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5HVXOWV�RI�WKH�VWXG\�RI�VXEWLGDO�PDFUREHQWKLF�IORUD��FDUULHG�RXW�LQ������DW�&DSH�2ÈWUR��5LMHND�%D\��&URDWLD��QRUWK�
HUQ�$GULDWLF�6HD���DUH�SUHVHQWHG��7KH�LQYHVWLJDWLRQ�ZDV�EDVHG�RQ�VHDVRQDO�VDPSOLQJ�DW�GLIIHUHQW�GHSWKV��5HVXOWV�LQGL�
FDWHG�WKDW�WKH�IORUD�ZDV�VWURQJO\�GRPLQDWHG�E\�WXUI�IRUPLQJ�DOJDH��2YHUDOO�����PDFUREHQWKLF�DOJDH�����5KRGRSK\FRWD
RU����������3KDHRSK\FRWD�RU�������DQG���&KORURSK\FRWD�RU��������ZHUH�LGHQWLILHG��7KH�LQYDVLYH�UHG�ILODPHQWRXV
DOJD�:RPHUVOH\HOOD�VHWDFHD��+ROOHQEHUJ��5��(��1RUULV�ZDV�UHFRUGHG�IRU�WKH�ILUVW�WLPH�LQ�WKLV�DUHD��7KH�LPSDFW�RI�PDV�
VLYH�GHYHORSPHQW�RI�WKH�WXUI�IRUPLQJ�DOJDH�RQ�WKH�VWUXFWXUH�RI�DOJDO�DVVHPEODJHV�LV�GLVFXVVHG�

.H\�ZRUGV��WXUI�IRUPLQJ�DOJDH��:RPHUVOH\HOOD�VHWDFHD��VXEWLGDO��QRUWKHUQ�$GULDWLF�6HD��5LMHND�%D\
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9HQJRQR�SUHVHQWDWL� L� ULVXOWDWL�GL�XQ
LQGDJLQH�FRQGRWWD�QHO������VXOOD� IORUD�PDFUREHQWRQLFD�QHOO
LQIUDOLWRUDOH�QHL
SUHVVL�GL�3XQWD�2ÈWUR��*ROIR�GL�)LXPH��&URD]LD��$OWR�$GULDWLFR���/R�VWXGLR�VL�EDVD�VX�ULOLHYL�VWDJLRQDOL�VYROWL�D�GLYHUVH
SURIRQGLWi��,�ULVXOWDWL�LQGLFDQR�FKH�OD�IORUD�o�FRVWLWXLWD�GD�GHQVL�IHOWUL�DOJDOL��1HO�FRUVR�GHOOD�ULFHUFD�VRQR�VWDWH�LGHQWLIL�
FDWH����VSHFLH�GL�DOJKH�PDFUREHQWRQLFKH��GL�FXL����5KRGRSK\FRWD� �����������3KDHRSK\FRWD� ��������H���&KORUR�
SK\FRWD� ���������1HO� SUHVHQWH� ODYRUR� YLHQH� VHJQDODWD� SHU� OD� SULPD� YROWD� LQ� TXHVW
DUHD� OD� SUHVHQ]D� GHOO
DOJD� URVVD
ILODPHQWRVD�LQYDVLYD�:RPHUVOH\HOOD�VHWDFHD��+ROOHQEHUJ��5��(��1RUULV��6RQR�GLVFXVVH�OH�FRQVHJXHQ]H�GHOO¢HVWHVD�GLI�
IXVLRQH�GL�WDOL�IHOWUL�VXOOD�VWUXWWXUD�GHOOH�FRPXQLWi�DOJDOL�

3DUROH�FKLDYH��IHOWUL�DOJDOL��:RPHUVOH\HOOD�VHWDFHD��LQIUDOLWRUDOH��$OWR�$GULDWLFR��*ROIR�GL�)LXPH
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0RUH� WKDQ� ��� WD[D� RI� PDULQH� DOJDH� DUH� NQRZQ� WR
KDYH� EHHQ� LQWURGXFHG� LQWR� WKH� 0HGLWHUUDQHDQ� 6HD�
PRVWO\� E\� KXPDQ� DFWLYLWLHV� �L�H�� DTXDFXOWXUH�� SROOXWLRQ�
EDOODVW�ZDWHUV��ILVKLQJ�QHWV���DQG�DW�OHDVW�QLQH�RI�WKHP�DUH
FRQVLGHUHG� LQYDVLYH� �9HUODTXH�� ������ %RXGRXUHVTXH� 	
9HUODTXH�� ������� 6RPH� RI� WKH� PRVW� LQYDVLYH� LQWURGXF�
WLRQV�WRRN�SODFH�LQ�WKH�ODVW�������\HDUV�DQG�KDYH�FDXVHG
VXEVWDQWLDO�FKDQJHV� LQ� WKH� VWUXFWXUH�RI�EHQWKLF� DOJDO�DV�
VHPEODJHV��2QH�RI� WKH�EHVW� H[DPSOHV�RI� WKLV�SKHQRPH�
QRQ�LV�UHSUHVHQWHG�E\�WKH�PDVVLYH�GHYHORSPHQW�RI�GHQVH
DOJDO�WXUIV�SURGXFHG�E\�ILODPHQWRXV�VSHFLHV��LQ�SDUWLFXODU
WKH� UHG� DOJD�:RPHUVOH\HOOD� VHWDFHD� �+ROOHQEHUJ�� 5�� (�
1RUULV�7KLV� VSHFLHV�KDV�EHHQ� UHSRUWHG� WR�SURGXFH� WKLFN
WXUIV�FRYHULQJ� ODUJH�SRUWLRQV�RI� VXEWLGDO�ERWWRPV� LQ� VHY�
HUDO�UHJLRQV��9HUODTXH��������$LUROGL�HW�DO���������$WKD�
QDVLDGLV��������3DW]QHU���������7KH�XQFRQWUROOHG�JURZWK
RI� WXUIV� LV�FRQVLGHUHG�DQ� LQGLFDWRU�RI�GLVWXUEDQFH� LQ� WKH
HQYLURQPHQW�� ZLWK� D� QHJDWLYH� LPSDFW� RQ� ELRGLYHUVLW\
�%DUWK�	�)DJDQ��������0RUDQG�	�%ULDQG��������

0DQ\�QRQ�LQGLJHQRXV�VSHFLHV�RI�DOJDH�KDYH�EHHQ�UH�
FRUGHG� LQ� WKH� QRUWKHUQ� $GULDWLF� 6HD� �2UODQGR� %RQDFD�
������� PRVWO\� RQ� WKH� ,WDOLDQ� VKRUHV�� $PRQJ� WKHP�� WKH
EURZQ� 6DUJDVVXP�PXWLFXP� �<HQGR�� )HQVKROW� �*DUJLXOR
HW� DO��� ������ DQG�8QGDULD� SLQQDWLILGD� �+DUYH\�� 6XULJDU
�5LVPRQGR�HW�DO����������WKH�JUHHQ�&RGLXP�IUDJLOH�VXEVS�
WRPHQWRVRLGHV� �9DQ� *RRU�� 3�&�� 6LOYD� �*RGLQL� 	
$YDQ]LQL�� ������� &DXOHUSD� WD[LIROLD� �9DKO�� &�� $JDUGK
�ËXOMHYLß�	�$QWROLß��������ÉSDQ�HW�DO����������8OYD�VFDQ�
GLQDYLFD�%OLGLQJ��%DWWHOOL�	�7DQ���������DQG�WKH�UHG�$Q�
WLWKDPQLRQ� SHFWLQDWXP� �0RQWDJQH�� %UDXQHU� H[� $WKDQD�
VLDGLV� HW� 7LWWOH\� �&XULHO� HW� DO��� ������ DQG� 3RO\VLSKRQLD
PRUURZLL�+DUYH\� �&XULHO� HW� DO��� ������ DUH� VRPH� RI� WKH
PRVW� UHFHQW� UHFRUGV�� &RPSDUDWLYHO\�� WKH� HDVWHUQ� VKRUHV
RI� WKH�QRUWKHUQ�$GULDWLF�6HD�KDYH�QRW�EHHQ� VHYHUHO\�DI�
IHFWHG�E\�DOJDO� LQWURGXFWLRQV� VR� IDU��+RZHYHU�� VRPH�DO�
JDH� UHSRUWHG� HOVHZKHUH� DV� KLJKO\� DJJUHVVLYH� LQYDGHUV�
VXFK�DV�&��WD[LIROLD��&DXOHUSD�UDFHPRVD�YDU��F\OLQGUDFHD
�6RQGHU�� 9HUODTXH�� +XLVPDQ� 	� %RXGRXUHVTXH�� �9HU�
ODTXH�� ������ DQG�:�� VHWDFHD� �6DUWRQL� 	� 5RVVL�� ������
KDYH�EHHQ�UHFHQWO\�UHFRUGHG�

,Q�������DQ�H[WHQVLYH�JURZWK�RI�WXUI�IRUPLQJ�DOJDH�ZDV
QRWHG� LQ� WKH� VXEOLWWRUDO� DUHD� DURXQG�&DSH�2ÊWUR�� QRUWK�
HDVWHUQ�FRDVW�RI�5LMHND�%D\��QRUWKHUQ�$GULDWLF�6HD��%DWWHOOL
	�$UNR�3LMHYDF���������7KH�VDPH�SKHQRPHQRQ�ZDV�VXE�
VHTXHQWO\� UHFRUGHG� LQ�RWKHU�SDUWV�RI�5LMHND�%D\�� VXFK�DV
WKH�6HSHQ�FRYH�DQG�WKH�VXEPDULQH�DUHD�RI�6Y��0DUNR�LVOHW
�-DNOLQ�	�$UNR�3LMHYDF��������=DKWLOD���������([DPLQDWLRQ
RI� VDPSOHV� FROOHFWHG� LQ� WKHVH� DUHDV� LQGLFDWHG� WKDW� DOJDO
WXUIV�KDG�EHHQ�IRUPHG�SULPDULO\�E\�:��VHWDFHD��7KH�EHQ�
WKLF�PDULQH�DOJDH�RI� WKH�.YDUQHU�*XOI�KDYH�EHHQ�VWXGLHG
VSRUDGLFDOO\��0XQGD��������5L]]L�/RQJR��������=DYRGQLN
HW� DO��� ������ =DYRGQLN� 	� =DYRGQLN�� ������ =DYRGQLN�
������=DYRGQLN�HW�DO���������DQG�QR�SUHYLRXV�UHFRUGV�RI
WKLV�SKHQRPHQRQ�DUH�DYDLODEOH�LQ�WKH�OLWHUDWXUH�

,Q� WKLV� VWXG\��ZH� UHSRUW�SUHOLPLQDU\�RQ� WKH�REVHUYD�
WLRQV� UHJDUGLQJ� WKH� FRPSRVLWLRQ� RI� DOJDO� DVVHPEODJHV�
WKHLU�EDWK\PHWULF�YDULDWLRQ�DQG�WKH�UHSURGXFWLYH�SKHQRO�
RJ\�RI�:��VHWDFHD�LQ�WKH�DUHD�DW�&DSH�2ÊWUR��7KH�UHVXOWV
SUHVHQWHG� FRQVWLWXWH� WKH� ILUVW� UHSRUW� RQ� H[WHQVLYH� GHYHO�
RSPHQW� RI� DOJDO� WXUIV� LQ� WKH� QRUWKHUQ�$GULDWLF� DQG� SUR�
YLGH� D� EDFNJURXQG� RI� NQRZOHGJH� WKDW� ZLOO� EH� RI� JUHDW
YDOXH�IRU�IXUWKHU�LQYHVWLJDWLRQV�

)LJ�� ��� 6WXG\� DUHD��&DSH�2ÉWUR� �QRUWK�HDVWHUQ� FRDVW� RI
5LMHND�%D\��
6O�� ��� 5D]LVNRYDQR� REPRàMH�� 5W�2ÉWUR� �VHYHURY]KRGQD
REDOD�5HÉNHJD�]DOLYD��

0$7(5,$/�$1'�0(7+2'6

7KH� VWXG\� ZDV� FDUULHG� RXW� QHDU� &DSH�2ÊWUR� �QRUWK�
HDVWHUQ�FRDVW�RI�5LMHND�%D\�����Â�������1����Â�������(�
LQ� ����� �)LJ�� ���� 7KH�PRUSKRORJ\� RI� WKH� DUHD¤V� ERWWRP
YDULHV�ZLWK� GHSWK�� WKH� VXEVWUDWXP�FRQVLVWV� RI� FDUERQDWH
URFNV� �OLPHVWRQH�DQG�GRORPLWHV��EHWZHHQ���DQG���P��D
PL[WXUH� RI� URFN� DQG� VDQG� EHWZHHQ� �� DQG� ��� P�� VDQG
EHWZHHQ����DQG����P��DQG�PXGG\�VDQG�EHORZ����P�

6DPSOHV�ZHUH�FROOHFWHG�DW�GLIIHUHQW�GHSWKV�����������
DQG����P��DQG�LQ�HDFK�VHDVRQ��2YHUDOO�����VDPSOHV����LQ
ZLQWHU����LQ�VXPPHU����LQ�DXWXPQ�DQG����LQ�VSULQJ��ZHUH
FROOHFWHG�� $OJDH� ZHUH� UHPRYHG� IURP� ���� FP�� VTXDUHV
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DQG�WKH�SHUFHQWDJH�FRYHU�RI�HDFK�VSHFLHV�ZDV�HVWLPDWHG
IRU�HDFK�GDWH�DQG�IRU�GLIIHUHQW�GHSWKV����P�����P�����P
DQG����P���7KH�VDPSOHV�ZHUH�SUHVHUYHG�LQ����VHDZDWHU�
IRUPDOLQ� VROXWLRQ� DQG� H[DPLQHG� LQ� WKH� ODERUDWRU\�� 7KH
DOJDO� PDWHULDO� LV� GHSRVLWHG� LQ� WKH� 1DWXUDO� +LVWRU\� 0X�
VHXP�RI�5LMHND�

7KH�DOJDH�ZHUH�GHWHUPLQHG�DW�WKH�EHVW�SRVVLEOH�OHYHO
RI�WD[RQRPLF�UHVROXWLRQ��IRU�:��VHWDFHD��)LJ������GHWDLOHG
REVHUYDWLRQV� RI� WKH� UHSURGXFWLYH� SKHQRORJ\� ZHUH� DOVR
FDUULHG� RXW�� $OJDO� QRPHQFODWXUH� IROORZV� 5LEHUD� HW� DO�
��������*DOODUGR�HW�DO����������DQG�*xPH]�*DUUHWD�HW�DO�
�������

)LJ�� ��� 7KDOOXV� RI�:RPHUVOH\HOOD� VHWDFHD� �EDUU�  � ���
�P��
6O�����6WHOMND�YUVWH�:RPHUVOH\HOOD�VHWDFHD��PHULOR� ����
�P��

5(68/76

2YHUDOO�� ��� VSHFLHV� RI� PDFUREHQWKLF� DOJDH� ZHUH
LGHQWLILHG��7DE���������5KRGRSK\FRWD������������3KDHR�
SK\FRWD���������DQG���&KORURSK\FRWD���������

$W�WKH�WLPH�RI�WKH�VXUYH\��WKH�ERWWRP�RI�WKH�VXUYH\HG
DUHD�ZDV�FRORQL]HG�E\�PDFURDOJDO�DVVHPEODJHV�WKDW�DS�
SHDUHG�YHU\�SRRU�LQ�WHUPV�RI�VSHFLHV�QXPEHU��7KH�LQYHV�
WLJDWHG� DUHD�ZDV�PRVWO\� FRORQL]HG� E\� WXUI�IRUPLQJ� VSH�
FLHV�RYHUJURZLQJ�DOO�W\SHV�RI�VXEVWUDWD�IURP���P�WR����P
GHSWK�

,Q�WHUPV�RI�SUHVHQFH��WKH�PRVW�FRPPRQ�VSHFLHV�ZHUH
WKH� JUHHQ� DOJDH� &KDHWRPRUSKD� OLQXP� �2�)�� 0�OOHU�
.�W]LQJ� DQG� &ODGRSKRUD� QLJUHVFHQV� =DQDUGLQL� H[
)UDXHQIHOG�DQG�WKH�UHG�DOJD�:RPHUVOH\HOOD�VHWDFHD��7KH
VSHFLHV�&��OLQXP�GRPLQDWHG�DW�D�GHSWK�RI���P��&��QLJUHV�
FHQV�DW�GHSWKV�RI����DQG����P��ZKLOH�WKH�GHSWK�RI����P
ZDV�GRPLQDWHG�E\�WKH�UHG�DOJD�:��VHWDFHD��7DEV����������
���

7DE�����&KHFN�OLVW�RI�PDFUREHQWKLF�DOJDH�DW�&DSH�2ÉWUR
�5LMHND�%D\��QRUWKHUQ�$GULDWLF�6HD��
7DE����� 6H]QDP�YUVW�PDNUREHQWRÉNLK�DOJ�SUL�5WX�2ÉWUR
�5HÉNL�]DOLY��VHYHUQR�-DGUDQVNR�PRUMH��

5KRGRSK\FRWD
$QWLWKDPQLRQ�FUXFLDWXP��&��$JDUGK��1lJHOL
%RHUJHVHQLHOOD�IUXWLFXORVD��:XOIHQ��.\OLQ
&HUDPLXP�FLOLDWXP��-��(OOLV��'XFOX]HDX�YDU��UREXVWXP
�-��$JDUGK��)HOGPDQQ�0D]R\HU

&HUDPLXP�WHQHUULPXP��*��0DUWHQV��2NDPXUD
&KDPSLD�SDUYXOD��&��$JDUGK��+DUYH\
&KRQGULD�FRHUXOHVFHQV��-��$JDUGK��)DONHQEHUJ
'LSWHURVLSKRQLD�ULJHQV��&��$JDUGK��)DONHQEHUJ
*HOLGLXP�SXVLOOXP��6WDFNKRXVH��/H�-ROLV
+DOLSWLORQ�YLUJDWXP��=DQDUGLQL��*DUEDU\�HW�+��9�
-RKDQVHQ

+DORSLWK\V�LQFXUYD��+XGVRQ��%DWWHUV
+HUSRVLSKRQLD�VHFXQGD��&��$JDUGK��$PEURQQ�I�
VHFXQGD

-DQLD�UXEHQV��/LQQDHXV��-��9��/DPRXURX[
/DXUHQFLD�VS�
/RSKRVLSKRQLD�REVFXUD��&��$JDUGK��)DONHQEHUJ
1LWRSK\OOXP�SXQFWDWXP��6WDFNKRXVH��*UHYLOOH
3RO\VLSKRQLD�DWUD�=DQDUGLQL
3RO\VLSKRQLD�EUHYLDUWLFXODWD��&��$JDUGK��=DQDUGLQL
3RO\VLSKRQLD�RSDFD��&��$JDUGK��0RULV�	�'H�1RWDULV
3RO\VLSKRQLD�SRO\VSRUD��&�$JDUGK��0RQWDJQH
3RO\VLSKRQLD�VWXSRVD�=DQDUGLQL�H[�.�W]LQJ
3RO\VLSKRQLD�VXEXOLIHUD��&��$JDUGK��+DUYH\
6S\ULGLD�ILODPHQWRVD��:XOIHQ��+DUYH\
:RPHUVOH\HOOD�VHWDFHD��+ROOHQEHUJ��5��(��1RUULV
3KDHRSK\FRWD
&\VWRVHLUD�FRUQLFXODWD��7XUQHU��=DQDUGLQL
'LFW\RWD�GLFKRWRPD��+XGVRQ��-�9��/DPRXURX[�YDU
GLFKRWRPD

'LFW\RWD�IDVFLROD��5RWK��-�9�/DPRXURX[
+DORSWHULV�ILOLFLQD��*UDWHORXS��.�W]LQJ
3DGLQD�SDYRQLFD��/LQQDHXV��-��9��/DPRXURX[
6SKDFHODULD�FLUURVD��5RWK��&��$JDUGK
&KORURSK\FRWD
&KDHWRPRUSKD�OLQXP��2��)��0XHOOHU��.�W]LQ
&ODGRSKRUD�FRHORWKUL[�.�W]LQJ
&ODGRSKRUD�ODHWHYLUHQV��'LOOZLQ��.�W]LQJ
&ODGRSKRUD�OHKPDQQLDQD��/LQGHQEHUJ��.�W]LQJ
&ODGRSKRUD�QLJUHVFHQV�=DQDUGLQL�H[�)UDXHQIHOG
&ODGRSKRUD�SUROLIHUD��5RWK��.�W]LQJ
8OYD�FODWKUDWD��5RWK��&��$JDUGK
8OYD�ODHWHYLUHQV�$UHVFKRXJ
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,Q� WHUPV� RI� SHUFHQWDJH� FRYHU�� WKH� PRVW� DEXQGDQW
VSHFLHV�ZHUH� WKH�JUHHQ�DOJDH�&��QLJUHVFHQV� DQG� WKH� UHG
DOJD�:��VHWDFHD��'XULQJ�WKH�VWXG\��WKH�DEXQGDQFH�RI�&�
QLJUHVFHQV��DW�GLIIHUHQW�GHSWKV��ZDV�JHQHUDOO\�KLJKHU�WKDQ
:�� VHWDFHD�� DOWKRXJK� WKH� DYHUDJH� FRYHU� SHUFHQWDJH� RI
WKHVH� WZR� VSHFLHV� VKRZHG� GLIIHUHQW� WUHQGV� GXULQJ� WKH
VHDVRQV�� 7KH� FRYHU� SHUFHQWDJH� RI� &�� QLJUHVFHQV� LQ�
FUHDVHG�IURP�D�GHSWK�RI���P�WR�D�GHSWK�RI����P�DQG�WKHQ
PDUNHGO\�GHFUHDVHG�WR�D�GHSWK�RI����P��7KH�IOXFWXDWLRQ
RI� WKH� FRYHU� SHUFHQWDJH� RI� WKH� UHG� DOJDH� :�� VHWDFHD
VKRZHG� D� GLIIHUHQW� WUHQG�� LW� LQFUHDVHG� VOLJKWO\� IURP� D
GHSWK�RI���P�WR����P�DQG�WKHQ�GHFUHDVHG�DW�D�GHSWK�RI
���P��)LJ�����

6HDVRQDO� IOXFWXDWLRQ� RI� WKH� FRYHU� SHUFHQWDJH� YDOXHV
VKRZHG� WKDW�DW�DOO�GHSWKV� ���P�����P�����P�����P��� WKH
DEXQGDQFH� RI� &�� QLJUHVFHQV� GHFUHDVHG� LQ� JHQHUDO� IURP
WKH� ZLQWHU� WR� WKH� VXPPHU� DQG� WKHQ� LQFUHDVHG� LQ� WKH
DXWXPQ��ZKLOH� WKH�DEXQGDQFH�RI�:��VHWDFHD�VOLJKWO\�GH�
FUHDVHG�IURP�WKH�ZLQWHU�WR� WKH�DXWXPQ�DW�DOO�GHSWKV� �)LJ�
���

,Q�VSLWH�RI� IUHTXHQW�VDPSOLQJ��:��VHWDFHD�ZDV�QHYHU
REVHUYHG�LQ�D�UHSURGXFWLYH�VWDWH�
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&O��QLJUHVFHQV
:��VHWDFHD

)LJ�����3HUFHQWDJH�FRYHUV�RI�&��QLJUHVFHQV�DQG�:��VHWD�
FHD�DW�GLIIHUHQW�GHSWKV�
6O�����2GVWRWQH�SRNURYQH�YUHGQRVWL�YUVW�&��QLJUHVFHQV�LQ
:��VHWDFHD�QD�UD]OLàQLK�JORELQDK�

',6&866,21

'XULQJ� WKH� VWXG\�� WKH� LQYDVLYH� ILODPHQWRXV� UHG� DOJD
:��VHWDFHD�ZDV�UHFRUGHG�IRU�WKH�ILUVW�WLPH�LQ�5LMHND�%D\�
7KLV�VSHFLHV��RULJLQDOO\�GHVFULEHG�IURP�D�WURSLFDO�ORFDOLW\
DQG�VXEVHTXHQWO\�UHSRUWHG�IRU�RWKHU�WURSLFDO�UHJLRQV��KDV
UHFHQWO\� EHFRPH�ZLGHVSUHDG� LQ� WKH�0HGLWHUUDQHDQ� 6HD
�9HUODTXH��������������$LUROGL�HW�DO���������5LQGL�	�&L�
QHOOL��������$WKDQDVLDGLV��������5LQGL�HW�DO����������DQG
LQ�WKH�QRUWKHUQ�$GULDWLF�6HD��6DUWRQL�	�5RVVL��������

7KH�SKHQRORJLFDO�REVHUYDWLRQV�VXJJHVW�WKDW�WKH�FROR�
QL]DWLRQ� RI�:�� VHWDFHD� SURFHHGHG� E\� YHJHWDWLYH� UHSUR�
GXFWLRQ��ZKLFK� LV� VR� IDU� WKH� RQO\� IRUP� RI� UHSURGXFWLRQ
NQRZQ�ERWK� LQ� WKH� ILHOG� DQG� LQ� FXOWXUHV� RI� WKLV� VSHFLHV
IURP�YDULRXV�DUHDV�RI� WKH�0HGLWHUUDQHDQ�6HD� �$LUROGL�HW
DO��������5LQGL�HW�DO���������5LQGL�	�&LQHOOL��������
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:LQWHU 6SULQJ 6XPPHU $XWXPQ
6HDVRQ

3H
UFH

QWD
JH

�FR
YH

U

&O��QLJUHVFHQV
:��VHWDFHD

B

����
���� ���� ����

��� ��� ��� ���
�

��
��
��
��

:LQWHU 6SULQJ 6XPPHU $XWXPQ
6HDVRQ

3H
UFH

QWD
JH

�FR
YH

U

C

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

:LQWHU 6SULQJ 6XPPHU $XWXPQ
6HDVRQ

3H
UFH

QWD
JH

�FR
YH

U

D

���
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�
��

:LQWHU 6SULQJ 6XPPHU $XWXPQ
6HDVRQ

3H
UFH

QWD
JH

�FR
YH

U

)LJ�����7HPSRUDO�IOXFWXDWLRQ�RI�PHDQ�FRYHU�RI�&��QLJUHV�
FHQV�DQG�:��VHWDFHD�DW�D�GHSWK�RI��$����P���%�����P���&�
���P�DQG��'�����P�
6O�����6H]RQVNH�YDULDFLMH�SRNURYQLK�YUHGQRVWL�YUVW�&��QL�
JUHVFHQV�LQ�:��VHWDFHD�QD�JORELQL��$����P���%�����P���&�
���P�LQ��'�����P�

7KH�SUHVHQW�UHVXOWV�VKRZ�WKDW�WXUIV�RI�:��VHWDFHD�FDQ
JURZ� RQ� DOO� W\SHV� RI� VXEVWUDWXP� �URFN�� VDQG� DQG� PXG�
DQG�DW�GLIIHUHQW�GHSWKV�LQ�WKH�LQYHVWLJDWHG�DUHD��$OWKRXJK
:�� VHWDFHD� KDV� EHHQ� UHFRUGHG� LQ� WKH� $GULDWLF� RQO\� UH�
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FHQWO\�� WKH�H[WHQVLYH�GHYHORSPHQW�RI� WKLV�DOJD� LQ�5LMHND
%D\�UHIOHFWV� WKH� IDVW�DQG�DJJUHVVLYH�SURSDJDWLRQ�DOUHDG\
UHSRUWHG� IRU� WKH� ZHVWHUQ� 0HGLWHUUDQHDQ� 6HD� �9HUODTXH�
������$LUROGL�HW�DO���������$WKDQDVLDGLV��������5LQGL�	
&LQHOOL�� ������ 3LD]]L�	�&LQHOOL�� ������ %RXGRXUHVTXH�	
9HUODTXH��������

7DE�� ��� $OJDO� VSHFLHV� UHFRUGHG� LQ� WKH� VWXG\� DUHD� DW� D
GHSWK�RI���P�ZLWK�DYHUDJH�YDOXHV���&RYHU�DEXQGDQFH
YDOXHV�
7DE�����9UVWH�DOJ�QD�UD]LVNDQHP�REPRàMX�QD�JORELQL���P
V� SRNURYQLPL� YUHGQRVWPL�� �9UHGQRVWL� SRNURYQH� JRV�
WRWH�

6SHFLHV )HE 0DU $SU 0D\ -XQ -XO $XJ 1RY 'HF
$��FUXFLDWXP ��� ��� ��� ��� ��� ��� ��� ��� ���
%��IUXWLFXORVD ���� ��� ��� ��� ��� ���� ��� ��� ���
&��FLOLDWXP�Y�
UREXVWXP ��� ��� ��� ��� ��� ��� ��� ��� ���
&��FRHUXOHVFHQV ���� ��� ��� ��� ��� ��� ��� ��� ���
&��ODHWHYLUHQV ��� ��� ��� ��� ���� ��� ��� ��� ���
&��WHQHUULPXP ��� ��� ��� ��� ��� ��� ��� ��� ���
&K��OLQXP ��� ��� ��� ��� ��� ��� ��� ��� ���
&O��FRHORWKUL[ ��� ��� ��� ��� ��� ��� ��� ��� ���
&O��OHKPDQQLDQD ��� ��� ��� ��� ���� ��� ��� ��� ���
&O��QLJUHVFHQV ���� ���� ��� ���� ���� ���� ��� ��������
&O��SUROLIHUD ��� ��� ��� ��� ��� ��� ��� ��� ���
&\��FRUQLFXODWD ��� ��� ���� ��� ��� ��� ��� ��� ���
'��GLFKRWRPD ��� ���� ���� ��� ��� ��� ��� ��� ����
'��IDVFLROD ��� ��� ��� ��� ���� ��� ���� ��� ����
'��ULJHQV ��� ��� ��� ��� ��� ��� ���� ��� ���
*��SXVLOOXP ��� ��� ��� ��� ��� ��� ��� ��� ���
+��ILOLFLQD ��� ��� ��� ��� ��� ��� ��� ��� ���
+��LQFXUYD ��� ��� ��� ��� ��� ��� ��� ��� ���
+��VHFXQGD ��� ��� ��� ��� ��� ��� ��� ��� ���
/��REVFXUD ��� ��� ��� ��� ��� ��� ��� ��� ���
/DXUHQFLD�VS� ��� ��� ���� ��� ���� ���� ���� ���� ���
1��SXQFWDWXP ��� ��� ��� ��� ��� ��� ��� ��� ���
3��DWUD ��� ��� ��� ��� ��� ��� ��� ��� ���
3��EUHYLDUWLFXODWD ��� ��� ��� ��� ��� ��� ��� ��� ���
3��RSDFD ��� ��� ��� ��� ��� ��� ��� ��� ���
3��SRO\VSRUD ��� ��� ��� ��� ��� ��� ��� ��� ���
3��VHUWXODULRLGHV ��� ��� ��� ��� ��� ��� ��� ��� ���
3��VWXSRVD ��� ��� ��� ��� ��� ��� ��� ��� ���
3��VXEXOLIHUD ��� ���� ��� ��� ��� ��� ��� ��� ���
6��ILODPHQWRVD ��� ��� ��� ��� ��� ��� ��� ��� ���
6S��FLUURVD ��� ��� ��� ��� ��� ��� ��� ��� ���
:��VHWDFHD ��� ���� ���� ��� ��� ��� ��� ��� ���

&RYHU�DEXQGDQFH�YDOXHV���9UHGQRVWL�SRNURYQH�JRVWRWH�

&ODVV ��FRYHU $YHUDJH�YDOXHV
� ��� ���
� �������� ���
� ��������� ����
� ���������� ����
� ���������� ����
� ��������� ����

,Q� WKH� FRXUVH� RI� WKH� VXUYH\�� ODUJH�VL]HG� HUHFW� DOJDH
DSSHDUHG� WR� EH� UDUH�� 7KH� KLJK� GRPLQDQFH� RI� WKH� WXUI�
IRUPLQJ�DOJDH�PLJKW�QHJDWLYHO\�DIIHFW�WKH�GHYHORSPHQW�RI
VRPH� HUHFW� VSHFLHV�� VXFK� DV�'LFW\RWD� GLFKRWRPD� �+XG�
VRQ��-��9��/DPRXURX[��'LFW\RWD� IDVFLROD� �5RWK�� -��9��/DP�
RXURX[��3DGLQD�SDYRQLFD��/LQQDHXV��-��9��/DPRXURX[�DQG
&\VWRVHLUD� FRUQLFXODWD� �7XUQHU�� =DQDUGLQL�� 7KLV� LV� LQ
DJUHHPHQW�ZLWK�WKH�VWXGLHV�FDUULHG�RXW�LQ�RWKHU�UHJLRQV�RI
WKH�0HGLWHUUDQHDQ��ZKLFK�KDYH�VKRZQ�WKDW�WKH�PRQRSR�
OL]DWLRQ�RI� VXEVWUDWXP�E\� WXUI�IRUPLQJ� ILODPHQWRXV� DOJDH
FDQ� SUHYHQW� WKH� GHYHORSPHQW� RI� RWKHU� PDFURDOJDH� E\
RYHUJURZWK� DQG� DFFXPXODWLRQ� RI� VHGLPHQW��PDNLQJ� WKH
VHWWOHPHQW� RI� VSRUHV� DQG� WKH� VXUYLYDO� RI� MXYHQLOH� VWDJHV
LPSRVVLEOH�DQG�WKXV�UHGXFLQJ�VSHFLHV�GLYHUVLW\�DQG�HTXL�
WDELOLW\��$LUROGL�HW�DO���������0RUDQG�	�%ULDQG��������$L�
UROGL�	�9LUJLOLR��������3LD]]L�	�&LQHOOL��������

7KH� SUHVHQW� REVHUYDWLRQV�� KRZHYHU�� DUH� EDVHG� RQ� D
UHODWLYHO\� VKRUW� VDPSOLQJ�SHULRG�DQG�GR�QRW� DOORZ� IRU� D
IRUPXODWLRQ� RI� UHOHYDQW� FRQFOXVLRQV� RQ� WKH� LPSDFW� RI
WKHVH�DOJDO�WXUIV�LQ�5LMHND�%D\��2EVHUYDWLRQV�LQ�D�ORQJHU
WHPSRUDO� VSDQ� DQG� VWXGLHV� EDVHG� RQ� DQ� H[SHULPHQWDO
DSSURDFK��DV�FDUULHG�RXW� IRU�RWKHU�SDUWV�RI� WKH�0HGLWHU�

7DE�� ��� $OJDO� VSHFLHV� UHFRUGHG� LQ� WKH� VWXG\� DUHD� DW� D
GHSWK�RI����P�ZLWK�DYHUDJH�YDOXHV���VHH�7DEOH���
7DE�����9UVWH�DOJ�QD�UD]LVNDQHP�REPRàMX�QD�JORELQL���
P�V�SRNURYQLPL�YUHGQRVWPL���JOHM�7DEHOR���

6SHFLHV )HE 0DU $SU 0D\ -XQ -XO $XJ 1RY 'HF
&��FRHUXOHVFHQV ��� ��� ��� ��� ��� ��� ��� ��� ���
&��SDUYXOD ��� ��� ��� ��� ��� ��� ��� ��� ���
&H��FLOLDWXP�Y�
UREXVWXP ��� ��� ��� ��� ��� ��� ��� ��� ���
&H��WHQHUULPXP ��� ��� ��� ��� ��� ��� ��� ��� ���
&K��OLQXP ��� ��� ��� ��� ��� ��� ��� ��� ���
&O��ODHWHYLUHQV ��� ���� ���� ��� ��� ��� ��� ��� ���
&O��OHKPDQQLDQD ��� ��� ��� ��� ��� ��� ��� ��� ���
&O��QLJUHVFHQV ���� ���� ���� ���� ���� ���� ��� ��������
&O��SUROLIHUD ��� ��� ��� ��� ��� ��� ��� ��� ���
&\��FRUQLFXODWD ��� ��� ��� ��� ��� ��� ���� ��� ���
'��GLFKRWRPD ��� ��� ��� ��� ��� ��� ��� ��� ���
'��IDVFLROD ��� ��� ��� ��� ��� ��� ���� ��� ���
'��ULJHQV ��� ��� ��� ��� ��� ��� ��� ��� ���
*��SXVLOOXP ��� ��� ��� ��� ��� ��� ��� ��� ���
+��ILOLFLQD ��� ��� ��� ��� ��� ��� ��� ��� ���
+��LQFXUYD ��� ��� ��� ��� ��� ��� ��� ��� ���
/��REVFXUD ��� ��� ��� ��� ��� ��� ��� ��� ���
/DXUHQFLD�VS� ��� ��� ��� ��� ��� ��� ��� ��� ���
3��DWUD ��� ��� ��� ��� ��� ��� ��� ��� ���
3��EUHYLDUWLFXODWD ��� ��� ��� ��� ��� ��� ��� ��� ���
3��RSDFD ��� ��� ��� ��� ��� ��� ��� ��� ���
3��SRO\VSRUD ��� ��� ��� ��� ��� ��� ��� ��� ���
3��VHUWXODULRLGHV ��� ��� ��� ��� ��� ��� ��� ��� ���
3��VWXSRVD ��� ��� ��� ��� ��� ��� ��� ��� ���
3��VXEXOLIHUD ��� ��� ��� ��� ��� ��� ��� ��� ���
6��ILODPHQWRVD ��� ��� ��� ��� ��� ��� ��� ��� ���
6S��FLUURVD ��� ��� ��� ��� ��� ��� ��� ��� ���
:��VHWDFHD ��� ���� ���� ��� ��� ��� ��� ��� ���
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7DE�� ��� $OJDO� VSHFLHV� UHFRUGHG� LQ� WKH� VWXG\� DUHD� DW� D
GHSWK�RI����P�ZLWK�DYHUDJH�YDOXHV���VHH�7DEOH���
7DE�����9UVWH�DOJ�QD�UD]LVNDQHP�REPRàMX�QD�JORELQL���
P�V�SRNURYQLPL�YUHGQRVWPL���JOHM�7DEHOR���

6SHFLHV )HE 0DU $SU 0D\ -XQ -XO $XJ 1RY 'HF
%��IUXWLFXORVD ��� ��� ��� ��� ��� ��� ��� ��� ���
&��FRHUXOHVFHQV ��� ��� ��� ��� ��� ��� ��� ��� ���
&H��WHQHUULPXP ��� ��� ��� ��� ��� ��� ��� ��� ���
&K��OLQXP ��� ��� ��� ��� ��� ��� ��� ��� ���
&O��QLJUHVFHQV ���� ���� ���� ���� ���� ���� ��� ���� ���
&O��ODHWHYLUHQV ��� ���� ���� ��� ��� ��� ���� ��� ���
&O��OHKPDQQLDQD ��� ��� ��� ��� ��� ��� ��� ��� ���
&O��SUROLIHUD ��� ��� ��� ��� ��� ��� ��� ��� ���
&\��FRUQLFXODWD ��� ��� ��� ��� ��� ��� ���� ��� ���
'��GLFKRWRPD ��� ��� ��� ��� ��� ��� ���� ��� ���
'��ULJHQV ��� ��� ��� ��� ��� ��� ��� ��� ���
+��LQFXUYD ��� ��� ��� ��� ��� ��� ��� ��� ���
/��REVFXUD ��� ��� ��� ��� ��� ��� ��� ��� ���
/DXUHQFLD�VS� ��� ��� ��� ��� ��� ��� ��� ��� ���
3��DWUD ��� ��� ��� ��� ��� ��� ��� ��� ���
3��RSDFD ��� ��� ��� ��� ��� ��� ��� ��� ���
3��VHUWXODULRLGHV ��� ��� ��� ��� ��� ��� ��� ��� ���
3��VWXSRVD ��� ��� ��� ��� ��� ��� ��� ��� ���
3��VXEXOLIHUD ��� ��� ��� ��� ��� ��� ��� ��� ���
6��FLUURVD ��� ��� ��� ��� ��� ��� ��� ��� ���
6��ILODPHQWRVD ��� ��� ��� ��� ��� ��� ��� ��� ���
:��VHWDFHD ���� ���� ���� ��� ��� ��� ��� ��� ���

UDQHDQ��ZLOO�EH�QHFHVVDU\�WR�XQGHUVWDQG�EHWWHU�WKH�HIIHFWV
RI�WKH�GHYHORSPHQW�RI�DOJDO�WXUIV��,W�LV�WKHUHIRUH�YHU\�LP�
SRUWDQW�WKDW�WKH�VFLHQWLILF�LQVWLWXWLRQV�FRQWLQXH�WR�PRQLWRU
WKH� GLVWULEXWLRQ� DQG� SHUVLVWHQFH� RI� WXUIV� RI�:�� VHWDFHD
DQG� WKHLU� HIIHFWV� RQ� WKH� VWUXFWXUH� RI� VXEWLGDO� DVVHP�
EODJHV�

7DE�� ��� $OJDO� VSHFLHV� UHFRUGHG� LQ� WKH� VWXG\� DUHD� DW� D
GHSWK�RI����P�ZLWK�DYHUDJH�YDOXHV���VHH�7DEOH���
7DE�����9UVWH�DOJ�QD�UD]LVNDQHP�REPRàMX�QD�JORELQL���
P�V�SRNURYQLPL�YUHGQRVWPL���JOHM�7DEHOR���

6SHFLHV )HE 0DU $SU 0D\ -XQ -XO $XJ 1RY 'HF
%��IUXWLFXORVD ��� ��� ��� ��� ��� ��� ��� ��� ���
&H��FLOLDWXP�Y�
UREXVWXP ��� ��� ��� ��� ��� ��� ��� ��� ���
&K��OLQXP ��� ��� ��� ��� ��� ��� ��� ��� ���
&O��OHKPDQQLDQD ��� ��� ��� ��� ��� ��� ��� ��� ���
&O��QLJUHVFHQV ���� ��� ��� ���� ��� ��� ��� ��� ����
&O��SUROLIHUD ��� ��� ��� ��� ��� ��� ��� ��� ���
'��GLFKRWRPD ��� ��� ��� ��� ���� ��� ��� ��� ���
'��ULJHQV ��� ��� ��� ��� ��� ��� ��� ��� ���
+��ILOLFLQD ���� ��� ��� ��� ��� ��� ��� ��� ���
+��LQFXUYD ��� ��� ��� ��� ��� ��� ��� ��� ���
+��VHFXQGD ��� ��� ��� ��� ��� ��� ��� ��� ���
/DXUHQFLD�VS� ��� ��� ��� ��� ���� ��� ��� ��� ���
3��DWUD ��� ��� ��� ��� ��� ��� ��� ��� ���
3��SDYRQLFD ��� ��� ��� ��� ��� ��� ��� ��� ���
3��VWXSRVD ��� ��� ��� ��� ��� ��� ��� ��� ���
6��FLUURVD ��� ��� ��� ��� ��� ��� ��� ��� ���
8��FODWKUDWD ��� ��� ��� ��� ��� ��� ��� ��� ���
:��VHWDFHD ��� ���� ��� ���� ��� ��� ��� ��� ���

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

:H� DUH� JUDWHIXO� WR� 'U� )DELR� 5LQGL� IURP� WKH� 0DUWLQ
5\DQ� ,QVWLWXWH� RI� *DOZD\� �,UHODQG�� IRU� KLV� DGYLFH� DQG
KHOS�ZLWK�WKH�UHYLVLRQ�RI� WKH� WH[W��:H�ZLVK� WR� WKDQN�'U
'RQDWHOOD�6HULR�IURP�WKH�8QLYHUVLW\�RI�&DWDQLD��,WDO\��IRU
KHU� DVVLVWDQFH� LQ� WKH� GHWHUPLQDWLRQ� RI� VRPH� DOJDO� VSH�
FLHV�

32-$9/-$1-(�*267,+�35(9/(.�,19$=,91(�5'(à(�$/*(�:20(56/(<(//$
6(7$&($��+2//(1%(5*��5��(��1255,6�9�,1)5$/,725$/8�5(É.(*$�=$/,9$

�6(9(512�-$'5$16.2�025-(�

&ODXGLR�%$77(//,
8QLYHU]D�QD�3ULPRUVNHP��3HGDJRÊND�IDNXOWHWD�.RSHU��6,������.RSHU��&DQNDUMHYD��

(�PDLO��FODXGLR�EDWWHOOL#JXHVW�DUQHV�VL

0LOYDQD�$5.2�3,-(9$&
3ULURGRVORYQL�PX]HM�5LMHND��+5�������5LMHND��/RUHQ]RY�SUROD]����+UYDÊND

329=(7(.

ÞODQHN�REUDYQDYD�UH]XOWDWH�UD]LVNDYH�PRUVNH�PDNUREHQWRÈNH�IORUH�DOJ�LQIUDOLWRUDOD�SUL�UWX�2ÈWUR��5HÈNL�]DOLY��VHY�
HUQR�-DGUDQVNR�PRUMH���ÇWXGLMD��QDSUDYOMHQD�Y� OHWX������� WHPHOML�QD�VH]RQVNHP�Y]RUßHQMX�QD�UD]OLßQLK�JORELQDK� ���
�������LQ����P���5H]XOWDWL�NDÊHMR��GD�MH�IORUD�DOJ�VHVWDYOMHQD�SUHGYVHP�L]�JRVWLK�SUHYOHN�PDNUREHQWRÈNLK�DOJ��6NXSQR
MH�ELOR�GRORßHQLK����DOJ��PHG�NDWHULPL�MH�ELOR����UGHßLK������������UMDYLK���������LQ���]HOHQLK����������3ULND]DQD�MH
ßDVRYQD� YDULDFLMD� SRNURYQLK� YUHGQRVWL� QDMEROM� SRJRVWLK� YUVW� �&ODGRSKRUD� QLJUHVFHQV� =DQDUGLQL� H[� )UDXHQIHOG� LQ
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:RPHUVOH\HOOD�VHWDFHD��+ROOHQEHUJ��5��(��1RUULV���9�ßODQNX�MH�SUYLß�]DEHOHÊHQR�SRMDYOMDQMH�UGHßH�QLWDVWH�DOJH�:��VH�
WDFHD�QD�WHP�REPRßMX��NL�VH�WX�SRMDYOMD�QD�YVHK�JORELQDK�LQ�Y�YVHK�OHWQLK�ßDVLK��YHQGDU�QLNROL�Y�IHUWLOQL�REOLNL��'RVH�
GDQMH�ÈWXGLMH�R�YUVWL�:��VHWDFHD�VR�SRND]DOH��GD�VH�YUVWD�Y�6UHGR]HPVNHP�PRUMX�UD]PQRÊXMH�YHJHWDWLYQR�LQ�KLWUR�ÈLUL
SR�YVHK�YUVWDK�SRGODJH��]DWR� VH� WD�DOJD�SULÈWHYD�N� LQYD]LYQLP�YUVWDP��ÞODQHN�REUDYQDYD� WXGL�SRVOHGLFH�PDVLYQHJD
SRMDYOMDQMD�JRVWLK�SUHYOHN�PDNUREHQWRÈNLK�DOJ�QD�VHVWDYR�]GUXÊE�DOJ�

.OMXÞQH�EHVHGH��SUHYOHNH�DOJ��:RPHUVOH\HOOD�VHWDFHD��LQIUDOLWRUDO��VHYHUQR�-DGUDQVNR�PRUMH��5HÊNL�]DOLY

5()(5(1&(6

$LUROGL�� /���)�� 5LQGL�� /�� 3LD]]L�	�)��&LQHOOL� ��������'LV�
WULEX]LRQH� GL� 3RO\VLSKRQLD� VHWDFHD� �5KRGRPHODFHDH�
5KRGRSK\WD�� +ROOHQEHUJ� LQ� 0HGLWHUUDQHR� H� SRVVLELOL
PRGDOLWj�GL�GLIIXVLRQH��%LRO��0DU��0HGLW��������������
$LUROGL�� /��� )�� 5LQGL�	� )��&LQHOOL� �������� 6WUXFWXUH�� VHD�
VRQDO� G\QDPLFV� DQG� UHSURGXFWLYH� SKHQRORJ\� RI� D� ILOD�
PHQWRXV� WXUI� DVVHPEODJH� RQ� D� VHGLPHQW� LQIOXHQFHG�
URFN\�VXEWLGDO�VKRUH��%RW��0DU���������������
$LUROGL�� /�� 	� 0�� 9LUJLOLR� �������� 5HVSRQVHV� RI� WXUI�
IRUPLQJ� DOJDH� WR� VSDWLDO� YDULDWLRQV� LQ� WKH� GHSRVLWLRQ� RI
VHGLPHQWV��0DU��(FRO��3URJ��6HU����������������
$WKDQDVLDGLV��$����������1RUWK�$HJHDQ�PDULQH�DOJDH�,9�
:RPHUVOH\HOOD� VHWDFHD� �+ROOHQEHUJ�� 5�� (�� 1RUULV� �5KR�
GRSK\WD��&HUDPLDOHV���%RW��0DU���������������
%DUWK�� +�� 	� /�� )DJDQ� �������� (XWURSKLFDWLRQ�UHODWHG
SKHQRPHQD� LQ� WKH�$GULDWLF�6HD�DQG� LQ�RWKHU�0HGLWHUUD�
QHDQ�FRDVWDO�]RQHV��&RPPLVVLRQ�RI� WKH�(XURSHDQ�&RP�
PXQLWLHV�ZDWHU�3ROOXWLRQ�5HVHDUFK�5HSRUW�����SS�
%DWWHOOL��&��	�,��+��7DQ���������8OYD�VFDQGLQDYLFD�%OLG�
LQJ�� �&KORURSK\WD��� D� QHZ� VSHFLHV� IRU� WKH� $GULDWLF� 6HD�
$QQDOHV�6HU��+LVW��1DW�����������������
%DWWHOOL��&��	�0��$UNR�3LMHYDF���������6WUXFWXUH�DQG�VHD�
VRQDO�YDULDWLRQV�RI�D�VXEWLGDO�WXUI�GRPLQDWHG�DVVHPEODJH
RI� WKH� 2ÊWUR� &DSH� �5LMHND� %D\�� 1RWKHUQ� $GULDWLF� 6HD��
(0%6� ����0DULQH� ELRGLYHUVLW\�� 6HSWHPEHU� ������ �����
$YHLUR�� 3RUWXJDO�� %RRN� RI� $EVWUDFWV�� 8QLYHUVLGDGH� GH
$YHLUR��$YHLUR��S������
%RXGRXUHVTXH��&�� )��	�0��9HUODTXH� ��������$OLHQ�PD�
ULQH� RUJDQLVPV� LQWURGXFHG� E\� VKLSV�� &,(60� :RUNVKRS
0RQRJUDSKV�QR����������1RYHPEHU�������,VWDQEXO��7XU�
NH\��S��������
&XULHO�� '��� *�� %HOOHPR� 	� 0�� 0DU]RFFKL� �������� 1HZ
UHFRUGV�RI�PDULQH�DOJDH�LQ�WKH�/DJRRQ�RI�9HQLFH��*��%RW�
,WDO����������������
&XULHO��'���*��%HOOHPR��%��/D�5RFFD��0��6FDWWROLQ�	�0�
0DU]RFFKL���������)LUVW�5HSRUW�RI�3RO\VLSKRQLD�PRUURZLL
+DUYH\� �&HUDPLDOHV�� 5KRGRSK\WD�� LQ� WKH�0HGLWHUUDQHDQ
6HD��%RW��0DU�������������
*DOODUGR��7���$��*uPH]�*DUUHWD��0��$��5LEHUD��0��&RU�
PDFL��*�� )XUQDUL��*��*LDFFRQH�	�&��+�� %RXGRXUHVTXH
��������&KHFN�OLVW�RI�0HGLWHUUDQHDQ�VHDZHHGV�� ,,��&KOR�
URSK\FHDH�:LOOH�V�O��%RW��0DU������������������

*DUJLXOR��*��0���)��'H�0DVL�	�*��7ULSRGL� ��������6DU�
JDVVXP� PXWLFXP� �<HQGR�� )HUQVKROW� �3KDHRSK\WD�� )X�
FDOHV�� LV� VSUHDGLQJ� LQ� WKH� /DJRRQ� RI� 9HQLFH� �1RUWKHUQ
$GULDWLF�6HD���*��%RW��,WDO�������S������
*RGLQL��$��	�$��$YDQ]LQL���������8QD�VSHFLH�QXRYD�SHU
LO�*ROIR�GL�7ULHVWH��1RUG�$GULDWLFR���&RGLXP�IUDJLOH��6XU��
+DULRW� �&KORURSK\WD��� $WWL��0XV�� &LY�� 6WRU�� 1DW�� 7ULHVWH�
��������������
*uPH]�*DUUHWD��$���7��*DOODUGR��0��$��5LEHUD��0��&RU�
PDFL�� *�� )XUQDUL�� *�� *LDFFRQH� 	� &�� )�� %RXGRXUHVTXH
�������� &KHFNOLVW� RI�0HGLWHUUDQHDQ� 6HDZHHGV�� ,,,�� 5KR�
GRSK\FHDH�5DEHQK�����&HUDPLDOHV�2OWP��%RW��0DU������
��������
-DNOLQ��$��	�0��$UNR�3LMHYDF���������%HQWKLF�ELRFRHQR�
VHV� RI� WKH� 6Y�� 0DUNR� ,VOHW� �5LMHND� ED\��� 3HULRG�� %LRO��
���������������
0RUDQG�� 3�� 	� ;�� %ULDQG� �������� ([FHVVLYH� JURZWK� RI
PDFURDOJDH�� D� V\PSWRP� RI� HQYLURQPHQWDO� GLVWXUEDQFH�
%RW��0DU���������������
0XQGD�� ,�� 0�� �������� 2Q� WKH� VHDVRQDO� GLVWULEXWLRQ� RI
EHQWKLF�PDULQH�DOJDH�DORQJ�WKH�QRUWKHDVWHUQ�FRDVW�RI�WKH
LVOH�RI�.UN� �1RUWKHUQ�$GULDWLF���1RYD�+HGZLJLD�� �������
��������
2UODQGR�%RQDFD��0����������$�VXUYH\�RI�WKH�LQWURGXFHG
QRQ�LQGLJHQRXV� VSHFLHV� LQ� WKH� 1RUWKHUQ� $GULDWLF� 6DH�
$QQDOHV�6HU��+LVW��1DW������������������
3DW]QHU�� 5�� $�� �������� 7KH� LQYDVLRQ� RI� /RSKRFODGLD
�5KRGRPHODFHDH��/RSKRWDOLHDH��DW� WKH�QRUWKHUQ�FRDVW�RI
,EL]D� �ZHVWHUQ�0HGLWHUUDQHDQ� 6HD��� %RO�� 6RF��+LVW�� 1DW�
%DOHDUV������������
3LD]]L�� /�� 	� )�� &LQHOOL� �������� 'LVWULEXWLRQ� DQG� GRPL�
QDQFH�RI�WZR�LQWURGXFHG�WXUI�IRUPLQJ�PDFURDOJDH�RQ�WKH
FRDVW�RI�7XVFDQ\��,WDO\��QRUWKZHVWHUQ�0HGLWHUUDQHDQ�6HD
LQ� UHODWLRQ� WR� GLIIHUHQW� KDELWDWV� DQG� VHGLPHQWDWLRQ�� %RW�
0DU���������������
5LEHUD��0��$���$��*RPH]�*DUUHWD��7��*DOODUGR��0��&RU�
PDFL�� *�� )XUQDUL� 	�*�� *LDFFRQH� �������� &KHFN�OLVW� RI
0HGLWHUUDQHDQ� 6HDZHHGV�� ,�� )XFRSK\FHDH� �:DUPLQJ�
�������%RW��0DU���������������
5LQGL��)��	�)��&LQHOOL���������&RQWULEXWLRQ�WR�WKH�NQRZO�
HGJH� RI� WKH� EHQWKLF� DOJDO� IORUD� RI� WKH� ,VOH� RI� $OERUDQ�
ZLWK�QRWHV�RQ�VRPH�OLWWOH�NQRZQ�VSHFLHV�LQ�WKH�0HGLWHU�
UDQHDQ��&U\SWRJDPLH�$OJRO���������������
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5LQGL��)��	�)��&LQHOOL���������3KHQRORJ\�DQG�VPDOO�VFDOH
GLVWULEXWLRQ� RI� VRPH� UKRGRPHODFHDQ� UHG� DOJDH� RQ� D
ZHVWHUQ�0HGLWHUUDQHDQ� URFN\� VKRUH��(XU�� -��3K\FRO������
��������
5LQGL��)���0��'��*XLU\�	�)��&LQHOOL� ��������0RUSKRORJ\
DQG� UHSURGXFWLRQ� RI� WKH� DGYHQWLYH�0HGLWHUUDQHDQ� 5KR�
GRSK\WD�3RO\VLSKRQLD�VHWDFHD��+\GURELRORJLD����������
�������
5LVPRQGR��$���6��9ROSH��'��&XULHO�	�$��6ROD]]L� �������
6HJQDOD]LRQH�GL�8QGDULD�SLQQDWLILGD��+DUYH\��6XULQJDU�D
&KLRJJLD� �/DJXQD� GL� 9HQH]LD��� /DYRUL� 6RF�� 9HQ�� 6FL�
1DW���������������
5L]]L� /RQJR�� /�� �������� &DPSLRQDPHQWL� GL� DOJKH� EHQ�
WRQLFKH�QHO�4XDUQHUR��$WWL�0XV��&LY��6WRU��1DW�� 7ULHVWH�
�����������
6DUWRQL��*��	�6��5RVVL���������1HZ�UHFRUGV�IRU�WKH�EHQ�
WKLF� DOJDO� IORUD� RI� WKH� 1RUWKHUQ� $GULDWLF� 6HD�� )ORUD
0HGLW�����������
ÆSDQ�� $��� %�� $QWROLÜ� 	� $�� ÈXOMHYLÜ� �������� 7KH� JHQXV
&DXOHUSD��&DXOHUSDOHV��&KORURSK\WD��LQ�WKH�$GULDWLF�6HD�
5DSS��&RPP��LQW��0HU�0pGLW���������������
9HUODTXH��0����������&RQWULEXWLRQ�j� OD� IORUH�GHV�DOJXHV
GH� 0pGLWHUUDQpH�� (VSpFHV� UDUH� RX� QRXYHOOHV� SRXU� OHV
FzWHV�)UDQoDLVHV��%RW��0DU���������������

9HUODTXH��0�� �������� ,QYHQWDLUH� GHV� SODQWHV� LQWURGXLWHV
HQ� 0pGLWHUUDQpH�� RULJLQHV� HW� UpSHUFXVVLRQV� VXU
O¤HQYLURQQHPHQW� HW� OHV� DFWLYLWpV� KXPDLQHV�� 2FHDQRO�
$FWD��������������
=DKWLOD�� (�� �������� ,9�� %LRPRQLWRULQJ� LQ� VLWX� HNVSRQLUD�
QLK� PRUVNLK� RUJDQL]DPD�� ,]YMHÊWDM� R� SUDßHQMX� XWMHFDMD
REMHNDWD�',1$�2PLÊDOM�QD�RNROLÊ�X�������JRGLQL��==-=�
5LMHND��S��������
=DYRGQLN��1�� ��������3ULOR]L�PRUVNRM� IORUL� L� IDXQL� ORÊLQ�
MVNH�RWRáQH�VNXSLQH��,��$OJH��2WRáNL�OMHWRSLV�&UHV�/RÊLQM�
�����������
=DYRGQLN��'��	�1��=DYRGQLN� �������� 6XUYH\�RI�EHQWKLF
FRPPXQLWLHV� LQ� WKH� DUHD� RI� 2VRU� �1RUWK� $GULDWLF� 6HD��
$FWD�$GULDW��������������������
=DYRGQLN��'���$��ÆSDQ��1��=DYRGQLN��$��ÆLPXQRYLÜ�	�%�
$QWROLÜ� �������� %HQWKRV� RI� WKH�ZHVWHUQ� FRDVW� RI� WKH� LV�
ODQG�.UN� �5LMHND�%D\�� WKH�1RUWK�$GULDWLF�6HD���7KDODVVLD
-XJRVO��������������������
=DYRGQLN��1���$��-DNOLQ�	�È��/DEXUD���������3RMDYD�WURS�
VNH� DOJH� &DXOHUSD� WD[LILOLD� X� ULMHáNRP� ]DOMHYX�� 3ULUR�
GRVORYQD� LVWUDÌLYDQMD� ULMHáNRJ� SRGUXáMD�� 3ULURGRVORYQL
PX]HM�5LMHND��3ULURGRVORYQD�ELELOLRWHND��VWU����������
ÈXOMHYLÜ��$��	�%��$QWROLÜ���������&URDWLD��,Q��3URFHHGLQJ
RI� WKH� ZRUNVKRS� RQ� LQYDVLYH� &DXOHUSD� VSHFLHV� LQ� WKH
0HGLWHUUDQHDQ��0$3� 7HFKQLFDO� 5HSRUW� 6HULHV� 1R�� ����
S����������


