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7KH�FRQVWUXFWLRQ�RI�KLJKZD\�IURP�'LYDßD�WR�.ODQHF��6:�6ORYHQLD��&ODVVLFDO�.DUVW��XQFRYHUHG�D�QXPEHU�RI�IRVVLO
FDYHV�DQG�XQURRIHG�FDYHV��7ZR�RI�WKHP�ZHUH�VLWXDWHG�QHDU�.R]LQD��2QH��VLWHV�$�DQG�%��UHSUHVHQWHG�XQURRIHG�IRVVLO
FKDQQHO�UHVWV�RI�FROODSVHG�URRI��,W�IRUPHG�PLOG�GHSUHVVLRQ�LQ�WKH�ILHOG��7KH�VHGLPHQWDU\�SURILOH�LQ�FDYH�ZDV�DERXW���P
KLJK��7KH�VHFRQG��VLWH�&��ZDV�REORQJ�VKDOORZ�GHSUHVVLRQ�ZLWK�QHDUO\���P�WKLFN�VHTXHQFH��7KH�SURILOH�DW�VLWH�$�FRQ�
WDLQV�LQYHUVH�DQG�QRUPDO�SRODULW\�PDJQHWR]RQHV��7KH�DJH�RI� WKH�SURILOH�DW�.R]LQD� LV�ROGHU� WKDQ�%UXKQHV�0DWX\DPD
ERXQGDU\�������0D���$FFRUGLQJ�WR�WKH�DUUDQJHPHQW�RI�LQGLYLGXDO�PDJQHWR]RQH��LW�FRXOG�EH�VWDWHG�WKDW�VHGLPHQWV�DUH
ROGHU�WKDQ�WKH�WRS�RI�2OGXYDL�FKURQ�������0D���SURILOH�DW�VLWH�&�LV�LQWHUSUHWHG�DV�\RXQJHU�WKDQ������0D��:H�VXSSRVH
WKDW�WKH�IRVVLO�FDYHV�DW�.R]LQD�DUH�WKH�UHVXOW�RI�SRVW�(RFHQH�VSHOHRJHQHWLF�HSRFK�DQG�LWV�IRVVLOL]DWLRQ�ZDV�FRQQHFWHG
ZLWK�WHFWRQLF�XSOLIW�RI�WKH�DUHD��SUREDEO\�DIWHU�0HVVLQLDQ��,I�WKLV�K\SRWKHVLV�LV�FORVH�WR�WKH�UHDOLW\��WKH�IRVVLOL]DWLRQ�SUR�
FHVV�FRXOG�VWDUW�DW�DERXW�����0D�DV�DOUHDG\�H[SHFWHG�

.H\�ZRUGV��SDOHRPDJQHWLF�DQDO\VHV��FDYH�VHGLPHQWV��URRIOHVV�FDYHV��.R]LQD��6ORYHQLD
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/D�FRVWUX]LRQH�GHOO¢DXWRVWUDGD�GD�'LYDFFLD�D�6��3LHWUR�GL�0DGUDVVR� �6ORYHQLD� VXG�RFFLGHQWDOH��&DUVR�FODVVLFR��KD
SRUWDWR�DOOD� VFRSHUWD�GL�QXPHURVH�JURWWH� IRVVLOL�H�JURWWH� VHQ]D� WHWWR��'XH�GL�TXHVWH� VRQR� VLWXDWH�QHL�SUHVVL�GL�&RVLQD�
1HOOD�SULPD��VLWL�$�H�%��FL�VRQR�L�UHVWL�GHO�WHWWR�FUROODWR�GL�XQ�FDQDOH�IRVVLOH��FKH�IRUPDYD�XQD�OHJJHUD�GHSUHVVLRQH�QHO
WHUUHQR��,O�SURILOR�VHGLPHQWDULR�GHOOD�JURWWD�HUD�DOWR�FLUFD���P��/D�VHFRQGD��VLWR�&��HUD�XQD�GHSUHVVLRQH�REOXQJD�H�SRFR
SURIRQGD��FRQ�XQD�VHTXHQ]D�VSHVVD�FLUFD���P��,O�SURILOR�QHO�VLWR�$�FRQWLHQH�PDJQHWR]RQH�FRQ�SRODULWi�LQYHUVD�H�QRU�
PDOH��/¢HWi�GHO�SURILOR�GL�&RVLQD�o�VXSHULRUH�D�TXHOOD�GHO�OLPLWH�%UXKQHV�0DWX\DPD�������PLOLRQL�GL�DQQL���&RQIRUPH�
PHQWH�DOOD�GLVSRVL]LRQH�GHOOH�VLQJROH�PDJQHWR]RQH��JOL�DXWRUL�VXSSRQJRQR�FKH� L�VHGLPHQWL�VLDQR�DQWHFHGHQWL� OD� ILQH
GHOO¢HYHQWR�2OGXYDL�������PLOLRQL�GL�DQQL���PHQWUH�LO�SURILOR�GHO�VLWR�&�VDUHEEH�SL|�JLRYDQH�GL������PLOLRQL�GL�DQQL��*OL
DXWRUL�LSRWL]]DQR�FKH�OH�JURWWH�IRVVLOL�GL�&RVLQD�VLDQR�LO�ULVXOWDWR�GL�XQ¢HSRFD�VSHOHRJHQHWLFD�SRVW�(RFHQLFD�H�FKH�OD�ORUR
IRVVLOL]]D]LRQH�VLD�FRUUHODWD�DO�VROOHYDPHQWR�WHWWRQLFR�GHOO¢DUHD��DYYHQXWR�SUREDELOPHQWH�GRSR�LO�0HVVLQLDQR��6H�WDOH
LSRWHVL�FRUULVSRQGH�D�UHDOWi��LO�SURFHVVR�GL�IRVVLOL]]D]LRQH�SRWUHEEH�HVVHUH�LQL]LDWR�FLUFD�����PLOLRQL�GL�DQQL�ID�

3DUROH�FKLDYH��DQDOLVL�SDOHRPDJQHWLFD��VHGLPHQWL�GL�JURWWD��JURWWH�VHQ]D�WHWWR��&RVLQD��6ORYHQLD
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7KH�&ODVVLFDO� .DUVW� LV� WKH� ORZ�1:�6(� WUHQGLQJ� ORQ�
JLWXGLQDO� SODWHDX� DORQJ� WKH� *XOI� RI� 7ULHVWH� LQ� WKH� 1(
$GULDWLF�6HD�H[WHQGLQJ�IURP�WKH�9LSDYD�9DOOH\�LQ�WKH�1(
WR�)ULXOL�9HQH]LD�*LXOLD�ORZODQGV�DQG�WKH�6RáD�5LYHU� LQ
WKH� 1:�� ,WV� OHQJWK� LV� DERXW� ��� NP�� ZKHUHDV� LWV� ZLGWK
UHDFKHV� ��� NP�� ,W� FRYHUV� D� WRWDO� RI� DERXW� ���� NP��� ,WV
FHQWUDO�SDUW�LV�VLWXDWHG�DW�����WR�����P�D�V�O�

7KH� .UDV� SODWHDX� EHORQJV� WR� WKH� $GULDWLF�'LQDULF
&DUERQDWH�3ODWIRUP�RI�WKH�([WHUQDO�'LQDULGHV�� ,W� LV�FRP�
SRVHG� RI� UHODWLYHO\� VKDOORZ�PDULQH�&UHWDFHRXV� DQG� 3D�
ODHRJHQH� OLPHVWRQHV� ULFK� LQ� IDXQD� DQG� IORUD�� (RFHQH
IO\VFK�VHGLPHQWV�HQFLUFOH�FDUERQDWH�SODWHDX��'XH�WR�WKH
VWURQJ�SUHVVXUHV�LQ�WKH�1(→6:�GLUHFWLRQ��D�FRPSOLFDWHG
JHRORJLFDO� VWUXFWXUH� ZDV� IRUPHG� ZLWK� DQ� DOWHUQDWLRQ� RI
IO\VFK�DQG�OLPHVWRQH�]RQHV��VOLFHV��HORQJDWHG�LQ�WKH�1:�
6(� GLUHFWLRQ�� 7KUXVW� SODQHV� DUH� GLSSLQJ� WRZDUGV� WKH
QRUWKHDVW��FI��3ODFHU��������

7KH� DUHD� DURXQG� .R]LQD� LV� JHRORJLFDOO\� GRPLQDWHG
E\�DQ�DQWLFOLQH�WKDW�UXQV�VRXWK�IURP�.R]LQD�WR�WKH�QRUWK�
HUQ�VORSHV�RI�6ODYQLN�0RXQWDLQV�LQ�WKH�'LQDULF�GLUHFWLRQ�
7KH� FDYHV� GHYHORSHG� LQ� WKH� 8SSHU� &UHWDFHRXV� OLPH�
VWRQHV�FORVH�WR�WKH�WHFWRQLFDO�FRQWDFW�ZLWK�DOYHROLQLG�DQG
QXPPXOLWLF� OLPHVWRQHV� RI� (RFHQH� DJH� �7KDQHWLDQ��� 7HF�
WRQLF� FRQWDFW� ZLWK� (RFHQH� VLOLFLFODVWLFV� �IO\VFK�� ZDV� OR�
FDWHG�QHDU�WKH�FRQVWUXFWLRQ�VLWH�

7KH� NDUVWLILFDWLRQ� RI� WKH� UHJLRQ� LV� FKDUDFWHUL]HG� E\
WKH� SUHVHQFH� RI� ROG� FDYHV� SDUWO\� FURVVHG� E\� \RXQJHU
VKDIWV�� 6KDIWV� DUH� FRQQHFWHG� ZLWK� WKH� GURS� RI� XQGHU�
JURXQG� ZDWHU� OHYHO�� ZKLFK� LV� SUHVHQWO\� VLWXDWHG� DERXW
���� P� EHORZ� WKH� VXUIDFH�� 6KDIWV� DUH� ERWK� HPSW\� DQG
ILOOHG� ZLWK� \RXQJ� �3OHLVWRFHQH�� VHGLPHQWV� �H�J��� %URGDU�
������5DNRYHF��������

/DUJH�YDOOH\�V\VWHPV�RQ�WKH�VXUIDFH�RI�WKH�.DUVW�ZHUH
EHOLHYHG� WR� UHSUHVHQW�SULPDU\� ULYHU�YDOOH\V�DV� WKH\�FRQ�
WDLQ� UHPQDQWV� RI� IOXYLDO� VHGLPHQWV�� 1HYHUWKHOHVV�� DIWHU
WKH� VWDUW� RI� LGHQWLILFDWLRQ� RI� XQURRIHG� FDYHV� �VHQVX� 0L�
KHYF�� ������� ZH� NQRZ� WKDW� IOXYLDO� VHGLPHQWV� UHSUHVHQW
UDWKHU�ILOO�RI�IRVVLO�FDYHV�WKDQ�UHPQDQWV�RI�VXUIDFH�IOXYLDO
V\VWHPV��FI��0LKHYF������������D������E������F��������
7KH�SDODHRILOO� RI� FDYHV� DSSHDUHG�DW� VXUIDFH�GXH� WR� HUR�
VLRQ� DQG� FKHPLFDO� GHQXGDWLRQ� RI� OLPHVWRQH� VXUIDFH�
ZKLFK�LV�HVWLPDWHG�DW�������P�LQ���PLOOLRQ�\HDUV��*DPV�
������&XFFKL�HW�DO���������

7KH� XQURRIHG� FDYHV� KDYH� EHHQ� SUHVHUYHG� DV� IOXYLDO
GHSRVLWV� DQG� VSHORWKHPV� RQ� WKH� SUHVHQW� VXUIDFH�� VRPH�
WLPHV� ZLWK� WUDFHDEOH� FRXUVH� RI� RULJLQDO� SDVVDJHV�� 6XFK
FDYHV�ZHUH�RULJLQDOO\�GHVFULEHG�GXULQJ� WKH�FRQVWUXFWLRQ
RI�KLJKZD\�QHWZRUN�RYHU� WKH�&ODVVLFDO�.DUVW� �H�J���.QH]
&� ÉHEHOD�� ������ ÉHEHOD�&�0LKHYF�� ������ 6ODEH�� �����
������ ������ 0LKHYF�� ������ 0LKHYF� &� =XSDQ� +DMQD�
������.RJRYÊHN�HW�DO���������0LKHYF�HW�DO���������ÉHEHOD
������ÉHEHOD�HW�DO���������.QH]�&�6ODEH������D������E�
������ ����D�� ����E�� ������ ������� $OWRJHWKHU�� ���
FDYHV�KDYH�EHHQ�GLVFRYHUHG�DORQJ�VRPH����NP�ORQJ�DQG

��� P� ZLGH� FRQVWUXFWLRQ� VWULS� RI� WKH� KLJKZD\�� $PRQJ
WKHP�� ��� ZHUH� XQURRIHG�� 6RPH� RI� WKHP� UHSUHVHQWHG
SDUWV�RI� WKH� VDPH�FDYH�SDODHRV\VWHP�V��� /DWHU�RQ� LW�ZDV
HVWDEOLVKHG�WKDW�VXFK�FDYHV�DUH�FRPPRQ�RYHU�WKH�ZKROH
&ODVVLFDO� .DUVW� �H�J��� 0LKHYF�� ������ ÉXVWHUÊLá�� �����
*HUÊO�HW�DO���������6WHSLÊQLN�&�ÉXÊWHUÊLá��������

0LKHYF� HW� DO�� �������� DQG� .QH]� &� 6ODEH� �����D�
����E�� ������ WULHG� WR� FODVVLI\� WKH� W\SLFDO� IRUPV� RI� XQ�
URRIHG�FDYHV��7KH\�DUH�WUDQVIRUPHG�E\�VXUIDFH�SURFHVVHV
DQG�UHSUHVHQW�DQ�LPSRUWDQW�HOHPHQW�RI�WKH�HSLNDUVW�]RQH
�.QH]�	�6ODEH������E���7KH�VKDSH�DQG�IRUP�RI�XQURRIHG
FDYHV� UHVXOWHG� IURP� WKH�PRUSKRORJ\�RI�SUHVHQW� VXUIDFH�
RULJLQDO� FRQILJXUDWLRQ� RI� IRVVLO� FDYHV�� LQWHQVLW\� RI
\RXQJHU� NDUVWLILFDWLRQ� �VSHOHRJHQHVLV�� DQG� D� GHJUHH� RI
\RXQJHU�H[KXPDWLRQ�RI�WKH�FDYH�ILOO��,Q�WKH�ILHOG��WKH\�DUH
H[SUHVVHG� DV� VKDOORZ� REORQJ� GHSUHVVLRQV�� GROLQH�OLNH
IRUPV�DQG�FROODSVHG�GROLQHV��8QURRIHG�FDYHV�DUH�D�W\SL�
FDO� H[DPSOH� RI� GHQXGDWHG� NDUVW� �VHQVX� %RViN� HW� DO��
������ �� SDUWLDOO\� LQFRUSRUDWHG� LQWR� WKH� SUHVHQW� NDUVW
ODQGVFDSH�DQG�K\GURORJLFDO�V\VWHP�

7KH�GDWLQJ�RI� VHGLPHQWV� LQ� VRPH�XQURRIHG�FDYHV�E\
SDODHRPDJQHWLF� PHWKRG� �%RViN� HW� DO��� ������ �����
����D������E��LQGLFDWHG�WKH�VXEVWDQWLDO�DJH�RI�WKH�FDYH
ILOO��FOHDUO\�ROGHU�WKDQ������0D��VRPH�HYHQ�XS�WR�����0D�
$JHV�RI�LQWHUSUHWHG�PDJQHWR]RQHV�DW�WZR�VLWHV�ZHUH�FDOL�
EUDWHG�E\�ILQGV�RI�VPDOO�PDPPDOV�DW�WKH�WLPH�LQWHUYDO�RI
DERXW� ����0D� �5DáLÊND� SHáLQD� &DYH�� IRVVLO� FDYH� LQ� WKH
àUQRWLáH� 4XDUU\�� �%RViN� HW� DO��� ����D�� ����E�� =XSDQ
+DMQD�HW�DO���������

3DOHRPDJQHWLF� UHVHDUFK� LQWR� FDYH� VHGLPHQWV� LQ� 6OR�
YHQLD� LQLWLDWHG� LQ������E\�%RViN�HW�DO�� �����D��DQG�ÉH�
EHOD�	�6DVRZVN\� �������GXULQJ� WKH�FRQVWUXFWLRQ�RSHUD�
WLRQV� DORQJ� WKH� URXWH� RI� 'LYDáD�.ODQHF� VHFWLRQ� RI� WKH
KLJKZD\��7KH\� VWXGLHG� WZR� VHGLPHQWDU\� SURILOHV� DW� RQH
XQURRIHG�FDYH�DQG�RQH�SURILOH� LQ�VRPHZKDW�GLVWDQW�SD�
ODHRFDYH�� 6DPSOLQJ� VLWHV� ZHUH� ORFDWHG� LQ� D� FXW� FDUYHG
GXULQJ�FRQVWUXFWLRQ�DERXW�����WR�����P�1(�IURP�.R]LQD
FORVH� WR� WKH� IRUPHU� /MXEOMDQD� �� .RSHU� PDLQ� URDG�� 7KH
DUHD�LV�VLWXDWHG�DW�DERXW���������P�D�V�O��ZLWKLQ�W\SLFDO
NDUVW�ODQGVFDSH�ZLWK�GROLQHV�DQG�FROODSVH�GROLQHV�

0$7(5,$/�$1'�0(7+2'6

6LWH�FKDUDFWHULVWLFV

.QH]�&� 6ODEH� �����E�� GHVFULEHG� LQ� GHWDLO� WKH� FKDU�
DFWHU� RI� XQURRIHG� FDYHV� LQ� WKH� YLFLQLW\� RI� .R]LQD�� 7KH
QHWZRUN�RI�YDULRXV�NDUVW�IRUPV��)LJ������UHVXOWLQJ�IURP�XQ�
URRILQJ� RI� ODUJH� DQG� GLYHUVLILHG� FDYH� V\VWHP�V��� VSUHDGV
DORQJ� WKH� FRQVWUXFWLRQ� VLWH�� 7KH� ODUJHVW� FDYH� V\VWHP� �
����P�ORQJ���ZDV�VLWXDWHG�RQ�WKH�ULJKW�VLGH�RI�FRQVWUXF�
WLRQ�QHDU�.R]LQD��7KH�V\VWHP�DSSHDUHG�RQ�WKH�VXUIDFH�DV
PRUH� RU� OHVV� GLVWLQFW� REORQJ� GHSUHVVLRQV� IRUPLQJ� WKH
FRQQHFWLRQ� RI� GROLQH�OLNH� GHSUHVVLRQV�� 8QURRIHG� FDYHV
ZHUH� PRUSKRORJLFDOO\� PRUH� H[SUHVVHG� QHDU� GROLQHV�
ZKHUH�HURVLRQ�RI�FDYH�ILOO�GRZQ�WR�GROLQHV�ZDV�PRUH�LQ�
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)LJ�����6LWH�ORFDWLRQ��/HJHQG������XQURRIHG�FDYH������GROLQH�
6O�����3RORËDM�SURILORY��/HJHQGD������EUH]VWURSD�MDPD������YUWDàD�

WHQVLYH�� 'HSUHVVLRQV� ZHUH� PRVWO\� VPDOO� DQG� VKDOORZ�
7KHLU�ERWWRPV�ZHUH�ILOOHG�E\�EURZQ�DQG�UHG�VRLOV�VHYHUDO
PHWUHV� WKLFN�� 7KHUH� ZHUH� WUDFHV� RI� ZDWHU� IORZ� DW� WKH
FRQWDFW� VRLO�OLPHVWRQH��$W� WKHLU�ERWWRPV�� WKHUH�ZHUH�HQ�
WUDQFHV�WR�QDUURZ�DQG�LQDFFHVVLEOH�VKDIWV�

&DYH�SDVVDJHV�ZHUH�ERWK�IUHH�DQG�FKRNHG��ZLWK�YHU\
WKLQ�URRIV��ZKLFK�KDYH�EHHQ�SDUWO\�UHPRYHG��&DYHV�ZHUH
ILOOHG� SUHGRPLQDQWO\� E\� ILQH�JUDLQHG� IOXYLDO� VHGLPHQWV�
VRPHWLPHV� ZLWK� JUDYHO� EHGV� GHULYHG� IURP� IO\VFK� VHGL�
PHQWV�� ,Q� WKH� 6:�� SLOHV� RI� IORZVWRQHV� DQG� VWDODJPLWHV
IRUPHG� LQWHUFDODWLRQV� ZLWK� IOXYLDO� FDYH� ILOO�� 6RPH� VHGL�
PHQWDU\�VHFWLRQV�ZHUH�FRYHUHG�E\�DQJXODU�EORFNV��ERXO�
GHUV�DQG�GHEULV�GHULYHG�IURP�GHVWUXFWHG�URRI�OLPHVWRQHV
�)LJ������7KH�GHEULV�LV�H[SHFWHG�WR�EH�WKH�UHVXOW�RI�ZHDWK�
HULQJ�GLVLQWHJUDWLRQ�LQ�FROG�3OHLVWRFHQH�FOLPDWH��.QH]�&
6ODEH������E��

3URILOH�GHVFULSWLRQ

6,7(� $�� 7KH� ORJ� RI� VDPSOHG� SURILOH� LV� SUHVHQWHG� LQ
ILJXUH����7KH�ZKROH�SURILOH�FRQVLVWHG�RI�PRUH�WKDQ���P
WKLFN�VHGLPHQWV��,WV�ERWWRP�ZDV�XQFRYHUHG��7KH�ILOO�ZDV
FRPSRVHG� RI� WZR� SULQFLSDO� VHTXHQFHV�� 7KH� ORZHU� RQH
ZDV�FRPSRVHG�RI� RFKUHRXV� VDQG\� WR� FOD\H\� VHGLPHQWV�
ZKLFK�DUH�DERXW���P�WKLFN��6HGLPHQWV�RI�ORZHU�VHTXHQFH
ZHUH� VDPSOHG� IRU� SDODHRPDJQHWLVP�� 7KH� ORZHU� VH�

TXHQFH� ZDV� RYHUODLQ� ZLWK� VKDUS� HURVLRQDO� VXUIDFH� E\
FROODSVH�EUHFFLD�ZLWK� OLPHVWRQH�EORFNV� WR�ERXOGHUV� �FP
WR�P�LQ�VL]H��DQG�PDWUL[�RI�EURZQ�ORDPV�ZLWK�FDUERQDWH
HIIRUHVFHQFHV� RQ� FUDFNV� �SVHXGRP\FHOLD��� ,Q� WKH� XSSHU
SDUW�RI�FROODSVH�EUHFFLD��WKH�PDWUL[�ZDV�UDWKHU�RFKUHRXV
ZLWK� VPDOOHU� URFN� IUDJPHQWV�� 7KH� XSSHU� VHTXHQFH� ZDV
QRW� VDPSOHG� IRU� SDODHRPDJQHWLF� DQDO\VLV� RZLQJ� WR� WKH
FROODSVH� FKDUDFWHU� ZLWK� SRVVLELOLW\� RI� SRVWGHSRVLWLRQDO
PRYHPHQW��VOXPSLQJ�DQG�VHGLPHQW�URWDWLRQ�

1HDU�WKH�FRQWDFW�RI�VHGLPHQWV�DQG�OLPHVWRQH��QDUURZ
LQFOLQHG�FDYLW\�GHYHORSHG�LQ�VHGLPHQWV�RI� WKH� ORZHU�VH�
TXHQFH��7KH�FDYLW\�ZDOOV�ZHUH�FRYHUHG�E\�VSHOHRWKHPV�
ZKLFK�FHPHQWHG�VXUURXQGLQJ� VHGLPHQW��7KH�FDYLW\� UHS�
UHVHQWV� \RXQJHU� ZDWHUZD\� GUDLQLQJ� WKH� IRVVLO� FDYH� DQG
VKDOORZ�GHSUHVVLRQ�RI�WKH�SUHVHQW�VXUIDFH�

/RZHU� VHTXHQFH� ZDV� DERXW� �� P� WKLFN�� 3DODHRPDJ�
QHWLF�VDPSOHV�DUH�VLJQHG�LQ�FP�IURP�WKH�EDVH�RI�WKH�SUR�
ILOH��VDPSOH�1R����������)ROORZLQJ�OLWKRORJLFDO�XQLWV��WKH
IROORZLQJ� ZDV� GLVWLQJXLVKHG�� ��� 6DQG�� \HOORZ�� EODFN�
YLROHW� VFKOLHUHQ�� YHU\� ILQH�JUDLQHG�� VLOW\�� LQGLVWLQFW� ODPL�
QDWLRQ�ZLWK�KLJKHU�FOD\H\�DGPL[WXUH��DQJXODU� URFN� IUDJ�
PHQWV����� &OD\�� VLOW\�� YDULHJDWHG� �RFKUHRXV�� OLJKW� EURZQ
ZLWK� GDUN� JUH\� DQG� YLROHW� VFKOLHUHQ� DQG� ODPLQDWLRQ��
VOLJKWO\� ILQHO\� VDQG\�� PRUH� DW� WKH� EDVH�� ODPLQDWHG� �G\�
QDPLF�ODPLQDWLRQ���HURVLRQDO�EDVH�ZLWK�VHFRQGDU\�IHUUX�
JLQLVDWLRQ������������&OD\��VLOW\��RFKUHRXV�WR�OLJKW�EURZQ�
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)LJ�����7KH�FRPSOHWH�SURILOH�$�LQ�URDG�FXW�QHDU�.R]LQD�
6O�����&HORWHQ�SURILO�$�Y�FHVWQHP�XVHNX�EOL]X�.R]LQH�

\HOORZ� DQG� ZKLWLVK� \HOORZ� ODPLQDWHG�� ZLWK� ODPLQDH� RI
ILQH�JUDLQHG� VDQG� DQG� ILQH� VDQG\� VLOW�� WKLQ� IHUUXJLQL]HG
ODPLQDH�� HURVLRQDO� EDVH� ��������� ��� &OD\�� OLJKW� EURZQ�
YLROHW�EURZQ�DW�WKH�WRS��ZLWK�WKLQ�ZKLWH�VDQG�EHQG��HUR�
VLRQDO� EDVH� ���������� ��� &OD\�� VLOW\�� RFKUHRXV� WR� OLJKW
EURZQ��\HOORZ�DQG�ZKLWLVK�\HOORZ�ODPLQDWHG��ZLWK�ODPL�
QDH� RI� ILQH�JUDLQHG� VDQG� DQG� ILQH� VDQG\� VLOW�� FODVWV� RI
EURZQ�FOD\V�LQ�WKH�XSSHU�SDUW��LQ�SODFHV�FDOFLWL]HG��HUR�
VLRQDO� EDVH�� GLVFRQIRUPDEO\� RQ� OD\HU� 1R�� �� �VRPH� ��R

ORZHU�LQFOLQDWLRQ����������������&OD\��VLOW\��OLJKW�EURZQ�
HURVLRQDO� EDVH� ����������� ��� &OD\�� VLOW\�� OLJKW� EURZQ�
VOLJKWO\� ILQHO\� VDQG\� LQ� LQGLVWLQFW� ODPLQDH�� ZLWK� FRDUVH
IODNHV�RI�PLFDV��ZLWK� LUUHJXODU� FODVWV�� HURVLRQDO� EDVH����
%UHFFLD� ZLWK� OLJKW� RFKUHRXV� FOD\H\� PDWUL[�� HURVLRQDO
EDVH�����&OD\��VLOW\��EURZQ��ZLWK�0Q�VFKOLHUHQ��HURVLRQDO
EDVH� ����������� 6DQG�� \HOORZ�� ILQH�JUDLQHG�� ZLWK� FURVV�
EHGGLQJ��HURVLRQDO�EDVH�������

)LYH� VDPSOHV� ZHUH� WDNHQ� IURP� WKH� SURILOH� IRU� SDO\�
QRORJLFDO� DQDO\VHV�� L�H�� DW� ���� ������� ������� �������
DQG���������FP�IURP�WKH�SURILOH�EDVH��6DPSOH�IURP����
��� FP� \LHOGHG� WZR� KLJKO\� FRUURGHG� SROOHQ� JUDLQV� EH�
ORQJLQJ� WR� KHUE� YHJHWDWLRQ� �'LSVDFDFHDH� DQG� $SLFHDH
IDPLO\�� W\SLFDO�RI�GU\��VWHSSH�OLNH�UHJLRQ�ZLWK�DQ\�VWUDWL�
JUDSKLF� YDOXH�� 6DPSOH� IURP� �������� FP� \LHOGHG� RQH
VSRUH��IHUQ��

6,7(� %�� 7KH� VLWH� ZDV� VLWXDWHG� VHYHUDO� PHWUHV� WR� WKH
VRXWK�IURP�WKH�VLWH�$��)LJV���������7KH�SURILOH�ZDV�����FP
WKLFN��7KH� ORZHU�SDUW�RI� WKLV�SURILOH�ZDV�DW�DQ�HOHYDWLRQ
RI�����P�D�V�O��2Q�WKH�WRS�RI�WKH�FDYH�VHGLPHQWV��ZKLFK
ZHUH�PRVWO\� ODPLQDWHG� FOD\V�� D� FDYH� URRI� WR� WKH� WKLFN�
QHVV�RI�����P�ZDV�VWLOO�SUHVHUYHG��7KH�FRORXU�RI�WKH�VDP�
SOHG�VHGLPHQWV�ZDV�GHWHUPLQHG�E\�FRPSDULVRQ�WR�0XQ�
VHOO� 6RLO� &KDUW�� 6/2����6/2���� ����<5� ����UHGLVK� \HO�
ORZ�� DQG� 6/2����6/2���� ����<5� ����VWURQJ� EURZQ��
:H�WRRN���VDPSOHV��6/2����6/2�����

6,7(� &�� 7KH� VLWH� ZDV� VLWXDWHG� DERXW� ���� P� WR� WKH
ZHVW� RI� WKH� VLWH� %� �)LJV�� ��� ���� 7KH� WKLFNQHVV� RI� FDYH
VHGLPHQWV� ZDV� ����� P�� 7KH� FROXPQ� ZDV� SUREDEO\

WKLFNHU�� EXW� LW�ZDV� QRW� SRVVLEOH� WR� GLJ� WKH�PDWHULDO� RXW
DQG� UHDFK� WKH� RULJLQDO� ERWWRP� RI� WKH� FDYH�� 7KH� XSSHU
SDUW�RI� WKH�SURILOH� LV�D�����P� WKLFN�PDVVLYH� VDQG\� OD\HU
ZLWK�ZHDWKHUHG�IO\VFK�JUDYHOV�RI���FP�DYHUDJH�GLDPHWHU�

)LJ�����/LWKRORJLFDO�ORJ�RI�WKH�SURILOH�.R]LQD�6LWH�$�ZLWK
PDJQHWLF�SRODULVDWLRQ��%RVhN�HW�DO�������E���ZLWK�EODFN
GRWV�LQGLFDWLQJ�VDPSOLQJ�SRLQWV�
6O�����/LWRORÉND�VNLFD�SURILOD�.R]LQD��Y]RUàQR�PHVWR�$�]
PDJQHWQR�SRODUL]DFLMR��%RVhN�HW�DO�������E���ßUQH�SLNH
VR�WRàNH�Y]RUàHQMD�



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

-=RAH��,0�(�AP�=H�!�-�)�",*�$+"1& �/"0"�/ %�&+1,�2+/,,#"!� �3"0�,-"+"!�2-�!2/&+$�1%"�%&$%4�6� ,+01/2 1&,+��1�(,7&+�����������

���

%HORZ�WKLV�VDQG\�OD\HU�OLHV�D����FP�WKLFN�OD\HU�RI�ORDP�
DQG� D� VDQGLHU� EHGGHG� FOD\� OD\HU� EHORZ� LW�� :H� WRRN� �
VDPSOHV� �6/2����6/2������ 7KH� FRORXU� RI� WKH� VDPSOHG
VHGLPHQWV� ZDV� GHWHUPLQHG� E\� FRPSDULVRQ� WR� 0XQVHOO
6RLO�&KDUWV��6/2����6/2��������<5������VWURQJ�EURZQ��
6/2����6/2���� ����<5� ����� UHGGLVK� \HOORZ�� DQG
6/2����6/2�������<5������\HOORZLVK�EURZQ���6DPSOHV
ZHUH� WDNHQ�DW� DQ�DOWLWXGH�RI�DERXW�����P�D�V�O��2Q� WKH
WRS�RI�FDYH�VHGLPHQWV��DERXW�������P�WKLFN�OD\HU�RI�UXE�
EOH� KDV� EHHQ� SUHVHUYHG� LQ� VRPH� SODFHV�� +RZHYHU�� WKH
RULJLQDO�FDYH�URRI�ZDV�QR�ORQJHU�H[LVWHQW�

3DODHRPDJQHWLF�DQDO\VHV

3ODVWLF� VDPSOLQJ�FXEHV�ZLWK�YROXPH�RI� DERXW��� FP�

ZHUH�LQVHUWHG�LQWR�D�FOHDQ�VHGLPHQW�IDFH��6WULNH��GLS�GL�
UHFWLRQ��GLS��DQG�WLOW�RI�WKH�FXEHV�ZHUH�UHFRUGHG

$OWRJHWKHU�����RULHQWHG�ODERUDWRU\�VSHFLPHQV�RI�FDYH
VHGLPHQWV�ZHUH� LQYHVWLJDWHG�DV� WR� WKHLU� SDODHRPDJQHWLF
SURSHUWLHV�IURP�WKH�VLWH�$����VSHFLPHQV�IURP�VLWH�%��DQG
��VSHFLPHQV�IURP�VLWH�&�

/DERUDWRU\�VSHFLPHQV�ZHUH�PHDVXUHG�RQ�WKH�VSLQQHU
PDJQHWRPHWHUV� �-5��� DQG� -5���� -HOtQHN�� ������� /DERUD�
WRU\� VSHFLPHQV� RI� VROLG� VDPSOH� LQ� D� QDWXUDO� VWDWH�ZHUH
VXEMHFWHG� WR� SURJUHVVLYH� WKHUPDO� GHPDJQHWL]DWLRQ� �7'�
RQ� WKH� 0$9$&6� �0DJQHWLF� 9DFXXP� &RQWURO� 6\VWHP�
JHQHUDWLQJ�KLJK�PDJQHWLF�YDFXXP��3ùtKRGD�HW�DO��������
$OO� VSHFLPHQV� ZHUH� GHPDJQHWL]HG� E\� DOWHUQDWLQJ� ILHOG
�$)��6FKRQVWHGW�*6'�����XS� WR� WKH� ILHOG�RI�������2H� LQ
���VWHSV��7KH� VXVFHSWLELOLW\�RI� VSHFLPHQV�GHPDJQHWL]HG
E\�WKH�7'�SURFHGXUH��NW��DQG�YDOXHV�RI�YROXPH�PDJQHWLF
VXVFHSWLELOLW\�RI�VSHFLPHQV�LQ�WKH�QDWXUDO�VWDWH��NQ��YDOXHV
ZHUH�PHDVXUHG�RQ�D�NDSSD�EULGJH�./<����-HOtQHN��������

7KH� GLUHFWLRQV� RI� UHPDQHQW� PDJQHWL]DWLRQ� �-Q�� DQG
WKRVH� RI� WKH� UHPDQHQW�PDJQHWL]DWLRQ� �0�� RI� GHPDJQHW�
L]HG�VSHFLPHQV�E\�WKH�7'�RU�$)�SURFHGXUH�LQ�WKH�FRXUVH
RI� SURJUHVVLYH� GHPDJQHWL]DWLRQ� SURFHGXUHV� ZHUH� GRQH�
7KH�VHSDUDWLRQ�RI�WKH�UHVSHFWLYH�UHPDQHQW�PDJQHWL]DWLRQ
FRPSRQHQWV� ZDV� FDUULHG� RXW� E\� PXOWL�FRPSRQHQW
.LUVFKYLQN� DQDO\VLV� �.LUVFKYLQN�� ������� 7KH� VWDWLVWLFV� RI
)LVKHU��������ZHUH�HPSOR\HG�IRU�FDOFXODWLRQ�RI�PHDQ�GL�
UHFWLRQV�RI�WKH�SHUWLQHQW�UHPDQHQFH�FRPSRQHQWV�GHULYHG
E\�WKH�PXOWL�FRPSRQHQW�DQDO\VLV�

7KH� VDPSOHV� ZHUH� UHIULJHUDWHG� DQG� SURWHFWHG� IURP
VWURQJ� PDJQHWLF� ILHOGV� DIWHU� EHLQJ� FROOHFWHG�� 0DJQHWLF
SURSHUWLHV� ZHUH� GHWHUPLQHG� DW� WKH� 8QLYHUVLW\� RI� 3LWWV�
EXUJK� 3DODHRPDJQHWLF� /DERUDWRU\�� 0DJQHWLF� VWUHQJWK
DQG�GLUHFWLRQ�ZHUH�PHDVXUHG�RQ�D�VXSHUFRQGXFWLQJ�URFN
PDJQHWRPHWHU�KRXVHG�LQ�D�VKLHOGHG�URRP��1DWXUDO�UHP�
QDQW�PDJQHWL]DWLRQ��150��ZDV�PHDVXUHG�ILUVW�� IROORZHG
E\�VWHS�ZLVH�DOWHUQDWLQJ�ILHOG�GHPDJQHWL]DWLRQ�DQG�DGGL�
WLRQDO�UHPQDQW�PDJQHWL]DWLRQ�PHDVXUHPHQWV�

5(68/76

3DODHRPDJQHWLF�UHVXOWV

6,7(�$��$OO�FROOHFWHG� VDPSOHV� �WRWDOO\� ����ZHUH� VXE�
MHFWHG� WR� WKH�$)�GHPDJQHWL]DWLRQ�� RQH� VDPSOH�ZDV� GH�
PDJQHWL]HG�WKHUPDOO\��7KH�YDOXHV�RI�WKH�PRGXOH�RI�-Q�RI
URFNV� LQ� QDWXUDO� VWDWH� VKRZ�ELJ� VFDWWHU��0HDQ�YDOXHV� RI
PRGXOH� RI� UHPDQHQW�PDJQHWL]DWLRQ� -Q� DQG� RI� PDJQHWLF
VXVFHSWLELOLW\� NQ� LQ� WKHLU� QDWXUDO� VWDWH� IURP� ��� VDPSOHV
DUH� -Q� ���������������>Q7@��NQ� �����������[���

��>6,@�
5RFNV�VKRZ�ORZ�RU�PHGLXP�GHJUHH�RI�PDJQHWL]DWLRQ�

7KH�GLUHFWLRQV�RI�UHPDQHQW�PDJQHWL]DWLRQ�LQIHUUHG�E\
WKH� DERYH� JLYHQ� SURFHGXUHV� ZHUH� WHVWHG� E\� PXOWL�
FRPSRQHQW� DQDO\VLV�� *HQHUDOO\�� WKH� VDPSOHV� VKRZHG
WKUHH�UHPDQHQFH�FRPSRQHQWV��$�FRPSRQHQWV�DUH�PRVWO\
RI�YLVFRVH�RU� FKHPRUHPDQHQW� �ZHDWKHULQJ��RULJLQ��7KH\
FDQ�EH�UHPRYHG�E\�DOWHUQDWLQJ�ILHOG�ZLWK�WKH�LQWHQVLW\�RI
���XS�WR����2H��'HWHFWHG�UHPDQHQW�PDJQHWL]DWLRQ�LQ�D
QDWXUDO�VWDWH�YDULHV�EHWZHHQ����DQG��������S7��ZLWK�WKH
YDOXHV� RI� YROXPH� PDJQHWLF� VXVFHSWLELOLW\� UDQJLQJ� IURP
��� WR� ���� [� ����� 6,�� 6RPH� VDPSOHV� VKRZHG� H[SUHVVLYH
YLVFRVH�FRPSRQHQW��XS�WR�������WKH�SULPDU\�FRPSRQHQW
RI�PDJQHWL]DWLRQ�DQG� UHVXOWHG� SRODULW\� WKHUHIRUH� FDQQRW
EH�VWDWHG�

1RUPDO� DQG� UHYHUVH�&�FRPSRQHQW� GLUHFWLRQV� RI� WKH
VDPSOHV�IRUP�WZR�GHILQHG�VHWV�RI�VDPSOHV�ZLWK�WKH�ILVKH�
ULDQ�GLVWULEXWLRQ��0HDQ�GLUHFWLRQV�RI� UHPDQHQW�PDJQHWL�
]DWLRQ�RI�WKH�.R]LQD�SURILOH�DUH�GRFXPHQWHG�LQ�7DEOH���

7KH� WRS�DQG� ORZHU�SDUW�RI� WKH�SURILOH� VKRZV� UHYHUVH
PDJQHWR]RQH��7KHUH�DUH�WZR�QRUPDO�]RQHV�LQ�WKH�PLGGOH
SDUW�RI�WKH�SURILOH�

7DE�����0HDQ�SDODHRPDJQHWLF�GLUHFWLRQV��.R]LQD��VLWH�$�
7DE�����6UHGQMH�SDOHRPDJQHWQH�VPHUL��.R]LQD��Y]RUàQR
PHVWR�$�

0HDQ�GLUHF�
WLRQV�RI�WKH
UHPDQHQW

PDJQHWLVDWLRQ
/RFDOLW\ 3RODULW\ '%R9 ,%R9 .�� N Q

1 ����� ���� ���� ���
�

.R]LQD
5 ����� ����� ���� ���

��

6,7(6�%�$1'�&��7KH�VDPSOHV�KDG�D�VWURQJ�PDJQHWLF
VLJQDO��ZLWK�150�YDOXHV�QHDU������N$����+RZHYHU��GXH�WR
ORZ�FRHUFLYLW\�PRVW�RI�WKLV�VLJQDO�ZDV�UHPRYHG�E\�DSSOL�
FDWLRQ�RI�D����P7�DOWHUQDWLQJ�ILHOG�

3ULQFLSOH� FRPSRQHQWV� DQDO\VLV� �.LUVFKYLQN�� �����
ZDV� XVHG� WR� ILW� D� YHFWRU� WKURXJK� WKH� GHPDJQHWL]DWLRQ
GDWD� SRLQWV� IRU� HDFK� VDPSOH�� 7KH� UHVXOWLQJ� ILHOG� GLUHF�
WLRQV� ZHUH� WKHQ� SORWWHG�� 7KH� VDPSOH� SDLUV� LQ� JHQHUDO
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)LJ�����3URILOH�VLWH�%�
6O�����9]RUàQR�PHVWR�%�

)LJ�����3URILOH�VLWH�&�
6O�����9]RUàQR�PHVWR�&�

VKRZHG�JRRG�FRUUHODWLRQ��LQGLFDWHG�E\�OLJKW�GDVKHG�OLQHV
LQ� ILJXUH� ���� 6DPSOHV� IURP� WKH� ILUVW� ORFDWLRQ� FOXVWHUHG
VOLJKWO\�ZHVW�RI� WKH�SUHVHQW�GD\� ILHOG��ZLWK� D� VRPHZKDW
JUHDWHU� LQFOLQDWLRQ��7KLV�VWHHSHQLQJ�RI� LQFOLQDWLRQ� LV�XQ�
XVXDO� LQ�RXU�H[SHULHQFH��6DPSOHV�6/2����DQG�6/2���
GLG�QRW� VKRZ�D�JRRG�PDWFK��7KH� UHPDLQGHU�RI� VDPSOHV
IURP�WKH�VHFRQG�ORFDWLRQ�FOXVWHUHG�WLJKWO\�QHDU�WKH�SUHV�
HQW�GD\�ILHOG�

0DJQHWLF� VXVFHSWLELOLW\� ZDV� PHDVXUHG� LQ� �� RULHQWD�
WLRQV�XVLQJ�D�6DSSKLUH�,QVWUXPHQWV�GHYLFH��9DOXHV�UDQJHG
IURP� �[����� WR� ���[����� �FJV� XQLWV�� ZLWK� DQ� DYHUDJH� RI
�[������ 7KHVH� DUH� UHODWLYHO\� KLJK� YDOXHV� IRU� FDYH� VHGL�
PHQWV�� 7KHUH�ZDV� QR� DQLVRWURS\� RI� VXVFHSWLELOLW\�� &DYH
VHGLPHQWV�IURP�ERWK�VLWHV�VKRZHG�RQO\�QRUPDO�PDJQHWLF
SRODULW\�

0DJQHWRVWUDWLJUDSKLF�UHVXOWV

6,7(� $�� 3DODHRPDJQHWLF� DQG� PDJQHWRVWUDWLJUDSKLF
LQYHVWLJDWLRQV�\LHOGHG�GDWD�RQ�EDVLF�PDJQHWLF�SURSHUWLHV
DQG�LGHQWLILFDWLRQ�RI�SDODHRPDJQHWLF�GLUHFWLRQV���L��PDJ�

QHWRVWUDWLJUDSKLF�UHVXOWV�GHILQHG�QRUPDO�DQG�UHYHUVH�SR�
ODULW\� PDJQHWR]RQHV�� DQG� �LL�� PDJQHWRVWUDWLJUDSKLF� UH�
VXOWV�RI�VDPSOHV�IURP�.R]LQD�DQG�'LYDáD�SURILOHV��%RViN
HW�DO���������VKRZ�FORVH�VLPLODULWLHV��)LJ�������D��WZR�QRU�
PDO� VXE]RQHV� LQ� UHYHUVH�PDJQHWR]RQH�ZHUH� LQWHUSUHWHG
ZLWKLQ�ERWK�SURILOHV��DQG��E��JRRG�FRUUHODWLRQ�RI�PRGXOH
YDOXHV�RI�UHPDQHQW�PDJQHWL]DWLRQ��-Q��

6,7(�%�� ,W�ZDV�ORFDWHG�VWUDWLJUDSKLFDOO\�DERYH�VLWH�$�
ZKHUH�WKH�SURILOH�WHUPLQDWHV�E\�QRUPDO�SRODUL]HG�VHFWLRQ
�%RViN� HW� DO��� ����E��� 5HVXOWV� IURP� ERWK� VLWHV� DUH� FRP�
SDWLEOH��DV�VHGLPHQWV�RI�VLWH�%�DUH�KLJKHU�DQG�VKRZ�QRU�
PDO�SRODULW\�� LQGLFDWLQJ�WKH\�DUH�RI� WKH�VDPH�DJH�DV�XS�
SHU�SDUW�RI�WKH�VLWH�$�RU�\RXQJHU�

',6&866,21

6,7(� $�� 7KH� OLWKRORJ\� RI� SURILOH� FOHDUO\� VKRZV� WZR�
SKDVH�GHSRVLWLRQDO�KLVWRU\��7KH�ORZHU�VHTXHQFH��DIWHU�LWV
GHSRVLWLRQ�� ZDV� SDUWO\� HURGHG�� 7KH� HURVLRQDO� FKDQQHO
ZDV�PRUH�GHHSO\�GHYHORSHG�RQ� WKH� OHIW� VLGH�RI� WKH�SDV�
VDJH�� 7KH� IUHH� VSDFH� EHWZHHQ� VHGLPHQW� DQG� WKH� FDYH
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)LJ�����/DPEHUW�HTXDO�DUHD�VWHUHRSORW�RI�PDJQHWLF�ILHOG�GLUHFWLRQV�IRU�SURILOHV�%�DQG�&��6DPSOH�QXPEHUV��VHULHV�6/2�
DUH�DGMDFHQW�WR�VDPSOH�VTXDUHV��3UHVHQW�GD\�ILHOG�LV�VKRZQ�DV�EROG�FLUFOH��/LJKW�DUHDV�LQGLFDWH�SRVVLEOH�FOXVWHULQJ�RI
ILHOG�GLUHFWLRQV�
6O�� ��� /DPEHUWRY� VWHUHRJUDIVNL� SULND]� HQDNLK� SRGURàLM� VPHUL�PDJQHWQHJD� SROMD� ]D� Y]RUàQL�PHVWL� %� LQ�&�� ÈWHYLONH
Y]RUFHY��R]QDND�6/2��XVWUH]DMR�NYDGUDWNRP��'DQDÉQMH�PDJQHWQR�SROMH�MH�R]QDàHQR�V�VLYLP�NURJRP��6YHWOHMÉD�SROMD
QDND]XMHMR�PRJRàH�]GUXËEH�VPHUL�SROM�

FHLOLQJ�LQ�WKH�FDYH�ZDV�ODWHU�ILOOHG�GXULQJ�FROODSVH�SURF�
HVVHV� E\� EORFN� WR� ERXOGHU� GHEULV� PL[HG� ZLWK� EURZQ
VHGLPHQWV��2FKUHRXV� LQWHUFDODWLRQV� LQ� WKH�XSSHU�SDUW�RI
WKH�XSSHU�VHTXHQFH�FDQ�LQGLFDWH�WKH�SUHVHQFH�RI�HURGHG
VHGLPHQWV� FRPSDUDEOH� ZLWK� WKH� ORZHU� VHTXHQFH�� 7KLQ�
QLQJ�RI� FDYH� URRIV� E\�HURVLRQ� DQG� NDUVW� GHQXGDWLRQ� LQ�
GXFHG�WKHLU�FROODSVHV�

/LWKRORJLFDO� FRPSRVLWLRQ� RI� WKH� ORZHU� VHTXHQFH� LV
FRPSDUDEOH�ZLWK�WKH�'LYDáD�SURILOH�LQ�D�IRVVLO�FDYH�QHDU
WKH� YLOODJH� RI� 'LYDáD� �%RViN� HW� DO��� ������� ZLWK� LWV� VH�
TXHQFHV�1RV��,�DQG�,,��/D\HU�1R�����RI�WKH�.R]LQD�SURILOH
LW� FRXOG� SDUWLFXODUO\� EH� FRUUHODWHG�ZLWK� WKH� EDVH� RI� VH�
TXHQFH�1R��,,,�RI� WKH�'LYDáD�SURILOH�� ,W� VHHPV� WKDW�VHGL�
PHQWV� ZHUH� GHULYHG� IURP� VLPLODU� VRXUFH� URFNV�� PRVW
SUREDEO\�IURP�ZHDWKHUHG�(RFHQH�IO\VFK�

,PSRUWDQW�HURVLRQDO�ERXQGDULHV�RI�WKH�PDLQ�OLWKRORJL�
FDO�XQLWV�ZLWKLQ�WKH�ORZHU�VHTXHQFH�DUH�ORFDWHG�EHWZHHQ
VDPSOHV�1RV������������������������������������������
,Q�FRQWUDVW�WR�RWKHU�VWXGLHG�SURILOHV��%RViN�HW�DO�������D��
HURVLRQDO� ERXQGDULHV� DUH� QRW� VLWXDWHG� DW� ERXQGDULHV� RI
QRUPDO� DQG� UHYHUVH� SRODUL]HG� ]RQHV�� EXW� ZLWKLQ� WKHP�
7KLV�IDFW�FDQ�DOVR�LQGLFDWH�WKDW�EUHDNV�LQ�GHSRVLWLRQ�GLG
QRW�WDNH�D�VXEVWDQWLDO�WLPH�VSDQ�

7KH� PDJQHWRVWUDWLJUDSKLF� SLFWXUH� REWDLQHG� LQ� WKH
.R]LQD� SURILOH� LV� IXOO\� FRPSDUDEOH� ZLWK� PDJQHWR]RQHV
GHWHFWHG� LQ� WKH� 'LYDáD� SURILOH� �%RViN� HW� DO��� �����
����D��� ERWK� LQ� RFFXUUHQFH� RI� WKH� QRUPDO� DQG� UHYHUVH
SRODUL]HG� PDJQHWR]RQHV� DQG� LQ� WKH� FKDUDFWHU� RI� WKH
PRGXOH� RI� UHPDQHQW� PDJQHWL]DWLRQ� �-Q��� 7KH� GRPLQDQW
SDUW�RI�ERWK�SURILOHV�LV�UHSUHVHQWHG�E\�UHYHUVHG�PDJQHWR�
]RQHV��7KHUH�DUH�WZR�UHODWLYHO\�QDUURZ�QRUPDO�SRODUL]HG
]RQHV�� 8QIRUWXQDWHO\�� WKHUH� LV� D� JDS� LQ� VDPSOLQJ� EH�
WZHHQ� WKH�.R]LQD� VDPSOHV�1R�� ���� DQG������ RZLQJ� WR
URFN� SHWURJUDSK\� XQIDYRXUDEOH� IRU� VDPSOLQJ�� 6RPH� GLI�
IHUHQFH� LQ� WKH� DUUDQJHPHQW� RI� QRUPDO� SRODUL]HG� PDJ�
QHWR]RQHV�LQ�ERWK�SURILOHV�FDQ�DOVR�UHVXOW� IURP�GLIIHUHQW
UDWHV�RI�GHSRVLWLRQ�GXULQJ�IRVVLOL]DWLRQ�RI�ERWK�FKDQQHOV�

7KH�DJH�RI� WKH�SURILOH�DW�.R]LQD� LV�ROGHU� WKDQ�%UXK�
QHV�0DWX\DPD�ERXQGDU\�������0D���$FFRUGLQJ�WR�WKH�DU�
UDQJHPHQW� RI� LQGLYLGXDO� PDJQHWR]RQHV�� LW� FRXOG� EH
VWDWHG� WKDW� VHGLPHQWV�DUH�ROGHU� WKDQ� WKH� WRS�RI�2OGXYDL
FKURQ� ������0D��� DV� WKH�PDJQHWRVWUDWLJUDSKLF� SURILOH� DW
.R]LQD� WHUPLQDWHV� E\� UHYHUVH� SRODUL]HG� PDJQHWR]RQH
DQG�FRQWDLQV�WZR�QRUPDO�SRODUL]HG�]RQHV��&ORVHO\�FRP�
SDUDEOH� FKDUDFWHU� RI� PRGXOH� YDOXHV� RI� UHPDQHQW� PDJ�
QHWL]DWLRQ��-Q��KLJKO\�VXSSRUWV�WKH�DJH�FRUUHODWLRQ�RI�ERWK
SURILOHV�IURP�IRVVLO�FDYHV�DW�'LYDáD�DQG�.R]LQD�
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)LJ�����&RUUHODWLRQ�RI�PDJQHWRVWUDWLJUDSKLF�UHVXOWV�IURP�.R]LQD�VLWH�$��OHIW��%RVhN�HW�DO�������D������E��DQG�'LYDàD
SURILOH��ULJKW��%RVhN�HW�DO���������ZLWK�WKH�VWDQGDUG�SDODHRPDJQHWLF�VFDOHV��FHQWUH��DIWHU�&DQGH�&&�.HQW��������
6O�� ��� .RUHODFLMD� SULGREOMHQLK� PDJQHWRVWUDWLJUDIVNLK� UH]XOWDWRY� L]� .R]LQH�� Y]RUàQR� PHVWR� $� �OHYR�� %RVhN� HW� DO��
����D������E��LQ�'LYDàH��GHVQR��%RVhN�HW�DO���������V�VWDQGDUGQLPL�SDOHRPDJQHWQLPL�OHVWYLFDPL��VUHGLQD��SR�&DQGH
	�.HQW��������
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6,7(6� %� $1'� &�� 3DODHRPDJQHWLF� DQDO\VLV� RI� FDYH
VHGLPHQWV� IURP�VLWHV�%�DQG�&�VKRZHG�WKDW�DOO�RI� WKH���
VDPSOHV�KDYH�QRUPDO�SRODULW\��%DVHG�RQ� VDPSOH�PLQHU�
DORJ\�� WKH� VRXUFH� IRU� DOO� DQDO\]HG� FDYH� VHGLPHQWV� ZDV
WKH�(RFHQH�IO\VFK�

&DYH� VHGLPHQWV� IURP� VLWH� %� �6/2����6/2����� DUH
DOPRVW� FHUWDLQO\� \RXQJHU� WKDQ� �����0D�� 7KLV� LV� FRQVLV�
WHQW�ZLWK�WKH�VWXGLHV�E\�%RViN�HW�DO�� �����E���5HJDUGLQJ
WKHLU� UHVXOWV��ZKLFK� VKRZ� WKDW� VHGLPHQWV�DUH�ROGHU� WKDQ
�����0D��RXU�SURILOH�LV�\RXQJHU�WKDQ������0D��EHFDXVH�LW
ZDV�VWUDWLJUDSKLFDOO\�KLJKHU�

6LWH� &� KDV� D� WKLFNHU� SURILOH�� DQG�ZH� FROOHFWHG� VHGL�
PHQWV� IURP� LWV� ORZHU� SDUW�� 5HJDUGLQJ� RXU� UHVXOWV� WKDW
VKRZ� QRUPDO� SRODULW\�� LW� LV� GLIILFXOW� WR� FRQFOXGH� WKDW
VHGLPHQWV�DUH� UHDOO\�\RXQJHU� WKDQ������0D�� ,I�ZH�FRQ�
VLGHU�WKH�IDFW� WKDW�VHGLPHQWV�IURP�URRIOHVV�FDYHV�FDQ�EH
ROGHU� WKDQ������0D�DQG� WKDW� WKRVH� VDPSOHV�ZHUH� WDNHQ
IURP�WKH� ORZHU�SDUW�RI�����P�WKLFN�SURILOH��ZH�FDQ�VXJ�
JHVW� D� SRVVLELOLW\� WKDW� WKH\� PD\� KDYH� EHHQ� GHSRVLWHG
GXULQJ�DQ�ROGHU�QRUPDO�SRODULW\�SHULRG��7KH\�FRXOG�HYHQ
EH� IURP�WKH�*DXVV�1RUPDO�FKURQ� ����������0D���RU�DF�
FRUGLQJ�WR�%RViN�HW�DO���������FRXOG�FRUUHODWH�ZLWK�VRPH
QRUPDO�PDJQHWR]RQHV��DERXW���������0D��ZLWKLQ�WKH�UH�
YHUVH�*LOEHUW�FKURQ�

&21&/86,216

7KH�FRQVWUXFWLRQ�RI�KLJKZD\� IURP�'LYDáD� WR�.ODQHF
�6:� 6ORYHQLD�� &ODVVLFDO� .DUVW�� XQFRYHUHG� D� QXPEHU� RI
IRVVLO�FDYHV�DQG�XQURRIHG�FDYHV��7ZR�RI�WKHP�ZHUH�VLWX�
DWHG� QHDU� .R]LQD��2QH� �VLWHV� $� DQG� %�� UHSUHVHQWHG� XQ�
URRIHG� IRVVLO� FKDQQHO�� ,W� IRUPHG�PLOG� GHSUHVVLRQ� LQ� WKH
ILHOG��7KH�VHGLPHQWDU\�SURILOH�LQ�WKH�FDYH�ZDV�DERXW���P
KLJK�� ,W� ZDV� FRPSRVHG� PRVWO\� RI� VDQG\� VHGLPHQWV� RI
OLJKW� EURZQ� FRORXU�ZLWK� FOD\H\� DQG� VLOW\� LQWHUFDODWLRQV�
6HGLPHQWV� FRQWDLQHG� G\QDPLF� VWUXFWXUHV� DQG� WH[WXUHV
�ODPLQDWLRQ�� FURVV�ODPLQDWLRQ�� HWF���� (URVLRQDO� VXUIDFHV
GLYLGHG� WKH� SURILOH� LQWR� LQGLYLGXDO� VHTXHQFHV�� 7KH� VHF�
RQG��VLWH�&��ZDV�REORQJ�VKDOORZ�GHSUHVVLRQ�ZLWK�QHDUO\
��P�WKLFN�VHTXHQFH�RI�EURZQ�WR�\HOORZ�FRORXUHG�VDQGV
ZLWK�VRPH�VLOW�WR�FOD\�EHGV�LQ�WKH�ORZHU�SDUW��7KH�SURILOH
ZDV�FRYHUHG�E\�OLPHVWRQH�JUDYHO�

7KH� SURILOH� DW� VLWH� $� FRQWDLQV� LQYHUVH� DQG� QRUPDO
SRODULW\�PDJQHWR]RQHV��7KH�DJH�RI�WKH�SURILOH�DW�.R]LQD
LV� ROGHU� WKDQ� %UXKQHV�0DWX\DPD� ERXQGDU\� ������ 0D��
$FFRUGLQJ�WR�DUUDQJHPHQW�RI�LQGLYLGXDO�PDJQHWR]RQH��LW
FRXOG�EH�VWDWHG�WKDW�VHGLPHQWV�DUH�ROGHU�WKDQ�WKH�WRS�RI
2OGXYDL� FKURQ� ������ 0D��� DV� WKH� PDJQHWRVWUDWLJUDSKLF
SURILOH� DW� .R]LQD� WHUPLQDWHV� E\� UHYHUVH� SRODUL]HG�PDJ�
QHWR]RQH� DQG� FRQWDLQV� WZR� QRUPDO� SRODUL]HG� ]RQHV�
3URILOHV�DW� VLWHV�%�DQG�&� VKRZHG�RQO\�QRUPDO�PDJQHWLF
SRODULW\��3URILOH� DW� VLWH�&� LV� LQWHUSUHWHG�DV�\RXQJHU� WKDQ
����� 0D�� ZKHUHDV� SURILOH� %� FDQ� EH� VXEVWDQWLDOO\� ROGHU
WKDQ�WKLV�GDWXP��VLPLODUO\�WR�SURILOH�DW�VLWH�$�VHGLPHQWV�
7KH� IRXQG� FRUURGHG� SROOHQ� JUDLQV� EHORQJLQJ� WR� KHUE
YHJHWDWLRQ� �'LSVDFDFHDH�DQG�$SLFHDH� IDPLO\�� W\SLFDO� RI

GU\�� VWHSSH�OLNH� UHJLRQ� ZHUH� XQIRUWXQDWHO\� RI� QR� VWUDWL�
JUDSKLF�YDOXH�

7KH�SURILOH� DW� VLWH�$� FDQ�EH�FRUUHODWHG�ZLWK� WKH�'L�
YDáD�SURILOH��QRW�RQO\�IURP�WKH�SDODHRPDJQHWLF�SRLQW�RI
YLHZ�� EXW� DOVR� IURP� OLWKRORJLFDO� DVSHFW�� :H� VXSSRVH�
VLPLODUO\�DV�DW�'LYDáD��WKDW�WKH�IRVVLO�FDYHV�DW�.R]LQD�DUH
WKH� UHVXOW� RI� SRVW�(RFHQH� VSHOHRJHQHWLF� HSRFK� DQG� LWV
IRVVLOL]DWLRQ� ZDV� FRQQHFWHG� ZLWK� WHFWRQLF� XSOLIW� RI� WKH
DUHD��SUREDEO\�DIWHU�0HVVLQLDQ��FI��:LOOHW�HW�DO����������,I
WKLV� K\SRWKHVLV� LV� FORVH� WR� WKH� UHDOLW\�� WKH� IRVVLOL]DWLRQ
SURFHVV� FRXOG� KDYH� VWDUWHG� DW� DERXW� ����0D� DV� DOUHDG\
H[SHFWHG�E\�%RViN�HW�DO�������������D������E��

$&.12:/('*(0(17

:H� DUH� JUDWHIXO� SDUWLFXODUO\� WR� '$56� �0RWRUZD\
&RPSDQ\� LQ� WKH� 5HSXEOLF� RI� 6ORYHQLD�� DQG� ''&� &RQ�
VXOWLQJ�	�(QJLQHHULQJ�ZKR�ILQDQFHG�NDUVWRORJLFDO�FRQWURO
DQG�JDYH�SHUPLVVLRQ�WR�DFFHVV�WKH�FRQVWUXFWLRQ�VLWH��7KH
FRPSDQ\�DOVR�FRYHUHG�WKH�H[SHQVHV�RI�DQDO\WLFDO�SURFH�
GXUHV��:H� DUH� DOVR� JUDWHIXO� WR� WKH� ,QVWLWXWH� IRU� WKH� 3UR�
WHFWLRQ�RI�1DWXUDO� DQG�&XOWXUDO�+HULWDJH��1RYD�*RULFD�
E\� ZKLFK� WKH� NDUVWRORJLFDO� FRQWURO� ZDV� RUJDQL]HG��:H
DFNQRZOHGJH�ILHOG�DVVLVWDQFH�RI�'U�1DGMD�=XSDQ�+DMQD
DQG� WHFKQLFDO� VWDII� RI� WKH� .DUVW� 5HVHDUFK� ,QVWLWXWH�� =5&
6$=8�� 3RVWRMQD�� 6ORYHQLD�� GXULQJ� VDPSOLQJ��:H�ZRXOG
OLNH�WR�WKDQN�:LOOLDP�+DUEHUW� �'HSDUWPHQW�RI�(DUWK�DQG
3ODQHWDU\�6FLHQFHV��8QLYHUVLW\�RI�3LWWVEXUJK��3HQQV\OYD�
QLD��86$�� UHVSRQVLEOH� IRU� WKH�3DODHRPDJQHWLVP�/DERUD�
WRU\��IRU�KLV�KHOS�GXULQJ�WKH�DQDO\VHV�FDUULHG�RXW�RQ�$SULO
�����WK�� ������ 3DO\QRORJLFDO� DQDO\VHV�ZHUH� NLQGO\� FDU�
ULHG�RXW�E\�'U��0HWND�&XOLEHUJ�IURP�WKH�,QVWLWXWH�RI�%LRO�
RJ\��=5&�6$=8��LQ�/MXEOMDQD��6ORYHQLD��6RIWZDUH�IRU�WKH
HYDOXDWLRQ� RI� SDODHRPDJQHWLF� PHDVXUHPHQWV� LQ� WKH
&]HFK� 5HSXEOLF� ZDV� SUHSDUHG� E\� 'U�� 2WD� 0DQ�� ZKLOH
PHDVXUHPHQWV�ZHUH�SHUIRUPHG�DQG�HYDOXDWHG�E\�0UV��'�
2WUXERYi�DQG�GU��'��9HQKRGRYi��DOO�IURP�WKH�,QVWLWXWH�RI
*HRORJ\�$6�&5��Y�Y�L���3UDKD���7UDYHO�FRVWV�RI�WKH�&]HFK
SDUW� ZHUH� FRYHUHG� ZLWKLQ� WKH� IUDPHZRUN� RI� WKH� .21�
7$.7� 1R�� 0(����� SURJUDP� RI� WKH� &]HFK� 0LQLVWU\� RI
(GXFDWLRQ�� <RXWK� DQG� 6SRUWV� DQG�6ORYHQLDQ�0LQLVWU\� RI
+LJKHU�(GXFDWLRQ��6FLHQFH�DQG�7HFKQRORJ\��([SHQVHV�RI
DQDO\WLFDO�SURFHGXUHV�ZHUH�SDUWO\�FRYHUHG� IURP�VRXUFHV
RI� WKH�3URJUDP�RI�$GYDQFHPHQWV� LQ�6FLHQWLILF� 5HVHDUFK
LQ� .H\� 'LUHFWLRQV� RI� WKH� $FDGHP\� RI� 6FLHQFHV� RI� WKH
&]HFK�5HSXEOLF�1R��.�����������7KH�VWXG\�LV�D�UHVXOW�RI
WKH�5HVHDUFK�3ODQ�RI�WKH�,QVWLWXWH�RI�*HRORJ\�$6�&5�1R�
&(=�$������=����������DQG�*UDQW�3URMHFWV�RI�WKH�*UDQW
$JHQF\� RI� WKH� $FDGHP\� RI� 6FLHQFHV� RI� WKH� &]HFK� 5H�
SXEOLF�1RV�� ,$$����������3DODHRPDJQHWLF�UHVHDUFK�RI
NDUVW� VHGLPHQWV�� SDODHRWHFWRQLF� DQG� JHRPRUSKRORJLFDO
LPSOLFDWLRQV� ������������ DQG� ,$$�������� 0DJQHWR�
PLQHUDORJLFDO� DQG� PDJQHWRVWUDWLJUDSKLF� UHVHDUFK� LQWR
FDYH� DQG� IOXYLDO� VHGLPHQWV� LQ� WKH�&HQWUDO� (XURSHDQ� UH�
JLRQ��������������7KH�JUDQW�IRU�6��ÉHEHOD�ZDV�SURYLGHG
E\�WKH�5HVHDUFK�)XQG�RI�=5&�6$=8�
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3$/(20$*1(71(�5$=,6.$9(�%5(=67523,+�-$0��.,�62�6(�2'35/(
0('�*5$'1-2�$972&(67(�35,�.2=,1,��-=�6/29(1,-$

3DYHO�%26°.
&JOPEPQPA�KB�$AKHKCU�R�R�E��?=@AIU�KB�0?EAJ?AO�KB�PDA� VA?D�/ALQ>HE?� 7��������-N=D=�/KVRKFKR¹����� VA?D�/ALQ>HE?

