
��6HVVLRQ����,QGRRU�SDUWLFOHV�DQG�RFFXSDWLRQDO�H[SRVXUH��7DON
��
$LUERUQH�SDWKRJHQ�GHWHFWLRQ�YLD�0$6&�2Q���0DJQHWLF�$QWLERG\�6RUWLQJ�&RXSOHG�ZLWK�IORZ�&\WRPHWU\�2QOLQH�

3��.DUELHQHU���%��8WLQJHU���0��.DOEHUHU�
�

�8QLYHUVLW\�RI�%DVHO��'HSDUWPHQW�RI�(QYLURQPHQWDO�6FLHQFH��$WPRVSKHULF�6FLHQFH�*URXS�

��

�

�

,Q OLJKW RI WKH &29,'��� SDQGHPLF� DLUERUQH ELRDHURVRO OLNH EDFWHULD DQG YLUXVHV DUH D PDMRU FRQFHUQ IRU KXPDQ KHDOWK�
7KHUHIRUH� PRQLWRULQJ RI WKH FRQFHQWUDWLRQV RI WKHVH ELRDHURVROV SOD\V D YLWDO UROH LQ XQGHUVWDQGLQJ GLVHDVH WUDQVPLVVLRQ�
5DSLG� DXWRPDWHG� TXDQWLWDWLYH DQG VSHFLILF ELRDHURVRO PRQLWRULQJ ZRXOG DOORZ IRU FRQWLQXRXV DVVHVVPHQW RI DLUERUQH YLUXV
DQG�EDFWHULD�DW�KRVSLWDOV�DQG�VLPLODU�ORFDWLRQV�

,Q WKLV SURRI�RI�FRQFHSW VWXG\� ZH GHYHORS DQG FKDUDFWHULVH D FRQWLQXRXV SDWKRJHQLF ELRDHURVRO VDPSOHU DQG GHWHFWRU� 7KH
VHW�XS FRQVLVWV RI WKUHH PDLQ SDUWV� ,Q D ILUVW VWHS �&ROOHFWLRQ SKDVH�� WKH ELRDHURVRO LV VDPSOHG FRQWLQXRXVO\ YLD D SDUWLFOH
LQWR OLTXLG VDPSOHU� 7KLV ELRDHURVRO OLTXLG IORZ LV PL[HG ZLWK DQ LPPXQRDVVD\ �6HOHFWLRQ SKDVH� DQG WKHQ TXDQWLILHG LQ D
IORZ�F\WRPHWHU��'HWHFWLRQ�SKDVH���

:H KDYH DOUHDG\ VXFFHVVIXOO\ FRQQHFWHG DOO WKUHH SKDVHV LQWR RQH FRQWLQXRXV� DXWRPDWHG� DQG DXWRQRPRXV SURWRW\SH IRU
SDWKRJHQLF ELRDHURVRO PRQLWRULQJ� :LWK D WLPH UHVROXWLRQ RI �� PLQXWHV �RI ZKLFK �� DUH VSHQW RQ VDPSOH DFTXLVLWLRQ� RXU
LQVWUXPHQW FROOHFWV ����� RI QHEXOL]HG (� FROL EDFWHULD FRQWLQXRXVO\� )ORZ F\WRPHWU\ UHVXOWV ZHUH FRQILUPHG ZLWK DJDU SODWH
DQDO\VHV��3ODWLQJ�FDQ�RQO\�DFFRXQW�IRU�FRORQ\�IRUPLQJ�XQLWV��ZKLOH�IORZ�F\WRPHWU\�FDQ�FRXQW�DOO�ODEHOOHG�FHOOV��

:KLOH RWKHU LQVWUXPHQWV IRU DXWRPDWHG SDWKRJHQ GHWHFWLRQ H[LVW� WKHVH WHFKQLTXHV ODFN HLWKHU VSHFLILFLW\� TXDQWLILFDWLRQ�
DXWRPDWLRQ RU WLPH�UHVROXWLRQ� 7KLV QRYHO PL[ RI PHWKRGV DWWHPSWV WR FRPELQH DOO IDFWRUV PHQWLRQHG� 2XU QH[W VWHS LV WR
RSWLPL]H�IXUWKHU�DQG�DSSO\�WKLV�PHWKRG�WR�DLUERUQH�YLUXV�

Powered by TCPDF (www.tcpdf.org)

                               1 / 1

http://www.tcpdf.org


��6HVVLRQ����,QGRRU�SDUWLFOHV�DQG�RFFXSDWLRQDO�H[SRVXUH��7DON
��

3K\VLRORJLFDOO\�5HDOLVWLF�6LPXODWLRQ�RI�'(+3�3HQHWUDWLRQ�LQ�WKH�+XPDQ�$LUZD\V�

0��6HGDJKDW���3��$QDJQRVWRSRXORX����/��0�OOHU�����-��1DZURWK�����)��/LQJ������$��3XNDOXN�����6��.DVVLQRV�

�&RPSXWDWLRQDO�6FLHQFHV�/DERUDWRU\��'HSDUWPHQW�RI�0HFKDQLFDO�DQG�0DQXIDFWXULQJ�(QJLQHHULQJ��8QLYHUVLW\�RI�&\SUXV�
1LFRVLD��&\SUXV���5HVSLUDWRU\�3K\VLRORJ\�/DERUDWRU\��0HGLFDO�6FKRRO��8QLYHUVLW\�RI�&\SUXV��1LFRVLD��&\SUXV���'LYLVLRQ�RI
3HGLDWULF�5HVSLUDWRU\�0HGLFLQH�DQG�$OOHUJRORJ\��'HSDUWPHQW�RI�3HGLDWULFV��,QVHOVSLWDO��%HUQ�8QLYHUVLW\�+RVSLWDO��8QLYHUVLW\
RI�%HUQ��%HUQ��6ZLW]HUODQG���/XQJ�3UHFLVLRQ�0HGLFLQH��/30���'HSDUWPHQW�IRU�%LR0HGLFDO�5HVHDUFK��'%05���8QLYHUVLW\�RI
%HUQ��%HUQ��6ZLW]HUODQG���+HOPKROW]�3LRQHHU�&DPSXV��+HOPKROW]�=HQWUXP�0�QFKHQ��1HXKHUEHUJ��*HUPDQ\���,QVWLWXWH�RI

%LRORJLFDO�DQG�0HGLFDO�,PDJLQJ��%LRHQJLQHHULQJ�&HQWHU��+HOPKROW]�=HQWUXP�0�QFKHQ��1HXKHUEHUJ��*HUPDQ\�

,QWURGXFWLRQ� 'L���HWK\OKH[\O� SKWKDODWH �'(+3� LV RQH RI WKH PRVW SUHYDOHQW LQGRRU SKWKDODWHV� SULPDULO\ GXH WR LWV
ZLGHVSUHDG XVH DV D SODVWLFL]HU LQ LQGXVWULDO DQG FRQVXPHU SURGXFWV� 'XULQJ LQKDODWLRQ� DLUERUQH SDUWLFOHV FDQ DFW DV FDUULHUV�
WUDQVSRUWLQJ '(+3 LQWR WKH UHVSLUDWRU\ WUDFW DQG IDFLOLWDWLQJ LWV GHSRVLWLRQ ZLWKLQ WKH DLUZD\ OLQLQJ IOXLG� 7KLV VWXG\ SUHVHQWV
D WKUHH�GLPHQVLRQDO FRPSXWDWLRQDO IUDPHZRUN WR LQYHVWLJDWH WKH SHQHWUDWLRQ RI QDQR�VFDOHG '(+3� IROORZLQJ LWV GLVVROXWLRQ
IURP SDUWLFXODWH PDWWHU� LQWR WKH DLUZD\ VXUIDFH OLTXLG �$6/� RI WKH KXPDQ DLUZD\V XQGHU SK\VLRORJLFDOO\ UHDOLVWLF
FRQGLWLRQV� LQFRUSRUDWLQJ H[SHULPHQWDOO\ GHULYHG FLOLDU\ NLQHPDWLFV DQG PXFXV UKHRORJ\� 0HWKRGV� $ K\EULG LPPHUVHG
ERXQGDU\±ILQLWH GLIIHUHQFH SURMHFWLRQ PHWKRG LV HPSOR\HG WR GLVFUHWL]H DQG VROYH WKH WLPH�GHSHQGHQW JRYHUQLQJ HTXDWLRQV
IRU IOXLG IORZ� WRJHWKHU ZLWK WKH FRQYHFWLRQ±GLIIXVLRQ HTXDWLRQ JRYHUQLQJ PDVV WUDQVIHU ZLWKLQ WKH WUDFKHDO $6/ >�@�
DFFRXQWLQJ IRU WKH GLVVROXWLRQ RI SDUWLFXODWH�ERXQG '(+3 LQWR WKH $6/ �)LJXUH �$�� 7KH LPPHUVHG ERXQGDU\ IUDPHZRUN
HQDEOHV DFFXUDWH UHSUHVHQWDWLRQ RI FLOLD�GULYHQ IOXLG±VWUXFWXUH LQWHUDFWLRQV DV ZHOO DV '(+3±FLOLD LQWHUDFWLRQV�
3K\VLRORJLFDOO\ UHDOLVWLF FLOLDU\ SURSHUWLHV DUH REWDLQHG IURP SULPDU\ QDVDO HSLWKHOLDO FHOOV GHULYHG IURP D KHDOWK\ GRQRU DQG
FXOWXUHG DW WKH DLU�OLTXLG�LQWHUIDFH� &LOLDU\ EHDW SDWWHUQV DUH H[WUDFWHG IURP KLJK�UHVROXWLRQ PLFURVFRS\ LPDJHV DQG
LQFRUSRUDWHG LQWR WKH FRPSXWDWLRQDO PRGHO >�@�)LJXUH �%�� 7KH PXFXV OD\HU LV PRGHOOHG DV D QRQOLQHDU YLVFRHODVWLF IOXLG
XVLQJ D ILYH�PRGH *LHVHNXV FRQVWLWXWLYH PRGHO� 'LIIHUHQWLDO G\QDPLF PLFURVFRS\ >�@ LV DSSOLHG WR TXDQWLI\ WKH IUHTXHQF\�
GHSHQGHQW PLFURUKHRORJLFDO SURSHUWLHV RI PXFXV SURGXFHG E\ HSLWKHOLDO FHOO FXOWXUHV� SURYLGLQJ H[SHULPHQWDOO\ GHULYHG
LQSXWV IRU WKH PXFXV UKHRORJ\ �)LJXUH �& DQG '��5HVXOWV�7KH QXPHULFDO VLPXODWLRQV \LHOG WLPH�UHVROYHG� WKUHH�GLPHQVLRQDO
FRQFHQWUDWLRQ ILHOGV RI '(+3 ZLWKLQ WKH KXPDQ $6/� 7KLV VWXG\ SUHVHQWV� IRU WKH ILUVW WLPH� D SK\VLRORJLFDOO\ UHDOLVWLF
QXPHULFDO IUDPHZRUN WKDW VLPXOWDQHRXVO\ LQFRUSRUDWHV H[SHULPHQWDOO\ PHDVXUHG FLOLDU\ EHDW SDWWHUQV REWDLQHG IURP KLJK�
UHVROXWLRQ PLFURVFRS\ DQG PXFXV YLVFRHODVWLF SURSHUWLHV GHULYHG IURP GLIIHUHQWLDO G\QDPLF PLFURVFRS\� 7KH UHVXOWV SURYLGH
GHWDLOHG LQVLJKW LQWR WKH VSDWLRWHPSRUDO GLVWULEXWLRQ RI '(+3 LQ KHDOWK\ DLUZD\V� DFFRXQWLQJ IRU WKH FRXSOHG HIIHFWV RI
PXFRFLOLDU\�FOHDUDQFH�DQG�SDUWLFOH±FLOLD�LQWHUDFWLRQV�

�

�

>�@ 0� 6HGDJKDW� )� 6W\OLDQRX� HW DO�� 6FLHQWLILF 5HSRUWV� ����� ��� ������ >�@ 5�1� 3RRQ� 7�$� :HVWZRRG� HW DO�� 3K\VLFDO
5HYLHZ�5HVHDUFK�����������/��������>�@�)��/LQJ��$�7��6DKLQ��HW�DO���ELR5[LY�������
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��6HVVLRQ����,QGRRU�SDUWLFOHV�DQG�RFFXSDWLRQDO�H[SRVXUH��7DON
��

/LWKLXP�LRQ�EDWWHU\�WKHUPDO�UXQDZD\�SDUWLFOH�HPLVVLRQV�

(��'H)UDQFH���=��7RXPDVDWRV���(��*RIWDUL���+��/L���9��3UHPQDWK�
��*��.DUDYDODNLV�
�

�8QLYHUVLW\�RI�&DOLIRUQLD��%RXUQV�&ROOHJH�RI�(QJLQHHULQJ��&HQWHU�IRU�(QYLURQPHQWDO�5HVHDUFK�DQG�7HFKQRORJ\��&(�&(57��
�����&ROXPELD�$YHQXH��5LYHUVLGH��&$��������86$���6DQ�'LHJR�6WDWH�8QLYHUVLW\��'HSDUWPHQW�RI�&LYLO��&RQVWUXFWLRQ��DQG

(QYLURQPHQWDO�(QJLQHHULQJ���8/�5HVHDUFK�,QVWLWXWHV�

,Q UHFHQW \HDUV� WKH XVH RI OLWKLXP�LRQ �/L�LRQ� EDWWHULHV KDV VHHQ VLJQLILFDQW JURZWK� GULYHQ E\ WKHLU ZLGHVSUHDG DSSOLFDWLRQ
LQ HOHFWULF YHKLFOHV DQG WKH EURDGHU HQHUJ\ WUDQVLWLRQ� +RZHYHU� WKLV LQFUHDVHG XVH KDV EURXJKW WR WKH IRUHIURQW VDIHW\
FRQFHUQV� SDUWLFXODUO\ UHJDUGLQJ WKHLU VXVFHSWLELOLW\ WR WKHUPDO UXQDZD\� 7KHUPDO UXQDZD\ LV D YLROHQW FKDLQ UHDFWLRQ RI
H[RWKHUPLF FKHPLFDO UHDFWLRQV UHVXOWLQJ LQ DQ XQFRQWUROODEOH LQFUHDVH LQ V\VWHP WHPSHUDWXUH� ZKLFK FDQ OHDG WR D ILUH RU
H[SORVLRQ� %DWWHU\ ILUHV DUH NQRZQ WR SRVH VLJQLILFDQW HQYLURQPHQWDO ULVNV DV WKH\ UHOHDVH DHURVROV DQG YDULRXV WR[LF
FKHPLFDOV WKDW FDQ DOVR DGYHUVHO\ DIIHFW KXPDQ KHDOWK� 0RUHRYHU� WKH PHWKRGV XVHG WR H[WLQJXLVK WKHVH ILUHV FDQ DOWHU WKH
FRPSRVLWLRQ DQG QDWXUH RI WKH HPLVVLRQV� IXUWKHU FRPSOLFDWLQJ WKH ULVNV� )RU WKLV VWXG\� /L�LRQ EDWWHU\ FHOOV ZHUH WULJJHUHG
LQWR WKHUPDO UXQDZD\ YLD RYHUFKDUJLQJ WKHP� 7KH EDWWHU\ FHOOV ZHUH SODFHG LQ D FRQWDLQHU DQG WHPSHUDWXUH DQG SUHVVXUH
ZHUH PRQLWRUHG WKURXJKRXW WKH H[SHULPHQW� 7KH HQWLUH H[SHULPHQW ZDV DOVR PRQLWRUHG ZLWK FDPHUDV� 7ZR H[SHULPHQWV ZHUH
SHUIRUPHG ZKHUH WKH EDWWHU\ ILUH ZDV H[WLQJXLVKHG ZLWK ZDWHU DQG ZLWK D FKHPLFDO VXUIDFWDQW� (PLVVLRQ PHDVXUHPHQWV ZHUH
PDGH IRU DOO H[SHULPHQWDO FRQGLWLRQV� LQFOXGLQJ ILQH SDUWLFOHV FROOHFWHG RQWR ILOWHU PHGLD DQG UHDO�WLPH SDUWLFOH QXPEHU DQG
SDUWLFOH VL]H GLVWULEXWLRQV XVLQJ D 'HNDWL KLJK�UHVROXWLRQ (/3,�� 30 FKHPLFDO FRPSRVLWLRQ LQFOXGHG WKH DQDO\VLV RI PHWDOV
DQG WUDFH HOHPHQWV ZLWK LQGXFWLYHO\ FRXSOHG SODVPD PDVV VSHFWURPHWU\ �,&3�06�� LQRUJDQLF LRQV �OLWKLXP� DPPRQLXP�
VRGLXP� PDJQHVLXP� SRWDVVLXP� FDOFLXP� IOXRULGH� FKORULGH� QLWUDWH� VXOIDWH� DQG SKRVSKDWH� E\ LRQ FKURPDWRJUDSK\� DQG
SRO\F\FOLF DURPDWLF K\GURFDUERQV �3$+V� E\ JDV FKURPDWRJUDSK\� 1HDU�UHDO�WLPH PHWDOV ZHUH PHDVXUHG ZLWK D WR[LF PHWDO
DHURVRO DQDO\]HU �7$57$�� 7KH PRUSKRORJ\ DQG HOHPHQWDO FRPSRVLWLRQ RI EDWWHU\ ILUH DHURVROV ZHUH DQDO\]HG E\ VFDQQLQJ
HOHFWURQ PLFURVFRS\ �6(0� DQG HQHUJ\�GLVSHUVLYH [�UD\ VSHFWURVFRS\ �('6�� 7KH WR[LFRORJLFDO SURSHUWLHV RI 30 ZHUH DOVR
PHDVXUHG�E\�TXDQWLI\LQJ�WKH�R[LGDWLYH�VWUHVV��PXWDJHQLFLW\��DQG�LQIODPPDWRU\�PDUNHUV��
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��6HVVLRQ����,QGRRU�SDUWLFOHV�DQG�RFFXSDWLRQDO�H[SRVXUH��7DON
��

2FFXSDWLRQDO�GLHVHO�H[KDXVW�H[SRVXUH�DVVHVVPHQW�XVLQJ�PLQLDWXUL]HG�DHURVRO�LQVWUXPHQWV�±�LQWHUFRPSDULVRQ�RI
DHURVRO�LQVWUXPHQWV�LQ�GLIIHUHQW�ZRUNSODFH�HQYLURQPHQWV�

2��1RUYDSDOR���+��.RSRQHQ���3��*UDKQ���$��.DUMDODLQHQ���0��+\WWLQHQ���3��3DVDQHQ���2��6LSSXOD���
�

�)LQH�3DUWLFOH�DQG�$HURVRO�7HFKQRORJ\�/DERUDWRU\��'HSDUWPHQW�RI�(QYLURQPHQWDO�DQG�%LRORJLFDO�6FLHQFHV��8QLYHUVLW\�RI
(DVWHUQ�)LQODQG��.XRSLR��),��������)LQODQG���,QGRRU�(QYLURQPHQW�DQG�2FFXSDWLRQDO�+\JLHQH�*URXS��'HSDUWPHQW�RI
(QYLURQPHQWDO�DQG�%LRORJLFDO�6FLHQFHV��8QLYHUVLW\�RI�(DVWHUQ�)LQODQG��.XRSLR��),��������)LQODQG���'HSDUWPHQW�RI

&KHPLVWU\�DQG�6XVWDLQDEOH�7HFKQRORJ\��8QLYHUVLW\�RI�(DVWHUQ�)LQODQG��),��������-RHQVXX��)LQODQG�

2FFXSDWLRQDO H[SRVXUH WR GLHVHO H[KDXVW LV UHJXODWHG E\ WKH (XURSHDQ 8QLRQ 'LUHFWLYH ��������(& GXH WR LWV FDUFLQRJHQLF
HIIHFWV� 'LHVHO H[KDXVW H[SRVXUH RI XQGHUJURXQG PLQH ZRUNHUV KDV EHHQ UHSRUWHG LQ PDQ\ UHFHQW VWXGLHV� EXW LW LV QRW ZHOO
TXDQWLILHG LQ RWKHU VHFWRUV� 1HZ PLQLDWXUL]HG LQVWUXPHQWV� VXFK DV PLFUR�DHWKDORPHWHUV DQG XOWUDILQH SDUWLFOH FRXQWHUV� DUH
SRWHQWLDOO\ XVHIXO IRU WKH DVVHVVPHQW RI RFFXSDWLRQDO H[SRVXUH WR SDUWLFOHV� ,Q WKLV VWXG\� RFFXSDWLRQDO H[SRVXUH RI EXV
GULYHUV� EXV GHSRW PHFKDQLFV� VWUHHW PDLQWHQDQFH ZRUNHUV� FRQVWUXFWLRQ ZRUNHUV DQG LQVSHFWLRQ VWDWLRQ ZRUNHUV ZDV
PHDVXUHG� 'LHVHO H[KDXVW H[SRVXUH RI WKH ZRUNHUV ZDV PHDVXUHG DV HOHPHQWDO FDUERQ �(&� DFFRUGLQJ WR 1,26+����
PHWKRG DQG DV HTXLYDOHQW EODFN FDUERQ �H%&� XVLQJ SRUWDEOH PLFUR�DHWKDORPHWHUV �0$���� $HWKODEV�� DQG WKH OXQJ
GHSRVLWHG VXUIDFH DUHD �/'6$� ZDV PHDVXUHG XVLQJ D QDQRSDUWLFOH GHWHFWRU �3DUWHFWRU � 3UR� 1DQHRV�� %DFNJURXQG DLU
TXDOLW\ LQ ZRUNSODFH HQYLURQPHQWV ZDV PHDVXUHG� LQFOXGLQJ PHDVXUHPHQWV RI H%& �DHWKDORPHWHUV $(�� DQG $(��V� 0DJHH
6FLHQWLILF� DQG /'6$ �16$0� 76, DQG (/3,� 'HNDWL�� ,Q DGGLWLRQ� DQ LQWHUFRPSDULVRQ RI WKH LQVWUXPHQWV ZDV FRQGXFWHG LQ
D ODERUDWRU\ VHWWLQJ� 7KH WHVW DHURVRO ZDV SURGXFHG ZLWK D &RPEXVWLRQ $HURVRO 6WDQGDUG �&$67� VRRW JHQHUDWRU �0DWWHU
(QJLQHHULQJ $*� XVLQJ SURSDQH DV IXHO� 'DWD IURP WKH PLQLDWXUL]HG LQVWUXPHQWV ZDV FRPSDUHG WR (& UHVXOWV� GDWD IURP
RWKHU DERYH�PHQWLRQHG LQVWUXPHQWV DV ZHOO DV D VFDQQLQJ PRELOLW\ SDUWLFOH VL]HU �6036� 76,� WKDW ZDV XVHG DV D UHIHUHQFH
LQVWUXPHQW IRU SDUWLFOH VL]H� PDVV DQG QXPEHU FRQFHQWUDWLRQ� 'LHVHO H[KDXVW H[SRVXUH ZDV EHORZ WKH RFFXSDWLRQDO H[SRVXUH
OLPLWV LQ DOO ZRUNSODFHV DQG ZDV FOHDUO\ ORZHU WKDQ WKH H[SRVXUH OHYHOV LQ XQGHUJURXQG PLQHV PHDVXUHG E\ WKH VDPH DXWKRUV
>�@� +LJK PRPHQWDU\ FRQFHQWUDWLRQV ZHUH REVHUYHG SDUWLFXODUO\ GXULQJ EXV PDLQWHQDQFH ZRUNV DW WKH EXV GHSRW� /'6$ DQG
H%& PHDVXUHG LQ WKH DPELHQW DLU RI ZRUNSODFH HQYLURQPHQWV FRUUHODWHG ZHOO� ZKHUHDV WKH FRUUHODWLRQ LQ SHUVRQDO H[SRVXUH
PHDVXUHPHQWV ZDV OHVV FOHDU� cQJVWU|P H[SRQHQW �$$(� YDOXHV IRU PRVW ZRUNHUV ZHUH EHORZ � ZKLFK LQGLFDWHV WKDW WKH
SULPDU\ VRXUFH RI WKH FDUERQDFHRXV DHURVRO ZDV YHKLFXODU H[KDXVW� $ IHZ FRQVWUXFWLRQ ZRUNHUV� VWUHHW PDLQWHQDQFH ZRUNHUV
DQG PHFKDQLFV KDG DQ $$( YDOXH ��� RU KLJKHU� ZKLFK PLJKW LPSO\ WKHUH DUH EODFN FDUERQ VRXUFHV EHVLGHV WUDIILF RU D KLJKHU
FRDWLQJ RI GLHVHO VRRW SDUWLFOHV E\ RUJDQLF PDWWHU >�@� 7KH H%& UHVXOWV REWDLQHG ZLWK PLFURDHWKDORPHWHUV DQG DHWKDORPHWHUV
DJUHHG ZHOO� ZKHUHDV WKH FRPSDUDELOLW\ RI 3DUWHFWRU WR 6036 LQ WHUPV RI SDUWLFOH VL]H� PDVV DQG QXPEHU FRQFHQWUDWLRQ DQG
WR (/3, LQ WHUPV RI /'6$ ZDVQ¶W DV JRRG� $W ORZ FRQFHQWUDWLRQV WKH (&�H%& FRUUHODWLRQ ZDV ZHDN� ZKLFK VKRXOG EH
FRQVLGHUHG ZKHQ XVLQJ DHWKDORPHWHUV IRU DVVHVVLQJ H[SRVXUH WR GLHVHO VRRW� 2YHUDOO� WKH GLHVHO H[KDXVW H[SRVXUH OHYHOV RI WKH
ZRUNHUV ZHUH EHORZ WKH UHJXODWLRQ OLPLW� EXW KLJK PRPHQWDU\ H[SRVXUH SHDNV UHODWHG WR VSHFLILF ZRUN DFWLWLYLWLHV ZHUH
LGHQWLILHG� 7KH FRUUHODWLRQ EHWZHHQ /'6$ DQG H%& LQGLFDWHV WKDW EODFN FDUERQ SOD\V DQ LPSRUWDQW UROH LQ H[SRVXUH WR ILQH
SDUWLFOHV LQ WKH VWXGLHG ZRUNSODFHV� 7KLV ZRUN ZDV VXSSRUWHG E\ WKH )LQQLVK :RUN (QYLURQPHQW )XQG �JUDQW ��������
0HVWDU�.XRSLR�2\��.RLYLVWRQ�$XWR�.XRSLR�2\�DQG�$�.DWVDVWXV�2\��

>�@�.RSRQHQ�HW�DO���-RXUQDO�RI�$HURVRO�6FLHQFH��������������������
>�@�9LUNNXOD��$WPRVSKHULF�0HDVXUHPHQW�7HFKQLTXHV����������������±�����
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��6HVVLRQ����,QGRRU�SDUWLFOHV�DQG�RFFXSDWLRQDO�H[SRVXUH��7DON
��
7KH�0$5.232/2�,QGRRU�2XWGRRU�SURMHFW��5HDO�WLPH�DVVHVVPHQW�RI�UHVLGHQWLDO�XOWUDILQH�SDUWLFOH�H[SRVXUH�LQGRRUV

DQG�RXWGRRUV�

0��(HIWHQV�����)��6WUHLW�����(��7ZRPH\�����0��5||VOL���
�

�6ZLVV�7URSLFDO�DQG�3XEOLF�+HDOWK�,QVWLWXWH��$OOVFKZLO��6ZLW]HUODQG���8QLYHUVLW\�RI�%DVHO��%DVHO��6ZLW]HUODQG�

8OWUDILQH SDUWLFOHV �8)3� ���� QP� DUH RI FRQFHUQ GXH WR WKHLU DELOLW\ WR SHQHWUDWH GHHS LQWR WKH UHVSLUDWRU\ WUDFW DQG
WUDQVORFDWH WR RWKHU RUJDQV� OHDGLQJ WR SRWHQWLDO DGYHUVH KHDOWK HIIHFWV� $V LQGLYLGXDOV VSHQG PXFK RI WKHLU WLPH LQGRRUV�
DFFXUDWH�DVVHVVPHQW�RI�LQGRRU�8)3�H[SRVXUH�LV�HVVHQWLDO�
7KH 0$5.232/2 ��0DUNHUV RI 3ROOXWLRQ�� LQGRRU�RXWGRRU SURMHFW LQYHVWLJDWHV KRZ RXWGRRU FRQFHQWUDWLRQV� UHVLGHQWLDO
EXLOGLQJ FKDUDFWHULVWLFV DQG HYHU\GD\ RFFXSDQW EHKDYLRXU LQIOXHQFH LQGRRU 8)3 QXPEHU FRQFHQWUDWLRQV �31&� XVLQJ UHDO�
WLPH PHDVXUHPHQWV� 7KH VWXG\ DLPV WR LQFOXGH �� 6ZLVV KRXVHKROGV� HDFK PRQLWRUHG GXULQJ WZR RQH�ZHHN SHULRGV GXULQJ
WKH ZDUP DQG FROG VHDVRQV� FDSWXULQJ VHDVRQDO GLIIHUHQFHV LQ EHKDYLRXU� YHQWLODWLRQ� DQG KHDWLQJ FRQGLWLRQV� ,Q HDFK
KRXVHKROG� DLU TXDOLW\ VHQVRUV DUH LQVWDOOHG ERWK LQGRRUV DQG RXWGRRUV VLPXOWDQHRXVO\� PHDVXULQJ 31& DW D WHPSRUDO
UHVROXWLRQ RI � VHFRQG� DQG 30���� &2�� WHPSHUDWXUH DQG UHODWLYH KXPLGLW\ DW ��PLQXWH UHVROXWLRQ� 7KLV FDSWXUHV VKRUW�WHUP
FRQFHQWUDWLRQ�SHDNV�UHVXOWLQJ�IURP�LQGRRU�EHKDYLRXUV�DQG�DFWLYLWLHV�WKDW�ZRXOG�EH�REVFXUHG�LQ�GDLO\�RU�PXOWL�KRXU�DYHUDJHV�
7R OLQN FRQFHQWUDWLRQ G\QDPLFV ZLWK RFFXSDQW DFWLYLWLHV� SDUWLFLSDWLQJ KRXVHKROGV FRPSOHWH D WLPH�DFWLYLW\ GLDU\ ZLWK
���PLQXWH UHVROXWLRQ� GRFXPHQWLQJ DFWLYLWLHV NQRZQ WR LQIOXHQFH LQGRRU SDUWLFOH OHYHOV� VXFK DV FRRNLQJ� FDQGOH EXUQLQJ�
ILUHSODFH XVH� DQG ZLQGRZ RSHQLQJ� 6R IDU� �� KRXVHKROGV FRXOG EH UHFUXLWHG LQ IRXU FDWHJRULHV� �� UHVLGHQFHV ZLWK LQGRRU
ILUHSODFHV� � 0LQHUJLH�FHUWLILHG EXLOGLQJV� � KRXVHKROGV ORFDWHG DORQJ KHDYLO\ WUDIILFNHG URDGV� DQG �� FRQWURO KRXVHKROGV�
ZLWK���KRXVHKROGV�EHORQJLQJ�WR�WZR�FDWHJRULHV�
'DWD FROOHFWLRQ LV VWLOO RQJRLQJ� ,QLWLDO REVHUYDWLRQV VKRZ SURQRXQFHG VKRUW�WHUP LQFUHDVHV LQ LQGRRU 8)3 FRQFHQWUDWLRQV
DVVRFLDWHG ZLWK FRPEXVWLRQ�UHODWHG DFWLYLWLHV� SDUWLFXODUO\ FRRNLQJ DQG FDQGOH EXUQLQJ� 2XWGRRU 31& ZDV VLJQLILFDQWO\
DVVRFLDWHG ZLWK LQGRRU 31&� EXW LQGRRU FRPEXVWLRQ�UHODWHG DFWLYLWLHV� SDUWLFXODUO\ ZRRGEXUQLQJ� FRRNLQJ DQG FDQGOH
EXUQLQJ�DUH�PRUH�VWURQJO\�DVVRFLDWHG�ZLWK�VKRUW�WHUP�LQFUHDVHV�LQ�LQGRRU�31&�
7KH VWXG\ KLJKOLJKWV WKH YDOXH RI UHDO�WLPH PHDVXUHPHQWV IRU DFFXUDWHO\ FKDUDFWHUL]LQJ UHVLGHQWLDO 8)3 H[SRVXUH DQG WKH
HIIHFWV�RI�EXLOGLQJ�SURSHUWLHV�DQG�RFFXSDQW�EHKDYLRXU�

�

�

)LJXUH����3DUWLFOH�QXPEHU�FRQFHQWUDWLRQV�RYHU�WLPH�GXULQJ�VXPPHU�DQG�ZLQWHU��ZLWK�KRXVHKROG�DFWLYLWLHV�ORJJHG�EHORZ�
)LJXUH����'LVWULEXWLRQ�RI�PHDVXUHG�LQGRRU�DQG�RXWGRRU�XOWUDILQH�SDUWLFOH�QXPEHU�FRQFHQWUDWLRQV��31&��DFURVV�UHVLGHQWLDO
FDWHJRULHV�GXULQJ�WKH�ZLQWHU�DQG�VXPPHU�FDPSDLJQ�
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��6HVVLRQ����,QGRRU�SDUWLFOHV�DQG�RFFXSDWLRQDO�H[SRVXUH��7DON
��
8QGHUJURXQG�5DLO�$LU�4XDOLW\��'HWHUPLQDWLRQ�RI�8)3�DQG�%&�&RQFHQWUDWLRQV�LQ�D�7UDLQ�6WDWLRQ�DQG�LWV�$GMDFHQW

7XQQHO�

'��2EDQGR���8��9RJW���'��.DQDIDQL�

�,QVWLWXW�I�U�(QHUJLHYHUIDKUHQVWHFKQLN�XQG�'\QDPLN�LQ�(QHUJLHV\VWHPHQ�±�,('�

,QWURGXFWLRQ� 5HFRJQL]HG DV D PRUH HQYLURQPHQWDOO\ IULHQGO\ DOWHUQDWLYH WR FDUV DQG DLUSODQHV� UDLO WUDQVSRUW SOD\V D FUXFLDO
UROH LQ FRQQHFWLQJ *HUPDQ\ ZLWK RWKHU (XURSHDQ FRXQWULHV� VHUYLQJ GDLO\ PLOOLRQV RI SDVVHQJHUV RYHU D UDLOZD\ V\VWHP RI
RYHU ������ NP >�@� 1RQHWKHOHVV� WKH JURZLQJ HYLGHQFH WKDW WUDLQ HPLVVLRQV DOVR FRQWULEXWH WR DLU SROOXWLRQ >�� �� �@ KDV QRW
\HW EHHQ PDWFKHG E\ H[WHQVLYH UHVHDUFK� OHDYLQJ WKLV VHFWRU UHODWLYHO\ XQH[SORUHG FRPSDUHG WR URDG WUDQVSRUW� 7KLV ZRUN
VHHNV�WR�FRQWULEXWH�WR�D�GHHSHU�XQGHUVWDQGLQJ�RI�UDLO�UHODWHG�HPLVVLRQV��VSHFLILFDOO\�IRFXVLQJ�RQ�8)3�DQG�%&�

0HWKRGRORJ\� )URP -DQXDU\ WR 0DUFK ����� DLU TXDOLW\ PHDVXUHPHQWV ZHUH FDUULHG RXW DW IRXU VWUDWHJLF ORFDWLRQV DW WKH
%HUOLQ $LUSRUW 7UDLQ 6WDWLRQ� WKH SODWIRUP� WXQQHO� WXQQHO SRUWDO� DQG DQ RXWGRRU EUDFNJURXQG VLWH �VKRZQ LQ )LJXUH ��� $W
HDFK PHDVXUHPHQW VWDWLRQ� WKH FRQFHQWUDWLRQV RI 30�� DQG 30��� ZHUH GHWHUPLQHG JUDYLPHWULFDOO\ YLD VHTXHQWLDO VDPSOHUV�
WKH ILOWHUV ZHUH ODWHU DQDO\]HG IRU %ODFN &DUERQ DQG %URZQ &DUERQ �%& DQG %U&� XVLQJ DQ QRQ�GHVWUXFWLYH 2SWLFDO
7UDQVPLVVRPHWHU� 7KHVH WLPH�DYHUDJHG GDWD ZHUH FRPSOHPHQWHG E\ FRQWLQXRXV PRQLWRULQJ RI FRDUVH�ILQH SDUWLFOHV �OLJKW�
VFDWWHULQJ�� 8)3 �GLIIXVLRQ FKDUJHU�� DQG %& �PLQL�DHWKDORPHWHUV�� )LQDOO\� PHWHRURORJLFDO GDWD VXFK DV WHPSHUDWXUH�
KXPLGLW\� ZLQG VSHHG DQG GLUHFWLRQ ZDV FROOHFWHG WR DVVHVV KRZ QDWXUDO DLUIORZ DQG YHKLFOH�LQGXFHG WXUEXOHQFH JRYHUQHG
SROOXWDQW�GLVSHUVLRQ�ZLWKLQ�WKH�WXQQHO�

5HVXOWV� $V VKRZQ LQ 7DEOH �� %& OHYHOV QHDU WKH UDLOZD\ WUDFNV VLJQLILFDQWO\ H[FHHGHG DPELHQW EDFNJURXQG FRQFHQWUDWLRQV�
%U& OHYHOV� KRZHYHU� UHPDLQHG UHODWLYHO\ VWDEOH DFURVV VLWHV� FRQILUPLQJ WKH DEVHQFH RI LQWHUQDO %U& VRXUFHV DQG VXJJHVWLQJ
WKDW LQGRRU FRQFHQWUDWLRQV DUH SULPDULO\ GULYHQ E\ H[WHUQDO DLU H[FKDQJH� 7KH VWXG\ SHULRG ZDV IXUWKHU PDUNHG E\ WZR
UDLOZD\ VWULNHV DQG RQH DLUSRUW VWULNH� ZKLFK DOORZHG XV WR GLIIHUHQWLDWH WUDIILF�UHODWHG HPLVVLRQV IURP UHJLRQDO EDFNJURXQG
VLJQDOV DQG ILOWHU RXW SRWHQWLDO LQWHUIHUHQFH IURP QHLJKERULQJ DLU WUDIILF� (YDOXDWLRQ RI WKH FRQWLQXRXV 8)3 DQG %& WLPH�
VHULHV�LV�FXUUHQWO\�EHLQJ�ILQDOL]HG�

&RQFOXVLRQV DQG 2XWORRN� 7KLV VWXG\ FRQILUPV WKDW WUDFN�VLGH %& OHYHOV VLJQLILFDQWO\ H[FHHG EDFNJURXQG FRQFHQWUDWLRQV�
GULYHQ E\ WUDIILF DQG WKH SLVWRQ HIIHFW� %U& VWDELOLW\ VXJJHVWV H[WHUQDO LQILOWUDWLRQ UDWKHU WKDQ LQWHUQDO VRXUFHV� 2QJRLQJ KLJK�
UHVROXWLRQ�DQDO\VLV�RI�8)3�DQG�%&�WLPH�VHULHV�ZLOO�IXUWKHU�FODULI\�WKHVH�HPLVVLRQ�SDWWHUQV�DQG�WKHLU�LPSDFW�RQ�DLU�TXDOLW\�
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>�@�'HXWVFKH�%DKQ�$*��,QWHJULHUWHU�%HULFKW������
>�@ 0XJLFD�ÈOYDUH]� 9�� )LJXHURD�/DUD� -�� 5RPHUR�5RPR� 0�� 6HS~OYHGD�6iQFKH]� -�� DQG /ySH]�0RUHQR� 7� �����
$WPRVSKHULF�(QYLURQPHQW��������±����
>�@ 0LQJXLOOyQ� 0� &�� 5HFKH� &�� 0DUWLQV� 9�� $PDWR� )�� 0LJXHO� (� GH� &DSGHYLOD� 0�� &HQWHOOHV� 6�� 4XHURO� ;�� DQG
0RUHQR��7��������(QYLURQPHQWDO�UHVHDUFK���������±����
>�@�6DPDG��$���$UDQJR��.���$OYDUH]�)ORUH]��'���&KRXUGDNLV��,���DQG�9RJW��8��������$WPRVSKHUH��������������
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