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%DFNJURXQG��
�7KH�DWRSLF�UHDFWLRQ�LV�PHGLDWHG�WKURXJK���PDLQ�W\SHV�RI�FHOOV��7�FHOOV��

$3&V�DQG�NHUDWLQRF\WHV��7KH�UROH�RI�WKHVH�FHOOV�LV�RUFKHVWUDWHG�E\�FRPSOH[�
LQWHUSOD\�RI�DGKHVLRQ�PROHFXOHV��F\WRNLQHV�DQG�RWKHU�LQIODPPDWRU\�PHGLDWRUV��

$LP�RI�WKH�VWXG\���
ZDV�WR�VHPLTXDQWLWDWLYHO\�DVVHVV�H[SUHVVLRQ�RI�VRPH�NHUDWLQRF\WH�GHULYHG�

FKHPRNLQHV�LQ�WKH�HSLGHUPLV�RI�DWRSLF�VNLQ��DFXWH�WR�VXEDFXWH�OHVLRQV��DQG�WR�
H[SORUH�DQ\�GLIIHUHQFHV�LQ�WKH�GHJUHH�DQG�SDWWHUQ�RI�HSLGHUPDO�H[SUHVVLRQ�
EHWZHHQ�LQWULQVLF�DQG�H[WULQVLF�VXEVHWV�RI�$'��

0DWHULDO�DQG�PHWKRGV���
�7ZHQW\�VHYHQ�FDVHV�RI�DWRSLF�GHUPDWLWLV�����RI�WKH�H[WULQVLF�DQG����RI�

WKH�LQWULQVLF�W\SH��SOXV����FRQWURO�VXEMHFWV�ZHUH�HYDOXDWHG�
LPPXQRKLVWRFKHPLFDOO\�IRU�WKH�HSLGHUPDO�H[SUHVVLRQ�SDWWHUQ�DQG�LQWHQVLW\�RI�
VRPH�FKHPRNLQHV�QDPHO\�76/3��*0�&6)��7$5&��&7$&.�DQG�5$17(6�
DQG�IRU�/&�GHQVLW\�LQ�WKH�HSLGHUPLV��

5HVXOWV���
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(QKDQFHG�H[SUHVVLRQ�RI�76/3�LQ�WKH�OHVLRQDO�HSLGHUPLV�FRXOG�EH�VHHQ�LQ�
$'L�JURXS�DQG�VLJQLILFDQWO\�PRUH�LQ�$'H��)RU�*0�&6)��H[SUHVVLRQ�ZDV�
VLJQLILFDQWO\�HQKDQFHG�LQ�WKH�OHVLRQDO�HSLGHUPLV�RI�$'H�RQO\�EXW�QRW�LQ�$'L��
/HVLRQDO�VNLQ�RI�ERWK�$'L�DQG�$'H�VKRZHG�KLJK�7$5&�H[SUHVVLRQ�OHYHOV�EXW�
VLJQLILFDQWO\�PRUH�LQ�$'H�WKDQ�$'L��([SUHVVLRQ�RI�ERWK�&7$&.�DQG�
5$17(6�ZHUH�IDLQW�LQ�DWRSLF�HSLGHUPLV�DQG�GLG�QRW�GLIIHU�IURP�WKDW�RI�QRUPDO�
VNLQ��'HFUHDVH�LQ�WKH�/&�FRXQW�ZDV�VHHQ�LQ�WKH�OHVLRQDO�VNLQ�RI�ERWK�JURXSV�
EXW�ZDV�VLJQLILFDQW�RQO\�LQ�WKH�$'H�JURXS��7KH�QRQ�OHVLRQDO�DWRSLF�HSLGHUPLV�
GLG�QRW�VKRZ�VLJQLILFDQWO\�GLIIHUHQW�H[SUHVVLRQ�SDWWHUQV�IURP�QRUPDO�HSLGHUPLV�
H[FHSW�IRU�7$5&�ZKLFK�ZDV�VLJQLILFDQWO\�HQKDQFHG�LQ�$'H�EXW�QRW�LQ�$'L��

&RQFOXVLRQ��
�7KH�HQKDQFHG�H[SUHVVLRQ�RI�76/3��*0�&6)�DQG�7$5&�E\�DWRSLF�

HSLGHUPLV�PD\�SOD\�D�UROH�LQ�WKH�HYROXWLRQ�RI�DWRSLF�OHVLRQV�LQ�JHQHUDO�DQG�LQ�
WKH�FKDUDFWHULVWLF�7 ��� �SRODUL]DWLRQ�RI�WKH�LQIODPPDWRU\�UHDFWLRQ�LQ�SDUWLFXODU��
7KH�GLIIHUHQFH�LQ�WKH�H[SUHVVLRQ�SDWWHUQ�EHWZHHQ�ERWK�VXEJURXSV�P\�SOD\�D�
UROH�LQ�GHWHUPLQLQJ�WKH�H[DFW�OLQHDJH�RI�WKH�DWRSLF�SDWLHQW��L�H��LQWULQVLF�YHUVXV�
H[WULQVLF���76/3�DQG�*0�&6)�DUH�OLNHO\�WR�DXJPHQW�/&�SRSXODWLRQ�QXPEHU�
DQG�DFWLYLW\�LQ�WKH�VNLQ�WKXV�LQFUHDVLQJ�WKH�WHQGHQF\�RI�WKH�VNLQ�WR�UHDFW�WR�
H[WHUQDO�DOOHUJHQV�ZKLFK�LV�FKDUDFWHULVWLF�RI�$'H��2Q�WKH�RWKHU�KDQG��KLJKHU�
OHYHOV�RI�76/3�DQG�7$5&�LQ�$'H�FRPSDUHG�WR�$'L�PD\�EH�UHVSRQVLEOH�IRU�
VWURQJHU�7 ��� �SRODUL]DWLRQ�RI�WKH�LQIODPPDWRU\�UHDFWLRQ��7KLV�PD\�H[SODLQ�VRPH�
UHSRUWHG�GLIIHUHQFHV�EHWZHHQ�$'H�DQG�$'L�DW�WKH�WLVVXH�RU�VHUXP�OHYHOV��

,QWURGXFWLRQ�DQG�$LP�RI�WKH�:RUN��
$WRSLF�GHUPDWLWLV�LV�D�FKURQLFDOO\�UHODSVLQJ�HF]HPDWRXV�VNLQ�GLVHDVH�

UHVXOWLQJ�IURP�FRPSOH[�LQWHUDFWLRQV�EHWZHHQ�JHQHWLF�DQG�HQYLURQPHQWDO�
IDFWRUV�>�@�$�ODUJH�QXPEHU�RI�LPPXQRORJLFDO�DQG�QRQ�LPPXQRORJLFDO�
DEQRUPDOLWLHV�KDYH�EHHQ�UHSRUWHG�LQ�$'�SDWLHQWV�ZKHWKHU�LQ�WKH�VNLQ�RU�
VHUXP�>���@�

:KLOH�WKH�SULPDU\�GHIHFW�VHHPV�WR�EH�JHQHWLFDOO\�GHWHUPLQHG��PDQ\�
WULJJHULQJ�IDFWRUV�KDYH�EHHQ�UHSRUWHG�LQFOXGLQJ�VWUHVV��H[WHUQDO�LUULWDQWV��
VFUDWFKLQJ�DQG�PLFURELDO�DJHQWV��>�@�

,Q�VSLWH�RI�FRQWURYHUVLHV�DV�UHJDUGV�WKH�H[DFW�SDWKRSK\VLRORJ\�RI�
HF]HPDWRXV�OHVLRQ��DQG�HYHQ�WKH�H[DFW�W\SH�RI�LPPXQH�UHDFWLRQ���WKUHH�PDLQ�
W\SHV�RI�FHOOV�KDYH�EHHQ�FRQILUPHG�WR�SOD\�WKH�PDMRU�UROH�LQ�WKH�HYROXWLRQ�RI�
FKDUDFWHULVWLF�SDWKRORJ\�RI�$'�QDPHO\�7�O\PSKRF\WHV��DQWLJHQ�SUHVHQWLQJ�
FHOOV��$3&V��DQG�NHUDWLQRF\WHV�>�@�

7KH�UROH�SOD\HG�E\�WKHVH�HIIHFWRU�FHOOV�LV�RUFKHVWUDWHG�E\�D�JURZLQJ�OLVW�RI�
F\WRNLQHV��RU�FKHPRNLQHV���DGKHVLRQ�PROHFXOHV�DQG�RWKHU�LQIODPPDWRU\�
PHGLDWRUV�WKDW�FRQWURO�WUDIILFNLQJ�DQG�DFWLRQ�RI�WKH�LQIODPPDWRU\�FHOOV�DQG�
VXEVHTXHQWO\�GHWHUPLQH�WKH�QDWXUH��H[WHQW�DQG�GXUDWLRQ�RI�WKH�LQIODPPDWRU\�
UHDFWLRQ�>�@�

,Q�WKH�ODVW�IHZ�\HDUV��PRUH�OLJKW�KDV�EHHQ�VKHG�RQ�WKH�UROH�RI�
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NHUDWLQRF\WHV�LQ�$'�ZKHUH�D�ORW�RI�FRQVWLWXWLYH�DQG�LQGXFHG�DEQRUPDOLWLHV�
KDYH�EHHQ�GHPRQVWUDWHG�DW�WKH�LPPXQRORJLFDO��ERWK�LQQDWH�DQG�DGDSWLYH��DQG�
QRQ��LPPXQRORJLFDO�OHYHOV��H�J��DV�UHJDUGV�EDUULHU�IXQFWLRQ�DQG�PLFURELDO�
FRORQL]DWLRQ���,PPXQRORJLFDOO\��WKH�H[SUHVVLRQ�E\�HSLGHUPDO�FHOOV�RI�D�ODUJH�
QXPEHU�RI�F\WRNLQHV�KDV�EHHQ�VKRZQ�WR�EH�G\VUHJXODWHG�LQ�DWRSLF�VNLQ�LQ�
JHQHUDO�RU�LQ�OHVLRQDO�DUHDV�RQO\��7KH�DFWLRQV�RI�PDQ\�RI�WKHVH�F\WRNLQHV�FRXOG�
EH�RI�VLJQLILFDQFH�IRU�WKH�DWRSLF�UHDFWLRQ��H�J��IRU�H[SUHVVLRQ�RI�DGKHVLRQ�
PROHFXOHV��UHFUXLWPHQW��PDWXUDWLRQ��VXUYLYDO�	�RU�DFWLYDWLRQ�RI�LQIODPPDWRU\�
FHOOV�HVSHFLDOO\�$3&V��GHWHUPLQDWLRQ�RI�WKH�SRODULW\�RI�WKH�UHDFWLRQ�DQG�
SHUSHWXDWLRQ�RI�WKH�LQIODPPDWLRQ��>�@�

$W�WKH�VDPH�WLPH��WKH�GLVWLQFWLRQ�EHWZHHQ�WZR�VXEW\SHV�RI�$'�KDV�EHHQ�
UHFHQWO\�VXJJHVWHG�ZKLFK�DUH�WKH�H[WULQVLF�W\SH��$'H��DQG�LQWULQVLF�W\SH�
�$'L���7KH�IRUPHU�W\SH�LV�PDLQO\�FKDUDFWHUL]HG�E\�HOHYDWHG�VHUXP�,J(�OHYHOV�
DQG�SRO\YDOHQW�,J(�VHQVLWL]DWLRQ�DJDLQVW�LQKDODQW�DQG�RU�IRRG�DOOHUJHQV�LQ�VNLQ�
WHVW�RU�VHUXP�ZKLOH�LQ�WKH�LQWULQVLF�W\SH��WKHUH�LV�QR�VSHFLILF�,J(�VHQVLWL]DWLRQ�
DQG�WRWDO�VHUXP�,J(�LV�QRW�HOHYDWHG��L�H�������N8�/���2WKHU�GLVWLQFWLYH�IHDWXUHV�
RI�LQWULQVLF�$'�LQFOXGH�ODWHU�DJH�RI�RQVHW��PLOG�IHPDOH�SUHGRPLQDQFH��RQO\�
PLOG�WR�PRGHUDWH�HRVLQRSKLOLD��ORZHU�VHUXP�OHYHOV�RI�,/���DQG�RI�&'����%�
FHOOV��ORZHU�GHQVLW\�RI�WLVVXH�HRVLQRSKLOV��ORZHU�WLVVXH�H[SUHVVLRQ�RI�,/�������
,/���DQG�,/����DV�ZHOO�DV�)F�5,�)F�5,,�H[SUHVVLRQ�UDWLR�RQ�WKH�&'�D��
HSLGHUPDO�'&V�RI�OHVV�WKDQ�����LQ�OHVLRQDO�VNLQ��$'L�LV�HVWLPDWHG�WR�UHSUHVHQW�
RQO\��������RI�DOO�$'�FDVHV�>���@�$OWKRXJK�DGGLWLRQDO�GLIIHUHQFHV�EHWZHHQ�
WKHVH�WZR�W\SHV�DUH�FRQWLQXRXVO\�UHSRUWHG�ZKHWKHU�DW�WKH�WLVVXH�RU�VHUXP�
OHYHO�>������@�PDQ\�RWKHU�DVSHFWV�RI�WKH�LPPXQH�UHDFWLRQ�KDYH�QRW�\HW�EHHQ�
H[SORUHG�LQ�D�FRPSDUDWLYH�ZD\�EHWZHHQ�ERWK�VXEW\SHV��

7KH�ODFN�RI�H[WHUQDO�DOOHUJ\�DQG�RI�HOHYDWHG�VHUXP�,J(�OHYHOV�LQ�WKH�
LQWULQVLF�JURXS�PD\�SRLQW�WR�VRPH�GLIIHUHQFH�V��LQ�WKH�HYROXWLRQ�SDWKZD\�
EHWZHHQ�WKHVH�WZR�VXEW\SHV��7KH�DLP�RI�WKH�VWXG\�ZDV�WR�H[SORUH�RWKHU�
SRVVLEOH�GLIIHUHQFHV�EHWZHHQ�$'L�DQG�$'H��7KH�VWXG\�KDV�IRFXVHG�RQ�WKH�
LPPXQRORJLFDO�UROH�RI�NHUDWLQRF\WHV�DQG�LQ�SDUWLFXODU�WKH�H[SUHVVLRQ�RI�VRPH�
NHUDWLQRF\WH�GHULYHG�FKHPRNLQHV�WKDW�FRXOG�EH�UHOHYDQW�WR�WKH�DWRSLF�UHDFWLRQ���
�

0DWHULDO�DQG�0HWKRGV�
��

7ZHQW\�VHYHQ�SDWLHQWV�ZLWK�W\SLFDO�DWRSLF�GHUPDWLWLV��$'��DQG�ZKR�
DWWHQGHG�WKH�'HUPDWRORJ\�2XWSDWLHQW�&OLQLF�LQ�%RX�6KDKUL�0HGLFDO�&HQWUH�±�
.XZDLW��ZHUH�UDQGRPO\�VHOHFWHG�WR�SDUWLFLSDWH�LQ�WKH�VWXG\��)RXUWHHQ�DJH�
PDWFKHG�KHDOWK\�LQGLYLGXDOV�ZLWK�QR�SHUVRQDO�RU�IDPLO\�KLVWRU\�RI�DWRS\�ZHUH�
LQFOXGHG�DV�FRQWURO���,QIRUPHG�FRQVHQW�ZDV�REWDLQHG�IURP�DOO�SDWLHQWV��RU�WKHLU�
SDUHQWV��DQG�IURP�FRQWURO�LQGLYLGXDOV��

7KH�GLDJQRVLV�RI�DWRSLF�GHUPDWLWLV�ZDV�EDVHG�RQ�WKH�FULWHULD�GHVFULEHG�E\�
+DQLILQ�DQG�5DMND�>��@�

$OO�WKH�SDWLHQWV�KDG�QRW�EHHQ�WUHDWHG�ZLWK�DQ\�V\VWHPLF�RU�WRSLFDO�GUXJV�
IRU�DW�OHDVW���PRQWK�EHIRUH�WKH�EHJLQQLQJ�RI�WKH�VWXG\��
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7R�LQYHVWLJDWH�ZKHWKHU�WKH�SDWLHQWV�ZHUH�$'L�RU�$'H�DQG�DSDUW�IURP�
VXJJHVWLYH�FOLQLFDO�GDWD��EORRG�VDPSOHV�IURP�DOO�VXEMHFWV�ZHUH�WHVWHG�IRU�WRWDO�
VHUXP�,J(�WLWUH�DQG�HRVLQRSKLO�FRXQW��

7RWDO�VHUXP�,J(�ZDV�PHDVXUHG�XVLQJ�DQ�XOWUDVHQVLWLYH�HQ]\PH�OLQNHG�
LPPXQRDVVD\��,0�[�WRWDO�,J(�DVVD\��$EERWW�/DERUDWRULHV���$EERWW�3DUN��,/��
86$���EDVHG�RQ�PLFURSDUWLFOH�HQ]\PH�LPPXQRDVVD\��7KH�UHVXOWV�ZHUH�
H[SUHVVHG�LQ�,8�P/�±�����,8�ÂP/� ������J�RI�,J(�/���7KH�PLQLPXP�
VHQVLWLYLW\�RI�WKH�DVVD\�ZDV�������,8�P/��

,Q�DGGLWLRQ��DOO�$'�SDWLHQWV�ZHUH�DOVR�FKHFNHG�LQ�YLWUR�IRU�LQJHVWDQW��DQG�
LQKDODQW�VSHFLILF�VHUXP�,J(�OHYHOV�XVLQJ�WKH�PXOWLSOH�DQWLJHQ�VLPXOWDQHRXV�
WHVWLQJ�FKHPLOXPLQHVFHQW�DVVD\��0$67�&/$��V\VWHP��0$67�
,PPXQRV\VWHPV��0RXQWDLQ�9LHZ��&DOLI���86$���

0$67�&/$�,Q�YLWUR�WHVWLQJ���$�WKUHH�VWHS�WHFKQLTXH�ZDV�DSSOLHG�DV�
GHVFULEHG�E\�%URZQ�HW�DO��������>��@���LQ�WKH�IRUP�RI�RYHUQLJKW�LQFXEDWLRQ�RI�
WKH�VHUXP�ZLWK�PXOWLSOH�DOOHUJHQV�IL[HG�RQ�VWUDQGV�RI�FHOOXORVH����KRXU�
LQFXEDWLRQ�ZLWK�HQ]\PH�ODEHOHG�DQWLERG\�DQG����PLQXWH�FKHPLOXPLQHVFHQW�
UHDFWLRQ��ZKLFK�SURGXFHV�D�YLVLEOH�LPDJH��LPPXQRJUDSK��RQ�KLJK�VSHHG�
3RODURLG�LQVWDQW�ILOP��7KH�GHQVLWLHV�RI�WKH�EDQGV�SURGXFHG�RQ�WKH�ILOP�DUH�
TXDQWLILHG�ZLWK�D�PLFURSURFHVVRU�FRQWUROOHG�LQIUDUHG�WUDQVPLWWDQFH�
GHQVLWRPHWHU��6FRULQJ�ZDV�SHUIRUPHG�DFFRUGLQJ�WR�WKH�VHUXP�OHYHO�RI�VSHFLILF�
,J(�DV�VKRZQ�LQ�WDEOH������$�&/$�FODVV�JUHDWHU�WKDQ�RU�HTXDO�WR�����
FRUUHVSRQGLQJ�WR�DQ�,J(�FRQFHQWUDWLRQ�HTXDO�WR�RU�PRUH�WKDQ����,8�P/��RU�
.8�/���ZDV�FRQVLGHUHG�VLJQLILFDQW��
�

,J(�OHYHO�
�

�,8�PO��

&ODVV���	�VFRUH��

!����� 9HU\�VWURQJ�����
����±����� 6WURQJ�����
���±����� 0RGHUDWH�����
�������� :HDN�����
������� 8QGHWHFWDEOH�����

7DEOH������6FRULQJ�RI�WKH�0$67�&/$�WHVW�UHVXOWV�
��

+LVWRSDWKRORJLF�DQG�LPPXQRKLVWRFKHPLFDO�HYDOXDWLRQ��
)URP�HDFK�SDWLHQW�D���PP�SXQFK�ELRSV\�ZDV�REWDLQHG�IURP�ERWK�OHVLRQDO�

DQG�QRQ�OHVLRQDO�VNLQ��SUHVHUYHG�LPPHGLDWHO\�LQ�����IRUPDOLQ�DQG�
VXEVHTXHQWO\�HPEHGGHG�LQ�SDUDIILQ�EORFNV��)RXU�PLFURQ�VHFWLRQV�ZHUH�
SUHSDUHG�IRU�VXEVHTXHQW�KHPDWR[\OLQ�	�HRVLQ��+	(��DV�ZHOO�DV�IRU�
LPPXQRKLVWRFKHPLFDO�VWDLQLQJ��2QH�ELRSV\�RI�QRUPDO�VNLQ��DW�PDWFKLQJ�VLWHV��



(J\SWLDQ�'HUPDWRORJ\�2QOLQH�-RXUQDO������������������������9RO����1R������'HFHPEHU������

� ������

KDV�EHHQ�DOVR�WDNHQ�IURP�HDFK�FRQWURO�VXEMHFW��
+LVWRSDWKRORJLF�H[DPLQDWLRQ�RI�+	(�VWDLQHG�VHFWLRQV�ZDV�FDUULHG�RXW�

XQGHU�OLJKW�PLFURVFRS\�WR�FRQILUP�WKH�GLDJQRVLV�DQG�WR�UHFRUG�KLVWRSDWKRORJLF�
IHDWXUHV��7KH�GHQVLW\�RI�WKH�GHUPDO�PRQRQXFOHDU�LQILOWUDWH�ZDV�JLYHQ�D�VFRUH�RI�
��WR���DQG�WKH�DYHUDJH�VFRUH�RI�IRXU�VHFWLRQV�SHU�ELRSV\�ZDV�FDOFXODWHG��

�1�%��2QO\�OHVLRQV�WKDW�ZHUH�MXGJHG�FOLQLFDOO\�DQG�FRQILUPHG�
KLVWRSDWKRORJLFDOO\�WR�EH�LQ�WKH�DFXWH�RU�VXEDFXWH�VWDJH�ZHUH�VXEMHFWHG�WR�
LPPXQRKLVWRFKHPLFDO�HYDOXDWLRQ����

,PPXQRKLVWRFKHPLFDO�7HFKQLTXH�
L��)RXU�PLFURQ�WKLFN�WLVVXH�VHFWLRQV�FXW�IURP�WKH�UHSUHVHQWDWLYH�SDUDIILQ�

HPEHGGHG�WLVVXH�EORFNV��RYHUODLG�RQ�$3(6��6LJPD��6W��/RXLV��86$��FRDWHG�
VOLGHV��ZHUH�GHSDUDIILQL]HG����FKDQJHV�RI�;\OHQH�;���PLQXWHV�HDFK����FKDQJH�
RI�DFHWRQH�;���PLQ��IROORZHG�E\�UHK\GUDWLRQ�LQ�GHFUHDVLQJ�HWKDQRO�
FRQFHQWUDWLRQV������HWKDQRO�;���PLQV�������HWKDQRO�;���PLQV���GLVWLOOHG�ZDWHU�
;���PLQ���

LL��)RU�VWDLQLQJ�ZLWK�DOO�WKH�DQWLERGLHV��WKH�WLVVXH�VHFWLRQV�ZHUH�WKHQ�
VXEMHFWHG�WR�DQWLJHQ�XQPDVNLQJ�E\�KHDWLQJ�WKH�VHFWLRQV�LPPHUVHG�LQ����PPRO��
FLWUDWH�EXIIHU�S+����������JP�RI�DQK\GURXV�FLWULF�DFLG�FU\VWDOV�GLVVROYHG�LQ��/�
RI�GLVWLOOHG�ZDWHU�DQG�S+�DGMXVWHG�WR������LI�QHFHVVDU\��LQVLGH�D�����ZDWW�
PLFURZDYH�RYHQ�LQ�IXOO�SRZHU�IRU����PLQXWHV��DOORZHG�WR�FRRO�WR�URRP�
WHPSHUDWXUH�DQG�WKHQ�ZDVKHG�EULHIO\�ZLWK������0�7ULV�+FO�EXIIHU�S+������

LL��(QGRJHQRXV�SHUR[LGDVH�DFWLYLW\�ZDV�WKHQ�TXHQFKHG�E\�LPPHUVLQJ�WKH�
VHFWLRQV�LQ�PHWKDQROLF�+���2������SDUW����+���2���SOXV���SDUWV�DEVROXWH�
PHWKDQRO��IRU����PLQXWHV���$IWHU�EULHI�ULQVLQJ��WKH�VHFWLRQV�ZHUH�SODFHG�LQ������
0�7ULV�+FO�EXIIHU�S+�����IRU����PLQXWHV��

LLL��([FHVV�EXIIHU�ZDV�WDSSHG�RII�IROORZHG�E\�D�FDUHIXO�ZLSH�DURXQG�WKH�
VSHFLPHQ��6HFWLRQV�ZHUH�WKHQ�RYHUODLG�ZLWK�DGHTXDWH�DPRXQW�RI�SULPDU\�
DQWLERG\�GLOXWHG�RSWLPDOO\�XVLQJ������0�7ULV�+FO�EXIIHU�S+�����FRQWDLQLQJ����
ERYLQH�VHUXP�DOEXPLQ��6LJPD��6W��/RXLV��86$��IROORZHG�E\�LQFXEDWLRQ�DW�����
&�RYHUQLJKW��

LY��7KH�VOLGHV�ZHUH�WKHQ�ZDVKHG�ZLWK�WKUHH�FKDQJHV����PLQV�HDFK��RI������
0�7ULV�+FO�EXIIHU�S+�����IROORZHG�E\�LQFXEDWLRQ�IRU����PLQXWHV�DW�URRP�
WHPSHUDWXUH�DIWHU�DSSOLFDWLRQ�RI�ELRWLQ\ODWHG�VHFRQGDU\��OLQN��DQWLERG\�LQ�
SKRVSKDWH�EXIIHUHG�VDOLQH�FRQWDLQLQJ�FDUULHU�SURWHLQ�DQG����PPRO��VRGLXP�
D]LGH��/6$%�3OXV�.LW��'$.2��'HQPDUN���

Y��$IWHU�WKUHH�ZDVKLQJV����PLQV�HDFK��LQ�7ULV�+FO�EXIIHU��SHUR[LGDVH�
FRQMXJDWHG�VWUHSWDYLGLQ�ZDV�DSSOLHG�WR�FRYHU�WKH�VSHFLPHQV�DQG�LQFXEDWHG�DW�
URRP�WHPSHUDWXUH�IRU����PLQXWHV��

YL��6OLGHV�ZHUH�ULQVHG�ZLWK���FKDQJHV�RI�7ULV�+FO�EXIIHU�IRU���PLQV�HDFK��
6HFWLRQV�ZHUH�WKHQ�FRYHUHG�ZLWK�VXEVWUDWH�FKURPRJHQ�VROXWLRQ�SUHSDUHG�
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IUHVKO\�E\�GLVVROYLQJ���PJ�RI����� �±�GLDPLQREHQ]LGLQH�WHWUDK\GURFKORULGH�
�6LJPD��6W��/RXLV��86$��LQ���PO�RI������0�7ULV�+FO�EXIIHU�S+�����FRQWDLQLQJ�
�� O�RI�K\GURJHQ�SHUR[LGH��7KH�VOLGHV�ZHUH�LQFXEDWHG�DW�URRP�WHPSHUDWXUH�IRU�
��WR����PLQXWHV�XQGHU�PLFURVFRSLF�FRQWURO�WLOO�WKH�RSWLPDO�GHYHORSPHQW�RI�
EURZQ�FRORUHG�SHUR[LGDVH�UHDFWLRQ�SURGXFW��

YLL��$IWHU�ULQVLQJ�LQ�GLVWLOOHG�ZDWHU��WKH�VHFWLRQV�ZHUH�OLJKWO\�
FRXQWHUVWDLQHG�ZLWK�+DUULV¶�KHPDWR[\OLQ��IROORZHG�E\�PRXQWLQJ�ZLWK�FRYHU�
VOLSV�ZLWK�'3;�DV�PRXQWLQJ�PHGLXP��

YLLL��3UHFDXWLRQ�ZDV�WDNHQ�VR�WKDW�GU\LQJ�RI�WLVVXH�VHFWLRQV�VWULFWO\�GLG�QRW�
RFFXU�DW�DQ\�WLPH�GXULQJ�WKH�HQWLUH�SURFHGXUH�RI�LPPXQRVWDLQLQJ��$OO�
LQFXEDWLRQV�ZHUH�GRQH�LQVLGH�KXPLG�FKDPEHUV��

L[��&RQWUROV��'XULQJ�HDFK�EDWFK�RI�VWDLQLQJ��SRVLWLYH�DQG�QHJDWLYH�
FRQWUROV�DSSURSULDWH�IRU�WKH�SDUWLFXODU�DQWLERG\�ZHUH�LQFRUSRUDWHG��

7DEOH�����VKRZV�WKH�GHWDLOV�RI�DQWLERGLHV�XWLOL]HG�LQ�WKH�VWXG\��
��

�U\�$E� �U\�$E�
�U\�$E� 0DQXIDFWXUHU� VRXUFH� :RUNLQJ�

GLOXWLRQ�
0DQXIDFWXUHU� VRXUFH� :RUNLQJ�

GLOXWLRQ�
$QWL�
76/3�

5	'

� VKHHS� �����
J�PO�

$EFDP
� 5DEELW� ����������

$QWL�
7$5&�

5	'� JRDW� �����
J�PO�

$EFDP� 5DEELW� ����������

$QWL�
&7$&.�

5	'� JRDW� ��� J�PO� $EFDP� 5DEELW� ����������

$QWL�
5DQWHV�

5	'� JRDW� ������
J�PO�

$EFDP� 5DEELW� ����������

$QWL�*0�
&6)�

$EFDP� PRXVH� �� J�PO� $EFDP� 5DEELW� ����������

$QWL�
/DQJHULQ

�
�

5	'� JRDW� �����
J�PO�

$EFDP� 5DEELW� ����������

�

$%&$0����&DPEULGJH�±�8.�


5	'�6\VWHPV�±�0LQQHDSROLV�±�01���86$�
��$V�D�PDUNHU�RI�/DQJHUKDQV�FHOOV�����

7DEOH������3ULPDU\�DQG�VHFRQGDU\�DQWLERGLHV�XVHG�LQ�WKH�VWXG\��
�6FRULQJ�PHWKRG��
7KH�VFRULQJ�PHWKRG�IRU�FKHPRNLQHV�ZDV�PRGLILHG�IURP�WKDW�GHVFULEHG�E\�

6LQLFURSH�HW�DO��>��@�)RXU�VHFWLRQV�SHU�VSHFLPHQ�KDYH�EHHQ�H[DPLQHG�IRU�HDFK�
PDUNHU�HYDOXDWHG�LQ�WKH�VWXG\�XVLQJ�D�OLJKW�PLFURVFRSH�HTXLSSHG�ZLWK�6,6�
,PDJH�$QDO\VLV�&RPSXWHU�6\VWHP��7KH�PHDQ�SHUFHQWDJH�RI�SRVLWLYH�WXPRU�
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FHOOV�ZDV�GHWHUPLQHG�LQ�DW�OHDVW�ILYH�ILHOGV�SHU�VHFWLRQ��DW�����IROG�
PDJQLILFDWLRQ��DQG�DVVLJQHG�RQH�RI�WKH�IROORZLQJ���FDWHJRULHV���� �������� �
�±��������� �����±������� ���±���������� ������������� ������������� �
������������ ������������� �!��������1�%��WKH�VFRUH�UHIHUV�WR�WKH�SHUFHQW�RI�
SRVLWLYHO\�VWDLQHG�FHOOV���7KH�LQWHQVLW\�RI�LPPXQRVWDLQLQJ�ZDV�VFRUHG�DV�
IROORZV������ZHDN������PRGHUDWH��DQG�����LQWHQVH��%HFDXVH�WKH�OHVLRQV�VKRZHG�
KHWHURJHQHRXV�VWDLQLQJ��WKH�GRPLQDQW�SDWWHUQ�ZDV�XVHG�IRU�VFRULQJ��7KH�VFRUHV�
LQGLFDWLQJ�SHUFHQWDJH�RI�SRVLWLYH�FHOOV�DQG�VWDLQLQJ�LQWHQVLW\�ZHUH�PXOWLSOLHG�
WR�SURGXFH�D�ZHLJKWHG�VFRUH�IRU�HDFK�ILHOG��7KH�DYHUDJH�ZHLJKWHG�VFRUH�IRU�WKH�
���ILHOGV�H[DPLQHG�IRU�HDFK�VSHFLPHQ����ILHOGV�VHFWLRQ�;���VHFWLRQV��LV�WKHQ�
FDOFXODWHG��&DVHV�ZLWK�ZHLJKWHG�VFRUHV����ZHUH�GHILQHG�DV�QHJDWLYH��DQG�FDVHV�
ZHUH�RWKHUZLVH�GHILQHG�DV�SRVLWLYH��

)RU�/DQJHULQ�UHDFWLYLW\��RQO\�WKH�FHOO�ZLWK�D�QXFOHXV�DQG�FOHDU�
LPPXQRUHDFWLYLW\�ZDV�MXGJHG�WR�EH�D�SRVLWLYH�FHOO��3RVLWLYH�FHOO�FRXQW�RQO\�
ZDV�UHFRUGHG��

6WDWLVWLFDO�DQDO\VLV��
&RPSDUDWLYH�DQDO\VLV�EHWZHHQ�WZR�JURXSV�ZDV�GRQH�WKURXJK�XQSDLUHG�7�

WHVW�XVLQJ�JUDSKSDG�VRIWZDUH�GRZQORDGHG�IURP�WKH�ZHEVLWH��
KWWS���ZZZ�JUDSKSDG�FRP�TXLFNFDOFV�WWHVW��FIP�>��@�

&RUUHODWLRQ�EHWZHHQ�GLIIHUHQW�SDUDPHWHUV�ZDV�GRQH�WKURXJK�JUDSKSDG�
VRIWZDUH�GRZQORDGHG�IURP�WKH�ZHEVLWH��
KWWS���FDOFXODWRUV�VWDW�XFOD�HGX�FRUUHODWLRQ�SKS�>��@�
�
��

5HVXOWV�
��

7KH�VWXG\�LQFOXGHG����SDWLHQWV�VXIIHULQJ�IURP�DWRSLF�GHUPDWLWLV��DFXWH�WR�
VXEDFXWH�VWDJH��LQ�DGGLWLRQ�WR����KHDOWK\�VXEMHFWV�RI�PDWFKHG�DJH�DQG�VH[�DV�
FRQWURO��

$FFRUGLQJ�WR�WKH�UHVXOWV�RI�ODERUDWRU\�DQG�VNLQ�WHVWV��WKH�SDWLHQWV�KDYH�
EHHQ�GLYLGHG�LQWR���VXEFDWHJRULHV��H[WULQVLF�JURXS�����SDWLHQWV��DQG�LQWULQVLF�
JURXS�����SDWLHQWV��

&OLQLFDO�GDWD�RI�WKH�PDWHULDO�RI�WKH�VWXG\�DQG�RI�WKH�ELRSVLHG�OHVLRQV�DUH�
VKRZQ�LQ�WDEOH�����
��

�
�
�
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���<($56�

��0217+6�±����
<($56�

��0217+6�±����
<($56�

���FDVHV

��
DVWKPD�
���
��

DOOHUJLF�VLQXVLWLV�
���

�������"!��#��� �$�������%&��!� ����� 
����$
 �
�������� ���FDVHV�

��

��

$UP� $UP� $UP� $UP�
���� ����� ���� ����
�� �� �� ��

7KLJK� 7KLJK� 7KLJK� 7KLJK�
���� ����� ���� ����
�� �� �� ��

%DFN� %DFN� %DFN� %DFN�
���� ���� ���� ����
�� �� �� ��

$[LOOD� $[LOOD� $[LOOD� $[LOOD�

�'�#� � � �	 ����% �'(

���� ���� ���� ����)&* +&,$-�. /$01/$23�. /$4657. 86)9�8�57. /$0�5 �
�0217+6�

������������������ �������������� �������������� �������������
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7KUHH�FDVHV�KDG�PXOWLSOH�H[WUDFXWDQHRXV�DOOHUJLHV��

7DEOH������&OLQLFDO�GDWD�RI�WKH�VWXG\�PDWHULDO�
��
5HVXOWV�RI�ODERUDWRU\�WHVWV�DUH�VKRZQ�LQ�WDEOHV���	����

��
�
�
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&21752/� 727$/�
3$7,(176�

(;75,16,&�
*5283�

,175,16,&�
*5283�

5DQJH� 5DQJH� 5DQJH� 5DQJH�

��

�PHDQ�����
6'��

�PHDQ�����
6'��

�PHDQ�����
6'��

�PHDQ�����
6'��:�; <�= :>;?:A@'= @";?:B@C= :�;?:6:�=(26,123+,/6�

�SHUFHQWDJH�LQ�
EORRG��

DFE :7GIH J K�:LE @ MFE :NHFJ K$G�E < :AO&E :�H J K�OFE M PFE <CH J K�O&E D

727$/�
6(580�,J(�

Q�;R<6< :AO";N:AP�<�S :AO6S";T:BP�<6S :AOU;RM�P

�,8�PO�� V W X J Y1Z [ V W X J Y1Z [ V W X J Y1Z [ V W X J Y\Z [
�� V D�O&E MUH J K:AMFE PL[ V G�M'PFE QBH&J KM�PFE G'[ V Q�S�@�E OIH&J KG�S6@�E QB[ V D'G&E <CH&J K O6DFE PL[

7DEOH������5HVXOWV�RI�ODERUDWRU\�LQYHVWLJDWLRQV��
��

$OOHUJHQ� 1XPEHU�RI��YH�FDVHV
� ��RI��YH�FDVHV�
0LWHV� �� �������

3ROOHQ�JUDLQ� �� �������
$QLPDO�GDQGHU� �� ������

0RXOGV� �� ������
&RZ¶V�PLON� �� �������
(JJ�\RON� �� ������
:KHDW� �� ������
FUDE� �� ������
2WKHUV� �� �������

�

6RPH�FDVHV�KDG�PXOWLSOH�DOOHUJLHV��

7DEOH������5HVXOWV�RI�0$67�&/$�WHVW�
$OO�ELRSVLHG�OHVLRQV�ZHUH�MXGJHG�FOLQLFDOO\�DQG�FRQILUPHG�

KLVWRSDWKRORJLFDOO\�WR�EH�LQ�WKH�DFXWH�WR�VXEDFXWH�VWDJH��7KH�GHQVLW\�RI�GHUPDO�
PRQRQXFOHDU�LQILOWUDWH�ZHUH�QRW�VLJQLILFDQWO\�GLIIHUHQW�EHWZHHQ�WKH�WZR�VXEVHWV�
RI�SDWLHQWV���WDEOH������

6�'�0HDQ���
��������7RWDO�SDWLHQW�JURXS�
��������$'H�
��������$'L�

7DEOH������$YHUDJH�VFRUH�IRU�WKH�GHQVLW\��
RI�GHUPDO�LQIODPPDWRU\�LQILOWUDWH��
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�,PPXQRKLVWRFKHPLFDO�H[DPLQDWLRQ�UHYHDOHG�VLJQLILFDQWO\�LQFUHDVHG�
LPPXQRUHDFWLYLW\�IRU�76/3�LQ�OHVLRQDO�HSLGHUPLV�RI�DWRSLF�SDWLHQWV�FRPSDUHG�
WR�FRQWURO��S��������7KH�H[SUHVVLRQ�ZDV�DOVR�VLJQLILFDQWO\�KLJKHU�LQ�$'H�
OHVLRQDO�HSLGHUPLV�FRPSDUHG�WR�$'L�OHVLRQDO�HSLGHUPLV��S�������1RQ�OHVLRQDO�
DWRSLF�HSLGHUPLV��VKRZHG�RQO\�RFFDVLRQDO�VWDLQLQJ�IRU�76/3�ZKLFK�ZDV��
KRZHYHU��QRW�VLJQLILFDQWO\�GLIIHUHQW�LQ�HLWKHU�VXEJURXS�IURP�QRUPDO�HSLGHUPLV�
�S!�������

7KH�VWDLQLQJ�ZDV�IUHTXHQWO\�VHHQ�WKURXJKRXW�WKH�OHVLRQDO�HSLGHUPLV��RU�
RQO\�FRQILQHG�WR�WKH�ORZHU�RU�XSSHU�SDUWV�RI�HSLGHUPLV��

)RU�7$5&��6LJQLILFDQWO\�LQFUHDVHG�LPPXQRUHDFWLYLW\�FRXOG�EH�VHHQ�LQ�
DWRSLF�HSLGHUPLV�FRPSDUHG�WR�QRUPDO�HSLGHUPLV�ZKLFK�RQO\�RFFDVLRQDOO\�
VKRZHG�YHU\�IDLQW�IRFDO�VWDLQLQJ��S��������1RQ�OHVLRQDO�DWRSLF�HSLGHUPLV�
VKRZHG�DOVR�VLJQLILFDQWO\�HQKDQFHG�VWDLQLQJ�IRU�7$5&�FRPSDUHG�WR�QRUPDO�
VNLQ��S��������EXW�OHVV�WKDQ�WKDW�RI�OHVLRQDO�VNLQ��:KHQ�HYDOXDWHG�VHSDUDWHO\��
$'H�OHVLRQDO�HSLGHUPLV�VKRZHG�KLJKHU�UHDFWLYLW\�WKDQ�WKDW�RI�$'L�VNLQ�
�S��������DQG�ERWK�ZHUH�VLJQLILFDQWO\�KLJKHU�WKDQ�QRUPDO�VNLQ��S���������
1RQ�OHVLRQDO�HSLGHUPLV�VKRZHG�DOVR�VWDLQLQJ�IRU�7$5&�LQ�$'H�JURXS�WKDW�
ZDV�VLJQLILFDQWO\�KLJKHU�WKDQ�$'L��S��������DQG�RQO\�VWDLQLQJ�LQ�WKH�$'H�
JURXS�ZDV�VLJQLILFDQWO\�GLIIHUHQW�IURP�FRQWURO�HSLGHUPLV��S���������

)RU�*0�&6)��VLJQLILFDQWO\�LQFUHDVHG�H[SUHVVLRQ�FRXOG�EH�VHHQ�LQ�OHVLRQDO�
HSLGHUPLV�RI�$'H�RQO\�FRPSDUHG�WR�FRQWURO��S���������5HDFWLYLW\�ZDV�
VLJQLILFDQWO\�KLJKHU�LQ�$'H�WKDQ�$'L���S��������1RQ�OHVLRQDO�HSLGHUPLV�
VKRZHG�RQO\�IDLQW�VWDLQLQJ�WKDW�ZDV�QRW�VLJQLILFDQWO\�GLIIHUHQW�LQ�HLWKHU�
VXEJURXS�IURP�FRQWURO��

,PPXQRUHDFWLYLW\�IRU�5$17(6�DQG�&7$&.�LQ�ERWK�$'�VXEJURXSV�ZDV�
QRW�SURPLQHQW�DQG�RQO\�RFFDVLRQDO�DQG�IRFDO��2YHUDOO�VFRUH�IRU�HDFK�RI�WKHP�
ZDV�QRW�VLJQLILFDQWO\�GLIIHUHQW�IURP�WKDW�RI�FRQWURO�ZKHWKHU�DW�WKH�OHYHO�RI�
OHVLRQDO�RU�QRQ�OHVLRQDO�HSLGHUPLV��S!�������

7KH�DYHUDJH�ODQJHULQ�SRVLWLYH�FHOO�GHQVLW\�LQ�WKH�HSLGHUPLV�ZDV�ORZHU�LQ�
$'�SDWLHQWV�WKDQ�LQ�FRQWURO�HSLGHUPLV�EXW�ZKHQ�WKH�WZR�VXEJURXSV�ZHUH�
HYDOXDWHG�VHSDUDWHO\�WKH�GLIIHUHQFH�ZDV�VLJQLILFDQW�RQO\�LQ�OHVLRQDO�$'H�
HSLGHUPLV��S��������

6WURQJO\�SRVLWLYH�FRUUHODWLRQ�FRXOG�EH�RQO\�VHHQ�EHWZHHQ�76/3�DQG�
7$5&�LPPXQRUHDFWLYLW\�RI�OHVLRQDO�VNLQ�� � ��������1R�RWKHU�VLJQLILFDQW�
FRUUHODWLRQV�FRXOG�EH�IRXQG�EHWZHHQ�DQ\�WZR�SDUDPHWHUV�HYDOXDWHG�LQ�WKH�
VWXG\��

5HVXOWV�RI�LPPXQRKLVWRFKHPLFDO�H[DPLQDWLRQ�DUH�VKRZQ�LQ�WDEOHV����WR�
����DQG�ILJV����WR������
�
��

�
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&21752/�*5283��1 ����
]_^7` a �Bb ^dc
egf7hAi ^&KHPRNLQH�

�PHDQ�����6'��
76/3� S

j�k l*0�&6)� m n6o p j�k qArAs
tAk t&7$&.� m n6o p tAk uBs
SFE D�P5$17(6�

V H J K#S�E G'[
7$5&� ��

7DEOH�����5HVXOWV�RI�VHPLTXDQWLWDWLYH�DVVHVVPHQW�RI�
LPPXQRKLVWRFKHPLFDO�UHDFWLYLW\�RI�HSLGHUPLV�IRU�FKHPRNLQHV��
�FRQWURO�JURXS��
��

$723,&�'(50$7,7,6�727$/�
3$7,(17�*5283��Q� �����

1RQ�OHVLRQDO� OHVLRQDO�v7w#xdy z {6| } ~�� �B� v7w�x�y z {�| } ~7� �B�

:LE : qLk q� v7�L�
V H J K$D'[

� j�k jgr
m n6o p r'k u �

� j�k jBj�t��

SFE G � k �� �C� �Fv��
V H&J K$S�E Qg[

� j�k jgr m n�o p u�k � s
� j�k jBj�t��

SFE D j�k lgu� �'� ���
V H&J K$S�E PL[

� j�k jgr m n�o p j�k q7s
� j�k jgr

SFE G j�k ����F���L� v
V H&J K$S�E @L[

� j�k jgr m n�o p j�k q7s
� j�k jgr

O&E O qLk ��'�&� �
V H J K OFE Qg[

� j�k jBj�t�� m n6o p rBs
� j�k jBj�t��


 6WDWLVWLFDOO\��VLJQLILFDQW�
7DEOH�����5HVXOWV�RI�VHPLTXDQWLWDWLYH�DVVHVVPHQW�RI�

LPPXQRKLVWRFKHPLFDO�UHDFWLYLW\�RI�HSLGHUPLV�IRU�FKHPRNLQHV��
�7RWDO�SDWLHQW�JURXS��

�
�
�
�
�
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$723,&�'(50$7,7,6��,175,16,&�
68%*5283���Q� �����

1RQ�OHVLRQDO� OHVLRQDO�v7w#x�y z {�| }#~�� �B� v7w#xdy z {�| } ~�� �B�
j�k t PFE O� v7�L� m n6o p j�k uBs

� j�k jgr
V H&J K$D�E SL[

� j�k jBj�t��

j�k u :LE D�&�C� �Fv�� m n6o p j�k rAs
� j�k jgr

V H&J K�OFE :�[
� j'k jgr

j�k u SFE @� �'� �6� m n6o p j�k �gs
� j�k jgr

V H&J K$S�E Qg[
� j'k jgr

j�k � SFE <�����$�L� v m n6o p j�k �Bs
� j�k jgr

V H&J K$S�E Qg[
� j'k jgr

j�k � DFE <�'�F� � m n6o p j�k lBs
� j�k jgr

V H&J K�OFE SL[
� j�k jBj�t��


 6WDWLVWLFDOO\��VLJQLILFDQW�
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7DEOH������5HVXOWV�RI�VHPLTXDQWLWDWLYH�DVVHVVPHQW�RI�
LPPXQRKLVWRFKHPLFDO�UHDFWLYLW\�RI�HSLGHUPLV�IRU�FKHPRNLQHV��
�([WULQVLF�VXEJURXS��
�
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�
1�%��)LJXUHV�VKRZQ�UHIHU�WR�WKH�DYHUDJH�VFRUH�RI�/DQJHULQ��YH�FHOOV�SHU�PP �
RI�HSLGHUPLV��

7DEOH�������5HVXOWV�RI�/DQJHULQ��YH�FHOO�VFRULQJ��
3RVLWLYH�FRUUHODWLRQ�FRXOG�EH�VHHQ�EHWZHHQ�WKH�GHQVLW\�RI�GHUPDO�

LQIODPPDWRU\�LQILOWUDWH�DQG�76/3��7$5&�DQG�WR�D�OHVV�H[WHQW�*0�&6)�LQ�
$'H�EXW�QRW�$'L�JURXS��1R�FRUUHODWLRQ�FRXOG�EH�VHHQ�EHWZHHQ�WKH�GHQVLW\�RI�
LQILOWUDWH�DQG�RWKHU�SDUDPHWHUV�HYDOXDWHG�LQ�WKH�VWXG\�H[FHSW�IRU�VRPH�QHJDWLYH�
FRUUHODWLRQ�ZLWK�ODQJHULQ��YH�FHOO�FRXQW�PDLQO\�LQ�$'H�JURXS���7DEOH������
�
�
��

�
�
�
�
�
��
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�
)LJ����D���,PPXQRKLVWRFKHPLFDO�UHDFWLYLW\�IRU�76/3��6WURQJ�
HSLGHUPDO�VWDLQLQJ�RI�OHVLRQDO�VNLQ�RI�$'H�DQG�WR�D�OHVV�H[WHQW�$'L��
�6WURQJ�VWDLQLQJ�IRU�7$5&�LQ�WKH�OHVLRQDO�DQG�QRQ�OHVLRQDO�VNLQ�RI�
$'H�DQG�WR�D�OHVV�H[WHQW�LQ�WKH�OHVLRQDO�VNLQ�RQO\�RI�$'L��

��
�
�
�
�
�
�
�



(J\SWLDQ�'HUPDWRORJ\�2QOLQH�-RXUQDO������������������������9RO����1R������'HFHPEHU������

� �������

�

�
)LJ����E��'LIIHUHQW�SDWWHUQV�DQG�LQWHQVLWLHV�RI�VWDLQLQJ�IRU�
76/3��
LQ�$'H�OHVLRQDO�VNLQ��1XFOHDU�YV��F\WRSODVPLF��GLIIXVH�YV���
SDWFK\�� �
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�
)LJ����F��'LIIHUHQW�SDWWHUQV�DQG�LQWHQVLWLHV�RI�VWDLQLQJ�IRU�
7$5&��
LQ�$'H�OHVLRQDO�VNLQ��
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�
)LJ������
��,PPXQRKLVWRFKHPLFDO�UHDFWLYLW\�IRU�*0�&6)��0RGHUDWH�HSLGHUPDO�
VWDLQLQJ�RI�OHVLRQDO�VNLQ�RI�$'H�DQG�ZHDN�VWDLQLQJ�RI�$'L�OHVLRQDO�
VNLQ�
�,PPXQRKLVWRFKHPLFDO�UHDFWLYLW\�IRU�&7$&.�DQG�5$17(6��2QO\�
ZHDN�HSLGHUPDO�VWDLQLQJ�RI�OHVLRQDO�VNLQ�RI�$'H�DQG�$'L��
��,PPXQRKLVWRFKHPLFDO�VWDLQLQJ�IRU�/DQJHULQ��YH�FHOOV��$UURZV�UHIHU�
WR�SRVLWLYHO\�ODEHOHG�FHOOV�LQ�OHVLRQDO�VNLQ�RI�$'H�DQG�$'L��
�� �

�
�

�
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�
)LJ������,PPXQRKLVWRFKHPLFDO�UHDFWLYLW\�RI�QRUPDO�FRQWURO�
HSLGHUPLV��1HJDWLYH�VWDLQLQJ�IRU�76/3�DQG�7$5&�DQG�RQO\�YHU\�
ZHDN�VWDLQLQJ�IRU�*0�&6)��&7$&.�DQG�5$17(6��
�� �

�
�

�
'LDJUDPPDWLF�UHSUHVHQWDWLRQ�RI�LPPXQRKLVWRFKHPLFDO�VFRUHV�RI�GLIIHUHQW�

FKHPRNLQHV�LQ�SDWLHQWV�DQG�FRQWURO��
�/��/HVLRQDO�����������������1��1RQ�OHVLRQDO��

)LJ������&RPSDUDWLYH�HSLGHUPDO�OHYHOV�RI�GLIIHUHQW�FKHPRNLQHV��
LQ�SDWLHQWV�DQG�FRQWURO��
�� �

'LVFXVVLRQ�
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,PPXQRORJLFDOO\��WKH�DWRSLF�UHDFWLRQ�LV�XVXDOO\�GHVFULEHG�DV�DQ�,J(�
PHGLDWHG�GHOD\HG�K\SHUVHQVLWLYLW\�UHDFWLRQ��3DWKRORJLFDOO\��DWRSLF�GHUPDWLWLV�LV�
FKDUDFWHUL]HG�E\�SURPLQHQW�7�FHOO�LQILOWUDWLRQ�ZLWK�SRODUL]DWLRQ�WRZDUGV�7 m ��� s �
LQ�HDUO\�SKDVH�DQG�FRPELQHG�7 m � t$s �7 m ��� ��LQ�ODWH�VWDJHV�>��@�

+RZHYHU��DOOHUJHQ�VSHFLILF�7�FHOOV�KDYH�EHHQ�VKRZQ�WR�UHSUHVHQW�RQO\�D�
PLQRULW\�RI�LQILOWUDWLQJ�7�FHOOV�LQ�OHVLRQDO�VNLQ��7KHUHIRUH��RWKHU�IDFWRUV�ZKLFK�
OHDG�WR�WKH�DFWLYDWLRQ�RI�7�FHOOV�DW�WKH�VLWH�RI�LQIODPPDWLRQ�DUH�SUREDEO\�
LQYROYHG�LQ�WKH�SDWKRJHQHVLV�RI�DWRSLF�GHUPDWLWLV�>������DPS���@�

5HFHQWO\��.HUDWLQRF\WHV�KDYH�EHHQ�VXJJHVWHG�DV�RQH�RI�WKH�PDMRU�SOD\HUV�
LQ�WKH�DWRSLF�UHDFWLRQ�DQG�WKHLU�UROH�LQ�WKH�HYROXWLRQ�RI�VNLQ�OHVLRQV�LV�EHLQJ�
PRUH�FOHDUO\�XQUDYHOHG�LQ�WKH�SDVW�IHZ�\HDUV��>�@�

,Q�WKH�SUHVHQW�VWXG\��D�VWDWLVWLFDOO\�VLJQLILFDQW�LQFUHDVH�LQ�WKH�UHDFWLYLW\�
IRU�76/3��*0�&6)�DQG�7$5&�FRXOG�EH�GHWHFWHG�LQ�DWRSLF�OHVLRQDO�HSLGHUPLV�
LQ�UHODWLRQ�WR�WKDW�RI�QRUPDO�VNLQ��$V�UHJDUGV�QRQ�OHVLRQDO�DWRSLF�HSLGHUPLV��
RQO\�WKH�UHDFWLYLW\�IRU�7$5&�ZDV�VLJQLILFDQWO\�LQFUHDVHG�FRPSDUHG�WR�WKH�
QRUPDO�FRQWURO�VNLQ��

:KHQ�HYDOXDWHG�VHSDUDWHO\��VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ�H[WULQVLF�DQG�
LQWULQVLF�FDVHV�FRXOG�EH�DOVR�IRXQG�LQ�WKH�SUHVHQW�VWXG\�DV�UHJDUGV�WKH�
HSLGHUPDO�H[SUHVVLRQ�RI�76/3��*0&6)�DQG�7$5&��:KLOH�WKH�VWDLQLQJ�RI�
RQO\�OHVLRQDO�VNLQ�IRU�76/3�DQG�*0&6)�RI�$'H�ZDV�VLJQLILFDQWO\�KLJKHU�WKDQ�
WKDW�RI�$'L�OHVLRQV��WKH�H[SUHVVLRQ�RI�7$5&�LQ�ERWK�OHVLRQDO�DQG�QRQ�OHVLRQDO�
VNLQ�ZDV�VLJQLILFDQWO\�KLJKHU�LQ�$'H�HSLGHUPLV�WKDQ�WKDW�RI�$'L�VNLQ���

$OWKRXJK�QR�ILUP�FRQFOXVLRQV�FDQ�EH�PDGH�DV�UHJDUGV�WKH�VLJQLILFDQFH�RI�
WKHVH�ILQGLQJV�LQ�DWRSLF�VNLQ�DQG�RI�WKH�GHPRQVWUDWHG�GLIIHUHQFHV�EHWZHHQ�$'L�
DQG�$'H�VNLQ�LQ�SDUWLFXODU��VRPH�SRVWXODWLRQV�FDQ�EH�PDGH��

3UHYLRXV�VWXGLHV�FRXOG�VKRZ�WKDW�$'�VNLQ�LQ�ERWK�W\SHV�H[KLELWV�D�WLVVXH�
SURILOH�WKDW�LV�SUR�LQIODPPDWRU\�DQG�DW�WKH�VDPH�WLPH�SRODUL]HG�WRZDUGV�7�K���
�LQ�WKH�DFXWH�SKDVH��DQG�WRZDUGV�PL[HG�7�K���7�K���LQ�WKH�FKURQLF�SKDVH��>��@�

+RZHYHU��$'H�FDVHV�DUH�GLVWLQJXLVKHG�E\�WKH�DGGLWLRQDO�IHDWXUH�RI�
UHDFWLYLW\�WR�RQH�RU�PRUH�H[WHUQDO�DOOHUJHQV�DQG�E\�VHUXP�OHYHOV�RI�,J(��,/���
DQG�&'���%FHOOV�DV�ZHOO�DV�WLVVXH�OHYHOV�RI�,/���DQG�,/����WKDW�DUH�KLJKHU�
WKDQ�WKRVH�RI�$'L�FDVHV��:KHWKHU�WKHVH�GLIIHUHQFHV�ZHUH�WKH�XQGHUO\LQJ�FDXVH�
RI�HQKDQFHG�UHDFWLYLW\�WR�H[WHUQDO�DOOHUJHQV�LQ�$'H�SDWLHQWV�RU�MXVW�WKH�UHVXOW�
RI��VXFFHVVIXO��LPPXQH�VHQVLWL]DWLRQ�WR�WKHVH�DOOHUJHQV�FDQ�QRW�EH�
DVFHUWDLQHG�>�@�

2Q�WKH�OLJKW�RI�WKHVH�HDUOLHU�ILQGLQJV��WKH�UHVXOWV�RI�WKH�SUHVHQW�VWXG\�
FRXOG�EH�LQWHUSUHWHG��76/3�LV�ZHOO�NQRZQ�WR�KDYH�SURPLQHQW�HIIHFWV�RQ�$3&V��
7K\PLF�VWURPDO�O\PSKRSRLHWLQ��76/3��LV�DQ�LQWHUOHXNLQ��,/���±OLNH�F\WRNLQH�
ZKLFK�DFWLYDWHV�GHQGULWLF�FHOOV��'&V��DQG�LQGXFHV�WKHP�WR�SULPH�QDwYH�&'���
7�FHOOV�WR�SURGXFH�PRGHUDWH�WR�KLJK�OHYHOV�RI�7�K�����F\WRNLQHV��,/����,/����
DQG�,/������DQG�GRZQUHJXODWH�,/����DQG�LQWHUIHURQ��,)1��JDPPD��H[SUHVVLRQ��
WKHUHE\�SURPRWLQJ�D�SURDOOHUJLF�SKHQRW\SH��76/3�DOVR�LQGXFHV�WKH�VHFUHWLRQ�RI�
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7�K�����DWWUDFWLQJ�FKHPRNLQHV��PDFURSKDJH�GHULYHG�FKHPRNLQH�>0'&²
&&/��@�DQG�WK\PXV�DQG�DFWLYDWLRQ�UHJXODWHG�FKHPRNLQH�>7$5&²&&/��@���
62��WKH�UHOHDVH�RI�NHUDWLQRF\WH�GHULYHG�76/3�PLJKW�SOD\�D�NH\�UROH�LQ�WKH�
HQKDQFHG�UHDFWLYLW\�WR�DOOHUJHQV��WKURXJK�DFWLYDWLRQ�RI�$3&V��DQG�DOVR�LQ�WKH�
7�K�����SRODUL]DWLRQ�REVHUYHG�LQ�DFXWH�OHVLRQV�DQG�PLJKW�DXJPHQW�WKLV�HIIHFW�E\�
UHFUXLWLQJ�PRUH�7�K�����FHOOV��>����@��

6LPLODUO\��*0&6)�KDV�PDQ\�DFWLRQV�UHOHYDQW�WR�DOOHUJLF�LQIODPPDWLRQ�E\�
DLGLQJ�LQ�WKH�DFWLYDWLRQ�PDWXUDWLRQ��UHFUXLWPHQW��DQG�VXUYLYDO�RI�PRQRF\WHV��
$3&V��DQG�HRVLQRSKLOV��LQFUHDVLQJ�WKH�QXPEHU�RI�/DQJHUKDQV�FHOOV�DQG�
HQKDQFLQJ�WKH�DQWLJHQ�SUHVHQWLQJ�FDSDFLW\�RI�/DQJHUKDQV�FHOOV�DQG�RWKHU�
GHQGULWLF�FHOOV��>��@�,Q�WKLV�ZD\��WKH�RYHUH[SUHVVLRQ�RI�WKLV�PHGLDWRU�E\�$'H�
NHUDWLQRF\WHV�PD\�SURPRWH�WKH�DELOLW\�RI�WKH�VNLQ�WR�UHVSRQG�WR�H[WHUQDO�
DQWLJHQV�DQG�PD\�WKXV�H[SODLQ�WKH�H[WULQVLF�GLIIHUHQWLDWLRQ�RI�WKLV�VXEVHW�RI�
DWRSLF�FDVHV��

+RZHYHU��WKH�LQDELOLW\�WR�GHPRQVWUDWH�VLJQLILFDQWO\�LQFUHDVHG�SRSXODWLRQ�
RI�/&V�LQ�WKH�HSLGHUPDO�FRPSDUWPHQW�LQ�$'�VNLQ�RI�ERWK�VXEVHWV�LV�VRPHZKDW�
XQH[SHFWHG��2QH�H[SODQDWLRQ�LV�WKDW�VXJJHVWHG�E\�(VFKH�HW��DO��������>�@�ZKR�
SURSRVHG�HQKDQFHG�PLJUDWLRQ�RI�WKH�PDWXUH��DFWLYDWHG�$3&V�WR�WKH�UHJLRQDO�
O\PSK�QRGHV��LQ�UHVSRQVH�WR�76/3�VWLPXODWLRQ��DV�D�SRVVLEOH�FDXVH�RI�UHODWLYH�
SDXFLW\�RI�$3&V�DVVRFLDWHG�ZLWK�WKH�HQKDQFHG�H[SUHVVLRQ�RI�76/3�REVHUYHG�
LQ�DWRSLF�VNLQ��%LHEHU�HW��DO��������>��@�UHSRUWHG�KLJKHU�GHQVLW\�RI�,J(�EHDULQJ�
GHQGULWLF�FHOOV�LQ�WKH�HSLGHUPLV�RI�$'�SDWLHQWV�FRPSDUHG�WR�QRUPDO�VNLQ��
$OWKRXJK�WKH�SUHVHQW�VWXG\�FRXOG�QRW�FRQILUP�WKLV�ILQGLQJ��WKH�SRVVLELOLW\�LV�
WKHUH�RI�D�VHOHFWLYH�LQFUHDVH�LQ�WKLV�SDUWLFXODU�VXEVHW�RI�$3&V�WKDW�LV�QRW�
QHFHVVDULO\�DFFRPSDQLHG�E\�D�VLJQLILFDQW�LQFUHDVH�LQ�WKH�RYHUDOO�FRXQW�RI�
$3&V��

7KH�GHPRQVWUDWHG�LQFUHDVH�LQ�WKH�VWDLQLQJ�IRU�7$5&�FRXOG�EH�RI�
VLJQLILFDQFH�IRU�VHOHFWLYH�UHFUXLWPHQW�RI�7�K�����FHOOV�ZKLFK�H[SUHVV�&&5��IRU�
ZKLFK�7$5&�LV�WKH�VSHFLILF�OLJDQG��6XEVHTXHQW�UHOHDVH�RI�,/�������DQG����E\�
WKH�DWWUDFWHG�7�K�����FHOOV�PD\�DFW�WR�UHFUXLW�DQG�DFWLYDWH�PRUH�HIIHFWRU�FHOOV�
H�J��HRVLQRSKLOV�DQG�EDVRSKLOV�ZLWK�VXEVHTXHQW�SHUSHWXDWLRQ�RI�WKH�SURDOOHUJLF�
LQIODPPDWRU\�UHDFWLRQ��>��@�7KH�REVHUYHG�VWURQJ�FRUUHODWLRQ�EHWZHHQ�
H[SUHVVLRQ�RI�7$5&�DQG�WKDW�RI�76/3�LV�H[SHFWHG�NHHSLQJ�LQ�PLQG�WKDW�76/3�
LV�D�PDMRU�VWLPXOXV�IRU�7$5&�VHFUHWLRQ�E\�NHUDWLQRF\WHV�>����@�

7KH�RYHUH[SUHVVLRQ��ZKHWKHU�VSRQWDQHRXV�RU�UHDFWLYH��E\�$'�
NHUDWLQRF\WHV�RI�WKHVH�FKHPRNLQHV�±DV�VKRZQ�LQ�WKH�SUHVHQW�VWXG\��PD\�EH�DQ�
LQKHUHQW�IHDWXUH�RI�DWRSLF�SDWLHQWV�LQ�JHQHUDO��+RZHYHU��WKHUH�LV�UHODWLYHO\�
KLJKHU�SURGXFWLRQ�RI�7$5&�E\�$'H�NHUDWLQRF\WHV�LQ�ERWK�OHVLRQDO�DQG�QRQ�
OHVLRQDO�VNLQ�LQ�FRQWUDVW�WR�KLJK��EXW�OHVV�WKDQ�WKDW�RI�$'H��SURGXFWLRQ�E\�
OHVLRQDO�VNLQ�RQO\�LQ�$'L�VNLQ��7�K�����SRODUL]DWLRQ�FDQ�EH�WKXV�PHGLDWHG�
WKURXJK�76/3��XSJUDGHG�LQ�$'H�VLJQLILFDQWO\�PRUH�WKDQ�$'L�VNLQ��DQG�E\�
7$5&��DOVR�VLJQLILFDQWO\�LQFUHDVHG�LQ�ERWK�W\SHV�RI�$'�EXW�PRUH�LQ�$'H�
VNLQ���6R��7�K�����SRODUL]DWLRQ�LV�OLNHO\�WR�WDNH�SODFH�LQ�D�VLJQLILFDQWO\�
H[DJJHUDWHG��RU�PRUH�FRPPLWWHG��ZD\�LQ�$'H�FRPSDUHG�WR�$'L��D�IDFW�WKDW�
PD\�H[SODLQ�WKH�SUHYLRXVO\�UHSRUWHG�GLIIHUHQFHV�EHWZHHQ�WKH�WZR�$'�VXEW\SHV�
DV�UHJDUGV�OHYHOV�RI�HRVLQRSKLOV��%�FHOOV��,J(��,/����,/���DQG�,/����LQ�WKH�
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VHUXP�	�RU�VNLQ�>�@�
3RVLWLYH�FRUUHODWLRQ�EHWZHHQ�WKH�GHQVLW\�RI�GHUPDO�LQIODPPDWRU\�LQILOWUDWH�

DQG�HSLGHUPDO�H[SUHVVLRQ�RI�76/3��7$5&�DQG�*0�&6)�DJDLQ�KLJKOLJKWV�WKH�
VLJQLILFDQFH�RI�WKHVH�FKHPRNLQHV�LQ�WKH�SDWKRJHQHVLV�RI�DWRSLF�UHDFWLRQ��
+RZHYHU��ZKHQ�HYDOXDWHG�VHSDUDWHO\��RQO\�WKH�$'H�VKRZHG�VLJQLILFDQW�
FRUUHODWLRQ�ZKLOH�FRUUHODWLRQ�ZDV�SRRU�LQ�WKH�$'L�VXEJURXS��7KLV�REVHUYDWLRQ�
EHVLGHV�WKH�LQDELOLW\�WR�GHPRQVWUDWH�DQ\�VLJQLILFDQW�GLIIHUHQFH�LQ�WKH�GHQVLW\�RI�
LQIODPPDWRU\�UHDFWLRQ�EHWZHHQ�WKH�WZR�VXEW\SHV�PD\�VXJJHVW�WKDW�WKH�
GLIIHUHQFH�EHWZHHQ�WKH�WZR�JURXSV�FDQ�EH�D�TXDOLWDWLYH�UDWKHU�WKDQ�D�
TXDQWLWDWLYH�RQH�DQG�PD\�HYHQ�LQYROYH�GLIIHUHQW�HYROXWLRQDU\�SDWKZD\V��

7KH�LQDELOLW\�WR�GHPRQVWUDWH�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�
LPPXQRKLVWRFKHPLFDO�UHDFWLYLW\�RI�QRUPDO�DQG�DWRSLF�VNLQ�IRU�5$17(6�RU�
&7$&.�FRQWUDGLFWV�ZLWK�WKH�ILQGLQJV�RI�SUHYLRXV�VWXGLHV�ZKLFK�UHSRUWHG�
HQKDQFHG�H[SUHVVLRQ�RI�WKH�IRUPHU�E\�NHUDWLQRF\WHV�RI�OHVLRQDO�DWRSLF�VNLQ��
>��@�2WKHU�VWXGLHV�KDYH�DOVR�UHSRUWHG�H[SUHVVLRQ�RI�WKH�ODWWHU�FKHPRNLQH�
�&7$&.��LQ�WKH�EDVDO�OD\HU�RI�QRUPDO�FRQWURO�DQG�QRQ�OHVLRQDO�DWRSLF�VNLQ�
ZLWK�VLJQLILFDQWO\�LQFUHDVHG�H[SUHVVLRQ��ERWK�EDVDO�DQG�VXSUDEDVDO��LQ�OHVLRQDO�
DWRSLF�VNLQ��>��@�

7KH�GLVFUHSDQF\�FDQ�EH�DWWULEXWHG�WR�WKH�VHOHFWLRQ�FULWHULD�DGRSWHG�LQ�WKH�
SUHVHQW�VWXG\�ZKLFK�ZDV�FRQILQHG�WR�WKH�HDUO\��DFXWH�RU�VXEDFXWH��VWDJHV�ZKHQ�
WKH�7�FHOO�VXEVHW�LV�H[SHFWHG�WR�EH�SUHGRPLQDQWO\�RI�WKH�K���SRODULW\�ZKLOH�
5$17(6�LV�OLNHO\�WR�DWWUDFW�ERWK�7�K�����DQG�7�K�����FHOOV�DQG�LV�WKHUHIRUH�
PRUH�OLNHO\�WR�SOD\�D�UROH�LQ�WKH�ODWHU�VWDJHV�RU�LQ�PRUH�FKURQLF�IRUPV�RI�DWRSLF�
OHVLRQV��>����@�

6LPLODUO\��&7$&.�H[HUWV�D�QRQ�SRODUL]HG�SUR�LQIODPPDWRU\�HIIHFW�E\�
DWWUDFWLQJ�&/$��7�FHOOV>����@�DQG�PD\�WKXV�DFW�DW�D�ODWHU�VWDJH�WR�VHOI�
SHUSHWXDWH�WKH�LQIODPPDWRU\�UHDFWLRQ��,Q�IDFW��PDQ\�RI�WKH�SUHYLRXV�VWXGLHV�
KDYH�PDLQO\�IRFXVHG�RQ�FKURQLF�OHVLRQV�ZKLFK�PD\�H[SODLQ�WKH�GLIIHUHQFH�
IURP�RXU�ZRUN��

&RQFOXVLRQ�
)LQGLQJV�RI�WKH�SUHVHQW�VWXG\�LQ�WKH�IRUP�RI�HQKDQFHG�HSLGHUPDO�

H[SUHVVLRQ�RI�76/3��*0�&6)�DQG�7$5&�PD\�EH�VLJQLILFDQW�IRU�WKH�
GHWHUPLQDWLRQ�RI�DWRSLF�UHDFWLYLW\�LQ�JHQHUDO�DQG�WKH�SURDOOHUJLF�QDWXUH�LQ�
SDUWLFXODU��ZKHWKHU�LQWULQVLF�RU�H[WULQVLF���7KH�TXHVWLRQ�UHPDLQV�DV�WR�ZKHWKHU�
WKH�REVHUYHG�GLIIHUHQFHV�EHWZHHQ�WKHVH�WZR�$'�VXEW\SHV�DUH�SULPDU\�
�FRQVWLWXWLYH��RU�LQGXFHG�DEQRUPDOLWLHV�WKDW�RFFXU�ODWH�LQ�WKH�HYROXWLRQ�RI�
DWRSLF�OHVLRQV��

0RUHRYHU��FHUWDLQ�GLIILFXOWLHV�DUH�WUDGLWLRQDOO\�HQFRXQWHUHG�LQ�WKH�
LQWHUSUHWDWLRQ�RI�DQ\�ILQGLQJV�UHODWHG�WR�$'�UHVHDUFK��$Q�LPSRUWDQW�OLPLWDWLRQ�
LV�WKH�SRRUO\�GHILQHG�QDWXUH�RI�LPPXQH�UHDFWLRQ�LQ�$'�ZKLFK�GRHV�QRW�H[DFWO\�
FRQIRUP�WR�RQH�RI�WKH�ZHOO�NQRZQ�FODVVLF�W\SHV�RI�LPPXQH�UHDFWLRQV��7\SH�,��
7\SH�,9�RU�PL[HG���7KHUH�LV�DOVR�ODFN�RI�D�FRPSUHKHQVLYH�VFHQDULR�RU�DQ�
RUGHUO\�VHTXHQFH�RI�HYHQWV�WKDW�FDQ�GHSLFW�WKH�HYROXWLRQ�RI�HF]HPD�LQ�DWRSLF�
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VNLQ��,Q�DGGLWLRQ��WKHUH�LV�WKH�FRPSOH[�LQWHUSOD\�RI�PXOWLSOH�HWLRORJLFDO�DQG�
WULJJHULQJ�IDFWRUV�LQ�GHWHUPLQLQJ�WKH�DWRSLF�VWDWH�DQG�LQ�WKH�LQLWLDWLRQ�	�RU�
SHUSHWXDWLRQ�RI�WKH�VNLQ�UHDFWLRQ�H�J��JHQHWLF��LQWULQVLF���HQYLURQPHQWDO�
�H[WHUQDO��DQG�RWKHU�IDFWRUV��$QRWKHU�GLIILFXOW\�LV�WKH�HQRUPRXV�QXPEHU�RI�
DEQRUPDOLWLHV�UHSRUWHG�LQ�$'�ZKHWKHU�DW�WKH�VHUXP�RU�WKH�WLVVXH�OHYHO�DQG�WKH�
JUHDW�GHDO�RI�LQWHUDFWLRQ�EHWZHHQ�PRVW�RI�WKHVH�DEQRUPDO�IHDWXUHV�LQ�YLYR��
7KLV�LV�ODUJHO\�UHVSRQVLEOH�IRU�WKH�LQDELOLW\�WR�GLIIHUHQWLDWH�EHWZHHQ�SULPDU\�
DQG�VHFRQGDU\�GHIHFWV�DV�ZHOO�DV�EHWZHHQ�HDUO\�DQG�ODWH��RU�GRZQVWUHDP��
HYHQWV��,Q�IDFW��GLIIHUHQW�VXEVHWV�RI�SDWLHQWV�VHHP�WR�KDYH�GLIIHUHQW�
DEQRUPDOLWLHV�WKDW�DOO�OHDG�WR�WKH�VDPH�FOLQLFDO�PDQLIHVWDWLRQ��,W�LV�DOVR�
EHFRPLQJ�PRUH�DQG�PRUH�FOHDU�WKDW�GLIIHUHQW�FHOOV�DQG�PHGLDWRUV�SOD\�UROHV�DW�
GLIIHUHQW�WLPHV�DQG�VWDJHV�RI�WKH�GLVHDVH�>����������@�

0RUHRYHU��WKH�GLVWLQFWLRQ�EHWZHHQ�WKH�WZR�VXEVHWV�RI�$'�PD\�QRW�EH�DV�
VKDUS�DV�ZDV�VXJJHVWHG�LQLWLDOO\��,Q�IDFW��VRPH�DXWKRUV>��@�KDYH�VXJJHVWHG�WKH�
SRVVLELOLW\�RI�WUDQVLWLRQ�RI�WKH�LQWULQVLF�WR�WKH�H[WULQVLF�IRUP�DQG�HYHQ�
XOWLPDWHO\�WR�VRPH�VRUW�RI�DQ�DXWRLPPXQH�UHDFWLRQ��,I�WUXH��DQ\�H[LVWLQJ�
GLIIHUHQFHV�EHWZHHQ�WKHVH�WZR�IRUPV�PD\�MXVW�UHSUHVHQW�D�VHFRQGDU\�HYHQW�LQ�
WKH�HYROXWLRQ�RI�WKH�GLVHDVH�QRW�D�SULPDU\�IHDWXUH�RI�WKH�VNLQ�RU�RI�WKH�LPPXQH�
V\VWHP��,Q�WKLV�FDVH��WKH�DVVLJQPHQW�RI�D�SDUWLFXODU�SDWLHQW�WR�DQ\�RI�WKHVH�WZR�
VXEVHWV�PD\�QRW�EH�DQ�LQHYLWDEOH�EXW�UDWKHU�DQ�DFFLGHQWDO�RQH�DQG�PD\�EH�MXVW�
UHODWHG�WR�WKH�VWDJH�DW�WKH�WLPH�RI�HYDOXDWLRQ�RU�WR�WKH��VXLWDEOH��H[SRVXUH�WR�
H[WHUQDO�DOOHUJHQV�UHVXOWLQJ�LQ�VXFFHVVIXO�VHQVLWL]DWLRQ���

5HIHUHQFHV�
�
���1XUQEHUJ��:����������,QSDWLHQW�UHKDELOLWDWLRQ�RI�FKURQLF�GHUPDWRVHV�
LOOXVWUDWHG�E\�DWRSLF�GHUPDWLWLV��+DXWDU]W���������������
�
���0HDJKHU��/��-���:LQHV��1�:��DQG�&RRSHU��$��-����������$WRSLF�GHUPDWLWLV��
5HYLHZ�RI�LPPXQRSDWKRJHQHVLV�DQG�DGYDQFHV�LQ�LPPXQRVXSSUHVVLYH�WKHUDS\��
$XVWUDODVLDQ�-RXUQDO�RI�'HUPDWRORJ\������������
�
���:XWKULFK�%����������$WRSLF�QHXURGHUPDWLWLV�:LHQ�0HG�:RFKHQVFKU��
������������������
�
���<DVVN\��(��*����������([RJHQRXV�)DFWRUV�LQ�$WRSLF�'HUPDWLWLV��������������
�
���(VFKH��&���GH�%HQHGHWWR��$��DQG�%HFN��/�$����������.HUDWLQRF\WHV�LQ�DWRSLF�
GHUPDWLWLV��LQIODPPDWRU\�VLJQDOV��&XUU�$OOHUJ\�$VWKPD�5HS���������������
�
���/HXQJ��'�<�0���%RJXQLHZLF]��0���+RZHOO��0��'���1RPXUD��,��DQG�$��
+DPLG��4����������1HZ�LQVLJKWV�LQWR�DWRSLF�GHUPDWLWLV��-��&OLQ��,QYHVW���������
��������
�
���6FKPLG�*UHQGHOPHLHU�3���6LPRQ�'���6LPRQ�+�8��$NGLV�&�$���:�WKULFK�%��
��������(SLGHPLRORJ\��FOLQLFDO�IHDWXUHV��DQG�LPPXQRORJ\�RI�WKH��LQWULQVLF��
�QRQ�,J(�PHGLDWHG��W\SH�RI�DWRSLF�GHUPDWLWLV��FRQVWLWXWLRQDO�GHUPDWLWLV���
$OOHUJ\�����������������
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�
���6WDU\��*���%DQJHUW��&K���6WLQJO��*��DQG�.RSS��7����������'HQGULWLF�FHOOV�LQ�
DWRSLF�GHUPDWLWLV��H[SUHVVLRQ�RI�)FHSVLORQ5,�RQ�WZR�GLVWLQFW�LQIODPPDWLRQ�
DVVRFLDWHG�VXEVHWV��,QW�$UFK�$OOHUJ\�,PPXQRO�����������������
�
���-HRQJ��&�:���$KQ��.�6���5KR��1�.���3DUN��<�'���/HH��'�<���/HH��-�+���/HH��
(�6���<DQJ��-�0���6WDU\��*���%DQJHUW��&���6WLQJO��*���.RSS��7����������
'LIIHUHQWLDO�LQ�YLYR�F\WRNLQH�P51$�H[SUHVVLRQ�LQ�OHVLRQDO�VNLQ�RI�LQWULQVLF�YV��
H[WULQVLF�DWRSLF�GHUPDWLWLV�SDWLHQWV�XVLQJ�VHPLTXDQWLWDWLYH�57�3&5��&OLQ��([S��
$OOHUJ\������������������
�
����2SSHO�7��6FKXOOHU�(��*XQWKHU�6��0RGHUHU�0��+DEHUVWRN�-��%LHEHU�7��
:ROOHQEHUJ�$����������3KHQRW\SLQJ�RI�HSLGHUPDO�GHQGULWLF�FHOOV�DOORZV�WKH�
GLIIHUHQWLDWLRQ�EHWZHHQ�H[WULQVLF�DQG�LQWULQVLF�IRUPV�RI�DWRSLF�GHUPDWLWLV��%U�-�
'HUPDWRO�����������������
�
����+DQLILQ��-�0��DQG�5DMND��*����������'LDJQRVWLF�IHDWXUHV�RI�DWRSLF�
GHUPDWLWLV��$FWD�'HUP��9HQHUHRO���6WRFNK�����VXSSO��������
�
����%URZQ��&�5���+LJJLQV��.�:���)UD]HU��.���6FKRHO]��/�.���'\PLQVNL��-�:���
0DULQNRYLFK��9�$���0LOOHU��6�3��DQG�%XUG��-�)����������6LPXOWDQHRXV�
GHWHUPLQDWLRQ�RI�WRWDO�,J(�DQG�DOOHUJHQ�VSHFLILF�,J(�LQ�VHUXP�E\�WKH�0$67�
FKHPLOXPLQHVFHQW�DVVD\�V\VWHP��&OLQLFDO�&KHPLVWU\��������������������
�
����0L]XPRWR��1��DQG�7DNDVKLPD��$����������&'�D�DQG�ODQJHULQ��DFWLQJ�DV�
PRUH�WKDQ�/DQJHUKDQV�FHOO�PDUNHUV��-��&OLQ��,QYHVW�����������������
�
����6LQLFURSH��)�$���5XDQ��6�%���&OHDU\��.�5���6WHSKHQV��/�&���/HH��-�-��DQG�
/HYLQ��%����������EFO���DQG�S���RQFRSURWHLQ�H[SUHVVLRQ�GXULQJ�FRORUHFWDO�
WXPRULJHQHVLV��&DQFHU�5HV����������������
�
����KWWS���ZZZ�JUDSKSDG�FRP�TXLFNFDOFV�WWHVW��FIP�
�
����KWWS���FDOFXODWRUV�VWDW�XFOD�HGX�FRUUHODWLRQ�SKS�
�
����7KHSHQ��7���/DQJHYHOG�:LOGVFKXW��(�*���%LKDUL��,�&����������%LSKDVLF�
UHVSRQVH�DJDLQVW�DHURDOOHUJHQ�LQ�DWRSLF�GHUPDWLWLV�VKRZLQJ�D�VZLWFK�IURP�DQ�
LQLWLDO�7+��UHVSRQVH�WR�D�7+��UHVSRQVH�LQ�VLWX��DQ�LPPXQRF\WRFKHPLFDO�VWXG\��
-�$OOHUJ\�&OLQ�,PPXQRO���������������
�
����6DJHU��1���)HOGPDQQ��$���6FKLOOLQJ��*���.UHLWVFK��3��DQG�1HXPDQQ��&��
��������+RXVH�GXVW�PLWH�VSHFLILF�7�FHOOV�LQ�WKH�VNLQ�RI�VXEMHFWV�ZLWK�DWRSLF�
GHUPDWLWLV��)UHTXHQF\�DQG�O\PSKRNLQH�SURILOH�LQ�WKH�DOOHUJHQ�SDWFK�WHVW��-��
$OOHUJ\�&OLQ��,PPXQRO����������������
�
����YDQ�5HLMVHQ��)�&���%UXLMQ]HHO�.RRPHQ��&�$���.DOWKRII��)�6���0DJJL��(���
5RPDJQDQL��6��DQG�:HVWODQG��-�.����������6NLQ�GHULYHG�DHURDOOHUJHQ�VSHFLILF�
7�FHOO�FORQHV�RI�7K��SKHQRW\SH�LQ�SDWLHQWV�ZLWK�DWRSLF�GHUPDWLWLV��-��$OOHUJ\�
&OLQ��,PPXQRO����������������
�
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����:HUIHO��7��0RULWD��$���*UHZH��0���5HQ]��+���:DKQ��8��DQG�.UXWPDQQ��-��
��������$OOHUJHQ�VSHFLILFLW\�RI�VNLQ�LQILOWUDWLQJ�7�FHOOV�LV�QRW�UHVWULFWHG�WR�D�
W\SH���F\WRNLQH�SDWWHUQ�LQ�FKURQLF�VNLQ�OHVLRQV�RI�DWRSLF�GHUPDWLWLV��-��,QYHVW��
'HUPDWRO����������������
�
����6RXPHOLV��9���5HFKH��3�$��DQG�.DQ]OHU��+����������+XPDQ�HSLWKHOLDO�FHOOV�
WULJJHU�GHQGULWLF�FHOO�PHGLDWHG�DOOHUJLF�LQIODPPDWLRQ�E\�SURGXFLQJ�76/3��1DW��
,PPXQRO����������������"�
�
����3DVWRUH��6���)DQDOHV�%HODVLR��(��DQG�$OEDQHVL��&����������*UDQXORF\WH�
PDFURSKDJH�FRORQ\�VWLPXODWLQJ�IDFWRU�LV�RYHUSURGXFHG�E\�NHUDWLQRF\WHV�LQ�
DWRSLF�GHUPDWLWLV��LPSOLFDWLRQV�IRU�6XVWDLQHG�GHQGULWLF�FHOO�DFWLYDWLRQ�LQ�WKH�
VNLQ��-��&OLQ��,QYHVW�����������������������
�
����%LHEHU��7���'DQQHQEHUJ��%���3ULQ]��-�&���5LHEHU��(�3���6WRO]��:���%UDXQ�
)DOFR��2��DQG�5LQJ��-����������2FFXUUHQFH�RI�,J(�EHDULQJ�HSLGHUPDO�
/DQJHUKDQV�FHOOV�LQ�DWRSLF�HF]HPD��D�VWXG\�RI�WKH�WLPH�FRXUVH�RI�WKH�OHVLRQV�
DQG�ZLWK�UHJDUG�WR�WKH�,J(�VHUXP�OHYHO��-�,QYHVW��'HUPDWRO�������������
�
����8FKLGD�7���6XWR��+���5D��&K���2JDZD��+���.REDWD��7�DQG�2NXPXUD��.��
��������3UHIHUHQWLDO�H[SUHVVLRQ�RI�7K��W\SH�FKHPRNLQH�DQG�LWV�UHFHSWRU�LQ�
DWRSLF�GHUPDWLWLV��,QWHUQDWLRQDO�,PPXQRORJ\��������������������
�
����*LXVWL]LHUL��0�/���0DVFLD��)��DQG�)UH]]ROLQL��$����������.HUDWLQRF\WHV�
IURP�SDWLHQWV�ZLWK�DWRSLF�GHUPDWLWLV�DQG�SVRULDVLV�VKRZ�D�GLVWLQFW�FKHPRNLQH�
SURGXFWLRQ�SURILOH�LQ�UHVSRQVH�WR�7�FHOO�GHULYHG�F\WRNLQHV��-��$OOHUJ\�&OLQ��
,PPXQRO�����������������
�
����+RPH\��%���$OHQLXV��+���0XOOHU��$���6RWR��+���%RZPDQ��(��3���<XDQ��:���
0F(YR\��/���/DXHUPD��$��,���$VVPDQQ��7���%XQHPDQQ��(���/HKWR��0���:ROII��
+���<HQ��'���0DU[KDXVHQ��+���7R��:���6HGJZLFN��-���5X]LFND��7���/HKPDQQ��3��
DQG�=ORWQLN��$�����������&&/���&&5���LQWHUDFWLRQV�UHJXODWH�7�FHOO�PHGLDWHG�
VNLQ�LQIODPPDWLRQ��1DWXUH�0HG����������������
�
����%LHEHU��7��DQG�1RYDN��1����������1HZ�FRQFHSWV�RI�DWRSLF�GHUPDWLWLV��)URP�
QRQ�,J(�PHGLDWHG�YLD�,J(�PHGLDWHG�WR�DXWRLPPXQH�LQIODPPDWLRQ��$OOHUJ\�
&OLQ��,PPXQRO��,QW���-��:RUOG�$OOHUJ\�2UJ����������������
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