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&DUORV�9LVFDVLOODV�9i]TXH]�DQG�.D]LPLHUDV�ýHUQLV 

,QVWLWXWH�RI�7KHRUHWLFDO�3K\VLFV�DQG�$VWURQRP\��9LOQLXV�8QLYHUVLW\�� 
6DXO¡WHNLR�DY�����������9LOQLXV��/LWKXDQLD� 

(�PDLO��FDUORV�YLVFDVLOODV#II�YX�OW 
 

DQG 
 

-RVp�0DQXHO�9DTXHUR 

'HSDUWDPHQWR�GH�)tVLFD��8QLYHUVLGDG�GH�([WUHPDGXUD�� 
$YGD��GH�(OYDV��V�Q�������%DGDMR]��6SDLQ� 

(�PDLO��MYDTXHUR#XQH[�HV 
 

$EVWUDFW���7KLV�SDSHU�SUHVHQWV��IRU�WKH�ILUVW�WLPH������SUHYLRXVO\�XQSXEOLVKHG�VRODU�SKRWRJUDSKV�REWDLQHG�
ZLWK�WKH�9LOQLXV�'DOOPH\HU�SKRWRKHOLRJUDSK��WKH�VHFRQG�LQVWUXPHQW�RI�LWV�NLQG�LQ�WKH�ZRUOG��DQG�WKH�ILUVW�
FRQVWUXFWHG� E\� -RKQ� +HQU\� 'DOOPH\HU�� %XLOW� LQ� ����� DQG� LQVWDOOHG� DW� 9LOQLXV� 2EVHUYDWRU\� LQ� ����� WKH�
LQVWUXPHQW�HPERGLHG�NH\�LQQRYDWLRQV�LQ�RSWLFV�DQG�PHFKDQLFV��LQVSLUHG�E\�WKH�HDUOLHU�.HZ�PRGHO��'HVSLWH�
LWV�SURPLVH��WKH�SURJUDP�IDFHG�GUDPDWLF�VHWEDFNV��WKH�VXFFHVVLYH�GHDWKV�RI�WZR�'LUHFWRUV��)ULHGULFK�6DEOHU�
DQG�0DWZHM�*XVVHZ��LQ������DQG�������VRRQ�DIWHU�WKH�SURMHFW�ZDV�ODXQFKHG��DQG�D�GHYDVWDWLQJ�ILUH�LQ������
WKDW�GHVWUR\HG�WKH�:HVWHUQ�'RPH�DQG�WKH�SKRWRKHOLRJUDSK�LWVHOI��1HYHUWKHOHVV��XQGHU�WKH�GLUHFWLRQ�RI�3DYHO�
6P\VORY�� UHJXODU� VRODU� LPDJLQJ� ZDV� FRQGXFWHG� IURP� ����� WR� ������ UHVXOWLQJ� LQ� DSSUR[LPDWHO\� ����
SKRWRJUDSKV��2I�WKHVH��WKH�����VXUYLYLQJ�LPDJHV��ORQJ�RYHUORRNHG�DQG�SUHYLRXVO\�XQSXEOLVKHG��DUH�KHUH�
FDWDORJXHG�� RUGHUHG�� DQG� SDUWO\� LOOXVWUDWHG� IRU� WKH� ILUVW� WLPH�� SURYLGLQJ� D� XQLTXH�� FRQWLQXRXV� UHFRUG� RI�
VXQVSRW�DFWLYLW\� IURP� WKLV�HDUO\�SHULRG�RI�VRODU�SKRWRJUDSK\�� ,Q�D� IXWXUH�VWXG\��ZH�SODQ� WR�DQDO\]H� WKLV�
GDWDVHW�LQ�GHWDLO��VKHGGLQJ�QHZ�OLJKW�ERWK�RQ�QLQHWHHQWK�FHQWXU\�VRODU�YDULDELOLW\�DQG�RQ�WKH�GHYHORSPHQW�
RI�HDUO\�DVWURSKRWRJUDSKLF�PHWKRGV� 
 

.H\ZRUGV��9LOQLXV�2EVHUYDWRU\��'DOOPH\HU�KHOLRJUDSK��VRODU�DFWLYLW\�F\FOH��VXQVSRWV� 
 

+HUH�LV�WKH�OLQN�WR�WKH�����VXUYLYLQJ�LPDJHV�RQ�6FLHQFH'%��KWWSV���GRL�RUJ����������VFLHQFHGE������ 
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7KH�LQYHQWLRQ�RI�SKRWRJUDSK\�LQ�WKH�QLQHWHHQWK�
FHQWXU\� EURXJKW� D� SURIRXQG� WUDQVIRUPDWLRQ� WR�
DVWURQRP\��)RU� WKH� ILUVW� WLPH��FHOHVWLDO�REMHFWV�
FRXOG�EH�DOOHJHGO\�UHFRUGHG�ZLWK�REMHFWLYH�SUH�
FLVLRQ��UHPRYLQJ�WKH�VXEMHFWLYLW\�RI�KDQG�GUDZQ�
VNHWFKHV�� ,W� UHYROXWLRQL]HG�DVWURQRP\� LQ�ZD\V�
WKDW�HDUOLHU�JHQHUDWLRQV�FRXOG�VFDUFHO\�KDYH�LP�
DJLQHG�� 
 

$V�+ROPHV� ������� UHIOHFWHG��KDG� WKH�PHG�
LXP� H[LVWHG� LQ� WKH� WLPH� RI� :LOOLDP� +HUVFKHO�
�����±�������PDQ\�P\VWHULHV�PLJKW�KDYH�EHHQ�
FODULILHG� GHFDGHV� HDUOLHU�� +RZHYHU�� SURJUHVV�
ZDV� VZLIW� RQFH� SKRWRJUDSK\� KDG� EHHQ� HVWDE�
OLVKHG��+ROPHV�FUHGLWV�/RXLV�'DJXHUUH������±
������ DQG� -RVHSK� 1LFpSKRUH� 1LpSFH� �����±
������ZLWK�LWV�SXEOLF�LQWURGXFWLRQ�LQ�������EXLOG�
LQJ�RQ�HDUO\�FKHPLFDO�H[SHULPHQWV�E\�7KRPDV�
:HGJZRRG� �����±������ DQG� +XPSKU\� 'DY\�
�����±�������7KH�ILUVW�VXFFHVVIXO�DVWURQRPLFDO�
SKRWRJUDSK�LV�XVXDOO\�DWWULEXWHG�WR�-RKQ�:LOOLDP�
'UDSHU������±�������ZKR�FDSWXUHG�DQ�LPDJH�RI�
WKH�0RRQ�LQ�������VHH�H�J��%UDVFK��������%URW�
KHUV��������+XJKHV��������7URPELQR��������� 
 

2QO\� D� IHZ� \HDUV� ODWHU�� +LSSRO\WH� )L]HDX�
�����±������DQG�/pRQ�)RXFDXOW������±������
REWDLQHG� WKH� ILUVW�GDJXHUUHRW\SH�RI� WKH�6XQ� LQ�
������PDUNLQJ�WKH�UHDO�EHJLQQLQJ�RI�VRODU�SKRWR�
JUDSK\��)ODPPDULRQ�DQG�4XpQLVVHW���������%\�

WKH� ����V�� :DUUHQ� 'H� OD� 5XH� �����±������
+LUVKIHOG��������ZDV�SURGXFLQJ�KLJK�TXDOLW\�OX�
QDU�DQG�VRODU�SKRWRJUDSKV�DQG�KDG�GHYHORSHG�
WKH�ILUVW�SKRWRKHOLRJUDSK��/H�&RQWH���������XVHG�
IRU�GDLO\�VRODU�REVHUYDWLRQV�EHJLQQLQJ�LQ������� 

 

2WKHU� SLRQHHUV� LQFOXGHG� +DUYDUG-V� *HRUJH�
3KLOOLSV�%RQG������±�������ZKR�SKRWRJUDSKHG�
VWDUV�DQG�FOXVWHUV�LQ�WKH�HDUO\�����V��DQG�/HZLV�
0RUULVRQ�5XWKHUIXUG������±�������ZKR�DGYDQF�
HG� ERWK� FHOHVWLDO� LPDJLQJ� DQG� VWHOODU� VSHFWUR�
VFRS\�LQ�WKH�����V�� 

 

7KHVH� GHYHORSPHQWV� HVWDEOLVKHG� SKRWR�
JUDSK\�QRW�RQO\�DV�D�YLVXDO�VXSSOHPHQW�WR�DV�
WURQRP\�EXW�DV�D�ULJRURXV�REVHUYDWLRQDO�PHWK�
RG��$PRQJ�LWV�PRVW�WUDQVIRUPDWLYH�DSSOLFDWLRQV�
ZDV� SKRWRKHOLRJUDSK\²WKH� V\VWHPDWLF� SKRW�
RJUDSKLF� UHFRUGLQJ� RI� WKH� VRODU� GLVN²WKURXJK�
ZKLFK�VXQVSRWV��SURPLQHQFHV��IODUHV�DQG�JUDQ�
XODWLRQ�FRXOG�EH�PHDVXUHG�ZLWK�XQSUHFHGHQWHG�
FRQVLVWHQF\� DQG� REMHFWLYLW\� �VHH� H�J�� 'RPLQ�
JXH]�&DVWUR�DQG�9DTXHUR�������+DUYH\�HW�DO���
������ 
 