"�I=EH!�>KO=G$CHE�?=O�?V
0DUWLQ�.1(=

&J
PEPQP�V=�N=VEOGKR=JFA�GN=O=�7/ �0�72�0&������-KOPKFJ=�1EPKR�PNC���0HKRAJEF=
3HWU�3581(5

&JOPEPQPA�KB�$AKHKCU�R�R�E��?=@AIU�KB�0?EAJ?AO�KB�PDA� VA?D�/ALQ>HE?� 7��������-N=D=�/KVRKFKR¹����� VA?D�/ALQ>HE?
,UD�'��6$62:6.<

2JERANOEPU�KB��GNKJ�!AL=NPIAJP�KB�$AKHKCU��GNKJ�,DEK������������20�
7DGHM�6/$%(�	�6WDQND�Ç(%(/$

&J
PEPQP�V=�N=VEOGKR=JFA�GN=O=�7/ �0�72�0&������-KOPKFJ=�1EPKR�PNC���0HKRAJEF=
329=(7(.

*UDGLWHY�DYWRFHVWH�PHG�'LYDßR�LQ�.ODQFHP�MH�UD]NULOD�ÈWHYLOQH�IRVLOQH�LQ�EUH]VWURSH�MDPH��]DSROQMHQH�]�MDPVNLPL
VHGLPHQWL��5D]LVNDOL�VPR�MLK�V�SDOHRPDJQHWQR�DQDOL]R��V�NDNUÈQR�UD]LVNXMHPR�MDPVNH�QDSODYLQH�QD�.UDVX�ÊH�RG�OHWD
����� Y� RNYLUX� ]QDQVWYHQHJD� VRGHORYDQMD� PHG� ,QÈWLWXWRP� ]D� JHRORJLMR� $NDGHPLMH� ]QDQRVWL� ÞHÈNH� UHSXEOLNH�� 2G�
GHONRP� ]D� ]QDQRVWL� R� =HPOML� LQ� SODQHWLK� 8QLYHU]H� Y� 3LWWVEXUJKX�� ='$�� LQ� ,QÈWLWXWRP� ]D� UD]LVNRYDQMH� NUDVD� =5&
6$=8�

-DPVNL�VHGLPHQWL�L]�SURILORY�SUL�.R]LQL�VR�VWDUHMÈL�RG�PHMH�EUXKQHV�PDWX\DPD�������PLOLMRQD�OHW���,]�UD]SRUHGLWYH
SRVDPH]QLK�PDJQHWRFRQ�EL�ELOR�PRJRßH�WUGLWL��GD�MH�XVHGOLQD�VWDUHMÈD�RG�NRQFD�GRJRGND�ROGXYDL�������PLOLMRQD�OHW��
VDM�VH�PDJQHWRVWUDWLJUDIVNL�SURILO�SUL�.R]LQL�]DNOMXßL�]�PDJQHWRFRQR�LQYHU]QH�SRODULWHWH�LQ�YVHEXMH�GYH�FRQL�QRUPDOQH
SRODULWHWH��=HOR�SULPHUOMLYD�]QDßDMD�YUHGQRVWL�PRGXORY�UHPDQHQWQH�PDJQHWL]DFLMH�PRßQR�SRGSLUDWD�VWDURVWQR�NRUHOD�
FLMR�SURILORY�L]�IRVLOQLK�MDP�SUL�'LYDßL�LQ�.R]LQL��0HQLPR��GD�MH��WDNR�NRW�Y�GLYDÈNHP�SURILOX��MDPD�UH]XOWDW�PHVVLQVNH
VSHOHRJHQH]H�� ÈH� SRVHEQR�� ßH� ODKNR�PDJQHWRFRQH� QRUPDOQH� SRODULWHWH� NRUHOLUDPR� V� WLVWLPL� L]� LQYHU]QH� JLOEHUWRYH
GREH�

)RVLOL]DFLMD�MDPVNLK�VLVWHPRY�MH�ELOD�SRYH]DQD�V�KLWULP�GYLJRP�UDYQL�ED]H��SRWHP�NR�VH�MH�SUHG�RNROL�����PLOLMRQD
OHW�RGSUO�*LEUDOWDUVNL�SUHOLY�LQ�VH� MH�6UHGR]HPVNL�ED]HQ�VSHW�]DSROQLO��1DGDOMQMD� IRVLOL]DFLMD� MH�ELOD�SRVOHGLFD� VSUH�
PHPE�QD�UHJLRQDOQL�UDYQL�ED]H�LQ�KLGURORÈNLK�UD]PHU��NL�VR�QDVWDOH�V�SRVWRSQLP�UD]YRMHP�SRYUÈMD� LQ�QHRWHNWRQLNH
WHJD�GHOD�.UDVD�WHU�]DUDGL�VSUHPHPE�Y�YLÈLQL�JODGLQH�PRUMD�Y�6UHGR]HPVNHP�ED]HQX�

.OMXÞQH�EHVHGH��SDOHRPDJQHWQH�DQDOL]H��MDPVNL�VHGLPHQWL��EUH]VWURSH�MDPH��.R]LQD��6ORYHQLMD

5()(5(1&(6

%RVgN��3���'��&��)RUG�&&�-��*ÅD]HN���������7HUPLQRORJ\�
,Q��%RViN��3���'��&��)RUG�� -��*ÈD]HN�&� ,��+RUiáHN��HGV���
3DOHRNDUVW��$�6\VWHPDWLF�DQG�5HJLRQDO�5HYLHZ��(OVHYLHU�
$FDGHPLD��$PVWHUGDP�3UDKD��SS��������
%RVgN��3���3��3UXQHU�&&�1��=XSDQ�+DMQD� �������� 3DOHR�
PDJQHWLF� UHVHDUFK� RI� FDYH� VHGLPHQWV� LQ� 6:� 6ORYHQLD�
$FWD�&DUVRORJLFD�����������������

%RVgN�� 3��� $��0LKHYF�� 3�� 3UXQHU�� .��0HOND��'�� 9HQKR�
GRYg� &&� $�� /DQJURYg� �������� &DYH� ILOO� LQ� WKH� àUQRWLáH
4XDUU\�� 6:� 6ORYHQLD�� 3DODHRPDJQHWLF�� PLQHUDORJLFDO
DQG�JHRFKHPLFDO�VWXG\��$FWD�&DUVRORJLFD���������������
%RVgN��3���0��.QH]��'��2WUXERYg��3��3UXQHU��7��6ODEH�	
'�� 9HQKRGRYg� �����D��� 3DODHRPDJQHWLF� 5HVHDUFK� RI
)RVVLO�&DYH�LQ�WKH�+LJKZD\�&RQVWUXFWLRQ�DW�.R]LQD��6:
6ORYHQLD��$FWD�&DUVRORJLFD���������������
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%RVgN�� 3��� 3�� 3UXQHU�� $�� 0LKHYF� &&� 1�� =XSDQ� +DMQD
�����E��� 0DJQHWRVWUDWLJUDSK\� DQG� XQFRQIRUPLWLHV� LQ
FDYH�VHGLPHQWV��FDVH�VWXG\�IURP�WKH�&ODVVLFDO�.DUVW��6:
6ORYHQLD��*HRORJRV�����������
%RVgN�� 3��� $�� 0LKHYF� 	� 3�� 3UXQHU� �����D��� *HRPRU�
SKRORJLFDO�HYROXWLRQ� RI� WKH� 3RGJRUVNL� .DUVW�� 6:�6ORYH�
QLD��&RQWULEXWLRQ�RI�PDJQHWRVWUDWLJUDSKLF�UHVHDUFK�RI�WKH
àUQRWLáH� ,,� VLWH� ZLWK� 0DULIXJLD� VS�� $FWD� &DUVRORJLFD�
���������������
%RVgN�� 3��� 3�� 3UXQHU�� $�� 0LKHYF�� 1�� =XSDQ� +DMQD�� -�
+RUgÞHN�� -�� .DGOHF�� 2�� 0DQ� 	� 3�� 6FKQDEO� �����E��
5DáLÊND� SHáLQD�� ��WK� ,QWHUQDWLRQDO� .DUVWRORJLFDO� 6FKRRO�
&ODVVLFDO�.DUVW��'DWLQJ�RI�&DYH�6HGLPHQWV��*XLGH�ERRN�
OHW� IRU� WKH� H[FXUVLRQV� DQG� DEVWUDFWV� RI� SUHVHQWDWLRQV�
3RVWRMQD��SS��������
%URGDU�� 6�� �������� àUQL� NDO�� QRYD� SDOHROLWVND� SRVWDMD� Y
6ORYHQVNHP�3ULPRUMX��5D]SUDYH��,9����������
&DQGH��6��&��&&�'��9��.HQW���������5HYLVHG�FDOLEUDWLRQ�RI
WKH� JHRPDJQHWLF� SRODULW\� WLPHVFDOH� IRU� WKH� /DWH� &UHWD�
FHRXV� DQG� &HQR]RLF�� -�� *HRSK\V�� 5HV�� %�� ����� �����
�����
&XFFKL�� )��� )�� )RUWL�	� )��8OFLJUDL� �������� 9DORUL� GL� DE�
EDVVDPHQWR�SHU�GLVVROX]LRQH�GL� VXSHUILFL�FDUVLFKH��$FWD
&DUVRORJLFD������������
)LVKHU��5����������'LVSHUVLRQ�RQ�D�VSKHUH��3URF��5��6RF�
/RQG���$���������������
*DPV��,����������&RPSDUDWLYH�UHVHDUFK�RI� OLPHVWRQH�VR�
OXWLRQ�E\�PHDQV�RI�VWDQGDUG�WDEOHWV��3URF���WK�,QW��&RQJU�
6SHOHRO���%RZOLQJ�*UHHQ��SS����������
*HUÇO��0���8��6WHSLÇQLN�&&�)��ÆXÇWHUÇLÞ� ��������7KH� �XQ�
URRIHG� FDYH�� QHDU� WKH�%XQNHU� �/DÊNL� 5DYQLN��� $FWD� &DU�
VRORJLFD���������������
-HOqQHN�� 9�� �������� $� KLJK� VHQVLWLYLW\� VSLQQHU� PDJQH�
WRPHWHU��6WXG��*HRSK\V��*HRGDHW�������������
-HOqQHN��9����������3UHFLVLRQ�$�&��EULGJH�VHW�IRU�PHDVXU�
LQJ� PDJQHWLF� VXVFHSWLELOLW\� DQG� LWV� DQLVRWURS\�� 6WXG�
*HRSK\V��*HRGDHW�������������
.LUVFKYLQN��-��/����������7KH�OHDVW�VTXDUHV�OLQH�DQG�SODQH
DQG� WKH� DQDO\VLV� RI� SDODHRPDJQHWLF� GDWD�� *HRSK\V�� -��
������������
.QH]��0��&&�6��ÆHEHOD���������1RYR�RGNULWL�NDÊNL�SRMDYL
QD� WUDVL� DYWRPRELOVNH� FHVWH� SUL� 'LYDáL�� 1DÊH� MDPH�� ���
VWU������
.QH]��0��&&�7��6ODEH������D���8QURRIHG�FDYHV�PHW�GXU�
LQJ� WKH� PRWRUZD\� FRQVWUXFWLRQ� QHDU� .R]LQD� DQG� WKHLU
UHFRJQLWLRQ�RQ�NDUVW�VXUIDFH���WK�,QWHUQDWLRQDO�.DUVWRORJL�
FDO�6FKRRO��&ODVVLFDO�.DUVW��5RRIOHVV�&DYHV��%RRN�RI�$E�
VWUDFWV��3RVWRMQD��SS��������
.QH]��0��&&�7��6ODEH������E���8QURRIHG�FDYHV�DQG�UHF�
RJQL]LQJ� WKHP� LQ�NDUVW� UHOLHI� �'LVFRYHUHG�GXULQJ�PRWRU�
ZD\�FRQVWUXFWLRQ�DW�.R]LQD�� 6RXWK�6ORYHQLD���$FWD�&DU�
VRORJLFD�����������������
.QH]��0��	�7��6ODEH���������8QURRIHG�FDYHV�DUH�DQ�LP�
SRUWDQW�IHDWXUH�RI�NDUVW�VXUIDFHV��H[DPSOHV�IURP�WKH�&ODV�
VLFDO�.DUVW��=��*HRPRUSKRORJLH�����������������

.QH]��0��	�7��6ODEH������D���.DUVWRORJ\�DQG� WKH�RSHQ�
LQJ�RI� FDYHV�GXULQJ�PRWRUZD\� FRQVWUXFWLRQ� LQ� WKH� NDUVW
UHJLRQ�RI�6ORYHQLD��,QW��-��6SHOHRO��������������������
.QH]�� 0�� 	� 7�� 6ODEH� �����E��� +LJKZD\V� RQ� NDUVW�� ,Q�
*XQQ��-���HG����(QF\FORSHGLD�RI�FDYHV�DQG�NDUVW�VFLHQFH�
)LW]UR\�'HDUERUQ��1HZ�<RUN��/RQGRQ��SS����������
.QH]�� 0�� 	� 7�� 6ODEH� �������� &DYHV� DQG� VLQNKROHV� LQ
PRWRUZD\� FRQVWUXFWLRQ�� 6ORYHQLD�� ,Q�� :DOWKDP�� 7��� )�
%HOO� 	� 0�� &XOVKDZ� �HGV���� 6LQNKROHV� DQG� 6XEVLGHQFH�
.DUVW� DQG� &DYHUQRXV� 5RFNV� LQ� (QJLQHHULQJ� DQG� &RQ�
VWUXFWLRQ��6SULQJHU��&KLFKHVWHU��SS����������
.QH]��0��	� 7�� 6ODEH� �������� .UDVRVORYQH� UD]LVNDYH� SUL
JUDGLWYL� DYWRFHVW� SUHN� VORYHQVNHJD� NUDVD�� $QQDOHV�� 6HU�
+LVW��1DW������������������
.RJRYÇHN��-���7��6ODEH�&&�6��ÆHEHOD���������0RWRUZD\V�LQ
.DUVW� �6ORYHQLD��� 3URFHHGLQJV� DQG� )LHOGWULS� H[FXUVLRQ
JXLGH����WK�+LJKZD\�JHRORJ\�V\PSRVLXP��SS��������
0LKHYF�� $�� �������� %UH]VWURSD� MDPD� SUL� 3RYLUMX�� 1DÊH
MDPH�������������
0LKHYF��$����������6SHOHRJHQH]D�PDWLáQHJD�NUDVD��'RN�
WRUVND�GLVHUWDFLMD��8QLYHU]D�Y�/MXEOMDQL��)LOR]RIVND�IDNXO�
WHWD��/MXEOMDQD������VWU�
0LKHYF�� $�� �����D��� 7KH� FDYHV� DQG� WKH� NDUVW� VXUIDFH�
FDVH� VWXG\� IURP� .UDV�� 6ORYHQLD�� (WXGHV� GH� JpRJUDSKLH
SK\VLTXH�� VXSSO�� ;;9,,,�� &ROORTXH� HXURSpHQ�.DUVW� ���
��������
0LKHYF�� $�� �����E��� 5RRIOHVV� FDYHV�� �WK� ,QWHUQDWLRQDO
.DUVWRORJLFDO� 6FKRRO�� &ODVVLFDO� .DUVW�� 5RRIOHVV� &DYHV�
%RRN�RI�$EVWUDFWV��3RVWRMQD��SS�������
0LKHYF��$�������F���8QURRIHG�FDYHV�DV�JHRPRUSKLF�DQG
VSHOHRORJLF� IHDWXUHV�� �WK� ,QWHUQDWLRQDO� .DUVWRORJLFDO
6FKRRO�� &ODVVLFDO� .DUVW�� 5RRIOHVV� &DYHV�� %RRN� RI� $E�
VWUDFWV��3RVWRMQD��SS��������
0LKHYF��$����������6SHOHRJHQH]D�'LYDÊNHJD�.UDVD��=ELU�
ND�=5&������������
0LKHYF��$��&&�1��=XSDQ�+DMQD���������&ODVWLF�VHGLPHQWV
IURP�GROLQHV�DQG�FDYHV�IRXQG�GXULQJ�WKH�FRQVWUXFWLRQ�RI
WKH�PRWRUZD\�EHDU�'LYDáD��RQ� WKH�&ODVVLFDO�.DUVW��$FWD
&DUVRORJLFD��������������
0LKHYF�� $��� 7�� 6ODEH� &&� 6�� ÆHEHOD� �������� 'HQXGHG
FDYHV�DQ�LQKHULWHG�HOHPHQW�LQ�WKH�NDUVW�PRUSKRORJ\��WKH
FDVH�IURP�.UDV��$FWD�&DUVRORJLFD�����������������
3ODFHU�� /�� ��������*HRORÊND� ]JUDGED� MXJR]DKRGQH� 6OR�
YHQLMH��*HRORJLMD���������������
3ýqKRGD��.���0��.UV�� %�� 3HÇLQD�&&� -�� %OgKD� ��������0$�
9$&6���D�QHZ�V\VWHP�RI�FUHDWLQJ�D�QRQ�PDJQHWLF�HQYL�
URQPHQW� IRU� SDODHRPDJQHWLF� VWXGLHV�� &XDGHUQD� *HR�
OxJLFD�,EpULFD��������������
5DNRYHF�� ,�� �������� 3OHLVWRFHQVNL� VHVDOFL� L]� MDPH� SUL
àUQHP�NDOX��5D]SUDYH��,9����������
6ODEH��7����������.DUVW�IHDWXUHV�LQ�WKH�PRWRUZD\�VHFWLRQ
EHWZHHQ� àHEXORYLFD� DQG� 'DQH�� $FWD� &DUVRORJLFD�� ���
��������
6ODEH��7����������7KH�FDYHV�LQ�WKH�PRWRUZD\�'DQH�)HU�
QHWLáL��$FWD�&DUVRORJLFD�����������������
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6ODEH��7����������.DUVW�IHDWXUHV�GLVFRYHUHG�GXULQJ�PRWRU�
ZD\�FRQVWUXFWLRQ�EHWZHHQ�'LYDáD�DQG�.R]LQD��$FWD�&DU�
VRORJLFD�����������������
6WHSLÇQLN��8��&&�6��ÆXVWHUÇLÞ���������7KH��XQURRIHG�FDYH�
QHDU� WKH� %XQNHU� �/DÊNL� 5DYQLN��� �WK� ,QWHUQDWLRQDO� .DU�
VWRORJLFDO�6FKRRO��&ODVVLFDO�.DUVW��5RRIOHVV�&DYHV��%RRN
RI�$EVWUDFWV��3RVWRMQD��SS��������
ÆHEHOD�� 6�� �������� 0RUSKRORJLFDO� DQG� JHRORJLFDO� FKDU�
DFWHULVWLFV�RI�WZR�GHQXGHG�FDYHV�LQ�6:�6ORYHQLD���WK�,Q�
WHUQDWLRQDO� .DUVWRORJLFDO� 6FKRRO�� &ODVVLFDO� .DUVW�� 5RR�
IOHVV�&DYHV��%RRN�RI�$EVWUDFWV��3RVWRMQD��SS��������
ÆHEHOD�� 6��&&� $��0LKHYF� �������� 7KH� SUREOHPV� RI� FRQ�
VWUXFWLRQ�RQ�NDUVW�WKH�H[DPSOHV�IURP�6ORYHQLD��,Q��%HFN�
%�� )��&� )��0�� 3HDUVRQ� �HGV���� .DUVW� JHRKD]DUGV� �� (QJL�
QHHULQJ� DQG� HQYLURQPHQWDO� SUREOHPV� LQ� NDUVW� WHUUDQH�
3URFHHGLQJV� RI� WKH� �WK�0XOWLGLVFLSOLQDU\� &RQIHUHQFH� RQ
6LQNKROHV�DQG� WKH�(QYLURQPHQWDO� ,PSDFWV�RI�.DUVW��$�$�
%DONHPD��5RWWHUGDP��SS����������
ÆHEHOD��6��	�,��'��6DVRZVN\���������3DOHRPDJQHWLF�GDW�
LQJ�RI� VHGLPHQWV� LQ�FDYHV�RSHQHG�GXULQJ�KLJKZD\�FRQ�
VWUXFWLRQ�QHDU�.R]LQD��6ORYHQLD��$FWD�&DUVRORJLFD��������
��������

ÆHEHOD��6���$��0LKHYF�&&�7��6ODEH���������7KH�YXOQHUDELO�
LW\� PDS� RI� NDUVW� DORQJ� KLJKZD\V� LQ� 6ORYHQLD�� ,Q�� %�� )�
%HFN�� $�� -�� 3HWWLW�&� -�� *�� +HUULQJ� �(GV���� +\GURJHRORJ\
DQG� HQJLQHHULQJ� JHRORJ\� RI� VLQNKROHV� DQG� NDUVW�� 3UR�
FHHGLQJV� RI� WKH� �WK� 0XOWLGLVFLSOLQDU\� &RQIHUHQFH� RQ
6LQNKROHV� DQG� WKH� (QJLQHHULQJ� DQG� (QYLURQPHQWDO� ,P�
SDFWV�RI�.DUVW��$��$��%DONHPD��5RWWHUGDP��SS����������
ÆXVWHUÇLÞ�� )�� �������� ,QWHUDFWLRQ� EHWZHHQ� FDYH� V\VWHPV
DQG�WKH�ORZHULQJ�NDUVW�VXUIDFH��FDVH�VWXG\��/DÊNL�5DYQLN�
$FWD�&DUVRORJLFD�����������������
:LOOHW�� 6�� '��� )�� 6FKOXQHJJHU� 	� 9�� 3LFRWWL� �������
0HVVLQLDQ�FOLPDWH�FKDQJHV�DQG�HURVLRQDO�GHVWUXFWLRQ�RI
WKH�FHQWUDO�(XURSHDQ�$OSV��*HRORJ\��������������
=XSDQ� +DMQD�� 1��� $�� 0LKHYF�� 3�� 3UXQHU� 	� 3�� %RVgN
��������7LPH�UHFRUGHG�LQ�FDYH�GHSRVLWV������\HDUV�RI�SD�
OHRPDJQHWLF� UHVHDUFK� LQ� 6ORYHQLDQ� FDYHV�� $FWD� &DUVR�
ORJLFD�������������


