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&RDVWDO�FOLII�EHKDYLRXU�KDV�EHHQ�VWXGLHG�LQ�ILYH�VLWHV�DORQJ�WKH�6ORYHQLDQ�FRDVW��LQ�WKH�QRUWK�HDVWHUQ�$GULDWLF�6HD�
WKURXJK�WKH�FRPSDULVRQ�RI������LPDJHV�FROOHFWHG�DW�WKH�VLWHV�DQG�PRUH�WKDQ������DGGLWLRQDO�SLFWXUHV�FROOHFWHG�VLQFH
������0RUHRYHU��D�GHWDLOHG�FKDUDFWHUL]DWLRQ�RI�WKH�JHRPHFKDQLFDO�SURSHUWLHV�DQG�WKH�TXDOLW\�RI�URFN�PDVVHV�WRJHWKHU
ZLWK� WKH� URFNIDOO� VXVFHSWLELOLW\� KDYH� EHHQ� VWXGLHG� WR� GHWHUPLQH� WKH� JHRPHFKDQLFDO� SURSHUWLHV� RI� WKH� VWXGLHG� VLWHV�
6LJQLILFDQW�PRGLILFDWLRQV� RI� WKH� FOLII� IDFH� DUH� ORFDWHG� LQ� SDUWLFXODU� LQ� VLWHV� VKRZLQJ� SRRU� RU� YHU\� SRRU� URFN�PDVV
TXDOLW\��0RUHRYHU��SKRWRJUDSKLF�VXUYH\LQJ�VXJJHVWV� WKDW�FOLIIV�DUH�DIIHFWHG�E\�D�FRPSOH[�EHKDYLRXU�ZLWK� UHVSHFW� WR
FRDVWDO�UHWUHDW��GXULQJ�ORQJ�VWDEOH�ZHDWKHU�SHULRGV��FOLII�PRGLILFDWLRQV�DUH�YHU\�ORZ��ZKLOH�PDMRU�FKDQJHV�LQ�WKH�FOLII
IDFH�RFFXU�DIWHU�JUHDW�VWRUP�HYHQWV�RZLQJ�WR�WKH�LQWHUDFWLRQ�RI�ERWK�PDULQH�DQG�QRQ�PDULQH�IDFWRUV�

.H\�ZRUGV��JHRPRUSKRORJ\��JHRPHFKDQLFV��)O\VFK��FOLII�UHWUHDW��SKRWRJUDSKLF�VXUYH\LQJ��6ORYHQLD
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6,17(6,

/D�FRPSDUD]LRQH�GL������LPPDJLQL��UDFFROWH�D�SDUWLUH�GDO������LQ���VLWL�OXQJR�OD�FRVWD�VORYHQD�H������LPPDJLQL
DJJLXQWLYH��KDQQR�SHUPHVVR�GL�VWXGLDUH�LO�FRPSRUWDPHQWR�GHOOH�IDOHVLH�FRVWLHUH�GL�3XQWD�*URVVD��'HEHOL�UWLß���6L�VRQR
LQROWUH� VWXGLDWH� OH� SURSULHWi� JHRPHFFDQLFKH� OXQJR� OH� IDOHVLH� SHU� GHILQLUH� OD� TXDOLWi� GHOO¢DPPDVVR� URFFLRVR� H� OD
VXVFHWWLELOLWi� DO� FUROOR� QHL� VLWL� LQGDJDWL�� /H� PRGLILFD]LRQL� SL|� VLJQLILFDWLYH� GHOOD� IDOHVLD� VRQR� ORFDOL]]DWH� LQ
FRUULVSRQGHQ]D� GHL� VLWL� FRQ� TXDOLWi� SL|� VFDGHQWL� GHOO¢DPPDVVR� URFFLRVR�� ,QROWUH�� LO� ULOHYDPHQWR� IRWRJUDILFR� KD
HYLGHQ]LDWR�FKH��QHOO¢DUHD�GL�VWXGLR�� OH�IDOHVLH�VRQR�LQWHUHVVDWH�GD�XQ�FRPSRUWDPHQWR�PROWR�FRPSOHVVR�ULVSHWWR�QHL
FRQIURQWL�GHOO¢DUUHWUDPHQWR�FRVWLHUR��GXUDQWH� L�SHULRGL�GL� WHPSR�PHWHRURORJLFDPHQWH� VWDELOH�� OH�PRGLILFD]LRQL� VRQR
SLXWWRVWR� PRGHVWH�� PHQWUH� OH� YDULD]LRQL� SL|� VLJQLILFDWLYH� QHOOD� PRUIRORJLD� GHOOD� IDOHVLD� DYYHQJRQR� LQ� VHJXLWR� DJOL
HYHQWL�GL�WHPSHVWD�SL|�LPSRUWDQWL��D�FDXVD�GHOO¢LQWHUD]LRQH�WUD�SURFHVVL�PDULQL�H�VXEDHUHL�

3DUROH�FKLDYH��JHRPRUIRORJLD��JHRPHFFDQLFD��)O\VFK��DUUHWUDPHQWR�GHOOD�IDOHVLD��ULOHYDPHQWR�IRWRJUDILFR��6ORYHQLD
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&OLII� UHWUHDW� LV� WKH� VXP�RI� WKH� VXVWDLQHG�DFWLRQ�RI�PD�
ULQH� DQG� FRQWLQHQWDO� IDFWRUV��7KHLU� LQWHUUHODWLRQV�GHSHQG
RQ�WKH�JHRORJLFDO�DQG�HQYLURQPHQWDO�VHWWLQJV�RI� WKH�DUHD�
*HQHVLV�DQG�GHYHORSPHQW�RI�FRDVWDO�FOLIIV�DUH�GXH� WR�XQ�
GHUFXWWLQJ�E\�PDULQH�HURVLRQ� IROORZHG�E\� WKH�FROODSVH�RI
LPPLQHQW�URFN\�PDWHULDOV��:RRGURIIH���������7KH�W\SH�RI
URFNIDOO�WKDW�RFFXUV�RQ�FOLIIV�LV�FRQWUROOHG�PDLQO\�E\�ORFDO
JHRORJ\��QDPHO\�MRLQWV��EHGGLQJ�DQG�IDXOW�SODQHV��0RRQ�	
+HDO\���������6WHSKHQVRQ�	�.LUN� �������VWUHVVHG� WKH� LP�
SRUWDQFH� RI� FOLII� URFN� VWUHQJWK� DQG� WKH� IROORZLQJ� ZDYH
DFWLRQ� DQG� ORQJ� VKRUH� FXUUHQW� SURFHVVHV�� 7KH� KHLJKW� RI
FOLIIV� DQG� WKHLU� OLWKRORJ\� SOD\� DQ� LPSRUWDQW� UROH� LQ� FOLII
UHWUHDW� �%XFNOHU�	�:LQWHUV��������6XQDPXUD���������7KH
KLJKHU�WKH�FOLII�WKH�ORZHU�WKH�VKHDU�VWUHVV�UHTXLUHG�IRU�DQ\
GLVFRQWLQXLWLHV� OLNH� IDXOWV�� MRLQWV�� IUDFWXUHV� DQG� EHGGLQJ
SODQHV� LQ� WKH� URFNV� WR� IDLO�XQGHU�JUDYLW\� �5LFKDUGV�	�/RU�
ULPDQ��������.RPDU�	�6KLK��������%UD\�	�+RRNH��������
*UHHQZRRG� DQG� 2UIRUG� ������� VXJJHVWHG� IRXU� PDLQ
IDFWRUV� WKDW�FRQWURO� WKH� UDWHV�DQG�SURFHVVHV�RI�FOLII� UHFHV�
VLRQ�� LQ�SDUWLFXODU� VHD� OHYHO��SURSHUWLHV�RI� VHD�FOLII� URFNV�
VORSH�RI�FOLIIV�DQG�QHDUVKRUH��DQG�ORFDWLRQ�RI�SRLQW�VRXUFHV
RI�HURVLRQ�DQG�GHSRVLWLRQ��6HOE\��������KDV�HVWLPDWHG�WKH
UHODWLYH� FRQWULEXWLRQ� RI� YDULRXV� IDFWRUV� DIIHFWLQJ� FOLII� UH�
FHVVLRQ�� LQ� SDUWLFXODU� LQWDFW� URFN� VWUHQJWK� ����� GLV�
FRQWLQXLWLHV������ZDWHU�HURVLRQ����DQG�ZHDWKHULQJ�����

3KRWRJUDSKLF� VXUYH\LQJ� KDV� EHHQ� VXFFHVVIXOO\� XVHG
E\� PDQ\� DXWKRUV� �3LHUUH�� ������ 0RUWLPRU� 	� 'XSHUUHW�
������(PHU\�	�.XKQ���������)HZ�VLPLODU�DQDO\VLV�ZHUH
FRQGXFWHG� DOVR� RQ� 6ORYHQLDQ� FRDVWV� �)XUODQL�� �����
�������7KH�DXWKRU�SURYLGHV�WKH�EDFNJURXQG�RI�WKH�SURE�
OHP� DQG� VRPH� UHWUHDW� YDOXHV�� )O\VFK� FOLII� EHKDYLRXU� LQ
WKH�KLQWHUODQG�RI�6ORYHQLD�FRDVW�KDV�UHFHQWO\�EHHQ�VWXG�
LHG�E\�=RUQ��������������

*HRPHFKDQLFDO� VXUYH\V� DQG� DQDO\VLV� XVLQJ� WKH� *6,
�*HRPHFKDQLFDO� 6WUHQJWK� ,QGH[�� V\VWHP� KDYH� EHHQ� DS�
SOLHG� WR� GHILQH� TXDOLWLHV� RI� URFN� PDVVHV� �0DULQRV� 	
+RHN��������8OXVD\�	�6RPQH]���������0RUHRYHU��*6,�LV
WKH� XQLTXH� URFN� PHFKDQLF� FODVVLILFDWLRQ� GHYHORSHG� WR
VWXG\�VORSHV�FXW�LQ�)O\VFK��%UXVFKL��������

7KLV�ZRUN�DLPV�DW�HYDOXDWLQJ�WKH�EHKDYLRXU�RI�)O\VFK
FRDVWDO�FOLII�DW�'HEHOL�UWLá��6:�6ORYHQLD���WKH�IDFWRUV�WKDW
WULJJHU�WKH�FROODSVH�RI�PDWHULDO�DQG�LWV�UHPRYDO�IURP�WKH
FOLII�IRRW�WKURXJK�D�GHWDLOHG�FKDUDFWHUL]DWLRQ�RI�WKH�TXDO�
LW\� RI� URFN� PDVVHV�� WKH� URFNIDOO� VXVFHSWLELOLW\� DQG� WKH
FRPSDULVRQ�RI�D�GHFDGH�ORQJ�SKRWRJUDSKLF�VXUYH\�

0$7(5,$/�$1'�0(7+2'6

6WXG\�DUHD

7KH�VWXG\�DUHD�LV�ORFDWHG�LQ�WKH�QRUWKHUQPRVW�SDUW�RI
WKH� 6ORYHQLDQ� FRDVW�� DW� 'HEHOL� UWLá�� LQ� WKH� 1(� $GULDWLF
�)LJ�� ���� 7KH� WXUELGLWLF� )RUPDWLRQ� RI� (RFHQH� )O\VFK� �FI�
0DJGDOHQLß��������LV�FKDUDFWHUL]HG�E\�D�UHJXODU�DOWHUQD�

WLRQ� RI� VDQGVWRQH� DQG� PDUOVWRQH�� 6DQGVWRQH� VSDFLQJ
UDQJHV� IURP� FHQWLPHWULF� WR� PHWULF�� ZKLOH� PDUOVWRQH
VSDFLQJ�UDQJHV�IURP�PLOOLPHWULF�WR�FHQWLPHWULF�

,Q�SDUWLFXODU��WKH�VWXGLHG�FOLIIV�DUH�FRPSRVHG�E\�FHQ�
WLPHWULF�PHWULF� VDQGVWRQH� ZLWK� PLOOLPHWULF�FHQWLPHWULF
LQWHUEHGGHG� VLOW\�PDUOVWRQH�� VKRZLQJ� DOPRVW� KRUL]RQWDO
EHGGLQJ��7KH�ORZ�UHVLVWDQFH�RI�WKH�URFN�PDVVHV��)XUODQL�
������DOORZV�WKHLU�UDSLG�UHWUHDW�DQG�WKH�GHYHORSPHQW�RI
ZLGH�VKRUH�SODWIRUPV�

)URP�D�JHRG\QDPLFDO�SRLQW�RI�YLHZ��WKH�DUHD�EHORQJV
WR� WKH� ([WHUQDO� 'LQDULGHV�� FKDUDFWHUL]HG� E\� D� GLIIXVH
WUHQG� LQ� 1:�6(� GLUHFWLRQ�� ZKLFK� LQFOXGH� WKH� 8SSHU�
(RFHQH�WKUXVWV�DQG�QDSSH�VWUXFWXUH�RI�1(� ,WDO\�DQG�6OR�
YHQLD��3ODFHU��������

7KH� FOLPDWH� LV� 6XE�0HGLWHUUDQHDQ� �2JULQ�� ������
FKDUDFWHUL]HG�E\� HTXDOO\� GLVWULEXWHG� UDLQIDOO� WKURXJKRXW
WKH� \HDU��ZLWK� VOLJKWO\� UDLQLHU� SHULRGV� LQ� DXWXPQ� �PHDQ
UDLQIDOO� ���� PP�� DQG� OHVV� UDLQ� LQ� VXPPHU� ����� PP��
0HDQ� DQQXDO� UDLQIDOO��PHDVXUHG� LQ� WKH� ���������� SH�
ULRG� LQ� 7ULHVWH�� LV� ����� PP�\U� �7ULHVWH� VLWH�� �� P� D�V�O��
�5LJKLQL�HW�DO���������6WUDYLVL���������7KH�PLQLPXP�PHDQ
YDOXH�ZDV�UHFRUGHG�LQ�)HEUXDU\��ZKLOH�WKH�GDLO\�SHDN�LV
����PP�LQ�1RYHPEHU��6WRUPV�DUH�PRUH� IUHTXHQW�DW� WKH
HQG�RI�WKH�VXPPHU�DQG�LQ�DXWXPQ�

2Q�DYHUDJH��WKHUH�DUH�DSSUR[LPDWHO\�������RI�UDLQ\
GD\V�� ������ RI� VXQQ\� GD\V�� ����� RI� VQRZ\� GD\V� DQG
�����RI� GD\V�ZLWK� KDLO� �7RPPDVLQL�� ������� 7KH� KRWWHVW
PRQWK�LV�$XJXVW�����&��ZKHUHDV�WKH�FROGHVW�RQH�LV�-DQX�
DU\��ZLWK�WHPSHUDWXUHV�EHORZ���&�

0DWHULDOV�DQG�PHWKRGV

$� PXOWLGLVFLSOLQDU\� DSSURDFK� KDV� EHHQ� XVHG� WR� LQ�
YHVWLJDWH� WKH� IDFWRUV� WKDW� DIIHFW� )O\VFK� FRDVWDO� FOLII� EH�
KDYLRXU�� 3KRWRJUDSKLF� VXUYH\LQJ� WRJHWKHU� ZLWK� JHRPH�
FKDQLFDO�DQDO\VLV�KDYH�EHHQ�XVHG�

3KRWRJUDSKLF� VXUYH\LQJ� VWDUWHG� LQ� ����� XVLQJ� D� ��
PP� FDPHUD� �)XML��� ,Q� ������ GLJLWDO� VXUYH\LQJ� UHSODFHG
WKH�DQDORJ�RQH��ILUVW�XVLQJ�D�1LNRQ�&RROSL[������WKHQ�D
&DQRQ� '���� UHIOH[� GLJLWDO� FDPHUD�� ,PDJHV� KDYH� EHHQ
FROOHFWHG�DV�IROORZV�����UHSHDWHG�LPDJHV�KDYH�EHHQ�FRO�
OHFWHG� DW� �� VLWHV� �7DEOH� ��� ORFDWHG� LQ� WKH� QRUWK�ZHVWHUQ
VHFWRU� RI� WKH� SURPRQWRU\� �)LJ�� ���� DW� WLPHV� UHSRUWHG� LQ
7DEOH����WKH�QXPEHU�RI�LPDJHV�FROOHFWHG�GXULQJ�WKH�VXU�
YH\LQJ�SHULRGV�LV�UHSRUWHG�LQ�WKH�WDEOH��WKH�WRWDO�DPRXQW
RI�UHSHDWHG�SLFWXUHV�LV����������JHQHUDO�LPDJHV�FROOHFWHG
DORQJ� WKH�ZKROH�FRDVWDO� VWUHWFK�RI�'HEHOL� UWLá��ZLWK� LP�
DJHV�IURP�WKH�VHD�RU�IURP�WKH�FOLIIV��LQ�RUGHU�WR�VXUYH\�DOO
WKH�PRVW� LPSRUWDQW�FOLII�FKDQJHV��HYHQ�DW�GLIIHUHQW�VLWHV�
WKH�WRWDO�DPRXQW�RI�JHQHUDO�LPDJHV�LV�DERXW������

&RQVLGHULQJ�WKH�DLPV�RI�WKLV�ZRUN��EHVLGHV�WKH�DFTXL�
VLWLRQ�RI�UHSHDWHG�LPDJHV�LQ�WKH�DIRUHPHQWLRQHG�VWDWLRQV�
DOO�WKH�PRGLILFDWLRQV�RI�WKH�FOLIIV�DQG�WKH�VKRUH�SODWIRUP
KDYH�EHHQ�QRWHG�DQG�WKH�UHODWLYH�SLFWXUH�IRUPHG��5RFN�
IDOO�� IDOOHQ� WUHHV� DQG� PDMRU� VWRUPV� KDYH� EHHQ� GRFX�
PHQWHG��HYHQ�LI�RFFXUULQJ�DW�RWKHU�VLWHV�
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)LJ�����/RFDWLRQ�RI�WKH�VXUYH\HG�JHRPHFKDQLFDO�DQG�SKRWRJUDSKLF�VLWHV�
6O�����/RNDFLMH�JHRPHKDQVNHJD�LQ�IRWRJUDIVNHJD�SUHJOHGD�

7DE�����(QYLURQPHQWDO�VHWWLQJ�RI�WKH�SKRWRJUDSKLF�VLWHV�
$�� QDPH� RI� WKH� VLWH�� %�� ZLQG� H[SRVXUH� �TXDGUDQW��� &�
DOWLWXGH� �P� D�V�O���� '�� VXUYH\LQJ� SHULRG�� (�� PD[LPXP
IHWFK��NP���)��UHDVRQV�IRU�WKH�SKRWRJUDSKLF�VXUYH\LQJ�DW
WKH�VLWH�
7DE�����2NROMVND�XPHÉàHQRVW�WRàN�IRWRJUDILUDQMD��$��LPH
ORNDFLMH�� %�� L]SRVWDYOMHQRVW� YHWUX� �NYDGUDQW��� &�� QDG�
PRUVND� YLÉLQD� �P� Q�P���� '�� WUDMDQMH� SUHJOHGD�� (�� PDN�
VLPDOQL�GRVHJ��NP���)��UD]ORJL�]D�REUDYQDYR�ORNDFLMH�

-Y 65
��� ���
��� ��
� ��
� ��
� ��
�� ��
�� ��
�� ��
�� ��
��� ��



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

6WHIDQR�)85/$1,�HW�DO���&2$67$/�&/,))�%(+$9,285��7+(�&$6(�678'<�2)�'(%(/,�57,à��6:�6/29(1,$��������

��

,Q� RUGHU� WR� HYDOXDWH� WKH� TXDOLW\� RI� URFN�PDVVHV� WKDW
IRUP� WKH�FOLIIV��JHRPHFKDQLFDO� VXUYH\V�ZHUH� FRQGXFWHG
DORQJ�WKH�FRDVW�RI�'HEHOL�UWLá��,WDOLDQ�3XQWD�*URVVD���*6,
FODVVLILFDWLRQ�ZDV�FKRVHQ�EHFDXVH�FRQYHQWLRQDO�JHRPH�
FKDQLFDO� V\VWHP�� VXFK�DV� WKH�5RFN�0DVV�5DWLQJ�PHWKR�
GRORJLHV��505��DQG�4�SUHVHQW�VHULRXV�OLPLWDWLRQV�IRU�WKH
DQDO\VLV� RI� KHWHURJHQHRXV� IRUPDWLRQV� OLNH� )O\VFK
�%UXVFKL�� ������� *6,� FODVVLILFDWLRQ� ZDV� GHYHORSHG� WR
FODVVLI\�URFN�PDVVHV�RI�VORSHV�FRQVLVWLQJ�RI�WZR�GLIIHUHQW
OLWKRW\SHV��VXFK�DV�PDUOVWRQH�DQG�VDQGVWRQH��0DULQRV�	
+RHN��������8OXVD\�	�6RPQH]���������)O\VFK� LQ� IDFW� LV
FKDUDFWHUL]HG� E\� GLIIHUHQW� PHFKDQLFDO� DQG� K\GURJHR�
ORJLFDO� EHKDYLRXUV�� PDUOVWRQH� KDV� D� GXFWLOH� EHKDYLRXU
DQG� LV� HDVLO\� HURGHG� E\� VWRUP� VXUJHV�� ZKLOH� VDQGVWRQH
H[KLELWV�KLJKHU�UHVLVWDQFH�YDOXHV��*6,�V\VWHP�LV�EDVHG�RQ
D�VLPSOH�FRQFHSW�WKDW�FRPELQHV�WKH�VWUXFWXUDO�VHWWLQJ�RI
WKH� URFNV� ZLWK� WKH� SURSHUWLHV� RI� IUDFWXUHV�� LQ� RUGHU� WR
DFKLHYH� D� TXDOLW\� LQGH[� YDOXH� RI� WKH� URFN�PDVVHV� XVHG
IRU�WKH�DVVHVVPHQW�RI�FRDVWDO�UHWUHDW�UDWH�

8OXVD\�DQG�6RPQH]� ������� LQWURGXFHG� WZR�SDUDPH�
WHUV��WKH�ILUVW��65��LV�UHODWHG�WR�WKH�GHJUHH�RI�IUDFWXULQJ�RI
URFN�PDVV�DQG�LV�GHWHUPLQHG�DFFRUGLQJ�WR�WKH�QXPEHU�RI
MRLQWV� SHU�P��� -Y� �3DOPVWURP�� ������� DQG� DQRWKHU�� 6&5�
ZKLFK�GHQRWHV�WKH�UDWLQJV�IRU�URXJKQHVV��ZHDWKHULQJ�DQG
LQILOOLQJ�PDWHULDO��+DFN���������-RLQW�SURSHUWLHV�ZHUH�VXU�
YH\HG�DFFRUGLQJ�WR�%6�������+DFN���������65�YDOXHV�DUH
UHSRUWHG�LQ�)LJ����

6&5�LV�REWDLQHG�IURP�WKH�VXP�RI�WKUHH�FRHIILFLHQWV�
6&5 �5U���5Z���5I

5U�SDUDPHWHU��-RLQW�URXJKQHVV���5Z�SDUDPHWHU��:HDW�
KHULQJ�RI�URFN�PDVVHV��DQG�5I�SDUDPHWHU��,QILOOLQJ�PDWH�
ULDO�DQG�DSHUWXUH�RI�IUDFWXUHV��YDOXHV�DUH�DV�IROORZV�

5U�SDUDPHWHU��-RLQW�URXJKQHVV�
:DY\ 6OLJKWO\

ZDY\
&XUYHG 6OLJKWO\

FXUYHG
6WUDLJKW

� � � � �

5Z�SDUDPHWHU��:HDWKHULQJ�RI�URFN�PDVVHV�
1R

ZHDWKHUHG
6OLJKWO\

ZHDWKHUHG
0RGHUDWHO\
ZHDWKHUHG

+LJKO\
ZHDWKHUHG

&RPSOHWHO\
ZHDWKHUHG

� � � � �

5I�SDUDPHWHU��,QILOOLQJ�PDWHULDO�DQG�DSHUWXUH�RI�IUDFWXUHV�
1RWKLQJ +DUG

����PP
+DUG
!���PP

6RIW
����PP

+DUG
!���PP

� � � � �

7KH� REWDLQHG� YDOXHV� RI� 65� DQG� 6&5� DUH� JLYHQ� LQ� D
*6,�YDOXH�FKDUW��%UXVFKL��������

7KH�YDOXH�RI�*6,�FDQ�YDU\�IURP���WR������WKH�KLJKHU
WKH� YDOXH� WKH� JUHDWHU� WKH� TXDOLW\� FKDUDFWHULVWLFV� RI� WKH
URFN� DQG� LWV� UHVLVWDQFH� WR� VHD� FOLII� UHWUHDW�� 7KH� TXDOLW\
FODVVHV�DUH���DQG�DUH�OLVWHG�EHORZ�

4XDOLW\�FODVVHV�REWDLQHG�IURP�*6,�YDOXHV
9HU\�SRRU 3RRU )DLU *RRG ([FHOOHQW
���� ����� ����� ����� ������

7DE�����,PDJHV�FROOHFWHG�GXULQJ�WKH�VXUYH\LQJ�SHULRG��7KH�QXPEHU�RI�LPDJHV�FROOHFWHG�XVLQJ�WKH�DQDORJ�FDPHUD�DUH
UHSRUWHG� LQ�EOXH��ZKLOH� WKH�QXPEHU�RI� LPDJHV�FROOHFWHG�XVLQJ� WKH�GLJLWDO�FDPHUD�DUH� UHSRUWHG� LQ�JUH\��7KH� WRWDO
QXPEHU�RI�FROOHFWHG�LPDJHV�LV�������2WKHU������LPDJHV�KDYH�EHHQ�FROOHFWHG�LQ�WKH�VDPH�DUHD�DW�GLIIHUHQW�VLWHV�LQ
RUGHU�WR�VXUYH\�DOO�WKH�PRVW�LPSRUWDQW�FOLII�FKDQJHV�
7DE�����)RWRJUDIVNL�PDWHULDO��SULGREOMHQ�WHNRP�UD]LVNDYH��ÈWHYLOR�IRWRJUDILM��QDUHMHQLK�]�DQDORJQLP�IRWRDSDUDWRP��MH
SRGDQR�Y�PRGULK�RNHQFLK��ÉWHYLOR�GLJLWDOQLK� IRWRJUDILM�SD�Y� VLYLK��6NXSQR�ÉWHYLOR�IRWRJUDILM� MH�������2VWDOLK�����
IRWRJUDILM� MH� ELOR� SRVQHWLK� QD� UD]OLàQLK� ORNDFLMDK� LVWHJD� REPRàMD�� ]� QDPHQRP� REUDYQDYH� YVHK� SRPHPEQHMÉLK
VSUHPHPE�QD�NOLILK�

$
6LWH

%
([SRVXUH
�TXDGUDQW�

&
$OWLWXGH
�P�D�V�O��

'
6XUYH\LQJ
SHULRG
�\HDUV�

(
0D[�IHWFK
�NP�

)
$LPV

$ 1(�1: � � �� $FWLQJ�SURFHVVHV�RI�WKH�FOLII
% 1: � � �� (YROXWLRQ�RI�WKH�FOLII�IRRW

& 1: � � ��
(YROXWLRQ�RI�D�QRWFK�FDUYHG�DW�WKH�FOLII

IRRW
' 1: � � �� (YROXWLRQ�RI�WKH�FOLII�IRRW
(D 6(��1: � � ��� $FWLQJ�SURFHVVHV�RI�WKH�FOLII

(E 6(��1: �� � ���
$QDO\VLV�RI�EHDFK�PDWHULDO�RQ�WKH�VKRUH

SODWIRUP��HYROXWLRQ�RI�WKH�FOLII�WRS

(F 6(��1: �� � ���
$QDO\VLV�RI�EHDFK�PDWHULDO�RQ�WKH�VKRUH

SODWIRUP��HYROXWLRQ�RI�WKH�FOLII�WRS
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)LJ�����5HODWLRQVKLS�EHWZHHQ�-Y�DQG�65�SDUDPHWHU�
6O�����5D]PHUMH�PHG�-Y�LQ�65�SDUDPHWURP�

5(68/76

3KRWRJUDSKLF�VLWHV�DQG�VXUYH\LQJ�UHVXOWV

$����\HDU�ORQJ�SKRWRJUDSKLF�VXUYH\�LV�SUHVHQWHG��7KH
IHDWXUHV�RI�SKRWRJUDSKLF�VWDWLRQV�DUH�UHSRUWHG�LQ�7DEOH���

([DPSOHV�RI�PDMRU�FOLII�PRGLILFDWLRQV�DUH�UHSRUWHG�LQ
ILJXUHV� ��� ��� �� DQG� ��� 5HJDUGLQJ� VLWH� %� �)LJ�� ���� IHZ
PRGLILFDWLRQV�RFFXUUHG�DW�WKH�FOLII�IRRW��EXW�ODUJH�DPRXQW
RI� EHDFK�SHEEOHV� DUH�PRYHG�� FRYHULQJ� DQG� XQFRYHULQJ
UHVSHFWLYHO\�WKH�VKRUH�SODWIRUP��,Q�VLWH�&��)LJ������WKH�FOLII
LV� XQGHUFXW�� 2FFDVLRQDOO\�� WKH� FOLII� LV� WKUHDWHQHG� E\
VWRQHIDOO�DQG� WKH� VKRUH�SODWIRUP� LV� FRYHUHG�DQG�XQFRY�
HUHG�ERWK�E\�EHDFK�RU�FROODSVHG�PDWHULDO��,Q�VLWH�'��)LJ�
����EHWZHHQ�-DQXDU\�DQG�$SULO�������URFNIDOO�RFFXUUHG�LQ
WKH� QRWFK�� 7KH� PDWHULDO� DW� WKH� FOLII� IRRW� SURWHFWV� WKH
QRWFK�IURP�HURVLRQ��,Q�VLWH�(F��)LJ������DW�WKH�EHJLQQLQJ�RI
������ D� WUHH� IHOO� IURP� WKH� FOLII� RQWR� WKH� VKRUH� SODWIRUP
DQG�EORFNHG�ODUJHU�URFNV�IRU�D�\HDU�

����

)LJ�����0RUSKRORJLFDO�FKDQJHV�DW�VLWH�%�
6O�����0RUIRORÉNH�VSUHPHPEH�QD�WRàNL�%�

����

)LJ�����0RUSKRORJLFDO�FKDQJHV�DW�VLWH�&�
6O�����0RUIRORÉNH�VSUHPHPEH�QD�WRàNL�&�
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)LJ�����0RUSKRORJLFDO�FKDQJHV�DW�VLWH�'�
6O�����0RUIRORÉNH�VSUHPHPEH�QD�WRàNL�'�

����

)LJ�����0RUSKRORJLFDO�FKDQJHV�DW�VLWH�(F�
6O�����0RUIRORÉNH�VSUHPHPEH�QD�WRàNL�(F�

*HRPHFKDQLFDO�DQDO\VLV

*HRPHFKDQLFDO� DQDO\VHV�ZHUH� FRQGXFWHG� LQ� �� VLWHV
DQG� VKRZHG� KLJK� VXVFHSWLELOLW\� RI� WKH� FOLII� WR� FROODSVH�
5RFN�IDOO�DUH�IUHTXHQW�DQG�GHSHQG�RQ�WKH�KLJK�GHJUHH�RI
IUDFWXULQJ�RI� WKH�URFN�PDVV��HURVLRQ�DW� WKH�IRRW�RI�PDUO\
PDWHULDOV�DQG�VWHHSQHVV�RI�WKH�ZDOOV�

7KH� VDQGVWRQH� LV� LQWHQVLYHO\� IUDFWXUHG� �GLVFRQWLQXLW\
VSDFLQJ�UDQJHV�IURP�D�FRXSOH�RI�FHQWLPHWUHV�WR�GHFLPH�
WUHV��DQG�ZHDWKHUHG�DORQJ�WKH�VXUIDFH��$V�D�FRQVHTXHQFH
RI� LQWHQVLYH� IUDFWXULQJ�� WKH� URFN� PDVV� KDV� JRRG� ZDWHU
SHUPHDELOLW\�� UHVXOWLQJ� LQ� VRPH�YLVLEOH�ZHW� ]RQHV�DORQJ
WKH�FOLIIV�

7KH� WKUHH� MRLQW� VHWV� DQG� WKH� RULHQWDWLRQ� RI� FOLIIV� DUH
VKRZQ� LQ� 7DEOH� ��� 7KH� EHGGLQJ� KDV� EHHQ� UHQDPHG� DV
MRLQW�VHW�.��

7KH� WKUHH� GLVFRQWLQXLW\� V\VWHPV� IRUPHG� ERXOGHUV� RI
FXELF� GHFLPHWHU� GLPHQVLRQ� RQ� WKH� ZDOOV�� ,Q� DGGLWLRQ�
PDQ\� VDQGVWRQH� EORFNV�� DOUHDG\� FROODSVHG�� DUH� ORFDWHG
RQ�WKH�VKRUH�SODWIRUP��QHDU�VWHHS�FOLIIV��)LJ�����

7KH� UHVXOWV� RI� *6,� DQDO\VLV� DUH� VKRZQ� LQ� WDEOH� ��
5RFN�PDVV�TXDOLW\�H[KLELWV�SRRU�RU�YHU\�SRRU�TXDOLW\�LQ��
VLWHV� �7DEOH� ���� ZKLOH� RWKHU� �� VLWHV� GR� QRW� H[FHHG� IDLU
TXDOLW\�
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7DE�����'LVFRQWLQXLW\�VHWV�DORQJ�'HEHOL�UWLà�FOLII�
7DE�����7RàNH�SUHORPD�Y]GROË�NOLID�'HEHOL�UWLà�

6ORSH��'LS�GLUHFWLRQ�GLS� 6HW�.���'LS�GLUHFWLRQ�GLS� 6HW�.���'LS�GLUHFWLRQ�GLS� 6HW�.���'LS�GLUHFWLRQ�GLS�
6LWH�� ������ ������ ������ ������
6LWH�� ������ ������ ������ ������
6LWH�� ������ ������ ������ ������
6LWH�� ������ ������ ������ ������
6LWH�� ������ ������ ����� ������
6LWH�� ������ ������ ������ ������
6LWH�� ������ ������ ������ ������
6LWH�� ������ ����� ������ ������

7DE�����5HVXOWV�RI�WKH�*6,�DQDO\VLV�DW�'HEHOL�UWLà�
7DE�����5H]XOWDWL�*6,�DQDOL]H�QD�'HEHOHP�UWLàX�

6DQGVWRQH -Y 65 5U 5Z 5I 6&5 *6, &ODVV
6LWH�� ��� �� �� � � � �� �� )DLU
6LWH�� ��� �� �� � � � � �� 9HU\�SRRU
6LWH�� ��� �� �� � � � �� �� )DLU
6LWH�� ��� �� �� � � � � �� 3RRU
6LWH�� ��� �� �� � � � � �� 3RRU
6LWH�� ��� �� �� � � � � �� 3RRU
6LWH�� ��� �� �� � � � � �� )DLU
6LWH�� ��� �� �� � � � � �� 3RRU

)LJ�����-RLQW�V\VWHP�DW�WKH�FOLII�SODWIRUP�MXQFWLRQ�
6O�����5D]SRNOLQVNL�VLVWHP�QD�VWLNX�NOLID�LQ�SROLFH�
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',6&866,21

'LUHFW� DQG� LQGLUHFW� REVHUYDWLRQV� RI� WKH� VWXGLHG
FRDVWDO�FOLIIV�LQGLFDWH�VORZ�EXW�SHUVLVWHQW�VHD�FOLII�UHWUHDW�
6XEPHUJHG� 5RPDQ� DUFKDHRORJLFDO� UHPDLQV�� ORFDWHG
QRZDGD\V�DW�DERXW����P�IURP�WKH�VKRUHOLQH��$QWRQLROL�HW
DO����������������VXJJHVW�WKDW�DQFLHQW�FOLIIV�ZHUH�ORFDWHG
IDU�RII�VKRUH��$�FRPSDULVRQ�EHWZHHQ�WKH�FXUUHQW�SRVLWLRQ
RI� WKH�FOLII�DQG� WKH�VXEPHUJHG�5RPDQ� UHPDLQV� VXJJHVWV
WKDW� WKH� FOLII� UHWUHDW� UDWHV� DWWDLQ� DURXQG� ������ PP�\U�
0RUHRYHU��KLVWRULFDO�GDWD�LQGLFDWH�WKH�SUHVHQFH�RI�D�PH�
GLHYDO� FKXUFK� DW� 'HEHOL� UWLá�� QRZ� FRPSOHWHO\� GLVDS�
SHDUHG� �%RUUL���������(YHQ�D� WULJRQRPHWULF�GURPH��XVHG
E\�WKH�$XVWUR�+XQJDULDQ�QDY\�WR�FDOFXODWH�WKH�VSHHG�RI
VKLSV�� KDV� GLVDSSHDUHG� EHFDXVH� RI� FOLII� UHFHVVLRQ�� 2XU
GDWD�DQG�DQDO\VLV�GR�QRW�DOORZ�WKH�HYDOXDWLRQ�RI�VHD�FOLII
UHWUHDW�� KRZHYHU�� WKH\� HQDEOH� XV� WR� GHILQH� GLYHUVLI\LQJ
]RQHV�RI� WKH�'HEHOL� UWLá�FOLII� VKRZLQJ�GLIIHUHQW�JHRPRU�
SKRORJLFDO�DQG�JHRPHFKDQLFDO�EHKDYLRXU�

)LUVW�RI�DOO��UHFHVVLRQ�LV�QRW�FRQVLVWHQW�IURP�RQH�ORFD�
WLRQ� WR� DQRWKHU�� 7KH�PDLQ� ILQGLQJ� RI� VHD� FOLII� UHFHVVLRQ
DQDO\VLV� LV� WKDW� WKH� UHFHVVLRQ� LV� SULPDULO\� FRPSRVHG� RI
ERWK� UHJXODU� VPDOO� ORVVHV�� ZLWK� RFFDVLRQDO� UDSLG� ODUJHU
ORVVHV�RYHU�WLPH��DV�VXJJHVWHG�E\�+DOO���������0RUHRYHU�
HYHU\� VWDWLRQ� VKRZV� GLIIHUHQW� EHKDYLRXU�� ERWK� LQ� WLPH
DQG�VSDFH��UHODWHG�WR�HQYLURQPHQWDO�DQG�JHRPHFKDQLFDO
FRQGLWLRQV�� 3KRWRJUDSKLF� VXUYH\LQJ� GLVSOD\V�� LQ� IDFW�� D
FRPSOH[� EHKDYLRXU� RI� WKH� FOLII� UHWUHDW�� GXULQJ� ORQJ� VWD�
EOH�ZHDWKHU�SHULRGV��FOLII�PRGLILFDWLRQV�DUH�YHU\�ORZ�DQG
JURXQGZDWHU� VROXWLRQ� RU� VORSH� IDLOXUHV� KDYH� EHHQ� RE�
VHUYHG�� 0DMRU� FKDQJHV� LQ� WKH� FOLII� IDFH� RFFXUHG� DIWHU
JUHDW� VWRUP�HYHQWV�� EHFDXVH� RI� WKH� FRPSOH[� LQWHUDFWLRQ
EHWZHHQ�PDULQH� DQG� QRQ�PDULQH� IDFWRUV�� *HRPHFKDQL�
FDO�DQDO\VLV�HYDOXDWHV�WKH�UROH�RI�WKH�OLWKRORJ\��PDUOVWRQH
DQG�VLOWVWRQH�IDYRXU�WKH�HURVLRQ�SURFHVVHV�DW�WKH�FOLII�IRRW
DQG� WKH� GHWDFKPHQW� DQG� IDOO� RI� LPPLQHQW� VDQGVWRQH
EORFNV�� ZKLOH� VDQGVWRQH� SURWHFWV� WKH� FOLII� IURP� PDULQH
DQG�VXEDHULDO�SURFHVVHV��6DQGVWRQH�DQG�PDUOVWRQH�EHGV
DUH� VXVFHSWLEOH� WR� ZDYH� DWWDFN� DQG� VXE�DHULDO� HURVLRQ�
EHFDXVH� RI� WKHLU� SHUPHDEOH� DQG� IULWWHUHG� QDWXUH� �0D\�
������4XLJOH\�	�'L�1DUGR���������)DLOXUH�SURFHVVHV�DUH
OLQNHG� WR� MRLQW� VHWV� DQG� RSHQ� GLVFRQWLQXLWLHV� RQ� VDQG�
VWRQH�EHGV��6LWHV����������RQ�WKH�FOLII��EXW�PDUOVWRQH�DQG
VLOWVWRQH�FDQ�EH�HURGHG�DW� WKH� IRRW�RI� VORSHV�DQG� WKHUH�
IRUH� WKH\� DFFHOHUDWH� WKH� GHWDFKPHQW� IURP� ]RQHV�ZKHUH
VDQGVWRQH�LV�QRW�DEXQGDQW��6LWHV���DQG����

0DULQH� HURVLRQ� DFWV� PDLQO\� ZKHUH� WKH� URFN� PDVVHV
SUHVHQW�SRRU�RU� YHU\�SRRU�*6,� YDOXHV� DQG�GHSHQGV�SUL�
PDULO\� RQ� WKH� SUHVHQFH� RI� HURGLEOH�PDWHULDO� DW� WKH� FOLII
IRRW��)DLU�TXDOLW\��VDQGVWRQH��DQG�IDOOHQ�ERXOGHUV�SURWHFW
DJDLQVW� VHD� FOLII� UHWUHDW�� 7KH� ILHOG� REVHUYDWLRQV� DQG
JHRPHFKDQLFDO� DQDO\VLV� GHPRQVWUDWH� WKDW� ERXOGHUV�
GHFLPHWULF�LQ�VL]H��DUH�UHODWHG�WR�WKUHH�GLVFRQWLQXLW\�V\V�
WHPV��7KH�LVRODWHG�EORFNV�DUH�UHDG\�WR�GHWDFK�DQG�IDOO�

7KH� UHVXOWV� RI� WKH� *6,� LQ� WKH� �� VLWHV� VKRZ� WKDW� WKH
TXDOLW\� RI� URFN� PDVVHV� LV� OLWWOH� LQIOXHQFHG� E\� WKH
SURSHUWLHV�RI� WKH�GLVFRQWLQXLWLHV� WKDW� DUH� IDLUO\�FRQVWDQW�
ZKLOH� -Y� LV� SUREDEO\� WKH� GRPLQDQW� SDUDPHWHU� IRU� VORSH
IDLOXUH�

([WUHPH� FDUH� KDV� WR� EH� WDNHQ� ZKHQ� VWXG\LQJ� DQG
FODVVLI\LQJ�SOXQJLQJ�FOLIIV� LQ� D�PDULQH�HQYLURQPHQW��)RU
GHHSO\�MRLQWHG�FRPSOH[�URFN�PDVVHV�VXFK�DV�)O\VFK��WKH
*6,�FKDUW�LV�D�XVHIXO�WRRO�WR�HYDOXDWH�URFN�PDVV�TXDOLW\�

7KH� UDWH� RI� UHWUHDW� LV� VWLOO� GLIILFXOW� WR� HYDOXDWH�� EXW
KLVWRULFDO� DQG� GHWDLOHG� WRSRJUDSKLF� LQYHVWLJDWLRQV� �VHH
WKH� VRXUFHV� IRU� VRPH� RI� WKHVH� LQYHVWLJDWLRQV� LQ� =RUQ�
������������FDQ�KHOS�JHRPHFKDQLFDO�DQG�SKRWRJUDSKLF
DQDO\VLV� WR� LQIHU� D� ¡IRUPXOD¢� RI� HURVLRQ� UDWH�� UHODWHG� WR
GLIIHUHQW�OLWKRW\SHV�

&21&/86,216

6HD� FOLII� EHKDYLRXU� KDV� EHHQ� VWXGLHG� DW� 'HEHOL� UWLá
�6:�6ORYHQLD���LQ�WKH�QRUWK�HDVWHUQ�$GULDWLF��7KH�DQDO\VLV
KDV� EHHQ� FDUULHG� RXW� WKURXJK� WKH� FRPSDULVRQ� RI� PRUH
WKDQ������SKRWRV�FROOHFWHG�DW���VLWHV�VLQFH�������DW�SUH�
FLVH�WLPHV�DQG�XQGHU�DQ\�ZHDWKHU�FRQGLWLRQV��,Q�DGGLWLRQ
WR�WKLV��WKH�DQDO\VLV�RI�WKH�JHRPHFKDQLFDO�SURSHUWLHV�DQG
TXDOLW\�RI�URFN�PDVVHV�KDV�EHHQ�FRQGXFWHG�DW���JHRPH�
FKDQLFDO�VLWHV�LQ�WKH�VDPH�DUHD�

&RDVWDO�FOLIIV�LQ�WKH�VWXGLHG�DUHD�DUH�WKH�UHVXOW�RI�PD�
ULQH�DQG�VORSH�SURFHVVHV��7KHLU�LQWHUUHODWLRQV�DUH�VWURQJO\
LQIOXHQFHG� E\� WKHLU� OLWKRORJLFDO� FRPSRVLWLRQ� DQG� ORFDO
HQYLURQPHQWDO� SDUDPHWHUV�� 0RVW� VLJQLILFDQW� FKDQJHV� RI
WKH�FOLII�IDFH�DUH�REVHUYHG�LQ�VLWHV�VKRZLQJ�SRRU�RU�YHU\
SRRU�URFN�PDVV�TXDOLW\�DQG�JHRPHFKDQLFDO�SURSHUWLHV��,Q
SDUWLFXODU��PDUOVWRQH� LV�PRUH� VXVFHSWLEOH� WR�FOLII� UHWUHDW�
EHLQJ� KLJKO\� HURGLEOH� GXH� WR� PDULQH� SURFHVVHV�� &RQ�
YHUVHO\�� ZKHUH� WKH� VDQGVWRQH� SUHYDLOV� YHUWLFDOO\� RQ
KLJKO\� HURGLEOH� OLWKRW\SHV�� VORSHV� DUH� DIIHFWHG� E\� URFN�
IDOO��%RXOGHUV�DW� WKH� IRRW�RI� WKH�FOLIIV�DFW�VLPXOWDQHRXVO\
DV� D� EDUULHU� WR�PDULQH� SURFHVVHV� DQG� HOHPHQWV� RI� DEUD�
VLRQ�WR�WKH�VORSH�

$W� WKH� VDPH� WLPH�� SKRWRJUDSKLF� VXUYH\LQJ� VXJJHVWV
WKDW�FOLIIV�DUH�DIIHFWHG�E\�D�FRPSOH[�EHKDYLRXU�ZLWK� UH�
VSHFW�WR�FRDVWDO�UHWUHDW��GXULQJ�ORQJ�VWDEOH�ZHDWKHU�SHUL�
RGV�� FOLII� PRGLILFDWLRQV� DUH� YHU\� ORZ�� ZKLOH� PDMRU
FKDQJHV� LQ� WKH� FOLII� IDFH� RFFXU� DIWHU� JUHDW� VWRUP� HYHQWV
RZLQJ�WR�WKH�LQWHUDFWLRQ�RI�ERWK�PDULQH�DQG�QRQ�PDULQH
IDFWRUV�

7KH� LQWHJUDWHG� PHWKRG� KHUH� SURSRVHG�� QDPHO\� WKH
HYDOXDWLRQ� RI� URFN� PDVV� TXDOLW\� EHVLGH� WKH� GLUHFW� ILHOG
YDOLGDWLRQ� SURYLGHG� E\� WKH� UHSHDWHG� SKRWRJUDSKLF� VXU�
YH\LQJ��LV�YHU\�XVHIXO�WR�RXWOLQH�WKH�EHKDYLRXU�RI�FRDVWDO
FOLIIV�RU� WR�FDUU\�RXW�JHRPRUSKLF�VWXGLHV�UHODWHG�WR�FOLIIV
DQG�VKRUH�SODWIRUPV�
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6WHIDQR�)85/$1,
'LSDUWLPHQWR�GL�*HRJUDILD��8QLYHUVLWj�GL�3DGRYD��,�������3DGRYD��YLD�GHO�6DQWR�����,WDO\
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6SUHPHPEH� REDOQLK� NOLIRY� VPR� SUHXßHYDOL� QD� SHWLK� ORNDFLMDK� Y]GROÊ� VORYHQVNH� REDOH�� Y� VHYHURY]KRGQHP
-DGUDQVNHP�PRUMX��LQ�VLFHU�VNR]L�DQDOL]R������IRWRJUDILM��SRVQHWLK�QD�ORNDFLMDK��LQ�YHß�NRW������GRGDWQLK�IRWRJUDILM�
]EUDQLK� RG� OHWD� ������ 6� SRGUREQR� NDUDNWHUL]DFLMR� JHRPHKDQVNLK� ]QDßLOQRVWL� LQ� NYDOLWHWH� VNDOQLK� JPRW� WHU� DQDOL]R
GRY]HWQRVWL�]D�SRGRUH�VPR�XJRWDYOMDOL�JHRPHKDQVNH�]QDßLOQRVWL�REUDYQDYDQLK�ORNDFLM�

,]UD]LWH� VSUHPHPEH� SHßLQH� VH� YHßLQRPD� SRMDYOMDMR� QD� WRßNDK�� NMHU� MH� ELOD� XJRWRYOMHQD� VODED� DOL� ]HOR� VODED
NYDOLWHWD� VNDOQLK� JPRW�� 3ROHJ� WHJD� V� IRWRJUDIVNLP� SUHJOHGRP� XJRWDYOMDPR�� GD� VR� NOLIL� SRGYUÊHQL� NRPSOHNVQLP
VSUHPHPEDP��NL� ERWUXMHMR� XPLNDQMX� REDOH�� Y� ßDVX� GDOMÈLK� REGRELM� VWDELOQHJD� YUHPHQD� VR� VSUHPHPEH�PLQLPDOQH�
PHGWHP�NR�VR�SR�YHOLNLK�QHYLKWDK�RSDÊHQH�L]UD]LWH�VSUHPHPEH�SHßLQH��VDM�SULKDMD�GR�VRYSOLYDQMD�PRUVNLK�LQ�GUXJLK
GHMDYQLNRY�
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$QWRQLROL��)���0��$Q]LGHL��.��/DPEHFN��5��$XULHPPD��'�
*DGGL��6��)XUODQL��3��2UU{��3���(��6ROLQDV��$��*DVSDUL��6�
.DULQMD�� 9�� .RYDÞLÜ�� 	� /�� 6XUDFH�� �������� 6HD� OHYHO
FKDQJH� LQ� ,WDO\� GXULQJ� +RORFHQH� IURP� DUFKDHRORJLFDO
DQG�JHRPRUSKRORJLFDO� GDWD��4XD�� 6FL�� 5HY��� ���� �����
�����
$QWRQLROL�� )���*��%��&DUXOOL�� 6��)XUODQL��5��$XULHPPD�	
5��0DURFFR�� �������� 7KH� HQLJPD�RI� VXEPHUJHG�PDULQH
QRWFKHV� LQ� QRUWKHUQ�$GULDWLF� VHD��4XDWHUQDULD�1RYD�� ��
��������
%RUUL�� *�� �������� 0XJJLD� GHO� SDVVDWR�� 7LSR�OLWR� 3ROL�
JUDILFD�0RGHQD��7ULHVWH��3DGRYD������S�
%UD\��0��-��	�-��0��+RRNH���������3UHGLFWLRQ�RI�VRIW�FOLII
UHWUHDW�ZLWK�DFFHOHUDWLQJ�VHD�OHYHO�ULVH��-��&RDVW��5HV�����
��������
%UXVFKL�� $�� �������� 0HFFDQLFD� GHOOH� 5RFFH�� (GL]LRQL
'DULR�)ODFFRYLR��3DOHUPR������S�
%XFNOHU��:��5���	�+��$��:LQWHUV���������/DNH�0LFKLJDQ
EOXII�UHFHVVLRQ��$QQ��$VVRF��$P��*HRJU�������������
(PHU\�� .�� 2�� 	� *�� *�� .XKQ� �������� (URVLRQ� RI� 5RFN
6KRUHV�DW�/D�-ROOD��&DOLIRUQLD��0DULQH�*HRORJ\����������
����

)XUODQL�� 6�� �������� 6KRUH� SODWIRUPV� DORQJ� WKH� 1RUWK�
ZHVWHUQ� ,VWULDQ� FRDVW�� DQ� RYHUYLHZ�� $QQDOHV� 6HU�� +LVW�
1DW������������������
)XUODQL�� 6�� �������� (YROX]LRQH� GHOOD� IDOHVLD� GL� 3XQWD
*URVVD��%RUJRODXUR������������
*UHHQZRRG��5��2��	�-��'��2UIRUG��-��'����������)DFWRUV
FRQWUROOLQJ�WKH�UHWUHDW�RI�'UXPOLQ�FRDVWDO�FOLIIV� LQ�D� ORZ
HQHUJ\�PDULQH�HQYLURQPHQW�6WUDQJIRUG�/RXJK��1RUWKHUQ
,UHODQG��-��&RDVW��5HV���������������
+DFN�� 5�� �������� 6ORSH� 6WDELOLW\� 3UREDELOLW\� &ODVVLIL�
FDWLRQ�� ,7&� 3XEEOLFDWLRQ�� ���� ,QWHUQDWLRQDO� ,QVWLWXWH� IRU
$HURVSDFH�6XUYH\�DQG�(DUWK�6FLHQFHV��'HOIW������S�
+DOO��-��:����������6WRFKDVWLF�VLPXODWLRQ�RI�HSLVRGLF�VRIW
FRDVWDO� FOLII� UHFHVVLRQ��&RDVWDO� (QJLQHHULQJ������ S�� ����
����
.RPDU�� 3��'��	� 6��0�� 6KLK� �������� &OLII� HURVLRQ� DORQJ
WKH�2UHJRQ�FRDVW��D�WHFWRQLF�VHD�OHYHO�LPSULQW�SOXV�ORFDO
FRQWUROV�E\�EHDFK�SURFHVVHV��-��&RDVW��5HV�������������
0DJGDOHQLÜ�� =�� �������� 6HGLPHQWRORJLMD� IOLÊNLK� QDVODJD
VUHGQMH�,VWUH��$FWD�JHRORJLFD���������������
0DULQRV�� 3�� 	� (�� +RHN� �������� *6,�� D� JHRORJLFDOO\
IULHQGO\�WRRO�IRU�URFN�PDVV�VWUHQJWK�HVWLPDWLRQ��3URFHHG�
LQJV�RI�*HR(QJ�����FRQIHUHQFH��0HOERXUQH�
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0D\��9��-����������(DUWK�FOLIIV��,Q��%DUQHV�5�6�.���HG����7KH
FRDVWOLQH��9RO�����:LOH\��1HZ�<RUN��SS���������
0RRQ��9��*��	�7��+HDO\���������0HFKDQLVPV�RI�FRDVWDO
FOLII� UHWUHDW� DQG� KD]DUG� ]RQH� GHOLQHDWLRQ� LQ� VRIW� IO\VFK
GHSRVLWV��-��&RDVW��5HV��������������
0RUWLPHU� 5�� 1�� 	� $�� 'XSHUUHW� �������� &RDVWDO� &KDON
&OLII� ,QVWDELOLW\�� (QJLQHHULQJ� *HRORJ\� 6SHFLDO� 3XEOLFD�
WLRQ��*HRORJLFDO�6RFLHW\��/RQGRQ�
2JULQ�� '�� �������� 3RGQHEMH� VORYHQVNH� ,VWUH�� .QMLÌQLFD
$QQDOHV�� ���� =JRGRYLQVNR� GUXÊWYR� ]D� MXÌQR� 3ULPRUVNR�
.RSHU������S�
3DOPVWURP��$����������0HDVXUHPHQWV�RI�DQG�FRUUHODWLRQ
EHWZHHQ�EORFN�VL]H�DQG�URFN�TXDOLW\�GHVLJQDWLRQ��54'��
7XQQHOLQJ� DQG� 8QGHUJURXQG� 6SDFH� 7HFKQRORJ\�� ���
��������
3LHUUH�� *�� �������� 3URFHVVHV� DQG� UDWH� RI� UHWUHDW� RI� WKH
FOD\�DQG�VDQGVWRQH�VHD�FOLIIV�RI�WKH�QRUWKHUQ�%RXORQQDLV
�)UDQFH���*HRPRUSKRORJ\������������
3ODFHU��/�� ��������3ULQFLSOHV�RI� WKH� WHFWRQLF� VXEGLYLVLRQ
RI�6ORYHQLD��*HRORJLMD�����������������
4XLJOH\�� 5�� 0�� 	� /�� 5�� 'L� 1DUGR� �������� &\FOLF� LQ�
VWDELOLW\�PRGHV�RI�HURGLQJ�FOD\�EOXIIV��/DNH�(ULH��1RUWK�
VKRUH�EOXIIV�DW�3RUW�%UXFH��2QWDULRQ��&DQDGD��=HLWVFKULIW
IXU�*HRPRUSKRORJLH��6XSSO������������
5LFKDUGV��.��6��	�1��5��/RUULPDQ� ��������%DVDO�HURVLRQ
DQG�PDVV�PRYHPHQW��,Q��$QGHUVRQ�0�*��	�5LFKDUGV�.�6�
�HGV����6ORSH�VWDELOLW\��:LOH\��1HZ�<RUN�
5LJKLQL�� *��� (�� &RVWDQWLQL� 	� /�� 6XOOL� �������� /D� %DQFD
GDWL�GHOOH�5HJLRQL�3HGRORJLFKH�,WDOLDQH�>'DWD�%DVH�RI�,WD�
OLDQ�3HGRORJLF�5HJLRQV@�

6HOE\��0�� -�� �������� +LOOVORSH�0DWHULDOV� DQG� 3URFHVVHV�
2[IRUG�8QLYHUVLW\�3UHVV��2[IRUG������S�
6WHSKHQVRQ��:��-��	�5��0��.LUN���������'HYHORSPHQW�RI
VKRUH� SODWIRUPV� RQ� .DLNRXUD� 3HQLQVXOD�� 6RXWK� ,VODQG�
1HZ�=HDODQG�3DUW�2QH��WKH�UROH�RI�ZDYHV��*HRPRUSKR�
ORJ\������������
6WUDYLVL�� )�� �������� &DUDWWHULVWLFKH� PHWHRURORJLFKH� H
FOLPDWLFKH�GHO�*ROIR�GL�7ULHVWH�� ,Q��%XVVDQL��0���+\GUR�
UHV�6�$�6���HGV���0DQXDOH�GHO�FRQGXWWRUH���PRWRULVWD�DOOD
SHVFD�ORFDOH�SURIHVVLRQDOH��7ULHVWH��SS����������
6XQDPXUD��7����������3URFHVVHV�RI�VHD�FOLII�DQG�SODWIRUP
HURVLRQ��,Q��.RPDU�3�'���HG����+DQGERRN�RI�FRDVWDO�SUR�
FHVVHV�DQG�HURVLRQ��&5&�3UHVV��%RFD�5DWRQ������S�
7RPPDVLQL��7����������'LHFL�DQQL�GL�RVVHUYD]LRQL�PHWH�
RURORJLFKH� D� %RUJR� *URWWD� *LJDQWH� VXO� &DUVR� 7ULHVWLQR
�������������$WWL�H�0HP��&RPP��*URWWH��(��%RHJDQ�����
���
8OXVD\�� 5�� 	� +�� 6RPQH]� �������� 0RGLILFDWLRQV� WR� WKH
*HRORJLFDO�6WUHQJWK�,QGH[��*6,��DQG�WKHLU�DSSOLFDELOLW\�WR
VWDELOLW\� RI� VORSHV�� ,QWHUQDWLRQDO� -RXUQDO� RI� 5RFN� 0H�
FKDQLFV�DQG�0LQLQJ�6FLHQFHV�����������������
:RRGURIIH��&��'����������&RDVW��IRUP��SURFHVV�DQG�HYR�
OXWLRQ��&DPEULGJH�8QLYHUVLW\�3UHVV��&DPEULGJH������S�
=RUQ��0�� ��������(UR]LMVNL� SURFHVL� Y� VORYHQVNL� ,VWUL�� =D�
ORÌED�=5&��/MXEOMDQD������S�
=RUQ��0�� �������� (URVLRQ� SURFHVVHV� LQ� 6ORYHQH� ,VWULD� �
SDUW����%DGODQGV��$FWD�JHRJU�����������������


