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,1752'8&7,21�� 5LFKQHVV� LQ� W\SH� DQG� ZLGH� XVDJH� RI� QDWXUDO� EDOQHRORJLFDO� DQG� K\GUR-FOLPDWRORJLFDO� VRXUFHV� IRU�KHDOWK�DQG� WUHDWPHQW� DUH� VKDUHG� IHDWXUHV� LQ�%DONDQV��7KLV�GHYHORSHG�D�FRPPRQ�KLVWRU\�DQG�FXOWXUH�RI�WUHDWPHQW�DQG�UHKDELOLWDWLRQ�RI�FKURQLF�GLVRUGHUV��LQ�SDUWLFXODU�RI�WKH�PXVFXORVNHOHWDO�V\VWHP�LQ�%DONDQ�KHDOWK�UHVRUWV��)XUWKHUPRUH��PHGLFDO�EDOQHRORJ\�KDV�DOZD\V�EHHQ�FRQVLGHUHG�D�GLVFLSOLQH�LQ�PDLQVWUHDP�PHGLFLQH� DQG� VSD� WKHUDS\� DQG�EDOQHRORJLFDO� WUHDWPHQWV�KDYH�EHHQ� LQFOXGHG� LQ�KHDOWK� VHUYLFHV�DQG�UHLPEXUVHG�E\�KHDOWK�LQVXUDQFH�V\VWHPV�LQ�%DONDQ�VWDWHV��:LWK�WKH�IDFW�WKDW�WKH�HIIHFWLYHQHVV�RI�EDOQHR�ORJLFDO�WUHDWPHQWV�DW�%DONDQ�6SD�5HVRUWV�IRU�SDWLHQWV�ZLWK�PDMRU�UKHXPDWLF�GLVHDVHV�ZDV�QRW�FRPSUHKHQVLYH�O\�HYDOXDWHG��ZH�DLPHG�WR�UHYLHZ�WKH�SXEOLVKHG�HYLGHQFH�V\VWHPDWLFDOO\� 
0$7(5,$/�	�0(7+2'6��:H�PDGH�D�FRPSUHKHQVLYH�VHDUFK�LQ�PDLQ�GDWD�EDVHV�IRU �WKH�ODVW����\HDUV�FRPELQHG�ZLWK�KDQG�VHDUFK�RI�RXU�RZQ�FROOHFWLRQ�RI�SDSHUV�IRU�V\VWHPDWLF�UHYLHZV��PHWD-DQDO\VHV�DQG�RU�UDQGRPL]HG�FRQWUROOHG�WULDOV��5&7V��RU�FRQWUROOHG�WULDOV�FRQGXFWHG�LQ�VSD�HVWDEOLVKPHQWV� LQ�7XUNH\��5RPDQLD�� 6HUELD�� %RVQLD� +HU]HJRYLQD�� 0RQWHQHJUR�� &URDWLD�� *UHHFH�� %XOJDULD�� $OEDQLD�� 0DFHGRQLD� DQG�6ORYHQLD��:H�LQFOXGHG�DOO�WULDOV�SXEOLVKHG�LQ�(QJOLVK��IXOO�WH[W�RU�DEVWUDFW��UHSRUWLQJ�WKH�HIIHFWLYHQHVV�RI�EDO�QHRWKHUDS\�RU�VSD�WKHUDS\�SURJUDPV�IRU�PDQDJHPHQW�RI�UKHXPDWLF�GLVHDVHV�LQ�%DONDQV� 
5(68/76�� 5HYLHZ� RI� WKH� DOO� WU LDOV� LQGLFDWHG� WKDW� EDOQHRWKHUDS\� DQG� VSD� WKHUDS\� LQ�%DONDQ�6SDV�PLJKW�EH�HIIHFWLYH� LQ� WKH�PDQDJHPHQW�RI�PDMRU�PXVFXORVNHOHWDO�GLVHDVHV��7KH� OHYHO�RI�HYLGHQFH�ZDV�UHODWLYHO\�KLJK��OHYHO��$�HYLGHQFH�IRU�RVWHRDUWKULWLV��ILEURP\DOJLD�V\QGURPH�DQG�FKURQLF�ORZ�EDFN�SDLQ�DQG�OHYHO��%�HYLGHQFH�IRU�DQN\ORVLQJ�VSRQG\OLWLV�DQG�UKHXPDWRLG�DUWKULWLV� 
&21&/86,216��$V�D�FRQFOXVLRQ�WKHUH�LV�HQFRXUDJLQJ�DQG�FRPSHOOLQJ�HYLGHQFH�-OHYHO��$�DQG��%-�WKDW�PDLQ�UKHXPDWLF�GLVHDVHV�FDQ�EH�HIIHFWLYHO\�WUHDWHG�LQ�%DONDQ�EDOQHRORJLFDO�IDFLOLWLHV��%XW�LW�LV�QRWH�ZRUWK\�WKDW�WKHUH�LV�VWLOO�D�QHHG�IRU�PRUH�KLJK-TXDOLW\��UDQGRPL]HG��FRQWUROOHG�WULDOV�LQ�DOO�%DONDQ�FRXQWULHV�WR�FRQILUP�WKLV�FRQFOXVLRQ�� 

WƌŽĨ͘ ��ƌ͘ �DƺĮƚ��ĞŬŝ�<ĂƌĂŐƺůůĞ�-�/^D,�WƌĞƐŝĚĞŶƚ 
'U��.DUDJ�OOH�LV�SURIHVVRU�LQ�PHGLFLQH�DQG�WKH�GLUHFWRU�RI�WKH�'HSDUWPHQW�RI�0HG�LFDO�(FRORJ\�DQG�+\GURFOLPDWRORJ\�DW� ,VWDQEXO�0HGLFDO�)DFXOW\�RI� ,VWDQEXO�8QLYHUVLW\��$VLGH�IURP�GLUHFWLQJ�XQGHUJUDGXDWH�DQG�SRVW-JUDGXDWH�HGXFDWLRQ�DQG�WUDLQLQJ�SURJUDPV��3URI�� .DUDJ�OOH� KDV� SXEOLVKHG� UHVHDUFK� DUWLFOHV� DQG� KDV� ZULWWHQ� DQG� HGLWHG� ERRNV� DQG�FKDSWHUV� RQ� WKH� WKHUDSHXWLF� EHQHILWV� RI� VSD� WKHUDS\�� EDOQHRWKHUDS\�� DQG� KHDOWK� UHVRUW�WKHUPDO�PHGLFLQH��.DUDJ�OOH�KDV�EHHQ�SUHVLGHQW�RI�WKH�7XUNLVK�$VVRFLDWLRQ�RI�6SD�7KDO�DVVR�DQG�+HDOWK�5HVRUWV��785.63$��VLQFH������DQG�3UHVLGHQW�RI�WKH�,QWHUQDWLRQDO�6RFL�HW\�RI�0HGLFDO�+\GURORJ\�&OLPDWRORJ\��,60+��VLQFH�������%HLQJ�DQ�H[SHUW�RQ�EDOQHROR�J\�DQG�KHDOWK�UHVRUW�PHGLFLQH��PHGLFDO�HFRORJ\�K\GURORJ\�DQG�FOLPDWRORJ\�DQG�ZRUNLQJ�RQ�KHDOWK�DQG�WKHUPDO�WRXULVP�DQG�VSD�DQG�ZHOOQHVV�WRSLFV��KH�KDV�SDUWLFLSDWHG�LQ�D�QXP�EHU�RI�V\PSRVLXPV��SDQHO�GLVFXVVLRQV��DQG�ZRUNVKRSV�DQG�RUJDQL]HG�FRQJUHVVHV��PHHW�LQJV�DQG�VXPPLWV�LQFOXGLQJ�%DONDQ6SD�+HDOWK�	�:HOOQHVV�6XPPLW��3URI��.DUDJ�OOH�LV�D�PHPEHU� RI� %DONDQ6SD� %RDUG� RI� )RXQGHUV� DQG� FKDLUPDQ� RI� %DONDQ6SD� 7UHDWPHQW� DQG�0HGLFDO�5HVHDUFK�&HQWHU�� 
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 ���$FDGHPLF�(GXFDWLRQ�-�WHDFKLQJ�0'�UHVLGHQWV�DQG�VWXGHQWV�DW�)DFXOW\�RI� 0HGLFLQ� WKH� IROORZLQJ� GLVFLSOLQHV�� UHKDELOLWDWLRQ�� NLQHWRWKHUDS\�� RUWKRWLFV��JHULDWULFV� UHKDELOLWDWLRQ��PXVFOH� HOHFWURVWLPXODWLRQ�� EDOQHRORJ\�� ���0HGLFDO� DF�WLYLW\� -� KDYLQJ� SDWLHQWV� ZLWK� UKHXPDWRORJLF�� QHXUR-PXVFXODU�� PXVFXORVNHOHWDO�GLVHDVHV�� DIWHU� VWURNH�� SRVW-WUDXPD�SRVW� -� VSLQDO� FRUG� LQMXULHV�� ��� 5HVHDUFK� IRU�PHGLFDO� GHYHORSPHQW�� &RPSHWHQFHV� LQ� GLDJQRVLV�� IXQFWLRQDO� HYDOXDWLRQ� DQG�WUHDWPHQW�RI�SDWLHQWV�ZLWK�GLVDELOLWLHV���6NLOOV�IRU�FRPSOH[HV�PHGLFDO�FRQGLWLRQV�WKDW�QHHG�KROLVWLF�DQG�LQWHJUDWLYH�DSSURDFK�DW�FURVVURDG�EHWZHHQ�UKHXPDWRORJ\��RUWKRSHGLF�� QHXURORJ\�� DQG� EDOQHRORJ\�� SK\VLFDO� PHGLFLQH� DQG� UHKDELOLWDWLRQ��VNLOOV�IRU�WHDP�ZRUN�� 

(9(5*5((1�%$/1(2/2*<�–�7+(�520$1,$1�3$5$',*0��,1&(37,21�$1'�7+(�:$<�$+($' 
2OJD�6XUGX�����*HOX�2QRVH�����'DQ�%OHQGHD�����'DQLHOD�&RPDQ� ��´2YLGLXV´�8QLYHUVLW\�–�7KH�)DFXOW\�RI�0HGLFLQH��&RQVWDQWD��5RPDQLD����7HFKLUJKLRO�%DOQHDU\�DQG�5HKDELOLWDWLRQ�6DQDWRU\��5RPDQLD����´&DURO�'DYLOD´�8QLYHUVLW\�RI�0HGLFLQH�DQG�3KDUPDF\��%XFKDUHVW��5RPDQLD����´%DJGDVDU-$UVHQL´�(PHUJHQF\�+RVSL�WDO��%XFKDUHVW��5RPDQLD����³7LWX�0DLRUHVFX´�8QLYHUVLW\�–�7KH�)DFXOW\�RI�0HGLFLQH��%XFKDUHVW��5RPDQLD����7HDFKLQJ�(PHUJHQF\�+RVSLWDO�RI�,OIRY�&RXQW\��%XFKDUHVW��5RPDQLD����´,RDQ�1��5RPDQ´�7HFKQLFDO�+LJK�VFKRRO��&RQVWDQ܊D��5RPDQLD�� 

,QWURGXFWLRQ�� 5RPDQLD� LV� RQH� RI� WKH� U LFKHVW� (XURSHDQ� FRXQWU LHV� LQ� QDWXUDO� WKHUDSHXWLF� U HVRXUFHV�NQRZQ�DQG�HIIHFWLYHO\�XVHG� LQ�PHGLFLQH��HYHU� VLQFH�DQFLHQW� WLPHV��KDYLQJ�EDOQHDO� WUDGLWLRQ�DQG�VFLHQWLILF�NQRZOHGJH� WR�ZKLFK� LQQRYDWLRQV�KDYH�EHHQ�DGGHG�FRQWLQXRXVO\��7KH�5RPDQLDQ�EDOQHDO�PHGLFLQH�FDQ�EH�FKDUDFWHUL]HG�E\�FRQWLQXLW\�DQG�D�VFLHQWLILF�FRQFHSW�RI�SUDFWLFDO�DSSOLFDWLRQV��7KHUH�LV�D�VLQJOH�PHGLFDO�VSH�FLDOW\��SK\VLFDO�DQG�UHKDELOLWDWLRQ�PHGLFLQH��350��	�EDOQHRFOLPDWRORJ\��ZLWK�URRWV�LQ�DQFLHQW�WLPHV�DQG�LQ�D�PRGHUQ�KROLVWLF�DQG�LQWHJUDWLYH�UHODWLRQVKLS�ZLWK�WKH�RWKHU�PHGLFDO�VSHFLDOWLHV�� 0DWHULDOV�DQG�0HWKRGV��:H�VHDUFKHG�LQ��� · GDWDEDVHV�RI�WKH�0XVHXP�RI�1DWLRQDO�+LVWRU\�DQG�$UFKDHRORJ\�RI�&RQVWDQWD� · GRFXPHQWV�IURP�WKH�1DWLRQDO�$UFKLYHV�'LUHFWRUDWH�RI�&RQVWDQWD�&RXQW\� · GDWDEDVHV�IRU�LQIRUPDWLRQ�UHODWLQJ�WR�WKH�FXUUHQW�VLWXDWLRQ�VWDWXV�DQG�SHUVSHFWLYHV�IRU�EDOQHRORJ\�350�GHYHORSPHQW� VSHFLDOW\�MRXUQDOV��ERRNV�DQG�PRQRJUDSKV� 5HVXOWV��,Q�5RPDQLD��DFFRUGLQJ�WR�WKH�SHUVLVWHQW�XQLILHG�YLVLRQ�RI�WKLV�VSHFLDOW\��D�JRRG�DFFHVVLELOLW\�RI�WKH�SRSXODWLRQ�WR�EDOQHDO�VHUYLFHV�KDV�EHHQ�PDLQWDLQHG��PDNLQJ�RXU�FRXQWU\�RQH�RI�WKH�OHDGHUV�LQ�EDOQHR-JHULDWULFV� KHDOWK� WRXULVP�� 7KLV� DVSHFW� KDV�� XQIRUWXQDWHO\�� D� KLVWRULFDO� FRQQRWDWLRQ� �UHODWLQJ� WR� WKH� ����V��ZKLFK��GHVSLWH�WKH�GLIILFXOWLHV�RI�WKH�SRVW-FRPPXQLVW�WUDQVLWLRQ�DQG�WKH�PRUH�UHFHQW�HFRQRPLF�FULVLV��ZH�DUH�WU\LQJ� WR� RYHUFRPH�VXUSDVV��$OO� WKLV� WLPH� WKH� VFLHQWLILF� UHVHDUFK� KDV� EHHQ� DLPHG� DW� WKH� KLJKHVW� SRVVLEOH�VWDQGDUGV��7KHUHIRUH��WKH�XQDQLPRXVO\�DSSURYDO�E\�WKH�*HQHUDO�$VVHPEO\�RI�WKH�,60+�WKDW�WKH���VW�,60+�&RQJUHVV�VKRXOG�EH�RUJDQL]HG�E\�5RPDQLD�� UHSUHVHQWV� LQFOXGLQJ�� IRU�XV�D� UHFRJQLWLRQ�RI� WKH�SURIHVVLRQDO�DQG�DFDGHPLF�OHYHO�RI�WKLV�GRPDLQ�LQ�5RPDQLD� &RQFOXVLRQV��:H�FRQVLGHU �ZLWK�ERWK�KLVWRU LFDO�DQG�SUDFWLFDO�IDFWV��DV�ZHOO�DV�ZLWK�D�VHU LHV�RI�GHEDWHV�DQG� FRQWHPSRUDU\� FRQFHSWXDO� JXLGHOLQHV�� WKDW� WKH� EDOQHR-FOLPDWRORJ\� DFWLYLW\� LQ� DQ� XQLILHG�� KROLVWLF� DQG�LQWHJUDWLYH�PDQQHU��DQG�LQ�FRQMXQFWLRQ�ZLWK�350�UHSUHVHQWV�DQ�DSSURSULDWH�EHQHILFLDO�5RPDQLDQ�LQLWLDWLYH�WKDW�ZH�DUH�KRQRXUHG�WR�SUHVHQW�WR�\RX�DV��³7KH�:D\�$KHDG�RI�%DOQHRORJ\´�� .H\�ZRUGV��5RPDQLD��EDOQHRORJ\�WKHUPDOLVP��350��KROLVWLF�PHGLFLQH��LQWHJUDWLYH�PHGLFLQH��DQFLHQW�WLPHV��PRGHUQLW\�� 6HOHFWHG�UHIHUHQFHV�� �� 'UDNH�')��6FKXOPDQ�5�$��'DLPDUX�'��,QWHJUDWLYH�PHGLFLQH�LQ�5HKDELOLWDWLRQ�LQ�%UDGGRP´V�3K\VLFDO�0HGLFLQH�DQG�5HKDELOLWD�WLRQ��ILIWK�HGLWLRQ���HG�&LIX�'�;���(OVHYLHU������� �� 5LQJ�+��*LXVWLQL�$��%HUQDGHW�+1��/\�/6:��<RXQJ�0��&KULVWRGRXORX�1��3DUN�&-LO�,QWHUQDWLRQDO�DVSHFWV�RI�WKH�3UDFWLFH�RI�5H�KDELOLWDWLRQ�0HGLFLQH� LQ�'H/LVVD´V�3K\VLFDO�0HGLFLQH�	�5HKDELOLWDWLRQ��3ULQFLSOHV�DQG�3UDFWLFH��HG-LQ-FKLHI�)URQWHUD�:�5��HG�HPHULW��'H/LVVD�-�$����YRO����ILIWK�HGLWLRQ��:ROWHUV�&OXZHU�/LSSLQFRWW��:LOOLDPV�	:LONLQV������� �� ��KWWS���ZZZ�PLQDF�UR�� �� KWWS���ZZZ�DUKLYHOHQDWLRQDOH�UR� 

�ƐƐŽĐ͘�WƌŽĨ͘ ��ƌ͘ �KůŐĂ�^ƵƌĚƵ�-��ŽŶŐƌĞƐƐ�WƌĞƐŝĚĞŶƚ 

5HVHDUFK�DQG�PHGLFDO�GHYHORSPHQW�PDQDJHPHQW��RUJDQL]LQJ�WHDP�ZRUN��SULRULWLHV�VHWWLQJ��VROYLQJ�SUREOHPV��IROORZ�XS�RI�UHVXOWV��EDVLFV�LQ�PHGLFDO�EDOQHDO�WRXULVP��ZHOOQHVV��DQG�VSD�PHGLFLQH��SURMHFW�PDQ�DJHPHQW�� WHDFKLQJ�� 7HDPZRUN�� FRPPXQLFDWLRQ�� UHVSRQVLELOLW\�� OHDGHUVKLS�� DSSURSULDWHO\� PDQDJHPHQW� RI�WLPH��VHWWLQJ�SULRULWLHV�DQG�WDVNV��UHVXOWV�GULYHQ��SUREOHP�VROYLQJ��$GYDQFHG�LQ�PHGLFDO�EDOQHRORJ\��UHKDELO�LWDWLRQ��SK\VLFDO�PHGLFLQH��DSSO\LQJ�WUHDWPHQWV�ZLWK�DOO�PHGLFDO�GHYLFHV�XVHG�LQ�%DOQHRORJ\�DQG�5HKDELOLWD�WLRQ��DFXSXQFWXUH��IXQFWLRQDO�HOHFWUR�VWLPXODWLRQ�� 
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(XURSHDQ�6SHFLDOLVW�FHUWLILHG�E\�WKH�350�(XURSHDQ�%RDUG� 2IILFLDO�³&RPSHWHQFHV�7LWOHV´�LQ�³3DLQ�0HGLFLQH´�DQG�³0HGLFDO�+\GURORJ\´� 6HQLRU�&RQVXOWDQW�LQ�350�'HSDUWPHQW�RI�WKH�³+RVSLWDO�GH�6DQWR�$QWyQLR´��3RUWR� &R-IRXQGHU�RI�WKH�'LDEHWLF�)RRW�0XOWLGLVFLSOLQDU\�8QLW�LQ�WKLV�KRVSLWDO� &OLQLFDO�'LUHFWRU�RI�³7HUPDV�GH�6��-RUJH´�DQG��³7HUPDV�GH�/XVR´�� &OLQLFDO�DQG�6FLHQWLILF�&KDLUPDQ�RI�WKH�³%DOQHiULR�3HGDJyJLFR�GH�9LGDJR´� 3URIHVVRU�DW� WKH�8QLYHUVLW\�RI�3RUWR��&KDLU�RI�0HGLFDO�%DOQHRORJ\�DW� WKH� ³,QVWLWXWR�GH�&LrQFLDV�%LRPpGLFDV�$EHO�6DOD]DU´��,&%$6��FRXUVH�RI�0HGLFLQH (XURSHDQ�6RFLHW\�RI�350��(6350��([HFXWLYH�%RDUG�0HPEHU &KDLUPDQ�RI�WKH�(6350�*XLGHOLQHV�&RPPLWWHH� 3UHVLGHQW�RI�WKH�3RUWXJXHVH�6RFLHW\�RI�350�IURP�����-������ )RUPHU�5HJLRQDO�9LFH�3UHVLGHQW�IRU�(XURSH�RI�WKH�,QWHUQDWLRQDO�6RFLHW\�RI�350 3UHVLGHQW�RI�WKH�,QWHUQDWLRQDO�6RFLHW\�RI�0HGLFDO�+\GURORJ\��,60+—������ 3UHVLGHQW�RI�WKH���WK�:RUOG�&RQJUHVV�RI�,60+�LQ�3RUWR�3RUWXJDO��LQ������ 'HOHJDWH�RI�WKH�³8QLRQ�(XURSpqQQH�GHV�0pGHFLQV�6SpFLDOLVWHV´��8(06��350 &KDLUPDQ�RI�WKH�³%DOQHRORJ\�3HUPDQHQW�:RUNLQJ�*URXS´�RI�WKH�8(06�350 &R-IRXQGHU�RI�WKH�(XURSHDQ�%RDUG�RI�0HGLFDO�+\GURORJ\� 
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�+RVSLWDO�GH�6DQWR�$QWyQLR��3RUWR����8QLYHUVLW\�RI�3RUWR��3RUWXJDO 
,QWURGXFWLRQ��7KH�$QN\ORVLQJ�6SRQG\OLWLV��$6��LV�D�FKURQLF�DQG�SURJUHVVLYH�LQIODPPDWRU\�UKHXPDWLF�
GLVHDVH��FKDUDFWHUL]HG�E\�SDLQ��GHFUHDVHG�PRELOLW\�DQG�DVVRFLDWHG�ZLWK�GLVDELOLW\�DQG�GHFUHDVHG�TXDOLW\�RI�
OLIH�� ,W� LV�ZHOO�NQRZQ� WKH� LQWHUHVW�RI�EDOQHRORJ\�DQG�K\GURWKHUDS\� LQ� UKHXPDWLF�GLVHDVHV�� ,WV�SK\VLFDO�DQG�
FKHPLFDO�DFWLRQ�VHHPV�WR�IDYRU�YHU\�SRVLWLYHO\�WKH�HYROXWLRQ�RI�WKH�GLVHDVH��SDUWLFXODUO\�LQ�WKH�FDVH�RI�$6��
6HYHUDO�VWXGLHV�KDYH�EHHQ�FRQGXFWHG�LQ�WKLV�DUHD� 
2EMHFWLYHV��7R�HYDOXDWH�WKH�UROH�RI�ZDWHU �H[HUFLVH�LQ�$QN\ORVLQJ�6SRQG\OLWLV� 
0DWHULDO�DQG�0HWKRGV��6\VWHPDWLF�UHYLHZ�RI�WKH�OLWHUDWXUH�SXEOLVKHG�LQ�(QJOLVK��3RU WXJXHVH��)UHQFK��
6SDQLVK�DQG�,WDOLDQ��XQWLO�0DUFK�������RQ�0HGOLQH��(PEDVH��&RFKUDQH�/LEUDU\��:HE�RI�6FLHQFH�DQG�6FRSXV�
GDWDEDVHV� 
5HVXOWV��(LJKW�DU WLFOHV�KDYH�EHHQ�LQFOXGHG�IRU �IXU WKHU �DQDO\VLV�� 
ILYH�UDQGRPL]HG�FRQWUROOHG�FOLQLFDO�WULDOV�DQG�WKUHH�QRQ-UDQGRPL]HG�FRQWUROOHG�WULDOV��7KUHH�VWXGLHV�HYDOXDW�
HG�WKH�HIIHFW�RI�D�ZDWHU�H[HUFLVH�SURJUDP�ZKHQ�FRPSDUHG�ZLWK�D�JURXS�FRQWURO�RQO\�XQGHU�GUXJ�WKHUDS\��WZR�
FRPSDUHG�WKH�HIIHFW�RI�ZDWHU�H[HUFLVH�ZLWK�QR�ZDWHU�H[HUFLVH�SURJUDP��D�VWXG\�DVVHVVHG�WKH�DGGLWLYH�HIIHFW�
RI�6WDQJHU�%DWK�7KHUDS\�LQ�SDWLHQWV�XQGHU�VXSHUYLVHG�JURXS�H[HUFLVH�SURJUDP��$QRWKHU�VWXG\�DVVHVVHG�WKH�
DGGLWLYH�HIIHFW�RI�EDOQHRWKHUDS\�LQ�SDWLHQWV�XQGHUJRLQJ�H[HUFLVH�SURJUDP�DW�KRPH�DQG�DQRWKHU�VWXG\�UHODWLQJ�
WR�WKH�DGGLWLYH�HIIHFW�RI�6SD�7KHUDS\�LQ�WZR�GLIIHUHQW�ORFDWLRQV�LQ�SDWLHQWV�RQ�QRQ-ZDWHU�H[HUFLVH�VXSHUYLVHG�
SURJUDP��2YHUDOO��WKH�VWXGLHV�VKRZHG�D�VWDWLVWLFDOO\�VLJQLILFDQWO\�SRVLWLYH�HIIHFW�RI�ZDWHU�H[HUFLVH�DQG�GLIIHU�
HQW�PRGDOLWLHV�RI�K\GURWKHUDS\��SDUWLFXODUO\� LQ� WHUPV�RI�SDLQ��PRELOLW\��GLVHDVH�DFWLYLW\��FDUGLR�UHVSLUDWRU\�
IXQFWLRQ��IXQFWLRQDOLW\��ZHOO-EHLQJ�DQG�TXDOLW\�RI�OLIH� 
'LVFXVVLRQ�� ,Q� WKLV� V\VWHPDWLF� U HYLHZ�� FRQGXFWHG� LQ� RUGHU � WR� XQGHUVWDQG� DQG� DQDO\]H�ZKDW�RI�PRVW�
YDOLG�KDV�EHHQ�SRVVLEOH�WR�VWXG\�LQ�UHODWLRQ�WR�K\GURWKHUDS\�DQG�EDOQHRWKHUDS\�LQ�$6��ZH�IRXQG�WKDW�WKHVH�
WKHUDSHXWLF�PRGDOLWLHV�DGG�VLJQLILFDQW�FOLQLFDO�DQG�IXQFWLRQDO�EHQHILW�LQ�YDULRXV�FRPSRQHQWV�RI�WKLV�GLVHDVH��
7KH�YDULDELOLW\�RI�WKH�LQWHUYHQWLRQV�DPRQJ�VWXGLHV�DQG�WKH�VPDOO�QXPEHU�RI�VWXGLHV�OLPLW�RXUV�FRQFOXVLRQV� 
&RQFOXVLRQ��7KH�OLWHUDWXUH�KLJKOLJKWV�WKH�FHQWUDO�UROH�RI�ZDWHU �H[HUFLVH�LQ�$6��+RZHYHU ��PRUH�VWXGLHV�
ZLWK�KLJK�PHWKRGRORJLFDO�TXDOLW\�DUH�QHHGHG�� WR� LQFUHDVH� WKH�HYLGHQFH�RI� WKHVH�ILQGLQJV�DQG� WR�GHILQH� WKH�
VSHFLILF�FKDUDFWHULVWLFV�RI�ZDWHU�H[HUFLVH�SURJUDPV�WKDW�GHWHUPLQH�EHWWHU�UHVXOWV��7DNLQJ�LQWR�DFFRXQW�WKH�VLJ�
QLILFDQW�QHJDWLYH�LPSDFW�RI�$6�LQ�IXQFWLRQDOLW\�DQG�TXDOLW\�RI�OLIH��SRWHQWLDOO\�HIIHFWLYH�PRGDOLWLHV�VXFK�DV�
K\GURWKHUDS\�DQG�EDOQHRWKHUDS\�VKRXOG�QRW�EH�QHJOHFWHG�ZKHQ�WUHDWPHQW�LV�SUHVFULEHG� 
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���8QLYHUVLGDGH�GR�3RUWR����8QLYHUVLGDGH�&RPSOXWHQVH�GH�0DGULG 
2EMHFWLYH�� WR� HYDOXDWH� KHDOWK�EHQHILWV� RQ� D�SRSXODWLRQ� VXIIHU LQJ� IURP�.QHH�$UWKURVLV� DIWHU � D� WKUHH�
ZHHN�EDOQHRWKHUDS\�SURJUDP�RQ�7HUPDV�GH�6��-RUJH���3RUWXJDO 
0HWKRGRORJ\��$�VDPSOH�RI�����SDWLHQWV�VDWLVI\LQJ� WKH�$PHULFDQ�&ROOHJH�&ULWHULD�IRU�.QHH�DUWKURVLV�ZDV�
UHFUXLWHG�IRU�D�UDQGRPL]HG�FRQWUROOHG�WULDO�ZLWK�D�WKHUDSHXWLF�JURXS�UHFHLYLQJ�D�����&�WXEH�K\GUR�PDVVDJH��D�
SRRO�H[HUFLVH�VHVVLRQ������&��DQG�D�VKRZHU�PDVVDJH�RI�WKH�NQHHV������&��RQ�D�GDLO\�EDVLV��GXULQJ����FRQVHF�
XWLYH�GD\V�DQG�D�FRQWURO�JURXS�ZLWKRXW�WKHVH�WUHDWPHQWV��3DWLHQWV�ZHUH�HYDOXDWHG�IURP�WKHLU�SDLQ��IXQFWLRQDO�
DQG� KHDOWK� VWDWXV� XVLQJ� WKH�9LVXDO�$QDORJLF�6FDOH�� WKH�:20$&�VFDOH�� WKH�6)-���TXHVWLRQQDLUH� DQG� WKH�
³7LPHG�8S� DQG�*R� 7HVW´��$� OLVW� RI� ��� H[FOXVLRQ� FULWHULD�ZDV� DSSURYHG� DQG� OHDG� WR� ��� GURS� RXWV�� 7ZR�
JURXSV�RI����SDWLHQWV�HDFK�FRQFOXGHG�WKH�WULDO��:H�UHJLVWHUHG�WKH�HYDOXDWLQJ�GDWD�WDNHQ�LQ�GLIIHUHQW�PRPHQWV�
RI�ERWK�JURXSV��7KH�LQWHUYHQWLRQ�JURXS�ZDV�HYDOXDWHG�DW� WKH�EHJLQQLQJ�RI� WKH�WULDO�EHIRUH�WKH�%DOQHRORJ\�
WUHDWPHQWV��W(����DIWHU�ILQLVKLQJ�WKH����GD\V�SURJUDP��W(���DQG���PRQWKV�ODWHU��W(����,Q�WKH�FRQWURO�JURXS�
ZH�DOVR�HYDOXDWHG�WKHLU�SDUWLFLSDQWV�DW�WKH�YHU\�EHJLQQLQJ�RI�WKH�WULDO��F(���DQG�WKHQ�DIWHU���PRQWKV��F(����
:H� FRPSDUH� WKH� UHVXOWV� ZLWKLQ� HDFK� JURXS� DW� GLIIHUHQW� WLPHV� RI� HYDOXDWLRQ� DQG� WKHQ� EHWZHHQ� WKH� WZR�
JURXSV�� DW� WKH� EHJLQQLQJ� DQG� DW� �� PRQWKV�� 7KH� GDWD� VWDWLVWLFDO� DQDO\VLV� ZDV� SHUIRUPHG� XVLQJ� WKH� 6366�
�6WDWLVWLFDO�3DFNDJH�IRU�6RFLDO�6FLHQFH��YHUVLRQ�������7KH�DQDO\VLV�RI�WKH�VWDWLVWLFDO�PHDQLQJ�RI�WKH�DYHUDJH�
GLIIHUHQFHV� DPRQJ� WKH� HYDOXDWLRQV�ZDV� SHUIRUPHG� WKURXJK� WKH� W� 6WXGHQW� WHVW� WR� GHSHQGHQW� VDPSOHV�� 7KH�
DQDO\VLV�RI�WKH�GLIIHUHQFHV�RI�WKH�IRXQG�DYHUDJHV�EHWZHHQ�WKH�JURXSV��FRQWURO�DQG�H[SHULPHQWDO��DOVR�FRXQW�
HG�ZLWK�WKH�W�6WXGHQW�WHVW��EXW�WKLV�WLPH�WR�LQGHSHQGHQW�VDPSOHV��,Q�ERWK�FDVHV�WKH�QXOO�DQG�WKH�DOWHUQDWLYH�
K\SRWKHVLV�ZHUH�LPSOLFLW��DQG�WKH�DVVXPHG�FRQILGHQFH�LQWHUYDO�ZDV������WKH�VLJQLILFDQFH�OHYHO�ZDV�DOZD\V�
PDLQWDLQHG� LQ�����S� �������:KHQ�ZH�ZDQWHG� WR�FRPSDUH� WKH�VWDWLVWLFDO�VLJQLILFDQFH�RI�SHUFHQWDJHV��ZH�
XVHG�WKH�&KL-VTXDUH��[����EHLQJ�DOVR�DVVXPHG�WKH�FRQILGHQFH�LQWHUYDO�RI������$QDO\VLQJ�WKH�DQVZHUV�RI�WKH�
TXHVWLRQQDLUHV�ZLWK� WKH�$OSKD�RI�&URQEDFK� �Į��PHWKRG��ZH�FRXOG�YHULI\� WKH�H[LVWHQFH�RI�D�JRRG� LQWHUQDO�
FRQVLVWHQFH�LQ�DOO�WKH�HYDOXDWLRQV��VR�ZH�FRQFOXGHG�WKDW�WKHUH�ZDV�HQRXJK�YDOLGLW\�WR�SURFHHG�WR�WKH�VWDWLVWL�
FDO�GDWD�WUHDWPHQW�REWDLQHG�LQ�WKH�WZR�VDPSOH�JURXSV� 
5HVXOWV ,W�ZDV�YHULILHG�DQ�LPSURYHPHQW�LQ�DOO�WKH�FRQVWDQW�LWHPV�RI�WKH�HYDOXDWLRQ�LQVWUXPHQWV�LQ�RXU�WULDO��LQ�D�VWD�WLVWLFDOO\�VLJQLILFDQW�ZD\��7KH�UHIHUUHG�LPSURYHPHQWV�ZHUH�PDLQWDLQHG�HYHQ�DIWHU�WKH�HQGLQJ�RI�WKH�WKHUD�SHXWLF�LQWHUYHQWLRQ��DV�GHPRQVWUDWHG�E\�WKH�HYDOXDWLRQ�SHUIRUPHG�LQ�WKH�IROORZ-XS��RQ�WKH�WKLUG�PRQWK�DIWHU�WKH�EHJLQQLQJ�RI�WKH�WUHDWPHQW��:H�DOVR�HYDOXDWH�WKH�SHUFHQWDJH�RI�SDWLHQWV�LQ�ZKRP�WKLV�LPSURYHPHQW�KDS�SHQHG�ZLWK�FOLQLFDO�UHOHYDQFH��+DYLQJ�DV�UHIHUHQFH�WKH�YDOXHV�WKDW�VXJJHVW�WKDW�D�GHFUHDVH�RI�WKH�SDLQ�OHYHO�LV�FRQVLGHUHG�VLJQLILFDQW��IURP�WKH�FOLQLFDO�SRLQW�RI�YLHZ��ZKHQ�LW�UHDFKHV�D�GHFUHDVH�RI�DW�OHDVW������PP�LQ�(9$��LW�ZDV�YHULILHG�WKDW�HIIHFWLYHO\�WKLV�GHFUHDVH�RFFXUUHG�LQ�����RI�WKH�SDWLHQWV��Q ����EHWZHHQ�WKH�ILUVW�HYDOXDWLRQ��W(���DQG�WKH�PRPHQW�DIWHU�WKH�WUHDWPHQW��W(����KDYLQJ�UHPDLQHG�LQ�WLPH��EHFDXVH�WKH�HTXLYDOHQW�WR��������Q ����PDLQWDLQHG�WKLV�GHFUHDVH�RI�SDLQ�EHWZHHQ�W(��DQG�W(���%RWK�SHUFHQWDJHV�IRXQG�ZHUH�VLJ�QLILFDQW��S�������� $QRWKHU�FOLQLFDO�FULWHULD�WR�HYDOXDWH�LI�WKHUH�ZDV�D�UHOHYDQW�FOLQLFDO�LPSURYHPHQW��WKLV�WLPH�LQ�WHUPV�RI�IXQF�WLRQDOLW\�RI�WKH�SDWLHQW��LV�EDVHG�LQ�WKH�GHFUHDVH�RI�WKH�:20$&�3K\VLFDO�$FWLYLW\�DQG�:20$&�WRWDO�YDO�XHV�LQ�! �����SRLQWV��ZKHQ�WUDQVIRUPHG�GLPHQVLRQV�IURP���WR�����SRLQWV���$IWHU�WKLV�SURFHGXUH�RI�YDOXHV�UHFRQYHUVLRQ�LQ�D�VFDOH�IURP���WR�����LQ�:20$&�3K\VLFDO�$FWLYLW\��ZH�YHULILHG�WKDW��������Q ����RI�WKH�SDWLHQWV�GHFUHDVHG�WKH�GLIILFXOW\�LQ�WKH�SHUIRUPLQJ�RI�SK\VLFDO�DFWLYLW\�IURP�W(��WR�W(��LQ�DW�OHDVW�����SRLQWV�� 7KLV�HIIHFW�ODVWHG�XQWLO�WKH�IROORZ-XS��2QFH���������Q ����PDLQWDLQHG�WKLV�FRQVLGHUDEOH�GHFUHDVH�IURP�W(��WR�W(���,Q�ERWK�FRPSDULVRQV�WKH�IRXQG�SHUFHQWDJH�LV�VLJQLILFDQW�DW�OHYHO�S��������,Q�ZKDW�FRQFHUQV�WKH�7RWDO�:20$&��WKH�GHFUHDVH�ZDV�HYHQ�PRUH�HYLGHQW��,W�ZDV�UHDOL]HG�WKDW��IURP�W(��WR�W(���������RI�WKH�SDWLHQWV��Q ����ORZHUHG�WKH�VFRUH�LQ�! ����SRLQWV��GHPRQVWUDWLQJ�D�UHGXFWLRQ�ZLWK�FOLQLFDO�VLJQLILFDQFH�RI�WKH�SDLQ��WKH�VWLIIQHVV�DQG�WKH�SK\VLFDO�GLIILFXOWLHV��7KH�UDLVH�RQ�WKH�OLIH�TXDOLW\�LQ�WKHVH�GLPHQVLRQV�PDLQWDLQHG�XQWLO�WKH�PRPHQW�RI� WKH�ODVW�HYDOXDWLRQ��DV� WKH�SHUFHQWDJH�RI��������Q ����PDLQWDLQHG�WKH�GHFUHDVH�RI�DW� OHDVW�����SRLQWV�IURP�W(��WR�W(���7KH�IRXQG�SHUFHQWDJHV�DUH�VLJQLILFDQW��S�������� 
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:$7(5�$1'�/,)(     &��,RQHVFX-7LUJRYLVWH  1DWLRQDO�,QVWLWXWH�RI�'LDEHWHV��1XWULWLRQ�DQG�0HWDEROLF�'LVHDVHV�1�&��3DXOHVFX�  %XFKDUHVW��5RPD�QLD��    ,QWURGXFWLRQ�:DWHU �DQG�/LIH�LV�D�FRQGLWLRQDO�ELQRP�EHFDXVH�ZKDW� LV�FDOOHG�OLIH�RQ�RXU �SODQHW�GHSHQGV�RQ�WKH�SUHVHQFH�RI�ZDWHU�LQ�DOO�LWV�SK\VLFDO�SUHVHQWDWLRQ��VROLG��OLTXLG�DQG�JDVHRXV��7KH�HYROXWLRQ�RI� OLIH�RQ�RXU�SODQHW� �SODQWV�� DQLPDOV� DQG�KXPDQV��GHSHQGV�RQ� WKH�QXPHURXV� FKHPLFDO� UHDFWLRQV�ZKLFK�QHHG�WKH�ZDWHU�PROHFXOH�LQ�WKH�DQDEROLF�DQG�FDWDEROLF�SURFHVVHV�DVVRFLDWHG�ZLWK�OLIH��2WKHUZLVH��WKH�JUHDW�DQFLHQW�SKLORVRSKHUV��$ULVWRWOH��3ODWR��7KDOHV��+HUDFOLW��(PSHGRFOHV�DQG�PDQ\�RWKHUV��LQFOXGHG�ZDWHU�LQ�WKHLU�SKLORVRSKLFDO�GHEDWH��,Q�DOO�&KLQHVH�0HGLFLQH��ZDWHU�ZDV�RQH�RI�WKH�ILYH�HOHPHQWV��ILUH��PHWDO��ZRRG��HDUWK�DQG�ZDWHU��DV�D�FRUH�RI�PDQ\�ROG�WKHUDSLHV�LQFOXGLQJ�DFXSXQFWXUH�DQG�SODQW�WKHUDS\��  0DWHULDOV�DQG�PHWKRGV�'HVSLWH�LWV�VPDOO�PROHFXOH��+�2���WKH�U HODWLRQVKLS�EHWZHHQ�WKH�DWRP�RI�R[\JHQ�DQG� WKH� WZR�DWRPV�RI�K\GURJHQ�KDV�VRPH�SDUWLFXODULWLHV�ZKLFK�KDYH�QRW�EHHQ�VR� IDU�FOHDUO\�H[�SODLQHG��,W�LV�LQWHUHVWLQJ�WR�VHH�WKDW�WKH�SHUFHQWDJH�RI�ZDWHU�RQ�(DUWK�LV�����ZKLFK�LV�TXLWH�VLPLODU�ZLWK�WKDW�LQ�DQ�DGXOW�KXPDQ��2WKHUZLVH��KLVWRULFDOO\�VSHDNLQJ��DOO�KXPDQ�FLYLOL]DWLRQ�KDV�IORXULVKHG�LQ�SUR[LPL�W\�RI�PDMRU�ZDWHUZD\V��5RPDQLD�LV�RQH�RI�WKH�EOHVVHG�FRXQWULHV�ZLWK�QXPHURXV�PLQHUDO�GULQNLQJ�ZDWHUV�DQG�DOVR�VRPH�PLQHUDO�WKHUDSHXWLFDO�ZDWHUV�  5HVXOWV�2QH�RI�WKH�PRVW�GHEDWHG�SUREOHPV�LQ�WKH�ODVW�GHFDGH�ZDV�WKDW�RI��PHPRU\�RI�ZDWHU� ��ZKLFK�ZDV�DVVRFLDWHG�ZLWK� WKH�SUHSDUDWLRQ�RI� VRPH�KRPHRSDWKLF� UHPHGLHV��&RQVLGHULQJ� WKH�P\VWHULRXV�QDWXUH�RI�LWV�SK\VLFDO�SURSHUWLHV��WKLV�K\SRWKHVLV�LV�VWLOO�RQ�WKH�WDEOH��7KH�IDFW�WKDW�WKH�GLVFRYHU\�RI�ZDWHU�FKDQQHOV�LQ�YDULRXV�WLVVXHV�ZDV�PDGH������DQG�DZDUGHG�ZLWK�WKH�1REHO�3UL]H  &RQFOXVLRQ�7KH�IUHVKZDWHU ��FDOOHG�DOVR�� WKH�ZKLWH�JROG�RI�PDQNLQG� ��VHHPV�WR�EH�DQ�H[KDXVWL�EOH�UHVRXUFH��,I�WKDW�LV�WUXH��WKH�IDU�IXWXUH�JHQHUDWLRQV�ZLOO�EH�REOLJHG�WR�PRYH�IURP�WKH�(DUWK�WR�RWKHU�PRUH�FRQYHQLHQW�SODQHWV�� 

&XUUHQW�2FFXSDWLRQ��&RQVXOWDQW�'LDEHWHV��1XWULWLRQ�DQG�0HWDEROLF�'LVHDVHV 
6LQFH������WHDFKLQJ�DFWLYLW\�DW�WKH�XQLYHUVLW\�FOLQLF�RI�'LDEHWHV��1XWULWLRQ�DQG�
0HWDEROLF�'LVHDVHV�LQ�%XFKDUHVW��FRYHULQJ�DOO�OHYHOV�XS�WR�WKH�WHDFKHU��/HFWXUHU�DW�
WKH�)DFXOW\�RI�0HGLFLQH�DQG�3KDUPDF\�LQ�%XFKDUHVW������-����� 
$VVRFLDWH�3URIHVVRU������-�������3URIHVVRU����� 
([SHUW�2�0�6��GLDEHWHV�LVVXHV������-����� 
([SHUW�RI�WKH�(XURSHDQ�&RPPXQLW\��������PHGLFDO�VFLHQWLILF�UHVHDUFK��6FLHQWLILF�
UHVHDUFK�LQ�WKH�ILHOGV�RI�GLDEHWHV��PHWDEROLF�HPHUJHQFLHV��HSLGHPLRORJLFDO��HWL�
RSDWKRJHQLF��JHQHWLFV���GLDEHWLF�QHXURSDWK\��QXWULWLRQ��K\SRJO\FHPLD��HOHFWURSK\V�
LRORJ\ 
352)(66,21$/�$&7,9,7<� 
����-SUHVHQW�+HDG�RI�WKH�&OLQLF�IRU�'LDEHWHV��'LDEHWHV�'HSDUWPHQW�+HDG 
�����-�����'LUHFWRU�RI�,QVWLWXWH�RI�'LDEHWHV��1XWULWLRQ�DQG�0HWDEROLF�'LVHDVHV�
�3URI��'U��1��3DXOHVFX����%XFKDUHVW� 
6LQFH������3URIHVVRU�RI�WKH�8QLYHUVLW\�RI�0HGLFLQH�DQG�3KDUPDF\��%XFKDUHVW� 
6LQFH������+RQRUDU\�0HPEHU�RI�WKH�$FDGHP\�RI�6FLHQFHV�LQ�&KLVLQDX� 
����-�����3UHVLGHQW�RI�WKH�6RFLHW\�RI�'LDEHWHV��1XWULWLRQ�DQG�0HWDEROLF�'LVHDVHV 
�����-�SUHVHQW�3UHVLGHQW�RI�WKH�5RPDQLDQ�0HGLFDO�$VVRFLDWLRQ� 
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267(2$57+5,7,6��$',32.,1(6�$1'�%$/1(27+(5$3< $QWRQHOOD�)LRUDYDQWL��6DUD�&KHOHVFKL 'HSDUWPHQW�RI�0HGLFLQH��6XUJHU\�DQG�1HXURVFLHQFH��5KHXPDWRORJ\�8QLW��8QLYHUVLW\�RI�6LHQD��,WDO\ 2EHVLW\�FRQVWLWXWH�PDMRU�ULVN�IDFWRUV� IRU�2VWHRDUWKULWLV��2$��SUHVXPDEO\�GXH�WR�H[FHVVLYH�MRLQW� ORDGLQJ���+RZHYHU��VHYHUDO�VWXGLHV�GHPRQVWUDWHG�WKDW�REHVLW\�LV�DOVR�D�ULVN�IDFWRU�IRU�QRQZHLJKW-EHDULQJ�MRLQWV��2EH�VLW\�LV�QRZDGD\V�FRQVLGHUHG�DV�D�FKURQLF�ORZ-JUDGH�LQIODPPDWRU\�VWDWXV�ZKLFK�LV�FORVHO\�UHODWHG�WR�WKH�UH�OHDVH��E\�ZKLWH�DGLSRVH�WLVVXH��RI�PDQ\�IDFWRUV��PRVW�RI�WKHP�RI�SURLQIODPPDWRU\�QDWXUH��LQFOXGLQJ�FODVVL�FDO�F\WRNLQHV�VXFK�DV�LQWHUOHXNLQ��,/�-���,/-�ȕ�DQG�WXPRU�QHFURVLV�IDFWRU��71)�-Į��DV�ZHOO�DV�DGLSRNLQHV���$GLSRNLQHV�� LQFOXGLQJ� OHSWLQ�� DGLSRQHFWLQ�� UHVLVWLQ�DQG�YLVIDWLQ�PD\�SOD\� DQ� LPSRUWDQW� UROH� LQ� WKH�SDWKR�SK\VLRORJ\�RI�2$��/HSWLQ�LQGXFHV�WKH�H[SUHVVLRQ�RI�JURZWK�IDFWRUV�VXFK�DV�,*)-��DQG�7*)-ȕ��VWLPXODWHV�SURWHRJO\FDQ�DQG�FROODJHQ�V\QWKHVLV��DQG� LQFUHDVHV� WKH�VWLPXODWRU\�HIIHFWV�RI�SURLQIODPPDWRU\�F\WRNLQHV�RQ�QLWULF�R[LGH��12��SURGXFWLRQ�LQ�FKRQGURF\WHV��/HSWLQ�PD\�DOVR�WULJJHU�FDUWLODJH�GHVWUXFWLRQ�E\�LQFUHDV�LQJ�0HWDOORSURWHDVH� �003�-��DQG�003-����$GLSRQHFWLQ�KDV�EHHQ� IRXQG� WR� LPSURYH� LQVXOLQ� VHQVLWLYLW\�DQG� WR�KDYH�DQWL-DWKHURJHQLF�SURSHUWLHV��$GLSRQHFWLQ� LV�GHWHFWHG� LQ�ERWK� V\QRYLDO� IOXLG�DQG� LQ�SODVPD�RI�2$�SDWLHQWV�DQG�KDV�EHHQ�UHSRUWHG�WR�LQFUHDVH�WKH�SURGXFWLRQ�RI�003V��F\WRNLQHV�DQG�3*(��E\�FKRQGUR�F\WHV�DQG��V\QRYLDO�ILEUREODVWV� 5HVLVWLQ��KDV�UHFHLYHG�DWWHQWLRQ�IRU� LWV� LQYROYHPHQW� LQ�LQVXOLQ�UHVLVWDQFH�LQ�REHVLW\�DQG�GLDEHWHV�PHOOLWXV��5HFHQW�UHVHDUFKHV�VKRZ�WKDW�KXPDQ�UHVLVWLQ�LV�H[SUHVVHG�LQ�LPPXQH�FHOOV�DQG�SRVVHVVHV�PDQ\�FKDUDFWHULV�WLFV�RI�D�SURLQIODPPDWRU\� F\WRNLQH��$OWKRXJK� WKH� LQYHVWLJDWLRQV� UHJDUGLQJ� WKH� UROH�RI� UHVLVWLQ� LQ�2$�DUH�VSDUVH��VRPH�VWXGLHV�VKRZHG�LWV�GLUHFW�HIIHFW�RQ�FDUWLODJH�PDWUL[�DQG�F\WRNLQHV�SURGXFWLRQ� 9LVIDWLQ�KDV�SURLQIODPPDWRU\�DQG�LPPXQRPRGXODWLQJ�IXQFWLRQV��DQG�PDQLIHVWHG�D�SUR-GHJUDGDWLYH�HIIHFW�LQ�FDUWLODJH�E\�LQFUHDVLQJ�WKH�V\QWKHVLV�RI�003-���003-����WKURPERVSRQGLQ�PRWLIV��$'$076�-���DQG�$'$076-�� ,Q�WZR�VWXG\�ZH�DVVHVVHG�WKH�SRVVLEOH�PRGLILFDWLRQV�RI�VHUXP�OHYHOV�RI� OHSWLQ��DGLSRQHFWLQ��YLVIDWLQ� �DQG�UHVLVWLQ�LQ�SDWLHQWV�ZLWK�NQHH�2$�WUHDWHG�ZLWK�D�F\FOH�RI�PXG-EDWK�WKHUDS\��,Q��WKH�ILUVW�VWXG\�ZH�VKRZHG�DW�WKH�HQG�RI�WKH�WKHUDS\��D�VOLJKW�EXW�QRW�VLJQLILFDQW�LQFUHDVH�RI�VHUXP�OHSWLQ�FRQFHQWUDWLRQV�DQG�D�VLJQLILFDQW�GHFUHDVH�LQ�VHUXP�DGLSRQHFWLQ�OHYHOV�� ,Q� D� VHFRQG� FRQWUROOHG� WULDO�� DW� WKH� HQG� RI� WKH� PXG-EDWK� WKHUDS\�� VHUXP� DGLSRQHFWLQ� DQG� UHVLVWLQ� OHYHOV�VKRZHG�D�VLJQLILFDQW�GHFUHDVH��QR�VLJQLILFDQW�PRGLILFDWLRQV�ZHUH�IRXQG�LQ�VHUXP�YLVIDWLQ� 3DUWLDO�FRQWUDGLFWRU\�GDWD�ZHUH�REVHUYHG�LQ�D�UHFHQW�SLORW�VWXG\�FRQGXFWHG�E\�6KLPRGR]RQR�HW�DO��7KH�GLI�IHUHQFHV�PLJKW�EH�GXH�WR�WKH�FKDUDFWHULVWLF�RI�WKH�VXEMHFWV�VWXGLHG�DQG�WR�WKH�PRGDOLWLHV�RI��EDWKLQJ� �,Q�FRQFOXVLRQ��WKHVH�VWXGLHV�VKRZ�WKDW�EDOQHRWKHUDS\�DQG�RU�PXG-EDWK�WKHUDS\�FDQ�PRGLI\�VHUXP�OHYHOV�RI�DGLSRNLQHV��+RZHYHU�� LW� UHPDLQV� WR�EH�FODULILHG�ZKLFK�RI� WKH�PHFKDQLVPV�RI�DFWLRQ�RI�PXG-EDWK� WKHUDS\�FRXOG�GHWHUPLQH�WKH�FKDQJHV�REVHUYHG� 5HIHUHQFHV +X�3)��HW�DO��������7KH�HPHUJLQJ�UROH�RI�DGLSRNLQHV�LQ�RVWHRDUWKULWLV��D�QDUUDWLYH�UHYLHZ��0RO�%LRO�5HS������� )LRUDYDQWL�$�HW� DO�� �������(IIHFWV� RI� VSD� WKHUDS\� RQ� VHUXP� OHSWLQ� DQG� DGLSRQHFWLQ� OHYHOV� LQ� SDWLHQWV�ZLWK� NQHH� RVWHRDUWKULWLV��5KHXPDWRO�,QW������� )LRUDYDQWL�$��HW�DO��������&LUFXODWLQJ�OHYHOV�RI�DGLSRQHFWLQ��UHVLVWLQ��DQG�YLVIDWLQ�DIWHU�PXG-EDWK�WKHUDS\�LQ�SDWLHQWV�ZLWK�ELODW�HUDO�NQHH�RVWHRDUWKULWLV��,QW�-�%LRPHWHRURO�������� )LRUDYDQWL�$���HW�DO��������2QH-\HDU�IROORZ-XS�RI�PXG-EDWK�WKHUDS\�LQ�SDWLHQWV�ZLWK�ELODWHUDO�NQHH�RVWHRDUWKULWLV��D�UDQGRPL]HG��VLQJOH-EOLQG�FRQWUROOHG�WULDO��,QW�-�%LRPHWHRURO�������� 6KLPRGR]RQR�0��HW�DO��������$FXWH�HIIHFWV�RI�D�VLQJOH�ZDUP-ZDWHU�EDWK�RQ�VHUXP�DGLSRQHFWLQ�DQG�OHSWLQ�OHYHOV�LQ�KHDOWK\�PHQ��D�SLORW�VWXG\��,QW�-�%LRPHWHRURO�������  

*UDGXDWH�LQ������DW�WKH�8QLYHUVLW\�RI�6LHQD��,WDO\��LQ�0HGLFDO��6FKRRO��0DMRU�LQ�(Q�GRFULQRORJ\��5KHXPDWRORJ\���3K'�� � LQ� �([SHULPHQWDO�5KHXPDWRORJ\��KDYLQJ�VLQFH������ � WKH�FKDUJH�RI�³$VVLVWDQW�RI�3URIHVVRU´�DW� WKH�³�5KHXPDWRORJ\�8QLW´�RI� � WKH�*HQHUDO�+RVSLWDO�³/H�6FRWWH´�RI�6LHQD��+ROG¶V�RIILFH�VLQFH������IRU�+LJK�6SHFLDOL�]DWLRQ� LQ�GLDJQRVLV� DQG� WKHUDS\�RI�GHJHQHUDWLYH� UKHXPDWLF�GLVHDVHV��6LQFH������ LV�SDUWQHU�RI�³,WDOLDQ�6RFLHW\�RI�5KHXPDWRORJ\´�6,5��KROGLQJ�RIILFH�RI�YLFH�SUHVLGHQW�RI�7XVFDQ\�6HFWLRQ��RI��5KHXPDWRORJ\�,WDOLDQ�6RFLHW\���IURP������WR�������3UHVL�GHQW� RI� � WKH� 7XVFDQ\� 6HFWLRQ� RI� ,WDOLDQ� /HDJXH� $JDLQVW� 5KHXPDWLF� 'LVHDVHV�/,0$5���VLQFH������LV�PHPEHU�RI��6FLHQWLILF�%RDUG�RI�,60+��DQG�VLQFH������6FL�HQWLILF�/HDGHU��9LFH-3UHVLGHQW��RI�,60+�� 7KH�'U�KROGV�WHDFKLQJ�FKDUJHV�DW�5KHXPDWRORJ\�3RVWJUDGXDWH�6FKRRO��0HGLFDO�+\�GURORJ\��*HQHWLFV� DQG�(QGRFULQRORJ\��+HU�PDMRU� UHVHDUFK� DUHDV� FRQFHUQ�2VWHRDU�WKULWLV��&KRQGURF\WH¶FXOWXUH�DQG�0HGLFDO�+\GURORJ\� 

WƌŽĨ͘ ��ƌ͘ ���ŶƚŽŶĞůůĂ�&ŝŽƌĂǀĂŶƟ 
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0'�VSHFLDOLVW�LQ�0HGLFDO�+\GURORJ\ 3K'�IURP�WKH�&RPSOXWHQVH�8QLYHUVLW\�RI�0DGULG��8&0� 0HGLFDO�+\GURORJ\�3URIHVVRU�RI�0HGLFLQH�)DFXOW\�RI�8&0 'LUHFWRU�RI�3URIHVVLRQDO�6FKRRO�RI�0HGLFDO�+\GURORJ\�DQG�+\GURWKHUDS\� 'LUHFWRU�RI���������0HGLFDO�+\GURORJ\��8&0�5HVHDUFK�*URXS� 3UHVLGHQW�RI�WKH�6SDQLVK�6RFLHW\�RI�0HGLFDO�+\GURORJ\ 3UHVLGHQW�RI�WKH�,EHURDPHULFDQ�6RFLHW\�RI�3HORLGV )(07(&�&RXQFHOORU 0HPEHU�RI�$GYLVRU\�&RPPLWWHH�RI�([SRXUHQVH-7HUPDWDOLD 3UHVLGHQW�-�6FLHQWLILF�&RPPLWWHH�RI�,QVWLWXWR�GH�,QYHVWLJDFLyQ�$JXD�\�6DOXG� 6FLHQWLILF�&RPPLWHH�0HPEHU�RI�,60+ 'LUHFWRU�RI�$QDOHV�GH�+LGURORJtD�0pGLFD������-����� 'LUHFWRU�RI�%ROHWtQ�GH�OD�6RFLHGDG�(VSDxROD�GH�+LGURORJtD�0pGLFD� 'LUHFWRU�0RQRJUDSK�6HULHV�%DOQHD 3UHVLGHQW�RI���WK�,60+�&RQJUHVV 
(92/87,21�2)�7+(�,60+�7+528*+�,76�,17(51$7,21$/�&21)(5(1&(6�������–������ )��0DUDYHU��-�0��&DUEDMR �5HVHDUFK�*URXSV�8&0-��������8QLYHUVLGDG�&RPSOXWHQVH�GH�0DGULG��0HGLFDO�+\GURORJ\��� ,1752'87,21��6LQFH�IRXQGHG�LQ�/RQGRQ�LQ�������WKH�,QWHUQDWLRQDO�6RFLHW\�RI�0HGLFDO�+\�GURORJ\�DQG�&OLPDWRORJ\��,60+��KDV�RUJDQL]HG����ZRUOG�FRQJUHVVHV��7KH�DLP�RI�WKLV�ZRUN�LV�WR�VWXG\�WKH�HYROXWLRQ�RI�WKH�,60+�WKURXJK�LWV�LQWHUQDWLRQDO�FRQIHUHQFHV�IURP������WR������� 0$7(5,$/�-�0(7+2'6��6RXUFHV�XVHG�DUH�GLIIHUHQW�$EVWUDFWV�%RRNV�RI� WKH�PHHWLQJV�KHOG�GXULQJ� WKH� SHULRG� LQGLFDWHG�� 3RQWD� 'HOJDGD-$]RUHV� �3RUWXJDO�� �-���������� 9LWWHO-&RQWUH[HYLOOH-1DQF\��)UDQFH�� �-����������� 0DGULG� �6SDLQ�� �-���������� %DG� :RHULVKRIHQ-%DG� 1HQQGRUI� �*HUPDQ\�� ��-�����������.DUORY\�9DU\-3UDJXH-/XKDFRYLFH� �&]HFK�5HSXEOLF���-������������%XGDSHVW-+HYL]� �+XQJDU\����-������������ ,VWDQEXO� �7XUNH\�� �-����������� 3RUWR� �3RUWXJDO�� ��-����������� 3DULV� �)UDQFH�� ��-����������� /DQMDUyQ-*UDQDGD� �6SDLQ�� ��-����������� .\RWR� �-DSDQ�� ��-���������� DQG� 5LR� GH� -DQHLUR��%UD]LO����-�����������(DFK�&RQJUHVV��DUH�FROOHFWHG��QXPEHU��W\SHV�DQG�WRSLFV�RI�SDSHUV�SUHVHQWHG��DV�ZHOO�DV�FRXQWU\�RI�SURYHQDQFH� 5(68/76��2I�WKH����FRQJUHVVHV�KHOG��GUDZV�DWWHQWLRQ�WKDW�DW�WKH�EHJLQQLQJ�ZHUH�KHOG�HYHU\�IRXU�\HDUV��VWDUWLQJ�LQ������HYHU\�WZR�\HDUV�DQG�IURP������DQQXDOO\��:H�WKLQN�WKDW�DOWKRXJK�D�FRQJUHVV�RI�WKH�,60+�KHOSV�7KHUPDO�0HGLFLQH�LQ�WKH�FRXQWU\�ZKHUH�WKH�FRQJUHVV�LV�KHOG��WKH�*HQHUDO�$VVHPEO\�LQ�%X�FKDUHVW��PXVW�GHFLGH�RQ�WKH�VXLWDELOLW\�RI�FRQWLQXLQJ�WR�KROG�WKH�FRQJUHVVHV�DQQXDOO\� 5()(5(1&(6�� >�@�%XODQJp�0��/D�SUHVHQFH�IUDQoDLVH�DX�VHLQ�GH�O¶�,60+��,Q��)ORULOHJH�7KHUPDO��/HV�����DQV�GH�OD�6RFLHWH��3DULV��6RFLHWH�)UDQoDLVH�G¶K\GURORJLH�HW�GH�&OLPDWRORJLH�0HGLFDOHV����������-�� >�@�&DQWLVWD�3��,60+��ZKLFK�LQWHUQDWLRQDO�VRFLW\�IRU�ZKLFK�DLPV"��3UHVV�7KHUP�&OLPDW��������������-��� >�@�.DUDJ�OOH�0=�� ,60+�DQG�%DOQHRORJ\�5HVHDUFK��3URFHHGLQJV�RI� WKH�9,,�&RQJUHVVR� ,QWHUQDWLRQDO�6RF��3RUWXJXHVD�GH�+LGURORJLD�0pGLFD���-��MXQH�������7HUPDV�GH�/XVR��3RUWXJDO� >�@�0HVVLQL�0��+LVWRU\�RI� WKH� ,QWHUQDWLRQDO�6RFLHW\�RI�0HGLFDO�+\GURORJ\�DQG�&OLPDWRORJ\������-�������3LVD��1LVWUL-/LVFKL������ 
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68/3+85�:$7(56�2)�63$1,6+�63$6 )��$UPLMR��,��&RUYLOOR��,��9i]TXH]�����-�0��&DUEDMR��)��0DUDYHU �5HVHDUFK�*URXS�8&0-��������&RPSOXWHQVH�8QLYHUVLW\�RI�0DGULG��0HGLFDO�+\GURORJ\� �*HRORJLFDO�6XUYH\�RI�6SDLQ��,*0(�  ,1752'8&7,21��,Q�6SDLQ��VXOSKXU �PLQHUDO�ZDWHUV�DUH�FRQVLGHUHG�WKRVH�ZDWHUV�ZLWK�PRUH�WKDQ���PJ�O�RI�UHGXFHG�VXOSKXU��YDOHQFH��-����DV�WKH�VXOIK\GULF�DFLG��6+���DQG�WKH�ELVXOILGH�LRQ��6+-���7KH�DLP�RI�WKLV�ZRUN�ZDV�WR�GHWHUPLQH�WKHVH�VXEVWDQFHV�LQ����PLQHUDO�ZDWHU�VDPSOHV�RI�6SDQLVK�VSDV�>�@�� 0$7(5,$/-0(7+2'6��6DPSOHV�ZHUH�FROOHFWHG�IURP�VSU LQJV�PLQHUDO�ZDWHUV��7KH�VXOSKXU �PXVW�EH�LPPHGLDWHO\�IL[HG�E\�DGGLQJ�1D2+�DQG�]LQF�DFHWDWH��$W�RXU�ODERUDWRU\��UHGXFHG�VXOSKXU�FRQWHQW�ZDV�LRGRPHWULFDOO\�WLWUDWHG��6+��DQG�6+-�FRQFHQWUDWLRQV�ZHUH�FDOFXODWHG�DV�D�IXQFWLRQ�RI�WKH�WHPSHUDWXUH��GU\�UHVLGXH��FRQGXFWLYLW\�DQG�S+�YDOXH�>�@�� 5(68/76�-�&21&/86,216��2XW�RI�WKH����VSDV�ZDWHUV�DQDO\VHG������������ ��FDQ�EH�FODVVL�ILHG�DV�VXOSKXU�ZDWHUV��2WKHU���VDPSOHV���������SUHVHQW�UHGXFHG�VXOSKXU�EXW�QRW�DW�WKH�UHTXLUHG�OHYHO�WR�EH�FRQVLGHUHG�DV� VXOSKXU�ZDWHUV��7KH�FRQFHQWUDWLRQ� UDQJHV� IURP���� WR���PJ�/��2XW�RI� WKH����VXOSKXU�ZDWHU�VDPSOHV�����DUH�ROLJRPLQHUDO�ZDWHUV�DQG�IURP�WKH�VHYHQ�VDPSOHV�WKDW�H[FHHG������PJ�O��WKUHH�RI�WKHP�DUH�VXOSKDWHG��RQH�FKORULGH�DQG�WKUHH�FKORULGH�VXOSKDWH�ZDWHU�VDPSOHV� 7KH�DWWDFKHG�PDS�VKRZV�DQ�LPSRUWDQW�QXPEHU�RI�VSDV�ZLWK�VXOSKXU�ZDWHUV�ORFDWHG�DW�QRUWK-ZHVW�RI�6SDLQ��LQ�WKH�UHJLRQV�RI�*DOLFLD�DQG�&DVWLOOD-/HyQ��RQ�WKH�+HUF\QLDQ�0DVVLI�'RPDLQ�IRUPHG�E\�D�JUHDW�YDUL�HW\�RI�3DODHR]RLF�PDWHULDOV�DVVRFLDWHG�ZLWK�GHHS�ZDWHU�IORZV�>�@� 7KHUH�DUH�QR�FRUUHODWLRQV�EHWZHHQ�WKH�FRQWHQW�RI�UHGXFHG�VXOSKXU�DQG�RWKHU�DQDO\WHV�DQG�SDUDPHWHUV��VXFK�DV�GU\�UHVLGXH��SUHGRPLQDQW�PLQHUDOL]DWLRQ��WHPSHUDWXUH�DQG�UDGLRDFWLYLW\� 5()(5(1&(6�� >�@�$UPLMR�0��6DQ�0DUWtQ�-��&XUDV�%DOQHDULDV�\�&OLPiWLFDV��7DODVRWHUDSLD�\�+HOLRWHUDSLD��0DGULG��&RPSOXWHQVH�(G�������� >�@�$3+$��$::$��:()��6WDQGDUG�PHWKRGV�IRU�H[DPLQDWLRQ�RI�ZDWHU�DQG�ZDVWHZDWHU����VW�HG��:DVKLQJWRQ��&HQWHQQLDO�(G�������� >�@�0DUDYHU�)��$UPLMR�)��9DGHPHFXP�,,�GH�DJXDV�PLQHURPHGLFLQDOHV�HVSDxRODV��0DGULG��&RPSOXWHQVH������� 

0$*1(6,80�&217(17�2)�63$1,6+�1$785$/�0,1(5$/�:$7(56 )��0DUDYHU��,��9LWRULD��-�0��&DUEDMR��&��0RUHU��)��$UPLMR �5HVHDUFK�*URXS�8&0-��������&RPSOXWHQVH�8QLYHUVLW\�RI�0DGULG��0HGLFDO�+\GURORJ\� �1XWULWLRQ�DQG�0HWDERORSDWKLHV�8QLW��+RVSLWDO�/D�)H��9DOHQFLD  ,1752'8&7,21��$Q�DSSURSU LDWH�PDJQHVLXP� LQWDNH�KDV�SURYHG� WR�KDYH�EHQHILFLDO�HIIHFWV�RQ�ERQH�KHDOWK��UHGXFH�LQVXOLQ�UHVLVWDQFH�DQG�SUHYHQW�DWKHURVFOHURVLV��2XU�REMHFWLYH�ZDV�WR�GHWHUPLQH�WKH�FRQFHQWUDWLRQ�RI�PDJQHVLXP�LQ�ERWWOHG�PLQHUDO�ZDWHU�LQ�6SDLQ�DQG�DVVHVV�LWV�GDLO\�FRQWULEXWLRQ�WR�GLHWDU\�UHFRPPHQGDWLRQV� 0$7(5,$/-0(7+2'6��:H�XVHG� LRQ� FKURPDWRJUDSK\� WR� DQDO\VH� WKH�PDJQHVLXP�FRQFHQ�WUDWLRQV�RI����VSDQLVK�QDWXUDO�PLQHUDO�ZDWHUV� 5(68/76�-�&21&/86,216��7KH�DYHUDJH�PDJQHVLXP�FRQFHQWUDWLRQ�RI����EUDQGV�RI�6SDQ�LVK�QDWXUDO�PLQHUDO�ZDWHU�ZDV������PJ�/��UDQJH�����-������PJ�/���2I�WKHVH�����FRQWDLQHG�EHWZHHQ����DQG����PJ�/�RI�PDJQHVLXP�DQG�IRXU�FRQWDLQHG�RYHU����PJ�/� $VVXPLQJ�ZDWHU�FRQVXPSWLRQ�LV�DV�UHFRPPHQGHG�E\�WKH�(XURSHDQ�)RRG�6DIHW\�$JHQF\��ZDWHU�FRQ�WDLQLQJ����WR����PJ�/�RI�PDJQHVLXP�SURYLGHV�EHWZHHQ���DQG�������RI�WKH�UHFRPPHQGHG�LQWDNH�RI�PDJQH�VLXP�IRU�FKLOGUHQ�DJHG�RQH�WR�WKLUWHHQ��XS�WR�������LQ�DGROHVFHQWV��EHWZHHQ�����DQG�������IRU�DGXOWV��DQG�XS�WR�����IRU�ODFWDWLQJ�ZRPHQ��:DWHU�ZLWK����PJ�/�RI�PDJQHVLXP�SURYLGHV�EHWZHHQ����DQG������RI�WKH�UHFRPPHQGHG�GLHWDU\�DOORZDQFH��GHSHQGLQJ�RQ�WKH�DJH�RI�WKH�LQGLYLGXDO� 7KH�FRQVXPSWLRQ�RI�QDWXUDO�PLQHUDO�ZDWHU�FDQ�EH�UHJDUGHG�DV�DQ�LPSRUWDQW�VXSSOHPHQWDU\�VRXUFH�RI�PDJQHVLXP��JLYHQ�LWV�ELRDYDLODELOLW\�DQG�XVHIXOQHVV�DV�D�KHDOWK\�IRUP�RI�K\GUDWLRQ 5()(5(1&(6�� >�@�$3+$��$::$��:()��6WDQGDUG�PHWKRGV�IRU�H[DPLQDWLRQ�RI�ZDWHU�DQG�ZDVWHZDWHU����VW�HG��:DVKLQJWRQ��&HQWHQQLDO�(G�������� >�@�()6$��3DQHO�RQ�'LHWHWLF�3URGXFWV��1XWULWLRQ��DQG�$OOHUJLHV��1'$���6FLHQWLILF�2SLQLRQ�RQ�'LHWDU\�UHIHUHQFH�YDOXHV�IRU�ZDWHU��()6$�-RXUQDO�������������� >�@�0DUDYHU�)��9LWRULD�,��)HUUHLUD-3rJR�&��$UPLMR�)��6DODV-6DOYDGy�-��0DJQHVLXP�LQ�WDS�DQG�ERWWOHG�PLQHUDO�ZDWHU�LQ�6SDLQ�DQG�LWV�FRQWULEXWLRQ�WR�QXWULWLRQDO�UHFRPPHQGDWLRQV��1XWU�+RVS�������0D\�����������-���� >�@�3HWUDFFLD�/��/LEHUDWL�*��0DVFLXOOR�6*��*UDVVL�0��)UDLROL�$��:DWHU��PLQHUDO�ZDWHUV�DQG�KHDOWK��&OLQ�1XWU����������������-��� 
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,VWDQEXO�8QLYHUVLW\��,VWDQEXO�0HGLFDO�)DFXOW\��'HSDUWPHQW�RI�0HGLFDO�(FRORJ\�DQG�+\GURFOLPDWRORJ\ 

PNJXOOH#LVWDQEXO�HGX�WU 
 

,1752'8&7ø21��9HU\� IHZ�VWXGLHV� WHVWHG� WKH�HIIHFWLYHQHVV�RI� VSD� WKHUDS\� LQ�ROGHU �SDWLHQWV�ZLWK�RVWHRDUWKULWLV��7KHUHIRUH��ZH�DLPHG�WR�HYDOXDWH�WKH�VKRUW-WHUP�HIIHFWV�RI�VSD�WKHUDS\�LQ�SDWLHQWV�DJHG����\HDUV�DQG�ROGHU�ZLWK�JHQHUDOL]HG��NQHH��KLS�DQG�FHUYLFDO�DQG�OXPEDU 
VSLQH�RVWHRDUWKULWLV� 

0$7(5ø$/� $1'� 0(7+2'6�,Q� DQ� REVHUYDWLRQDO� UHWURVSHFWLYH� VWXG\� GHVLJQ� DW� 0HGLFDO�(FRORJ\� DQG�+\GURFOLPDWRORJ\�'HSDUWPHQW� RI� ,VWDQEXO�0HGLFDO� )DFXOW\�ZH� DQDO\]HG� WKH� UHFRUGV� RI�����SDWLHQWV�DJHG�RYHU����\HDUV�ZLWK�WKH�GLDJQRVLV�RI�DOO�W\SHV�RI�RVWHRDUWKULWLV�ZKR 
ZHUH�SUHVFULEHG�D�VSD�WKHUDS\�FRXUVH�LQ�VRPH�VSD�UHVRUWV�LQ�7XUNH\�EHWZHHQ���0DUFK������DQG����'HFHP�EHU�������7KH\� WUDYHOOHG� WR�VSD�UHVRUW�ZKHUH� WKH\�VWD\HG�DW� WKHUPDO�VSD�KRWHO�DQG�IROORZHG�XVXDO� WKHUDS\�SDFNDJHV�IRU�WZR�ZHHNV��3DWLHQWV�ZHUH�DVVHVVHG�E\�DQ�H[SHULHQFHG�SK\VLFLDQ�ZLWKLQ�D�ZHHN�EHIRUH�WKH�VSD�MRXUQH\�DQG�ZLWKLQ�D�ZHHN�DIWHU�WKH�FRPSOHWLRQ�RI�VSD�WKHUDS\� 

5(68/76��$V�FRPSDUHG�ZLWK�EDVHOLQH�LQ�ZKROH�VDPSOH�VWDWLVWLFDOO\�VLJQLILFDQW�LPSURYHPHQWV�ZHUH�REVHUYHG�LQ�SDLQ��9LVXDO�$QDORJXH�6FDOH��9$6���SDWLHQW
V�DQG�SK\VLFLDQ
V�JOREDO�DVVHVVPHQWV��9$6���+HDOWK�$VVHVVPHQW�4XHVWLRQQDLUH�'LVDELOLW\�,QGH[��+$4-',�� 
/HTXHVQH� $OJR-)XQFWLRQDO� ,QGH[� �/$),�� IRU� NQHH�� :HVWHUQ� 2QWDULR� DQG� 0F0DVWHU� 8QLYHUVLWLHV� ,QGH[��:20$&���:DGGHOO�'LVDELOLW\� ,QGH[� �:',��DQG�1HFN�3DLQ�DQG�'LVDELOLW\�6FDOH� �13$'���$FFRUGLQJ� WR�2XWFRPH�0HDVXUHV�LQ�5KHXPDWRORJ\�-�2VWHRDUWKULWLV�5HVHDUFK�6RFLHW\�,QWHUQDWLRQDO��20(5$&7-2$56,��6HW�RI�5HVSRQGHU�&ULWHULD�� UHVSRQGHU� UDWH�ZHUH������� �������� LQ�JHQHUDOL]HG������ �������� LQ�NQHH������������LQ�KLS���������������LQ�OXPEDU�DQG������������LQ�FHUYLFDO�RVWHRDUWKULWLV�VXEJURXSV� 

&21&/86ø216��6SD�WKHUDS\�LPSURYHG�SDLQ�DQG�SK\VLFDO�IXQFWLRQDO�VWDWXV�LQ�ROGHU �SDWLHQWV�ZLWK�RVWHRDUWKULWLV�HVSHFLDOO\�JHQHUDOL]HG�RVWHRDUWKULWLV�DQG�PXOWLSOH-MRLQW�RVWHRDUWKULWLV�ZLWK�LQYROYHPHQW�RI�NQHH��7KLV�LPSURYHPHQW�ZDV�FOLQLFDOO\�LPSRUWDQW�LQ�PDMRULW\�RI�WKH�SDWLHQWV��7R�FRQILUP�WKH�UHVXOWV�RI�WKLV�SUHOLPLQDU\�VWXG\�WKHUH�LV�D�QHHG�RI�D�UDQGRPL]HG�FRQWUROOHG�FOLQLFDO�VWXG\�FRPSDULQJ�VSD�WKHUDS\�ZLWK�XVX�DO�FDUH�LQ�HOGHU�SRSXODWLRQ�ZLWK�RVWHRDUWKULWLV� 
 



�� 

WƌŽĨ͘ �^ŚŝŐĞŬŽ�/ŶŽŬƵŵĂ͕�D͘�͘ 
&KLED�&HQWUDO�0HGLFDO�&HQWHU� ����-� .DVRUL-FKR��:DNDED-NX��&KLED-VKL��&KLED�����-�����-DSDQ 7HO�����-�-����-������)D[�����-�-����-������(-PDLO��LQRNXPD-DOFO#XPLQ�DF�MS :25.�&KLED�&HQWUDO�0HGLFDO�&HQWHU��&KLED     'LUHFWRU��'HSDUWPHQW�RI�$OOHUJ\�DQG�5KHXPDWLF�'LVHDVHV .RKQRGDL�+RVSLWDO��1DWLRQDO�&HQWHU�IRU�*OREDO�+HDOWK�DQG�0HGLFLQH��&KLED� -DSDQHVH�5HG�&URVV�0HGLFDO�&HQWHU��7RN\R  'RNN\R�0HGLFDO�8QLYHUVLW\��7RFKLJL  6KRZD�8QLYHUVLW\��7RN\R     $&$'(0,&�62&,(7<�$&7,9,7< 7KH�-DSDQHVH�6RFLHW\�RI�%DOQHRORJ\��&OLPDWRORJ\��DQG�3K\VLFDO�0HGL�FLQH  )RUPHU�&KDLUSHUVRQ�RI�WKH�%RDUG       &KDLUSHUVRQ��$XWKRUL]HG�%DOQHRWKHUDS\�'RFWRUV¶�$VVRFLDWLRQ 7KH�-DSDQHVH�&ROOHJH�RI�5KHXPDWLVP  )RUPHU�%RDUG�0HPEHU� 7KH�-DSDQHVH�6RFLHW\�RI�$OOHUJRORJ\  )RUPHU�%RDUG�PHPEHU� �('8&$7,21 

$0(/,25$7,21�2)�7+(50$/�',63$5,7<�2)�),1*(56�%<�:$50�&2��%$7+,1*�,1�&211(&7,9(�7,668(�',6($6(�3$7,(176�  6KLJHNR�,QRNXPD������<DVXR�.LMLPD���� 'HSDUWPHQW�RI�$OOHUJ\�DQG�5KHXPDWLF�'LVHDVHV��-DSDQHVH�5HG�&URVV�0HGLFDO�&HQWHU��-DSDQ 'HSDUWPHQW�RI�$OOHUJ\�DQG�5KHXPDWLF�'LVHDVHV��&KLED�&HQWUDO�0HGLFDO�&HQWHU��-DSDQ /DERUDWRU\�&HQWHU��-DSDQHVH�5HG�&URVV�0HGLFDO�&HQWHU��-DSDQ  ,1752'8&7,21�$1'�2%-(&7,9(6 'LVSDULW\�LQ�WHPSHUDWXUHV�RI�ILQJHUV�KDV�EHHQ�VKRZQ�DV�D�XVHIXO�SDUDPHWHU�IRU�YDVFXODU�LQYROYHPHQW�LQ�FRQ�QHFWLYH�GLVHDVH��&7'��SDWLHQWV��+RULNRVKL��0�	�,QRNXPD��6�,QWHUQ�0HG���������������7R�VWXG\�ZKHWKHU�WKH�GLVSDULW\�PLJKW�EH�DPHOLRUDWHG�E\�EDOQHRWKHUDS\��KDQGV�LPPHUVLRQ�LQ�ZDUP�&2��ZDWHU�ZDV�DGRSWHG�DQG�HYDOXDWHG� 3$7,(176�$1'�0(7+2'6 &7'�SDWLHQWV�ZKR�XQGHUZHQW�WKHUPRJUDSKLF�REVHUYDWLRQ�RI�ILQJHUV�EHIRUH�DQG�DIWHU�&2��EDWKLQJ�ZHUH�LQ�
FOXGHG��$IWHU�UHVWLQJ�LQ�D�URRP�DW�D�WHPSHUDWXUH�RI���℃��KDQGV�ZHUH�LPPHUJHG�LQ���℃�EDWK�FRQWDLQLQJ������SSP�&2��IRU����PLQXWHV��)URP�SULRU�WR����PLQ��DIWHU�WKH�EDWKLQJ�����QDLOIROGV�WHPSHUDWXUHV�ZHUH�PHDVXUHG�E\�WKHUPRJUDSK\��6WDQGDUG�GHYLDWLRQ��6'��RI�QDLOIROG�WHPSHUDWXUHV�ZDV�DGRSWHG�DV�LQGLFDWRU�RI�GLVSDULW\� 5(68/76 
1LQH�SDWLHQWV�ZHUH�LQFOXGHG��ZKR�ZHUH�DOO�IHPDOHV��0HDQ�6'�SULRU�WR�&2��EDWKLQJ�ZDV�����℃��,W�EHFDPH������MXVW�DIWHU�EDWKLQJ��DQG���������PLQ������������PLQ������������PLQ������������PLQ������������PLQ���DQG����������PLQ�DIWHU�EDWKLQJ���3DWLHQWV�ZLWK�D�ODUJHU�6'�SULRU�WR�EDWKLQJ�VKRZHG�D�PRUH�GHFUHDVH�DIWHU�EDWK�LQJ��GDWD�QRW�VKRZQ�� &21&/86,21 &2��EDWKLQJ�DPHOLRUDWHV�GLVSDULW\�RI�ILQJHU�WHPSHUDWXUH��ZKLFK�ZDV�UHSRUWHG�DV�DQ�LQGLFDWRU�RI�YDVFXODU�GLVWXUEDQFH�LQ�&7'�SDWLHQWV�� 



�� 

WƌŽĨ͘ �Ěƌ�ŚĂď�ŵĞĚ͘�/ƌĞŶĂ�WŽŶŝŬŽǁƐŬĂ 
$GGUHVV����-����&LHFKRFLQHN��&KRSLQD�����3RODQG 
HPDLO��LSRQLNRZVND#SRF]WD�RQHW�SO  WHO����� ��� ��� ��� 
3UHVHQV�DSSRLQWPHQW 
+HDG��I�&KDLU�DQG�'HS��%DOQHRORJ\�DQG�3K\VLFDO�0HGLFLQH�
&ROOHJLXP�0HGLFXP�LQ�%\GJRV]F]�&RSHUQLFXV�8QLYHUVLW\�7RUXĔ 
+HDG�RI��+RVSLWDO�7KHUPDO�0HGLFLQH�LQ�&LHFKRFLQHN 
3UHVLGHQW�(OHFW�RI�3ROLVK�%DOQHRORJ\�DQG�3K\VLFDO�$VVRFLDWLRQ 
4XROLILFDWLRQV� 
)XOO�3URIHVVRU�RI�PHGLFLQH��IURP����� 
6SHFLDOLVW�LQ�%DOQHRORJ\�DQG�3K\VLFDO�0HGLFLQH��DQG�'LDEHWRORJ\ 
%HFNJURXQG��3XEOLFDWLRQV� 
$UWLFOHV�SXEOLVKHG�L�PHGLFDO�MRXUQDO������DQG�%RRNV�����
0RQRJUDSK\��� 
&KDSWHU�RI�ERRNV������WRWDO����� 
6XSHUYLVLRQ��SURPRWRU��DI�GRFWRUDO�GLVVHUWDWLRQV��� 

,QIOXHQFH�RI�EDOQHRWKHUDSHXWLF��SURJUDP�RQ�PLFURFLUFXODWLRQ�DQG�WRWDO�DQWLR[LGDQW�VWDWXV��LQ�GLDEHWLF�
SDWLHQWV 

3RQLNRZVND�,UHQD��7RORG]LHFNL�0LFKDá 
&KDLU�DQG�'HSDUWPHQW�%DOQHRORJ\�DQG�3K\VLFDO�0HGLFLQH�&ROOHJLXP�0HGLFXP�8QLYHUVLW\�LQ�7RUXĔ��

3RODQG 
,QWURGXFWLRQ�DQG�DLP��,Q�GLDEHWLF�SDWLHQWV�GLVWXUEHQV�LQ�PLUFURFLUFXODWLRQ�FDQ��REVHUYH��VLQFH�LQLWLDO�
VWDJH�RI�GLVHDVH��,W�LV�D�UHDVRQ�RI�PDQ\�VHULRXV��DUWHULDO�FRPSOLFDWLRQV�RI�GLDEHWHV��,Q�GLDEHWLF�SDWLHQWV�
R[LGDWLYH�VWUHVV��LV�DVVRFLDWHG�ZLWK�PHWDEROLF�DQG�YDVFXODU�FRPSOLFDWLRQV���6RPH�EDOQHRORJLFDO�SURFHGXUHV��
KDYH�LQIOXHQFH�RQ�PLFURFLUFXODWLRQ�EXW�WKHUH�LV�QRW�PXFK�VFLHQWLILF��HYLGHQFHV�� 
7KH�DLP�RI�RXU�VWXG\�ZDV�WR�GHILQH�LQIOXHQFH��RI�EDOQHRWKHUDS\�RQ�WZR�YHU\��LPSRUWDQW�SURFHVVHV-�
PLFURFLUFXODWLRQ��DQG�R[LGDWLYH�VWUHVV� 
0DWHULDO������GLDEHWLFV�W\SH���ZLWKRXW�FOLQLFDO�V\PSWRPV�RI�PLFURFLUFXODWLRQ�GLVRUGHUV�LQ�ORZHU�H[WUHPLWLHV��
7KH�WLPH�RI�GLDEHWHV�ZDV�HYHUDJH������\HDUV��0RVW�RI�WKHP�ZHUH�WUHDWHG�E\�LQVXOLQ�LQMHFWLRQV��$OO�SDWLHQWV�
KDYH�EHHQ�ZHOO�FRQWUROOHG�RI�GLDEHWHV� 
0HWKRGV��7UHDWHPHQW�SURJUDP�FRQVLVW�ZLWK����EDOQHRORJLFDO�SURFHGXUHV�ZKLFK�ZHUH���DSSOLHG�
HYHU\GD\�IRU����GD\V��D�SHULRG�RI�WKHUPDO�WKHUDS\���7KH�IROORZLQJ�SURFHGXUHV�ZHUH�SURYLGHG��&2��EDWK��
VDOW�EDWK��ZLWK�H[HUFLVH��DQG�SHDW�SDVWH�SRXOWLFHV��0LFURFLUFXODWLRQ�DQG�7RWDO�$QWLR[LGDQW�6WDWXV�O�7$6��KDG�
EHHQ�GRQH�EHIRUH�DQG�DIWHU�WUHDWPHQW��0LFURFLUFXODWLRQ�ZDV�GHWHUPLQHG�E\�ODVHU-GRSSOHU�PHWKRGH�LQ�
RFOXVLRQ�WHVW��7$6�ZDV�H[DPLQHG�LQ�VHUXP�E\�LPPXQRORJLFDO�WHVW��(/,6$� 
5HVXOWV��:H��U HFHLYHG�KLJK�VWDWLVWLFDO�LPSRU WDQW�FKDQJHV�LQ�PRVW�SDUDPHWHUV�RI��WKH�WHVW�
PLFURFLUFXODWLRQ��LQFUHDVHG�RI�0$;�����������SX-����������SX��LQFUHDVHG�RI�7/�DQG�70��,Q�HYHU\�SDWLHQWV�
WKHUH��ZHUH�LQFUHDVHG��OHYHO�RI�7$6��DYHUDJH�������-��������PLFURPRO�O���7KH�GLIIHUHQFHV�EHWZHHQ�WKHVH�
YDOXH�ZHUH��YHU\�VWURQJ�VWDWLVWLFO\��VLJQLILFDQW��,Q�DGGLWLRQ�ZH�REVHUYHG�WKH�GHFUHDVH�RI��DYHUDJH�YDOXHV�RI�
WRDWO�DQG�/'/�FKROHVWHURO�DIWHU�WKH�WUHDWPHQW��EXW�QRW�FKDQHJH�LQ��WKH�OHYHO�RI�XULF�DFLG� 
&RQFOXVLRQ��2XU �VWXG\�KDV�SURYHQ�EHQHILFLDO�HIIHFW�RI�EDOQHRWKHUDS\�RQ�PLFURFLUFXODWLRQ�DQG�
LQFUHDVH�RI��WRWDO�DQWLR[LGDQW��VWDXV�LQ�GLDEHWLF�SDWLHQWV��,QFUHDVLG�7$6�ZH�FDQ�H[SODLQ�ZLWK�LPSURYHPHQW�RI�
PLFURFLUFXODWLRQ�DQG�GHFUHDVH�RI�R[LGDQW�VWUHVV 
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WƌŽĨ͘ �hŵďĞƌƚŽ�^ŽůŝŵĞŶĞ 
 3URI��8XPEHUWR�6ROLPHQH��ERUQ�LQ�0LODQ��,WDO\� 3URIHVVRU�RI�0HGLFDO�7KHUDS\�DQG�7KHUPDO�0HGLFLQH��DW�WKH�0HGLFDO�6FKRRO�RI�WKH�6WDWH�8QLYHUVLW\�RI�0LODQ���,WDO\��7(5$3,$�0(',&$�(�0(',&,1$�7(50$/(� 'LUHFWRU�RI�WKH�:RUOG�+HDOWK�2UJDQL]DWLRQ�&ROODERUDWLQJ�&HQWHU�IR�7UDGL�WLRQDO�0HGLFLQH� 3UHVLGHQW�RI� WKH�:RUOG�)HGHUDWLRQ�IRU�+\GURWKHUDS\�DQG�&OLPDWRWKHUDS\���)(07(&��� 1*2�LQ� RIILFLDO� UHODWLRQV� ZLWK� :+2���ZZZ�IHPWHFRQOLQH�RUJ� 3UHVLGHQW�RI�WKH�(XURSHDQ�$VVRFLDWLRQ�RI�0HGLFDO�:HOOQHVV�$(0%� 3UHVLGHQW�RI� WKH�6WHHULQJ�6FLHQWLILF�&RPPLWWHH�RI� �³� �7+(50$(�&$0�386�³���ZZZ�WKHUPDHFDPSXV�LW� (GLWRU� LQ� &KLHI� -RXUQDO� RQ� � RQOLQH� ³� 7+(50$(� 	� 63$� 0(',&,1(�³��ZZZ�VSDPHGMRXUQDO�RUJ�� 3UHVLGHQW�,,WDOLDQ�&KLQHVH�0HGLFDO�6RFLHW\���IRXQGHG�LQ�WKH������� 6FLHQWLILF�&RKRUGLQDWRU�RI�WKH�$JUHHPHQW�EHWZHHQ�6WDWH�0LODQ�8QLYHUVLW\�DQG�67$5�&LW\���0RVFRZ���FRQFHUQLQJ�WKH�UHVHDUFKHV�DQG�XVH�RI�0HGLFDO�6SD�IRU�&RVPRQDXWV�UHKDELOLWDWLRQ�DIWHU�WKH�IOLJKW�PLVVLRQ�$JUHHPHQW�EH�WZHHQ�0LODQ���,WDO\��6WDWH�8QLYHUVLW\�DQG�5XVVLDQ�7UDLQLQJ�&HQWHU�IR�&RV�PRQDXWV $XWKRU�RI�PRUH�WKHQ�����SXEEOLFD]LRQV�DQG����PRQRJUDSKV�LQ�WKH�ILHOG�RI�PHGLFDO�+\GURWKHUDS\�DQG�%LRFOLPDWRORJ\�DQG�&RPSOHPHQWDU\�0HGLFLQH� *HQHUDO�6FLHQWLILF�&RKRUGLQDWRU�IRU�WKH��³&RQVXOWDWLRQV´�:+2��RQ�7UDGL�WLRQDO�PHGLFLQH� ��ZZZ�ZKR�LQW�� DQG� %HQFK�0DUNLQJ� IRU� WKH� WUDLQLQJ� LQ�7UDGLWLRQDO�PHGLFLQH��([SHUW�RI�:+2���*HQHYD� &RKRUGLQDWRU� GHO� 0DVWHU� &RXUVH� � �� � /HYHO� � � ³0HGLFLQD� WHUPDOH��7DODVVRWHUDSLD�H�&OLPDWRORJLD�0HGLFD 

:$7(5�,6�/,)(��:(//1(66�$1'�+($/7+ 
0DQLIHVWR 

:DWHU��LV�HVVHQWLDO�IRU�RXU�ERG\�WR�IXQFWLRQ��,W�KHOSV�GLJHVWLRQ��DEVRUSWLRQ�RI�QXWULHQWV�DQG�HOLPLQDWLRQ�RI�LQGLJHVWLEOH�PHWDEROLF�ZDVWHV��DQG�DOVR�IDFLOLWDWHV�EORRG�FLUFXODWLRQ��:DWHU�FDUULHV�QXWULHQWV�DQG�DOO�RWKHU�VXEVWDQFHV�DFURVV�RXU�ERG\�DQG�UHJXODWHV�ERG\�WHPSHUDWXUH��:DWHU�LV�HVVHQWLDO�IRU�KXPDQ�OLIH�DV�SK\VLFDOO\�DQG�ELRFKHPLFDOO\�DOO�ELRORJLFDO�SURFHVVHV��QHHG�ZDWHU�WR�RFFXU� 
$V�SDUW�RI�D�KHDOWK\�GLHW��ZDWHU�HQVXUHV�SURSHU�K\GUDWLRQ�DW�DQ\�DJH��'ULQNLQJ�WKH�ULJKW�DPRXQW�RI�TXDOLW\�ZDWHU�LV�YLWDO�FRQVLGHULQJ�KRZ�LPSRUWDQW�K\GUDWLRQ�LV�IRU�SHRSOH¶V�KHDOWK�DQG�ZHOOQHVV��FRJQL�WLYH�DELOLWLHV��SK\VLFDO�SHUIRUPDQFH�DQG�UHJXODWLRQ�RI�ERG\�WHPSHUDWXUH� 
%\�UHPRYLQJ�WR[LQV��ZDWHU�GHWR[LILHV�RXU�ERG\�DQG�PDNHV�LW�VWURQJHU��UHLQIRUFLQJ�LWV�VHOI-KHDOLQJ�DELO�LW\�DQG�HQKDQFLQJ�KHDOWK��$V�D�GHWR[LI\LQJ�DJHQW��ZDWHU�LV�FUXFLDO�WR�SUHYHQWLRQ�DQG�FXUH� 
7KH�:RUOG�+HDOWK�2UJDQL]DWLRQ��:+2��VHHV�ZDWHU�DV�D�UHVRXUFH�WKDW�LV�NH\�WR�SURPRWH�KHDOWK�DQG�ZHOOQHVV�RI�LQGLYLGXDOV�DQG�FRPPXQLWLHV�DURXQG�WKH�ZRUOG��,Q�������WKH�(XURSHDQ�&RPPLVVLRQ¶V�6FL�HQWLILF�&RPPLWWHH�RQ�)RRG��,WDO\¶V�'DLO\�5HIHUHQFH�,QWDNHV�-/$51�-�������VWDWHG�WKDW�D�KHDOWK\�GLHW�LV�WR�LQFOXGH�QRW�RQO\�YLWDPLQV�EXW�DOVR�PLQHUDOV�DQG�ZDWHU�LQ�WKH�UHVSHFWLYH�UHFRPPHQGHG�GDLO\�LQ�WDNH�DPRXQWV��WR�PDLQWDLQ�IOXLG�DQG�HOHFWURO\WHV�EDODQFH��7KDW�ZDV�WKH�ILUVW�WLPH�GLHWDU\�UHIHUHQFH�LQ�WDNHV�LQFOXGHG�ZDWHU��UHFRJQL]LQJ�LWV�NH\�UROH�LQ�KXPDQ�GLHW�DQG�ERG\�IXQFWLRQV� 
:DWHU�LV�WKH�EHVW�IOXLG��IRU�K\GUDWLQJ�WKH�KXPDQ�ERG\��7KLV�LV�WR�EH�PDGH�FOHDU��HVSHFLDOO\�LQ�:HVWHUQ�FRXQWULHV�ZKHUH�REHVLW\�LV�RQ�WKH�ULVH�DQG�KDV�EHHQ�DVVRFLDWHG�ZLWK�KLJK-FDORULH�GULQNV�WKDW�RIWHQ�UH�SODFH�ZDWHU�DV�D�VRXUFH�RI�IOXLGV� 



�� 

+<'527+(5$3<�,1�781,6,$ 0U��5]LJ�2XHVODWL +\GURWKHUDS\�LV�WKH�H[WHUQDO�XVH�RI�WKHUPDO�ZDWHU�RU�6HD�ZDWHU�RU�WDS�ZDWHU�LQ�DOO�IRUPV�DQG�ZD\V��:DWHU�FDQ�EH�XVHG�LQ�VROLG�IRUP��OLTXLG�RU�JDV�DQG�DW�YDU\LQJ�WHPSHUDWXUHV�IRU�WKHUDSHXWLF�SXUSRVHV 7KHUPDOLVP�LV�GHILQHG�DV�WKH�LPSOHPHQWHG�VHW�RI�PHGLFDO��VRFLDO��VDQLWDU\��DGPLQLVWUDWLYH�DQG�KRVSL�WDOLW\�PHDQV�WR�XVH�PLQHUDO�DQG�WKHUPDO�ZDWHUV��WKHUPDO�JDVHV�DQG�PXG�IRU�WKHUDSHXWLF�SXUSRVHV��7KHU�PDOLVP�DV�D�WHUP�GHQRWHV�WKH�XVH�RI�D�ZDWHU�ZKRVH�FXUDWLYH�YLUWXHV�DUH�UHFRJQLVHG�E\�WKH�PHGLFDO�SUR�IHVVLRQ��,Q�7XQLVLD��WKHUPDOLVP�LV�QRW�D�QHZ�PLVVLRQ��,W�LV�D�PLOOHQDU\�KHULWDJH�ZKLFK��ZLWK�WLPH�DQG�WKH�FLYLOLVDWLRQV�WKDW�PDUNHG�WKH�FRXQWU\
V�KLVWRU\��ZDV�HQULFKHG�WLPH�DQG�DJDLQ��7R�WKLV�GD\��WKH�YHVWLJHV�RI�3KRHQLFLDQ�EDWKV� DUH� VWLOO� VWDQGLQJ� LQ� WKH� WRZQ�RI�2XWKQD��EXW� LW�ZDV� LQ� WKH�&DUWKDJLQLDQ� DQG�5RPDQ�WLPHV� WKDW� WKHUPDOLVP� OLYHG� LWV� KH\GD\�� %XOOD�5HJLD��'RXJJD��0DNWKDU�� 6EHwWOD��&DSVD� DQG � &DUWKDJH�ZLWK�LWV�JUDQGLRVH�$QWRQLQH�%DWKV��:LWK�WKH�$UDE�&RQTXHVW�� WKH�QDWXUH�RI� WKHUPDOLVP�GLG�QRW�FKDQJH��+DPPDPV�EHFDPH�SDUW� RI� WKH� WKHUPDO�YRFDEXODU\��7KH\�DUH� WKH�ZRUWK\� LQKHULWRUV�RI� WKH�5RPDQ� OLIH�VW\OH��7KHLU�UHOD[LQJ�YLUWXHV�DFFRXQW�IRU� WKHLU�SRSXODULW\�DPRQJ�7XQLVLDQV��'XULQJ�WKH�FRORQLDO�SHULRG��KDPPDPV�VXSSRUWHG�WKH�GHYHORSPHQW�RI�FRQWHPSRUDU\�WKHUPDOLVP��WKHUPDO�FHQWUHV�DQG�VSDV��7XQLVLD
V�HFRQRPLF�JURZWK�DQG�WKH�QHZ�QHHGV�JHQHUDWHG�E\�LWV�HFRQRPLF�GHYHORSPHQW�KDYH�VWLPXODWHG�WKH�VHFWRU�RI�WKHUPDOLVP�DV�D�WUHDWPHQW�DQG�D�UHFUHDWLRQ��7KHUH�DUH�PRUH�WKDQ�����WKHUPDO�ZDWHU�VSULQJV�LQ�7XQLVLD��7KHLU� SDUWLFXODU� FKHPLFDO� FRPSRVLWLRQ� JLYHV� WKHP�ZLGHO\� UHFRJQL]HG� WKHUDSHXWLF� YLUWXHV�� 3DWLHQWV� DUH�GLUHFWHG�WR�WKHUPDO�FHQWUHV�ZLWK�D�ZDWHU�PLQHUDO�FRPSRVLWLRQ�WKDW�LV�DGDSWHG�WR�WKHLU�SDWKRORJLHV�� 7KDODVVRWKHUDS\—�,W� LV�GHILQHG�DV�WKH�FRPELQHG�XVH�RI�WKH�EHQHILWV�RI�WKH�PDULQH�HQYLURQPHQW��XQ�GHU�PHGLFDO�VXSHUYLVLRQ��IRU�SUHYHQWLYH�RU�FXUDWLYH�SXUSRVHV��6XFK�EHQHILWV�LQFOXGH�PDULQH�FOLPDWH��VHD�ZDWHU��DOJDH��VDQG�DQG�RWKHU�VHD�H[WUDFWV��7XQLVLDQ�WKDODVVRWKHUDS\�LV�UHQRZQHG�IRU�WKH�TXDOLW\�RI�LWV�FHQ�WUHV��RSHQ�IRU�WKH�SOHDVXUH�RI�FXULVWV�DOO�\HDU�URXQG��7KH�VSHFLILFLW\�RI�7XQLVLDQ�WKDODVVRWKHUDS\�LV�WKDW�LW�NQHZ�KRZ�WR�FRPELQH�WKH�UHTXLUHPHQWV�RI�ULJRXU�DQG�TXDOLW\�ZLWK�WKH�WRXULVP�VWDNHV�RI�D�VXQQ\�GHVWLQD�WLRQ�� ,WV�RULJLQDOLW\� OLHV� LQ�XVLQJ�DQFHVWUDO� WUDGLWLRQV� WR� UHQHZ�WKH�SUDFWLFH�RI� WKDODVVRWKHUDS\��%HWZHHQ�WUDGLWLRQ� DQG� WRS-OHYHO�SHUIRUPDQFH��SOHDVXUH� DQG�PHGLFDO� WUHDWPHQW��7XQLVLD� IRXQG�D�SHUIHFW�EDODQFH��7KXV��LW�KDV�VHGXFHG�WKH�NQRZOHGJHDEOH�FXVWRPHU�UDWKHU�WKDQ�WKH�QRYLFH��7KH�WKDODVVRWKHUDS\�LV�DQ�LP�SRUWDQW�GHYHORSPHQW�IDFWRU�LQ�UHJLRQDO�GHYHORSPHQW��PHGLFLQH�DQG�DOWHUQDWLYH�PHGLFLQH��7KDQNV�WR�WKH�H[FHOOHQW�OHYHO�RI�7XQLVLDQ�PHGLFDO�NQRZ-KRZ��WRS-TXDOLW\�VHUYLFH�DQG�VWULFW�VDQLWDU\�VWDQGDUGV��7XQLVL�DQ�WKDODVVRWKHUDS\�KDV�DFKLHYHG�D�JUHDW�VXFFHVV��6LQFH�������WKDODVVRWKHUDS\�DV�D�QHZ�RULHQWDWLRQ�IRU�D�0HGLFDO�WRXULVP�RI�H[FHOOHQFH�KDV�FRQVLGHUDEO\�HYROYHG��6WDWH�VXSSRUW�IRU�LQYHVWRUV�HQFRXUDJHG�RSHUD�WRUV�WR�HQJDJH�ZLWK�WKLV�QHZ�FRQFHSW��WXUQLQJ�WKDODVVRWKHUDS\�LQWR�D�VWUXFWXULQJ�SURGXFW��&RPELQLQJ�WKH�PRVW�DGYDQFHG�WHFKQRORJ\�DQG�WKH�KLJK�SHUIRUPDQFH�RI�FRPSHWHQW�SURIHVVLRQDOV�DQG�HQVXULQJ�WKH�EDO�DQFH� EHWZHHQ� KRWHO� DQG�PHGLFDO�PDQDJHPHQW� LQ� WHUPV� RI� XWPRVW� ULJRXU� DQG� TXDOLW\�� VLWH� EHDXW\� DQG�ZHDWKHU�LOGQHVV��GHVWLQDWLRQ�VDIHW\�DQG�UHSXWHG�KRVSLWDOLW\��WKDODVVRWKHUDS\�KDV�EHFRPH�D�IXOO-EORZQ�DF�WLYLW\�DQG�DQ�LQWULQVLF�YDOXH�RI�7XQLVLD�DV�D�WRXULVW�GHVWLQDWLRQ�� 6SDV—7KH� ZHOO-EHLQJ� VHFWRU� DQG� PRUH� VSHFLILFDOO\� WKH� 6SD� VHFWRU� KDV� H[SHULHQFHG� XQSDUDOOHOHG�JURZWK� LQ�7XQLVLD�RYHU�����VSDV�FHQWHUV�ZHUH� LGHQWLILHG� LQ������GLVWULEXWHG�EHWZHHQ�KRWHOV�DQG�XUEDQ�VSDV� 

Dƌ͘ �ZǌŝŐ�KƵĞƐůĂƟ 
3XEOLF�6HUYLFH�&RXQVHORU 
*HQHUDO�0DQDJHU�RI�WKH�1DWLRQDO�2IILFH�RI�7KHUPDOLVP�DQG�+\GURWKHUDS\ 
9LFH-3UHVLGHQW�RI�7KH�,QWHUQDWLRQDO�)HGHUDWLRQ�RI�7KHUPDOLVP�DQG�&OLPD�
WLVP 
%DFKHORU¶V�GHJUHH�LQ�3XEOLF�/DZ� 
%DFKHORU¶V�GHJUHH�LQ�+RVSLWDO�0DQDJHPHQW 
'LSORPD�LQ�3XEOLF�0DQDJHPHQW 
3UHVLGHQW�RI�WKH�0HGLFDO�&RPPLWWHH�–�3UHVLGHQW�RI�WKH�1DWLRQDO�&RPPLV�
VLRQ�RI�3DFNDJHG�:DWHUV 
3UHVLGHQW�RI�WKH�1DWLRQDO�&RPPLVVLRQ�RI�7KHUPDOLVP�DQG�)UHVK�:DWHU�
7KHUDS\ 
3UHVLGHQW�RI�WKH�1DWLRQDO�&RPPLVVLRQ�RI�7KDODVVRWKHUDS\ 
0HPEHU�RI�WKH�0DQDJHPHQW�%RDUG�RI�WKH�,QIRUPDWLFV�&HQWHU�RI�WKH�0LQLV�WU\�RI�+HDOWK� 



�� 

'U�5RPDLQ�)25(67,(5��'U�)��%HJ�P�(52/�)25(67,(5��'U��$ODLQ�)5$1&21� 
&HQWUH�GH�UHFKHUFKH�UKXPDWRORJLTXH�HW�WKHUPDO��$L[-/HV-%DLQV��)UDQFH 
,QWURGXFWLRQ 
&KURQLF�EDFN�SDLQ�LV�D�SXEOLF�KHDOWK�LVVXH�ZKLFK�KDV�DQ�LPSDFW�RQ�WKH�IXQFWLRQDO�DELOLWLHV�RI�SDWLHQWV�DQG�
FDXVHV�KLJK�HFRQRPLF�DQG�VRFLDO�FRVW� 
&RQVLGHULQJ�WKDW�DSSUR[LPDWHO\�����RI�SHRSOH�KDYH�OXPEDU�SDLQ�DW�RQH�WLPH�RU�DQRWKHU�LQ�WKHLU�OLIH�FKURQ�
LF�EDFN�SDLQ�LV�D�FRPPRQ�FRQGLWLRQ�>:+2�����@��2Q�WKH�RWKHU�KDQG��ORZ�EDFN�SDLQ�IUHTXHQWO\�DIIHFWV�SD�
WLHQWV�GXULQJ�WKH�SHULRGV�ZKHQ�WKH\�DUH�PRVW�SURGXFWLYH�>HULOFK�����@��,Q�DGGLWLRQ��HSLGHPLRORJLFDO�VWXGLHV�
VKRZ�DQ�LQFUHDVH�LQ�WKH�SUHYDOHQFH�RI�ORZ�EDFN�SDLQ�������LQ������WR�������LQ������LQ�WKH�86�SRSXODWLRQ�
>IUHEXUJHU�����@���,Q�D�VWXG\�SHUIRUPHG�LQ�������LW�ZDV�HVWLPDWHG�WKDW�ORZ�EDFN�SDLQ�ZDV�WKH��WK�PRVW�
FRPPRQ�GLVHDVH�EHWZHHQ�����GLVHDVH�VWXGLHG�ZLWK�D�SUHYDOHQFH�RI������DQG�WKH��VW�FDXVH�RI�GLVDELOLW\�LQ�
WKH�ZRUOG�ZLWK������PLOOLRQ�'$/<V��QXPEHU�RI�\HDUV�OLYHG�ZLWK�GLVDELOLW\��>+R\�����@� 
6RPH�FOLQLFDO�SUDFWLFH�JXLGHOLQHV�VXJJHVWHG�VSD�WKHUDS\�LQ�WKH�WUHDWPHQW�RI�FKURQLF�ORZ�EDFN�SDLQ�>VEX�
����@�>+$6�����@�GXH�WR�WKH�VWXGLHV�FRQGXFWHG�E\�WKH�8QLYHUVLW\�RI�1DQF\�LQ�WKH���¶V�>JXLOOHPLQ�����@�
>FRQVWDQW�����@�>FRQVWDQW�����@� 
7KH�SXUSRVH�RI�WKLV�UHYLHZ�LV�WR�LGHQWLI\�WKH�EHVW�OHYHO�RI�HYLGHQFH�RQ�WKH�LPSDFW�RI�VSD�WKHUDS\�DQG�LWV�
FRPSRQHQWV�RQ�FKURQLF�ORZ�EDFN�SDLQ� 
0HWKRG 
6\VWHPDWLF�UHVHDUFK�ZDV�SHUIRUPHG�LQ�-DQXDU\������RQ�0('/,1(�E\�3XE�0HG��&RFKUDQH�&HQWUDO�5HJLV�
WHU�RI�&RQWUROOHG�7ULDOV�GDWDEDVH�DQG�3('52�GDWDEDVHV� 
7ULDOV�ZHUH�LQFOXGHG�LI�WKH\�ZHUH�FRPSDUDWLYH��LI�DW�OHDVW�RQH�RI�WKH�JURXSV�KDG�ORZ�EDFN�SDLQ��LI�WKH�UH�
VXOWV�ZHUH�UHSRUWHG�VHSDUDWHO\�IRU�ORZ�EDFN�SDLQ��LI�WKH�VSD�WUHDWPHQW�RU�DQ\�RI�LWV�FRPSRQHQWV�XVLQJ�PLQ�
HUDO�ZDWHU�ZDV�FRPSDUHG�WR�DQ\�RWKHU�LQWHUYHQWLRQ�RU�WR�QR�WUHDWPHQW� 
7KH�VWDWLVWLFDO�YDOLGLW\��H[WHUQDO�YDOLGLW\��TXDOLW\�DVVHVVPHQW�RI�DGYHUVH�HIIHFWV�DUH�HYDOXDWHG�E\�SHUVRQDO�
FKHFNOLVW��7KH�ULVN�RI�ELDV��LQWHUQDO�YDOLGLW\��LV�HYDOXDWHG�E\�WKH�&/($5�173�FKHFNOLVW� 
3XEOLFDWLRQ�ELDV�ZDV�DVVHVVHG�E\�WKH�JUDSKLFDO�PHWKRG�RI�6XWWRQ��:KHQ�WKH�KHWHURJHQHLW\�RI�WKH�SURSRVHG�
SURJUDPV��FDUH�GXUDWLRQV�DQG�FRQWURO�WUHDWPHQWV�ZHUH�FRQVLGHUHG��LW�ZDV�QRW�UHOHYDQW�WR�SHUIRUP�D�PHWD-
DQDO\VLV� 
&RQFOXVLRQV� 
0XOWL�FRPSRQHQWV�SURJUDPV�LQ�VSD�FHQWHUV�VHHP�WR�EH�DEOH�WR�LPSURYH�SDLQ��IXQFWLRQDO�FDSDFLW\�DQG�VRPH�
WLPHV�GUXJ�FRQVXPSWLRQ�DQG�TXDOLW\�RI�OLIH�LQ�FKURQLF�ORZ�EDFN�SDLQ��5DGRQ�EDWKV�DQG�&2��LQMHFWLRQV�GR�
QRW�DSSHDU�WR�SURYLGH�DQ\�DGGLWLRQDO�EHQHILW�WR�PXOWL�FRPSRQHQWV�SURJUDPV�GHOLYHUHG�LQ�VSD�FHQWHUV� 
2YHUDOO��WKH�OHYHO�RI�SURRI�LV�QRW�VXIILFLHQW�IRU�DQ\�GHILQLWLYH�FRQFOXVLRQ�DQG�PRUH�ULJRURXV�WULDOV�DUH�QHHG�
HG�WR�GHWHUPLQH�WKH�HIIHFW�RI�VSD�WUHDWPHQW�LQ�FKURQLF�ORZ�EDFN�SDLQ� 

���6SD�7KHUDS\�LQ�FKURQLF�ORZ�EDFN�SDLQ��D�V\VWHPDWLF�UHYLHZ 

����ƌ�ZŽŵĂŝŶ�&KZ�^d/�Z 
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 'U�5RPDLQ�)25(67,(5��'U��$ODLQ�)5$1&21��'U�)�%HJ�P�(52/�)25(67,(5�� 
&(175(�'(�5(&+(5&+(�5+80$72/2*,48(�(7�7+(50$/��$L[-/HV-%DLQV��)UDQFH 

 
7KH�GRFXPHQW�EHORZ�GHVFULEHV�D�FOLQLFDO�WULDO�RQ�VSD�WKHUDS\�LQ�FKURQLF�ORZ�EDFN�SDLQ�UHODWHG�WR�VSLQDO�RVWHRDUWKUL�
WLV� 
-XVWLILFDWLRQ�IRU�WKLV�VHDUFK 
&KURQLF�EDFN�SDLQ�LV�D�SXEOLF�KHDOWK�LVVXH�ZKLFK�KDV�DQ�LPSDFW�RQ�WKH�IXQFWLRQDO�DELOLWLHV�RI�SDWLHQWV�DQG�FDXVHV�
KLJK�HFRQRPLF�DQG�VRFLDO�FRVW� 
5HVHDUFK�2EMHFWLYHV 
7R�HYDOXDWH�WKHUDSHXWLF�HIIHFWV�RI�VSD�WKHUDS\�LQ�FKURQLF�ORZ�EDFN�SDLQ 
6WXG\�SRSXODWLRQ� 
3DWLHQWV�ZLWK�SDLQIXO�ORZ�EDFN�SDLQ�IRU�DW�OHDVW�WKUHH�PRQWKV�DQG�VSLQDO�RVWHRDUWKULWLV�RQ�;-5D\��7R�IDFLOLWDWH�WKH�
SURFHGXUH��WKH�UHFUXLWPHQW�ZLOO�WDUJHW�D�UDGLXV�RI����NP�DURXQG�HDFK�VSD�FHQWHU� 
(XURSHDQ�SDWLHQWV�LQ�D�(XURSHDQ�VSD�FHQWHU�DJUHHLQJ�WR�SDUWLFLSDWH�LQ�WKH�VWXG\��)UDQFH��3RUWXJDO��6SDLQ��,WDO\��+XQ�
JDU\��$XVWULD��DQG�7XUNH\� 
0HWKRG�RI�LQYHVWLJDWLRQ 
,W�LV�SUREDEO\�QHFHVVDU\�WR�LQFOXGH�DURXQG�����UDQGRPL]HG�SDWLHQWV�LQ�RUGHU�WR�REVHUYH�D�FOLQLFDOO\�UHOHYDQW�GLIIHU�
HQFH�EHWZHHQ�WKH�WZR�JURXSV��WDNLQJ�LQWR�DFFRXQW�WKH�YDULRXV�VSHFLILFLWLHV�RI�HDFK�FHQWHU�SDUWLFLSDWLQJ� 
3DWLHQWV�LQ�WKH�ILUVW�JURXS�ZLOO�UHFHLYH�D�IXOO�VSD�WUHDWPHQW�XQGHU�PHGLFDO�VXSHUYLVLRQ�ZKLOH�SDWLHQWV�LQ�WKH�VHFRQG�
JURXS�ZLOO�UHFHLYH�D�WKHUDSHXWLF�HGXFDWLRQ�SURJUDP� 
3DWLHQWV�ZLOO�EH�HYDOXDWHG�E\�WKH�H[DPLQLQJ�SK\VLFLDQ�DW�WKH��VW�DQG��WK�PRQWKV��7KH�SK\VLFLDQ�ZLOO�KDYH�QR�FRQIOLFW�
RI�LQWHUHVW�ZLWK�VSD�WKHUDS\�� 
0HWKRGRORJLFDO�FKDUDFWHULVWLFV 
7KH�'HFODUDWLRQ�RI�+HOVLQNL��'R+��UXOHV�ZLOO�EH�IROORZHG��DSSURYDO�RI�WKH�HWKLFV�FRPPLWWHH��LQIRUPHG�FRQVHQW�RI�
WKH�SDWLHQWV��DQG�WKH�LQVXUDQFH�RI�WKH�WULDO�ZLOO�EH�PDLQWDLQHG� 
,W�ZLOO�EH�D�SUHIHUHQFH�UDQGRPL]HG�WULDO��SDWLHQWV�ZKR�SUHIHU�WKH�VSD�WUHDWPHQW�ZLOO�UHFHLYH�WKH�VSD�WUHDWPHQW��DQG�
WKRVH�ZKR�SUHIHU�WKH�WKHUDSHXWLF�HGXFDWLRQ�SURJUDP�ZLOO�UHFHLYH�WKH�WKHUDSHXWLF�HGXFDWLRQ�SURJUDP��2QO\�SDWLHQWV�
KDYLQJ�QR�SUHIHUHQFH�ZLOO�EH�UDQGRPL]HG��5DQGRPL]DWLRQ�ZLOO�EH�VWUDWLILHG�DFFRUGLQJ�WR�WKH�VSD�FHQWHU�DQG�WR�WKH�
SRVVLELOLW\�RI�D�SURIHVVLRQDO�DFWLYLW\��UHWLUHG�DQG�QRW�UHWLUHG�SDWLHQWV�� 
%OLQGLQJ��7KHUH�ZLOO�EH�D�EOLQGLQJ�RI�UDQGRPL]DWLRQ�IRU�SDWLHQWV�H[DPLQLQJ�SK\VLFLDQV��FDUH�SURYLGHUV�DQG�VWDWLVWL�
FLDQV��7KH�H[DPLQLQJ�SK\VLFLDQ�ZLOO�QRW�KDYH�DQ\�NQRZOHGJH�DERXW�WKH�SDWLHQWV¶�JURXSV�RU�WKHLU�SUHYLRXV�DQVZHUV� 
,QWHQWLRQ�WR�WUHDW�DQDO\VLV��SDWLHQWV�ZLOO�EH�DQDO\]HG�LQ�WKH�JURXS�LQ�ZKLFK�WKH\�ZHUH�UDQGRPL]HG��7KH\�ZLOO�EH�DQD�
O\]HG�HYHQ�LI�WKH\�KDYH�QRW�UHFHLYHG�DOO�WKH�SODQQHG�WUHDWPHQW��7KH�ORVV�WR�IROORZ�XS�ZLOO�EH�FRQVLGHUHG�DV�IDLOXUHV� 
7KH�SURWRFRO�ZLOO�EH�UHJLVWHUHG�LQ�WKH�ZZZ�FOLQLFDOWULDO�JRY�VLWH�LQ�RUGHU�WR�KDYH�WKH�SRVVLELOLW\�RI�SXEOLFDWLRQ�LQ�
KLJK�LPSDFW�IDFWRU�MRXUQDOV� 
7KH�VWXG\�GXUDWLRQ�LV���PRQWKV�IRU�HDFK�SDWLHQW� 
-XGJPHQW�&ULWHULD 
35,0$5<�(1'32,17 
1XPEHU�RI�SDWLHQWV�ZLWK�FOLQLFDOO\�UHOHYDQW�LPSURYHPHQW�DW���PRQWKV�LQ�SDLQ��9$6 ���PP��DQG���RU�IXQFWLRQ�
�2VZHVWU\�'LVDELOLW\�,QGH[ ����� 
6(&21'$5<�(1'32,176 
1XPEHU�RI�SDWLHQWV�ILQGLQJ�WKHPVHOYHV�LQ�D�FOLQLFDOO\�DFFHSWDEOH�FRQGLWLRQ�� 3DWLHQW�DFFHSWDEOH�6\PSWRP�6WDWH�� 
9DULDWLRQV�LQ�SDLQ��9$6��DQG�2VZHVWU\�'LVDELOLW\�,QGH[ 
9DULDWLRQV�LQ�)$%4�6FDOH��)HDU�$YRLGDQFH�%HOLHI�4XHVWLRQQDLUH� 
)XQFWLRQDO�WHVW��)LYH-7LPHV-6LW-WR-6WDQG�7HVW 
&KDQJH�LQ�OXPEDU�PRELOLW\��6FK|EHU�LQGH[��KDQG�JURXQG�GLVWDQFH 
3DWLHQW¶V�DQG�SK\VLFLDQ¶V�RSLQLRQV�RQ�LPSURYHPHQW 
&KDQJHV�LQ�4XDOLW\�RI�/LIH�4XHVWLRQQDLUHV�(4�' 
&KDQJHV�LQ�DVVRFLDWHG�WUHDWPHQWV��GUXJ�FRQVXPSWLRQ��SK\VLFDO�WKHUDS\��ORFDO�LQMHFWLRQV��KRVSLWDOL]DWLRQ��KHDOWK�FDUH�
FRQVXPSWLRQ� 

'RHV�VSD�WKHUDS\�LPSURYH�WKH�EDFN�SDLQ�PRUH�WKDQ�HGXFDWLRQ�SURJUDP�LQ�VSLQDO�RVWHRDUWKULWLV"�$�UDQGRPL]HG�FOLQLFDO�WULDO��7KH�/20%$7+(50
�6WXG\ 



�� 

�ƌ͘ ��ůĂŝŶ�&ƌĂŶĕŽŶ 
0'��5KHXPDWRORJLVW��$L[-OHV-%DLQV��)UDQFH� 
7UHDVXUHU�RI�WKH�,QWHUQDWLRQDO�6RFLHW\�RI�0HGLFDO�+\GURORJ\��,60+� 
*HQHUDO�6HFUHWDU\�RI�WKH�)UHQFK�0HGLFDO�6RFLHW\�RI�7KHUPDO�0HGLFLQH�
�)0&70� 
*HQHUDO�6HFUHWDU\�RI�WKH�$L[-OHV-%DLQV¶�5KHXPDWRORJLF�DQG�7KHUPDO�5HVHDUFK�
&HQWHU� 
6HFUHWDU\�RI�WKH�³6HPDLQH�GH�5KXPDWRORJ\´��$L[-OHV-%DLQV¶�5KHXPDWRORJ\�
&RQJUHVV� 
0HPEHU�RI�WKH�)UHQFK�6RFLHW\�RI�5KHXPDWRORJ\ 
*UDGXDWH�IURP�WKH�&HUWLILFDWH�RI�6WXG\�6WDWLVWLFV�$SSOLHG�WR�0HGLFLQH 
)RUPHU�3DULV�+RVSLWDOV�,QWHUQ�DQG�IRUPHU�+HDG�RI�FOLQLF�RI�WKH�8QLYHUVLWLHV��
$VVLVWDQW�RI�WKH�+RVSLWDOV�RI�3DULV 

 'U�$ODLQ��)UDQoRQ��'U�5RPDLQ�)RUHVWLHU��'U�)�%HJ�P�(URO�)RUHVWLHU  
&HQWUH�GH�UHFKHUFKHV�UKXPDWRORJLTXHV�HW�WKHUPDOHV��$L[-/HV-%DLQV��)UDQFH�  

&DOFXODWLQJ�WKH�VDPSOH�VL]H��QXPEHU�RI�SDWLHQWV�WR�LQFOXGH�LQ�D�VWXG\��LV�D�NH\�VWHS�LQ�WKH�FRQVWUXFWLRQ�
RI�WKH�SURWRFRO�RI�D�UDQGRPL]HG�FOLQLFDO�WULDO��5&7���8QIRUWXQDWHO\�RQO\�IHZ�5&7V�RQ�EDOQHRWKHUDS\�
SUHVHQW�D�SUHOLPLQDU\�VDPSOH�VL]H�FDOFXODWLRQ� 
7KH�VDPSOH�VL]H�FDQ�EH�HVWLPDWHG�E\�WKH�&DVDJUDQGH�	�3LNH�PHWKRG��,W�GHSHQGV�RQ�YDULRXV�SDUDPHWHUV�� 
7KH�H[SHFWHG�GLIIHUHQFH�LQ�UHVSRQVH�WR�WKH�WUHDWPHQW��WR�WKH�FRQWURO�LQWHUYHQWLRQ�DQG�WKHLU�YDULDELOLW\�IRU�
WKH�SULPDU\�HQGSRLQW�� 
7ZR�SHUFHQWDJH�FKRVHQ�E\�WKH�VWDWLVWLFLDQV�� 
7KH�D�ULVN�LV�WKH�ULVN�RI�ILQGLQJ�D�EHWZHHQ�JURXS�GLIIHUHQFH�E\�FKDQFH��,W�LV�XVXDOO\��� 
7KH�ULVN�E�LV�WKH�ULVN�RI�ODFN�RI�GLIIHUHQFH�E\�ODFN�RI�VWDWLVWLFDO�SRZHU���XVXDOO\�UDQJLQJ�EHWZHHQ��-�����
7KH�YDOXH�³�-E´�LV�WKH�³SRZHU´���WKH�SUREDELOLW\�WR�ILQG�D�EHWZHHQ�JURXS�GLIIHUHQFH�WKDW�LV�UHDO�� 
7KH�W\SH�RI�FRPSDULVRQ��7KH�XQLODWHUDO�FRPSDULVRQ�DQVZHUV�WKH�TXHVWLRQ�³,V�$�PRUH�HIIHFWLYH�WKDQ�%"´��
7KH�ELODWHUDO�FRPSDULVRQ�QHHGV�D�KLJKHU�QXPEHU�RI�SDWLHQWV�DQG�DQVZHUV�WKH�TXHVWLRQ�³,V�$�PRUH�HIIHF�
WLYH�RU�OHVV�HIIHFWLYH�WKDQ�%"´� 
7KH�H[SHFWHG�SHUFHQWDJH�RI�ORVW�WR�IROORZ-XS��,W�LV�XVXDOO\�HVWLPDWHG�DV��-����RI�WKH�LQFOXGHG�SDWLHQWV�
DQG�LV�LQIOXHQFHG�E\�GXUDWLRQ�RI�IROORZ�XS� 
,I�WKH�QXPEHU�RI�SDWLHQWV�LQFOXGHG�LV�QRW�VXIILFLHQW��LW�FDQ�OHDG�WKH�LQYHVWLJDWRUV�WR�HUURQHRXVO\�FRQFOXGH�
WKDW�WKH�WUHDWPHQW�LV�LQHIIHFWLYH� 
$V�D�FRQFOXVLRQ��WKH�FDOFXODWLRQ�RI�WKH�VDPSOH�VL]H��ZKHQ�GHVLJQLQJ�WKH�VWXG\��LV�HVVHQWLDO��,W�VKRXOG�EH�
UHSRUWHG�LQ�WKH�FKDSWHU�³0HWKRGRORJ\´�RI�DQ\�5&7¶V�SXEOLFDWLRQ� 
 

:K\�\RX�VKRXOG�FDOFXODWH�WKH�VDPSOH�VL]H" 
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�,QWHUQDWLRQDO�FOLQLFDO�SUDFWLFH�JXLGHOLQHV��&3*V��LQ�UKHXPDWRORJ\��ZKDW�LV�WKH�SODFH�RI�VSD�
WKHUDS\��RU�EDOQHRWKHUDS\��LQ�����"´ 

 $ODLQ�)UDQoRQ��&HQWUH�GH�5HFKHUFKHV�5KXPDWRORJLTXHV�G¶$L[-OHV-%DLQV��6RFLpWp�)UDQoDLVH�GH�0pGHFLQH�
7KHUPDOH� 
 ,QWURGXFWLRQ�� � &3*V� DUH� GHILQHG� DV� � V\VWHPDWLFDOO\� GHYHORSHG� VWDWHPHQWV� WR� DVVLVW� SUDFWLWLRQHUV�
DQG�SDWLHQW�GHFLVLRQV�DERXW�DSSURSULDWH�KHDOWK�FDUH�IRU�VSHFLILF�FLUFXPVWDQFHV���7KH\�DUH�EDVHG�RQ�VFLHQ�
WLILF�OHYHOV�RI�HYLGHQFH��PDLQO\�UDQGRPL]HG�FOLQLFDO�WULDOV��5&7V��DQG�H[SHUWV¶�RSLQLRQ� 
2EMHFWLYH��,GHQWLI\�WKH�LQWHUQDWLRQDO�&3*V�LQ�UKHXPDWRORJ\�LQ�ZLWFK�VSD�WKHUDS\�RU �EDOQHRWKHUDS\�
�ERWK�LQFOXGH�FDUH�ZLWK�PLQHUDO�ZDWHU��LV�UHFRPPHQGHG 
0HWKRG��)LUVW�ZH�VHDUFKHG�LQ�3XEPHG�GDWDEDVHV�WKH�&3*V�LQ�UKHXPDWRORJ\��WKHQ�ZH�H[DPLQHG�LQ�
WKHVHV�&3*V�ZKHWKHU�VSD�WKHUDS\�RU�EDOQHRWKHUDS\�ZDV�UHFRPPHQGHG�DQG��LI�VR��ZKDW�ZDV�WKHLU�JUDGH�RI�
UHFRPPHQGDWLRQ� 
5HVXOWV����%DOQHRWKHUDS\�RU �VSD�WKHUDS\�DUH�U HFRPPHQGHG�LQ�YHU\�IHZ�&3*V�� 
,Q�FKURQLF�ORZ�EDFN�SDLQ�RQO\������)UHQFK�+DXWH�$XWRULWp�GH�6DQWp��+$6�¶V�&3*V�UHFRPPHQGHG�VSD�
WKHUDS\�ZLWK�UDQN�%�� 
,Q�NQHH�RVWHRDUWKULWLV��2$��EDOQHRWKHUDS\�LV�UHFRPPHQGHG�LQ�WKH������2$56,��2VWHR$UWKULWLV�5HVHDUFK�
6RFLHW\� ,QWHUQDWLRQDO�µV�&3*V�EXW�RQO\� WR� D� OLPLWHG� H[WHQW�� ³RQO\� IRU� WKH� VXE-SKHQRW\SH�ZLWK�PXOWLSOH�
MRLQW�2$�DQG�FR-PRUELGLWLHV��GXH�WR�SDXFLW\�RI�WUHDWPHQW�DOWHUQDWLYHV�IRU�WKDW�JURXS´�� 
,Q�UKHXPDWRLG�DUWKULWLV��5$��RQO\�)UHQFK�+$6�LQ������UHFRPPHQGV�VSD�WKHUDS\�IRU�VWDELOL]HG�5$�UDQN�
&��� 
'LVFXVVLRQ��'HVSLWH� WKH�SXEOLFDWLRQ�RI�D� ORW�RI�5&7V��VSD� WKHUDS\� LV�YHU\�IHZ�SUHVHQW� LQ� LQWHUQD�
WLRQDO�&3*V�LQ�UKHXPDWRORJ\��6HYHUDO�UHDVRQV�FDQ�EH�JLYHQ������LQ�&3*V�WKHUH�ZDV�RIWHQ�QR�H[KDXVWLYH�
RU�HYHQ�QR�ELEOLRJUDSKLF�UHVHDUFK�RQ�EDOQHRWKHUDS\¶V�WULDOV������EDOQHRWKHUDS\�LV�VWLOO�QRW�ZHOO�NQRZQ�E\�
WKH�H[SHUWV�IURP�PDQ\�FRXQWULHV��VR�WKHLU�RSLQLRQ�LV�PRVW�RIWHQ�QRW�IDYRXUDEOH� 
&RQFOXVLRQ��0RUH�KLJK�TXDOLW\�EDOQHRWKHUDS\¶V�5&7V�QHHG�WR�EH�SXEOLVKHG�LQ�VFLHQWLILF�UHYLHZV�ZLWK�
KLJK�LPSDFW�IDFWRU�WR�FRQYLQFH�H[SHUWV�WR�LQFOXGH�VSD�WKHUDS\�RU�EDOQHRWKHUDS\�LQ�&3*V 
 

 
WƌŽĨ͘ ��ƌ͘ �dĂŵĄƐ��ĞŶĚĞƌ 
,ŽƐƉŝƚĂůůĞƌ��ƌŽƚŚĞƌ�ŽĨ�^ĂŝŶƚ�:ŽŚŶ�ŽĨ�'ŽĚ  
ϭϬϮϯ��ƵĚĂƉĞƐƚ��ƌƉĄĚ�ĨĞũĞĚĞůĞŵ�Ƶ͘�ϳ͕͘�,ƵŶŐĂƌǇ  
dĞůĞĨĂǆ�Θ�-ƉŚŽŶĞ͗�;ϯϲ�ϭͿ�ϯϯϲϬϮϲϲ  
�-ŵĂŝů͗�ďĞŶĚĞƌΛŵĂŝů͘ĚĂƚĂŶĞƚ͘ŚƵ͕�
ďĞŶĞƌ͘ƚĂŵĂƐΛŝƌŐĂůŵĂƐ͘ŚƵ 

8SGDWHG�GDWDEDVH�RI�WKH�VFLHQWLILF �UHVXOWV�RI �KXQJDULDQ�EDOQHRORJ\   ,Q������ZH�SXEOLVKHG �D�UHYLHZ�DQG�PHWDDQDO\VLV�DERXW�WKH FOLQLFDO�DQG�H[HSHULPHQWDO�HIIHFW�RI�WKH�+XQ�JDULDQ�WKHUPDO�ZDWHU��6LQFH�WKDW WLPH����QHZ�VWXGLHV �KDYH�EHHQ�SUHSDUHG��SXEOLVKHG�RU�XQGHU�SXEOLFDWLRQ���7KHVH�QHZ�VWXGLHV GHDOLQJ�ZLWK� WKH�HIIHFW�RI�EDOQHRWKHUDS\ �RQ � WKH�2$�RI� WKH� VKRXOGHU��NQHH��KDQG DQG�KLS��DORQJ�ZLWK�D�IHZ�H[SHULPDQWDO�VWXGLHV��7R�VXPPDUL]H�WKH�UHVXOWV��ZH�FDQ�GHFODUH�WKDW�WKH�+XQJDULDQ�WKHUPDO�ZDWHUV�KDYH�EHQHILFDO�HIIHFWV�RQ�WKH�SDLQ�RI�WKH�PXVFXORVFHOHWDO�V\VWHP��DQG�WKH �TXDOLW\�RI�OLIH�IRU�SDWLHQWV��LQGHSHQGHQW�RI�WKH�FRQFHQWUDWLRQ��DQG �WKH�LQRUJDQLF�FRQWHQWV�RI�WKH�WKH �ZDWHUV� 
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WƌŽĨ͘ ��ĂĚĂůŽǀ�EĂǌŝŵ͕�� 
'RFWRU� RI� 0HGLFDO� 6FLHQFHV�� ERUQ� LQ� ������ VLQFH� ����� � KDV� EHHQ�
ZRUNLQJ� LQ�5XVVLDQ�6FLHQWLILF�&HQWHU� IRU�0HGLFDO�5HKDELOLWDWLRQ�DQG�
%DOQHRORJ\� 
6LQFH������-�+HDG�RI� WKH�'HSDUWPHQW�RI�%DOQHRORJ\�LQ�5XVVLDQ�6FL�
HQWLILF� &HQWHU� IRU� 0HGLFDO� 5HKDELOLWDWLRQ� DQG� %DOQHRORJ\�� DOVR� -� D�
3URIHVVRU�RI� WKH�'HSDUWPHQW�RI�5HKDELOLWDWLRQ�0HGLFLQH�DW� ,��0��6H�
FKHQRY�)LUVW�0RVFRZ�6WDWH�0HGLFDO�8QLYHUVLW\� 
-� D�PHPEHU�RI� WKH�([SHUW�&RXQFLO� RI�6:,&� �63$�DQG�:(//1(66�
,17(51$7,21$/�&281&,/�� 
-� D� PHPEHU� RI� WKH� HGLWRULDO� ERDUG� RI� WKH� MRXUQDO� �3K\VLRWKHUDS\��
EDOQHRORJ\��UHKDELOLWDWLRQ���5XVVLD��� 
6LQFH������-�FROODERUDWHV�ZLWK�WKH�,60+� 
-�D�UHJLRQDO�UHSUHVHQWDWLYH�RI�,60+� 
-�DQ�DXWKRU�RI�PRUH�WKDQ�����VFLHQWLILF�ZRUNV�DQG�WUDFWDWHV� 

0$,1�7(1'(1&,(6�2)�6&,(17,),&�'(9(/230(176�,1�7+(�5866,$1�%$/1(2/2�*< 
%DGDORY�1�*� 

,1752'8&7,21��7KH�DQDO\VLV�RI�WKH�VFLHQWLILF�OLWHUDWXUH�LQ�WKH�ILHOG�RI�EDOQHRORJ\�UHFHQW�\HDUV�DOORZHG� WR�GLVWLQJXLVK�VXFK�UHOHYDQW� UHVHDUFK�GLUHFWLRQV DV� WKH�GHYHORSPHQW�RI�PRGHUQ�UHVHDUFK�PHWKRGV�LQ�WKH�ILHOG�RI�EDOQHRORJ\��SURSK\ODFWLF�GLUHFWLRQ�ZLWK�D�IRFXV�RQ�ILJKW�DJDLQVW�WKH�ULVN�IDFWRUV�RI��FKURQLF�GLVHDVHV
�GHYHORSPHQW���UHDOL]DWLRQ�RI�WKHUDSHXWLF�HGXFDWLRQ�SURJUDPV�RQ�YDULRXV�QRVRORJLHV�LQ�UHVRUW�FRQGLWLRQV�LQFOXGLQJ�EDOQHRWKHUDS\����$QWL-DJLQJ��WUHQG��WKH�ULVN�JURXS�RI�GHPHQWLD�GHYHORS�PHQW���PRGLILHG�EDOQHRWKHUDS\�DQG�WUDGLWLRQDO�GLUHFWLRQV��GRVH-HIIHFW��WKH�VSHFLILFLW\�RI�DFWLRQ��OHDUQLQJ�QHZ�DVSHFWV�RI�WKH�PHFKDQLVP�RI�DFWLRQ�DQG�RWKHUV��� 0(7+2'6��)LQGLQJ�QHZ�PHWKRGRORJLFDO�DSSURDFKHV�FRQGXFWLQJ� UHVHDUFKHV�LQ�WKH�ILHOG�RI�EDOQHRORJ\��GHYHORSPHQW�RI�VWUDWHJLHV�WR�LQFUHDVH�WKH�DFFXUDF\ RI�UHVHDUFKHV
�UHVXOWV�LQ�RXU�YLHZ��LV�WKH�PRVW�UHOHYDQW�WRGD\��5HVHDUFKHUV�QHHG�WR�XQGHUVWDQG�WKH�PHWKRGV�RI�RUJDQL]LQJ�FOLQLFDO�WULDOV�HVSHFLDOO\�LQ�EDOQHRORJ\��DQG�WKHUDSHXWLVWV�VKRXOG�NQRZ�WKH�ZD\V�RI�LQWHUSUHWDWLRQ�DQG�DVVHVVPHQW�RI�WKH�DFFXUDF\�RI�WKHVH�VWXGLHV��,W
OO�JLYH�WKH�RSSRUWXQLW\�WR�SXEOLVK�UHVHDUFK�UHVXOWV�LQ�MRXUQDOV�ZLWK�ZLWK�KLJK�LPSDFW�IDFWRU�DQG��LQFOXVLRQ�RI�WKHVH�VWXGLHV�LQWR�V\VWHPDWLF�UHYLHZV�DQG�PHWDDQDO\VHV�� 3URSK\ODFWLF�GLUHFWLRQ�ZLWK�D�IRFXV�RQ�WKH�ILJKW�DJDLQVW�FKURQLF�GLVHDVH�ULVN�IDFWRUV�LPSOLHV�WKH�XVH�RI�DFWLYH�SUHYHQWLYH�PHDVXUHV�DQG�OLIHVW\OH�FKDQJHV�IRU�SDWLHQWV�IURP�ULVN�JURXS��WKHUHE\��PRUELGLW\�UDWH�GHFUHDVHV� 5(68/76���'HYHORSPHQW�RI�SURJUDPV�IRU �YDU LRXV�QRVRORJLHV�ZLWK��LQFOXVLRQ�RI�WKHUDSHX�WLF�HGXFDWLRQ�DQG�EDOQHR-VSD�WUHDWPHQW�SURPRWHV�LQFUHDVH�RI�WUHDWPHQW�FRPSOLDQFH���SUHYHQWLRQ�RI�FRP�SOLFDWLRQV��JUHDWHU�DXWRQRP\�RI�SDWLHQWV��SV\FKRORJLFDO�DFFHSWDQFH�RI�GLVHDVH�E\�WKH�SDWLHQW��5HDOL]DWLRQ�RI� WKLV�SURJUDP�LQ�EDOQHRWKHUDS\�LQVWLWXWLRQV�KDV�VHYHUDO�DGYDQWDJHV��D�VXIILFLHQW�GXUDWLRQ�RI�D�FRXUVH�IRU�WKH�SURJUDP��WKH�DYDLODELOLW\�RI�FRQWDFW�ZLWK�D�JURXS�RI�SDWLHQWV�ZLWK�WKH�VDPH�QRVRORJ\��VHSDUDWLRQ�IURP�IDPLOLDU�VXUURXQGLQJV��7KLV�OHDGV�WR�LQFUHDVLQJ�RI�PRWLYDWLRQ�DQG�SDWLHQW�VXVFHSWLELOLW\�� $QWL-DJLQJ�VWUDWHJ\�IRFXVHV�RQ�SUHYHQWLRQ�DQG�VORZLQJ�WKH�DJLQJ�SURFHVV��LQFUHDVH�SK\VLFDO�DQG�LQWHOOHFWXDO�ZRUNLQJ�FDSDFLW\�DQG�TXDOLW\�RI�OLIH��7KH�PDLQ�DLP�RI�WKLV�GLUHFWLRQ�LV�WR�PDLQWDLQ�WKH�SK\VL�FDO�VKDSH�DQG�IXQFWLRQ��PXVFOH�WRQH�DQG�PXVFOH�PDVV��ERQH�GHQVLW\��FRJQLWLYH�IXQFWLRQV��ILJKW�DJDLQVW�EDODQFH�DQG�FRRUGLQDWLRQ�GLVRUGHU����SUHYHQWLRQ�RI�IDOOLQJ�DQG�SURJUHVVLRQ�RI�GHJHQHUDWLYH�GLVHDVHV��SUR�ORQJDWLRQ�RI�WKH�DFWLYH�SHULRG� &21&/86,216��:LWK�UHJDUG�WR�WUDGLWLRQDO�VWXGLHV�FRQGXFWHG�LQ�RXU �FRXQWU\��ZH�FDQ�GLV�WLQJXLVK�WKH�UHVHDUFKHV�RI�WKH�HIIHFWLYHQHVV�RI�JHQHUDO�FDUERQ�GLR[LGH�EDWKV��FRQFHQWUDWLRQ�RI�����J���O��ZLWK�GLIIHUHQW�PLQHUDOL]DWLRQ�����DQG����J���O��RQ�SDWLHQWV�ZLWK�K\SHUWHQVLRQ�DQG�FRURQDU\�KHDUW�GLVHDVH��VLOLFHRXV�EDWKV�RI�YDULRXV�FRQFHQWUDWLRQV���-����-����PJ���O�RQ�WKH�SDWLHQWV�ZLWK�DUWHULDO�K\SHUWHQVLRQ�RI�YDU\LQJ�VHYHULW\�� 
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�ƌ͘ �'ĂďƌŝĞůĂ��ŽŐĂƌƵ�LV�9LFH-3UHVLGHQW�RI�WKH�5RPDQLDQ�$VVRFLDWLRQ�RI�%DOQHRORJ\��9LFH-3UHVLGHQW�RI�WKH�5RPDQLDQ�6RFLHW\�IRU�3K\VLFDO�DQG�5H�KDELOLWDWLRQ� 0HGLFLQH	� %DOQHRFOLPDWRORJ\�� FRQVXOWDQW� LQ� UHKDELOLWDWLRQ��SK\VLFDO�PHGLFLQH�DQG�EDOQHRORJ\�DW� WKH�&OLQLFDO�5HKDELOLWDWLRQ�+RVSLWDO�&OXM-1DSRFD��'RFWRU�LQ�PHGLFDO�VFLHQFHV��6KH�LV�$VVLVW�3URI��DW�5HDELOLWD�WLRQ�DQG�3K\VLFDO�0HGLFLQH�'HSDUWPHQW�WKH�´,XOLX�+DWLHJDQX´�8QLYHUVLW\�RI�0HGLFLQH�DQG�3KDUPDF\��&OXM-1DSRFD��5RPDQLD��%DFKHORU¶V�GHJUHH�LQ�ODZ�DQG�OHJDO�VFLHQFHV��0HPEHU�RI�WKH�(GLWRULDO�%RDUG�DQG�SHHU-UHYLHZHU�RI�WKH�%DOQHR�5HVHDUFK�-RXUQDO��%',�DQG��0HPEHU�RI�WKH�(GLWRULDO�%RDUG�RI� WKH� 6WXGLD� 8QLYHUVLWDWLV� %DEHV-%RO\DL� %LRHWKLFD� -RXUQDO�� 0HPEHU� RI�WKH� 0LQLVWU\� RI� +HDOWK� $GYLVRU\� &RPPLWWHH� RQ� 0HGLFDO� 5HKDELOLWDWLRQ�DQG� %DOQHRORJ\�� :RUN� DQG� UHVHDUFK� DUHDV�� QHXURORJLFDO� UHKDELOLWDWLRQ��FDUGLRYDVFXODU� UHKDELOLWDWLRQ�� PROHFXODU� DQG� FHOOXODU� PHGLFLQH�� H-KHDOWK�V\VWHPV��EDOQHRORJ\�DQG�WKHUPDOLVP�ZLWK�WKH�VFLHQWLILF�UHVHDUFK�RI�QDWXUDO�WKHUDSHXWLF� IDFWRUV� DQG� WKHLU� XVH�� GHYHORSPHQW� RI� VSD� WRXULVP�� VWXG\� RI�PHGLFR-OHJDO�DVSHFWV�LQ�GLVDEOHG�SHRSOH��ODZ�SURMHFWV� 

,03529(0(17�2)�7+(�48$/,7<�2)�*$,7�$1'�%$/$1&(�%<�75($70(17�:,7+�1$785$/�7+(5$3(87,&�)$&7256�,1�%$,/(�7861$'�,1�3267-6752.(�3$7,(176 *DEULHOD�'RJDUX�ï��$OH[DQGUD�,VSDVï��0DULHWD�0RWULFDOă�ð��0ROQiU�ÈNRV�ð  ����,XOLX�+DWLHJDQX��8QLYHUVLW\�RI�0HGLFLQH�DQG�3KDUPDF\�&OXM-1DSRFD &OLQLFDO�5HKDELOLWDWLRQ�+RVSLWDO�&OXM-1DSRFD ���7XVQDG�6SD�&RPSOH[�-�%DLOH�7XVQDG  ,1752'8&7,21��6WURNH�LV�RQH�RI� WKH�PDLQ�FDXVHV�RI�PRUELGLW\�DQG�PRU WDOLW\�ZRU OG�ZLGH��&DUERQDWHG�PLQHUDO�ZDWHUV�LQ�%DLOH�7XVQDG�DUH�XVHG�IRU�WKHLU�SHULSKHUDO�DQG�FHUHEUDO�YDVRGLOD�WRU�HIIHFWV�LQ�WKH�UHKDELOLWDWLRQ�RI�FDUGLRYDVFXODU�SDWLHQWV��$LP�7KLV�FOLQLFDO�VWXG\�ZDV�DLPHG�DW�PRQL�WRULQJ�WKH�HIILFLHQF\�RI�QDWXUDO�WKHUDSHXWLF�IDFWRUV�ZLWK�WKH�SXUSRVH�RI�FRQWLQXLQJ�UHKDELOLWDWLRQ�WUHDW�PHQW�LQ�D�EDOQHRFOLPDWLF�UHVRUW� 0$7(5,$/�$1'�0(7+2'6��7KH�VWXG\�LQFOXGHG����SDWLHQWV�ZLWK�D�KLVWRU\�RI�VWURNH��WUHDWHG�LQ�WKH�%DLOH�7XVQDG�WUHDWPHQW�IDFLOLW\��7KH�SDWLHQWV�XQGHUZHQW�UHKDELOLWDWLRQ�WUHDWPHQW�FRQVLVW�LQJ�RI�NLQHVLWKHUDS\��FDUERQDWHG�PLQHUDO�EDWKV�IRU����PLQXWHV��DHURWKHUDS\�IRU����PLQXWHV��PDVVRWKHU�DS\��DOO�SHUIRUPHG�GDLO\�IRU����GD\V��(DFK�SDWLHQW�ZDV�FOLQLFDOO\�HYDOXDWHG�EHIRUH�DQG�DIWHU�WUHDWPHQW�EDVHG�RQ�WKH�7LQHWWL�%DODQFH�$VVHVVPHQW�7RRO��WKH���-P�ZDONLQJ�WHVW��WKH�0RWRU�$VVHVVPHQW�6FDOH��WKH�%DUWKHO�,QGH[��WKH�4XDOLW\�RI�/LIH�6FDOH��DQG�DGYHUVH�UHDFWLRQV� 5(68/76��$W�WKH�HQG�RI�WUHDWPHQW��D�VWDWLVWLFDOO\�VLJQLILFDQW�LPSURYHPHQW�LQ�WKH�ZDON�LQJ�VSHHG��LQ�WKH�TXDOLW\�RI�JDLW�ZDV�IRXQG��S��������6WDWLVWLFDOO\�VLJQLILFDQW�UHVXOWV��S�������ZHUH�DOVR�REWDLQHG�ZKHQ�HYDOXDWLQJ�EDODQFH��$� VWDWLVWLFDOO\� VLJQLILFDQW�YDOXH�ZDV�REWDLQHG� IRU� WKH�0RWRU�$V�VHVVPHQW�6FDOH��7KH�HYDOXDWLRQ�RI�WKH�SDWLHQWV¶�SHUIRUPDQFH�LQ�WHQ�DFWLYLWLHV�RI�GDLO\�OLYLQJ�GHSHQGLQJ�RQ�WKH�UHTXLUHG�H[WHUQDO�KHOS��XVLQJ�WKH�%DUWKHO�,QGH[��HYLGHQFHG�D�VWDWLVWLFDOO\�VLJQLILFDQW�S�YDOXH���������)RU�WKH�4XDOLW\�RI�/LIH�6FDOH��D�S�YDOXH�������ZDV�REWDLQHG��7KHUH�ZHUH�QR�VLGH�UHDFWLRQV�WR�WKH�WUHDWPHQW�� &21&/86,216��1DWXUDO�WKHUDSHXWLF�IDFWRUV�LQIOXHQFHG�WKH�FOLQLFDO�DQG�IXQFWLRQDO�SLF�WXUH��GHWHUPLQLQJ�D�VLJQLILFDQW� LPSURYHPHQW�RI� WKH�TXDOLW\�RI�JDLW�DQG�EDODQFH��DQ� LQFUHDVH�RI� LQGH�SHQGHQFH�DQG�DQ�LPSURYHPHQW�RI�WKH�TXDOLW\�RI�OLIH�LQ�WKHVH�SDWLHQWV�  
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�� 

$'9$1&(6�,1�%5$,1�3527(&7,21�$1'�5(&29(5<�$)7(5�6752.(�–�1(:�'$7$� 'DILQ�)��0XUHVDQX  %$&.*5281'�$1'�385326(��7KH�DLP�RI� WKLV� HDU O\�QHXURUHKDELOLWDWLRQ� WU LDO�ZDV� WR� LQYHVWL�JDWH�ZKHWKHU�SDWLHQWV�UDQGRPL]HG�WR K\GURO\]HG��SHSWLGH�IURP�SRUFLQH�VKRZHG�LPSURYHG�PRWRU�IXQFWLRQ�RI�WKH�XSSHU�H[WUHPLWLHV�RYHU��� GD\V LQ�FRPSDULVRQ�ZLWK�SDWLHQWV�UDQGRPL]HG�WR�SODFHER� 0(7+2'6�7KLV VWXG\� ZDV� GHVLJQHG� DV� D SURVSHFWLYH�� UDQGRPL]HG�� GRXEOH-EOLQG�� SODFHER-FRQWUROOHG� PXOWLFHQWHU DQG�SDUDOOHO-JURXS�VWXG\��3DWLHQWV�ZHUH�WUHDWHG�ZLWK K\GURO\]HG��SHSWLGH�IURP�SRU�FLQH ���PO�GD\��RU�SODFHER��VDOLQH��RQFH�GDLO\�RYHU����GD\V VWDUWLQJ WKH�WUHDWPHQW ��-���KRXUV�DIWHU�VWURNH�RQVHW� ,Q� DGGLWLRQ�� SDWLHQWV� SDUWLFLSDWHG� LQ� D� VWDQGDUGL]HG� UHKDELOLWDWLRQ� SURJUDP RYHU� ��� GD\V� VWDUWLQJ�ZLWKLQ����KRXUV�DIWHU�VWURNH�RQVHW��3ULPDU\�HQGSRLQW�ZDV�WKH DFWLRQ�UHVHDUFK�DUP�WHVW��$5$7��VFRUH�RQ�GD\���� 6DIHW\�DVVHVVPHQW�ZDV�EDVHG�RQ�DGYHUVH�HYHQWV��YLWDO�VLJQV�DQG�ODERUDWRU\�SDUDPHWHUV� 5(68/76��7KH�QRQSDUDPHWU LF�HIIHFW�VL]H�RQ�WKH�$5$7�VFRUH RQ�'D\��� LQGLFDWHG�D�ODUJH�VXSHULRULW\�RI K\GURO\]HG� �SHSWLGH�IURP�SRUFLQH DV�FRPSDUHG�WR�SODFHER��0: ���������&,�����-�������7KH�PXOWL�YDULDWH�HIIHFW�VL]H�RQ� WKH�JOREDO�VWDWXV��DV�DVVHVVHG�E\� WZHOYH�GLIIHUHQW�RXWFRPH�VFDOHV��VKRZHG�D� VPDOO�VXSHULRULW\� �0:� ����� 3� ���������� 7KH� UDWH� RI� SUHPDWXUH� GLVFRQWLQXDWLRQV� ZDV� EHORZ ����������  +\GURO\]HG��SHSWLGH�IURP�SRUFLQH�ZDV�VDIH�DQG�ZHOO�WROHUDWHG� &21&/86,216��+\GURO\]HG� � SHSWLGH� IURP� SRUFLQH KDG D� EHQHILFLDO� HIIHFW� RQ� IXQFWLRQ� DQG� JORE�DO RXWFRPH LQ� HDUO\� UHKDELOLWDWLRQ� SDWLHQWV� DIWHU� VWURNH��7KH� VDIHW\� DVSHFWV� RI  K\GURO\]HG� � SHSWLGH� IURP�SRUFLQH�ZHUH�FRPSDUDEOH�WR�SODFHER��WKXV�VXJJHVWLQJ�D IDYRUDEOH EHQHILW-ULVN�UDWLR��'XH�WR�WKH�VL]H�RI�WKH�VWXG\�WKH�UHVXOWV�VKRXOG�EH�FRQILUPHG�E\�D�KLJK�SUHFLVLRQ��ODUJH-VFDOH�UDQGRPL]HG�FOLQLFDO�WULDO� 

'DILQ�)��0XUHVDQX��0'��3K'��0%$��)$1$     
3URIHVVRU�RI�1HXURORJ\��6HQLRU�1HXURORJLVW��&KDLUPDQ�RI�WKH�1HXURVFLHQFHV�'HSDUW�PHQW��)DFXOW\�RI�0HGLFLQH��8QLYHUVLW\�RI�0HGLFLQH�DQG�3KDUPDF\�³,XOLX�+DWLHJDQX´�&OXM-1DSRFD��3UHVLGHQW�RI�WKH�5RPDQLDQ�6RFLHW\�RI�1HXURORJ\��3UHVLGHQW�RI�WKH�6RFLH�W\�IRU�WKH�6WXG\�RI�1HXURSURWHFWLRQ�DQG�1HXURSODVWLFLW\��6611���PHPEHU�RI�WKH�$FDG�HP\�RI�0HGLFDO�6FLHQFHV��5RPDQLD��VHFUHWDU\�RI�LWV�&OXM�%UDQFK��+H�LV�DOVR�PHPEHU�RI����VFLHQWLILF�LQWHUQDWLRQDO�VRFLHWLHV��EHLQJ�PHPEHU�RI�WKH�$PHULFDQ�1HXURORJLFDO�$V�VRFLDWLRQ��$1$��-�)HOORZ�RI�$1$��)$1$��VLQFH�������DQG���QDWLRQDO�RQHV��EHLQJ�SDUW�RI�WKH�H[HFXWLYH�ERDUG�RI�PRVW�RI�WKHVH�VRFLHWLHV��� 

3URIHVVRU�'DILQ�)��0XUHVDQX� LV�D�VSHFLDOLVW� LQ�/HDGHUVKLS�DQG�0DQDJHPHQW�RI�5HVHDUFK�DQG�+HDOWK�&DUH�
6\VWHPV��VSHFLDOL]DWLRQ�LQ�0DQDJHPHQW�DQG�/HDGHUVKLS��$UWKXU�$QGHUVRQ�,QVWLWXWH��,OOLQRLV��86$�������DQG�
VHYHUDO�LQWHUQDWLRQDO�FRXUVHV�DQG�WUDLQLQJ�VWDJHV�LQ�1HXURORJ\��UHVHDUFK��PDQDJHPHQW�DQG�OHDGHUVKLS���3UR�
IHVVRU�'DILQ�)��0XUHVDQX�LV�FRRUGLQDWRU�LQ�LQWHUQDWLRQDO�HGXFDWLRQDO�SURJUDPV�RI�(XURSHDQ�0DVWHU��L�H��(X�
URSHDQ�0DVWHU�LQ�6WURNH�0HGLFLQH��8QLYHUVLW\�RI�.UHPV���RUJDQL]HU�DQG�FR-RUJDQL]HU�RI�PDQ\�HGXFDWLRQDO�
SURMHFWV�� (XURSHDQ� DQG� LQWHUQDWLRQDO� VFKRROV� DQG� FRXUVHV� �,QWHUQDWLRQDO� 6FKRRO� RI� 1HXURORJ\�� (XURSHDQ�
6WURNH�2UJDQLVDWLRQ�VXPPHU�6FKRRO��'DQXELDQ�1HXURORJLFDO�6RFLHW\�7HDFKLQJ�&RXUVHV��6HPLQDUV�-�'HSDUW�
PHQW� RI� 1HXURVFLHQFHV�� (XURSHDQ� 7HDFKLQJ� &RXUVHV� RQ� 1HXURUHKDELOLWDWLRQ�� DQG� VFLHQWLILF� HYHQWV�� FRQ�
JUHVVHV�� FRQIHUHQFHV��V\PSRVLD� �,QWHUQDWLRQDO�&RQJUHVVHV�RI� WKH�6RFLHW\� IRU� WKH�6WXG\�RI�1HXURSURWHFWLRQ�
DQG�1HXURSODVWLFLW\��6611���,QWHUQDWLRQDO�$VVRFLDWLRQ�RI�1HXURUHVWRUDWRORJ\��,$15��	�*OREDO�&ROOHJH�IRU�
1HXURSURWHFWLRQ� DQG� 1HXURUHJHQHUDWLRQ� �*&11�� &RQIHUHQFHV�� 9DVFXODU� 'HPHQWLD� &RQJUHVVHV� �9D'���
:RUOG�&RQJUHVVHV�RQ�&RQWURYHUVLHV�LQ�1HXURORJ\��&21\���'DQXEH�6RFLHW\�1HXURORJ\�&RQJUHVVHV��:RUOG�
$FDGHP\�IRU�0XOWLGLVFLSOLQDU\�1HXURWUDXPDWROJ\��$01��&RQJUHVVHV��&RQJUHVVHV�RI�(XURSHDQ�6RFLHW\�IRU�
&OLQLFDO�1HXURSKDUPDFRORJ\��(XURSHDQ�&RQJUHVVHV�RI�1HXURUHKDELOLWDWLRQ���+LV�DFWLYLW\�LQFOXGHV�LQYROYH�
PHQW�LQ�PDQ\�QDWLRQDO�DQG�LQWHUQDWLRQDO�FOLQLFDO�VWXGLHV�DQG�UHVHDUFK�SURMHFWV��RYHU�����VFLHQWLILF�SDUWLFLSD�
WLRQV�DV�³LQYLWHG�VSHDNHU´�LQ�QDWLRQDO�DQG�LQWHUQDWLRQDO�VFLHQWLILF�HYHQWV��D�VLJQLILFDQW�SRUWIROLR�RI�VFLHQWLILF�
DUWLFOHV������SDSHUV�LQGH[HG�RQ�:HE�RI�6FLHQFH-,6,��DV�ZHOO�DV�FRQWULEXWLRQV�LQ�PRQRJUDSKV�DQG��3URI��'U��
'DILQ�)��0XUHVDQX�KDV�EHHQ�KRQRXUHG�ZLWK��WKH�$FDGHP\�RI�5RPDQLDQ�6FLHQWLVWV��³&DURO�'DYLOD�$ZDUG�IRU�
0HGLFDO�6FLHQFHV�������´��IRU�WKH�FRQWULEXWLRQ�WR�WKH�1HXURVXUJHU\�ERRN�³7UDWDW�GH�1HXURFKLUXUJLH´��YRO�����
(GLWXUD�0HGLFDOD��%XFXUHVWL�������� WKH�)DFXOW\�RI�0HGLFLQH��8QLYHUVLW\�RI�0HGLFLQH�DQG�3KDUPDF\�³,XOLX�
+DWLHJDQX´�&OXM-1DSRFD�³2FWDYLDQ�)RGRU�$ZDUG´�IRU�WKH�EHVW�VFLHQWLILF�DFWLYLW\�RI�WKH�\HDU������DQG�WKH�
�����5RPDQLDQ�$FDGHP\�³*KHRUJKH�0DULQHVFX�$ZDUG´� 
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&$5',29$6&8/$5�5(+$%,/,7$7,21�,1�$&87(�,6&+(0,&�+($57�',6($6( 
 

3URI��'U��&ULQD��6LQHVFX 
 

,1752'8&7,21�� ([HUFLVHV�KDYH�EHHQ�GHPRQVWUDWHG� WR�EH�EHQHILFLDO� IRU �SDWLHQWV�ZLWK�
FRURQDU\�DUWHU\�GLVHDVH���&$'���+RZHYHU��YLJRURXV�H[HUFLVHV�FDQ�KDYH�GLVDVWURXV�HIIHFWV��7KHUHIRUH��LW�LV�
HVVHQWLDO�WR��KDYH�D�JUDGDWLRQ�RI�WKH�H[HUFLVHV��&DUGLDF�UHKDELOLWDWLRQ��&5��SURJUDPV�DUH�FRPSOH[�VHUYLFHV�
WKDW�LQFOXGH�PHGLFDO�HYDOXDWLRQ��VXSHUYLVHG�H[HUFLVHV��HGXFDWLRQ��QXWULWLRQDO�DQG�SV\FKRORJLFDO�FRXQVHO�
OLQJ��7KH\�OLPLW�WKH�SK\VLRORJLF�DQG�SV\FKRORJLFDO�HIIHFWV�RI�FDUGLDF�GLVHDVH��UHGXFH�WKH�ULVN�RI�VXGGHQ�
GHDWK�RU� UHLQIDUFWLRQ��KHOS� LQ� FRQWUROOLQJ� WKH� FDUGLDF� V\PSWRPV�� VWDELOL]H�RU� UHYHUVH� WKH� DWKHURVFOHURWLF�
SURFHVV�DQG�DFFHOHUDWH�WKH�SDWLHQW�UHLQVHUWLRQ�SURFHVV�LQWR�WKH�VRFLDO�FLUFXLW�� 

0(7+2'6��&5�KDV�EHHQ�FRQYHQWLRQDOO\�GLYLGHG� LQWR� WKUHH�SKDVHV��SKDVH-�� LQYROYHV� WKH�
KRVSLWDOL]HG��SHULRG�RI�WKH�SDWLHQW�IROORZLQJ�DQ�DFXWH�P\RFDUGLDO�LQIDUFWLRQ��0,���SKDVH-��LV�WKH�LPPHGL�
DWH� SRVW-GLVFKDUJH� SHULRG� RI� DURXQG� �-��� ZHHNV� GHSHQGLQJ� RQ� SDWLHQW¶V� HYROXWLRQ� DQG� SKDVH-�� LV� WKH�
PDLQWHQDQFH�SKDVH��DOO�OLIH�ORQJXH��� 

5(68/76��6WDWLVWLFDO�GDWD�UHODWHG�WR�&5�XVH�DUH�VFDUFH��,Q�VSLWH�RI�WKH�ZHOO-GRFXPHQWHG�
EHQHILWV��RQO\����–�����RI�HOLJLEOH�SDWLHQWV�IROORZLQJ�0,�SDUWLFLSDWH�LQ�&5�SURJUDPV�LQ�WKH�8QLWHG�6WDWHV�
DQG�WKH�8QLWHG�.LQJGRP��7KH�PDLQ�UHDVRQ�LV�UHSUHVHQWHG�E\�WKH�ORZ�UDWHV�RI�UHIHUUDO�E\�WKH�PHGLFDO�SUDF�
WLWLRQHUV��2WKHU�SUHGLFWRUV�RI�VXERSWLPDO�SDUWLFLSDWLRQ�LQFOXGH�SRRU�IXQFWLRQDO�VWDWXV��RYHUZHLJKW��WREDFFR�
XVH�DQG�GHSUHVVLRQ��ORQJ-GLVWDQFH�WR�IDFLOLWLHV��ORZ�KHDOWK�OLWHUDF\�DQG�LQIOH[LEOH�ZRUN�VFKHGXOHV��,Q�PDQ\�
(XURSHDQ�FRXQWULHV��LQFOXGLQJ�5RPDQLD��WKH�&5�SURJUDPV�DUH�QRW�FRYHUHG�E\�WKH�1DWLRQDO�+RXVH�,QVXU�
DQFH�&RPSDQLHV��PDNLQJ�WKH�DFFHVV�WR�WKLV�NLQG�RI�VHUYLFHV�YHU\�GLIILFXOW�IRU�WKH�JHQHUDO�SRSXODWLRQ��GXH�
WR�WKH�KLJK�FRVWV�WKDW�DUH�LPSOLHG�E\�WKH�SULYDWH�DPEXODWRU\�RU�LQSDWLHQW�UHKDELOLWDWLRQ�FHQWUHV�� 

&21&/86,21�� 2QH� SRVVLEOH� VROXWLRQ� IRU � ILJKWLQJ� WKH� HFRQRPLF� UHDVRQV� DQG� WKH� RWKHU �
ORZ�DWWHQGDQFH�SUHGLFWRUV�FRXOG�EH�WKH�LQYROYHPHQW�RI�WKH�H-&DUGLRORJ\��7HOHPHGLFLQH��LQWR�WKH�UHKDELOL�
WDWLRQ� ILHOG�� 7KLV� NLQG� RI� H-SURJUDPPHV� ZLOO� VXEVHTXHQWO\� WUDQVODWH� WKH� FODVVLFDO� UHKDELOLWDWLRQ� SUR�
JUDPPHV�IURP�WKH�PHGLFDO�FHQWUHV�LQWR�WKH�SDWLHQW¶V�SHUVRQDO�HQYLURQPHQW� 

&DURO�'DYLOD�8QLYHUVLW\�RI�0HGLFLQH�DQG�3KDUPDF\��%XFKDUHVW�ZLWK�H[SHUWLVH�LQ�
&DUGLRORJ\� � 
5RPDQLDQ�6RFLHW\�RI�&DUGLRORJ\ 
(XURSHDQ�6RFLHW\�RI�&DUGLRORJ\ 
)HOORZ�RI�WKH�(XURSHDQ�6RFLHW\�RI�&DUGLRORJ\ 
$PHULFDQ�+HDUW�$VVRFLDWLRQ��$+$� 

WƌŽĨ͘��ƌ͘��ƌŝŶĂ��^ŝŶĞƐĐƵ 



�� 

�ƌ͘�^ŝŵŽŶĂ���ZE/�/h� 
'RFWRU�LQ�0HGLFDO�6FLHQFHV 
6SHFLDOLVW�GLDEHWHV��QXWULWLRQDO�DQG�PHWDEROLF�GLVHDVHV 
)DPLO\�PHGLFLQH�VSHFLDOLVW 
7UDLQHU 

,QWHUGLVFLSOLQDU\�DSSURDFK�RI�WKH�GLDEHWLF�IRRW�–�WUDQVFHQGLQJ�IURP�³D�VSHFLDOLVW�DQG�DSSDUDWXV�GLV�HDVHV´�WR�³VSHFLDOLVW�WHDP�DQG�RQH�GLVHDVH´ 6LPRQD�&DUQLFLX��0�'���3K'  2EMHFWLYH��7KH�WHUP�GLDEHWLF�IRRW�UHSUHVHQWV�D�V\QGURPH�WKDW�DIIHFWV�RQH�RU �PRUH�OHYHOV�LQ�D�GLDEHWLF�SDWLHQW¶V�IRRW�OLNH�VNLQ��EORRG�YHVVHOV��QHUYHV��ERQH�VWUXFWXUH�RU�PXVFOHV��7KLV�FRPSOH[�GLVHDVH�QHHGV�D�FRPSOH[�DSSURDFK��D�WHDP�RI�VSHFLDOLVWV��PRVWO\�LQWHUGLVFLSOLQDU\� 0DWHULDO�DQG�PHWKRGV��7R�EHWWHU �GHWHUPLQH�ZKDW�WKH�FRU UHFW�DQG�FRPSOHWH�WHDP�LV��UHDFKLQJ�WR�LQWHU �QDWLRQDO�OLWHUDWXUH�DQG�VWXG\�UHVXOWV�LV�QHHGHG��7KHUH�DUH�D�ORW�RI�VWXGLHV�DLPLQJ�SUHYHQWLRQ��ULVN�IDFWRUV��IDF�WRUV�RI�ZRUVHQLQJ��WLVVXH�UHJHQHUDWLRQ��QHUYH�SUHVHUYDWLRQ��ERQH�DUFKLWHFWXUH��DQG�VR�RQ� 5HVXOWV��,Q�WKH�SDWKRORJ\�DQG�DOVR�WUHDWPHQW�RI�WKH�GLDEHWLF�IRRW��PXVW�EH�FRQVLGHUHG��PHWDEROLF�FRQ�WURO��WUHDWPHQW�RI�GLDEHWLF�SHULSKHUDO�QHXURSDWK\�DQG�DUWHULRSDWK\��OHVLRQ�WUHDWPHQW��HVSHFLDOO\�LPSDLUHG�ZRXQG�FORVLQJ��VXUJLFDO�GHEULGHPHQW�RU�LQWHUYHQWLRQ�ZKHUH�LV�QHHGHG��9HU\�LPSRUWDQW�LV�WKH�XVH�RI�SHUVRQ�DOL]HG�IRRWZHDU��ZLWK�PDMRU�LPSOLFDWLRQ�LQ�WUHDWPHQW�DQG�SUHYHQWLRQ��(YHU\�GLDEHWLF�IRRW�PXVW�EH�UHYLVHG�E\�D�FRPSOHWH�WHDP�DQG�VR�WKH�DSSURDFK�ZLOO�EH�WKH�PRVWO\�FRUUHFW� &RQFOXVLRQ��7UDQVFHQGLQJ�WKH�FODVVLF�PHGLFDO�DSSURDFK�RI�GLVHDVHV�WKDW�WDUJHWHG�WKH�VSHFLDOLVW�DQG�D�GLVHDVH�RU�D�V\VWHP�RI�RUJDQV��WKHUH�LV�WKH�LQWHUGLVFLSOLQDU\�WHDP�WKDW�IRFXVHV�RQ�RQH�GLVHDVH�DV�D�ZKROH�YLHZ��,Q�GLDEHWLF�IRRG�V\QGURPH�WKH�WHDP�PXVW�EH�RI�GLDEHWRORJLVW��IDPLO\�SUDFWLWLRQHU��VXUJHRQ��GHUPDWROR�JLVW��SRGRORJLVW��350�SK\VLFLDQ��YDVFXODU�VXUJHRQ��SV\FKRORJLVW��IRRWZDUH�WHFKQLFLDQ��DQG�VR�RQ��GHSHQGLQJ�RI�WKH�LGHQWLILHG�DIIHFWHG�OHYHOV�RI�WKLV�V\QGURPH�� 

�$ZDUG�RI�([FHOOHQFH�������6HFWLRQ�'RFWRUDO��5RPDQLDQ�0HGLFDO�$VVRFLDWLRQ�$QQXDO�&RQJUHVV��%XFKD�UHVW���-����������-�,�0HQWLRQ ��3UL]H�IRU�WKH�EHVW�SRVWHU�-��ZRUNV�OLVW��VHFWLRQ�����-�7KH��WK�,QWHUQDWLRQDO�:RUNVKRS�(OHFWURPDJQHWLF�&RPSDWLELOLW\�(0&������2GRUKHOOHQ�-�5RPDQLD���-����������� ��$ZDUG������'RFWRUDO�6HFWLRQ��5RPDQLDQ�0HGLFDO�$VVRFLDWLRQ�$QQXDO�&RQJUHVV��%XFKDUHVW��$SULO����WR���������� ��([FHOOHQFH�$ZDUG�IRU�3K'��'RFWRUDO�6HFWLRQ��5RPDQLDQ�0HGLFDO�$VVRFLDWLRQ�$QQXDO�&RQJUHVV��%XFKD�UHVW����������������� ��1RPLQDWLRQ�*DOD�0HGLFD��6L[WK�(GLWLRQ��%XFKDUHVW��-XQH�����������DW�WKH��%HVW�&RPPXQLFDWRU�SK\VL�FLDQ���'U��$OLV�*UDVX�ZLWK�'U��,ULQD�%DGUDMDQ�DQG�3URI��/XNH�&ODQF\ ��D�FURVV��+HDOWK\�DQG�KDSS\��LQ�WKH�1DWLRQDO�3URJUDP�IRU�3UHYHQWLRQ�RI�0HWDEROLF�3DWKRORJ\�DQG�&DUGL�RYDVFXODU�SURJUDP�LQLWLDWHG�LQ������E\�WKH�5RPDQLDQ�0HGLFDO�$VVRFLDWLRQ�DQG�WKDW�FRQFHUQV�PH�DV�VHFUH�WDU\�RI�WKH�$VVRFLDWLRQ� ��1XPHURXV��RYHU�����SDUWLFLSDWLRQ�LQ�QDWLRQDO�DQG�LQWHUQDWLRQDO�FRQJUHVVHV�DQG�V\PSRVLD�LQ�WKH�SHULRG�����-���� ��6FLHQWLILF�6HVVLRQ�DW�WKH�5RPDQLDQ�$FDGHP\�RQ�SUHYHQWLRQ�WKURXJK�SURSHU�QXWULWLRQ�DQG�DSSOLHG�WHFK�QRORJ\�LQ�WKH�IRRG�LQGXVWU\��ZKHUH�ZH�SUHVHQWHG�WKH�FXUUHQW�SUREOHP�DQG�WKH�QHHG�IRU�LQWHUGLVFLSOLQDU\�FROODERUDWLRQ�LQ�WKH�1DWLRQDO�3URJUDPPH�IRU�3UHYHQWLRQ�RI�&DUGLRYDVFXODU�'LVHDVH�DQG�0HWDEROLF�5RPD�QLDQ�0HGLFDO�$VVRFLDWLRQ�������� ��9ROXQWDU\�PHGLFDO�-�7KH��+HDOWK�IRU�YLOODJHV��-�KXPDQLWDULDQ�FDPSDLJQ�RI�SUHYHQWLRQ�LQ�KHDOWK�-�VWDUWHG�DIWHU�VLJQLQJ�WKH�3URWRFRO�RI�&RRSHUDWLRQ�EHWZHHQ�WKH�5RPDQLDQ�3DWULDUFKDWH�DQG�WKH�0LQLVWU\�RI�+HDOWK��,W�ZDV�VLJQHG�RQ�6HSWHPEHU���������DQG�DLPHG�DW�GLVDGYDQWDJHG�UXUDO�SHRSOH��ROGHU�SHRSOH��SHRSOH�ZLWK�ORZ�HGXFDWLRQDO�OHYHO��VRFLDO�FDVHV� 



�� 
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$QFD�0LUHOD�,RQHVFX��6HQLRU�3K\VLFLDQ�6SHFLDOLVW�LQ�6SRUWV�0HGLFLQH��3URIHV�VRU� DQG�+HDG�RI� WKH�6SRUWV�0HGLFLQH�'HSDUWPHQW� DW� WKH�8QLYHUVLW\�RI�0HGLFLQH� DQG�3KDUPDF\�³&DURO�'DYLOD´��%XFKDUHVW��5RPDQLD� DQG�DOVR�D�(XURSHDQ� WUDLQHU� �8(06-0-&�RQ�6SRUWV�0HGLFLQH���6LQFH�������,�KDYH�EHHQ�D�1DWLRQDO�&RRUGLQDWRU�IRU�6SRUWV�0HGLFLQH�6SHFLDOW\�7UDLQLQJ��� ,�DP�ZRUNLQJ�DW�WKH�1DWLRQDO�,QVWLWXWH�RI�6SRUWV�0HGL�FLQH�LQ�WKH�/DERUDWRU\�IRU�7HVWLQJ�WKH�(IIRUW�&DSDFLW\���,�DP�DOVR�JLYLQJ�OHFWXUHV�DW�WKH�1DWLRQDO�&HQWHU�RI�&RDFKHV�)RUPDWLRQ�� ,�DP�IRFXVLQJ�P\�DFWLYLW\�RQ�VSRUWV�SK\VLROR�J\��VSRUWV�SK\VLRSDWKRORJ\�DQG�VSRUWV�QXWULWLRQ��SDUWLFXODUO\�RQ�DSSO\LQJ�EDVLF�VFLHQFH�FRQFHSWV� WR� SK\VLFDO� DFWLYLWLHV� LQ� RUGHU� WR� RSWLPL]H� VSRUWV� SHUIRUPDQFH� DQG� SURPRWH�KHDOWK��6R�IDU��,�KDYH�SXEOLVKHG���DUWLFOHV�DQG�ERRNV��DV�D�FRRUGLQDWLQJ�DXWKRU�RU�D�FR-DXWKRU���6LQFH�������,�KDYH�DQQXDOO\�RUJDQL]HG�LQ�%XFKDUHVW�1DWLRQDO�DQG�,QWHUQDWLRQDO�&RQIHUHQFHV�DQG�FRXUVHV�RI�6SRUWV�0HGLFLQH��5HJDUGLQJ�P\�SXEOLVKLQJ�DFWLYLWLHV��,�DP�D� 0DQDJLQJ� (GLWRU� RI� WKH� 5RPDQLDQ� 6SRUWV� 0HGLFLQH� -RXUQDO��ZZZ�PHGLFLQDVSRUWLYD�UR��DQG�D�UHYLHZHU�IRU�([HUFLVH�3K\VLRORJ\�DQG�6SRUWV�1XWUL�WLRQ��WKH�$VLDQ�-RXUQDO�RI�([HUFLVH�	�6SRUWV�6FLHQFH���,�DP�DOVR�D�PHPEHU�RI�WKH�HGL�WRULDO�ERDUG�RI�3DOHVWULFD�RI�WKH�7KLUG�0LOOHQQLXP��WKH�+HOOHQLF�6SRUWV�0HGLFLQH�-RXU�QDO��7LPLVRDUD�3K\VLFDO�(GXFDWLRQ�DQG�5HKDELOLWDWLRQ� -RXUQDO�� WKH�6SRUW�6FLHQFH�5H�YLHZ�DQG�WKH�(XURSHDQ�-RXUQDO�RI�6SRUWV�0HGLFLQH��(8-60��-� WKH�RIILFLDO� MRXUQDO�RI�(XURSHDQ�)HGHUDWLRQ�RI�6SRUWV�0HGLFLQH�$VVRFLDWLRQV��()60$��� 1DWLRQDO�0DQDJHU��6SRUWV�0HGLFLQH�0-&�–�8(06������-SUHVHQW� 3UHVLGHQW�RI�WKH�5RPDQLDQ�6SRUWV�0HGLFLQH�6RFLHW\������-SUHVHQW� 3UHVLGHQW�RI�WKH�%DONDQ�6SRUWV�0HGLFLQH�$VVRFLDWLRQ������-����� 0HPEHU� RI� WKH�([HFXWLYH�&RPPLWWHH� RI� WKH�()60$� �����-SUHVHQW���PHPEHU� RI� WKH�6FLHQWLILF�DQG�(GXFDWLRQ�&RPPLVVLRQ�RI�WKH�(XURSHDQ�)HGHUDWLRQ�RI�6SRUWV�0HGLFLQH�$VVRFLDWLRQV������-����� (XURSHDQ�6FLHQWLILF�$GYLVRU�IRU�*DWRUDGH�6SRUWV�6FLHQFH�,QVWLWXWH������-������ )RUHLJQ�ODQJXDJHV��)UHQFK�DQG�(QJOLVK 

(;(5&,6(��35(6&5,37,21�LQ�35(9(17,21���5(+$%,,7$7,21�$1'�7+(5$3< �������������������������������������������������������������������$�0�,RQHVFX��$��&DUDPRFL� 
������������������������������������������������)DFXOW\�RI�0HGLFLQH��80)�³&DURO�'DYLOD´�-�6SRUWV�0HGLFLQH�'HSDUWPHQW ������������������������������������������������1DWLRQDO�,QVWLWXWH�RI�6SRUWV�0HGLFLQH��%XFKDUHVW������������������������������������������������������������� ������������������������������������������������FRUUHVSRQGLQJ�DXWKRU��DQFDBPLUHODBLRQHVFX#\DKRR�FRP  ,QWURGXFWLRQ ��������6SRUWV�0HGLFLQH�ZDV�UHFRJQL]HG�GXULQJ�WKH�SDVW�\HDUV�DV�D�VSHFLDOW\�GHDOLQJ�ZLWK�WKH�SUHYHQWLRQ�RI�FKURQLF�GLVHDVHV�FDXVHG�E\�VHGHQWDU\�OLIHVW\OH��3K\VLFDO�DFWLYLW\�LV�HVVHQWLDO�WR�JRRG�KHDOWK�DQG�TXDOLW\�RI�OLIH��'HYHORSLQJ�D�UHFRPPHQGHG�H[HUFLVH�SUHVFULSWLRQ�IRU�VSRUWV�PHGLFLQH�SK\VLFLDQV�LQ�(XURSH�LV�WKH�JRDO�RI�()60$�� 0DWHULDO�DQG�0HWKRGHV ���������,Q�RUGHU�WR�JHQHUDWH�WKH�H[SHFWHG�RXWFRPH�DQG�QRW�WR�SURGXFH�DGYHUVH�UHDFWLRQV��SK\VLFDO�H[HUFLVH�PXVW�EH�H[DFWO\�SUHVFULEHG��GUXJ�����,W�PXVW�KDYH�D�VSHFLILF�LQWHQVLW\��GXUDWLRQ�DQG�YROXPH��([HUFLVH�SK\VL�RORJ\�DQG�LWV�SULQFLSOHV�DUH�WKH�EDVLV�RI�D�H[HUFLVH�SUHVFULSWLRQ�DQG�LW�LV�QRW�DQ�DOWHUQDWLYH�WR�GUXJV�IRU�%3��'0-,,��REHVLW\��K\SHUFKROHVWHUROHPLD�EXW�D�FRPSOHPHQWDU\�IRUP�RI�WKHUDS\��6SRUWV�0HGLFLQH�GRFWRUV�SOD\�D�SLYRWDO�UROH�ZLWK�H[HUFLVH�SUHVFULSWLRQ� 3K\VLFDO�DFWLYLW\�LQ�WKH�HOGHUO\�LV�VWURQJO\�UHFRPPHQGHG��LW�LV�DQG�EHQHILFLDO��6SRUWV�LQ�WKH�DJHG�VKRXOG�EH�YHUVDWLOH�LQFOXGLQJ�HQGXUDQFH��VWUHQJWK��PRELOLW\�DQG�FRRUGLQDWLYH�WUDLQLQJ��$UWKURVLV�LQ�WKH�OHJ�MRLQWV�VKRXOG�QRW�EH�D�EDUULHU�WR�DFWLYLW\�DQG�KDV�WKHUDSHXWLF�YDOXH�,W�FDQ�UHGXFH�WKH�QXPEHU�RI�UHTXLUHG�PHGLFD�WLRQV�DQG�RU�HQKDQFH�WKHLU�HIILFDF\��0HGLFDWLRQ�QHHGV�WR�EH�DGDSWHG�WR�DFWLYLW\� 2ULJLQDO�SUHVFULSWLRQ�VKRXOG�FRQWDLQ�),77��)UHTXHQF\��ZHHN��,QWHQVLW\��0(76���7\SH�RI�H[HUFLVH��7LPH��PLQXWHV��DQG�DOVR�ZDUP-XS��FRRO�GRZQ�DQG�IOH[LELOLW\�UHFRPPHQGDWLRQV����������7KH�H[HUFLVH�SUHVFULSWLRQ�LV�VLJQHG�E\�ERWK�GRFWRU�DQG�SDWLHQW��7KH�SDWLHQW�LV�FDOOHG-LQ�DIWHU���ZHHNV�WR�HYDOXDWH�KLV�HYROXWLRQ�DQG�DF�FRPPRGDWLRQ�WR�WKH�H[HUFLVH��� &RQFOXVLRQV� 3UHVFULELQJ�H[HUFLVH�LV�QRW�HQRXJK��2IIHU�\RXU�SDWLHQWV�D�SUDFWLFDO�DLG�DV�WR�KRZ�PRUH�H[HUFLVH�FDQ�EH�LQWH�JUDWHG�LQWR�WKHLU�GDLO\�OLIH��0RWLYDWH�WKH�SDWLHQWV�WR�DGRSW�KHDOWK\�OLIHVW\OH�DQG�EHWWHU�H[HUFLVH�KDELWV��   
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&,252,$18�9,5*,/-67()$1-'$1� 
-�&RQI��8QLY��'U���'LVFLSOLQD�GH�1HXURORJLH� �'RFWRU�vQ�ùWLLQĠH�0HGLFDOH 
6RFLHWDWHD�5RPkQă�GH�ùWLLQĠH�)L]LRORJLFH��GLQ����� )(36��)HGHUDĠLD�6RFLHWăĠLORU�(XURSHQH�GH�)L]LRORJLH���GLQ����� ,836��8QLXQHD�,QWHUQDĠLRQDOă�D�ùWLLQĠHORU�)L]LRORJLFH���GLQ����� 6RFLHWDWHD�5RPkQă�GH�1HXURORJLH��GLQ����� &HQWUXO�GH�&HUFHWDUH�–�6HUYLFLL�0HGLFDOH�–�80)�&UDLRYD� 

67$1',1*�$1'�:$/.,1*�5(+$%,/,7$7,21�,1�3$7,(176�:,7+�+(0,3$5(6,6 
'��6��&LRURLDQX��(��3DXQ��$��0��%XPEHD��/��5�3DXQ��&��6WRLFD��$��0�$OEX��%��6��%XP�EHD 

 
�0HGLFDO�5HKDELOLWDWLRQ�0G��3K'��1HXURSVLF\DWU\�+RVSLWDO��1HXURORJLFDO�5HKDELOLWDWLRQ�'HSDUWPHQW 

��0HGLFDO�5HKDELOLWDWLRQ�5HVLGHQW 
�0HGLFDO�5HKDELOLWDWLRQ�3K\VLFLDQ 

 
2%-(&7,9(6��7KH�DXWKRUV�ZDQW�WR�HYDOXDWH�WKH�UROH�RI�NLQHWRWKHUDS\�HDU O\�DSSOLHG�WR�SD�WLHQWV�ZLWK�KHPLSDUHVLV�DIWHU�VWURNH�IRU�UHFRYHULQJ�VWDQGLQJ�DQG�ZDONLQJ��7KH�DELOLW\�WR�ZDON�LV�FRQVLG�HUHG�WKH�PRVW�LPSRUWDQW�DVSHFW�RI�UHFRYHU\�LQ�VWURNH��:DONLQJ�VSHHG�LV�FRQVLGHUHG�WKH�VLJQLILFDQW�PDUNHU��VHQVLWLYH�DQG�VWDEOH�VHYHULW\�DQG�DELOLW\�WR�ZDNLQJ�GHILFLW�� 
0$7(5,$/� $1'� 0(7+2'��:H� KDYH� HYDOXDWHG� ��� SDWLHQWV� �DJH� EHWZHHQ� ��� DQG� ���\HDUV��GLYLGHG� LQ� WZR�JURXSV��RQH��QDPHG� ORW�$��ZLWK�SDWLHQWV�ZKR�KDYH�VWDUWHG� WKH� UHFRYHU\�SURJUDP�GXULQJ�WKH�ILUVW���PRQWKV�IURP�WKH�VWURNH�DQG�D�VHFRQG�JURXS�SDWLHQWV��QDPHG�ORW�%�� �ZKR�KDYH�VWDUWHG�WKHLU�UHFRYHU\�SURJUDP���PRQWKV�DIWHU�WKHLU�FHUHEUDO�YDVFXODU�DFFLGHQW� 
 3DWLHQWV�ZHUH�HYDOXDWHG�DW�ILUVW�DQG�DW�VL[�PRQWKV��IROORZLQJ�D�SK\VLFDO�WKHUDS\�SURJUDP����GD\V�LQ� WKH� ILUVW� SKDVH�� WKHQ� LWV� FRQWLQXDWLRQ� DW� KRPH��$IWHU� WKH���PRQWKV�ZDV�PDGH� ILQDO� HYDOXDWLRQ��7KH\�ZHUH�HYDOXDWHG�DFFRUGLQJ�ZDONLQJ�DQG�VWDQGLQJ�VFDOHV��7LQHWWL�%DODQFH�6FRUH��78*�WHVW��7LPHG�*HW�8S�DQG�*R�7HVW��DQG�6L[�0LQXWH�:DON�'LVWDQFH� 
5(68/76��7KH�JURXS�$�ZKLFK�EHJDQ�SK\VLFDO�WKHUDS\�SURJUDP�LQ�WKH�ILU VW�VL[�PRQWKV�DI�WHU�VWURNH�DFKLHYHG�VXSHULRU�UHVXOWV�FRPSDUHG�WR�JURXS�%��ERWK�VWDQGLQJ�DQG�ZDONLQJ�LQ�UHFRYHU\��DQG�WKH�UHVXOWV�ZHUH�PDLQWDLQLQJ�GXULJ�RXU�REVHUYWLRQDO�VWXG\� 
&21&/86,21��3K\VLFDO�WKHUDS\�DSSOLHG�HDU O\�LQ�WKH�ILUVW���PRQWKV�DIWHU �VWURNH�VKRZQ�EHWWHU�UHVXOWV�DQG�WKDW�FRXOG�EH�D�JXLGH�IRU�WKLV�FDWHJRU\�RI�SDWLHQWV�� 
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<DVXDNL�*RWR 
6HQLRU�5HVHDUFK�6FLHQWLVW��216(1�0HGLFDO�6FLHQFH�5HVHDUFK�&HQWHU��-DSDQ�+HDOWK�	�5HVHDUFK�,QVWLWXWH��7RN\R��-DSDQ (-PDLO��\JRWR#RQVHQ-PVUF�FRP 5HVHDUFK�,QWHUHVW� $JLQJ�6FLHQFH��3V\FKRSK\VLRORJ\��%DOQHRORJ\�DQG�%HKDYLRU�VFLHQFH $ZDUGV ([FHOOHQW�SDSHU�LQ�������7KH�-DSDQHVH�6RFLHW\�RI�%DOQHRORJ\��&OLPDWRORJ\�DQG�3K\VLFDO�0HGLFLQH 5HFHQW�3XEOLFDWLRQV� <DVXDNL�*RWR��6KLQ\D�+D\DVDND��<RVKLND]X�1DNDPXUD�� +HDOWK�(IIHFWV�RI�6HDVRQDO�%DWKLQJ�LQ�+RW�:DWHU��6HDVRQDO�8WLOL]DWLRQ�RI�+RW�6SULQJ�)DFLOLWLHV��DQG�+LJK�*UHHQ�7HD�&RQVXPSWLRQ� -�-SQ�%DOQHRO�&OLPDWRO�3K\V�0HG������������-��������� <DVXDNL�*RWR��6KLQ\D�+D\DVDND��<RVLND]X�1DNDPXUD�� %DWKLQJ�LQ�+RW�:DWHU��%DWKLQJ�LQ�-DSDQHVH�6W\OH�+RW�6SULQJ�DQG�'ULQNLQJ�*UHHQ�7HD�0D\�&RQWULEXWH�WR�WKH�*RRG�+HDOWK�6WDWXV�RI�-DSDQHVH� -�-SQ�%DOQHRO�&OLPDWRO�3K\V�0HG������������-��������� 

3+<6,2/2*,&$/�$1'�36<&+2/2*,&$/�%(1(),76 
�2)�%$7+,1*�67</(�,1�-$3$1 

<DVXDNL�*RWR 
216(1�PHGLFDO�VFLHQFH�UHVHDUFK�FHQWHU��-DSDQ�+HDOWK�	�5HVHDUFK�,QVWLWXWH� 

7RN\R��-DSDQ��\JRWR#MSK-UL�RU�MS 
 
7KH�GDLO\�EDWKLQJ�URXWLQH�LV�XVXDOO\�D�VRDNLQJ�LQ�KRW�ZDWHU�KHDWHG�WR�DSSUR[LPDWHO\����&��%HFDXVH�RI�WKLV�KDELW��ZH�WKLQN�WKDW�-DSDQHVH�EDWKLQJ�VW\OH�LV�YHU\�XQLTXH�IURP�D�JOREDO�SHUVSHFWLYH��)RU�-DSD�QHVH��WKH�PDLQ�SXUSRVH�RI�EDWKLQJ�LV�QRW�RQO\�WR�FOHDQ�DQG�WR�ZDVK�WKH�ERG\��EXW�DOVR�WR�ZDUP�WKH�ERG\�LQ�WKH�KRW�ZDWHU��,W�LV�NQRZQ�WKDW�EDWKLQJ�KDV�PDQ\�SRVLWLYH�HIIHFWV�DQG�WKH�JUHDWHVW�EHQHILW�LV�WKH�WKHUPDO�HIIHFW�ZKLFK�FRXOG�LPSURYH�EORRG�IORZ�YLD�WKH�GLODWLRQ�RI�EORRG�YHVVHOV��IROORZHG�E\�UHGXFLQJ�&2��DQG�LQFUHDVLQJ�2��OHYHOV�RI�WKH�H[WUHPLWLHV��:H�WKHUHIRUH�EHOLHYH�WKDW�D�EDWKLQJ�FDQ�UHIUHVK�RXUVHOYHV�SK\VLFDOO\�DQG�PHQWDOO\� 
:H�K\SRWKHVL]HG�WKDW�EDWKLQJ�LQ�KRW�ZDWHU�PD\�EH�RQH�UHDVRQ�IRU�-DSDQHVH�JRRG�KHDOWK�VWDWXV��6HY�HUDO�FURVV-VHFWLRQDO�VWXGLHV�KDYH�EHHQ�VKRZQ�WKH�JRRG�HIIHFWV�RI�EDWLQJ�LQ�KRW�ZDWHU�RQ�KHDOWK��:H�ZLOO�SUHVHQW�VHYHUDO�RXU�VWXGLHV�LQ�ZKLFK�ZH�FRPSDUHG�WKH�HIIHFWV�RI�EDWKLQJ�LQ�KRW�ZDWHU�DQG�WDNLQJ�VKRZHU�LQ�GDLO\� 
:H�FRQGXFWHG�WKUHH�LQWHUYHQWLRQ�VWXGLHV�LQ������������DQG������ 
,Q�WKH�ILUVW�VWXG\��ZH�LQYHVWLJDWHG�VHOI�UDWHG�KHDOWK�VWDWXV�DQG�IRXQG�WKDW�VXEMHFWV�ZLWK�EDWLQJ�LQ�KRW�ZDWHU�IRU���ZHHNV�VKRZHG�EHWWHU�FRQGLWLRQ�ZLWK�UHVSHFW�WR�VXEMHFWLYH�KHDOWK�VWDWXV�VXFK�DV�VHOI-UDWHG�KHDOWK��VNLQ�FRQGLWLRQ��VWUHVV�DQG�IDWLJXH�FRPSDUHG�ZLWK�WKRVH�ZLWK�WDNLQJ�VKRZHU�IRU���ZHHNV��,Q�WKH�VHFRQG�VWXG\��ZH�LQYHVWLJDWHG�WKH�VOHHS�TXDOLW\�E\�((*�DQG�IRXQG�WKDW�WKH�GHOWD�EDQG�SRZHU�GHQVLW\�NQRZQ�DV�DQ� LQGLFDWRU�RI�GHHS�VOHHS� IRU� UHVWLQJ�EUDLQ� LQ� WKH� ILUVW� VOHHS� F\FOH�ZDV� VLJQLILFDQWO\� LQ�FUHDVHG�LQ�WKH�VXEMHFWV�ZLWK�EDWKLQJ�LQ�KRW�ZDWHU�FRPSDUHG�ZLWK�WKRVH�ZLWK�WDNLQJ�VKRZHU��,Q�WKH�ODVW�VWXG\��ZH� FROOHFWHG� WKH� GDWD� LQ� WHUPV� RI� WKH� JHQH� H[SUHVVLRQV� UHODWHG� WR� EDWKLQJ��ZH� VKRZHG� WKDW�*$%5*�� �DQWL-VWUHVV��� 6,57�� �DQWL-DJLQJ��� '()$�� �DQWL-EDFWHULD��� DQG� ,5)��DQWL-YLUXV�� ZHUH� LQ�FUHDVHG�DIWHU�EDWKLQJ�LQ�KRW�ZDWHU�IRU�WZR�ZHHNV��)URP�WKHVH�VWXGLHV��ZH�WKLQN�WKDW�EDWKLQJ�LQ�EDWK�WXE�ZLWK�KRW�ZDWHU�GDLO\�PD\�FRQWULEXWH�WR�WKH�JRRG�KHDOWK�VWDWXV�RI�-DSDQHVH� 
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3URI��*5,*25($1�9DOHQWLQ�7LWXV� 

3URIHVVRU�LQ�JHQHUDO�VXUJHU\� 6SHFLDOLVW�LQ�FDUGLRYDVFXODU�VXUJHU\� 6HQLRU�VSHFLDOLVW�LQ�JHQHUDO�VXUJHU\� +DELOLWDWLRQ�WKHVLV���³,QWHUGLVFLSOLQDU\�FROODERUDWLRQ�EHWZHHQ�JHQHUDO�VXU�JHU\�DQG�QHXURVXUJHU\��ERUGHUOLQH�SDWKRORJ\�DQG�QHZ�VXUJLFDO�WHFKQLTXHV´� 8QLYHUVLW\�RI�0HGLFLQH�DQG�3KDUPDF\�³,XOLX�+DWLHJDQX´��&OXM-1DSRFD��5RPDQLD ,�SXEOLVKHG����DUWLFOHV�����DUWLFOHV�,6,�UDWHG�����DUWLFOHV�LQGH[HG�LQ�,'%�����DUWL�FOHV�QRW�LQGH[HG�LQ�,'%� ,�SXEOLVKHG���ERRNV�����ERRN�FKDSWHUV�DQG�,�ZDV�FRQWULEXWRU�WR�RQH�ERRN ,�KDG�����VFLHQWLILF�FRPPXQLFDWLRQV�LQ�QDWLRQDO�LQWHUQDWLRQDO�FRQJUHVVHV��FRQ�IHUHQFHV��FRXUVHV ,�SDUWLFLSDWHG�LQ����UHVHDUFK�SURMHFWV��DV�D�SURMHFW�PDQDJHU�LQ�RQH��DV�D�SUR�MHFW�UHVSRQVLEOH�PDQDJHU�LQ�RQH�DQG�DV�D�UHVHDUFK�WHDP�PHPEHU�LQ�HLJKW� 
$/7(51$7,9(�685*,&$/�7+(5$3<�72�67$1'$5'�75($70(17�)25�+<'52�&(3+$/86��9(175,&8/2-(3,3/22,&�6+817�$1'�9(175,&8/23257$/�(;75$�3(5,721($/�75$16203+$/,&�6+817  9DOHQWLQ�7LWXV�*ULJRUHDQ���0'��3K'��$XUHOLD�0LKDHOD�6DQGX���0'��3K'  �� 3URIHVVRU� DW�8QLYHUVLW\� RI�0HGLFLQH� DQG�3KDUPDF\�³&DURO�'DYLOD´�� ��WK�'HSDUWPHQW� RI�*HQHUDO�6XUJHU\��+HDG�RI�WKH�'HSDUWPHQW�RI�*HQHUDO�6XUJHU\��(PHUJHQF\�&OLQLFDO�+RVSLWDO�%DJGDVDU-$UVHQL��%XFKDUHVW��5RPDQLD �(PHUJHQF\� &OLQLFDO� +RVSLWDO� %DJGDVDU-$UVHQL�� )RXUWK� 'HSDUWPHQW� 2I� 1HXURVXUJHU\�� %XFKDUHVW��5RPDQLD  $EVWUDFW�  ,QWURGXFWLRQ�� +\GURFHSKDOXV� LV� DQ� H[WUHPHO\� LQYDOLGDWLQJ� GLVHDVH�ZLWK� KLJK� LPSDFW� RQ� SRSXODWLRQ��UHTXLULQJ�IUHTXHQW�PHGLFDO�FDUH�� 0DWHULDO�DQG�PHWKRGV��2YHU�WKH�WLPHV�PDQ\�GLIIHUHQW�VXUJLFDO�SURFHGXUHV�ZHUH�WULHG��EXW�HYHQ�WKRXJK�YHQWULFXORSHULWRQHDO�DQG�YHQWULFXORFDUGLDF�VKXQWV�SURYHG�WKHLU�IHDVLELOLW\��WKH\�KDYH�KLJK�ULVN�RI�FRP�SOLFDWLRQV��:H�SURSRVH�WZR�QHZ�VXUJLFDO�WHFKQLTXHV��YHQWULFXOR-HSLSORRLF�DQG�YHQWULFXORSRUWDO�H[WUD�SHULWRQHDO�WUDQVRPSKDOLF�VKXQWV�IRU�WUHDWPHQW�RI�K\GURFHSKDOXV��)LUVW��ZH�SHUIRUPHG�WKH�WZR�VXUJLFDO�WHFKQLTXHV��YHQWULFXOR-HSLSORRLF�DQG�YHQWULFXORSRUWDO�H[WUDSHULWRQHDO�WUDQVRPSKDOLF�VKXQW��RQ�H[SHUL�PHQWDO�DQLPDOV�ZLWK�KLJKO\�VLPLODU�DQDWRP\��SLJV���DFFRUGLQJ�ZLWK�WKH�ODZV�LQ�IRUFH��/DWWHU��ZH�SHU�IRUPHG� YHQWULFXOR-HSLSORRLF� VKXQW� RQ� KXPDQV�� DQG�ZH� UHWURVSHFWLYHO\� UHYLHZHG�PHGLFDO� UHFRUGV� RI�WKHVH�SDWLHQWV� 5HVXOWV��([SHULPHQWDO�DQLPDOV�LQ�ERWK�VWXGLHV�KDG�IDYRUDEOH�RXWFRPH��ZLWK�QR�SRVWRSHUDWLYH�HDUO\�RU�ODWH�PRUELGLW\�� %HWZHHQ������DQG������ZH�SHUIRUPHG�YHQWULFXOR-HSLSORRLF�VKXQW�LQ����SDWLHQWV����PHQ�DQG���ZRPHQ��7KH� WHFKQLTXH�ZDV�SHUIRUPHG� LQ����SDWLHQWV�ZLWK�PXOWLSOH�FODVVLFDO� VKXQW� UHYLVLRQV�DQG� LQ� WZR�ZDV�GRQH�SHU�SULPDP��7KH�RXWFRPH�ZDV�IDYRUDEOH�LQ�DOO�FDVHV��ZLWK�QR�VLJQLILFDQW�SRVWRSHUDWLYH�FRPSOLFD�WLRQV� &RQFOXVLRQV��9HQWULFXOR-HSLSORRLF�DQG�YHQWULFXORSRUWDO�H[WUDSHULWRQHDO�WUDQVRPSKDOLF�VKXQWV�DUH�WZR�QHZ��VDIH�DQG�HIILFLHQW�VXUJLFDO�WHFKQLTXHV�IRU�WUHDWPHQW�RI�K\GURFHSKDOXV��7KH\�FDQ�EH�SHUIRUPHG�DV�D�VDYLQJ�VROXWLRQ�LQ�SDWLHQWV�ZLWK�UHSHWLWLYH�FODVVLFDO�VKXQW�IDLOXUHV��&RPSOLFDWLRQV�VSHFLILF�WR�FODVVLFDO�VKXQW�V\VWHPV�FDQ�EH�VXFFHVVIXOO\�DYRLGHG��9HQWULFXOR-HSLSORRLF�DQG�YHQWULFXORSRUWDO�VKXQWV�KDYH�PXOWLSOH�DGYDQWDJHV�FRPSDUH�WR�RWKHU�FODVVLF�VKXQW�WHFKQLTXHV��ZLWK�QR�DGGLWLRQDO�VWLSXODWHG�FRPSOL�FDWLRQV��,Q�FDVH�RI�YHQWULFXORSRUWDO�VKXQW�IXUWKHU�UHVHDUFK�LV�QHHGHG�DQG�WKLV�VXUJLFDO�WHFKQLTXH�PXVW�EH�SHUIRUPHG�RQ�KXPDQ�VXEMHFWV�ZLWK�K\GURFHSKDOXV�� 
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8URO�RJLH��(QGRXURORJLFDO�6RFLHW\��(XURSHDQ�6RFLHW\�IRU�6H[XDO�0HGLFLQH��+LV�WUDLQLQJ�LQFOXGHG� ��� QDWLRQDO� DQG� LQWHUQDWLRQDO� FRXUVHV� DQG� WUDLQLQJ� VHVVLRQV� LQFOXGLQJ� D�0DVWHU&ODVV� LQ� 8URORJ\� RUJDQL]DHG� E\� (XURSHDQ� 6FKRRO� RI� 8URORJ\� DQG�:HLOO�&RUQHOO��WUDLQLQJ�LQ�WKH�'HSDUWPHQW�RI�8URORJ\�RI�6W��(OLVDEHWK�+RVSLWDO�LQ�/HLS�]LJ� DQG� SRVWGRFWRUDO� VWXGLHV� ZLWK� WKH� WKHPH� Ä2SWLPL]LQJ� UHWURJUDGH� IOH[LEOH�XUHWHURVFRSLF�DSSURDFK�LQ�WKH�WUHDWPHQW�RI�S\HORFDOLFHDO�FDOFXOL´��+H�LV�DXWKRU�RU�FR-DXWKRU� LQ�QLQH�XURORJLFDO�ERRNV�� LQFOXGLQJ�³(QGRVFRSLF�'LDJQRVLV�DQG�7UHDW�PHQW� LQ�8UHWKUDO� 3DWKRORJ\´�� ³(QGRVFRSLF�'LDJQRVLV� DQG�7UHDWPHQW� LQ� 3URVWDWH�3DWKRORJ\´� DPG� ³(QGRVFRSLF� 'LDJQRVLV� DQG� 7UHDWPHQW� LQ� 8ULQDU\� %ODGGHU� 3D�WKRORJ\´�SXEOLVKHG�LQ��(OVHYLHU�-�$FDGHPLF�3UHVV��8.��������+H�LV�DXWKRU�RU�FR-DXWKRU�LQ�����SDSHUV��SRVWHUV�RU�YLGHRV�SUHVHQWHG�LQ�QDWLRQDO�RU�LQWHUQDWLRQDO�&RQ�JUHVVHV��DQG�LQ����DUWLFOHV�SXEOLVKHG�LQ�QDWLRDO�RU�LQWHUQDWLRQDOV�MRXUQDOV��+H�LV�UH�YLHZHU�IRU�VHYHUDO�MRXUQDOV�DQG�&RQJUHVVHV��DPRQJ�WKHP�8URORJ\�$QQDOV�DQG�(Q�JLQHHULQJ� DQG�8URORJ\� 6RFLHW\�&RQJUHVV� �EHVW� UHYLHZHU� LQ� �������'U��PXOWHVFX�UHFHLYHG� VL[� QDWLRQDO� DQG� LQWHUQDWLRQDO� SUL]HV� IRU� KLV� VFLHQWLILF� FRQWULEXWLRQ��DPRQJ�ZKLFK��VW�3UL]H� LQ��WK� ,QWHUQDWLRQDO�0HHWLQJ� ³&KDOOHQJHV� LQ�(QGRXURORJ\�DQG�)XQFWLRQDO�8URORJ\´�IRU�³/RQJ�WHUP�HIILFDF\�RI�WKH�ELSRODU�SODVPD�HQXFOHD�WLRQ�RI�WKH�SURVWDWH�LQ�ODUJH�VL]H�%3+�SDWLHQWV�–�D�FOLQLFDO�SDUDOOHO�WR�VWDQGDUG�RSHQ�SURVWDWHFWRP\´� DQG� WKH� ³&�&�� ,OLHVFX´� 3UL]H� RI�5RPDQLDQ�$FDGHP\� RI�0HGLFDO�6FLHQFHV�IRU��³7H[WERRN�RI�(QGRXURORJ\´� 
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�� 

1DWDOLD�&KDXUVND\D 
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�� 

23���—,/�Ǻ�-�0$5.(5�2)�7+(�,1)/$00$725<�352&(66�$1'�7+(�%21(-&$57,/$*,1286�'(6758&7,21 0��&KLFX���(��%LWHUH���2��&LXUFDQX� 
 

��8QLYHUVLW\�RI�0HGLFLQH�DQG�3KDUPDF\�³*U�7��3RSD´�,DVL��&OLQLFDO�(PHUJHQF\�&RXQW\�+RVSLWDO�³6I��6SLULGRQ´�,DVL ��,QVWLWXWH�RI�&DUGLRYDVFXODU�'LVHDVHV�³3URI��'U���,�0���*HRUJHVFX´�,DVL ��8QLYHUVLW\�RI�0HGLFLQH�DQG�3KDUPDF\�³*U�7��3RSD´�,DVL  ,1752'8&7,21�5KHXPDWRLG�DUWKULWLV��5$��LV�D�FKURQLF�LQIODPPDWRU\�LQILOWUDWLQJ-SUROLIHUDWLYH�GLVHDVH�RI�V\QRYLDO� LQ�GLDUWURLGDO� MRLQWV�� ,WV�FDXVH�LV�XQNQRZQ��$V�RWKHU�FKURQLF�GLVHDVHV�� LWV�HWLRORJ\�LV�PRVW� OLNHO\�PXOWLIDFWRULDO��&\WRNLQHV�KDYH�EHHQ�LPSOLFDWHG�DV� LPSRUWDQW�PHGLDWRUV�RI� LQIODPPDWLRQ�DQG�RVWHRDUWLFXODU�GHVWUXFWLRQV�LQ�5$��7KH�VWXG\�DLPHG�WR�GHWHUPLQDWH�WKH�OHYHOV�RI�,/�ȕ�DW�ZRPDQ�ZLWK�5$�LQ�YDULRXV�VWDJHV�RI�HYROXWLRQ�DQG�WKHLU�FRUUHODWLRQ�ZLWK�FOLQLFDO�DQG�ELRORJLFDO�PDLQ�SDUDPHWHUV� 0$7(5,$/6�	�0(7+2'6��7KH�VWXG\�WRRN�SODFH�EHWZHHQ�����-�����DW�5HFRYHU\�&OLQLF�RI��6I��6SLULGRQ��+RVSLWDO�LQ�,DVL��RQ�D�EDWFK�RI����ZRPHQ�ZLWK�5$��WKDW�ZHUH�GLYLGHG�LQWR�WZR�JURXSV������RQVHW�RI�GLVHDVH�RFFXUV�XQGHU�WKH�DJH�RI����\HDUV�DQG�����WKH�RQVHW�RI�GLVHDVH�ZKLFK�RFFXUV�DIWHU�DJH����\HDUV��:HUH�GHWHUPLQHG�1$7��1$'��'$6����9$6��+$4��96+��&53��7-VFRUH��WKH�VFRUH�6KDUS�DQG�,/�ȕ�OHYHOV� 5(68/76� ,/�ȕ�OHYHOV�FRUUHODWH�GLUHFWO\�SURSRUWLRQDO�WR�WKH�YDOXH�RI�(65��&53�DQG�LQGLUHFW�YDO�XH�+E�DQG�6KDUS�VFRUHV�IRU�SLQFKLQJ�DQG�HURVLRQ� &21&/86,216��'HWHUPLQDWLRQ�RI�,/-��OHYHOV��PDGH�IRU�WKH�ILUVW�LQ�5RPDQLD��PD\�EH�D�PDUNHU�RI�WKH�LQIODPPDWRU\�SURFHVV�LQWHQVLW\�DQG�GHVWUXFWLRQ�RI�ERQHV�DQG�FDUWLODJH�LQ�5$�� 

23���—�+($57�5$7(�9$5,$%,/,7<�'85,1*�(;(5&,6(�7(67,1*  &ăOLQ�&RUFLRYă���&ăWăOLQD�/XFD���'RUX�$QGULĠRL���'DQLHOD�0DWHL�  �'HSDUWPHQW�RI�%LRPHGLFDO�6FLHQFHV��8QLYHUVLW\�RI�0HGLFLQH�DQG�3KDUPDF\�´*ULJRUH�7��3RSD´�,DVL   ,1752'8&7,21��,VRPHWU LF�H[HUFLVHV�DUH�NQRZQ�WR�SURGXFH�DQ�RYHU ORDG�RQ�WKH�FDUGLRYDV�FXODU�V\VWHP�GXH�WR�SXOVDWLOH�FRQWUDFWLRQ�IROORZHG�E\�D�VLJQLILFDQW�LQFUHDVH�LQ�PXVFOH�EORRG�IORZ�� 0$7(5,$/6�	�0(7+2'6��3RZHU �VSHFWUXP�DQDO\VLV�RI�KHDU W�UDWH�YDU LDELOLW\��+59��LV�D�QRQ-LQYDVLYH�PHWKRG�WKDW�DQDO\]HV�FDUGLDF�DXWRQRPLF�FRQWURO�LQ�UHVW�DQG�GXULQJ�H[HUFLVH�SHULRG�� 5(68/76��7KH�DLPV�RI�WKLV�VWXG\�ZHUH�WR�PHDVXUH�KHDU W�UDWH�YDU LDELOLW\��+59��SDUDPHWHUV�DQG�EORRG�SUHVVXUHV�EHIRUH�DQG�DIWHU�WZR�VHW�RI�H[HUFLVH��RQH�VHW�RI�LVRPHWULF�H[HUFLVHV�DQG�RQH�VHW�RI�G\�QDPLF�H[HUFLVH�LQ�KHDOWK\�\RXQJ�SHUVRQV�� &21&/86,216�� 8VLQJ� VWDQGDUG� FDUGLRYDVFXODU � UHIOH[� WHVWV� ZH� PDQDJHG� WR� DQDO\]H� WKH�KHDUW�UDWH�YDULDELOLW\�DQG�GHPRQVWUDWHG�WKH�LQIOXHQFH�RI�WKH�DXWRQRPLF�QHUYRXV�PDUNLQJ�SDUDV\PSDWKHWLF�G\VIXQFWLRQ� DQG� V\PSDWKHWLF� SUHGRPLQDQFH� LQ� \RXQJ� SHRSOH�� ,VRPHWULF� H[HUFLVH� SURGXFHV� D� PRUH� LQ�FUHDVHG�V\PSDWKHWLF�DFWLYDWLRQ�DQG�UHGXFHG�YDJDO�DFWLYLW\�WKDQ�G\QDPLF�H[HUFLVH� 5()(5(1&(6� ���+DOOPDQ�'0��/LQGEHUJ�/*��$UQHW]�%%��/\VNRY�(���(IIHFWV�RI�VWDWLF�FRQWUDFWLRQ�DQG�FROG�VWLPXODWLRQ�RQ�FDUGLRYDVFXODU�DXWRQRPLF�LQGLFHV��WUDSH]LXV�EORRG�IORZ�DQG�PXVFOH�DFWLYLW\�LQ�FKURQLF�QHFN-VKRXOGHU�SDLQ��(XU�-�$SSO�3K\VLRO������������������-��� ���0RUHQR� ,/��3DVWUH�&0��)HUUHLUD�&��GH�$EUHX�/&��9DOHQWL�9(��9DQGHUOHL�/&��(IIHFWV�RI� DQ� LVRWRQLF�EHYHUDJH�RQ�DXWRQRPLF�UHJXODWLRQ�GXULQJ�DQG�DIWHU�H[HUFLVH��-�,QW�6RF�6SRUWV�1XWU��������������� ���5DLPXQGR�5'��GH�$EUHX�/&��$GDPL�)��9DQGHUOHL�)0��GH�&DUYDOKR�7'��0RUHQR�,/��HW�DO���+HDUW�UDWH�YDULDELOLW\� LQ� VWURNH�SDWLHQWV� VXEPLWWHG� WR�DQ�DFXWH�ERXW�RI�DHURELF�H[HUFLVH��7UDQVO�6WURNH�5HV���������������-��� 
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,1752'8&7,21��$�FRPSDUDWLYH�U HWURVSHFWLYH�VWXG\��RQ�����SDWLHQWV��RYHU ����\HDUV�ROG���

DGPLWWHG�WR�RXU�XQLW��EHWZHHQ�6HSWHPEHU������DQG�$SULO�������GLDJQRVHG�ZLWK�1HXURJHQLF�%ODGGHU��1%��
PDLQO\�DIWHU�WUDXPDWLF�6SLQDO�&RUG�,QMXU\�–�7-6&,�–�RQO\�LQ�VXE-DFXWH�DQG�SRVW-DFXWH�VWDWHV��GLYLGHG�LQ�
WZR�JURXSV� �VWXG\�DQG�FRQWURO�� UHJDUGLQJ� WKH�RXWFRPHV�RQ�PLFWXULWLRQ�GLV-FRQWURO�� WKURXJK�D�SK\VLDWULF�
PHWKRG��7KH�DLP�ZDV� WR�REMHFWLI\� WKH�UHVXOWV�RQ�1%�PLFWXULWLRQ�FRQWURO� UHFRYHU\��XVLQJ�D�VWDQGDUGL]HG�
QRQ-LQYDVLYH�H[WHUQDO�HOHFWUR-VWLPXODWLRQ�PHWKRG� 

0$7(5,$/� $1'� 0(7+2'6�� :H� XVHG� ,QWHU IHUHQWLDO� 0HGLXP� )UHTXHQF\� &XU UHQW�
�,0)&��(OHFWULFDO�6WLPXODWLRQ��(6��WKHUDS\�ZKLFK�FRQVLVWV�LQ�JHQHUDWLQJ�D�GHHS��LQWUD-WLVVXH�HQHUJ\�ILHOG�
WKDW�DFWV��XVLQJ�D�³VSHFWUXP´�IRUPXOD��RQ�WKH�EODGGHU�VWUXFWXUHV��ZLWK�WKHLU�YDULRXV�GHJUHHV�RI�GHQHUYDWLRQ��
DV�D�WUDLQLQJ�LQWHUYHQWLRQ��GXH�WR�IUHTXHQF\�FKDQJHV�DQG�YDOXHV� 

5(68/76���)RU �LQFRPSOHWH�SRVW�6&,�SDWLHQWV��ZLWK�1%�-�$6,$�,PSDLUPHQW�6FDOH��$,6��%-&�
�S�YDOXH����������7�WHVW��-�,0)&�(6�WKHUDS\�LV�HIIHFWLYH��)RU�FRPSOHWH�SRVW�6&,�SDWLHQWV��ZLWK�1%�-�$,6�
$��&�-&��DQG�7�-6��-�,0)&�(6�WKHUDS\�VHHPV�QRW�HIILFLHQW� 

&21&/86,21��7KLV�,0)&�(6�LV�D�QRQ-LQYDVLYH�UHKDELOLWDWLYH�WKHUDS\�ZKLFK�FDQ�EH�DSSOLHG�
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.(<:25'6�� QHXURJHQLF� EODGGHU �� VSLQDO� FRUG� LQMXU\�� LQWHU IHUHQWLDO� PHGLXP� IUHTXHQF\��
HOHFWULFDO�VWLPXODWLRQ�WKHUDS\ 

5()(5(1&(6� 
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D�6WDYURSRO�6WDWH�$JUDULDQ�8QLYHUVLW\��6WDYURSRO��5XVVLD 
E�2YLGLXV�8QLYHUVLW\��&RQVWDQWD��5RPDQLD 

F�1RUWK-&DXFDVLDQ�6RFLDO�,QVWLWXWH��6WDYURSRO��5XVVLD 
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7KH�SXUSRVH�RI�UHVHDUFK� 
-� HVWDEOLVKPHQW� RI� TXDQWLWDWLYH� FRUUHODWLRQV� RI� VWUXFWXUH� DQG� SURSHUWLHV� RI� YHQRXV� EORRG� LQ� WKH� IRUP� RI�PDWKHPDWLFDO�PRGHOV� 

0$7(5,$/6� $1'�0(7+2'6�� (YDOXDWLRQ� RI� WKH� HIIHFWLYHQHVV� HIIHFWV� RQ� WKH� ERG\� K\�GURPLQHUDO�UHVRXUFHV�DQG�WKHUDSHXWLF�PXG�ZDV�FDUULHG�RXW�XVLQJ�WKH�FKDUDFWHULVWLF�LQGH[�ĳ�RI�WKH�EORRG�LQ�WKH�IRUP�RI�HTXDWLRQ 

��Į� ɢ�į�–� FRQVWDQW�YDOXHV�� -� WKH� UDWLR�RI� WKH�PRODU� IUDFWLRQV�RI� WKH� LRQV� �ɢ�
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