7KH�ILUVW�GHGLFDWHG�LQVWUXPHQW�IRU�VRODU�SKR�
WRJUDSK\��WKH�.HZ�3KRWRKHOLRJUDSK��ZDV�FRP�
PLVVLRQHG� LQ� (QJODQG� LQ� ������ ,W� PDUNHG� WKH�
EHJLQQLQJ�RI�UHJXODU�VRODU�LPDJLQJ��HVWDEOLVKLQJ�
D� PRGHO� WKDW� REVHUYDWRULHV� DFURVV� (XURSH�
ZRXOG� VRRQ� IROORZ�� $V� SKRWRJUDSK\� UDSLGO\�
DGYDQFHG��VRODU�REVHUYDWLRQ�HPHUJHG�DV�D�QHZ�
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IURQWLHU� LQ� DVWURSK\VLFDO� UHVHDUFK�� 2QH� RI� WKH�
HDUOLHVW�DQG�PRVW�LPSRUWDQW�LQVWUXPHQWV�RI�WKLV�
NLQG�ZDV�EXLOW�E\�WKH�UHQRZQHG�%ULWLVK�RSWLFLDQ�
-RKQ�+HQU\�'DOOPH\HU������±������� 

 

,Q� ������ 'DOOPH\HU� FRQVWUXFWHG� D� FXVWRP�
SKRWRKHOLRJUDSK�IRU�9LOQLXV�2EVHUYDWRU\��&RP�
PLVVLRQHG�E\�WKH�2EVHUYDWRU\¶V�'LUHFWRU��*HRUJ�
)ULHGULFK� 6DEOHU� �����±������� DQG� DSSURYHG�
E\� WKH� LQIOXHQWLDO� DVWURQRPHU� )ULHGULFK� *HRUJ�
:LOKHOP� YRQ� 6WUXYH� �����±������� WKH� LQVWUX�
PHQW�DUULYHG�LQ�9LOQLXV�LQ�������.OLPND���������
$V�QRWHG�LQ�WKH�'LFWLRQDU\�RI�1DWLRQDO�%LRJUDSK\�
�6WHSKHQ��������� 

 

7R� DLG� FHOHVWLDO� SKRWRJUDSK\� 'DOOPH\HU�
FRQVWUXFWHG� D� SKRWR�KHOLRJUDSK� IRU� WKH�
:LOQD� REVHUYDWRU\� RI� WKH� 5XVVLDQ� JRY�
HUQPHQW�LQ����������7KLV�LQVWUXPHQW�ZDV�
D� FRPSOHWH� VXFFHVV�� DQG� WKH� +DUYDUG�
&ROOHJH�2EVHUYDWRU\�ZDV�VXSSOLHG�ZLWK�D�
VLPLODU�RQH�LQ�WKH�IROORZLQJ�\HDU� 

 

7KH� 'DOOPH\HU� SKRWRKHOLRJUDSK� RI� 9LOQLXV�
ZDV�D�SUHFXUVRU� WR�D�EURDGHU�VHULHV�RI� LQVWUX�
PHQWV�� 'DOOPH\HU� ZHQW� RQ� WR� EXLOG� DW� OHDVW�
HOHYHQ�SKRWRKHOLRJUDSKV�EHWZHHQ������DQG�WKH�
����V��PDQ\�RI�ZKLFK�ZHUH�XVHG� LQ� WKH������
WUDQVLW�RI�9HQXV�H[SHGLWLRQV�VSRQVRUHG�E\�WKH�
%ULWLVK�*RYHUQPHQW� �+XJKHV��������� ,Q�DQWLFL�
SDWLRQ�RI�WKH�WUDQVLW� 

 

«�LQVWUXFWLRQV�>KDG@�WKHUHIRUH�EHHQ�JLY�
HQ� WR�0U��'DOOPH\HU� WR�FRQVWUXFW��XQGHU�
WKH�DEOH�VXSHUYLVLRQ�RI�0U��'H�/D�5XH��
ILYH� SKRWR�KHOLRJUDSKV�� RI� D� VLPLODU� GH�
VLJQ� WR� WKDW�PDGH�E\� KLP� IRU� WKH�:LOQD�
2EVHUYDWRU\�� DQG� ZKLFK� KDV� SURGXFHG�
6XQ�SLFWXUHV� RI� H[WUHPH� VKDUSQHVV� RI�
GHILQLWLRQ� ZLWKRXW� VHQVLEOH� GLVWRUWLRQ��
�5$6��������� 
 

7KHVH� H[SHGLWLRQ� LQVWUXPHQWV� ZHUH� ODWHU� DV�
VLJQHG�WR�WKH�5R\DO�2EVHUYDWRU\�DQG�XVHG�IRU�
GDLO\�VRODU�SKRWRJUDSK\�� 
 

'XULQJ�WKH�ODWWHU�KDOI�RI�WKH�QLQHWHHQWK�FHQ�
WXU\��SKRWRKHOLRJUDSK\�H[SDQGHG�UDSLGO\��$W�WKH�
5R\DO�*UHHQZLFK�2EVHUYDWRU\��GDLO\�VRODU�SKR�
WRJUDSK\�EHJDQ�LQ�������DQG�D�ORQJ�WHUP�VHULHV�
RI� PHDVXUHPHQWV� ZDV� FRPSLOHG� IURP� LPDJHV�
WDNHQ�DW�PXOWLSOH�REVHUYDWRULHV�XVLQJ�GLIIHUHQW�
WHOHVFRSHV�DQG�SKRWRJUDSKLF�WHFKQLTXHV��:LOOLV�
HW�DO����������,Q�0HOERXUQH��D�'DOOPH\HU�SKRWR�
KHOLRJUDSK�ZDV�XVHG�WR�FDSWXUH�WKH������WUDQVLW�
RI� 9HQXV� �&ODUN� DQG�2UFKLVWRQ�� �������0HDQ�
ZKLOH��DW�WKH�,QIDQWH�'��/XL]�2EVHUYDWRU\�LQ�/LV�
ERQ�� DVWURQRPHUV� LQLWLDWHG� D� SURJUDP� RI� GDLO\�
VRODU�SKRWRJUDSK\�EHWZHHQ������DQG������ WR�
LQYHVWLJDWH�FRUUHODWLRQV�EHWZHHQ�VXQVSRW�DFWLY�
LW\�DQG�JHRPDJQHWLF�YDULDWLRQV��%RQLIiFLR�HW�DO���
������ 
 

:KLOH� WKH� 9LOQLXV� 2EVHUYDWRU\� SKRWRKHOLR�
JUDSK�LV�FLWHG�LQ�YDULRXV�GRFXPHQWV�FKURQLFOLQJ 

WKH� HDUO\� KLVWRU\� RI� VRODU� SKRWRJUDSK\� �H�J��
5D\HW��������6FKHLQHU��������� LW� LV�QRW�GLVFXV�
VHG� LQ� EURDGHU�PRQRJUDSKV� RQ� WKH� KLVWRU\� RI�
VRODU�SK\VLFV� �H�J���VHH�+XIEDXHU���������7KLV�
SDSHU� WHOOV� WKH� VWRU\� RI� WKH� ILUVW� 'DOOPH\HU�
SKRWRKHOLRJUDSK�� WKH�VHFRQG�RI� LWV� NLQG� LQ� WKH�
ZRUOG��:H�H[DPLQH� LWV�RULJLQV�� WKH�FKDOOHQJHV�
IDFHG� E\� HDUO\� REVHUYHUV�� LWV� FRQWULEXWLRQV� WR�
QLQHWHHQWK�FHQWXU\� VRODU� DVWURQRP\�� DQG� WKH�
HQGXULQJ� VFLHQWLILF� DQG� KLVWRULFDO� YDOXH� RI� LWV�
VXUYLYLQJ�SKRWRJUDSKV� 
 

,W�LV�LPSRUWDQW�WR�HPSKDVL]H�WKDW�WKH�KLVWRU\�
DQG�OHJDF\�RI�WKH�SKRWRKHOLRJUDSK�DW�WKH�9LOQLXV�
2EVHUYDWRU\� DUH� VLJQLILFDQW� QRW� RQO\� IURP� D�
KLVWRULFDO� SHUVSHFWLYH�� EXW� DOVR� EHFDXVH� WKH�
UHFRYHU\�RI� LWV� DUFKLYDO�PDWHULDO� �FRQVLVWLQJ�RI�
HDUO\�VRODU�SKRWRJUDSKV�� LV�RI�JUHDW� LQWHUHVW�WR�
FRQWHPSRUDU\� JHRSK\VLFLVWV� DQG� VRODU� DVWURQ�
RPHUV�� 1XPHURXV� VWXGLHV� KDYH� EHHQ� PDGH�
SRVVLEOH�WKDQNV�WR�SKRWRJUDSKLF�SODWHV�SUHVHUY�
HG�LQ�WKH�DUFKLYHV�RI�VFLHQWLILF�LQVWLWXWLRQV��7KH�
PRVW� SURPLQHQW� H[DPSOH� LV� WKH�5R\DO�*UHHQ�
ZLFK�2EVHUYDWRU\� �:LOOLV� HW� DO��� ������� WKRXJK�
VHYHUDO�RWKHU�QRWDEOH�FDVHV�DOVR�H[LVW��VHH�H�J��
$SDULFLR� HW� DO��� ������ &DUUDVFR� HW� DO��� ������
������&XUWR�HW�DO��������� 
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9LOQLXV�8QLYHUVLW\�2EVHUYDWRU\��IRXQGHG�LQ������
�)LJXUH�����KROGV�D�XQLTXH�SODFH�LQ�WKH�KLVWRU\�RI�
DVWURQRP\�� QRW� RQO\� DV� RQH� RI� WKH� ROGHVW� RE�
VHUYDWRULHV� LQ�(XURSH�� EXW� DOVR� DV� RQH� RI� WKH�
ILUVW� REVHUYDWRULHV� LQ� WKH� ZRUOG� HVWDEOLVKHG�
WKURXJK� WKH� SDWURQDJH� RI� D� ZRPDQ�� (O*ELHWD�
0DJGDOHQD� 2JL�VND�3X]\QLQD� �a����±�������
+HU�VXSSRUW��DORQJVLGH�WKH�YLVLRQ�RI�WKH�-HVXLW�
PDWKHPDWLFLDQ�DQG�DUFKLWHFW�7KRPDV�)HEURZ�
VNL������±�������DOORZHG�WKH�SURMHFW�WR�EHJLQ�DW�
D� WLPH� ZKHQ� VFLHQWLILF� LQIUDVWUXFWXUH� ZDV� VWLOO�
UDUH�LQ�WKH�UHJLRQ��VHH�H�J��.OLPND��������������
0DWXODLW\W¡��������äLWNHYLþLXV�������� 
 

7KURXJKRXW� WKH� HLJKWHHQWK� DQG�HDUO\� QLQH�
WHHQWK� FHQWXULHV�� WKH� 2EVHUYDWRU\� IORXULVKHG��
'LUHFWRUV� VXFK� DV� 0DUWLQ� 3RF]REXW� �����±
������DQG�-DQ��QLDGHFNL������±������H[SDQG�
HG� LWV� FDSDELOLWLHV� ZLWK� SUHFLVLRQ� LQVWUXPHQWV�
IURP�OHDGLQJ�%ULWLVK�DQG�(XURSHDQ�PDNHUV�OLNH�
-HVVLH�5DPVGHQ� �����±������ DQG� -RKQ�'RO�
ORQG������±�������DQG�FRQWULEXWHG�VLJQLILFDQW�
O\� WR� WKH�VWXG\�RI�SODQHWDU\�PRWLRQ��DVWHURLGV��
DQG�FRPHWV��.OLPND���������(YHQ�DIWHU�WKH�FORV�
XUH�RI�9LOQLXV�8QLYHUVLW\�E\�WKH�5XVVLDQ�(PSLUH�
LQ�������WKH�2EVHUYDWRU\�UHPDLQHG�DFWLYH�DV�D�
EUDQFK�RI� WKH�3XONRYR�2EVHUYDWRU\�� OD\LQJ�WKH�
JURXQGZRUN� IRU� D� QHZ� HUD� RI� DVWURSK\VLFDO�
UHVHDUFK� 
 



&��9LVFDVLOODV�9i]TXH]��.��ýHUQLV�DQG�-�0��9DTXHUR���������9LOQLXV�2EVHUYDWRU\�'DOOPH\HU�3KRWRKHOLRJUDSK�,PDJHV 
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)LJXUH�����9LOQLXV�2EVHUYDWRU\�LQ�VXPPHU�������SKRWRJUDSKHG�E\�.RQUDG�%UDQGHO��7KH�ULJKW�KDQG�GRPH�KRXVHG�
WKH�'DOOPH\HU� SKRWRKHOLRJUDSK� �GHVWUR\HG� LQ� WKH� ����� ILUH��� WKH� OHIW�KDQG� GRPH� KHOG� WKH�6FKZHUG� SKRWRPHWHU�
�ZKLFK�ZDV�VDYHG���7KLV�LV�WKH�RQO\�NQRZQ�QLQHWHHQWK�FHQWXU\�SKRWRJUDSK�VKRZLQJ�ERWK�GRPHV��FUHGLWV��.RQUDG�
%UDQGHO��)URP�WKH�DOEXP�6RXYHQLU�GH�9LOQD��������FRXUWHV\��+XJR�6FKHX�0XVHXP��)�������� 
 

7KDW� WUDQVIRUPDWLRQ� EHJDQ� XQGHU� )ULHGULFK�
6DEOHU��ZKR�VHUYHG�DV�'LUHFWRU�RI�9LOQLXV�2E�
VHUYDWRU\�IURP������XQWLO�KLV�GHDWK�LQ�������,Q�
������ UHFRJQL]LQJ� WKH� JURZLQJ� LPSRUWDQFH� RI�
VRODU�SK\VLFV��6DEOHU�SURSRVHG�WKH�DFTXLVLWLRQ�
RI�D�SKRWRKHOLRJUDSK��DQ�LQVWUXPHQW�VSHFLILFDOO\�
GHVLJQHG�IRU�SKRWRJUDSKLQJ�WKH�6XQ��+LV�LQLWLD�
WLYH� UHFHLYHG� WKH� VXSSRUW� RI� :LOKHOP� 6WUXYH��
'LUHFWRU� RI� WKH� ,PSHULDO� 3XONRYR�2EVHUYDWRU\��
ZKR�HQVXUHG�LQVWLWXWLRQDO�DQG�ILQDQFLDO�VXSSRUW�
IRU� WKLV� EROG� VWHS� �.OLPND�� ������� 7KDW� VDPH�
VXPPHU��6DEOHU�WUDYHOHG�WR�&UDQIRUG�LQ�/RQGRQ��
ZKHUH�KH�UHFHLYHG�WUDLQLQJ�LQ�DVWURQRPLFDO�SKR�
WRJUDSK\�XQGHU�WKH�VXSHUYLVLRQ�RI�:DUUHQ�'H�OD�
5XH��5$6��������� 

 

$W� WKDW� WLPH�� WKH�.HZ�SKRWRKHOLRJUDSK�ZDV�
RSHUDWLQJ� DW� KLJK� FDSDFLW\� �'H� OD� 5XH� HW� DO���
�������������$FFRUGLQJ�WR�WKH�.HZ�&RPPLWWHH¶V�
����� UHSRUW�� D� FXVWRP� SKRWRKHOLRJUDSK� ZDV�
DOUHDG\� EHLQJ� FRQVWUXFWHG� IRU�9LOQLXV� E\� -RKQ�
+HQU\�'DOOPH\HU�� D�%ULWLVK�RSWLFLDQ� NQRZQ� IRU�
KLV�ZRUN�LQ�SKRWRJUDSKLF�DQG�DVWURQRPLFDO�RS�
WLFV��LQFRUSRUDWLQJ�DOO�WKH�LPSURYHPHQWV�GHULYHG�
IURP�.HZ��7KH�UHSRUW�QRWHG�WKDW�WKH�LQVWUXPHQW�
ZDV� H[SHFWHG� WR� EHFRPH� RSHUDWLRQDO� LQ� WKH�

VSULQJ�RI������� WKXV� UHDOL]LQJ� WKH�SURSRVDO�E\�
-RKQ�+HUVFKHO������±������IRU�GDLO\�VRODU�LP�
DJLQJ�QRW�RQO\�LQ�(QJODQG��%$$6�������� 
 

7KH�'DOOPH\HU�1R����SKRWRKHOLRJUDSK��GHOLY�
HUHG� WR� 9LOQLXV� LQ� ������ LQFRUSRUDWHG� VHYHUDO�
LPSURYHPHQWV� RYHU� WKH� ILUVW� .HZ� LQVWUXPHQW��
LQFOXGLQJ�D�PRWRUL]HG�HTXDWRULDO�PRXQW�DQG�DQ�
RSWLFDO�V\VWHP�ZLWK�D�IRXU�IRRW�IRFDO�OHQJWK�WKDW�
SURMHFWHG�D�����PP�VRODU�LPDJH�RQWR�VHQVLWL]HG�
ZHW�FROORGLRQ�SODWHV��7KLV�ZDV�WKH�PRVW�HIIHFW�
WLYH� PHWKRG� WKHQ� DYDLODEOH� IRU� FDSWXULQJ� ILQH�
VRODU�GHWDLO��$V�:DUUHQ�'H�OD�5XH��������ODWHU�
UHSRUWHG�WR�WKH�5R\DO�6RFLHW\��WKH�9LOQLXV�LQVWUX�
PHQW�SURGXFHG�EHWWHU� LPDJHV� WKDQ� LWV�(QJOLVK�
SUHGHFHVVRU�� GXH� WR� DGYDQFHV� LQ� ERWK� RSWLFV�
DQG�PHFKDQLFV��7KDW�VDPH�VXPPHU�RI������WKH�
2EVHUYDWRU\� UHFRUGHG� LWV� ILUVW� VRODU� SKRWR�
JUDSKV��XQGHU�WKH�GLUHFWLRQ�RI�)ULHGULFK�6DEOHU��
PDUNLQJ� D� QHZ� VFLHQWLILF� GLUHFWLRQ�� +RZHYHU��
6DEOHU¶V�GHWHULRUDWLQJ�KHDOWK�LQFUHDVLQJO\�OLPLW�
HG�KLV�DELOLW\�WR�FRQWLQXH�WKLV�WDVN��$V�QRWHG�E\�
0DWZHM�*XVVHZ�������� LQ�KLV�RELWXDU\��6DEOHU�
VXIIHUHG� D� SURORQJHG� DQG� VHULRXV� LOOQHVV� DQG�
SDVVHG�DZD\�LQ�9LOQLXV�RQ����'HFHPEHU������
DW�WKH�DJH�RI����� 
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+LV�VXFFHVVRU�ZDV�0DWZHM�*XVVHZ������±
�������ZKR�EULHIO\�FRQWLQXHG� WKH�SKRWRJUDSKLF�
SURJUDP�GXULQJ�����±�����EXW�DOVR�GLHG�VKRUW�
O\� WKHUHDIWHU�� RQ� ��� $SULO� ����� �0DWXODLW\W¡��
������� 7KH� V\VWHPDWLF� SKDVH� RI� VRODU� SKRWR�
JUDSK\�DW�9LOQLXV�EHJDQ�XQGHU�3DYHO�6P\VORY��
'LUHFWRU� IURP������ WR�������ZKR�RYHUVDZ� WKH�
FRQVWUXFWLRQ�RI�D�GHGLFDWHG�GRPH�IRU�WKH�LQVWUX�
PHQW� DQG� LQLWLDWHG� UHJXODU� REVHUYDWLRQV� IURP�
�����RQZDUG��.OLPND���������+H�ZDV�DVVLVWHG�
E\�)ULHGULFK�:LOKHOP�-XOLXV�YRQ�%HUJ��E���������
ZKR�ZDV�WKHQ�HQJDJHG�LQ�9LOQLXV�ZLWK�FHOHVWLDO�
PHFKDQLFV� REVHUYDWLRQV�� LQFOXGLQJ� WKH� GHWHU�
PLQDWLRQ�RI�FRPHWDU\�DQG�SODQHWDU\�GLVWDQFHV�
EDVHG� RQ� WKUHH� REVHUYDWLRQV� �H�J�� YRQ� %HUJ��
�������������������9RQ�%HUJ�ZDV�D�JUDGXDWH�RI�
WKH� 8QLYHUVLW\� RI� 'RUSDW� �7DUWX�� DQG� D� IRUPHU�
VWXGHQW�RI�-RKDQQ�+HLQULFK�YRQ�0lGOHU������±
������ 0DWXODLW\W¡�� ������� 'LUHFWRU� RI� 'RUSDW�
�7DUWX��2EVHUYDWRU\��6P\VORZ�UHJXODUO\�VXEPLW�
WHG�UHSRUWV�RQ�WKH�DFWLYLWLHV�RI�WKH�2EVHUYDWRU\�
WR� WKH�$FDGHP\�RI�6FLHQFHV�RI�5XVVLD�� ,Q�DG�
GLWLRQ� WR� WKHLU� RWKHU� UHVSRQVLELOLWLHV�� 6P\VORZ�
DQG�YRQ�%HUJ�SULRULWL]HG�WKH�DFTXLVLWLRQ�RI�KLJK�
TXDOLW\�VRODU�LPDJHV��LELG��� 
 

+RZHYHU�� WKH�HDUO\�\HDUV�RI� WKH�XVH�RI� WKH�
SKRWRKHOLRJUDSK�ZHUH�PDUNHG�E\�VHYHUDO�FKDO�
OHQJHV��7KH�GHDWKV�RI�6DEOHU�DQG�*XVVHZ�ZLWK�
LQ�D� IHZ�\HDUV�RI� WKH�DUULYDO�RI� WKH� LQVWUXPHQW�
GLVUXSWHG�FRQWLQXLW\��7KHUH�ZHUH�DOVR�WHFKQLFDO�
DQG�ORJLVWLFDO�GHOD\V��LQFOXGLQJ�WKH�WLPH�UHTXLU�
HG�WR�FRQVWUXFW�WKH�GRPH�DQG�WUDLQ�WKH�VWDII�LQ�
WKH�XVH�RI�SKRWRJUDSKLF�HTXLSPHQW��0RUHRYHU��
DV�*XVVHZ��������UHSRUWHG��ORFDO�FRQGLWLRQV�DW�
WKH�2EVHUYDWRU\�VHYHUHO\�OLPLWHG�LPDJH�TXDOLW\��
DWPRVSKHULF� WXUEXOHQFH�FDXVHG�E\�VRODU�KHDW�
LQJ�RI�WKH�PHWDO�GRPH��FRPELQHG�ZLWK�GXVW�DQG�
VPRNH�IURP�WKH�FLW\��OHG�WR�IUHTXHQW�LPDJH�GLV�
WRUWLRQ��7KH�6XQ�ZDV�RQO\�YLVLEOH�IRU�D�IHZ�KRXUV�
HDFK�GD\��DQG�PDQ\�H[SRVXUHV�ZHUH�UHQGHUHG�
XQXVDEOH�EHFDXVH�RI�EOXUU\�HGJHV�DQG�SRRUO\�
GHILQHG� VXQVSRW� FRQWRXUV��'HVSLWH� WKHVH� GLIIL�
FXOWLHV��*XVVHZ�PDQDJHG� WR�SURGXFH�DW� OHDVW�
WZR�SKRWRJUDSKLF�QHJDWLYHV�SHU� GD\��RQH�RSW�
LPL]HG�IRU�PHDVXUHPHQW�DQG�WKH�RWKHU�IRU�SULQW�
LQJ��DOWKRXJK�PRUH�WKDQ�KDOI�RI�WKHP�KDG�WR�EH�
GLVFDUGHG�DIWHU�PLFURVFRSLF�LQVSHFWLRQ��5HJXODU�
GDWD� FROOHFWLRQ� RQO\� EHFDPH� VXVWDLQDEOH� IURP�
�����RQZDUG��RQFH� LQIUDVWUXFWXUH�DQG�SURFHG�
XUHV�KDG�VWDELOL]HG� 
 

2QFH�RSHUDWLRQDO��KRZHYHU��WKH�9LOQLXV�SKR�
WRKHOLRJUDSK�EHFDPH�RQH�RI�WKH�HDUOLHVW�LQVWUX�
PHQWV�LQ�WKH�ZRUOG�XVHG�IRU�V\VWHPDWLF�SKRWR�
JUDSKLF�VWXG\�RI�VXQVSRWV��$ORQJVLGH�RWKHU� LQ�
QRYDWLRQV��VXFK�DV�WKH�DFTXLVLWLRQ�RI�D�6FKZHUG�
SKRWRPHWHU�LQ�������*H\HU��������DQG�D�0HU]�
VSHFWURVFRSH�LQ�������WKH�SKRWRKHOLRJUDSK�KHOS�
HG�UHGHILQH�WKH�VFLHQWLILF�LGHQWLW\�RI�WKH�2EVHU�
YDWRU\�LQ�WKH�ODWH�QLQHWHHQWK�FHQWXU\��7KH�OHJDF\�
RI�WKLV� LQVWUXPHQW�VWDQGV�DV�D�UHPLQGHU�RI�9LO�

QLXV¶� HDUO\� LQYROYHPHQW� LQ� VRODU� DVWURSKRWR�
JUDSK\� 
 

����7(&+1,&$/�63(&,),&$7,216�2)� 
�����7+(�,167580(17��5(*8/$5 

������2%6(59$7,216��$1'�6&,(17,),& 

������&2175,%87,21 
 

7KH� 9LOQLXV� 'DOOPH\HU� SKRWRKHOLRJUDSK�� FRQ�
VWUXFWHG�LQ�������IHDWXUHG�DQ�REMHFWLYH�ZLWK�DQ�
DSHUWXUH�RI�����PP��D�IRFDO�OHQJWK�RI������PP�
�I������DQG�D�WRWDO�WXEH�OHQJWK�RI������PP��7KH�
RSWLFDO�V\VWHP�SURMHFWHG�D�VRODU�GLVN�LPDJH�RI�
����PP�DW� WKH� IRFDO� SODQH�� DOORZLQJ� IRU� KLJK�
UHVROXWLRQ�SKRWRJUDSKLF�FDSWXUH��7KH�H[SRVXUH�
WLPH� IRU� HDFK� SKRWRJUDSK� ZDV� DSSUR[LPDWHO\�
�������RI�D�VHFRQG��)RU�FRPSDULVRQ�� WKH� ILUVW�
UHJXODU� SKRWRKHOLRJUDSKLF� REVHUYDWLRQV� EHJDQ�
DW�.HZ�2EVHU�YDWRU\� LQ�������XVLQJ�D�VPDOOHU�
LQVWUXPHQW� ZLWK� DQ� DSHUWXUH� RI� ���PP� DQG� D�
IRFDO�OHQJWK�RI������PP��I�������� 
 

7KH�'DOOPH\HU�SKRWRKHOLRJUDSK�ZDV�GHOLYHU�
HG�WR�9LOQLXV�LQ�������DQG�DOWKRXJK�WKH�ILUVW�VRODU�
LPDJHV�ZHUH� WDNHQ� LQ������� UHJXODU�DQG�V\VW�
HPDWLF� REVHUYDWLRQV� EHJDQ� RQO\� LQ� ������ IRO�
ORZLQJ�WKH�FRQVWUXFWLRQ�RI�D�GHGLFDWHG�GRPH�IRU�
LW��)URP�WKHQ�XQWLO�������ZKHQ�D�GHVWUXFWLYH�ILUH�
LQWHUUXSWHG� WKH� SURJUDP�� WKH� LQVWUXPHQW� ZDV�
XVHG�WR�SURGXFH�DSSUR[LPDWHO\�����VRODU�SKR�
WRJUDSKV�� SODFLQJ� 9LOQLXV� DPRQJ� WKH� HDUOLHVW�
FHQWHUV� RI� V\VWHPDWLF� VRODU� SKRWRJUDSK\� �VHH�
+XJKHV��������.OLPND��������������0DWXODLW\W¡��
������äLWNHYLþLXV��������� 

 

2I�WKHVH������RULJLQDO�LPDJHV�KDYH�VXUYLYHG�
WR�GDWH��RIIHULQJ�D�UDUH�DQG�YDOXDEOH�GDWDVHW�IRU�
KLVWRULFDO� VRODU� UHVHDUFK� �)LJXUH� ����$IWHU� WKH�
FORVXUH� RI� WKH� 2EVHUYDWRU\�� WKHVH� PDWHULDOV�
ZHUH�SDVVHG�IURP�RQH�DVWURQRPHU�WR�DQRWKHU�LQ�
DQ�HIIRUW� WR�HQVXUH� WKHLU�SUHVHUYDWLRQ��SDUWLFX�
ODUO\�LQ�YLHZ�RI�WKH�VXFFHVVLYH�ILUHV��ZDUV��DQG�
ORRWLQJ�WKDW�DIIHFWHG�VFLHQWLILF�FROOHFWLRQV�LQ�WKH�
UHJLRQ� 
 

7KH� GLVWULEXWLRQ� RI� WKH� ���� VXUYLYLQJ� VRODU�
SKRWRJUDSKV� WDNHQ�DW�9LOQLXV�2EVHUYDWRU\� EH�
WZHHQ� ����� DQG� ����� UHYHDOV� WKDW� WKH� PRVW�
SURGXFWLYH�\HDUV�ZHUH������DQG�������ZLWK����
DQG� ��� LPDJHV�� UHVSHFWLYHO\� �VHH� 7DEOH� ����
WRJHWKHU�DFFRXQWLQJ�IRU�QHDUO\�WZR�WKLUGV�RI�DOO�
SUHVHUYHG� REVHUYDWLRQV�� ,Q� WHUPV� RI� VHDVRQDO�
DFWLYLW\� �VHH� 7DEOHV� �� DQG� ���� WKH� KLJKHVW�
QXPEHU� RI� SKRWRJUDSKV�ZHUH� FDSWXUHG� GXULQJ�
WKH� VXPPHU� PRQWKV�� SDUWLFXODUO\� LQ� -XO\� ����
LPDJHV��DQG�$XJXVW� ���� LPDJHV��� IROORZHG�E\�
-XQH� ������ 7KLV� VHDVRQDO� WUHQG� UHIOHFWV� IDY�
RUDEOH�ZHDWKHU�FRQGLWLRQV�DQG� ORQJHU�GD\OLJKW�
KRXUV�GXULQJ�WKH�VXPPHU��ZKLFK�OLNHO\�IDFLOLWDWHG�
PRUH� FRQVLVWHQW� VRODU� LPDJLQJ�� %\� FRQWUDVW��
1RYHPEHU�DQG�'HFHPEHU�VDZ� WKH� IHZHVW�RE�
VHUYDWLRQV��ZLWK� MXVW���DQG��� LPDJHV�� UHVSHFW�
WLYHO\� 
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)LJXUH�����6RODU�SKRWRJUDSKV�WDNHQ�DW�WKH�9LOQLXV�2EVHUYDWRU\�LQ������XVLQJ�WKH�'DOOPH\HU�1R����SKRWRKHOLRJUDSK��
7KH�VL[� LPDJHV��GDWHG����DQG����$XJXVW�����DQG����6HSWHPEHU��DQG����DQG����2FWREHU��UHVSHFWLYHO\��FDSWXUH�
VXQVSRW�DFWLYLW\�DW�GLIIHUHQW�VWDJHV�DFURVV� WKH� ODWH�VXPPHU�DQG�DXWXPQ�PRQWKV��7KHVH�RULJLQDOV�DUH�SUHVHUYHG�
WRGD\� LQ� WKH� SULYDWH� DUFKLYH� RI� WKH� DXWKRUV�� /LQNV� WR� WKH� IXOO� VHW� RI� VRODU� LPDJHV� DUH��
KWWSV���GRL�RUJ����������VFLHQFHGE������� �VFLHQFH'%�� DQG� KWWSV���GRL�RUJ���������'91�6%0858� �+DUYDUG�
'DWDYHUVH� 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

7DEOH� ��� 6XUYLYLQJ� VRODU� SKRWRJUDSKV� WDNHQ� DW� WKH�
9LOQLXV� 2EVHUYDWRU\� EHWZHHQ� ����� DQG� ������
$OWKRXJK�DSSUR[LPDWHO\����� LPDJHV�ZHUH�RULJLQDOO\�
SURGXFHG�� RQO\� ���� SODWHV� KDYH� VXUYLYHG�� 7KH������
PRVW� FRPSOHWH� DQQXDO� GDWDVHWV� GDWH� IURP� ���������
DQG������ 
 

<HDU ,PDJHV�7DNHQ 1RWHV 
���� ���� 6SDUVH�FRYHUDJH 
���� ����� 6SDUVH�FRYHUDJH 
���� ���� 3DUWLDO�\HDU 
���� ���� )UDJPHQWDU\ 
���� ���� 1HDUO\�FRPSOHWH 
���� ���� 1HDUO\�FRPSOHWH 
7RWDO ��� 6XUYLYLQJ�LPDJHV 

 

7KH� VFLHQWLILF� VLJQLILFDQFH� RI� WKH� 9LOQLXV�
VRODU�VHULHV� OLHV� LQ� LWV�HDUO\�DQG� UHJXODU�GRFX�
PHQWDWLRQ� RI� VXQVSRW� DFWLYLW\�� ZKLFK� FRPSOH�
PHQWV�SDUDOOHO�HIIRUWV�DW�.HZ�DQG�ODWHU�DW�*UHHQ�
ZLFK�� 7KHVH� REVHUYDWLRQV�� SURGXFHG� XQGHU�
YDU\LQJ�VHDVRQDO�DQG�DWPRVSKHULF�FRQGLWLRQV�LQ�
(DVWHUQ�(XURSH�� FRQWULEXWH� WR� WKH�EURDGHU� UH�
FRQVWUXFWLRQ�RI�VRODU�EHKDYLRU�GXULQJ�D�FUXFLDO�
SHULRG�LQ�WKH�GHYHORSPHQW�RI�VRODU�SK\VLFV� 
 

����7+(������),5(�$1'�/(*$&<�2)�7+( 

������9,/1,86�3+272+(/,2*5$3+ 
 

9LOQLXV�2EVHUYDWRU\� EHFDPH� UHQRZQHG� IRU� LWV�
VRODU�REVHUYDWLRQV�DQG�UHFRUGLQJV��HVWDEOLVKLQJ� 

7DEOH�����7RWDO�QXPEHU�RI�VXUYLYLQJ�VRODU�SKRWRJUDSKV�SHU�PRQWK�DQG�\HDU������±������ 
 

<HDU -DQ )HE 0DU $SU 0D\ -XQ -XO $XJ 6HS 2FW 1RY 'HF 7RWDO 
���� � ��� �� � ��� ��� ��� �� ��� ��� � � ���� 

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

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

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

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

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

7RWDO � �� �� � �� �� �� �� �� �� � � ��� 
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7DEOH�����7KH�����VXUYLYLQJ�VRODU�SKRWRJUDSKV��RUJDQL]HG�E\�GDWH��(DFK�QXPEHU�UHSUHVHQWV�WKH�GD\�RI�WKH�PRQWK��
QXPEHUV�LQ�SDUHQWKHVHV�LQGLFDWH�KRZ�PDQ\�LPDJHV�ZHUH�WDNHQ�RQ�WKDW�GD\� 
 

<HDU -DQ )HE 0DU $SU 0D\ -XQ -XO $XJ 6HS 2FW 1RY 'HF 
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FRQWDFW�ZLWK�QXPHURXV�VFLHQWLILF�LQVWLWXWLRQV�DQG�
DQG� LQGLYLGXDO� VFKRODUV� LQ� (QJODQG�� $XVWULD��
,WDO\��)UDQFH��*HUPDQ\��DQG�HYHQ�6RXWK�$IULFD�
�0DWXODLW\W¡���������7KH�SURJUDP�RI�V\VWHPDWLF�
VRODU�SKRWRJUDSK\�DW�9LOQLXV�2EVHUYDWRU\�FDPH�
WR�DQ�DEUXSW�HQG� LQ�������ZKHQ�D�GHYDVWDWLQJ�
ILUH� VZHSW� WKURXJK� WKH� 2EVHUYDWRU\� EXLOGLQJ��
7KH�IODPHV�FRPSOHWHO\�GHVWUR\HG�WKH�:HVWHUQ�
'RPH��ZKLFK�KRXVHG�WKH�'DOOPH\HU�1R����SKR�
WRKHOLRJUDSK��DORQJ�ZLWK�DVVRFLDWHG�HTXLSPHQW��
SKRWRJUDSKLF�DUFKLYHV��DQG�PXFK�RI�WKH�2EVHU�
YDWRU\¶V� LQIUDVWUXFWXUH�� $OWKRXJK� VRPH� LQVWUX�
PHQWV�VXFK�DV� WKH�6FKZHUG�SKRWRPHWHU� �RQO\�
IRXU� XQLWV� RI� ZKLFK� KDG� EHHQ� PDQXIDFWXUHG��
LELG����ZHUH�UHFRYHUHG�IURP�WKH�(DVWHUQ�'RPH�
�VHH�)LJXUH�����WKH�ORVV�RI�WKH�SKRWRKHOLRJUDSK�
EURXJKW� WKH� 2EVHUYDWRU\¶V� SLRQHHULQJ� VRODU�
LPDJLQJ�SURJUDP�WR�D�FORVH��1R�IXUWKHU�SKRWR�
KHOLRJUDSKLF� REVHUYDWLRQV� ZHUH� FRQGXFWHG� DW�
WKH�2EVHUYDWRU\�GXULQJ�WKH�QLQHWHHQWK�FHQWXU\� 
 

)LJXUH�����3UHVHQW�GD\�GHWDLO�RI�)�0��6FKZHUG¶V�YLVXDO�
SKRWRPHWHU��RULJLQDOO\�ORFDWHG�LQ�WKH�(DVWHUQ�'RPH��
RQH�RI�WKH�IHZ�LQVWUXPHQWV�WKDW�VXUYLYHG�WKH������ILUH�
�SKRWRJUDSK��&DUORV�9LVFDVLOODV�9i]TXH]�� 
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����&21&/8',1*�5(0$5.6 
 

'HVSLWH�LWV�UHODWLYHO\�VKRUW�RSHUDWLRQDO�OLIHVSDQ��
WKH� 9LOQLXV� SKRWRKHOLRJUDSK� SURMHFW� KROGV� D�
VSHFLDO�SODFH�LQ�WKH�KLVWRU\�RI�DVWURQRP\��,W�ZDV�
WKH� VHFRQG� LQVWLWXWLRQ� LQ� WKH� ZRUOG�� DIWHU� .HZ�
2EVHUYDWRU\�� WR� XQGHUWDNH� V\VWHPDWLF� VRODU�
SKRWRJUDSK\��$W�D�WLPH�ZKHQ�DVWURSK\VLFV�ZDV�
HPHUJLQJ�DV�D�GLVFLSOLQH�GLVWLQFW�IURP�FODVVLFDO�
SRVLWLRQDO�DVWURQRP\��WKH�ZRUN�GRQH�LQ�9LOQLXV�
UHSUHVHQWHG�D�EROG�DQG�HDUO\� VKLIW� WRZDUG� WKH�
XVH� RI� LPDJLQJ� WHFKQRORJLHV� WR� VWXG\� VRODU�
DFWLYLW\� 
 

7KH�LQVWUXPHQW�LWVHOI��'DOOPH\HU�1R�����ZDV�
WKH� ILUVW� SKRWRKHOLRJUDSK� HYHU� FRQVWUXFWHG� E\�
-RKQ�+HQU\�'DOOPH\HU�DQG�VHUYHG�DV�D�SURWR�
W\SH�IRU�ODWHU�LQVWUXPHQWV��LQFOXGLQJ�WKRVH�XVHG�
LQ� WKH� ����� 7UDQVLW� RI� 9HQXV� H[SHGLWLRQV�� ,WV�
GHVLJQ�� EDVHG� RQ� WKH� RSWLFDO� DQG�PHFKDQLFDO�
LQQRYDWLRQV�RI�:DUUHQ�'H�OD�5XH�DQG�VXSSRUWHG�
E\� WKH� VFLHQWLILF� YLVLRQ� RI� SHUVRQDOLWLHV� OLNH�
)ULHGULFK� 6DEOHU� DQG� :LOKHOP� 6WUXYH�� KHOSHG�
GHILQH�WKH�WHFKQLFDO�VWDQGDUGV�IRU�VRODU�LPDJLQJ�
LQ�WKH�GHFDGHV�WKDW�IROORZHG� 
 

7KH� VXUYLYLQJ� ���� VRODU� SKRWRJUDSKV� IURP�
9LOQLXV�UHPDLQ�DQ�LQYDOXDEOH�VFLHQWLILF�DQG�KLVW�
RULFDO� UHVRXUFH�� ,Q� SDUWLFXODU�� WKH� QHDUO\� FRP�
SOHWH�VHWV�IURP������DQG������RIIHU�UDUH�FRQ�
WLQXRXV� UHFRUGV�RI� VXQVSRW�DFWLYLW\� GXULQJ� WKLV�
HDUO\�SHULRG��7KHVH�LPDJHV�FRQWLQXH�WR�EH�VWXG�
LHG�E\�KLVWRULDQV�RI�VFLHQFH�DQG�VRODU�SK\VLFLVWV�
DOLNH�� FRQWULEXWLQJ� WR� UHFRQVWUXFWLRQV� RI� ORQJ�
WHUP�VRODU�YDULDELOLW\� 
 

3UHVHUYLQJ� WKH� OHJDF\�RI� WKH�9LOQLXV�SKRWR�
KHOLRJUDSK� LV� HVVHQWLDO� QRW� RQO\� WR� KRQRU� WKH�
FRQWULEXWLRQV� RI� WKLV� HDUO\� REVHUYDWRU\� DQG� WR�
LPSURYH�RXU�XQGHUVWDQGLQJ�RI�WKH�JOREDO�GHYHO�
RSPHQW�RI�VRODU�DVWURSK\VLFV�DQG�DVWURQRPLFDO�
LQVWUXPHQWDWLRQ� LQ� WKH� QLQHWHHQWK� FHQWXU\� EXW�
DOVR�WR�SURYLGH�D�EHWWHU�DVVHVVPHQW�RI�WKH�VRODU�
DFWLYLW\� LQ� WKDW�SHULRG��:H�PXVW�QRW� IRUJHW� WKH�
LPSRUWDQW�UROH�WKDW�WKH�VRODU�LPDJHV�GHVFULEHG�
LQ� WKLV�SDSHU�FDQ�SOD\�DV�D�QDWXUDO�EULGJH�EH�
WZHHQ�WKH�HDUO\�VXQVSRW�SKRWRJUDSKV�WDNHQ�DW�
.HZ�DQG�WKRVH�ODWHU�WDNHQ�DW�WKH�5R\DO�*UHHQ�
ZLFK� 2EVHUYDWRU\�� 7KH� LQWHUQDWLRQDO� VFLHQWLILF�
FRPPXQLW\� FRQWLQXHV� WR� ZRUN� RQ� FDWDORJV� RI�
VXQVSRWV��DQG�RWKHU�REVHUYDEOH�IHDWXUHV�RQ�WKH�
VRODU�GLVN���PHUJLQJ�WKH�GDWD�REWDLQHG�E\�VHY�
HUDO� REVHUYDWRULHV�� ZLWK� WKH� JRDO� RI� REWDLQLQJ�
FDWDORJV�FRYHULQJ�ORQJ�SHULRGV�RI�WLPH��/HIHYUH�
DQG�&OHWWH���������7KH�9LOQLXV�LPDJHV�FRXOG�EH�
DQ�LPSRUWDQW�HOHPHQW�LQ�FDUU\LQJ�RXW�WKHVH�DF�
WLYLWLHV��:H�KRSH�WR�SUHVHQW�D�GHWDLOHG�DQDO\VLV�
RI�WKH�HDUO\�SKRWRJUDSKV�GHVFULEHG�LQ�WKLV�ZRUN�
LQ�IXWXUH�ZRUNV� 
 

����$&.12:/('*(0(176 
 

7KH�DXWKRUV� WKDQN�'DQJXRO¡�6WUDLå\W¡� DQG�+��
6HOHYLFLXV� IURP�9LOQLXV�8QLYHUVLW\� IRU� WKHLU� DV�
VLVWDQFH� 
 

7KLV� ZRUN� KDV� EHHQ� SDUWLDOO\� IXQGHG� E\�
*UDQW�*5������ IURP� WKH�&RQVHMHUtD� GH�(GX�
FDFLyQ��&LHQFLD�\�)RUPDFLyQ�3URIHVLRQDO��-XQWD�
GH�([WUHPDGXUD��DQG�FR�ILQDQFHG�E\�WKH�(XUR�
SHDQ�8QLRQ� 

 
 

����5()(5(1&(6 
 

$SDULFLR��$�-�3���&DUUDVFR��9�0�6���*DOOHJR��0�&���DQG�9DTXHUR��-�0���������$�VXQVSRW�FDWDORJ�E\�5DIDHO�&DUUDVFR�
DW�WKH�0DGULG�$VWURQRPLFDO�2EVHUYDWRU\�IRU�WKH�SHULRG�����±������6RODU�3K\VLFV�������SDSHU��������SS���� 

%RQLIiFLR��9���0DODTXLDV��,���DQG�)HUQDQGHV��-���������6RODU�SKRWRJUDSK\�LQ�WKH�QLQHWHHQWK�FHQWXU\��WKH�FDVH�RI�WKH�
,QIDQWH�'��/XL]�2EVHUYDWRU\�LQ�/LVERQ������±�������-RXUQDO�RI�$VWURQRPLFDO�+LVWRU\�DQG�+HULWDJH���������±���� 

%UDVFK��.���������$�VKRUW�KLVWRU\�RI�DVWURSKRWRJUDSK\��3DUW�����-RXUQDO�RI�WKH�5R\DO�$VWURQRPLFDO�6RFLHW\�RI�&DQDGD��
�������±��� 

%ULWLVK�$VVRFLDWLRQ�IRU�WKH�$GYDQFHPHQW�RI�6FLHQFH��HG����������5HSRUW�RI�WKH�7KLUW\�6HFRQG�0HHWLQJ�RI�WKH�%ULWLVK�
$VVRFLDWLRQ�IRU�WKH�$GYDQFHPHQW�RI�6FLHQFH��+HOG�DW�&DPEULGJH�LQ�2FWREHU�������-RKQ�0XUUD\��/RQGRQ��[[[YLL��
,QFOXGHV�WKH�.HZ�&RPPLWWHH�UHSRUW�PHQWLRQLQJ�WKH�9LOQLXV�SKRWRKHOLRJUDSK� 

%URWKHUV��$���������&HOHVWLDO�SKRWRJUDSK\��$VWURQRPLFDO�5HJLVWHU�������±��� 
&DUUDVFR��9�0�6���9DTXHUR�� -�0���$SDULFLR��$�-�3��� DQG�*DOOHJR��0�&���������6XQVSRW� FDWDORJXH�RI� WKH�9DOHQFLD�
2EVHUYDWRU\������±�������6RODU�3K\VLFV�����������±������ 

&DUUDVFR��9�0�6���9DTXHUR�� -�0���*DOOHJR��0�&��� /RXUHQoR��$���%DUDWD��7��� DQG�)HUQDQGHV�� -�0��������6XQVSRW�
&DWDORJXH�RI�WKH�2EVHUYDWRU\�RI�WKH�8QLYHUVLW\�RI�&RLPEUD������±�������6RODU�3K\VLFV�������SDSHU���������SS���� 

&ODUN�� %�$�-��� DQG�2UFKLVWRQ��:��� ������7KH�0HOERXUQH�2EVHUYDWRU\�'DOOPH\HU� SKRWRKHOLRJUDSK� DQG� WKH� �����
WUDQVLW�RI�9HQXV��-RXUQDO�RI�$VWURQRPLFDO�+LVWRU\�DQG�+HULWDJH������±��� 

&XUWR��-�-���6ROp��-�*���*HQHVFj��0���%ODQFD��0�-���DQG�9DTXHUR��-�0���������+LVWRULFDO�KHOLRSK\VLFDO�VHULHV�RI�WKH�
(EUR�2EVHUYDWRU\��6RODU�3K\VLFV�����������±������ 

'H�OD�5XH��:���6WHZDUW��%���DQG�/RHZ\��%���������5HVHDUFKHV�RQ�VRODU�SK\VLFV��+HOLRJUDSKLFDO�SRVLWLRQV�DQG�DUHDV�
RI�6XQ�6SRWV�2EVHUYHG�ZLWK�WKH�.HZ�3KRWRKHOLRJUDSK�GXULQJ�WKH�<HDUV������DQG�������>$EVWUDFW@��3URFHHGLQJV�
RI�WKH�5R\DO�6RFLHW\�RI�/RQGRQ��6HULHV�,���������� 

'H�OD�5XH��:���6WHZDUW��%���DQG�/RHZ\��%���������5HVHDUFKHV�RQ�VRODU�SK\VLFV��+HOLRJUDSKLFDO�SRVLWLRQV�DQG�DUHDV�
RI�VXQ�VSRWV�REVHUYHG�ZLWK�WKH�.HZ�SKRWRKHOLRJUDSK�GXULQJ�WKH�\HDUV������DQG�������3KLORVRSKLFDO�7UDQVDFWLRQV�
RI�WKH�5R\DO�6RFLHW\�RI�/RQGRQ��6HULHV�,��������±��� 

'H�OD�5XH��:���������/HWWHU�IURP�:��'H�/D�5XH��)�5�6���WR�3URI��6WRNHV��6HF��5�6��� UHODWLYH�WR�WKH�REVHUYDWLRQV�
WDNHQ�ZLWK�WKH�.HZ�KHOLRJUDSK��3URFHHGLQJV�RI�WKH�5R\DO�6RFLHW\�RI�/RQGRQ��6HULHV�,���������±���� 



&��9LVFDVLOODV�9i]TXH]��.��ýHUQLV�DQG�-�0��9DTXHUR���������9LOQLXV�2EVHUYDWRU\�'DOOPH\HU�3KRWRKHOLRJUDSK�,PDJHV 
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'RPtQJXH]�&DVWUR�� )��� DQG� 9DTXHUR�� -�0��� ������ (DUO\� VRODU� SKRWRJUDSKV� E\� *�� 5RVWHU� �$SULO� ������� 7KH�
2EVHUYDWRU\���������±���� 

)ODPPDULRQ�� *�&��� DQG� 4XpQLVVHW�� )��� ������ /H� FHQWHQDLUH� GH� OD� SKRWRJUDSKLH� DVWURQRPLTXH� HQ� )UDQFH��
/¶$VWURQRPLH��������±����LQ�)UHQFK�� 

*H\HU��(���������6FKZHUG�DQG�KLV�GRXEOH�EHDP�SKRWRPHWHU�� ,Q�6WHUNHQ��&���DQG�6WDXEHUPDQQ��.�%���HGV���.DUO�
)ULHGULFK�=|OOQHU�DQG�WKH�+LVWRULFDO�'LPHQVLRQ�RI�$VWURQRPLFDO�3KRWRPHWU\��$�&ROOHFWLRQ�RI�3DSHUV�RQ�WKH�+LVWRU\�
RI�3KRWRPHWU\��%UXVVHOV��98%�3UHVVV��-RXUQDO�RI�$VWURQRPLFDO�'DWD���������3S����±��� 

*XVVHZ��0���������6FKUHLEHQ�GHV�+UQ��'U��*XVVHZ�DQ�GHQ�+HUDXVJHEHU��$VWURQRPLVFKH�1DFKULFKWHQ�����������LQ�
*HUPDQ��� 

*XVVHZ��0��� ������7RGHV�$Q]HLJH�� EHWUHIIHQG�*HRUJ�7KRPDV�6DEOHU��$VWURQRPLVFKH�1DFKULFKWHQ�� ���� ���� �LQ�
*HUPDQ�� 

+DUYH\��-�:���%ULJJV��-�:���DQG�3URVVHU��6���������/HZLV�0��5XWKHUIXUG�DQG�WKH�ILUVW�SKRWRJUDSK�RI�VRODU�JUDQXODWLRQ��
,Q�$$6�6RODU�3K\VLFV�'LYLVLRQ�$EVWUDFWV������$$6�6RODU�3K\VLFV�'LYLVLRQ�0HHWLQJ������������ 

+LUVKIHOG��$�:���������'H�OD�5XH��:DUUHQ��,Q�+RFNH\��7���HW�DO����HGV����%LRJUDSKLFDO�(QF\FORSHGLD�RI�$VWURQRPHUV��
1HZ�<RUN��6SULQJHU��3S�����±����� 

+ROPHV��&�1���������(DUOLHU�SKRWRJUDSK\�RI�WKH�ILUPDPHQW��3RSXODU�$VWURQRP\�������±��� 
+XIEDXHU��.���������([SORULQJ�WKH�6XQ��6RODU�6FLHQFH�VLQFH�*DOLOHR��%DOWLPRUH��7KH�-RKQV�+RSNLQV�8QLYHUVLW\�3UHVV� 
+XJKHV��6���������&DWFKHUV�RI�WKH�/LJKW��7KH�)RUJRWWHQ�/LYHV�RI�WKH�0HQ�DQG�:RPHQ�:KR�)LUVW�3KRWRJUDSKHG�WKH�
+HDYHQV��7ZR�9ROXPHV��3DSKRV��$UW'H&LHO�3XEOLVKLQJ� 

.OLPND��/���������$VWURIL]LQLDL�GDUEDL�VHQRMRMH�9LOQLDXV�REVHUYDWRULMRMH�>2Q�WKH�KLVWRU\�RI�DVWURSK\VLFDO�LQYHVWLJDWLRQV�
LQ�WKH�ROG�9LOQLXV�2EVHUYDWRU\@��,VWRULMD���������±�����LQ�/LWKXDQLDQ�� 

.OLPND��/���������2YHUYLHZ�RI�WKH�KLVWRU\�RI�9LOQLXV�8QLYHUVLW\�2EVHUYDWRU\��%DOWLF�$VWURQRP\��������±����� 
/H�&RQWH��'���������:DUUHQ�'H�/D�5XH�±�SLRQHHU�DVWURQRPLFDO�SKRWRJUDSKHU��7KH�$QWLTXDULDQ�$VWURQRPHU�������±
��� 

/HIHYUH��/���DQG�&OHWWH��)���������6XUYH\�DQG�PHUJLQJ�RI�VXQVSRW�FDWDORJV��6RODU�3K\VLFV����������±����� 
0DWXODLW\W¡��6���������7KH�ROG�9LOQLXV�8QLYHUVLW\�2EVHUYDWRU\��%DOWLF�$VWURQRP\��������±��� 
5$6��������5R\DO�$VWURQRPLFDO�6RFLHW\�0HHWLQJ�)HEUXDU\���WK�������$VWURQRPLFDO�5HJLVWHU�������±��� 
5$6��������1RWHV�RQ�SRLQWV�FRQQHFWHG�ZLWK�WKH�SURJUHVV�RI�DVWURQRP\�GXULQJ�WKH�SDVW�\HDU��0RQWKO\�1RWLFHV�RI�WKH�
5R\DO�$VWURQRPLFDO�6RFLHW\���������±����� 

5D\HW��*�$�3���������1RWHV�VXU�O¶+LVWRLUH�GH�OD�3KRWRJUDSKLH�$VWURQRPLTXH��3DULV��*DXWKLHU�9LOODUV��LQ�)UHQFK�� 
6FKHLQHU��-���������'LH�3KRWRJUDSKLH�GHU�*HVWLUQH��/HLS]LJ��9HUODJ�YRQ�:LOKHOP�(QJHOPDQQ��LQ�*HUPDQ��� 
6WHSKHQ��/���������'LFWLRQDU\�RI�1DWLRQDO�%LRJUDSK\��9ROXPH�����&UDLN�WR�'DPHU��/RQGRQ��6PLWK��(OGHU�DQG�&R� 
7URPELQR��'���������'U�-RKQ�:LOOLDP�'UDSHU��-RXUQDO�RI�WKH�%ULWLVK�$VWURQRPLFDO�$VVRFLDWLRQ��������±���� 
YRQ�%HUJ��)�:���������5HPDUN�RQ�WKH�LQIOXHQFH�RI�HUURUV�RI�REVHUYDWLRQ�RQ�WKH�GHWHUPLQDWLRQ�RI�WKH�RUELW�RI�D�SODQHW�
IURP�WKUHH�REVHUYDWLRQV��0RQWKO\�1RWLFHV�RI�WKH�5R\DO�$VWURQRPLFDO�6RFLHW\���������±����� 

YRQ�%HUJ��)�:���������2Q�WKH�GHWHUPLQDWLRQ�RI�WKH�GLVWDQFHV�RI�D�FRPHW�IURP�WKH�(DUWK��IURP�WKUHH�REVHUYDWLRQV��
0RQWKO\�1RWLFHV�RI�WKH�5R\DO�$VWURQRPLFDO�6RFLHW\���������±����� 

YRQ� %HUJ�� :��� ������ $XV� HLQHP� 6FKUHLEHQ� GHV� +HUUQ� )U�� :LOK�� %HUJ� DQ� GHQ� +HUDXVJHEHU�� $VWURQRPLVFKH�
1DFKULFKWHQ�����������LQ�*HUPDQ�� 

:LOOLV��'�0���:LOG��0�1���DQG�:DUEXUWRQ��-�6���������5H�H[DPLQDWLRQ�RI�WKH�GDLO\�QXPEHU�RI�VXQVSRW�JURXSV�IRU�WKH�
5R\DO�2EVHUYDWRU\��*UHHQZLFK������±�������6RODU�3K\VLFV�����������±������ 

:LOOLV�� '�0���:LOG��0�1���$SSOHE\�� *�0��� DQG�0DFGRQDOG�� /�7��� ������7KH�*UHHQZLFK� SKRWRKHOLRJUDSKLF� UHVXOWV�
�����±�������REVHUYLQJ� WHOHVFRSHV��SKRWRJUDSKLF�SURFHVVHV��DQG�VRODU� LPDJHV��6RODULV�3K\VLFV�����������±
������ 

äLWNHYLþLXV��9���������7KH�ROG�DVWURQRPLFDO�REVHUYDWRU\�RI�WKH�9LOQLXV�8 

QLYHUVLW\��RQ�WKH����WK�DQQLYHUVDU\�IURP�LWV�IRXQGDWLRQ���9LOQLXV�$VWURQRPLMRV�2EVHUYDWRULMRV�%LXOHWHQLV�������±��� 

 
 

'U��&DUORV�9LVFDVLOODV�9i]TXH]��ERUQ�LQ�9LJR��6SDLQ��LV�D�UHVHDUFKHU�DW�WKH�,QVWLWXWH�RI�7KHRUHWLFDO�3K\VLFV�
DQG�$VWURQRP\�� 9LOQLXV� 8QLYHUVLW\�� DQG� D� UHJXODU� REVHUYHU� DW� 0RO¡WDL�$VWURQRPLFDO�
2EVHUYDWRU\�� +H� LV� DOVR� DQ� $VVRFLDWH� 5HVHDUFKHU� DW� WKH� $UFHWUL� $VWURSK\VLFDO�
2EVHUYDWRU\�LQ�,WDO\��DQG�OHFWXUHV�RQ�VWHOODU�HYROXWLRQ�LQ�WKH�9LOQLXV�8QLYHUVLW\�0DVWHU¶V�
SURJUDP�RQ�7KHRUHWLFDO�3K\VLFV�DQG�$VWURSK\VLFV�� 
 

+LV�UHVHDUFK�IRFXVHV�RQ�WKH�FKHPLFDO�DQG�G\QDPLFDO�HYROXWLRQ�RI�WKH�0LON\�:D\��+H�
LV�WKH�3ULQFLSDO�,QYHVWLJDWRU�RI�WKH�SURMHFW�³8QYHLOLQJ�WKH�1DWXUH�RI�+RW�6XEGZDUIV´��'U��
9LVFDVLOODV�9i]TXH]�LV�DFWLYHO\�LQYROYHG�LQ�PDMRU�LQWHUQDWLRQDO�FROODERUDWLRQV��LQFOXGLQJ�
WKH� *DLD� (62� 6XUYH\�� WKH� +LJK�5HVROXWLRQ� 0XOWL�2EMHFW� 6SHFWURJUDSK�� WKH� :LOOLDP�
+HUVFKHOO� 7HOHVFRSH� (QKDQFHG�$UHD� 9HORFLW\� ([SORUHU�� DQG� WKH�:LGH�)LHOG� 6SHFWUR�
VFRSLF�7HOHVFRSH�� 

 

+H�LV�D�PHPEHU�RI�WKH�([HFXWLYH�&RPPLWWHH�RI�WKH�(XURSHDQ�$VVRFLDWLRQ�IRU�$VWURQRP\�(GXFDWLRQ��D�
%RDUG�PHPEHU� RI� WKH�$GYDQFHG� &RPSRVLWLRQ� ([SORUHU� %DOWLF�� DQG� D�PHPEHU� RI� WKH� &RPPLWWHH� RI� WKH�
1RUWKHUQ�(XURSH�+XE�RI�WKH�(XURSODQHW�6RFLHW\��$W�WKH�,QWHUQDWLRQDO�$VWURQRPLFDO�8QLRQ��,$8��KH�VHUYHV�
DV�9LFH�1DWLRQDO�2XWUHDFK�&RRUGLQDWRU�IRU�/LWKXDQLD�DQG�LV�D�PHPEHU�RI�VHYHUDO�'LYLVLRQV�DQG�:RUNLQJ�
*URXSV��LQFOXGLQJ�WKH�:RUNLQJ�*URXS��:*��RQ�6WDU�1DPHV�DQG�WKH�([HFXWLYH�&RPPLWWHH�:*�RQ�-XQLRU�
0HPEHUV�� 
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+H�DOVR�FRQWULEXWHV� WR� WKH�$VWUR*HQ�3URMHFW�RI� WKH�$PHULFDQ�$VWURQRPLFDO�6RFLHW\�� ,Q�������KH�ZDV�
DZDUGHG�WKH�5HFWRU¶V�6FLHQFH�$ZDUG�RI�9LOQLXV�8QLYHUVLW\� 
 

 

'U��.D]LPLHUDV�ýHUQLV� �ERUQ� LQ�9LOQLXV��/LWKXDQLD�� LV�D�6HQLRU�5HVHDUFKHU�DW� WKH� ,QVWLWXWH�RI�7KHRUHWLFDO�
3K\VLFV�DQG�$VWURQRP\��9LOQLXV�8QLYHUVLW\��+H�HDUQHG�KLV�3K'�GHJUHH� IURP�9LOQLXV�
8QLYHUVLW\��6LQFH�������ýHUQLV�KDV�EHHQ�D�PHPEHU�RI�WKH�,$8� 
 

+H� KDV� FRQGXFWHG� REVHUYDWLRQV� DW� 0RO¡WDL� 2EVHUYDWRU\� �/LWKXDQLD��� 0DLGDQDN�
2EVHUYDWRU\� �8]EHNLVWDQ��� 0RXQW� /HPPRQ� 2EVHUYDWRU\� DQG� 0RXQW� *UDKDP�
2EVHUYDWRU\��$UL]RQD��86$���DV�ZHOO�DV�DW�%DOGRQH�2EVHUYDWRU\��/DWYLD���+LV�UHVHDUFK�
IRFXVHV�RQ� VWHOODU� SKRWRPHWU\�� VSHFWUDO� FODVVLILFDWLRQ�RI� VWDUV�� DVWURPHWU\�RI� VPDOO�
6RODU�6\VWHP�ERGLHV��DQG�WKH�GLVFRYHU\�RI�QHZ�DVWHURLGV�DQG�FRPHWV� 
 

+LV�PDLQ�ZRUN�LV�UHODWHG�WR�WKH�LQYHVWLJDWLRQ�RI�GXVW�FORXG�GLVWULEXWLRQV�DQG�WKHLU�
DEVRUELQJ� SURSHUWLHV� LQ� YDULRXV� GLUHFWLRQV� LQ� WKH� *DOD[\�� LQFOXGLQJ� VWDU�IRUPLQJ�
UHJLRQV� DQG�GDUN� FORXGV� LQ� 7DXUXV�� 3HUVHXV�� &DPHORSDUGDOLV��2ULRQ��$ULHV��$TXLOD��

&\JQXV�� DQG�RWKHU�*DODFWLF� UHJLRQV�� 7KH�SULPDU\�JRDO� RI� WKHVH� VWXGLHV� LV� WR� GHWHUPLQH� WKH� LQWHUVWHOODU�
H[WLQFWLRQ�ODZ�LQ�WKH�GHQVHVW�UHJLRQV�RI�GDUN�FORXGV��DV�ZHOO�DV�WR�HVWDEOLVK�GLVWDQFHV�WR�GDUN�FORXGV�DQG�
\RXQJ�VWHOODU�REMHFWV� 
 

,Q� DGGLWLRQ�� ýHUQLV� KDV� EHHQ� DFWLYHO\� LQYROYHG� LQ� WKH� GLVFRYHU\� RI� QHZ� FRPHWV� DQG� DVWHURLGV�� +H�
GLVFRYHUHG�WKUHH�FRPHWV�XVLQJ�YLVXDO� LQVWUXPHQWV��&������2���&HUQLV±3HWUDXVNDV���&������2���&HUQLV���
DQG�&������(���&HUQLV±.LXFKL±1DNDPXUD���+H�DOVR�GLVFRYHUHG����FRPHWV�XVLQJ�&&'�LPDJHV�WDNHQ�E\�WKH�
6RODU�DQG�+HOLRVSKHULF�2EVHUYDWRU\� �62+2��� LQFOXGLQJ� WKH�VKRUW�SHULRG�FRPHW����3�62+2�DQG�VHYHUDO�
EULJKW�6:$1�FRPHWV��GLVFRYHUHG�ZLWK�WKH�6RODU�:LQG�$QLVRWURSLHV�,QVWUXPHQW�RQ�62+2�� 
 

8VLQJ�YDULRXV�SKRWRJUDSKLF�WHOHVFRSHV��ýHUQLV�GLVFRYHUHG�DERXW�����DVWHURLGV������RI�ZKLFK�KDYH�EHHQ�
QDPHG��+H�LV�D�FR�GLVFRYHUHU�RI�WZR�WUDQV�1HSWXQLDQ�REMHFWV�������%;���3UDDPåLXV�DQG������;'����WKUHH�
&HQWDXUV�������+:���2ULXV�������'6����DQG������98�����DV�ZHOO�DV�PDQ\�7URMDQ�DQG�QHDU�(DUWK�REMHFWV� 
 

-RVp�0DQXHO�9DTXHUR�LV�3URIHVVRU�RI�(DUWK�3K\VLFV�DW�WKH�8QLYHUVLW\�RI�([WUHPDGXUD��6SDLQ��� 
 

+LV�UHVHDUFK�IRFXVHV�SULPDULO\�RQ�VRODU±WHUUHVWULDO�UHODWLRQV�DQG�FOLPDWH�YDULDELOLW\�
RYHU�WKH�SDVW�VHYHUDO�FHQWXULHV��ZKLOH�DOVR�H[WHQGLQJ�WR�WKH�KLVWRU\�DQG�WHDFKLQJ�RI�
DVWURQRP\�DQG�WKH�JHRVFLHQFHV�� 
 

+LV�ZRUN�RQ�UHFRQVWUXFWLQJ�IRXU�FHQWXULHV�RI�VRODU�DFWLYLW\�IURP�KLVWRULFDO�VXQVSRW�
UHFRUGV� ZDV� IHDWXUHG� RQ� WKH� FRYHU� RI� 1DWXUH� $VWURQRP\� LQ� 0DUFK� ������ +H� LV�
FR�DXWKRU�RI�7KH�6XQ�5HFRUGHG�7KURXJK�+LVWRU\� �6SULQJHU��������ZLWK�0��9i]TXH]��
DQG�KDV�SXEOLVKHG�LQ�6SDQLVK�D�ELRJUDSK\�RI�*DOLOHR���������D�JXLGH� WR�VXQGLDOV� LQ�
([WUHPDGXUD� �������� DQG� D� WUDQVODWLRQ�ZLWK� FULWLFDO� FRPPHQWDU\� RI�*DXVV¶�*HQHUDO�
7KHRU\�RI�7HUUHVWULDO�0DJQHWLVP��������� 
 

$�GHGLFDWHG�ELEOLRSKLOH��KH�DOVR�FROOHFWV�ROG�VFLHQWLILF�ERRNV� 
 


