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1XPHULFDO�,QYHVWLJDWLRQ�RI�)XHO�,QMHFWLRQ�&RQWURO�RQ�$HURVRO�)RUPDWLRQ�DQG�7UDQVSRUW�LQ�&DQ\RQV�DQG�2SHQ�$UHDV

0��%H]DDWSRXU���0��1D]HPLDQ���0��0LLNND�'DO�0DVR���0��5LVVDQHQ�

�$HURVRO�3K\VLFV�/DERUDWRU\��7DPSHUH�8QLYHUVLW\��������7DPSHUH��)LQODQG���)DFXOW\�RI�0HFKDQLFDO�(QJLQHHULQJ��6DKDQG
1HZ�7RZQ��7DEUL]��,UDQ�

&RPEXVWLRQ SURFHVVHV DUH D VLJQLILFDQW VRXUFH RI DLU SROOXWDQWV� FRQWULEXWLQJ WR DWPRVSKHULF DHURVRO IRUPDWLRQ DQG DGYHUVHO\
DIIHFWLQJ DLU TXDOLW\ >�@� 0RGHOOLQJ WKH FRPEXVWLRQ FKDPEHU LV HVVHQWLDO IRU DFFXUDWHO\ SUHGLFWLQJ SROOXWDQW HPLVVLRQV�
RSWLPL]LQJ FRPEXVWLRQ HIILFLHQF\� DQG PLQLPL]LQJ WKH HQYLURQPHQWDO LPSDFW RI IXHO FRPEXVWLRQ >�@� 0RUHRYHU� PRGHOOLQJ
DLU TXDOLW\ LV FUXFLDO IRU XQGHUVWDQGLQJ WKH GLVSHUVLRQ DQG WUDQVIRUPDWLRQ RI SROOXWDQWV� HQDEOLQJ WKH DVVHVVPHQW RI WKHLU
LPSDFW RQ KXPDQ KHDOWK DQG WKH HQYLURQPHQW >�@� ,Q WKLV VWXG\� ZH SUHVHQW D FRPSUHKHQVLYH QXPHULFDO PRGHOOLQJ DSSURDFK
WR SUHGLFW SROOXWDQW HPLVVLRQV IURP D FRPEXVWLRQ FKDPEHU DQG WKHLU VXEVHTXHQW WUDQVSRUW DQG WUDQVIRUPDWLRQ LQWR DHURVROV
ZLWKLQ VWUHHW FDQ\RQV DQG RSHQ DUHDV� 7KH ILUVW SKDVH RI RXU ZRUN LQYROYHG GHYHORSLQJ D GHWDLOHG FRPEXVWLRQ FKDPEHU
PRGHO WR TXDQWLI\ WKH LPSDFW RI IXHO LQMHFWLRQ FRQWURO RQ HPLVVLRQV RI NH\ SROOXWDQWV� LQFOXGLQJ SDUWLFXODWH PDWWHU �30��
QLWURJHQ R[LGHV �12ೋ�� DQG YRODWLOH RUJDQLF FRPSRXQGV �92&V�� ,W XQGHUVFRUHG WZR SLYRWDO FKDUDFWHULVWLFV IRU LQMHFWLRQ
SUHVVXUH IXQFWLRQ� D FRQWLQXRXV LQFUHDVH FRXSOHG ZLWK VSHFLILF QXPEHU RI YLEUDWLRQV� IRUPLQJ DQ LQFUHDVLQJ RVFLOODWRU\
IXQFWLRQ� 1RW RQO\ GLG LW HQKDQFH SRZHU HIILFLHQF\ DQG UHGXFHG 92& HPLVVLRQV� EXW LW DOVR \LHOGHG PRUH LUUHYHUVLELOLW\�
RSHQLQJ RSSRUWXQLWLHV IRU PRUH ZDVWH KHDW UHFRYHU\� 7KH SUHGLFWHG HPLVVLRQ SURILOHV ZHUH WKHQ XVHG DV LQSXW IRU WKH VHFRQG
SKDVH� ZKLFK IRFXVHV RQ VLPXODWLQJ WKH GLVSHUVLRQ� FKHPLFDO WUDQVIRUPDWLRQ� DQG VHFRQGDU\ DHURVRO IRUPDWLRQ LQ ERWK RSHQ
DUHDV DQG VWUHHW FDQ\RQ HQYLURQPHQWV� $GYDQFHG FRPSXWDWLRQDO IOXLG G\QDPLFV �&)'� WHFKQLTXHV� FRXSOHG ZLWK
DWPRVSKHULF FKHPLVWU\ PRGHOV� ZHUH HPSOR\HG WR FDSWXUH WKH FRPSOH[ LQWHUDFWLRQV EHWZHHQ HPLWWHG SROOXWDQWV�
PHWHRURORJLFDO FRQGLWLRQV� DQG HQYLURQPHQWDO JHRPHWULHV� 7KH VWXG\ DLPV WR SURYLGH LQVLJKWV LQWR WKH VSDWLDO DQG WHPSRUDO
HYROXWLRQ RI DHURVRO FRQFHQWUDWLRQV� FRQWULEXWLQJ WR EHWWHU DLU TXDOLW\ PDQDJHPHQW DQG HPLVVLRQ FRQWURO VWUDWHJLHV�
3UHOLPLQDU\ UHVXOWV KLJKOLJKW WKH LQIOXHQFH RI IXHO LQMHFWLRQ VWUDWHJ\� FDQ\RQ JHRPHWU\� DQG DWPRVSKHULF FRQGLWLRQV RQ
SROOXWDQW GLVSHUVLRQ DQG DHURVRO IRUPDWLRQ� 7KLV UHVHDUFK FDQ DLG SROLF\PDNHUV LQ GHVLJQLQJ HIIHFWLYH PLWLJDWLRQ VWUDWHJLHV WR
UHGXFH�KXPDQ�H[SRVXUH�WR�KDUPIXO�DLUERUQH�SROOXWDQWV�

�

�

>�@ +RQJ�/L� :DQJ� HW DO� �9RODWLOH RUJDQLF FRPSRXQGV �92&V� VRXUFH SURILOHV RI RQ�URDG YHKLFOH HPLVVLRQV LQ &KLQD��
6FLHQFH�RI�WKH�7RWDO�(QYLURQPHQW���������������������

>�@�3HORVLQ��0��HW�DO����&RPEXVWLRQ�0RGHOLQJ�$SSURDFK�IRU�WKH�2SWLPL]DWLRQ�RI�D�7HPSHUDWXUH�&RQWUROOHG�5HDFWLYLW\
&RPSUHVVLRQ�,JQLWLRQ�(QJLQH�)XHOHG�ZLWK�,VR�2FWDQH���(QHUJLHV����������������������

>�@�6HLQIHOG��-RKQ�+���DQG�6S\URV�1��3DQGLV����$WPRVSKHULF�FKHPLVWU\�DQG�SK\VLFV��IURP�DLU�SROOXWLRQ�WR�FOLPDWH�FKDQJH��
-RKQ�:LOH\�	�6RQV���������
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/LWKLXP�LRQ�EDWWHU\�WKHUPDO�UXQDZD\�SDUWLFOH�HPLVVLRQV��

(��'H)UDQFH���=��7RXPDVDWRV���(��*RIWDUL���+��/L���%��.ZRQ���9��3UHPQDWK���-��$��-HHYDUDMDQ���*��.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��(OHFWURFKHPLFDO�6DIHW\�5HVHDUFK�,QVWLWXWH��(65,��������*XOI�)Z\�

8+7%��7;��������86$�

,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\� %DWWHU\ ILUHV DUH NQRZQ WR SRVH VLJQLILFDQW ULVNV DV
WKH\ UHOHDVH WR[LF JDVHRXV DQG SDUWLFXODWH HPLVVLRQV WKDW FDQ DGYHUVHO\ DIIHFW KXPDQ KHDOWK DQG WKH HQYLURQPHQW� 0RUHRYHU�
WKH PHWKRGV XVHG WR H[WLQJXLVK WKHVH ILUHV FDQ DOWHU WKH FRPSRVLWLRQ DQG QDWXUH RI WKHVH HPLVVLRQV� IXUWKHU FRPSOLFDWLQJ WKH
ULVNV� ,Q WKLV VWXG\� H[SHULPHQWV ZHUH FRQGXFHG ZLWK PRGXOHV FRPSRVHG RI OL�LRQ FHOOV WKDW ZHUH WULJJHUHG LQWR WKHUPDO
UXQDZD\ E\ RYHUFKDUJLQJ WKHP� ([SHULPHQWV ZHUH FRQGXFWHG LQ D ���IW FRQWDLQHU WKDW ZDV HTXLSSHG ZLWK LQVWUXPHQWDWLRQ WR
PHDVXUH WHPSHUDWXUH� SUHVVXUH DQG SDUWLFXODWH HPLVVLRQV� 7KUHH H[SHULPHQWV ZHUH FRQGXFWHG DV D SDUW RI WKLV VWXG\ ± RQH
LQYROYLQJ QR ILUH VXSSUHVVLRQ� DQG WZR WHVWV GXULQJ ZKLFK ILUH VXSSUHVVDQWV ZHUH HQJDJHG� $PRQJ WKHVH WZR WHVWV� ZDWHU ZDV
XVHG DV WKH VXSSUHVVDQW IRU RQH RI WKH WHVWV� DQG DQ DHURVRO�EDVHG VXSSUHVVDQW ZDV XVHG IRU WKH RWKHU� 'HWDLOHG
FKDUDFWHUL]DWLRQ RI HPLVVLRQV LQFOXGHG FROOHFWLRQ RI ILQH SDUWLFXODWH PDWWHU �30� RQ ILOWHU PHGLD� DQG UHDO�WLPH PHDVXUHPHQW
RI SDUWLFOH QXPEHU FRQFHQWUDWLRQ DQG VL]H GLVWULEXWLRQ� 1HDU�UHDO�WLPH PHWDO FRQFHQWUDWLRQ ZDV PHDVXUHG ZLWK D WR[LF PHWDO
DHURVRO DQDO\]HU �7$57$�� )XUWKHU DQDO\VLV RI 30 ILOWHUV WR H[DPLQH FKHPLFDO FRPSRVLWLRQ RI 30 �YLD LQGXFWLYHO\ FRXSOHG
SODVPD PDVV VSHFWURPHWU\�� PRUSKRORJ\ �YLD VFDQQLQJ HOHFWURQ PLFURVFRS\�� WKH SUHVHQFH RI SDUWLFOH SKDVH LQRUJDQLF LRQV
�LRQ FKURPDWRJUDSK\� DQG SRO\F\FOLF DURPDWLF K\GURFDUERQV �YLD JDV FKURPDWRJUDSK\� ZDV FRQGXFWHG� 5HVXOWV IURP WKLV
SURJUDP ZLOO SURYLGH FULWLFDO LQVLJKW LQWR DLUERUQH HPLVVLRQV IURP EDWWHU\ ILUHV� DQG WKH LQIOXHQFH RI VXSSUHVVDQWV RQ WKHVH
HPLVVLRQV��6XFK�LQIRUPDWLRQ�ZLOO�EH�LQYDOXDEOH�IRU�ILUVW�UHVSRQGHUV��DQG�VWDNHKROGHUV�IRFXVLQJ�RQ�WKH�HQYLURQPHQWDO�LPSDFW��
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5HODWLQJ�FRQGHQVDEOH�UHDFWLRQ�SURGXFW�IRUPDWLRQ�ZLWK�QDQRSDUWLFOH�JURZWK�UDWHV��6HOHFW�PRQRWHUSHQH���12�
UHDFWLRQV�XQGHU�YDU\LQJ�R[LGL]LQJ�FRQGLWLRQV�

0��5LVVDQHQ�����6��%DUXD���/��*DR���5��$VJKHU���6��)DUKRXGLDQ���$��.XPDU���6��,\HU���0��5LYD���%��%pQpGLFWH�3LFTXHW�
9DUUDXOW���0��'DO�0DVR�

�7DPSHUH�8QLYHUVLW\��3K\VLFV�8QLW��7DPSHUH��)LQODQG���8QLYHUVLW\�RI�+HOVLQNL��&KHPLVWU\�'HSDUWPHQW��+HOVLQNL��)LQODQG���

&156��,5&(/<21��/\RQ��)UDQFH���8QLYHUVLWp�3DULV�(VW�&UpWHLO�DQG�8QLYHUVLWp�3DULV�&LWp��&156��/,6$��&UHWHLO��)UDQFH�

6HFRQGDU\ DHURVRO �6HF$� IRUPDWLRQ LV D OHDGLQJ FDXVH RI DLU TXDOLW\ LVVXHV� DQG D FULWLFDO SURFHVV LQ WKH IRUPDWLRQ RI FORXGV
GURSOHWV� 1RWZLWKVWDQGLQJ WKH LPSRUWDQFH� WKH ILUVW VWHSV RI VHFRQGDU\ DHURVRO IRUPDWLRQ NHHS HOXGLQJ WKH UHVHDUFKHUV� 7KH
VLQJOH PRVW LPSRUWDQW PROHFXODU SURSHUW\ GHVFULELQJ 6HF$ IRUPDWLRQ SRWHQWLDO LV WKH FRPSRXQG YDSRU SUHVVXUH� $V PRVW RI
IUHVK PROHFXODU FOXVWHUV DQG VPDOO VHFRQGDU\ QDQRSDUWLFOHV DUH SURQH WR HYDSRUDWLRQ DQG VFDYHQJLQJ E\ ODUJHU SDUWLFOHV DQG
VXUIDFHV� WKH UDWH DW ZKLFK FRQGHQVDEOH SURGXFWV DUH SURYLGHG GHWHUPLQHV WKHLU SUREDELOLW\ WR VXUYLYH� 7KH VPDOOHVW FOXVWHUV
UHTXLULQJ�WKH�ORZHVW�YDSRU�SUHVVXUH�PROHFXOHV�WR�LQGXFH�6HF$�JURZWK�

7KH WHQGHQF\ WR IRUP QHZ SDUWLFOHV DQG WKH VXEVHTXHQW JHQHUDWLRQ RI 6HF$ PDVV ZDV VWXGLHG LQ WKH &(6$0 DWPRVSKHULF
VLPXODWLRQ FKDPEHU LQ 3DULV &UHWHLO� 6HYHUDO PRQRWHUSHQH � 12� UHDFWLRQV ZHUH LQYHVWLJDWHG LQFOXGLQJ D� DQG J�WHUSLQHQH�
OLPRQHQH DQG D�SLQHQH� 7KH QLWUDWH UDGLFDO ZDV SUHSDUHG HLWKHU E\ 1�2� GHFRPSRVLWLRQ RU E\ PL[LQJ 12� � 2� LQ WKH
FKDPEHU� 6LJQLILFDQW GLIIHUHQFHV ZHUH REVHUYHG EHWZHHQ WKH UHDFWLRQ V\VWHPV OLNHO\ GXH WR 2� LQYROYHPHQW LQ WKH VHFRQG
FDVH� 7KH R[LGL]HG JDV�SKDVH SURGXFW GLVWULEXWLRQV ZHUH TXDQWLILHG E\ 12�

� DQG %U� FKHPLFDO LRQL]DWLRQ PDVV VSHFWURPHWU\
�&,06� DQG WKH G\QDPLFV RI WKH QDQRSDUWLFOH IRUPDWLRQ ZHUH PRQLWRUHG E\ D FRPELQDWLRQ RI D SDUWLFOH�VL]H PDJQLILHU
�360� DQG D VFDQQLQJ PRELOLW\ SDUWLFOH VL]HU �6036�� 7KH UHVXOWLQJ DHURVRO FKHPLFDO FRPSRVLWLRQ ZDV GHWHUPLQHG E\ DQ
DHURVRO FKHPLFDO VSHFLDWLRQ PRQLWRU �$&60�� %\ FRPELQLQJ LQIRUPDWLRQ RQ WKH UDWH RI GLUHFW DHURVRO SUHFXUVRU IRUPDWLRQ
�H�J�� KLJKO\ R[\JHQDWHG RUJDQLF PROHFXOHV� +20V� DQG WKH UDWH RI QDQRSDUWLFOH JURZWK �L�H�� IRUPDWLRQ DQG JURZWK UDWHV RI
FD� � WR �� QP SDUWLFOHV�� DOORZV WR DVVHVV WKH HIILFLHQF\ RI 6HF$ PDVV JHQHUDWLRQ DW D PROHFXODU OHYHO� 7KH VWXGLHG
PRQRWHUSHQHV FRQWDLQHG GLVWLQFW IXQFWLRQDO IHDWXUHV �H�J�� GLIIHUHQW QXPEHU DQG W\SH RI GRXEOH ERQGV� DQG RIIHU LQVLJKWV LQWR
PROHFXODU�UHDFWLYLW\�DQG�FORVHO\�UHODWHG�DIILQLW\�IRU�R[LGDWLYH�PROHFXODU�JURZWK�
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5HDO�WLPH�DQDO\VLV�RI�WUDFH�PHWDOV�LQ�DLU�E\�PLFURZDYH�LQGXFHG�SODVPD�WLPH�RI�IOLJKW�PDVV�VSHFWURPHWU\��PLS72)��

$��*XQGODFK�*UDKDP���0��7DQQHU�

�72):(5.�$*��6FKRUHQVWUDVVH����������7KXQ�

'HWHUPLQDWLRQ RI WKH HOHPHQWDO FRPSRVLWLRQ RI DLUERUQH QDQRSDUWLFOHV DQG PLFUR�SDUWLFOHV LV HVVHQWLDO WR XQGHUVWDQG WKH
VRXUFH�V� RI WKHVH SDUWLFOHV DQG DOVR WR SUHGLFW SRWHQWLDO KHDOWK HIIHFWV� � 7KH PRVW FRPPRQ DSSURDFK WR PHDVXUH WKH PHWDO
FRQWHQW RI DLU LV WR FROOHFW VDPSOHV RQ ILOWHUV DQG WKHQ DQDO\]H GLJHVWV E\ ,&3�06� � KRZHYHU� WKLV VWUDWHJ\ RIIHUV SRRU WLPH
UHVROXWLRQ �H�J� GD\V� DQG RQO\ SURYLGHV EXON HOHPHQW FRPSRVLWLRQ LQIRUPDWLRQ� 7R XQGHUVWDQG WKH VSDWLRWHPSRUDO
FKDUDFWHULVWLFV RI WKH HPLVVLRQ RI PHWDO�FRQWDLQLQJ DHURVROV� ZKLFK LV NH\ WR DVVHVVLQJ H[SRVXUH� UHDO�WLPH DQDO\VLV VWUDWHJLHV
DUH HVVHQWLDO� +HUH� ZH UHSRUW WKH GHYHORSPHQW RI D PLFURZDYH LQGXFHG SODVPD WLPH�RI�IOLJKW PDVV VSHFWURPHWHU �PLS72)�
WKDW�FDQ�EH�XVHG�IRU�WKH�GLUHFW�DQDO\VLV�RI�PHWDO�FRQWDLQLQJ�DLUERUQH�SDUWLFOHV�

�

�

7KH�PLS72)�LV�D�ILHOG�GHSOR\DEOH�WUDFH�HOHPHQW�PDVV�VSHFWURPHWHU���,W�XVHV�D�QLWURJHQ�VXVWDLQHG�KLJK�SRZHU�SODVPD
�0,&$3��5DGRP�,QVWUXPHQWV�������WR�YDSRUL]H��DWRPL]H��DQG�LRQL]H�DHURVROV�ZLWK�VL]HV�IURP�WKH�XOWUDILQH�WR�30����
$PELHQW�DLU�LV�VDPSOHG�LQWR�WKH�SODVPD�YLD�D�FRQFHQWULF�SQHXPDWLF�QHEXOL]HU�VHW�XS�DV�D�9HQWXUL�SXPS��VHH�ILJXUH��
$WRPLF�LRQV�JHQHUDWHG�LQ�WKH�SODVPD�DUH�H[WUDFWHG�LQWR�WKH�PDVV�VSHFWURPHWHU��ZKHUH�WKH\�DUH�VRUWHG�DFFRUGLQJ�WR�PDVV�WR�
FKDUJH�UDWLR��P�4��DQG�UHFRUGHG���:LWK�WKH�PLS72)��FRQFHQWUDWLRQ�/2'V�UDQJH�IURP����QJ�P���SRWDVVLXP��WR������QJ�P�

�OHDG��LQ�D����VHFRQG�PHDVXUHPHQW��7KH�KLJK�VHQVLWLYLW\��KLJK�VSHHG�PHWDO�DHURVRO�PHDVXUHPHQWV�SRVVLEOH�ZLWK�PLS72)
HQDEOH�QHZ�UHVHDUFK�LQWR�UHDO�WLPH�VSDWLRWHPSRUDO�DQDO\VLV�RI�PHWDOV�LQ�DLU���:H�ZLOO�UHSRUW�RQ�WKH�XVH�RI�WKH�PLS72)�LQ
ORQJ�WHUP�DLU�PRQLWRULQJ�DQG�PRELOH�ODE�PHDVXUHPHQWV�

>�@�'DHOOHQEDFK��.��5��HW�DO��1DWXUH���������������������������
>�@�6X]XNL��<���6X]XNL��7���)XUXWD��1��$QDO\WLFDO�6FLHQFHV�����������������������
>�@�-HYWLF��-���0HQRQ��$���3LNHOMD��9��3&7�86���������������
>�@�6FKLOG��0��HW�DO��$QDO\WLFDO�&KHPLVWU\����������������������������
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��
3HUIRUPDQFH�DQG�8QFHUWDLQW\�RI�3RUWDEOH�(PLVVLRQV�0HDVXUHPHQW�6\VWHPV��3(06��LQ�/DERUDWRU\�DQG�2Q�5RDG

7HVWV�IRU�,PSURYHG�4XDQWLILFDWLRQ�RI�9HKLFOH�([KDXVW�3DUWLFOHV�

0��.D]HPLPDQHVK���-��6DWXUQR���.��:LQWKHU���5��3HWWLQHQ�

�1DWLRQDO�3K\VLFDO�/DERUDWRU\��7HGGLQJWRQ��8QLWHG�.LQJGRP���3K\VLNDOLVFK�7HFKQLVFKH�%XQGHVDQVWDOW��%UDXQVFKZHLJ�
*HUPDQ\���'DQLVK�7HFKQRORJLFDO�,QVWLWXWH��$DUKXV��'HQPDUN���977�7HFKQLFDO�5HVHDUFK�&HQWUH�RI�)LQODQG��(VSRR��)LQODQG�

8OWUDILQH SDUWLFOHV �8)3� DQG JDVHRXV SROOXWDQWV HPLWWHG IURP YHKLFOH H[KDXVWV DUH PDMRU FRQWULEXWRUV WR DLU SROOXWLRQ LQ
XUEDQ DUHDV� ,Q WKH (8� WKH QXPEHU RI VROLG H[KDXVW SDUWLFOHV ODUJHU WKDQ �� QP LV UHJXODWHG IRU W\SH DSSURYDO RI YHKLFOHV E\
WHVWLQJ UHDO GULYLQJ HPLVVLRQV �5'(� XVLQJ SRUWDEOH HPLVVLRQV PHDVXUHPHQW V\VWHPV �3(06�� +RZHYHU� 3(06 KDYH ODUJHU
PHDVXUHPHQW XQFHUWDLQW\ WKDQ UHIHUHQFH LQVWUXPHQWV XVHG LQ G\QDPRPHWHU WHVW VHWWLQJ DQG WKHLU PHWURORJLFDO YDOLGDWLRQ LV
FXUUHQWO\�ODFNLQJ��7KXV��LW�LV�FULWLFDO�WR�GHWHUPLQH�WKLV�XQFHUWDLQW\�WR�XQGHUSLQ�WKH�FXUUHQW�DQG�IXWXUH�FRQIRUPLW\�IDFWRUV�

,Q WKLV VWXG\� WKH SHUIRUPDQFH RI IRXU 3(06 GHYLFHV ZHUH HYDOXDWHG E\ SHUIRUPLQJ G\QDPRPHWHU DQG 5'( WHVWV� 7KH
3(06 GHYLFHV ZHUH HYDOXDWHG ZLWK IRXU (XUR � SDVVHQJHU FDUV DQG LQ )LQODQG DQG 'HQPDUN� 2YHU WKH FRXUVH RI WKUHH \HDUV
GXULQJ WKLV VWXG\� WKUHH FRPPHUFLDO 3(06 GHYLFHV ZHUH HYDOXDWHG DV ZHOO DV D µ*ROGHQ3(06¶ ZKLFK ZDV YDOLGDWHG
PHWURORJLFDOO\ E\ WKUHH 1DWLRQDO 0HWURORJ\ ,QVWLWXWHV �10,V�� 7KH 3(06 GHYLFHV XVHG FRQGHQVDWLRQ SDUWLFOH FRXQWLQJ
�&3&��DQG�GLIIXVLRQ�FKDUJLQJ��'&��WHFKQRORJLHV�IRU�SDUWLFOH�QXPEHU�FRQFHQWUDWLRQ��31��PHDVXUHPHQW�

7KH UHVXOWV VKRZHG WKDW D VLJQLILFDQW GD\�WR�GD\ YDULDWLRQ H[LVWV LQ 5'( WHVWV SHUIRUPHG ZLWK WKH VDPH YHKLFOH� WHVW URXWH�
DQG GULYHU� 'D\�WR�GD\ YDULDWLRQV DUH PRVWO\ ODUJHU WKDQ GHYLFH�WR�GHYLFH YDULDWLRQ� 0HDVXUHG 31 FDQ YDU\ E\ PRUH WKDQ
��� GHSHQGLQJ RQ WKH 31 PHDVXUHPHQW V\VWHP� ,Q DGGLWLRQ� WKH 5'( UHVXOWV UHFRUGHG ZLWK '&�EDVHG 3(06 FRUUHODWHG
EHWWHU ZLWK ODERUDWRU\ UHVXOWV IRU WHVWV SURGXFLQJ ORZHU 31 HPLVVLRQV �GLHVHO HQJLQHV�� ZKLOH WKH &3&�EDVHG 3(06
SHUIRUPHG EHWWHU IRU WHVWV SURGXFLQJ KLJKHU 31 HPLVVLRQV �JDVROLQH HQJLQHV�� 7KH UHVXOWV VXJJHVW WKDW WKH WZR 31 3(06
GHYLFHV�PD\�KDYH�WR�EH�WXQHG�IRU�GLIIHUHQW�HPLVVLRQ�PDWUL[HV�

�

�

)LJXUH����&RPSDULVRQ�RI�PHDVXUHPHQWV�E\�GLIIHUHQW�31�3(06�GHYLFHV�XQGHU�ODERUDWRU\��:/7&��DQG�RQ�URDG��5'(�
WHVWLQJ�FRQGLWLRQV
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��6HVVLRQ����1DQRSDUWLFOH�IRUPDWLRQ�WUDQVIRUPDWLRQ�	�,QVWUXPHQWDWLRQ��7DON 6���
��

2Q�URDG�31�DQG�%&�HPLVVLRQ�PHDVXUHPHQWV�RI�/�FDWHJRU\�YHKLFOHV�

*��7ULDQWDI\OORSRXORV���,��5DSWLV���1��.RXVLDV���$��7]LRYDV���/��1W]LDFKULVWRV��

�(0,6,$�6$��7KHVVDORQLNL��*5��������*UHHFH���/DERUDWRU\�RI�$SSOLHG�7KHUPRG\QDPLFV��/$7���$ULVWRWOH�8QLYHUVLW\�RI
7KHVVDORQLNL��*5��������*UHHFH�

7KLV VWXG\ DLPV DW TXDQWLI\LQJ WKH LQ�XVH SDUWLFXODWH HPLVVLRQ OHYHOV RI /�FDWHJRU\ YHKLFOHV� E\ SHUIRUPLQJ RQ�URDG 31 DQG
%& PHDVXUHPHQWV RQ DFWXDO YHKLFOHV� 7KH XVH RI 3(06 GHYLFHV� FRPPRQO\ XVHG LQ FDUV DQG WUXFNV IRU 5'(�,6& WHVWLQJ�
ZDV UHMHFWHG GXH WR OLPLWHG VSDFH IRU HTXLSPHQW LQVWDOODWLRQ DQG VDIHW\ FRQFHUQV� ,QVWHDG� D FRPPHUFLDOO\ DYDLODEOH
PLQLDWXUL]HG '& SDUWLFOH FRXQWHU ZDV XVHG IRU 31 HPLVVLRQ PHDVXUHPHQW� DQG D QRYHO RSWRDFRXVWLF %& VHQVRU IRU %&
HPLVVLRQV�PHDVXUHPHQW�

�

�

7KH HPLVVLRQ PHDVXUHPHQWV ZHUH FRQGXFWHG LQ WKH PHWURSROLWDQ DUHD RI 7KHVVDORQLNL� 'LIIHUHQW W\SHV RI YHKLFOHV ZHUH
VHOHFWHG WR EH WHVWHG� RI YDU\LQJ DJH� UHSUHVHQWDWLYH RI WKH FXUUHQW (8 /�FDWHJRU\ YHKLFOH IOHHW� LQFOXGLQJ /�H%� /�H� /�H$��
/�H$� DQG /�H$�� 7KH GHYLFHV LQVWDOOHG RQ HDFK ELNH ZHUH WKH SDUWLFOH PHDVXUHPHQW GHYLFHV HLWKHU %& VHQVRU RU '&
FRXQWHU� D *36 UHFHLYHU� 2%' GDWD UHFRUGHU� D 6(06 GHYLFH PHDVXULQJ &2� &2� DQG 12 DQG DQ ()0 SLWRW WXEH ZKHUHYHU
SRVVLEOH�

&RQVLGHUDEOH DPRXQWV RI SDUWLFOH HPLVVLRQV ZHUH IRXQG IRU VSHFLILF VXEJURXSV RI YHKLFOHV� HVSHFLDOO\ XQGHU KLJK ORDG
RSHUDWLRQ� EXW OHVV SDUWLFOH HPLVVLRQV LQ RWKHUV� 7KH H[SHULPHQWDO FDPSDLJQ GHPRQVWUDWHG WKDW RQ�URDG HPLVVLRQV WHVWLQJ RI /�
FDWHJRU\�YHKLFOHV�LV�GLIILFXOW�\HW�IHDVLEOH�ZLWK�GHYLFHV�VXFK�DV�6(06��%&�VHQVRUV�DQG�PLQLDWXUL]HG�31�'&�FRXQWHUV�

�

$FNQRZOHGJPHQWV

7KLV UHVHDUFK KDV EHHQ FR�ILQDQFHG E\ WKH (XURSHDQ 8QLRQ¶V +RUL]RQ (XURSH UHVHDUFK DQG LQQRYDWLRQ SURJUDPPH XQGHU
JUDQW�DJUHHPHQW�1R������������/(16��
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