�lU�IUDPI|UDOOW�LQIHNWLRQHU�RFK�V|QGHUVOLWQD�|URQ��RUVDNDW�
DY� DWW� JHWWHU� L� VWRU� XWVWUlFNQLQJ� IDVWQDU� PHG� |URQPlUNHQD� L� LQUHGQLQJ� RFK� VO\� RFK� DY� GHQ�
DQOHGQLQJHQ�InU�VnU�RFK�DQGUD�VNDGRU�L�VLQD�|URQ��'HQQD�W\S�DY�SUREOHPDWLN�J|U�GHW�YlOGLJW�VYnUW�
I|U�JHWlJDUQD�DWW�PlUND�RP�VLQD�GMXU��'HOV�lU�LQIHNWLRQHQ VPlUWVDP�RFK�EHK|YHU�OlND�XW�LQQDQ�
Q\�PlUNQLQJ�J|UV�YLONHW�L�VLQ�WXU�OHGHU�WLOO�DWW�GMXUHQ�LQWH�lU�NRUUHNW�PlUNWD XQGHU�WLGHQ� 'HOV�NDQ�
|URQPlUNHW�YDUD�I|U�VWRUW�I|U�GHQ�GHOHQ�DY�|UDW�VRP�LQWH�lU�VNDGDW�HOOHU�Vn�NDQ�LQIHNWLRQHQ�OHGD�
WLOO� DWW� GHODU� DY�|UDW� IDOOHU� DY�RFK�GHW�Gn� LQWH� ILQQV� WLOOUlFNOLJW� XWU\PPH� I|U�Q\WW� |URQPlUNH��
'LVSHQV�I|U�DWW�LQWH�KD�|URQPlUNWD GMXU�Sn�JUXQG�DY�VNDGRU�ILQQV�RFK�QnJUD�JHWlJDUH�QlPQHU�L�
HQNlWHQ� DWW� GH� YDULW� WYXQJQD� DWW� DQV|ND� RP� GLVSHQV�� ,QIHNWLRQHU� RFK� V|QGHUVOLWQD� |URQ� NDQ�
LQQHElUD�DWW�GMXUHQ�DOGULJ�NDQ�KD�NRUUHNW�PlUNQLQJ�LJHQ�

,QJHQ�NRSSOLQJ�NDQ�VHV�PHOODQ�DWW�HWW�VW|UUH�DQWDO�GMXU�OHGHU�WLOO�|NDG�SUREOHPDWLN��*HWlJDUQD�KDU�
HWW�YDULHUDQGH�DQWDO�GMXU�L�VLQD�EHVlWWQLQJDU�RFK�LQJHW�DY�SUREOHPHQ�NDQ�NRSSODV�WLOO�DWW�GH�VRP�
KDU�IOHVW�GMXU�KDU�PHU�SUREOHP��'H�VRP�W\FNHU�DWW�PlUNQLQJHQ�IXQJHUDU�P\FNHW�GnOLJW�lU�KHOOHU�
LQWH�GH�VRP�KDU�PLQVW�DQWDO GMXU�L�VLQ�EHVlWWQLQJ��'HWWD�LQGLNHUDU�DWW�DQWDOHW�GMXU�L�HQ�EHVlWWQLQJ�
LQWH�YHUNDU�KD�QnJRQ�NRSSOLQJ� WLOO�QnJRQ YLVV� W\S�DY�SUREOHPDWLN�RFK� LQWH�KHOOHU� WLOO�GH�VRP�
UDQNDU�IXQNWLRQHQ�DY�QXYDUDQGH�PlUNQLQJ�VRP�P\FNHW�GnOLJW�

(Q�YX[HQ�JHW�lU�VYnUDUH�DWW�PlUND�lQ�HQ�NLOOLQJ�Gn�GMXUHQ EOLU�VWDUNDUH��VW|UUH�RFK�VYnUDUH�DWW�
KnOOD�IDVW QlU�GH�EOLU�lOGUH��(Q�JHW�VRP�HQ�JnQJ�KDU�KDIW�HQ�VPlUWVDP�LQIHNWLRQ�L�HWW�HOOHU�EnGD�
|URQHQ�Sn�JUXQG�DY�|URQPlUNQLQJ�lU�RFNVn�VYnUDUH�DWW�PlUND�RP�lQ�HQ�JHW�VRP�LQWH�KDIW�QnJUD�
SUREOHP��'HWWD J|U�DWW�QlU�YX[QD�GMXU�InU�SUREOHP�VRP�U|U�|URQPlUNQLQJHQ�lU�GHW�VYnUW�DWW�In�HQ�
Q\�PlUNQLQJ�DWW�IXQJHUD�EUD�

'HQ�GHO� DY�K\SRWHVHQ� VRP� LQWH� |YHUHQVVWlPPHU�PHG� HQNlWVYDUHQ� lU� YLONHW� SUREOHP� VRP�lU�
YDQOLJDVW��(QNlWVYDUHQ�YLVDU�DWW����GMXUlJDUH�KDU LQIHNWLRQHU�VRP SUREOHP�L�VLQ�EHVlWWQLQJ��YLONHW�
WLOO�DQWDOHW�lU�OLND�PnQJD�VRP�QlPQHU�V|QGHUVOLWQD�|URQ��7LOO�VWRU�GHO�lU V|QGHUVOLWQD�|URQ HQ�
I|OMG�DY�LQIHNWLRQHU�VRP�OlNW�GnOLJW�PHQ�V|QGHUVOLWQD�|URQ�XSSVWnU�lYHQ�QlU�JHWWHUQD�IDVWQDU�

9DOHW�DY�IRGHU�RFK�XWIRGULQJVVWUDWHJL�NDQ�LQWH�VHV�KD�QnJRQ�NRSSOLQJ�WLOO�QnJRW�HQVNLOW�SUREOHP�
PHG� |URQPlUNQLQJHQ� RFK� LQWH� KHOOHU� PHG� KXU� |URQPlUNQLQJHQ� IXQJHUDU�� 9LGDUH� IRUVNQLQJ�
EHK|YV�I|U�DWW�VH�RP�GHW�NDQ�ILQQDV�QnJRQ�NRSSOLQJ�WLOO�SUREOHP�PHG�|URQPlUNQLQJ�RFK�GMXUHQV�
IRGHU�HOOHU�XWIRGULQJVVWUDWHJL�

,�HQNlWIUnJDQ�GlU JHWlJDUQD�ILFN�VYDUD�Sn�YLONHQ�PlUNQLQJ�VRP�IXQJHUDGH�ElVW�VNUHY�IOHUWDOHW�DWW�
GH�HQEDUW�WHVWDW�HQ�PlUNQLQJ�RFK�KDU�Gn�UDQNDW�GHQQD�PlUNQLQJ�VRP�ElVW��8WLIUnQ�GHWWD�lU�GHW�
VYnUW� DWW� GUD�QnJRQ� VOXWVDWV�RP�YLONHQ�QXYDUDQGH�PlUNQLQJ� VRP� IDNWLVNW� IXQJHUDU�ElVW��cWWD
JHWlJDUH�DY�GH����VRP�VYDUDW�Sn�HQNlWHQ�KDU�HQEDUW�DQYlQW�VLJ�DY�VDPPD�PlUNQLQJ��IHP 0LFUR�
RFK�WUH &RPEL������PLQL��'HW�lU�WURWV�GHWWD�W\GOLJW�DWW�GH�IOHVWD JHWlJDUH�L�HQNlWHQ�LQWH�W\FNHU�
DWW�PlUNQLQJHQ�IXQJHUDU�EUD�XWDQ�HQEDUW�DWW�QnJUD�PlUNHQ�lU�ElWWUH�lQ�DQGUD��6lPVWD�PlUNQLQJHQ�
lU�HQOLJW�HQNlWVYDUHQ�&RPEL������PLQL�PHQ�HQEDUW�IHP JHWlJDUH�UDQNDU�GHVVD�VRP�VlPVW��'HQ�
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VWRUD� DQGHOHQ� DY� JHWlJDUQD� VYDUDU� GRFN� YHW� HM� HOOHU� LQWH� DOOV� RFK� SUHFLV� VRP� PHG� ElVWD�
PlUNQLQJHQ�EHURU�GHWWD�Sn�DWW�IOHUD�HQEDUW�WHVWDW�HQ�W\S�DY�|URQPlUNHQ�RFK�DWW�GH�Gn�LQWH�NXQQDW�
ELOGD�VLJ�QnJRQ�XSSIDWWQLQJ RP YLONHW�PlUNH�VRP�lU�VlPVW��8W|YHU�GH�PlUNHQ�VRP�lU�JRGNlQGD�
DY� -RUGEUXNVYHUNHW� ������� QlPQHU� WYn� JHWlJDUH� PHWDOO� VRP� VlPVWD� |URQPlUNQLQJHQ�� GHWWD�
VWlPPHU� YlO� |YHUHQV� PHG� WLGLJDUH� IRUVNQLQJ� �(GZDUGV� HW� DO�� ����� VRP� YLVDW� DWW�
PHWDOO|URQPlUNHQD�KDU�VH[�JnQJHU�K|JUH�VDQQROLNKHW�DWW�RUVDND�VnU�lQ�GH�DQGUD�|URQPlUNHQD�
WHVWDGH�L�VWXGLHQ�

(Q�IDNWRU�VRP�IRUVNDUH�RFK�JHWlJDUH�WLGLJDUH�IXQGHUDW�Sn��3HUVRQOLJW�PHGGHODQGH�0DGHOHLQH�
+|JEHUJ��������lU�RP�KRUQ�KRV�JHWWHU�KDU�QnJRQ�LQYHUNDQ�Sn�KXU�VWRUD�SUREOHP�GH�KDU�PHG�
|URQPlUNHQ� (Q�WLGLJDUH�VWXGLH�KDU�YLVDW�DWW�KRUQO|VD�JHWWHU�ELWHU�YDUDQGUD�PHU�IUHNYHQW�lQ�JHWWHU�
PHG�KRUQ��&HPLO�	�7�UNHU��������'HW�KDU�lYHQ�YLVDWV�DWW�KXU�P\FNHW�JHWWHUQD�ELWHU�YDUDQGUD�
EHURU� Sn� YLONHQ� SODWV� GH� EHILQQHU� VLJ� Sn�� +|JVW� IUHNYHQV� DY� ELWQLQJ� REVHUYHUDGHV� YLG�
PM|ONQLQJVVWDWLRQHUQD��'n�JHWlJDUQD�L�GHWWD�DUEHWH�LQWH�InWW�GHQQD�IUnJD�L�HQNlWHQ�NDQ�LQWH�QnJRQ�
VOXWVDWV�GUDV�DQJnHQGH�GHWWD��'HW�JnU�KHOOHU�LQWH�DWW�VH�QnJRQ�NRSSOLQJ�WLOO�DWW�JHWWHU�PHG�KRUQ�
KDU� VW|UUH�SUREOHP�PHG�VLQD�|URQPlUNQLQJDU��'H� WUH JHWlJDUH� VRP�VYDUDW�DWW�GHUDV�JHWWHU�lU�
KRUQO|VD�KDU�DOOD�VYDUDW�DWW�GHUDV�PlUNQLQJ�IXQJHUDU�GnOLJW��'H�EHG|PHU�DOOWVn� LQWH�VMlOYD�DWW�
QXYDUDQGH�PlUNQLQJ�lU�P\FNHW�GnOLJ�RFK NDQ�LQWH�NRSSODV�WLOO�DWW�GHVVD�EHVlWWQLQJDU�LQWH�KDU�
KRUQ��'H� JHWlJDUH� VRP� VYDUDGH� DWW� GHUDV� JHWWHU� KDU� KRUQ� lU� LQWH� HQEDUW� GH� VRP�XSSOHYHU� DWW�
QXYDUDQGH�PlUNQLQJ�IXQJHUDU�EUD�XWDQ�GH�ILQQV�L�DOOD�NDWHJRULHU��EUD��PLQGUH�EUD��GnOLJW��P\FNHW�
GnOLJW��0HG�GHWWD� UHVXOWDW�NDQ�GHW�GlUPHG� LQWH� VHV�QnJRQ�NRSSOLQJ� WLOO� KRUQO|VKHW�RFK�K|JUH�
IUHNYHQV�DY�SUREOHP�

)|UEHUHGHOVHUQD�LQI|U�GHW�SUDNWLVND�I|UV|NHW�lU�ORYDQGH�PHG�Vn�PnQJD�JHWlJDUH�LQWUHVVHUDGH�DY�
DWW�GHOWD��'HWWD JHU�HWW�VW|UUH�XUYDO�Vn�DWW�GHQ�SUDNWLVND�GHOHQ�JnU�DWW�JHQRPI|UD�Sn�PHU�lQ�HQEDUW�
GHQ� OLOOD� I|UV|NVEHVlWWQLQJ� VRP� 6/8� KDU�� $WW� JHWlJDUQD� lU� LQWUHVVHUDGH� DY� GH� Q\D�
PlUNQLQJVPHWRGHUQD�YLVDU�RFNVn�Sn�HWW�LQWUHVVH�LQRP�SURGXNWLRQHQ�DWW�XWYHFNODV�RFK�I|UElWWUDV��
*HWSURGXNWLRQHQ�L�6YHULJH�MlPI|UW�PHG�PnQJD�DQGUD�OlQGHU�L�(8�lU�OLWHQ�RFK�EHK|YHU�XWYHFNODV��
,QJHQ�IRUVNQLQJ�lU�JMRUG Sn�PlUNQLQJ�DY�VYHQVND�JHWWHU�YLONHW�J|U�GHQ�SUDNWLVND�GHOHQ�DY�GHQQD�
VWXGLH�WLOO�GHQ�I|UVWD�L�VLWW�VODJ�

.RVWQDGHQ� I|U� PlUNQLQJ� YDULHUDU� PHG� PHWRG� PHQ� RFNVn� PHG� I|UEUXNQLQJ� DY� PlUNHQ��
%RUWWDSSDGH��WUDVLJD�HOOHU�I|UEUXNDGH�PlUNQLQJDU�NDQ�J|UD�DWW�NRVWQDGHQ�I|U�HWW�GMXUV�PlUNQLQJ�
EOLU�EHW\GOLJW�K|JUH�lQ�HQEDUW�HWW�HQVNLOW�PlUNH�QlU�GHW�EHK|YHU�HUVlWWDV�PHG�Q\D��9DULDWLRQHUQD�
L�NRVWQDGHU�NDQ�I|UNODUDV PHG�DWW�H[HPSHOYLV�HOHNWURQLVND�PlUNHQ�KDU�HWW�FKLS�L�VLJ�VRP�NRVWDU�
PHU�lQ�HQEDUW�HWW�|URQPlUNH�PHG�WU\FNWD�VLIIURU��%ROXVPlUNHQ�VRP�lQQX�LQWH�ILQQV�WLOOJlQJOLJD�
L�6YHULJH�NRVWDU�PHU�RFNVn�I|U�DWW GH LQWH�WLOOYHUNDV�L�6YHULJH�XWDQ�LPSRUWHUDV��'H�PlUNHQ�VRP�
ILQQV�WLOOJlQJOLJD�VDPPDQIDWWDV�KRV�6WDOOPlVWDUHQ�VH�PHG�HQ�SULVOLVWD�GlU�GHW�ILQQV�I\UD RIILFLHOOD�
PlUNHQ�I|U�InU�RFK�JHWWHU�VDPW�VMX LFNH�RIILFLHOOD�PlUNHQ RFK KDU�HWW�SULV�Sn�PHOODQ�����±���
NU�VW\FN �6WDOOPlVWDUHQ���������'H�DOWHUQDWLYD�PlUNQLQJVPHWRGHUQD�VRP�WDJLWV�XSS�L�GHWWD�DUEHWH�
KDU�HQ�K|JUH�NRVWQDG��DQNHOEDQG�PHG�FKLS���������PRPV��DQNHOEDQG�XWDQ�FKLS���������PRPV��
EROXV���������PRPV��6WDOOPlVWDUHQ��������VDPW�VXENXWDQW�FKLS �����PRPV��6ZHYHW�X�n��

1lU�JHWlJDUH EHK|YHU�PlUND�RP�VLQD�GMXU�RFK�HUVlWWD�|URQPlUNHQ�NDQ�GHWWD EOL�HQ�VWRU�NRVWQDG
HQEDUW�I|U�PlUNHQD��7LOO�GHW�NRPPHU�NRVWQDG�I|U�DUEHWVWLG��SRWHQWLHOOD�YHWHULQlUNRVWQDGHU�I|U�
GMXU�PHG�VNDGRU�RFK�LQIHNWLRQHU�VDPW�ULVN�I|U�I|UORUDG�LQNRPVW�DY�N|WW�HOOHU�PM|ON YLONHW�J|U�DWW�
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NRVWQDGHQ� I|U� HQ JHWlJDUH� NDQ� EOL� VWRU�� 2P� VHGDQ� \WWHUOLJDUH� SUREOHP� XSSVWnU� RUVDNDG� DY�
PlUNQLQJ� �VRP�HQ�DY�JHWlJDUQD�QlPQGH� L�HQNlWHQ� NDQ�KHOD�NRVWQDGHQ� I|U�SURGXNWLRQHQ�EOL�
P\FNHW�K|JUH�lQ�YDG�VRP�NDQ�DQVHV�DFFHSWHUDG�L�DQQDQ�GMXUSURGXNWLRQ�

)|UElWWULQJ�DY�,'�PlUNQLQJ�Sn�JHWWHU�NDQ�P\FNHW�YlO�YDUD�O|VQLQJHQ�Sn�GHQ�SUREOHPDWLN�VRP�
ILQQV�KRV�JHWlJDUH� LGDJ��gURQPlUNHQ�VLWWHU�Sn�HQ�YlOGLJW�XWVDWW�SRVLWLRQ�RFK�RUVDNDU�RQ|GLJW�
OLGDQGH�I|U�GMXUHQ��$WW�LVWlOOHW�IO\WWD�PlUNQLQJHQ�WLOO�HWW�EDNEHQ��VRP�NDQVNH�lU�PLQGUH�XWVDWW�I|U�
ULVNHQ�DWW�IDVWQD��HOOHU�KHOW�J|PPD�PlUNQLQJHQ� DQWLQJHQ�VXENXWDQW�FKLS�HOOHU�EROXVPlUNQLQJ�
VNXOOH� KHOW� WD� ERUW� SUREOHPDWLNHQ� PHG� V|QGHUVOLWQD� RFK� LQIHNWLRQHU� L� |URQ�� 6RP� WLGLJDUH�
IRUVNQLQJ�KDU�YLVDW� RUVDNDU� LQWH�EROXVPlUNQLQJHQ�QnJRQ�SUREOHPDWLN�JlOODQGH�KlOVRDVSHNWHU�
RFK�KDU�RFNVn�L�IOHUWDOHW�VWXGLHU HQ�IXOOW�WLOOUlFNOLJ�OlVEDUKHW�RFK�nWHUWDJQLQJVIUHNYHQV��*KLUDUGL�
HW�DO���������������&DUQp�HW�DO�������D��E��&DVWUR�HW�DO���������

0HG� GH� UHVXOWDW� VRP� IUDPNRPPLW L� HQNlWHQ� YHUNDU�PlUNQLQJ� L� |URQHQ� GlUPHG� LQWH� YDUD� HQ�
OlPSOLJ� LGHQWLILNDWLRQVPHWRG�� JlOODQGH� JHW� 0|MOLJKHWHQ� WLOO� DOWHUQDWLYD� PlUNQLQJVPHWRGHU� L�
IUDPWLGHQ� I|U� JHW� JHU� I|UKRSSQLQJVYLV� RFNVn� P|MOLJKHWHQ� I|U� DQGUD� GMXUVODJ� DWW� I|UElWWUD�
PlUNQLQJVPHWRG��lYHQ�L�6YHULJH�

'HW�lU�SUREOHPDWLVNW�DWW�ILQQV \WWHUVW EHJUlQVDG�YHWHQVNDSOLJ�OLWWHUDWXU LQRP�PlUNQLQJVRPUnGHW
RFK�DWW�GHQ�IRUVNQLQJ VRP�ILQQV lU�JMRUG DY�VDPPD�IRUVNDUJUXSS��'HWWD LQQHElU�DWW�OLWWHUDWXUHQ�
L�GHWWD�NDQGLGDWDUEHWH�lU�EHJUlQVDG�WLOO�HWW�InWDO�I|UIDWWDUH�RFK�I|UV|NVXW|YDUH�VDPW�DWW�I|UV|NHQ�
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