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6RQJ�+LQK�3URWHFWHG�)RUHVW� LV�VLWXDWHG�LQ�WKH�6RQJ�+LQK�'LVWULFW�RI�3KX�<HQ�
3URYLQFH� LQ� WKH� 6RXWK�&HQWUDO� &RDVWDO� UHJLRQ� RI� 9LHWQDP�� 7KH� PDMRU� IRUHVWHG�
GLVWULFWV�LQ�3KX�<HQ�3URYLQFH�DUH�'RQJ�;XDQ��6RQ�+RD��DQG�6RQJ�+LQK��7KH�PDLQ�
IRUHVW� W\SHV� LQFOXGH� WURSLFDO� KXPLGLW\� UDLQ� HYHUJUHHQ� EURDG� OHDI� FORVHG� IRUHVW� DQG�
WURSLFDO�PRLVW� VHPL�HYHUJUHHQ�EURDG� OHDI� FORVHG� IRUHVWV� RI�QDWXUDO� IRUHVWV��7KHUH� LV�
OLPLWHG� LQIRUPDWLRQ� RQ� DQLPDO� ELRGLYHUVLW\� LQ� 3KX� <HQ� 3URYLQFH�� LQFOXGLQJ� 6RQJ�
+LQK� 3URWHFWHG� )RUHVW�� 'HVSLWH� WKH� FORVH� SUR[LPLW\� WR� WKH� UHODWLYHO\� ZHOO�VWXGLHG�
.KDQK�+RD�DQG�'DN�/DN�SURYLQFHV��WKH�PDPPDO�IDXQD�RI�WKH�3KX�<HQ�3URYLQFH�LV�
UDWKHU�SRRUO\�VWXGLHG��DQG�WKH�SXEOLVKHG�LQIRUPDWLRQ�RQ�WKH�PDPPDOV�RI�6RQJ�+LQK�
'LVWULFW�LV�SUDFWLFDOO\�DEVHQW��

6KRUW�WHUP�VWXGLHV�RQ�6RQJ�+LQK�PDPPDOV�ZHUH�FRQGXFWHG�LQ������DV�SDUW�RI�
VFLHQWLILF� DFWLYLW\� WKH� -RLQW� 9LHWQDP�5XVVLD� 7URSLFDO� 6FLHQFH� DQG� 7HFKQRORJ\�
5HVHDUFK� &HQWUH�� ZKLFK� DLPV� WR� VWXG\� 9LHWQDPHVH� ELRGLYHUVLW\�� 'XH� WR� VRPH�
REMHFWLYHV�� WKH� WHUULWRU\� RI� WKH� SURWHFWHG� DUHD� ZDV� VWXGLHG� XQHYHQO\� DQG� WKXV� RXU�
UHVXOWV�FDQQRW�EH�FRQVLGHUHG�ILQDO��DQG�WKH�GLYHUVLW\�RI�ORFDO�VPDOO�PDPPDOV�ZDV�QRW�
UHYHDOHG� HQWLUHO\�� 1RQHWKHOHVV�� VLQFH� WKHUH� ZHUH� QR� RWKHU� GLUHFW� VWXGLHV� RI� VPDOO�
PDPPDOV� LQ� 6RQJ� +LQK� 'LVWULFW� DQG� DGMDFHQW� WHUULWRULHV�� WKH� SXEOLFDWLRQ� RI� RXU�
UHVXOWV�VWLOO�VHHPV�WR�EH�UHOLDEOH��
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6WXGLHG� DUHD�� 2XU� VWXGLHV� ZHUH� KHOG� RQ� ����� -DQXDU\� ����� DQG� ������ -XQH�
������7KH�ILHOGZRUNV�ZHUH�FDUULHG�RXW� LQ�D�IRUHVWHG�DUHD�ORFDWHG�VRXWK�RI� WKH�+LQK�
5LYHU� 5HVHUYRLU�� %DVH� FDPS� ORFDWHG� DW� �����
���1�� ������
���(�� 7KH� GLIIHUHQW�
ELRWRSHV�DW�GLVWDQFHV�RI�����NP�IURP�WKH�EDVH�FDPS�ZHUH�VXUYH\HG��� ORZODQG�SRO\�
GRPLQDQW� PL[HG� WURSLFDO� HYHUJUHHQ� IRUHVW�� WKH� IRUHVW� DORQJ� VPDOO� VWUHDPV�� DW� DQ�
HOHYDWLRQ�RI���������P�DVO��

%DW� VXUYH\�� �� 6WDQGDUG� WHFKQLTXHV� DQG� HTXLSPHQW� ZHUH� XVHG� WR� REVHUYH� DQG�
FDSWXUH�EDWV��2EVHUYDWLRQV�ZHUH�FDUULHG�RXW�DW�QLJKW�XVLQJ�HOHFWULF�ODPSV�DQG�D�QDUURZ�
EDQG�KHWHURG\QH� XOWUDVRQLF� EDW� GHWHFWRU� >�@��'����� �3HWWHUVVRQ� (OHNWURQLN�$%��ZDV�
XVHG��)RU�YLWDO� WUDSSLQJ��ZH�XVHG�PRQRILODPHQW�PLVW�QHWV����î���DQG����î��PHWHUV�
LQ�VL]H��SXW�RQ�ILEHUJODVV�IROGLQJ�SROHV�DFURVV�VXSSRVHG�IO\LQJ�SDWKV�RI�DQLPDOV��DQG�
D�PRELOH� WUDS�ZLWK�D�QHW����î����PHWHUV��PRXQWHG� RQ� ILYH�PHWHU� FDUERQ� ILEHU� URGV�
�2VSUH\� 5������ >�� �� �@�� 7KRVH� PHWKRGV� ZHUH� XVHG� VHSDUDWHO\� RU� VLPXOWDQHRXVO\��
DFFRUGLQJ� WR� ORFDO� FRQGLWLRQV�� 'LUHFW� ZRUN� �REVHUYDWLRQV� DQG� WUDSSLQJ��� DV� D� UXOH��
EHJDQ�IURP�WKH�PRPHQW�RI�WKH�DQLPDO¶V�HPHUJHQFH��DERXW�������������30��E\�WKLV�
WLPH��WKH�QHWV�KDG�DOUHDG\�EHHQ�SXW�LQ�VHOHFWHG�SODFHV��DQG�FRQWLQXHG�XQWLO�������30��
DGMXVWHG�IRU�ZHDWKHU�FRQGLWLRQV�DQG�GLVWDQFH�WR�WKH�FDPSVLWH���
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)URP�WKH�FDSWXUHG�DQLPDOV��VWDQGDUG�H[WHUQDO�PHDVXUHPHQWV�ZHUH�WDNHQ��KHDG�
DQG� ERG\� OHQJWK�� WDLO� OHQJWK�� KLQG� IRRW� OHQJWK�� HDU� DQG� WUDJXV�DQWLWUDJXV� OHQJWKV��
IRUHDUP�OHQJWK��ERG\�PDVV���ZKLFK�ZHUH�QHFHVVDU\�IRU�WKH�VXEVHTXHQW�FODULILFDWLRQ�RI�
LGHQWLILFDWLRQ�� PRVW� RI� FDSWXUHG� DQLPDOV� ZHUH� SKRWRJUDSKHG� RQ� GLJLWDO� FDPHUD��
([WHUQDO� SDUDVLWHV� ZHUH� FROOHFWHG��PDLQO\� SDUDVLWLF� IOLHV� RI� WKH� IDPLOLHV� 6WUHEOLGDH�
DQG� 1\FWHUHELLGDH�� ZKLFK� ZHUH� WKHQ� IL[HG� LQ� ���� HWKDQRO�� $OO� RI� WKH� DERYH�
PDQLSXODWLRQV�ZHUH�FDUULHG�RXW�ZLWKRXW�FDXVLQJ�GDPDJH�WR�WKH�DQLPDOV���

1RQ�YRODQW� VPDOO� PDPPDOV� VXUYH\�� �� 'LIIHUHQW� W\SHV� RI� WUDSV� ZHUH� XVHG� DV�
IROORZV�����ODUJH����î��î���FP��FDJH�OLYH�WUDSV�DQG�VQDS�WUDSV��HDFK�ZLWK�D�EDLW�RI�
UDLVLQ� DQG� D� IRDP�UXEEHU� SLHFH� VDWXUDWHG�ZLWK� YHJHWDEOH� RLO� DQG� KRQH\�� FDJH� OLYH�
WUDSV� ZHUH� VHW� RQ� WKH� JURXQG� DV� ZHOO� DV� RQ� WKH� WUHH� EUDQFKHV� ����� P� DERYH� WKH�
JURXQG��� ��� SLWIDOO� WUDSV�� L�H��� SODVWLF� EDVNHWV� ���î��� FP��� EXULHG� IOXVK� ZLWK� WKH�
JURXQG� VXUIDFH�� ZLWK� WZR� SODVWLF� IHQFHV� ����� P� OHQJWK��� PHWDO�PROH�WUDSV� 7DOSH[��
ZKLFK�ZHUH�VHW�LQ�WKH�PROH�FKDQQHOV���

&DPHUD�WUDSV� %URZQLQJ� %7&��+'3� ZHUH� VHW� QHDU� IRUHVW� WUDLOV� DQG� DORQJ�
EDQNV�RI�VPDOO�VWUHDPV��$GGLWLRQDO�LQIRUPDWLRQ�ZDV�REWDLQHG�GXULQJ�QLJKW�DQG�GD\�
WLPH�H[FXUVLRQV���

7KH�VWDQGDUG�H[WHUQDO�ERG\�PHDVXUHPHQWV��ERG\�PDVV��KHDG�DQG�ERG\�OHQJWK��
WDLO�OHQJWK��KLQG�IRRW�OHQJWK�DQG�HDU�OHQJWK��IRU�EDWV��DOVR�WUDJXV�DQWLWUDJXV�OHQJWK�DQG�
IRUHDUP�OHQJWK��ZHUH�WDNHQ��*LYHQ�WKH�H[LVWHQFH�RI�WD[RQRPLF�SUREOHPV��LQGLYLGXDO�
VSHFLPHQV� �IURP� �� WR� �� RI� HDFK� VSHFLHV��ZHUH� VDFULILFHG� DQG� FROOHFWHG� IRU� IXUWKHU�
VWXG\�� IROORZLQJ�PHWKRGV�DSSURYHG� LQ� WKH�$QLPDO�&DUH�DQG�8VH�*XLGHOLQHV�RI� WKH�
$PHULFDQ� 6RFLHW\� RI� 0DPPDORJLVWV� >�@�� 7LVVXH� VDPSOHV� IRU� JHQHWLF� VWXGLHV� ZHUH�
WDNHQ�IURP�IUHVK�VSHFLPHQV�DQG�VWRUHG�LQ�����HWKDQRO��9RXFKHU�VSHFLPHQV�DUH�NHSW�
DW� WKH� =RRORJLFDO� 0XVHXP�� 0RVFRZ� 6WDWH� 8QLYHUVLW\� �0RVFRZ�� 5XVVLD�� DQG� WKH�
=RRORJLFDO�,QVWLWXWH��5XVVLDQ�$FDGHP\�RI�6FLHQFHV��6DLQW�3HWHUVEXUJ��5XVVLD����
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7KH�GDWD�REWDLQHG� IURP�FROOHFWHG�VSHFLPHQV��GLUHFW�REVHUYDWLRQV� LQ� WKH� ILHOG��
DQG�FDPHUD�WUDS�UHFRUGV�VKRZ�WKDW�WKH�NQRZQ�VPDOO�PDPPDO�IDXQD�RI�WKH�6RQJ�+LQK�
3URWHFWHG�)RUHVW�FRQVLVWV�RI�DW�OHDVW����VSHFLHV��

7DEOH����/LVW�RI�PDPPDO�VSHFLHV�UHFRUGHG�LQ�WKH�6RQJ�+LQK�3URWHFWHG�)RUHVW�LQ������

1R� 6FLHQWLILF�QDPH�

:KHQ�UHJLVWHUHG�

2FFXUHQFH�-DQXDU\�

�����

-XQH�

�����

2UGHU�6RULFRPRUSKD�

�� &URFLGXUD�WDQDNDH �� �� &RQILUPHG�E\�VSHFLPHQ

�� &URFLGXUD�SKDQOXRQJL� �� �� &RQILUPHG�E\�VSHFLPHQ

�� (XURVFDSWRU�SDUYLGHQV �� �� &RQILUPHG�E\�VSHFLPHQ
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1R� 6FLHQWLILF�QDPH�

:KHQ�UHJLVWHUHG�

2FFXUHQFH�-DQXDU\�

�����

-XQH�

�����

2UGHU�6FDQGHQWLD�
�� 7XSDLD�EHODQJHUL �� �� &RQILUPHG�E\�VSHFLPHQ
�� 'HQGURJDOH�PXULQD �� �� &RQILUPHG�E\�VSHFLPHQ
2UGHU�5RGHQWLD�
�� 0HQHWHV�EHUGPRUHL �� �� &RQILUPHG�E\�VSHFLPHQ
�� 'UHPRP\V�UXILJHQLV �� �� &RQILUPHG�E\�VSHFLPHQ
�� &DOORVFLXUXV�HU\WKUHXV �� �� &RQILUPHG�E\�VSHFLPHQ
�� 2OLVWKRP\V�PRUULVL� �� �� &RQILUPHG�E\�VSHFLPHQ
��� /HRSROGDP\V�UHYHUWHQV �� �� &RQILUPHG�E\�VSHFLPHQ
��� &KLURP\VFXV�ODQJELDQLV �� �� &RQILUPHG�E\�VSHFLPHQ
��� 0D[RP\V�VXULIHU �� �� &RQILUPHG�E\�VSHFLPHQ
��� %HU\OP\V�ERZHUVL �� �� &RQILUPHG�E\�VSHFLPHQ
��� 1LYLYHQWHU�WHQDVWHU �� �� &RQILUPHG�E\�VSHFLPHQ
��� 1LYLYHQWHU�VS� �� �� 5HFRUGHG�E\�SKRWR�WUDS�
2UGHU�&DUQLYRUD�
��� 0XVWHOD�NDWKLDK� �� �� 5HFRUGHG�E\�SKRWR�WUDS�
��� 0HORJDOH�VS� �� �� 5HFRUGHG�E\�SKRWR�WUDS�
��� $RQ\[�FLQHUHXV� �� �� 5HFRUGHG�E\�SKRWR�WUDS�
2UGHU�&KLURSWHUD�
��� 0HJDHURSV�QLSKDQDH� �� �� &RQILUPHG�E\�VSHFLPHQ
��� 5RXVHWWXV�OHVFKHQDXOWL� �� �� &RQILUPHG�E\�VSHFLPHQ
��� 5KLQRORSKXV�DIILQLV� �� �� &RQILUPHG�E\�VSHFLPHQ
��� 5KLQRORSKXV�VWKHQR� �� �� &RQILUPHG�E\�VSHFLPHQ
��� 5KLQRORSKXV�VLQLFXV� �� �� &RQILUPHG�E\�VSHFLPHQ
��� 5KLQRORSKXV�UH[� �� �� &RQILUPHG�E\�VSHFLPHQ
��� 5KLQRORSKXV�FI��PDFURWLV� �� �� &RQILUPHG�E\�VSHFLPHQ
��� 5KLQRORSKXV�SHUQLJHU� �� �� &RQILUPHG�E\�VSHFLPHQ
��� 5KLQRORSKXV�SXVLOOXV� �� �� &RQILUPHG�E\�VSHFLPHQ
��� +LSSRVLGHURV�JULIILQL� �� �� &RQILUPHG�E\�VSHFLPHQ
��� /\URGHUPD�O\UD� �� �� &RQILUPHG�E\�VSHFLPHQ
��� 0HJDGHUPD�VSDVPD� �� �� &RQILUPHG�E\�VSHFLPHQ
��� .HULYRXOD�FI��KDUGZLFNHL� �� �� &RQILUPHG�E\�VSHFLPHQ
��� 0\RWLV�KRUVILHOGLL� �� �� &RQILUPHG�E\�VSHFLPHQ
��� 0\RWLV�DOWLFUDQLDWXV� �� �� &RQILUPHG�E\�VSHFLPHQ
��� 0\RWLV�DQFULFROD� �� �� &RQILUPHG�E\�VSHFLPHQ
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2UGHU�6RULFRPRUSKD�

3KDQOXRQJ¶V�VKUHZ���&URFLGXUD�SKDQOXRQJL�-HQNLQV��$EUDPRY��5R]KQRY�HW�
2OVVRQ�������

3KDQOXRQJ¶V� VKUHZ�&�� SKDQOXRQJL� ZDV� GHVFULEHG� RQ� WKH� EDVLV� RI� VSHFLPHQV�
IURP�<RN�'RQ�1DWLRQDO�3DUN��'DN�/DN�3URYLQFH�>�@��7KH�VSHFLHV�UDQN�RI�WKDW�IRUP�
ZDV� FRQILUPHG� E\�'1$� DQDO\VLV� >�@�� %HVLGHV� W\SH� ORFDOLW\�� 3KDQOXRQJ¶V� VKUHZ� LV�
NQRZQ� WR�RFFXU� LQ� WKH�9LUDFKH\�1DWLRQDO�3DUN��QRUWK�HDVWHUQ�&DPERGLD� >�@�DQG� LQ�
WKH� ORZODQGV� RI� VRXWKHUQ� 9LHWQDP�� LQFOXGLQJ� WKH� 0D� 'D� )RUHVW� LQ� 'RQJ� 1DL�
3URYLQFH�DQG�WKH�%X�*LD�0DS�1DWXUH�5HVHUYH�LQ�%LQK�3KXRF�3URYLQFH�>�����@��7KH�
6RQJ� +LQK� 3URWHFWHG� )RUHVW� ILQGLQJ� LV� D� QHZ� ORFDOLW\� IRU� 9LHWQDP� DQG� WKH� ILUVW�
ORFDOLW\�HDVWZDUG�RI�WKH�'DODW�3ODWHDX��

6PDOO�WRRWKHG�PROH���(XURVFDSWRU�SDUYLGHQV�0LOOHU��������

3UHYLRXVO\�� IRXU� ��PROH�VSHFLHV�RI� WKH�JHQXV�(XURVFDSWRU�KDYH�EHHQ� UHSRUWHG�
IURP�9LHWQDP�>�������@��7KH�VWDWXV�RI�VPDOO�WRRWKHG�PROH�(��SDUYLGHQV�ZDV�DVVHVVHG�
E\�.DZDGD�HW�DO�� >��@��DQG�ZDV�UHFHQWO\� UH�HYDOXDWHG�E\�>��@��7KHVH�DXWKRUV� OLVWHG�
WKH� PROH� SRSXODWLRQV� IURP� 'DODW� 3ODWHDX� DQG� .RQWXP� 3ODWHDX� DV� (�� SDUYLGHQV��
5HFHQWO\� WKH� SRSXODWLRQV� IURP� VRXWKHUQ� DQG� FHQWUDO�9LHWQDP� KDYH� EHHQ� WUHDWHG� DV�
GLIIHUHQW�VSHFLHV��(��SDUYLGHQV�DQG�(��QJRFOLQKHQVLV��DFFRUGLQJO\�>��@��

7KH�6RQJ�+LQK� ORFDOLW\�RI�(��SDUYLGHQV� LV� WKH� ILUVW� UHFRUG�RI� WKLV� VSHFLHV� IRU�
3KX�<HQ�3URYLQFH��0RUH�LQWHUHVWLQJO\��WKLV�ORFDOLW\¶V�HOHYDWLRQ�LV�MXVW�����P�DVO��7KH�
RQO\� RQH� VSHFLHV� RI� 9LHWQDPHVH� PROHV� (XURVFDSWRU� VSS��� (�� VXEDQXUD�� RFFXUV� LQ�
ORZ�HOHYDWHG�ELRWRSHV��ZKHUHDV�DOO� RWKHU� VSHFLHV� UHFRUGHG� IURP�HOHYDWLRQV� QRW� OHVV�
WKDQ����������P��

2UGHU�&KLURSWHUD�

&KLQHVH�KRUVHVKRH�EDW���5KLQRORSKXV�FI��VLQLFXV�$QGHUVHQ�������

+RUVHVKRH� EDWV� IURP� WKH� ³URX[LL´� VSHFLHV� JURXS�ZHUH� TXLWH� FRPPRQ� LQ� 6RQJ�
.KLQ��VHFRQG�RQO\�WR�5��DIILQLV� LQ�DEXQGDQFH���$SSDUHQWO\�� WKH�PDMRULW\�RI�PHGLXP�
VL]HG�KRUVHVKRH�EDWV�KXQWLQJ�������P� IURP� WKH�JURXQG�DORQJ� IRUHVW� URDGV� DQG�SDWKV�
EHORQJHG� WR� WKLV� VSHFLHV�� $FFRUGLQJ� WR� WKH� VHTXHQFH� RI� WKH� F\WRFKURPH� F� R[LGDVH�
�FR[,�� JHQH�� VSHFLPHQV�IURP�6RQJ�+LQK�KDYH�DSSUR[LPDWHO\�����VLPLODULW\�ZLWK�5��
WKRPDVL� IURP� FHQWUDO� 9LHWQDP� �ZKLFK� FOHDUO\� LQGLFDWHV� WKH� FRUUHFWQHVV� RI� WKH�
LGHQWLILFDWLRQ�RI�WKH�VSHFLHV�FRPSOH[���1R�VHTXHQFHV�ZLWK�D�KLJKHU�VLPLODULW\�KDYH�\HW�
EHHQ�IRXQG�LQ�RQOLQH�GDWDEDVHV��,Q�UHODWLYHO\�ODUJH�VL]H��IRUHDUP�OHQJWK�����������PP��
DQG�UHODWLYHO\�KLJK�ODQFHW��VSHFLPHQV�IURP�6RQJ�+LQK�GLIIHU�IURP�7KRPDV¶V�KRUVHVKRH�
EDWV�IURP�FHQWUDO�DQG�QRUWKHUQ�9LHWQDP�DQG�IRUPDOO\�FRUUHVSRQG�WR�WKH�GLDJQRVLV�RI�5��
VLQLFXV�>��@��
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/RQJ�HDUHG�KRUVHVKRH�EDW���5KLQRORSKXV�FI��PDFURWLV�%O\WK�������

7KH�WD[RQRP\�RI�WKLV�VSHFLHV�FRPSOH[�LV�H[WUHPHO\�WDQJOHG�>�������@��,W�FRXOG�EH�
DVVXPHG� WKDW� WKH� VSHFLPHQ� RI� WKH� ORQJ�HDUHG� KRUVHVKRH� EDW� FDXJKW� LQ� 6RQJ� +LQK�
EHORQJV� WR� D� JHQHWLF� OLQHDJH� IURP� VRXWKHUQ�9LHWQDP� >��@�� WKH� QDPH� DQG� WD[RQRPLF�
VWDWXV� RI� ZKLFK� DUH� QRW� FOHDU�� )XUWKHU� JHQHWLF� VWXGLHV� DUH� UHTXLUHG� WR� HOXFLGDWH� WKLV�
LVVXH��

*LDQW�KRUVHVKRH�EDW���5KLQRORSKXV�SHUQLJHU�+RGJVRQ�������

$Q�DGXOW�IHPDOH�RI�WKLV�VSHFLHV�ZDV�FDSWXUHG�E\�D�PRELOH�WUDS�RQ�WKH�HGJH�RI�D�
FRZ�SDVWXUH��7KH�DQLPDO�ZDV� VHHQ�HDWLQJ�D� ODUJH�NDW\GLG�� ,Q� WRWDO�� WZR� LQGLYLGXDOV�
ZHUH� REVHUYHG� GHPRQVWUDWLQJ� W\SLFDO� SHUFK�KXQWLQJ� EHKDYLRU�� WKH\� FDXJKW� SUH\��
DSSDUHQWO\�RQ�WKH�JURXQG��DWWDFNLQJ�LW�ZLWK�D�WKURZ�IURP�D�EUDQFK�LQ�WKH�SHULSKHUDO�
SDUW�RI� WKH�WUHH�FDQRS\��IURP�D�KHLJKW�RI�DERXW�����P��DIWHU�ZKLFK�WKH\�UHWXUQHG�WR�
WKH�SRUFK��7KH�JLDQW�KRUVHVKRH�EDWV�IURP�9LHWQDP�DUH�QRZ�DVVLJQHG�E\�GHIDXOW�WR�5��
SHUQLJHU�� VSHFLHV� UHODWLYHO\� UHFHQWO\� VHSDUDWHG� IURP� 5�� OXFWXV� >��@�� +RZHYHU�� WKH�
WD[RQRP\�RI�WKH�³WULIROLDWXV´�VSHFLHV�JURXS�LV�REYLRXVO\�LQVXIILFLHQWO\�VWXGLHG�>��@��
DQG�WKH�VSHFLHV�ERXQGDULHV�ZLWKLQ�LW�UHTXLUH�FODULILFDWLRQ��

*ULIILQ¶V� OHDI�QRVHG� EDW� �� +LSSRVLGHURV� JULIILQL� 7KRQJ�� 3XHFKPDLOOH��
'HQ]LQJHU��'LHW]��&VRUED��%DWHV��7HHOLQJ�HW�6FKQLW]OHU�������

7KLV�VSHFLHV�LV�WKH�RQO\�UHSUHVHQWDWLYH�RI�WKH�+LSSRVLGHULGDH�VR�IDU�IRXQG�LQ�
6RQJ� +LQK�� 7ZR� DGXOW� PDOHV� ZHUH� FDSWXUHG� LQ� QHWV� SODFHG� XQGHU� WUHHV� QHDU� WKH�
IRUHVW�HGJH��7KLV�ODUJH�EDW�LV�D�VLEOLQJ�VSHFLHV�RI�WKH�+LPDOD\DQ�OHDI�QRVHG�EDW��+��
DUPLJHU� >��@�� 7KH� GHOLPLWDWLRQ� EHWZHHQ� VSHFLHV� �ERWK� SKHQRW\SLF� DQG�
JHRJUDSKLFDO�� LV�VWLOO�QRW�HQWLUHO\�FOHDU�� WKH�VWDWXV�RI�+��JULIILQL� LV�TXHVWLRQDEOH�LQ�
VRPH� FDVHV� >��@�� $V� D� UHVXOW�� LQ� PRVW� ZRUNV�� WKH� DXWKRUV� GR� QRW� VHSDUDWH� WKHP��
GHVLJQDWLQJ�DOO�ILQGLQJV�DV�+��DUPLJHU��

:H�KDYH�DQDO\]HG� WKH�DYDLODEOH�FUDQLRPHWU\�GDWD� IRU�+��DUPLJHU� DQG�UHODWHG�
IRUPV�XVLQJ�WKH�3ULQFLSDO�&RPSRQHQW�$QDO\VLV��7KH�ILUVW�FRPSRQHQW�IDLUO\� UHOLDEO\�
VHSDUDWHV�VSHFLPHQV�DWWULEXWHG�WR�+��JULIILQL� IURP�+��DUPLJHU��ZKLOH�DQRWKHU�WD[RQ��
IRU� ZKLFK� VSHFLHV� VWDWXV� ZDV� RQFH� DVVXPHG�� +�� WHUDVHQVLV� IURP� 7DLZDQ�� DOPRVW�
FRPSOHWHO\� RYHUODSV� ZLWK� +�� DUPLJHU� LQ� WHUPV� RI� WKH� YDOXHV� RI� DOO� REWDLQHG�
GLVFULPLQDQW� IXQFWLRQV�� 7KH� 6RQJ� +LQK� VSHFLPHQ� FHUWDLQO\� VKRZV� D� JUHDWHU�
UHVHPEODQFH� WR� +�� JULIILQL�� 7KLV� UHVXOW� VXSSRUWV� D� VHSDUDWH� WD[RQRPLF� VWDWXV� RI�
*ULIILQ¶V�OHDI�QRVHG�EDW���

,QGLDQ�IDOVH�YDPSLUH���/\URGHUPD�O\UD��(��*HRIIUR\��������

:H�FDXJKW� WKLV� VSHFLHV� LQ� WKH�6RQJ�+LQK�RQO\� LQ� -DQXDU\��$W� WKH� VDPH� WLPH��
RQH�RI� WKH�FDSWXUHG�IHPDOHV�ZDV�DW�DQ�HDUO\�VWDJH�RI�SUHJQDQF\��7KXV�� WKH�ELUWK�RI�
WKLV�VSHFLHV� LQ� WKH�6RQJ�+LQK�VKRXOG� WDNH�SODFH� LQ�PLG�ODWH�)HEUXDU\��DQG�E\�PLG�
0D\��WKH�HVWLPDWHG�WLPH�RI�PDVV�ELUWKV�LQ�PRVW�LQVHFWLYRURXV�EDWV���WKH�\RXQJ�VKRXOG�
DOUHDG\�EH�UHODWLYHO\�LQGHSHQGHQW��3HUKDSV�WKLV�KDV�VRPHKRZ�UHODWHG�WR�WKH�SUHGDWRU\�
GLHW�RI�WKH�,QGLDQ�IDOVH�YDPSLUH��ZKLFK�DOVR�LQFOXGHV�RWKHU�EDWV���
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&HQWUDO�+LJKODQG�ZKLVNHUHG�EDW� ��0\RWLV DQFULFROD�.UXVNRS��%RULVHQNR��
'XGRURYD�HW�$UW\XVKLQ�������

7KH�³QLSDOHQVLV´�VSHFLHV�JURXS�KDV�UHFHQWO\�EHHQ�GHVLJQDWHG�DV�D�VHSDUDWH�WD[RQ�
DQG� KDV� D� SDWFK\� GLVWULEXWLRQ� IURP�1HSDO� WR� 9LHWQDP� >���� ��@�� 7KH� VSHFLHV� RI� WKLV�
JURXS� UHPDLQ� DPRQJ� WKH� OHDVW� VWXGLHG�P\RWLQHV� LQ�$VLD�� EHLQJ� NQRZQ� IURP� D� YHU\�
OLPLWHG�QXPEHU�RI�ILQGLQJV��0RUSKRPHWULF�DQDO\VLV�RI�DQ�DGXOW�PDOH�FDSWXUHG�RYHU�WKH�
ULYHU� LQ� WKH� 6RQJ� +LQK� VKRZHG� WKDW� ZLWK� D� SUREDELOLW\� RI� ����� LW� EHORQJV� WR� 0��
DQFULFROD��ZKLFK�ZDV�SUHYLRXVO\�NQRZQ�E\�WKH�IHZ�UHFRUGV�LQ�*LD�/DL�DQG�.RQ�7XP�
SURYLQFHV�DQG�WKH�DGMDFHQW�WHUULWRU\�RI�/DRV�>��@��7KXV��RXU�ILQG�LV�RQO\�WKH�ILIWK�IRU�
WKLV� VSHFLHV�� DQG� H[SDQGV� LWV� NQRZQ� UDQJH� WR� WKH� VRXWK�E\� DERXW�����NP�� LQGLUHFWO\�
LQGLFDWLQJ� IDXQDO� OLQNV� EHWZHHQ� WKH� 6RQJ� +LQK� )RUHVW� DQG� WKH� *LD� /DL� �� .RQWXP�
SODWHDXV��

2UGHU�6FDQGHQWLD�

1RUWKHUQ� VPRRWK�WDLOHG� WUHH�VKUHZ� �� 'HQGURJDOH� PXULQD� �6FKOHJHO� HW�
0�OOHU��������

7KLV� VPDOO�VL]HG� WUHH�VKUHZ� DSSHDUV� WR� EH� SDWFKLO\� GLVWULEXWHG� IURP� HDVWHUQ�
7KDLODQG�WKURXJK�&DPERGLD�DQG�VRXWK�HDVWHUQ�/DRV�WR�VRXWKHUQ�DQG�FHQWUDO�9LHWQDP�
>��@��7KH�ELRORJ\�DQG�VSHFLHV�UDQJH�RI�'��PXULQD�DUH�UHODWLYHO\�SRRUO\�NQRZQ��7KLV�
LV�WKH�ILUVW�UHFRUG�RI�WKLV�VSHFLHV�IRU�WKH�3KX�<HQ�3URYLQFH��$OO�UHFHQW�FKHFNOLVWV�GLG�
QRW�PHQWLRQ�WKLV�DUHD�IRU�WKH�VSHFLHV�UDQJH�>�������@��

,Q� WKH� 6RQJ�+LQK�� WKLV� VSHFLHV� ZDV� UHFRUGHG� E\� SKRWR�WUDS� LQ� VFUXE� DORQJ� D�
VPDOO�VWUHDP�DQG�D�IHZ�WLPHV�DUH�VHHQ�E\�XV�LQ�JURZWK�DVLGH�D�IRUHVW�URDG���

2UGHU�5RGHQWLD�

� 1RUWKHUQ�7HPPLQFN¶V�IO\LQJ�VTXLUUHO���2OLVWKRP\V�PRUULVL��&DUWHU��������

7KH� VPDOO� IO\LQJ� VTXLUUHO� ZDV� FDXJKW� RQ� ��� -XQH� ����� LQ� D� PLVW� QHW� VHW� IRU�
FDWFKLQJ� EDWV� DW� WKH� HGJH� RI� D� GLVWXUEHG� SULPDU\� IRUHVW�� DW� HOHYDWLRQ� ���� P� DVO��
0RUSKRORJLFDOO\��WKH�6RQJ�+LQK�VSHFLPHQ�ILWV�ZHOO�LQ�WKH�GHVFULSWLRQ�RI�WKH�VR�FDOOHG�
³QRUWKHUQ´�3HWLQRP\V�VHWRVXV��ZKLFK�LV�NQRZQ�IURP�QRUWKHUQ�0\DQPDU�DQG�QRUWKHUQ�
7KDLODQG�>������@�DQG�OLNHO\�IURP�/DRV�>��@��7KLV�LV�WKH�ILUVW�UHFRUG�RI�WKLV�WD[RQ�IRU�
9LHWQDP��)XUWKHU�PROHFXODU� DQG�PRUSKRORJLFDO�DQDO\VHV� UHYHDOHG� WKDW� WKLV�VSHFLPHQ�
DQG�RWKHU� ³QRUWKHUQ´�3�� VHWRVXV� GRHV� QRW� EHORQJ� WR� WKH� JHQXV�3HWLQRP\V�� 7KH�PRVW�
OLNHO\�VFLHQWLILF�QDPH�IRU�WKH�IO\LQJ�VTXLUUHO�IURP�WKH�6RQJ�+LQK�VKRXOG�EH�2OLVWKRP\V�
PRUULVL�>��@���

���&21&/86,21

7URSLFDO� IRUHVWV� WKURXJKRXW� 6RXWKHDVW� $VLD�� LQFOXGLQJ� 9LHWQDP�� DUH� JUHDWO\�
HQGDQJHUHG��&RPSDUHG�ZLWK�WKH�KDUG�WR�DFFHVV�PRQWDQH�WURSLFDO�IRUHVWV�LQ�WKH�KLJK�
HOHYDWHG� 'DODW� DQG� .RQWXP� SODWHDXV�� HYHUJUHHQ� WURSLFDO� IRUHVWV� LQ� ORZODQG� DQG�
IRRWKLOO�DUHDV�RI�WKH�VRXWKHUQ�FRDVWDO�UHJLRQ�RI�9LHWQDP�DUH�PRUH�HQGDQJHUHG��PRVW�
DUHDV� RI� ORZODQG� WURSLFDO� IRUHVW� DUH� DOUHDG\� GHVWUR\HG� GXH� WR� ORJJLQJ� DQG� RWKHU�
KXPDQ�DFWLYLWLHV��$FFRUGLQJ�WR�UHFHQW�GDWD�WKH�ODQG�FRYHU�RI�3KX�<HQ�3URYLQFH�KDV�
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FKDQJHG� WUHPHQGRXVO\� LQ� WKH� ODVW� GHFDGH�� ,Q� WKH� SHULRG� RI� ����������� WKH� DUHD� RI�
QDWXUDO�IRUHVWV�DQG�JUDVVODQGV��VKUXEV��DQG�EDUH�ODQGV�UHGXFHG�UDSLGO\�DQG�UHSODFHG�
ZLWK� DQ� LQFUHDVH� LQ� WKH� DUHD� RI� SODQWHG� IRUHVW� FRYHU� DQG� WUHHV� DQG� LQGXVWULDO� DQG�
FURSV��)URP������WR�������WKH�FRDWLQJ�YRODWLOLW\�GHFUHDVHG�VLJQLILFDQWO\��

'HVSLWH�RI�WKHLU�DFFHVVLELOLW\��WKH�PDQ\�UHPDLQLQJ�SDWFKHV�RI�WURSLFDO�ORZODQG�
DQG� IRRWKLOO� IRUHVWV�� VXFK� DV� WKH� 6RQJ� +LQK� 3URWHFWHG� )RUHVW�� FRXOG� FUDGOH� VWLOO�
XQNQRZQ� ELRGLYHUVLW\�� ZKLFK� PDNHV� WKH� QHHG� IRU� ELRORJLFDO� H[SORUDWLRQ� LQ� WKLV�
UHJLRQ�HYHQ�PRUH�XUJHQW�

'XULQJ� RXU� VWXGLHV� LQ� WKH� 6RQJ�+LQK� 3URWHFWHG� )RUHVW�� ZH� IRXQG� DW� OHDVW� ���
VSHFLHV�RI�VPDOO�PDPPDOV��'HVSLWH� WKH�IDFW� WKDW� WKH�6RQJ�+LQK�LV� ORFDWHG�QHDU� WKH�
UHODWLYHO\� ZHOO�VWXGLHG� .KDQK�+RD� 3URYLQFH�� LWV� IDXQD� DQG� WKH� IDXQD� RI� 3KX� <HQ�
3URYLQFH�DV�D�ZKROH�KDYH�VR�IDU�UHPDLQHG�VXUSULVLQJO\�SRRUO\�VWXGLHG��,W�ZDV�DOO�WKH�
PRUH�LQWULJXLQJ�WR�GLVFRYHU�LQ�WKLV�IRUHVW�D�ULFK�FRPPXQLW\�RI�VPDOO�PDPPDOV��DQG��
LQ� SDUWLFXODU�� EDWV��'HVSLWH� WKH� IDFW� WKDW� WKH� WHUULWRU\� XQGHU� VXUYH\� EHDUV� WUDFHV� RI�
KXPDQ� WUDQVIRUPDWLRQ�� ZH� GLG� QRW� ILQG� VRPH� IDXQDO� ³PDUNHUV´� RI� VHFRQGDU\�
FRPPXQLWLHV��VXFK�DV�&\QRSWHUXV�VSKLQ[�DQG�0\RWLV�PXULFROD��

6RPH�ILQGV�UDLVH�WKH�TXHVWLRQ�RI�IDXQDO�UHODWLRQVKLSV�EHWZHHQ�WKH�PDPPDOV�RI�
WKH� 6RQJ� +LQK� )RUHVW� DQG� RWKHU� SDUWV� RI� ,QGRFKLQD�� *HRJUDSKLFDOO\�� RQH� ZRXOG�
DVVXPH�WKH�FORVHVW�OLQNV�ZLWK�WKH�'DODW�3ODWHDX��EXW�VXFK�UHFRUGHG�VSHFLHV�DV�0\RWLV�
DQFULFROD� DQG� WKH� UHPDUNDEOH�2OLVWKRP\V� PRUULVL� VXJJHVW� RWKHU� FRQQHFWLRQV�� 7KLV�
TXHVWLRQ�FDQ�EH�IXUWKHU�DQVZHUHG�E\�D�JHQHWLF�VWXG\�DQG�FRPSDULVRQ�RI�VXFK�VSHFLHV�
ZLWK�D�SURQRXQFHG�SK\ORJHRJUDSKLF�VWUXFWXUH�DV�(XURVFDSWRU�SDUYLGHQV��&URFLGXUD�
WDQDNDH�� &KLURP\VFXV� ODQJELDQLV�� 5KLQRORSKXV� DIILQLV�� 5KLQRORSKXV� FI�� SXVLOOXV��
0\RWLV�DOWLFUDQLDWXV�DQG�RWKHUV��

7KH� UHVXOWV� RI� WKH� SUHVHQW� VWXG\� FRQILUP� ZHDOWK� DQG� GLYHUVLW\� RI� VPDOO�
PDPPDOV�LQ�WKH�VWXGLHG�DUHD��8QGRXEWHGO\��WKH�6RQJ�+LQK�3URWHFWHG�)RUHVW�LV�ZRUWK�
KDYLQJ�KLJKHU�FRQVHUYDWLRQ�VWDWXV��OLNH�D�1DWXUH�5HVHUYH��

+RZHYHU��LW�VKRXOG�EH�QRWHG�WKDW�RXU�LQYHQWRU\�RI�WKH�VPDOO�PDPPDOLDQ�IDXQD�
RI�WKH�6RQJ�+LQK�LV�IDU�IURP�FRPSOHWH��2XU�VXUYH\V�ZHUH�YHU\�VKRUW�DQG�UHVWULFWHG�WR�
WKH� VWXGLHG� DUHD�� $OVR�� LW� FDQ� EH� H[SHFWHG� WKDW� WKH� PDPPDOLDQ� GLVWULEXWLRQ� DQG�
RFFXUUHQFH�ZLOO�YDU\�VLJQLILFDQWO\�GHSHQGLQJ�RQ�WKH�VHDVRQ��6RQJ�+LQK�LV�ORFDWHG�LQ�
WKH�WURSLFDO�PRQVRRQ�FOLPDWH��KRW�DQG�KXPLG��LQIOXHQFHG�E\�WKH�VHD��7KH�FOLPDWH�LV�
GLYLGHG�LQWR�WZR�GLVWLQFW�VHDVRQV��WKH�UDLQ\�VHDVRQ�IURP�6HSWHPEHU�WR�'HFHPEHU�DQG�
WKH� GU\� VHDVRQ� IURP� -DQXDU\� WR� $XJXVW�� WKH� ERXQGDULHV� RI� VHDVRQV� YDU\� VOLJKWO\��
)LHOGZRUN�LQ�-DQXDU\�RI������ZDV�GRQH�LQ�WKH�UDLQ\�VHDVRQ��6RPH�VSHFLHV�UHFRUGHG�
GXULQJ� WKLV� SHULRG� �(XURVFDSWRU� SDUYLGHQV��0HJDGHUPD� VSDVPD�� /\URGHUPD� O\UD��
5KLQRORSKXV� SHUQLJHU��5KLQRORSKXV� UH[�� DQG� RWKHUV��ZHUH� QRW� UHFRUGHG�GXULQJ� WKH�
GU\�VHDVRQ�LQ�-XQH�RI�WKH�VDPH�\HDU���

$GGLWLRQDO�VXUYH\V�LQ�WKH�6RQJ�+LQK�3URWHFWHG�)RUHVW�GXULQJ�RWKHU�VHDVRQV�DQG�
LQ�RWKHU�SDUWV�RI� WKH�SURWHFWHG�DUHD�DUH�QHHGHG�WR�DGHTXDWHO\�HVWLPDWH�WKH�PDPPDO�
GLYHUVLW\�KHUH���
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$FNQRZOHGJHPHQWV�� :H� DUH� JUDWHIXO� WR� WKH� -RLQW� 9LHWQDP�5XVVLD� 7URSLFDO�
6FLHQFH�DQG�7HFKQRORJ\�5HVHDUFK�&HQWUH��3KX�<HQ�3URYLQFLDO�3HRSOH¶V�&RPPLWWHH��
DQG�6RQJ�+LQK�3URWHFWLRQ�)RUHVW�0DQDJHPHQW�%RDUG�IRU�VXSSRUWLQJ�WKH�DXWKRUV�LQ�
WKH�SURFHVV�RI�GDWD�FROOHFWLRQ�DQG�ILHOG�VXUYH\�LQ�3KX�<HQ�3URYLQFH��:H�ZRXOG�OLNH�
WR�H[SUHVV�RXU�WKDQNV�WR�KHDGV�RI�H[SHGLWLRQV�$�1��.X]QHWVRY�DQG +RL�1JX\HQ�'DQJ�
IRU� WKH� RUJDQL]DWLRQ� RI� WKH� ILHOG� VWXGLHV��:H� DUH� WKDQNIXO� WR� $�1�� .X]QHWVRY�� 6�3��
.X]QHWVRYD�� 1�$�� 3R\DUNRY�� 3�9�� <XVFKHQNR�� (�6�� 3RSRY� IRU� WKHLU� NLQG� KHOS� DQG�
VFLHQWLILF�DVVLVWDQFH�GXULQJ�WKH�ILHOG�ZRUNV��7KH�VWXG\�ZDV�SHUIRUPHG�LQ�OLQH�ZLWK�WKH�
VWDWHG� WKHPHV� RI� VFLHQWLILF� ZRUN� RI� WKH� =RRORJLFDO� 0XVHXP� RI� 0RVFRZ� 6WDWH�
8QLYHUVLW\� �1R�� ���������������� DQG� WKH� =RRORJLFDO� ,QVWLWXWH� RI� WKH� 5XVVLDQ�
$FDGHP\�RI�6FLHQFHV��1R��������������������

5()(5(1&(6�

�� $KOpQ�,���,GHQWLILFDWLRQ�RI�EDWV�LQ�IOLJKW��6ZHGLVK�6RFLHW\�IRU�&RQVHUYDWLRQ�RI�
1DWXUH��6WRFNKROP�����������SS��

�� .XQ]�7�+��DQG�.XUWD�$���&DSWXUH�PHWKRGV�DQG�KROGLQJ�GHYLFHV�� ,Q��.XQ]�7��
+���HG����(FRORJLFDO�DQG�EHKDYLRUDO�PHWKRGV�IRU�WKH�VWXG\�RI�EDWV��6PLWKVRQLDQ�
,QVWLWXWLRQ�3UHVV��:DVKLQJWRQ��������S��������

�� -RQHV�&���0F6KHD�:��-���&RQUR\�0��-��DQG�.XQ]�7��+���&DSWXULQJ�PDPPDOV��,Q��
:LOVRQ�'�� (��� &ROH� )�� 5��� 1LFKROV� -�� '��� 5XGUDQ� 5�� DQG� )RVWHU�0�� 6�� �HGV����
0HDVXULQJ�DQG�PRQLWRULQJ�ELRORJLFDO�GLYHUVLW\��6WDQGDUG�PHWKRGV�IRU�PDPPDOV��
6PLWKVRQLDQ�,QVWLWXWLRQ�3UHVV��:DVKLQJWRQ�/RQGRQ��������S�����������

�� %RULVVHQNR�$��9���0RELOH�WUDS�IRU�FDSWXUH�EDWV��3OHFRWXV�HW�DO�������������������

�� 6LNHV�5��6��DQG�WKH�$QLPDO�&DUH�DQG�8VH�&RPPLWWHH�RI�WKH�$PHULFDQ�6RFLHW\�
RI�0DPPDORJLVWV�� *XLGHOLQHV� RI� WKH� $PHULFDQ� 6RFLHW\� RI� 0DPPDORJLVWV� IRU�
WKH�XVH�RI�ZLOG�PDPPDOV�LQ�UHVHDUFK�DQG�HGXFDWLRQ��-RXUQDO�RI�0DPPDORJ\��
����������������������

�� -HQNLQV�3��'���$EUDPRY�$��9���5R]KQRY�9��9��DQG�2OVVRQ�$���$�QHZ�VSHFLHV�RI�
&URFLGXUD� �6RULFRPRUSKD�� 6RULFLGDH�� IURP� VRXWKHUQ� 9LHWQDP� DQG� QRUWK�
HDVWHUQ�&DPERGLD��=RRWD[D��������������������

�� %DQQLNRYD� $�� $��� $EUDPRY� $�� 9��� %RULVHQNR� $�� 9��� /HEHGHY� 9�� 6�� DQG�
5R]KQRY�9�9���0LWRFKRQGULDO�GLYHUVLW\�RI�WKH�ZKLWH�WRRWKHG�VKUHZV��0DPPDOLD��
(XOLSRW\SKOD��&URFLGXUD��LQ�9LHWQDP��=RRWD[D�������������������

�� $EUDPRY�$��9���6KFKLQRY�$��9��DQG�%DODNLUHY�$��(���&RQWULEXWLRQV�WR�WKH�VWXG\�
RI�VPDOO�QRQ�YRODQW�PDPPDO�IDXQD�LQ�%X�*LD�0DS�1DWLRQDO�3DUN��%LQK�3KXRF�
3URYLQFH���3URFHHGLQJV�RI�WKH��WK�1DWLRQDO�6FLHQWLILF�&RQIHUHQFH�RQ�(FRORJ\�DQG�
%LRORJLFDO�5HVRXUFHV��,(%5��+DQRL��������S���������

�� $EUDPRY�$��9���'DQJ�1JRF�&DQ��%XL�7XDQ�+DL�DQG�1JX\HQ�7UXRQJ�6RQ��$Q�
DQQRWDWHG� FKHFNOLVW� RI� WKH� LQVHFWLYRUHV� �0DPPDOLD�� /LSRW\SKOD�� RI� 9LHWQDP��
5XVVLDQ�-RXUQDO�RI�7KHULRORJ\���������������������
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��� .DZDGD�6���6RQ�1��7��DQG�&DQ�'��1���0ROHV��,QVHFWLYRUD��7DOSLGDH��7DOSLQDH��
RI� 9LHWQDP�� %XOOHWLQ� RI� WKH� 1DWLRQDO�0XVHXP� RI�1DWXUH� DQG� 6FLHQFH�� ������
��������������

��� .DZDGD� 6��� 6RQ�1�� 7�� DQG� &DQ�'�� 1���$� QHZ� VSHFLHV� RI� PROH� RI� WKH� JHQXV�
(XURVFDSWRU� �6RULFRPRUSKD�� 7DOSLGDH�� IURP� QRUWKHUQ� 9LHWQDP�� -RXUQDO� RI�
0DPPDORJ\��������������������

��� =HPOHPHURYD� (�� '��� %DQQLNRYD�$��$��� /HEHGHY�9�� 6��� 5R]KQRY�9��9��� DQG�
$EUDPRY� $�� 9��� 6HFUHWV� RI� WKH� XQGHUJURXQG� 9LHWQDP�� DQ� XQGHUHVWLPDWHG�
VSHFLHV� GLYHUVLW\� RI� $VLDQ� PROHV� �/LSRW\SKOD�� 7DOSLGDH�� (XURVFDSWRU���
3URFHHGLQJV�RI�WKH�=RRORJLFDO�,QVWLWXWH�5$6����������������S�����������

��� %XL� 7XDQ� +DL�� 0RWRNDZD� 0��� .DZDGD� 6�� ,��� $EUDPRY� $�� 9�� DQG� 1JX\HQ�
7UXRQJ� 6RQ�� 6NXOO� YDULDWLRQ� LQ� $VLDQ� PROHV� RI� WKH� JHQXV� (XURVFDSWRU�
�(XOLSRW\SKOD��7DOSLGDH��LQ�9LHWQDP��0DPPDO�6WXG\�����������������������

��� .UXVNRS�6��9���%DWV�RI�9LHWQDP��&KHFNOLVW�DQG�DQ�LGHQWLILFDWLRQ�PDQXDO���QG�HGLWLRQ��
UHYLVHG�DQG�VXSSOHPHQWHG��.0.�6FLHQWLILF�SUHVV�/WG���0RVFRZ������������SS��

��� 7X�9��7���+DVVDQLQ�$���*|UI|O�7���$UDL�6���)XNXL�'���7KDQK�+��7���6RQ�1��7���
)XUH\�1��0��DQG�&VRUED�*���,QWHJUDWLYH�WD[RQRP\�RI�WKH�5KLQRORSKXV�PDFURWLV�
FRPSOH[��&KLURSWHUD��5KLQRORSKLGDH��LQ�9LHWQDP�DQG�QHDUE\�UHJLRQV��-RXUQDO�
RI�=RRORJLFDO�6\VWHPDWLFV�DQG�(YROXWLRQDU\�5HVHDUFK��������������������

��� =KDQJ�/���6XQ�/���/LX�7���=KDR�+���&VRUED�*���-LQ�/���7KRQJ�9��'��DQG�)HQJ�-���
0XOWLORFXV�SK\ORJHQ\�DQG�VSHFLHV�GHOLPLWDWLRQ�ZLWKLQ� WKH�SKLOLSSLQHQVLV�JURXS�
�&KLURSWHUD��5KLQRORSKLGDH���=RRORJLFD�6FULSWD�����������������������

��� /LX�7���=KDQJ�.���'DL�:��� -LQ�/���6XQ�.�� DQG�)HQJ�-���(YROXWLRQDU\� LQVLJKWV�
LQWR�5KLQRORSKXV� HSLVFRSXV� �&KLURSWHUD�� 5KLQRORSKLGDH�� LQ�&KLQD�� ,VRODWLRQ�
E\� GLVWDQFH�� HQYLURQPHQW�� RU� VHQVRU\� V\VWHP"�� -RXUQDO� RI� =RRORJLFDO�
6\VWHPDWLFV�DQG�(YROXWLRQDU\�5HVHDUFK�����������������������

��� )UDQFLV�&��0���%RULVHQNR�$��9���,YDQRYD�1��9���(JHU�-��/���/LP�%��.���*XLOOpQ�
6HUYHQW�$���.UXVNRS�6��9���0DFNLH� ,��DQG�+HEHUW�3��'��1���7KH�UROH�RI�'1$�
EDUFRGHV�LQ�XQGHUVWDQGLQJ�DQG�FRQVHUYDWLRQ�RI�PDPPDO�GLYHUVLW\�LQ�6RXWKHDVW�
$VLD��3/R6�21(�������������H�������

��� 9ROOHWK�0���1JX\HQ�7UXRQJ� 6RQ��:X�<���/L�<���<X�:���/LQ�/��.���$UDL�6���
7ULIRQRY�9��� /LHKU�7�� DQG�+DUDGD�0���&RPSDUDWLYH� FKURPRVRPDO� VWXGLHV� LQ�
5KLQRORSKXV�IRUPRVDH�DQG�5��OXFWXV�IURP�&KLQD�DQG�9LHWQDP��HOHYDWLRQ�RI�5��
O��ODQRVXV�WR�VSHFLHV�UDQN��$FWD�&KLURSWHURORJLFD������������������

��� 6RLVRRN�3���6WUXHELJ�0��-���1RHUIDKP\�6���%HUQDUG�+���0DU\DQWR� ,���&KHQ�6��
)��� 5RVVLWHU� 6�� -��� .XR� +�� &��� 'HVKSDQGH� .��� %DWHV� 3�� -�� -��� 6\NHV� '��� DQG�
0LJXH]� 5�� 3���'HVFULSWLRQ� RI� D� QHZ� VSHFLHV� RI� WKH� 5KLQRORSKXV� WULIROLDWXV�
JURXS��&KLURSWHUD��5KLQRORSKLGDH��IURP�6RXWKHDVW�$VLD��$FWD�&KLURSWHURORJLFD��
����������������
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��� 9X�'LQK�7KRQJ��3XHFKPDLOOH�6��-���'HQ]LQJHU�$���'LHW]�&���&VRUED�*���%DWHV�
3�� -�� -��� 7HHOLQJ�(��&�� DQG� 6FKQLW]OHU�+��8���$�QHZ� VSHFLHV� RI�+LSSRVLGHURV�
�&KLURSWHUD�� +LSSRVLGHULGDH�� IURP� 9LHWQDP�� -RXUQDO� RI� 0DPPDORJ\�� ������
������������

��� <XVHIRYLFK�$�� 3��� $UW\XVKLQ� ,�� 9��� 5DVSRSRYD�$��$��� %DQQLNRYD�$�� $�� DQG�
.UXVNRS�6��9���$Q�DWWHPSW� WR� UHFRQVWUXFW� WKH�SK\ORJHQ\�RI� WKH�+LSSRVLGHURV�
OHDI�QRVHG�EDWV�EDVHG�RQ�QXFOHDU�JHQH�PDUNHUV��'RNODG\�%LRORJLFDO�6FLHQFHV��
�������������������

��� .UXVNRS� 6�� 9��� %RULVHQNR� $�� 9��� 'XGRURYD� $�� 9�� DQG� $UW\XVKLQ� ,�� 9���
'HVFULSWLRQ� RI� D� QHZ� ,QGRFKLQHVH� 0\RWLV� �0DPPDOLD�� &KLURSWHUD��
9HVSHUWLOLRQLGDH��� ZLWK� DGGLWLRQDO� GDWD� RQ� WKH� �0�� DQQDWHVVDH�� VSHFLHV�
FRPSOH[��5XVVLDQ�-RXUQDO�RI�7KHULRORJ\���������������������

��� 5XHGL�0���6DLND�8���7KDEDK�$���*|UI|O�7���7KDSD�6��DQG�&VRUED�*���0ROHFXODU�
DQG�PRUSKRORJLFDO�UHYLVLRQ�RI�VPDOO�0\RWLQDH�IURP�WKH�+LPDOD\DV�VKHG�QHZ�
OLJKW�RQ�WKH�SRRUO\�NQRZQ�JHQXV�6XEP\RWRGRQ��&KLURSWHUD��9HVSHUWLOLRQLGDH���
0DPPDOLDQ�%LRORJ\������������������������

��� 7LPPLQV� 5�� -��� 'XFNZRUWK� -�� :��� 5REVRQ� &�� 5�� DQG� :DOVWRQ� -�� /���
'LVWULEXWLRQ�� VWDWXV� DQG� HFRORJ\� RI� WKH� PDLQODQG� VOHQGHU�WDLOHG� WUHHVKUHZ�
'HQGURJDOH�PXULQD��0DPPDO�5HYLHZ��������������������

��� .X]QHWVRY� *�� 9��� 0DPPDOV� RI� 9LHWQDP�� .0.� 6FLHQWLILF� 3UHVV�� 0RVFRZ��
����������SS��

��� 'DQJ�1JRF�&DQ�� (QGR�+���1JX\HQ�7UXRQJ� 6RQ��2VKLGD�7���/H�;XDQ�&DQK��
'DQJ�+X\�3KXRQJ��/XQGH�'��3���.DZDGD�6��,���+D\DVKLGD�$��DQG�6DVDNL�0���
&KHFNOLVW�RI�ZLOG�PDPPDO�VSHFLHV�RI�9LHWQDP��,(%5��+DQRL������������SS���

��� 0XXO�,��DQG�7KRQJORQJ\D�.���7D[RQRPLF�VWDWXV�RI�3HWLQRP\V�PRUULVL��&DUWHU��
DQG�LWV�UHODWLRQVKLS�WR�3HWLQRP\V�VHWRVXV��7HPPLQFN�DQG�6FKOHJHO���-RXUQDO�RI�
0DPPDORJ\��������������������

��� 7KRULQJWRQ�5��:���.RSURZVNL�-��/���6WHHOH�0��$��DQG�:KDWWRQ�-��)���6TXLUUHOV�
RI�WKH�:RUOG��7KH�-RKQV�+RSNLQV�8QLYHUVLW\�3UHVV��%DOWLPRUH������������SS��

��� 6DQDP[D\� '��� 'RXDQJERXESKD� %��� ;D\DSKHW� 9��� 3DSKDSKDQK� 3��� 2VKLGD� 7��
DQG�0RWRNDZD�0���)LUVW� UHFRUG� RI� 3HWLQRP\V� VHWRVXV� �5RGHQWLD�� 6FLXULGDH��
3WHURP\LQL��IURP�/DR�3'5��0DPPDO�6WXG\��������������������

��� .UXVNRS� 6�� 9��� $EUDPRY� $�� 9��� /HEHGHY� 9�� 6�� DQG� %DQQLNRYD� $�� $���
8QFHUWDLQWLHV� LQ� V\VWHPDWLFV� RI� IO\LQJ� VTXLUUHOV� �3WHURP\LQL�� 5RGHQWLD���
LPSOLFDWLRQV�IURP�D�QHZ�UHFRUG�IURP�9LHWQDP��'LYHUVLW\�������������������

��� /DXUDQFH�:�� )���)RUHVW� GHVWUXFWLRQ� LQ� WURSLFDO�$VLD�� &XUUHQW� 6FLHQFH�� ������
������������������

��� 0H\IURLGW� 3�� DQG� /DPELQ� (�� )��� )RUHVW� WUDQVLWLRQ� LQ� 9LHWQDP� DQG� LWV�
HQYLURQPHQWDO�LPSDFWV��*OREDO�&KDQJH�%LRORJ\�������������������������

��� +RL�1JX\HQ�'DQJ� DQG�'XQJ�1JR�7UXQJ��(YDOXDWLRQ� RI� ODQG� FRYHU� FKDQJHV�
DQG�VHFRQGDU\�HFRORJLFDO�VXFFHVVLRQ�RI�W\SLFDO�DJURIRUHVWU\�ODQGVFDSHV�LQ�3KX�
<HQ�3URYLQFH��)RUHVW�DQG�6RFLHW\�������������������
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6800$5<

5DSLG�ILHOG�VXUYH\V�RI�PDPPDOV�LQ�WKH�6RQJ�+LQK�3URWHFWHG�)RUHVW��3KX�<HQ�
3URYLQFH�� 9LHWQDP�� ZHUH� FRQGXFWHG� LQ� -DQXDU\� DQG� -XQH� ������ 7KLUW\�IRXU� VPDOO�
PDPPDOV�ZHUH� UHFRUGHG� EDVHG�RQ�ILHOG� REVHUYDWLRQV� DQG�RQ�PRUSKRORJLFDO�DQG�RU�
PROHFXODU� HYLGHQFH�� WZR� 6FDQGHQWLD� VSHFLHV�� WKUHH� (XOLSRW\SKOD� VSHFLHV�� WKUHH�
&DUQLYRUD�VSHFLHV�����5RGHQWLD�VSHFLHV�DQG����&KLURSWHUD�VSHFLHV��7KH�UHVXOWV�RI�WKH�
SUHVHQW�VWXG\�FRQILUP�WKH�ZHDOWK�DQG�GLYHUVLW\�RI�VPDOO�PDPPDOV�LQ�WKH�VWXGLHG�DUHD��
8QGRXEWHGO\�� 6RQJ� +LQK� 3URWHFWHG� )RUHVW� LV� ZRUWK� KDYLQJ� KLJKHU� FRQVHUYDWLRQ�
VWDWXV��OLNH�D�1DWXUH�5HVHUYH��

.H\ZRUGV��6PDOO�PDPPDOV��QHZ�UHFRUGV��6RQJ�+LQK�IRUHVW��3KX�<HQ�SURYLQFH��

1K̵Q�EjL�QJj\����WKiQJ���QăP������

3K̫Q�EL͏Q�[RQJ�QJj\����WKiQJ����QăP������

+RjQ�WKL͏Q�QJj\����WKiQJ����QăP������

���� -RLQW� 9LHWQDP�5XVVLD� 7URSLFDO� 5HVHDUFK� DQG� 7HFKQRORJ\� &HQWUH�� +DQRL��
9LHWQDP�
����=RRORJLFDO�,QVWLWXWH��5XVVLDQ�$FDGHP\�RI�6FLHQFHV��6DLQW�3HWHUVEXUJ��5XVVLD�
����=RRORJLFDO�0XVHXP��0RVFRZ�6WDWH�8QLYHUVLW\��0RVFRZ��5XVVLD�

&RQWDFW��$EUDPRY�$��9��

=RRORJLFDO�,QVWLWXWH��5XVVLDQ�$FDGHP\�RI�6FLHQFHV��8QLYHUVLWHWVND\D�
QDE�����6DLQW�3HWHUVEXUJ���������5XVVLD� �


