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6KRUW�WHUP�PHDVXUHPHQWV��XVLQJ�D�WUDYHUVLQJ�PLFUR�HURVLRQ�PHWHU��W�0(0��RQ�VDQGVWRQH�EDUH�VXUIDFHV�LQ�WZR�GLI�
IHUHQW�ORFDWLRQV�ZLWKLQ�WKH�3HQLQVXOD�RI�0XJJLD��ZHUH�VXUYH\HG��7KHVH�VWDWLRQV�KDYH�EHHQ�PRQLWRUHG�VLQFH�������ILUVW
XVLQJ�D�0(0��WKHQ�D�W�0(0��0HGLDQ�DQQXDO�ORZHULQJ�UDWHV�LQ�WKH�VWXGLHG�VWDWLRQV��UHVXOWLQJ�IURP�D�PRQWKO\�VXUYH\�
LQJ��LV�������PP�\U��0809���DQG�������PP�\U��086%����'DLO\�VXUIDFH�FKDQJHV��FRQFHUQLQJ�WKH�UHODWLYH�KHLJKWV�RI
���FRRUGLQDWHV��ZHUH�PHDVXUHG�WKUHH�WLPHV�D�GD\��7KH�VXUYH\LQJ�VKRZV�WKDW�WKHUH�DUH�VLJQLILFDQW�GDLO\�YDULDWLRQV�RQ
VDQGVWRQH�VXUIDFHV��7KH�PD[LPXP�ULVH�ZDV��������PP��ZKLOH�WKH�PD[LPXP�ORZHULQJ�ZDV�������PP��0D[LPXP�GD\
YDULDWLRQ� LV� ������PP��2EVHUYDWLRQV�PDGH� E\� YDULRXV� DXWKRUV� DERXW� WKH� SKHQRPHQRQ� RI� UDLVLQJ�� SDUWLFXODUO\� RQ
VKRUH�SODWIRUPV�� LV�FRQILUPHG�DOVR�IRU� LQODQG�VDQGVWRQHV��7KH�REVHUYHG�YDOXHV�VXJJHVW� WKDW� WKH�H[SDQVLRQ�DQG�FRQ�
WUDFWLRQ�RI�WKH�EHGURFN�FRXOG�EH�UHODWHG�WR�ZHWWLQJ�DQG�GU\LQJ�SURFHVVHV��&RPSDULVRQ�EHWZHHQ�PHWHRURORJLFDO�DQG�W�
0(0�GDWD�VHHPV�WR�LQGLFDWH�WKDW�GXULQJ�WKH�QLJKW��EHGURFN�VXUIDFH�ULVHV�GXH�WR�ZDWHU�DEVRUSWLRQ��ZKLOH�GXULQJ� WKH
GD\�LW�ORZHUV�RZLQJ�WR�WKH�HYDSRUDWLRQ�

.H\�ZRUGV��WUDYHUVLQJ�0(0��VDQGVWRQHV��VXUIDFH�ULVH��VXUIDFH�ORZHULQJ��0XJJLD
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9HQJRQR�GLVFXVVH�PLVXUH�0(0��PLFUR�HURVLRQ�PHWHU��H�W�0(0��WUDYHUVLQJ�PLFUR�HURVLRQ�PHWHU��UDFFROWH�WUH�YROWH
DO�JLRUQR��LQ�GXH�VWD]LRQL�SRVWH�VX�DUHQDULH��LQ�GXH�GLYHUVH�ORFDOLWi�GHOOD�SHQLVROD�PXJJHVDQD��/H�VWD]LRQL��0809��H
086%���VRQR�PRQLWRUDWH�PHQVLOPHQWH�GDO�������SULPD�FRQ� LO�0(0�HG� LQ�VHJXLWR�FRQ� LO� W�0(0�� ,O� WDVVR�GL�FRQVX�
PD]LRQH�PHGLD�DQQXD�QHOOH�VWD]LRQL�LQGDJDWH�o�GL�������PP�D��0809���H�������PP�D��086%����/H�YDULD]LRQL�VX�
SHUILFLDOL�GHOO¢DOWH]]D�UHODWLYD�GL����SXQWL�LQGDJLQH�SHU�VWD]LRQH�VRQR�VWDWH�PLVXUDWH�WUH�YROWH�DO�JLRUQR��/R�VWXGLR�PR�
VWUD�FKH�FL�VRQR�VLJQLILFDWLYH�YDULD]LRQL�JLRUQDOLHUH�VXOOD�VXSHUILFLH�GHOOH�DUHQDULH��,O�PDVVLPR�LQQDO]DPHQWR�PLVXUDWR
o�VWDWR�GL��������PP��PHQWUH�O¢DEEDVVDPHQWR�PDVVLPR�GL�������PP��TXLQGL�XQD�YDULD]LRQH�PDVVLPD�GL�������PP�
/H�RVVHUYD]LRQL�IDWWH�GD�YDUL�DXWRUL�VXO� IHQRPHQR�GHOO¢LQQDO]DPHQWR�GHOOD�VXSHUILFLH�� LQ�SDUWLFRODUH�VXOOH�VKRUH�SODW�
IRUPV��o�FRQIHUPDWR�DQFKH�SHU�OH�DUHQDULH�GHOO¢HQWURWHUUD��,�YDORUL�RVVHUYDWL�VXJJHULVFRQR�FKH�O¢HVSDQVLRQH�H�OD�FRQ�
WUD]LRQH� GHO� VXEVWUDWR� URFFLRVR� SRWUHEEHUR� HVVHUH� FROOHJDWL� D� SURFHVVL� GL� DOWHUD]LRQH� GRYXWL� DOO¢DOWHUQDQ]D� VHF�
FR�XPLGR�WUD�OD�QRWWH�HG�LO�JLRUQR��/D�FRPSDUD]LRQH�WUD�L�GDWL�PHWHRURORJLFL�H�W�0(0�VHPEUDQR�LQGLFDUH�FKH�GXUDQWH
OD�QRWWH�OD�VXSHUILFLH�GHOO¢DUHQDULD�VL�DO]D�D�FDXVD�GHOO¢DVVRUELPHQWR�GHOO¢XPLGLWi��PHQWUH�GXUDQWH�LO�JLRUQR�OD�VXSHUIL�
FLH�ULODVFLD�O¢DFTXD�DWWUDYHUVR�O¢HYDSRUD]LRQH�

3DUROH�FKLDYH��WUDYHUVLQJ�0(0��DUHQDULH��LQQDO]DPHQWR�GHOOD�VXSHUILFLH��FRQVXPD]LRQH�GHOOD�VXSHUILFLH��0XJJLD
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'HQXGDWLRQ�LV�XQGHUVWRRG�WR�EH�GXH�WR�FKHPLFDO�DQG
SK\VLFDO�ZHDWKHULQJ�DQG� WR�HURVLRQ�SURFHVVHV��7KH�HVWL�
PDWLRQ�RI� VDQGVWRQH�GHQXGDWLRQ� UDWHV� LV�YHU\� LPSRUWDQW
LQ�RUGHU� WR�HOXFLGDWH�ERWK� WKH� UROH�RI� VDQGVWRQHV� LQ� WKH
JHRORJLFDO�FRQWH[W�DQG� WR�HYDOXDWH� WKH�GXUDELOLW\�RI� WKH
URFNV�XVHG�DV�EXLOGLQJ�PDWHULDOV��0DQ\�DXWKRUV� LQYHVWL�
JDWHG�ZHDWKHULQJ�SURFHVVHV�RQ�VDQGVWRQHV��7DNDKDVKL�HW
DO�� ������� GHDOW� ZLWK� WKH� UHDVRQ� IRU� WKH� YDULDELOLW\� DQG
WLPH�GHSHQGHQFH� LQ� VDQGVWRQH� HURVLRQ� UDWHV�� 3DUDGLVH
������� VWXGLHG� WKH� GLIIHUHQFHV� EHWZHHQ� SK\VLFDO� DQG
FKHPLFDO�ZHDWKHULQJ� GXH� WR� OLFKHQV� FRYHULQJ� RQ� VDQG�
VWRQHV��ZKLOH�)LW]QHU�HW�DO�� �������DQG�7XUNLQJWRQ�HW�DO�
������� VXUYH\HG� WKH�HIIHFWV�RI�ZHDWKHULQJ�RQ� VDQGVWRQH
PRQXPHQWV�� 0RUHRYHU�� PDQ\� UHVHDUFKHUV� LQYHVWLJDWHG
WKH� ORZHULQJ� UDWHV� RI� URFNV� DOO� DURXQG� WKH�ZRUOG�� XVLQJ
GLIIHUHQW� ILHOG�RU� ODERUDWRU\�PHWKRGV��7KH� ILUVW� RQHV�GLG
VR� E\� UHSHDWHG� PHDVXUHPHQWV� RI� PDVV� RU� YROXPH� ORVV
�)RUWL�HW�DO���������*DPV��������)RUWL�	�6WHIDQLQL�������
6WHIDQLQL�HW�DO���������3ODQ��������DQG�VXUIDFH� ORZHULQJ
UDWHV�YLD� WKH�PLFUR�HURVLRQ�PHWHU� �0(0��� WUDYHUVLQJ�PL�
FUR�HURVLRQ�PHWHU��W�0(0��RU�5RFN�(URVLRQ�0HWHU��5(0�
�)RUWL��������&XFFKL�	�)RUWL��������������������&XFFKL
HW� DO��� ������ ������ ������$OOUHG�� �������ZKLOH� WKH� VHF�
RQG� RQHV� GLG� VR� WKURXJK� ODERUDWRU\� LQYHVWLJDWLRQV
�0DUWLQH]�	�:KLWH��������RU�WKURXJK�QXPHULFDO�PRGHOV
�.DXIPDQQ� 	� %UDXQ�� ������� $GGLWLRQDO� VXUYH\V� KDYH
SURYLGHG�WKH�UDWHV�RI�GRZQ�FXWWLQJ�LQ�WKH�FRDVWDO�VHFWRU�
LQ� SDUWLFXODU� RQ� VKRUH� SODWIRUPV� �7UXGJLOO�� ������ .LUN�
������5RELQVRQ��������7RUXQVNL�������� 6SHQFHU�������
7UXGJLOO�HW� DO��� ������*LOO�	�/DQJ�� ������ 6WHSKHQVRQ�	
.LUN�� ������ 6WHSKHQVRQ�� ������� $PRQJ� WKHP�� .LUN
������� DQG�0RWWHUVKHDG� ������� PHDVXUHG� VWUDQJH� SKH�
QRPHQD� RI� VXUIDFH� ULVHV�� ZKHUHDV� UHFHQWO\�� 6WHSKHQVRQ
HW� DO�� �������� VWXG\LQJ� VKRUW�WHUP� FKDQJHV� RQ� VKRUH
SODWIRUPV�� IRXQG� KRXUO\� YDULDWLRQV� LQ� VXUIDFH� KHLJKW�
7KH\�XVHG�WKH�WHUP��VZHOOLQJ��WR�GHVFULEH�VXUIDFH�ULVLQJ�
*RPH]�3XMRO� HW� DO�� ������� VXJJHVW� DYRLGLQJ� XVLQJ� WKH
WHUP� �VZHOOLQJ��� EHFDXVH� RI� LWV� FRQIXVLRQ� ZLWK� VXUIDFHV
WKDW�UHPDLQV�HOHYDWHG�GXH�WR�HURVLRQ�SURFHVVHV�DQG�VXJ�
JHVW� WR� XVH� WKH� WHUP� �VKRUW�WHUP� VXUIDFH� FKDQJH��� 7KHLU
UHVXOWV� HQFRXUDJHG�XV� WR� VXUYH\� GDLO\� YDULDWLRQV� DOVR� LQ
WHUUHVWULDO�VHWWLQJ�

7KLV� SDSHU� DGGUHVVHV� WKHVH� TXHVWLRQV� LQ� WKH� OLJKW� RI
UHVXOWV� IURP� H[SRVXUH� WULDOV� FRQGXFWHG� DW� WKH� 0XJJLD
3HQLQVXOD� �)LJ�����VLQFH������ �)XUODQL�	�&XFFKL��������
,Q�RUGHU�WR�FRPSDUH�WKH�ORZHULQJ�UDWHV�RI�VDQGVWRQHV�WKDW
RXWFURS�RQ� WKH�3HQLQVXOD��ZH�FRQVLGHUHG� WKH�0(0�VWD�
WLRQ� ORFDWHG� DW� WKH� 086%� VLWH�� 086%� VLWHV� LQFOXGH� �
PHDVXULQJ� ODERUDWRU\�PDGH� VWDWLRQV�� RQH� RQ� D� PLFULWLF
OLPHVWRQH�IURP�%RUJR�*URWWD�*LJDQWH��,WDOLDQ�.DUVW���RQH
RQ�6DQ�%DUWRORPHR�VDQGVWRQH��VWXGLHG�KHUHZLWK���RQH�RQ
.DVWHOLU� VDQGVWRQH� �VWXGLHG� KHUHZLWK��� DQG� RQH� RQ� D
FKDON� VDPSOH� IURP� %ULJKWRQ� �8.��� FROOHFWHG� E\� 'U�
5RELQVRQ��8QLYHUVLW\�RI�6XVVH[���7KH�DLP�RI�WKLV�SDSHU�LV

WR� LQYHVWLJDWH� VKRUW�WHUP� ORZHULQJ� UDWHV�YLD�0(0�DQG� W�
0(0� �)LJ�� ��� RQ� WZR� VDPSOHV� LQODQG� VDQGVWRQHV�PHDV�
XUHG�GXULQJ� WKH�1RYHPEHU��������0D\������SHULRG�DW
WKH�0XJJLD�3HQLQVXOD�

0$7(5,$/�$1'�0(7+2'6

6WXG\�DUHD

7KH�0XJJLD�3HQLQVXOD�LV�ORFDWHG�LQ�WKH�QRUWK�HDVWHUQ
SDUW�RI�WKH�$GULDWLF�6HD��)LJ������7KH�DUHD�LV�FKDUDFWHUL]HG
E\�LQWHUEHGGHG�VDQGVWRQHV�DQG�PDUOVWRQHV�EHORQJLQJ� WR
WKH� IRUPDWLRQ� RI� (RFHQH� )O\VFK� RI� 7ULHVWH�� 0DUOVWRQH
OD\HU�VSDFLQJ�YDULHV�IURP�PLOOLPHWUH�WR�FHQWLPHWUH��ZKLOH
VDQGVWRQH� VSDFLQJ� LV� KLJKHU�� 8VXDOO\�� VDQGVWRQHV� DUH
ZHOO�VRUWHG������PP�LQ�GLDPHWHU��7KH�OLJKW�EURZQ�VDQG�
VWRQH�FDQ�EH�FODVVLILHG�DV�D�JUH\ZDFNH��FKDUDFWHUL]HG�E\
D�UHODWLYHO\�KLJK�KDUGQHVV��OLJKW�EURZQ�FRORU�DQG�SRRUO\�
VRUWHG��DQJXODU�JUDLQV�RI�TXDUW]��IHOGVSDU�DQG�VPDOO�URFN
IUDJPHQWV� VHW� LQ� D� FRPSDFW�� FOD\�ILQH� PDWUL[� DQG� FDU�
ERQDWLF� FHPHQW�� $FFRUGLQJ� WR� 9LHUWKDOHU� ������� DQG
0DODURGD� �������� ELRWLWH� LV� OHVV� DEXQGDQW� LQ� 0XJJLD�
EHORQJLQJ�WR�WKH��0XJJLD�,VWULDQ��SHWURJUDSKLF�DUHD��WKDQ
LQ�7ULHVWH��EHORQJLQJ�WR�WKH��7ULHVWLQH��SHWURJUDSKLF�DUHD�
ZKLOH�GHQVLW\�LV�KLJKHU�LQ�0XJJLD��2Q�DYHUDJH��WKH\�DUH
FRPSRVHG� RI� TXDUW]� ��������� DQG� IOLQW� ��������� 7KH
UHPDLQLQJ�SDUW�LV�FRPSRVHG�RI�IHOGVSDU����������DV�SOD�
JLRFODVH��PLFD� �������� FDUERQDWHV� �������� DV� FHPHQW
RU�URFN�IUDJPHQWV��OHVV�DEXQGDQW�LQ�7ULHVWH�WKDQ�LQ�0XJ�
JLD�� DQG� RWKHU� UHVLGXDO� FRPSRQHQWV� �LURQ� R[LGHV�� JODX�
FRQLWH�� WRXUPDOLQH��JDUQHW��]LUFRQ�DQG�UXWLO� IRU� OHVV� WKDQ
�������7KH\�ODFN�IRVVLOV�DSDUW� IURP�YHU\�UDUH� UHKDQGOHG
*ORELJHULQDH�DQG�ORFDOO\�0HGXVDV��7KH�ODUJHU�JUDLQV�FDQ
EH� VDQG�WR�JUDYHO� VL]HG�� DQG�PDWUL[�PDWHULDOV� JHQHUDOO\
FRQVWLWXWH�PRUH�WKDQ�����RI�WKH�URFN�E\�YROXPH�

*HRPHFKDQLFDO� FKDUDFWHULVWLFV� RI� VDQGVWRQH� RI� WKH
5HQLFH� TXDUU\� KLJKOLJKW� DQ� DSSDUHQW� VSHFLILF� JUDYLW\� RI
������NJ�P����PD[LPXP�ZDWHU�FRQWHQW�RI�������� OLQHDU
WKHUPDO� H[SDQVLRQ� FRHIILFLHQW� �������PP�PO�R&�� ZKLOH
ORDG�VWUHQJWK�YDULHV�IURP�����NJ�P���WR�����NJ�P��� �EH�
IRUH�DQG�DIWHU�IUHH]LQJ�F\FOHV���7KH�WULERPHWHU�WHVW�VKRZV
YDOXHV� RI� ���� PP� �KWWS���ZZZ�WV�FDPFRP�LW�PDUPL�
LWDOLDQR�PDUPL�PDVHJQR�KWP��

7KH�FOLPDWH�LQ�WKH�VWXG\�DUHD�LV�0HGLWHUUDQHDQ�FRQWL�
QHQWDO� �5LJKLQL� HW� DO��� ������� FKDUDFWHUL]HG� E\� HTXDOO\
GLVWULEXWHG� UDLQIDOO� WKURXJKRXW� WKH� \HDU�� OLJKWO\� UDLQLHU
SHULRGV�LQ� WKH�DXWXPQ��PHDQ�UDLQIDOO�����PP��DQG� OHVV
UDLQLHU� LQ� WKH� VXPPHU� �����PP���0HDQ� DQQXDO� UDLQIDOO
PHDVXUHG�LQ�WKH�����������SHULRG�LQ�7ULHVWH����P�D�V�O��
ZDV� ������ PP� \U���� ZKHUHDV� LQ� WKH� LQODQG� .DUVW� DUHD
�3DGULFLDQR� VLWH�� ���� P� D�V�O��� LW� ZDV� ������ PP� \U��

�6WUDYLVL���������7KH�PLQLPXP�PHDQ�YDOXH�ZDV�UHFRUGHG
LQ�)HEUXDU\��ZKLOH�WKH�GDLO\�SHDN�LV�����PP�LQ�1RYHP�
EHU��6WRUPV�DUH�PRUH�IUHTXHQW�DW�WKH�HQG�RI�WKH�VXPPHU
DQG�LQ�WKH�DXWXPQ��2Q�DYHUDJH�� WKHUH�DUH�����GD\V�SHU
\HDU�ZKHQ�SUHFLSLWDWLRQV�RFFXU�� ,Q� D� \HDU� WKHUH� DUH�DS�
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)LJ�� ���0DS�RI� WKH�0XJJLD� 3HQLQVXOD� �7ULHVWH�� ,WDO\�� VKRZLQJ� WKH� ORFDWLRQ� RI� WKH�PHDVXULQJ� VWDWLRQV� �086%� DQG
0809��
6O�����=HPOMHYLG�0LOMVNHJD�SRORWRND��7UVW��,WDOLMD��]�ORNDFLMDPL�PHULOQLK�SRVWDM��086%�LQ�0809��

SUR[LPDWHO\�������RI�UDLQ\�GD\V��������RI�VXQQ\�GD\V�
�����RI� VQRZ\�GD\V�DQG������RI�GD\V�ZLWK�KDLO� �7RP�
PDVLQL�� ������� 7KH� KRWWHVW� PRQWK� LV� $XJXVW� ���°&��
ZKHUHDV� WKH� FROGHVW� RQH� LV� -DQXDU\� ZLWK� WHPSHUDWXUHV
ORZHU�WKDQ��°&�

6DPSOLQJ

0HDVXUHPHQWV�SHUIRUPHG�DW�WKH�VHOHFWHG�VLWHV�ORFDWHG
LQ�WKH�0XJJLD�3HQLQVXOD�DUH�SUHVHQWHG�LQ�WKLV�ZRUN��(DFK
VLWH� FRQWDLQV� QXPHURXV� �PHDVXULQJ� VWDWLRQV�� DQG� HDFK
PHDVXULQJ�VWDWLRQ�LV�FRPSRVHG�RI�WKUHH�QDLOV�IL[HG�RQ�WKH
URFN�� 7KH�086%� VLWH�� ORFDWHG� RQ� D� SULYDWH� SURSHUW\� DW
'DUVHOOD�GL� 6DQ�%DUWRORPHR� �/D]DUHW��� LQFOXGHV� ��PHDV�
XULQJ�VWDWLRQV��086%��KDV�EHHQ�WKH�ILUVW� LQ�RSHUDWLRQ�DW
WKLV�VLWH��DV�LW�ZDV�SRVLWLRQHG�RQ�ORFDO�VDQGVWRQH�LQ�1R�
YHPEHU� ������ 086%�� VXUYH\V� WKH� ORZHULQJ� UDWHV� RI� D
OLPHVWRQH�FROOHFWHG� LQ� WKH�0DWDMXU� DUHD� �(DVWHUQ� )ULXOL��
086%�� KDV� EHHQ� VHW� WR� UHFRUG� WKH� ORZHULQJ� UDWHV� RI
OLPHVWRQH� FROOHFWHG� LQ� %RUJR� *URWWD� *LJDQWH� �,WDOLDQ
.DUVW���086%��LV�SODFHG�RQ�$XULVLQD� OLPHVWRQH��7KH�UH�
PDLQLQJ�086%���086%���086%���086%���086%��LQ�
FOXGH� �� GLIIHUHQW� URFN� OLWKRORJLHV�� D� OLPHVWRQH� IURP
%RUJR� *URWWD� *LJDQWH�� D� VDQGVWRQH� IURP� 6DQ� %DUWROR�
PHR��D�VDQGVWRQH�IURP�.DVWHOLU�0W���D�VDQGVWRQH� IURP�D
TXDUU\� LQ�0XJJLD�DQG�RQH� VDPSOH�RI� FKDON� IURP�%ULJK�
WRQ�� 0RUHRYHU�� ORQJ�WHUP� GDWD� FROOHFWHG� LQ� 086%�� WR
0809�� KDYH� EHHQ� FRPSDUHG� �)LJ�� ����0809�� LV� WKH
ROGHVW� VWDWLRQ� LQ�0XJJLD�� 7KH�0809� VLWH� LV� ORFDWHG� LQ
0XJJLD�9HFFKLD�$UFKDHRORJLFDO�3DUN��7KH� VLWH� LQFOXGHV

RQH� VWDWLRQ� SRVLWLRQHG� LQ� -XQH� ����� RQ� ORFDO� (RFHQH
VDQGVWRQH�EORFN�

0HWKRGV

'LUHFW� PHDVXUHPHQWV� RI� OLPHVWRQH� ORZHULQJ� UDWHV
KDYH� EHHQ� SHUIRUPHG� XVLQJ� D� PLFUR� HURVLRQ� PHWHUV
�0(0���FRQVWUXFWHG�E\�7ULHVWH�UHVHDUFKHUV�VLQFH�WKH���¤V�

)LJ�����7KH�WUDYHUVLQJ�PLFUR�HURVLRQ�PHWHU�XVHG�LQ�WKLV
VWXG\�
6O�����3UHàQL�PLNUR�HUR]LMVNL�PHWHU��XSRUDEOMHQ�PHG� WR
ÉWXGLMR�
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)LJ�����/RQJ�WHUP�ORZHULQJ�UDWHV�DW�086%��DQG�0809��
6O�����'ROJRURàQH�YUHGQRVWL�SRVHGDQMD�QD�SRVWDMDK�086%��LQ�0809��

IROORZLQJ�WKH�+LJK�	�+DQQD��������VSHFLILFDWLRQV�DQG�D
WUDYHUVLQJ�PLFUR�HURVLRQ�PHWHU� �W�0(0�� �)LJ������7KH� LQ�
VWUXPHQW� LV� HTXLSSHG� ZLWK� WKUHH� VSHFLDOO\�VKDSHG� VXS�
SRUWV��ZKLFK�DUH� IRUFHG� WR�DGKHUH� WR� WKUHH�EROWV�RU� WLWD�
QLXP� QDLOV�� WZR� ZLWK� VHPL�VSKHULFDO� DQG� RQH� ZLWK� IODW
KHDGV�� LQVHUWHG� LQWR� WKH� URFN�� 7KH� H[DFW� UH�ORFDWLRQ� RQ
WKH� IL[HG� EROWV� LV� SRVVLEOH� WKDQNV� WR� WKLV� FRQILJXUDWLRQ
FDOOHG� .HOYLQ� &ODPS� 3ULQFLSOH�� 7KH� HQJLQHHULQJ� GLDO
JDXJH� LV� ILUPO\� IL[HG� WR� WKH� VXSSRUWV�� WKXV� DOORZLQJ
KLJKO\� DFFXUDWH� DQDO\VHV� RI� URFN� ORZHULQJ� UDWHV�� 7KH
ORZHULQJ�UDWHV�RI�WKH�VXUIDFHV�FDQ�EH�UHSHDWHG�LQ�H[DFWO\
WKH�VDPH�DUHD�DW�SUH�VHW�WLPH�LQWHUYDOV��XVLQJ�D�VSHFLDOO\
GHVLJQHG�HQJLQHHULQJ�GLDO�JDXJH�

)ROORZLQJ� WKH�H[DPSOH�RI�7UXGJLOO¤V� WHDP��ZKR� FRQ�
VWUXFWHG� D� QHZ� LQVWUXPHQW� �7UXGJLOO� HW� DO��� ������� WKH� W�
0(0��FDSDEOH�RI�FROOHFWLQJ�VHYHUDO�PHDVXUHPHQWV�DW�HDFK
VLWH�� WKH�'HSDUWPHQW� RI�*HRORJLFDO�� (QYLURQPHQWDO� DQG
0DULQH� 6FLHQFHV�RI� WKH�8QLYHUVLW\�RI�7ULHVWH�KDV� DVVHP�
EOHG�D� W�0(0�EXLOW�E\�6WHIDQR�)XUODQL��7KH� LQVWUXPHQW� LV
HTXLSSHG� ZLWK� D� PLOOHVLPDO�UHVROXWLRQ� HOHFWURQLF� GLDO
JDXJH��VR�WKDW�UHDGLQJV�FDQ�EH�GLUHFWO\�GRZQORDGHG�RQ�D
ODSWRS�FRPSXWHU� �6WHSKHQVRQ���������7KLV�FRQILJXUDWLRQ
DOORZV�XV� WR�REWDLQ�D� ODUJH�GDWD� VHW��XS� WR�����PHDVXUH�
PHQWV�DW�D�EROW�VLWH��'XH�WR�WKH�ODUJH�DPRXQW�RI�VLWHV��ZH
GHFLGHG�WR�WDNH����UHDGLQJV�DW�HDFK�VWDWLRQ��$�FDOLEUDWLRQ
VWHHO�EDVH�ZDV�FRQVWUXFWHG� WR�SHULRGLFDOO\�FKHFN� WKH� LQ�
VWUXPHQW� DQG� WR� KLJKOLJKW� GLIIHUHQFHV� LQ�PHDVXUHPHQWV�
7KH�HOHFWURQLF�GLDO�JDXJH�KDV�D�UHVROXWLRQ�RI�������PP�
ZKLOH� WKH� HUURU�� FRQILUPHG� E\� WKH� EXLOGHU� �0LWXWR\R��� LV
�������PP��3UREH�HURVLRQ�ZDV�HVWLPDWHG�XVLQJ� WZR�GLI�
IHUHQW�PHWKRGRORJLHV�� ����E\� UHSHDWHG� UHDGLQJV�RQ�D� WHVW
EORFN��ZKLFK�UHYHDOHG�D�SUREH�HURVLRQ�RI�������PP�DIWHU
����PHDVXUHV� �UHVHDUFK�SHUIRUPHG�E\� WKH�DXWKRUV�RI� WKLV
DUWLFOH��DQG�����WKURXJK�REVHUYDWLRQ�YLD�PLFURVFRSH�RI���
WRXFKHG�URFN�VDPSOHV�����WLPHV��DQG�XQWRXFKHG�RQHV��UH�

VHDUFK�SHUIRUPHG�E\�3URI��0DXUR�7UHWLDFK�DQG�'U��3DROD
&ULVDIXOOL��'HSW��RI�*HRERWDQ\��8QLYHUVLW\�RI�7ULHVWH��� ,Q
DQ\�FDVH��UHDGLQJV�EHORZ�������PP�PXVW�EH�FRQVLGHUHG
ZLWK�FDXWLRQ��6WHSKHQVRQ�HW�DO���������

5HDGLQJV�ZHUH� WDNHQ�DW�086%��VWDWLRQ�GXULQJ� WKUHH
SHULRGV��EHWZHHQ����DQG����'HFHPEHU�������EHWZHHQ
��� DQG� ��� )HEUXDU\� ������ DQG� EHWZHHQ� �� DQG� ��0D\
������7HPSHUDWXUH�UHODWHG�HUURU��DV�SRLQWHG�RXW�E\�VHY�
HUDO� UHVHDUFKHUV� �6SDWH� HW� DO��� ������ 6WHSKHQVRQ� HW� DO��
�������ZDV�WHVWHG��EXW�LW�WXUQHG�RXW�WR�EH�PLQLPDO�GXH�WR
WKH�SUR[LPLW\�RI�VLWHV�WR�WKH�ODERUDWRU\��LQ�ZKLFK�WKH�LQ�
VWUXPHQW�LV�QRUPDOO\�VWRUHG�

5(68/76�$1'�',6&866,21

7KH�PD[LPXP� GXUDWLRQ� RI� WKH�PHDVXUHPHQW� UHFRUG
DW� WKH�VWDWLRQV� ORFDWHG�DW� WKH�0XJJLD�3HQLQVXOD�ZDV�H[�
DFWO\� ���� GD\V�� FRUUHVSRQGLQJ� WR� WKH� 086%�� VWDWLRQ�
ZKLOH�WKH�0809��PHDVXULQJ�VLWH�ZDV�VXUYH\HG�IRU����
GD\V�� 7KH�PHDQ� DQQXDO� ORZHULQJ� UDWH� LQ�0809��ZDV
������PP� \U����ZKLOH� LQ�086%�� LW�ZDV� ������PP� \U��

�)LJV��������� ,Q� WKH�&ODVVLFDO�.DUVW��ZKHUH�PHDVXUHPHQWV
KDYH� EHHQ� FROOHFWHG� VLQFH� ������ ORZHULQJ� UDWHV� YDULHG
EHWZHHQ�������PP�\U���RQ�GRORPLWHV��������������PP
\U��RQ�VSDULWLF�OLPHVWRQHV�DQG�������PP�\U���RQ�PLFULWLF
OLPHVWRQHV��&XFFKL�HW�DO���������

6WDWLVWLFV�RI�GDLO\�YDULDWLRQV�IRU�VDQGVWRQH�VWDWLRQV�DUH
SUHVHQWHG� LQ� 7DEOH� ��� ,W� VKRZV� WKH� UHVXOWV� EHWZHHQ� UH�
DGLQJV�FROOHFWHG�HDFK�GD\��,W�FRQWDLQV�WKH�GDWH�RI�VXUYH\�
LQJ�� WKH�QXPEHU�RI�VXUYH\HG�SRLQWV�� WKH�QXPEHU�RI� UHDG�
LQJV�� WKH�PHDQ� ORZHULQJ�UDLVLQJ� YDOXH�� WKH�PHGLDQ�� WKH
PD[LPXP� DQG� PLQLPXP� VXUYH\HG� YDOXH�� WKH� VWDQGDUG
GHYLDWLRQ�DQG�YDULDQFH�IRU�GDLO\�YDULDWLRQV��1HJDWLYH�YDO�
XHV�LQGLFDWH�D�ULVLQJ�ZKLOH�SRVLWLYH�YDOXHV�LQGLFDWH�ORZH�
ULQJ�
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7DE�����0XJJLD�GHVFULSWLYH�VWDWLVWLFV�RI�FKDQJHV��PP��EHWZHHQ�PHDVXUHPHQWV�
7DE�����6WDWLVWLND�VSUHPHPE��PP��PHG�PHUMHQML�QD�0XOMVNHP�SRORWRNX�

'DWH
6XUYH\HG
SRLQWV

5HDGLQJV
0HDQ
�PP�

0HGLDQ
�PP�

0D[
�PP�

0LQ
�PP�

5DQJH
�PP�

6' 9DULDQFH

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

)LJ�����7RWDO�DQQXDO�VXUIDFH�FKDQJH��PP��DW�086%��DQG�09��VWDWLRQV�
)LJ�����6NXSQD�OHWQD�VSUHPHPED��PP��QD�SRYUÉMX�SHÉàHQMDNRY�QD�SRVWDMDK�086%��LQ�09��

7KH�JOREDO�PHDQ�GDLO\�FKDQJH�LV�������PP��)LJ�����
2Q�DYHUDJH�� VXEVHTXHQW� UHDGLQJV�ZHUH� QRW� KLJKHU� WKDQ
������ PP�� 'DLO\� YDULDWLRQV� IRU� HDFK� VHW� RI� VXUYH\LQJ
SRLQWV� RQ� HDFK� FRQVLGHUHG� GD\� GR� QRW� VKRZ� D� QRUPDO
WUHQG� DQG� D� ODUJH� VWDQGDUG� GHYLDWLRQ� DIIHFWV� PHDVXUH�
PHQWV�� VR� WKH�PRVW� DSSURSULDWH�PHDVXUH� RI� FHQWUDO� WHQ�
GHQF\�LV�WKH�PHGLDQ�RU�WKH�WUXQFDWH�DYHUDJH�

'DLO\� PHDVXUHPHQWV� FROOHFWHG� RQ� VDQGVWRQHV� LQ
0XJJLD� DUH� VKRZQ� LQ� ILJXUH� ��� WRJHWKHU� ZLWK� KXPLGLW\
DQG�WHPSHUDWXUH�YDULDWLRQV�

��WKUHH�WLPHV��������������DQG�������K��RQ����DQG���
'HFHPEHU�������0HDVXUHPHQWV�KLJKOLJKWHG�PHGLDQ�GL�
XUQDO�YDULDWLRQV�RI�������PP��PD[LPXP�VXUIDFH�FKDQJH
XS� WR� ������PP��PLQLPXP� ������PP� DQG� D� VWDQGDUG
GHYLDWLRQ�RI�������PP�

��IRXU�WLPHV����������������������������DQG��������RQ
��� DQG� ��� )HEUXDU\� ������ 0HDVXUHPHQWV� KLJKOLJKWHG
PHGLDQ�GLXUQDO� YDULDWLRQV�RI�������PP��PD[LPXP�VXU�
IDFH�FKDQJH�XS�WR�������PP��PLQLPXP�������PP�DQG
D�VWDQGDUG�GHYLDWLRQ�RI�������PP�

��IRXU�WLPHV������������������������������������������
RQ� �� DQG� ��0D\� ������0HDVXUHPHQWV� KLJKOLJKWHG�PH�
GLDQ�GLXUQDO�YDULDWLRQV�RI�������PP��PD[LPXP�VXUIDFH
FKDQJH� XS� WR� ������ PP�� PLQLPXP� ������ PP� DQG� D
VWDQGDUG�GHYLDWLRQ�RI�������PP�

7KH� LQIOXHQFH� RI� D� WKLQ� ILOP� RI� ZDWHU� RQ� WKH� URFN\
VXUIDFH�FRPSDUHG�WR�D�FRPSOHWHO\�GU\�VXUIDFH�ZDV�WHVWHG

LQ� ODERUDWRU\� RQ� WKH� VWHHO� FDOLEUDWLRQ� EORFN�� $� WRWDO
DPRXQW� RI� ���� PHDVXUHPHQWV� RQ� GU\� VXUIDFH� DQG� ��
PHDVXUHPHQWV� RQ� ZHW� VXUIDFH� ZDV� SHUIRUPHG�� 'LIIHU�
HQFHV�DPRQJ�WKHP�DUH�ORZHU�WKDQ�WKH�HVWLPDWHG�HUURU�RI
WKH�LQVWUXPHQW��������PP��

)URP�WKH�DQDO\VLV�RI�W�0(0�GDWD��LW�ZDV�IRXQG�RXW�WKDW
WKHUH� ZHUH� VLJQLILFDQW� YDULDWLRQV� LQ� PLFUR�WRSRJUDSK\
GXULQJ�WKH�GD\��,W�VHHPV�WKDW�WKHVH�YDULDWLRQV�GR�QRW�RFFXU
LQ�D�KRPRJHQHRXV�SDWWHUQ�RQ� WKH� VDQGVWRQHV��)ROORZLQJ
SUHYLRXV� FLWHG�ZRUNV� �6WHSKHQVRQ� HW� DO��� ������*RPH]�
3XMRO�HW�DO���������ZH�FODVVLILHG�KHLJKW�YDULDWLRQV�RI�SRLQWV
DV�ULVLQJ��IDOOLQJ�DQG�VWDEOH��0RVW�RI�WKH�SRLQWV�VKRZHG�WR
IDOO�GXULQJ� WKH�GD\��SUREDEO\�GXH� WR� WKH�GHFUHDVH� LQ�KX�
PLGLW\�DQG�EHFDXVH�RI�WKH�VRODU�KHDWLQJ��ZKLOH�WKHUH�ZDV
D� ULVLQJ� WHQGHQF\� GXULQJ� WKH� QLJKW� �WKH�PD[LPXP� ULVHV
ZHUH�VXUYH\HG�LQ�WKH�PRUQLQJ��DV�WKH�KXPLGLW\�LQFUHDVHG�
0HDVXUHPHQWV� FROOHFWHG� RQ� WKH� VWHHO� FDOLEUDWLRQ� EORFN
VKRZHG� WKDW�ZDWHU�GLG�QRW� LQIOXHQFH�GLUHFWO\� WKH� VXUIDFH
YDULDWLRQV� WKDW�FRQVLGHULQJ� WKH� WKLFNQHVV�RI�ZDWHU�ZRXOG
QRW� FKDQJH� WKH� VXUYH\HG� YDOXHV�� 7KLV�PHDQV� WKDW� VKRUW�
WHUP�YDULDELOLW\� LQ� W�0(0�YDOXHV�ZDV�QR�GRXEW�GXH� WR�D
SURFHVV�RFFXUULQJ�QHDU�WKH�URFN�VXUIDFH��3UREDEO\�ZHWWLQJ
DQG�GU\LQJ��DV�GHPRQVWUDWHG�E\�0RWWHUVKHDG� �������DQG
6WHSKHQVRQ� HW� DO�� �������� FRXOG� EH� WKH�PRVW� LPSRUWDQW
IDFWRUV�RQ� LQODQG�VDQGVWRQHV�� WRR��2Q� WKH�VXEMHFW��%OHQG
	�5ROOV� ������� VWDWHG� WKDW�ZHWWLQJ� DQG� GU\LQJ� LV� FORVHO\
UHODWHG� WR� K\GUDWLRQ� VKDWWHULQJ� DQG� FRXOG� EH� UHODWHG� WR
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)LJ�����7RWDO�VXUIDFH�YDULDWLRQV��PP��UHFRUGHG�DW�WKH�PHDVXULQJ�VWDWLRQV�GXULQJ�WKH�WKUHH�VDPSOLQJV�SHUIRUPHG�LQ
'HFHPEHU�������)HEUXDU\�DQG�0D\������
6O�����6NXSQH�UD]OLNH��PP��QD�SRYUÉMX�SHÉàHQMDNRY��L]PHUMHQH�QD�SRVWDMDK�PHG�WUHPL�Y]RUàHQML�GHFHPEUD������WHU
IHEUXDUMD�LQ�PDMD������

)LJ�����'DLO\�VXUIDFH�YDULDWLRQV��PP��UHFRUGHG�DW�WKH�PHDVXULQJ�VWDWLRQV�GXULQJ�WKH�WKUHH�VDPSOLQJV�SHUIRUPHG�LQ
'HFHPEHU�������)HEUXDU\�DQG�0D\������
6O�����6NXSQH�GQHYQH�UD]OLNH��PP��QD�SRYUÉMX�SHÉàHQMDNRY��L]PHUMHQH�QD�SRVWDMDK�PHG�WUHPL�Y]RUàHQML�GHFHPEUD
�����WHU�IHEUXDUMD�LQ�PDMD������

XQVDWLVILHG� HOHFWURVWDWLF� ERQGV� LQ� WKH� VXUIDFH� PLQHUDOV�
7KH�SRODU�ZDWHU�PROHFXOHV�ZLOO�EH�DWWUDFWHG�E\�PLQHUDOV
LQ� WKH�VPDOO�FUDFNV�RI� WKH�VXUIDFH��PDNLQJ�D� OD\HU�RI�DG�
VRUEHG�ZDWHU��7KH�DGGLWLRQ�RI� IXUWKHU�ZDWHU��DV�DIILUPHG
E\� WKH�DERYH�PHQWLRQHG�DXWKRUV��PD\�FDXVH�D� VZHOOLQJ�
SUHVVXUH�ZKLFK�PD\� LQ� WXUQ� FUHDWH� VWUDLQ�� :KHQ� ZDWHU
GLVDSSHDUV��LQ�WKLV�FDVH�E\�GLXUQDO�HYDSRUDWLRQ��WKH�VLGHV
RI� WKH� FUDFN�PD\� EH� SXOOHG� WRJHWKHU� DV� DWWUDFWLYH� IRUFH�
&\FOHV�RI�ZHWWLQJ�DQG�GU\LQJ�FRXOG�WULJJHU�GLXUQDO�H[SDQ�
VLRQ�DQG�FRQWUDFWLRQ�RI�WKH�VDQGVWRQH�VXUIDFH��0RUHRYHU�
WKH�VXUYH\HG�VDQGVWRQHV�DUH�HDVLO\�GHSHQGHQW�RQ�ZHWWLQJ
DQG� GU\LQJ� SURFHVVHV� EHFDXVH� RI� WKH� SUHVHQFH� RI� FOD\
PLQHUDOV��ZKLFK� KHOS�ZDWHU� DEVRUSWLRQ�� VRPH� FOHDYDJH
SODLQV��ZKLFK� IDYRXU�ZDWHU�SHQHWUDWLRQ��DQG�RI�KLJK� VXU�
IDFH�SRURVLW\�

&21&/86,216

6DQGVWRQH�PLFUR�HURVLRQ�PHWHU� ORFDWHG� LQ� WKH�0XJ�
JLD� 3HQLQVXOD� KLJKOLJKWHG� VLJQLILFDQW� GD\�WR�GD\� YDULD�
WLRQV�� ,QODQG� VDQGVWRQH� VXUIDFHV� VHHP� WR� EH� D� G\QDPLF
HQWLW\�� VKRZLQJ� ERWK� DQQXDO� �IURP� ������ WR� ������PP
\U���� DQG� VKRUW�WHUP� �IURP� ������� WR� ������PP�� ORZHU�
LQJ�UDLVLQJ� UDWHV�� 2XU� ILQGLQJV� VXJJHVW� WKDW� DWWHQWLRQ
VKRXOG�EH�SDLG�WR�WKH�HYDOXDWLRQ�RI�W�0(0�GDWD��EHFDXVH
WKH\�FRXOG�FDXVH�DQ�XQGHU��RU�RYHU�HVWLPDWLRQ�RI�WKH�DQ�
QXDO�UDWHV��6XFK�YDULDWLRQ�KDG�EHHQ�SUHYLRXVO\� UHSRUWHG
LQ�FRDVWDO�HQYLURQPHQWV�DQG�KDV�QRZ�EHHQ�VXUYH\HG�RQ
LQODQG� VDQGVWRQH�� WRR�� 7KH� DQDO\VLV� RI� GDWD� RQ� VDQG�
VWRQHV�VKRZ�WKDW�ZHWWLQJ�DQG�GU\LQJ�DUH�WKH�PDLQ�SURF�
HVVHV� FRQFHUQLQJ� WKLV� SKHQRPHQRQ� VLQFH� UDLVLQJ�IDOOLQJ



$11$/(6�©�6HU��KLVW��QDW��©����©������©��

0PAB=JK�#2/)�+&���#N=J?K� 2  %&!�0%,/1�1"/*�02/#� "� %�+$"0�,+�0�+!01,+"�/, (0
��������

���

YDOXHV� DUH� FORVHO\� FRQQHFWHG� WR� GDLO\� YDULDWLRQV� LQ� KX�
PLGLW\��DV�DOUHDG\� UHSRUWHG�E\�6WHSKHQVRQ�HW� DO�� ������
RQ� VKRUH� SODWIRUPV�� )XUWKHU� VWXGLHV� WR� HOXFLGDWH� WKH
PHFKDQLVPV� RI� ORZHULQJ�� WR� LQYHVWLJDWH� WKH� LQWHUQDO
SURSHUWLHV�RI�WKH�VDQGVWRQHV�DQG�WR�FRPSDUH�VDQGVWRQHV
FKDQJHV�WR�RWKHU�URFNV�DUH�QHHGHG�

$&.12:/('*(0(176

2XU�KHDUWIHOW� WKDQNV�JR� WR�DUFK��)DELDQD�3LHUL��KHDG�
PDVWHU� RI� WKH� 3URMHFW� �3DUFR� $UFKDHRORJLFDO� GL�0XJJLD
9HFFKLD��� WR� WKH�0XJJLD�9HFFKLD� SULHVW��'RQ� /RGRYLFR
6HUDILQ�� WR�5DGRV�)XUODQL� IRU� ILHOG�PHDVXUHPHQWV��DQG� WR
0U�� 'DULR� 0DFRU�� RI� WKH� 5HQLFH� TXDUU\�� IRU� VDQGVWRQH
VDPSOHV��:H�DUH�SDUWLFXODUO\�JUDWHIXO�WR�/RYUHQF�/LSHM�IRU
KLV�XVXDO�LQWHUHVW�LQ�SXEOLVKLQJ�JHRPRUSKRORJLF�GDWD�DQG
WR�*LRYDQQD�%XUHOOL�IRU�KHU�SHWURJUDSKLF�DGYLFH�

.5$7.252à1(�635(0(0%(�1$�3295É-8�3(Éà(1-$.29

6WHIDQR�)85/$1,�	�)UDQFR�&8&&+,
!EL=NPEIAJPK�@E�0?EAJVA�$AKHKCE?DA
��I>EAJP=HE�A�*=NEJA
�2JERANOEP¸�@ACHE�0PQ@E�@E�1NEAOPA
�&�������1NEAOPA
�RE=�4AEOO��
�&P=HU

"�I=EH!�OBQNH=JE$QJEPO�EP

329=(7(.

$YWRUMD� SULßXMRßHJD� ßODQND� VWD� ]� XSRUDER� SUHßQHJD�PLNUR� HUR]LMVNHJD�PHWUD� �W�0(0��PHULOD� NUDWNRURßQH� VSUH�
PHPEH�QD�JROLK�SRYUÈLQDK�SHÈßHQMDND�QD�GYHK�ORNDFLMDK�QD�0LOMVNHP�SRORWRNX��0XJJLD���1D� WHK�SRVWDMDK�PHULWYH
SRWHNDMR�ÊH�RG� OHWD�������QDMSUHM� VR�ELOH�RSUDYOMHQH�]�XSRUDER�0(0��QDWR�]�XSRUDER� W�0(0��*OHGH�QD�PHVHßQH
PHULWYH�VWD� VUHGQML� OHWQL� YUHGQRVWL� SRVHGDQMD�QD�SUHXßHYDQLK�SRVWDMDK�������PP�OHWR� �0809��� LQ�������PP�OHWR
�086%����'QHYQH�VSUHPHPEH�QD�SRYUÈMX�VR�ELOH�PHUMHQH�WULNUDW�QD�GDQ�]�UHODWLYQLPL�YLÈLQDPL����NRRUGLQDW��0HULWYH
VR�SRND]DOH��GD�QD�SRYUÈMX�SHÈßHQMDNRY�QDVWDMDMR�SRPHPEQH�GQHYQH�UD]OLNH��1DMYHßML�]DEHOHÊHQL�GYLJ�MH�ELO�������
PP��PDNVLPDOQL�XJUH]�������PP��0DNVLPDOQD�GQHYQD�UD]OLND�MH�]QDÈDOD�������PP��2SDÊDQMD��NL�VR�MLK�R�GYLJDQMX
]DEHOHÊLOL� UD]OLßQL� DYWRUML� SUHGYVHP� QD� REUHÊQLK� WHUDVDK�� VR� ELOD� SRWUMHQD� WXGL� ]D� SHÈßHQMDNH� Y� QRWUDQMRVWL�� =D�
EHOHÊHQH�YUHGQRVWL�QDND]XMHMR��GD�MH�ÈLUMHQMH�LQ�NUßHQMH�SRYUÈMD�VXEVWUDWD�ODKNR�SRYH]DQR�V�SURFHVRPD�PRßHQMD�LQ
VXÈHQMD�� 3ULPHUMDYD� PHG� PHWHRURORÈNLPL� SRGDWNL� LQ� SRGDWNL� W�0(0� NDÊH�� GD� VH� SRYUÈMH� VXEVWUDWD� SRQRßL� ]DUDGL
YVUNDYDQMH�YRGH�GYLJD��PHGWHP�NR�VH�SRQRßL�]DUDGL�L]KODSHYDQMD�QLÊD�

.OMXÞQH�EHVHGH��SUHáQL�0(0��SHÊáHQMDN��GYLJDQMH�LQ�QLÌDQMH�SRYUÊMD�VXEVWUDWD��0LOMH
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$OOUHG�� .�� �������� 6RPH� &DUERQDWH� HURVLRQ� UDWHV� RI
VRXWKHDVW�$ODVND��-��&DYH�.DUVW�6WXGLHV���������������
%OHQG��:��	�'��5ROOV� ��������:HDWKHULQJ��DQ� LQWURGXF�
WLRQ�WR�WKH�VFLHQWLILF�SULQFLSOHV��$UQROG�(GLWLRQV������S�
&XFFKL��)��	�)�� )RUWL� ��������0LVXUH�GL�GLVVROX]LRQH�GL
URFFH� FDUERQDWLFKH�� OH� ULFHUFKH� D� 7ULHVWH�� $WWL� 0HP�
&RPP��*URWWH��(��%RHJDQ��������������
&XFFKL��)��	�)��)RUWL���������/D�VWD]LRQH�GL�PLVXUD�GHOOD
GLVVROX]LRQH�VXSHUILFLDOH�D�%RUJR�*URWWD�*LJDQWH��&DUVR
7ULHVWLQR�� ,WDOLD���$WWL�0HP��&RPP��*URWWH� �(�� %RHJDQ��
����������
&XFFKL��)��	�)��)RUWL���������0LVXUH�LQ�VLWX�GL�FRUURVLRQH
GL� URFFH� FDUERQDWLFKH�� $WWL� ;9� &RQJUHVVR� 1D]LRQDOH
6SHOHRORJLD��&DVWHOODQD�*URWWH��SS����������
&XFFKL��)���)��)RUWL�	�)��)LQRFFKLDUR���������&DUERQDWH
VXUIDFH� VROXWLRQ� LQ� WKH� &ODVVLFDO� .DUVW�� ,QW�� -�� 6SHOHRO��
�����������������

&XFFKL��)���)��)RUWL�	�(��0DULQHWWL� �������� 6XUIDFH�GHJ�
UDGDWLRQ�RI�FDUERQDWH�URFNV�LQ�WKH�.DUVW�RI�7ULHVWH��&ODV�
VLFDO�.DUVW��,WDO\���,Q��)RUPRV��-��-��	�$��*LQpV��HGV���.DU�
UHQ�ODQGIRUPV��8QLYHUVLWDW�GH�OHV�,OHV�%DOHDUV��SS��������
&XFFKL�� )��� )�� )LQRFFKLDUR� 	� 3�� )RUWL� �������� *\SVXP
GHJUDGDWLRQ�LQ�,WDO\�ZLWK�UHVSHFW�WR�FOLPDWLF��WH[WXUDO�DQG
HURVLRQDO� FRQGLWLRQ�� 6XSSO�� *HRJU�� )LV�� 'LQDP�� 4XDW��
VXSSO��,,,��������
&XFFKL��)���)��)RUWL�	�6��)XUODQL���������(URVLRQ�GLVVROX�
WLRQ� UDWHV� RI� OLPHVWRQH� DORQJ� WKH�ZHVWHUQ� ,VWULDQ� VKRUH�
OLQH�DQG�WKH�*XOI�RI�7ULHVWH��*HRJUDILD�)LVLFD�H�'LQDPLFD
4XDWHUQDULD������������
)LW]QHU��%���.��+HLQULFKV�	�'��/D�%RXFKDUGLHUH��������
:HDWKHULQJ� GDPDJH� RQ� 3KDUDRQLF� VDQGVWRQH� PRQX�
PHQWV� LQ� /X[RU� �� (J\SW�� %XLOGLQJ� DQG� (QYLURQPHQW�
��������������������
)RUWL�� )�� �������� 0HWRGRORJLD� SHU� OR� VWXGLR� GHOOD� GLV�
VROX]LRQH� FRQ� LO� VLVWHPD� GHOOD�PLVXUD� FRQ�PLFURPHWUR�
$WWL�0HP��&RPP��*URWWH��(��%RHJDQ�������������
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)RUWL�� )�� 	� 6�� 6WHIDQLQL� �������� 0RGDOLWj� GL� XQD� SURYD
VSHULPHQWDOH� HVHJXLWD� SHU� OD� GHILQL]LRQH� GHO� JUDGR� GL
VROXELOLWj�GHL�SULQFLSDOL� OLWRWLSL�GHO�&DUVR�7ULHVWLQR�VRWWR
O¤D]LRQH� GHJOL� DJHQWL� HVWHUQL�� $WWL� 0HP�� &RPP�� *URWWH
�(��%RHJDQ�������������
)RUWL��)���6��6WHIDQLQL�	�)��8OFLJUDL���������5HOD]LRQL�WUD
VROXELOLWj� H� FDUVLILFDELOLWj� QHOOH� URFFH� FDUERQDWLFKH� GHO
&DUVR� 7ULHVWLQR�� $WWL� 0HP�� &RPP�� *URWWH� �(�� %RHJDQ��
����������
)XUODQL��6��	�)��&XFFKL���������1RWD�VXL�WDVVL�GL�HURVLRQH
GHOOH�DUHQDULH�GL�0XJJLD��%RUJRODXUR�����������
*DPV�� )�� �������� ,QWHUQDWLRQDO� FRPSDUDWLYH� VWXG\� RI
OLPHVWRQH� VROXWLRQ� E\� PHDQV� RI� VWDQGDUG� WDEOHWV�� )LUVW
SUHOLPLQDU\� UHSRUW�� ,QVWLWXWH�GH�*HRJUDSKLH��$L[�HQ�3UR�
YHQFH��)UDQFH�
*LOO�� (�� '�� 	� -�� *�� /DQJ� �������� 0LFUR�HURVLRQ� PHWHU
PHDVXUHPHQWV� RI� URFN� ZHDU� RQ� WKH� 2WZD\� FRDVW� RI
VRXWKHDVW�$XVWUDOLD��0DU��*HRO���������������
*RPH]�3XMRO�� /��� :�� -�� 6WHSKHQVRQ� 	� -�� -�� )RUQRV
�������� 7ZR�KRXUO\� VXUIDFH� FKDQJH� RQ� VXSUD�WLGDO� URFN
�0DUHQJR�� 9LFWRULD�� $XVWUDOLD��� (DUWK� 6XUI�� 3URFHVV�
/DQGI������������
+LJK��&�� 	� )�� .��+DQQD� ��������0HWKRG� IRU� WKH� GLUHFW
PHDVXUHPHQWV�RI�HURVLRQ�RQ�URFN�VXUIDFHV��%U��*HRPRU�
SKRO��5HV��*US��7HFK��%XOO�����������
KWWS���ZZZ�WV�FDPFRP�LW�PDUPL�LWDOLDQR�PDUPL�PDVHJ
QR�KWP
.DXIPDQQ��*��	�-��%UDXQ���������0RGHOOLQJ�NDUVW�GHQX�
GDWLRQ�RQ�D� V\QWKHWLF� ODQGVFDSH�� 7HUUD�1RYD�� ���� ����
����
.LUN��5��0����������5DWHV�DQG�IRUPV�RI�HURVLRQ�RQ�LQWHU�
WLGDO�SODWIRUPV�DW�.DLNRXUD�3HQLQVXOD��6RXWK�,VODQG�1HZ
=HDODQG��1��=��-��*HRO��*HRSK\V������������������
0DODURGD��5�� �������� $UHQDULH� HRFHQLFKH� GHOOD� UHJLRQH
GL�7ULHVWH��%ROO��6RF��$GULDW��6FL��1DW��������������
0DUWLQH]��0��,��	�:��%��:KLWH���������$�ODERUDWRU\�LQ�
YHVWLJDWLRQ� RI� WKH� UHODWLYH� GLVVROXWLRQ� UDWHV� RI� WKH� /LULR
OLPHVWRQH�DQG� WKH� ,VOD� GH�0RQD�GRORPLWH� DQG� LPSOLFD�
WLRQV�IRU�FDYH�DQG�.DUVW�GHYHORSPHQW�RQ�,VOD�GH�0RQD��-�
&DYH�.DUVW�6WXGLHV��������������
0RWWHUVKHDG��'��1�� �������� 5DWHV� DQG�SDWWHUQV� RI� EHG�
URFN� GHQXGDWLRQ� E\� FRDVWDO� VDOW� VSUD\� ZHDWKHULQJ�� D
VHYHQ�\HDU� UHFRUG��(DUWK�6XUI��3URFHVV��/DQGI�����������
����
3DUDGLVH��7��5�� ��������'LVSDUDWH� VDQGVWRQH�ZHDWKHULQJ
EHQHDWK� OLFKHQV�� 5HG� 0RXQWDLQ�� $UL]RQD�� *HRJUDILVND
$QQDOHU��6HULHV�$��3K\VLFDO�*HRJUDSK\�����������������
3ODQ��/����������)DFWRUV�FRQWUROOLQJ�FDUERQDWH�GLVVROXWLRQ
UDWHV�TXDQWLILHG�LQ�D�ILHOG�WHVW�LQ�WKH�$XVWULDQ�$OSV��*HR�
PRUSKRORJ\��������������
5LJKLQL��*���(��&RVWDQWLQL�	�/��6XOOL���������/D�EDQFD�GDWL
GHOOH� UHJLRQL� SHGRORJLFKH� ,WDOLDQH�� %DQFD� GDWL� GHOOH� UH�
JLRQL�SHGRORJLFKH�LWDOLDQH�LQ�IRUPDWR�GL�DFFHVV���PGE��

5RELQVRQ��/��$�� �������� (URVLYH� SURFHVVHV� RQ� WKH� VKRUH
SODWIRUP� RI� 1RUWKHDVW� <RUNVKLUH�� (QJODQG�� 0DU�� *HRO��
������������
6SDWH��$��3���-��1��-HQQLQJV��'��,��6PLWK�	�0��$��*UHHQ�
ZD\� �������� 7KH�0LFUR�HURVLRQ�PHWHU�� 8VH� DQG� OLPLWD�
WLRQV��(DUWK�6XUI��3URFHVV��/DQGI������������
6SHQFHU�� 7�� �������� 0LFUR�WRSRJUDSKLF� FKDQJH� RQ� FDO�
FDUHQLWHV��*UDQ�&D\PDQ�,VODQG��:HVW� ,QGLHV��(DUWK�6XUI�
3URFHVV��/DQGI������������
6WHIDQLQL�� 6��� )�� 8OFLJUDL�� )�� )RUWL� 	� )�� &XFFKL� �������
5HVXOWDWV� H[SHULPHQWDX[� VXU� OH� GHJUDGDWLRQ� GHV� SULQFL�
SDX[�OLWKRW\SHV�GX�.DUVW�GH�7ULHVWH��6SHOXQFD��0pP������
������
6WHSKHQVRQ��:�� -�� �������� ,PSURYLQJ� WKH� WUDYHUVLQJ�PL�
FUR�HURVLRQ�PHWHU��-��&RDVW��5HV������������������
6WHSKHQVRQ��:��-��	�5��0��.LUN���������0HDVXULQJ�HUR�
VLRQ� UDWHV� XVLQJ� WKH� PLFUR�HURVLRQ� PHWHU�� ��� \HDUV� RI
GDWD�IURP�VKRUH�SODWIRUPV��.DLNRXUD��6RXWK�,VODQG��1HZ
=HDODQG��0DU��*HRO����������������
6WHSKHQVRQ��:��-���$��-��7D\ORU��0��$��+HPPLQJVHQ��+�
7VXMLPRWR� 	� 5�� 0�� .LUN� �������� 6KRUW�WHUP� PLFURVFDOH
WRSRJUDSKLF� FKDQJHV� RI� FRDVWDO� EHGURFN� RQ� VKRUH� SODW�
IRUPV��(DUWK�6XUI��3URFHVV��/DQGI�����������������
6WUDYLVL��)�� ��������&DUDWWHULVWLFKH�PHWHRURORJLFKH�H�FOL�
PDWLFKH�GHO�*ROIR�GL�7ULHVWH��,Q��%XVVDQL��0���HG����0DQ�
XDOH�GHO�FRQGXWWRUH���PRWRULVWD�DOOD�SHVFD�ORFDOH�SURIHV�
VLRQDOH��(GL]LRQL�+\GURUHV��7ULHVWH��SS����������
7DNDKDVKL��.���7��6X]XNL�	�<��0DWVXNXUD���������(URVLRQ
UDWHV� RI� D� VDQGVWRQH� XVHG� IRU� D�PDVRQU\� EULGJH� SLHU� LQ
WKH�FRDVWDO� VSUD\�]RQH�� ,Q��5RELQVRQ��'��$��	�5�� %��*�
:LOOLDPV� �HGV���� 5RFN� ZHDWKHULQJ� DQG� ODQGIRUP� HYROX�
WLRQ��:LOH\��&KLFKHVWHU��SS����������
7RPPDVLQL��7����������'LHFL�DQQL�GL�RVVHUYD]LRQL�PHWH�
RURORJLFKH� D� %RUJR� *URWWD� *LJDQWH� VXO� &DUVR� 7ULHVWLQR
�������������$WWL�0HP��&RPP��*URWWH��(��%RHJDQ���SS�
�����
7RUXQVNL�� +�� �������� %LRORJLFDO� HURVLRQ� DQG� LWV� VLJQLIL�
FDQFH�IRU�WKH�PRUSKRJHQHVLV�RI�OLPHVWRQH�FRDVWV�DQG�IRU
QHDUVKRUH� VHGLPHQWDWLRQ� �1RUWKHUQ�$GULDWLF���6HQFNHQE�
0DULW���������������
7UXGJLOO��6��7����������7KH�PDULQH�HURVLRQ�RI� OLPHVWRQHV
RQ�$OGDEUD�$WROO��,QGLDQ�2FHDQ��=��*HRPRUSKRO���6XSS�
�����������
7UXGJLOO�� 6�� 7��� &�� -�� +LJK� 	� .�� .�� +DQQD� �������� ,P�
SURYHPHQWV�WR�WKH�PLFUR�HURVLRQ�PHWHU��0(0���%U��*HR�
PRUSKRO��5HV��*US��7HFK��%XOO������������
7XUNLQJWRQ��$��9��� (��0DUWLQ��+��$��9LOHV�	�%�� -�� 6PLWK
��������6XUIDFH�FKDQJH�DQG�GHFD\�RI�VDQGVWRQH�VDPSOHV
H[SRVHG�WR�D�SROOXWHG�XUEDQ�DWPRVSKHUH�RYHU�D�VL[�\HDU
SHULRG��%HOIDVW��1RUWKHUQ� ,UHODQG��%XLOGLQJ�DQG�(QYLURQ�
PHQW����������������
9LHUWKDOHU�� $�� �������� /H� DUHQDULH� GHO� WHUULWRULR� GL� 7UL�
HVWH��%ROO��6RF��$GULDW��6FL��1DW���9,,��7ULHVWH�


