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$%675$&7��)DFWRUV�LQIOXHQFLQJ�PLON�FRDJXODWLRQ�SURSHUWLHV� 0LON�VDPSOHV��Q ������IURP�ILUVW�ODFWDWLRQ�FRZV

RI� ILYH�H[SHULPHQWDO�JURXSV��(VWRQLDQ�+ROVWHLQ��ZLWK�KLJKHU�SHGLJUHH�LQGH[�! ����� (+)�W��(VWRQLDQ�+ROVWHLQ�

ZLWK�PLGGOH� SHGLJUHH� LQGH[� ��±����� (+)��5HG�DQG�:KLWH�+ROVWHLQ�� 5+)��(VWRQLDQ�5HG�� (3.��(VWRQLDQ

1DWLYH�� (.��RQ�3}OXOD�([SHULPHQWDO�)DUP�ZHUH�WDNHQ�RQFH�D�PRQWK�IURP�-DQXDU\�WR�2FWREHU������DQG�WZLFH�D
PRQWK� IURP� 2FWREHU� ����� WR� 1RYHPEHU� ������ 6DPSOHV� ZHUH� WHVWHG� IRU� FDOFLXP�� SKRVSKRUXV� DQG� SURWHLQ

FRQWHQWV�� VRPDWLF� FHOO� FRXQW� DQG� S+��$�)RUPDJUDSK�ZDV� XVHG� IRU�PHDVXULQJ� UHQQHW� FRDJXODWLRQ� WLPH� �5&7��

FXUG� ILUPLQJ� WLPH� �.����� DQG� FXUG� ILUPQHVV� �(����� 2QH� LQGLYLGXDO�� XVLQJ� WKH� YLVXDO� WHFKQLTXH� GHYHORSHG� E\

(GPRQVRQ�� WZLFH� D� PRQWK� DVVHVVHG� ERG\� FRQGLWLRQ� VFRUHV� �%&6��� 5HVXOWV� ZHUH� HYDOXDWHG� VWDWLVWLFDOO\� XVLQJ

JHQHUDO�OLQHDU�PRGHO�LQFOXGLQJ�ERWK�GLVFUHWH�DQG�FRQWLQXRXV�HIIHFWV�

,QGLYLGXDOLW\�RI�D�FRZ��VWDJH�RI�ODFWDWLRQ��H[SHULPHQWDO�JURXS��S+�DQG�PLON�FDOFLXP�FRQWHQW�VLJQLILFDQWO\

DIIHFWHG�DOO�PHDVXUHG�FRDJXODWLRQ�SURSHUWLHV��0LON�SURWHLQ�FRQWHQW�DIIHFWHG�5&7�DQG�(����DQG�PLON�SKRVSKRUXV

FRQWHQW�RQO\�(����7KH�UHQQHWLQJ�SURSHUWLHV�VKRZHG�PDUNHG�ODFWDWLRQDO�FKDQJHV��7KH�PLON�FRDJXODWLRQ�SURSHUWLHV

ZHUH�DW�WKHLU�EHVW�GXULQJ�WKH��VW�PRQWK�RI�ODFWDWLRQ���±�� G�DIWHU�FDOYLQJ��DQG�DJDLQ�IURP�WKH��WK�PRQWK��!��� G

DIWHU� FDOYLQJ�� RQZDUG�� )URP� DOO� QRQFRDJXODWHG� PLON� VDPSOHV� PRVW� IHOO� LQ� WKH� SHULRG� RI� ��±���� GD\V� DIWHU

FDOYLQJ��7KH�PLON�FKDUDFWHUL]HG�E\�DEQRUPDO�UHQQHWDELOLW\�ZDV�PRUH�IUHTXHQW�DPRQJ�VWDJH�RI�ODFWDWLRQ�WKDQ�WKH

EUHHG��&RDJXODWLRQ�SURSHUWLHV�RI�PLON�ZHUH�VLJQLILFDQWO\�EHWWHU�LQ�(.�JURXS�

.H\ZRUGV� PLON� UHQQHWLQJ� SURSHUWLHV�� QRQFRDJXODWHG� PLON�� (VWRQLDQ� GDLU\� FDWWOH� EUHHGV�� PRQWKV� RI� ODFWDWLRQ�

PLON�FDOFLXP�FRQWHQW��PLON�SKRVSKRUXV�FRQWHQW��PLON�S+��VRPDWLF�FHOO�FRXQW��ERG\�FRQGLWLRQ�

-XXVWX� YlOMDWXOHNX�� NRRVWLVH� MD� VWUXNWXXUL� PllUDE� VXXUHV� RVDV� ODDSXPLVHO� NXMXQHY� NDOJHQGL� VWUXNWXXU�
,GHDDOQH� MXXVWXSLLP� ODDSXE� NLLUHVWL�� PRRGXVWDGHV� WLKHGD�� KHDGH� V�QHUHHVLRPDGXVWHJD� QLQJ� VXXUH� NXLYDLQH�
VLVDOGXVHJD�NDOJHQGL�

3LLPD�ODDSXPLVW�P}MXWDYDLG� IDNWRUHLG�RQ�SDOMX��.LUMDQGXVH�DQGPHWHO�RQ�QHLVW��KHNV�ROXOLVHPDNV�SLLPD�
YDONXGH�JHQHHWLOLVHVW�SRO�PRUILVPLVW�S}KMXVWDWXG�OHKPD�LQGLYLGXDDOQH�P}MX��)HDJDQ�HW�DO���������-DNRE��3XKDQ�
������/RGHV�HW�DO���������,NRQHQ�HW�DO����������.lHVROHYDV�DUWLNOLV�NlVLWOHWDNVH�VHOOLVHLG�SLLPD�ODDSXPLVRPDGXVL
P}MXWDYDLG� WHJXUHLG� QDJX� W}XJ�� ODNWDWVLRRQLNXX�� SLLPD� YDOJX��� NDOWVLXPL�� MD� IRVIRULVLVDOGXV�� S+�� VRPDDWLOLVWH
UDNNXGH�DUY� MD� OHKPDGH� WRLWXPXVKLQQH��.}LJL�QHQGH�P}MXIDNWRULWH� XXULPLVHOH�S||UDWDNVH�DUHQHQXG�SLLPDNDUMD�
NDVYDWXVHJD� ULLNLGHV� VXXUW� WlKHOHSDQX�� NXQD� KHDGH� ODDSXPLVRPDGXVWHJD� SLLP� Y}LPDOGDE� VXXUHQGDGD� MXXVWX
YlOMDWXOHNXW� MD� SDUDQGDGD� NYDOLWHHWL�� (ULQHYXVWH� W}WWX� NDWVHPHWRRGLNDWHV�� NDWVHDQGPHWH� VWDWLVWLOLVHV� DQDO��VLV� MD
LQWHUSUHWHHULPLVHV�RQ�XXULPLVJUXSSLGH�WXOHPXVHG�ODKNQHYDG��HULWL�ODNWDWVLRRQLNXX�P}MX�RVDV�

(30h� /RRPDNDVYDWXVLQVWLWXXGL� SLLPDQGXVODERULV� DOXVWDWL� SLLPD� ODDSXPLVRPDGXVL� P}MXWDYDWH� WHJXULWH
VHOJLWDPLVW�������DDVWDO�3}OXOD�NDWVHIDUPLV�OlELYLLGDYD�SURMHNWL��(HVWL�YHLVHW}XJXGH�PDNVLPDDOVH�SLLPDM}XGOXVH
YlOMDVHOJLWDPLQH�� UDDPHV�� $UWLNOLV� YDDGHOGDNVH� HVLPHVHO� ODNWDWVLRRQLO� OHKPDGH� SLLPD� ODDSXPLVRPDGXVL
P}MXWDQXG�WHJXUHLG�

9}WPHV}QDG� SLLPD ODDSXPLVRPDGXVHG� PLWWHODDSXY�SLLP��HHVWL�SLLPDYHLVHW}XG��ODNWDWVLRRQLNXX��SLLPD�NDOWVLXPL�
VLVDOGXV��SLLPD�IRVIRULVLVDOGXV��SLLPD�S+��VRPDDWLOLVWH�UDNNXGH�DUY�SLLPDV��WRLWXPXVKLQQH�

0DWHUMDO�MD�PHWRRGLND

3}OXOD�NDWVHIDUPLV�NRPSOHNWHHULWL������� DDVWD� O}SXV�HULQHYDWHVW�(HVWLV�NDVYDWDWDYDWHVW�SLLPDYHLVH� W}XJX
NXXOXYDWHVW�WLLQHWHVW�PXOOLNDWHVW�YLLV�NDWVHU�KPD�

x HHVWL�KROVWHLQL�W}XJX�PXVWDNLUMX�YHLVH�N}UJHLPD�DUHWXVYllUWXVHJD��63$9!�����U�KP��(+)�W�
x HHVWL�KROVWHLQL�W}XJX�PXVWDNLUMX�YHLVH�NHVNPLVH�DUHWXVYllUWXVHJD��63$9���±�����U�KP��(+)�
x HHVWL�KROVWHLQL�W}XJX�SXQDVHNLUMX�YHLVH�U�KP��5+)�
x HHVWL�SXQDVW�W}XJX�YHLVWH�U�KP��(3.�
x HHVWL�PDDW}XJX�YHLVWH�U�KP��(.�

/DXGDSHULRRGLO� V||GHWL� N}LNL� OHKPL� DG OLELWXP� WlLVUDWVLRRQLOLVH� VHJDV||GDJD� �NHVNPLQH� PHWDEROLVHHUXYD
HQHUJLD�VLVDOGXV���±�����ODNWDWVLRRQLSlHYDO��� 0-�NJ�NXLYDLQHV�MD�DODWHV������ODNWDWVLRRQLSlHYDVW�����±���� 0-�NJ
NXLYDLQHV���.DUMDWDPLVSHULRRGLGHO����� PDL�±��� RNW��������� PDL�� ��� DXJ�������NDVXWDWL�NRPELQHHULWXG�V||WPLVW�



3LLPD�ODDSXPLVW�P}MXWDYDG�WHJXULG ��

SlHYDO�NDUMDWDPLQH�YlJD�KHD�URKXNDPDUDJD�NDUMDPDDO��||VHO�DG�OLELWXP�VHJDV||W��.lUW�HW�DO����������.DWVHV�ROQXG
OHKPDGH�WRLWXPXVW�KLQGDV��NV�LQLPHQH�NDNV�NRUGD�NXXV��NDVXWDGHV�(GPRQVRQL�HW�DO� �������YLVXDDOVHW�WHKQLNDW�

3LLPDSURRYLG� �Q ������ ODDSXPLVRPDGXVWH� PllUDPLVHNV� Y}HWL� 3}OXOD� NDWVHIDUPL� HVLPHVHO� ODNWDWVLRRQLO
ROHYDWHOW� OHKPDGHOW� �Q ����� DODWHV� ������ DDVWD� ���� MDDQXDULVW� �NV� NRUG� NXXV� MD� DODWHV� �� RNWRREULVW� ����� NXQL
����� DDVWD����QRYHPEULQL�NDNV�NRUGD�NXXV�NRRV� M}XGOXVNRQWUROOL�SLLPDSURRYLGHJD�QLQJ�NRQVHUYDQGLQD�NDVXWDWL
SUHSDUDDWL�%URQRSRO�������� D�PllUDWL� NDNV� NRUGD� NXXV� LJDVW� NDWVHU�KPDVW� YDOLWXG� YLLH� OHKPD� SLLPDSURRYLGHVW
NDOWVLXPLVLVDOGXV� WLLWULPHHWULOLVHOW� MD� IRVIRULVLVDOGXV�VSHNWURPHHWULOLVHOW� �,')�VWDQGDUGLG���$������MD���%������
QLQJ� DODWHV� ����� D� PllUDWL� NDOWVLXPLVLVDOGXV� N}LNLGH� NDWVHIDUPL� OHKPDGH� SLLPDSURRYLGHVW� NRUG� NXXV�� 3LLPD
ODDSXPLVRPDGXVWH�PllUDPLVHNV�NDVXWDWL�)RUPDJUDDIL��)RVV�(OHFWULF�$�6��+LOOHU¡G��'HQPDUN��QLQJ�SLLPD��� q&
WHPSHUDWXXULO� VDDGXG� ODDSXPLVGLDJUDPPLGHOW� �MRRQLV ��� P}}GHWL� MlUJPLVHG� HQV�PDDWLOLVW� NRDJXODWVLRRQL� HKN
ODDSXPLVW�LVHORRPXVWDYDG�QlLWDMDG�

5&7 � SLLPD�ODDSXPLVH�DHJ��PLQ���V�R�DHJ�ODDSHQV��PL�OLVDPLVHVW�NDOJHQGXPLVH�DOJXVHQL�
.�� � NDOJHQGL�PRRGXVWXPLVH�LQWHQVLLYVXV��PLQ���V�R�DHJ�NDOJHQGL�PRRGXVWXPLVH�DOJXVHVW�NXQL�DMDQL�

PLO�NDOJHQG�RQ�N�OODOW�WXJHY�O}LNDPLVHNV�QLQJ�GLDJUDPPL�KDDUDGH�YDKHOLQH�NDXJXV�RQ��� PP�
(�� � NDOJHQGL�PDNVLPDDOQH�WXJHYXV����PLQ�SlUDVW�ODDSHQV��PL�OLVDPLVW��PP��

-RRQLV��� 3LLPD�ODDSXPLVGLDJUDPP�MD�GLDJUDPPLOW�P}}GHWDYDG�SLLPD�ODDSXPLVW�LVHORRPXVWDYDG�QlLWDMDG
)LJXUH��� 'LDJUDP�SURGXFHG�E\�D�PLON�FRDJXODWLRQ�PHWHU��DQG�WKH�WKUHH�PLON�FRDJXODWLRQ�SDUDPHWHUV�FDOFXODWHG
IURP�WKH�GLDJUDP

/DDSHQV��PLQD� NDVXWDWL� N�PRVLLQL� �0D[LUHQ� ����� �KHSURWVHQGLOLVW� �Y�Y�� YHVLODKXVW�� PLGD� OLVDWL� �� PO
SLLPDOH���� PO��3LLPD�S+�PllUDWL� WRDWHPSHUDWXXULO� YDKHWXOW� HQQH� ODDSXPLVRPDGXVWH�PllUDPLVW� �S+�0HWHU�03
�����0HWWOHU���$QGPHWH�DQDO��VLPLVHO�NDVXWDWL�ND�M}XGOXVNRQWUROOL�NlLJXV�PllUDWXG�SLLPDWRRGDQJX��VRPDDWLOLVWH
UDNNXGH�DUYX��65$��QLQJ�YDOJX��MD�UDVYDVLVDOGXVH�DQGPHLG�

3LLPD� ODDSXPLVW�P}MXWDYDWH� IDNWRULWH� VHOJLWDPLVHNV�� QHQGH�P}MX� VWDWLVWLOLVH� ROXOLVXVH� NRQWUROOLPLVHNV� MD
XXULWDYDWH� WXQQXVWH� YlKLPUXXWXGH� NHVNPLVWH� OHLGPLVHNV� HULQHYDWHO� IDNWRULWH� WDVHPHWHO� YLLGL� SURJUDPPLSDNHWL
6$6��6$6�,167�� ,QF���������DELO� OlEL��OGLVWH� OLQHDDUVHWH�PXGHOLWH� DQDO��V� �*/0���(ULQHYDWH� IDNWRULWH�P}MXGH
VHOJLWDPLVHNV�XXULWDYDWHOH�WXQQXVWHOH�NDVXWDWL�MlUJPLVW��OGLVW�OLQHDDUVHW�PXGHOLW�

<LMNO  �����7L ��1LM ��/O ��E�Â9$/.LMNO ��E�Â&DLMNO���E�Â3LMNO���E�ÂS+LMNO���E�Â65$LMNO ��E�Â%&6LMNO���HLMNO�

NXV�<LMNO � XXULWDY�WXQQXV��5&7��.����(����
��� �OGNHVNPLQH�
7L � NDWVHU�KPD�P}MX��L�^(+)�W��(+)��5+)��(3.��(.`�
1LM � OHKPD�P}MX��NDWVHU�KPD�VLVHVHOW���M�^�����«�QL`��NXV�QL RQ�L�U�KPD�OHKPDGH�DUY�
/N � ODNWDWVLRRQLNXX�P}MX�O�^�����«����`��ODNWDWVLRRQLSHULRRG�MDRWDWL�ODNWDWVLRRQLNXXGHNV����ODNWDWVLRRQL�

SlHYD�NDXSD�MD�����ODNWDWVLRRQLNXX�PRRGXVWDVLG�N}LN�ODNWDWVLRRQLSlHYDG�DODWHV�������
9$/.LMNO � SLLPD�YDOJXVLVDOGXV�
&DLMNO � SLLPD�NDOWVLXPLVLVDOGXV�
3LMNO � SLLPD�IRVIRULVLVDOGXV�
S+LMNO � SLLPD�S+�
65$LMNO � VRPDDWLOLVWH�UDNNXGH�DUY�SLLPDV�
%&6LMNO � WRLWXPXVKLQQH�
E���E���E���E� � UHJUHVVLRRQLNRUGDMDG�
HLMNO � MllN�

5&7 .��

���PP (��

DHJ�WLPH��PLQ

� �� �� �� �� �� �� ��
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7XOHPXVHG

7DEHOLV� �� RQ� HVLWDWXG� XXULWXG� SLLPDSURRYLGH� ODDSXPLVW� LVHORRPXVWDYDWH� QlLWDMDWH�� NDOWVLXPL�� MD� IRVIRUL�
VLVDOGXVH��S+�MD�PllUDWXG�M}XGOXVNRQWUROOL�QlLWDMDWH�QLQJ�OHKPDGH�WRLWXPXVKLQQHWH�VWDWLVWLOLVHG�NDUDNWHULVWLNXG�

7DEHO �� 3LLPD� ODDSXPLVW� MD� NRRVWLVW� LVHORRPXVWDYDWH� QlLWDMDWH� QLQJ� OHKPDGH� WRLWXPXVKLQGH� VWDWLVWLOLVHG
NDUDNWHULVWLNXG
7DEOH��� 6XPPDU\�VWDWLVWLFV�RI�PLON�UHQQHWLQJ�SURSHUWLHV�DQG�FRPSRVLWLRQ�WUDLWV��DQG�ERG\�FRQGLWLRQ�VFRUH��%&6�

1lLWDMD�7UDLW Q [ PLQ PD[ V

5&7��PLQ� ���� ��� � �� ����

.����PLQ ���� ��� � �� ����

(����PP ���� ���� � �� ����

&D��� ��� ������ ����� ����� ������

3��� ��� ������ ����� ����� ������

S+ ���� ���� ���� ���� �����

9DOJXVLVDOGXV���3URWHLQ�FRQWHQW��� ���� ���� ���� ���� �����

65$�6&&������PO ���� ��� � ���� ���

7RLWXPXVKLQQH�%&6 ��� ���� ���� ���� ����

3LLPD� ODDSXPLVW� LVHORRPXVWDYDLG�QlLWDMDLG�PllUDWL� NRNNX������SLLPDSURRYLVW��8XULWXG�SLLPDSURRYLGHVW
ODDSXV������SURRYL��NXVMXXUHV�NDOJHQGL�PRRGXVWXPLVH�LQWHQVLLYVXVW�ROL�Y}LPDOLN�P}}WD������SLLPDSURRYLO�

3LLPD� ODDSXPLVW� LVHORRPXVWDYDG�QlLWDMDG�YDULHHUXVLG�YlJD� VXXUWHV�SLLULGHV��.XL�NHVNPLVHOW� KDNNDV� SLLP
ODDSXPD�����PLQXWLW�SlUDVW�ODDSHQV��PL�OLVDPLVW��VLLV�llUPXVOLNHO�MXKWXGHO�SLNHQHV�VHH�DHJ����PLQXWLQL��8XULWXG
SLLPDSURRYLGHVW�HL�ODDSXQXG�DJD��OGVH�����SURRYL�HKN������

8XULPLVWXOHPXVHG�� PLV� LVHORRPXVWDYDG� HULQHYDWH� IDNWRULWH� P}MX� ROXOLVXVW� MD� XXULWDYD� IDNWRUL� RVDNDDOX
WXQQXVH� YDULHHUXYXVH� NLUMHOGDPLVHO� �5���� RQ� HVLWDWXG� WDEHOLV� ���.}LNL� XXULWXG� SLLPD� ODDSXPLVW� LVHORRPXVWDYDLG
QlLWDMDLG��5&7��.����(����P}MXWDVLG�VWDWLVWLOLVHOW�ROXOLVHOW�OHKPD�LQGLYLGXDDOVXV��3����������NDWVHU�KP��3�������
ODNWDWVLRRQLNXX� �3��������� SLLPD� S+� �3��������� MD� SLLPD� NDOWVLXPLVLVDOGXV� �3�������� 3LLPD� YDOJXVLVDOGXV
P}MXWDV�ROXOLVHOW�SLLPD�ODDSXPLVH�DHJD��5&7���3�������MD�NDOJHQGL�PDNVLPDDOVHW� WXJHYXVW� �(���� �3�������QLQJ
SLLPD� IRVIRULVLVDOGXV� NDOJHQGL�PDNVLPDDOVHW� WXJHYXVW� �3��������8GDUD� WHUYLVW� LVHORRPXVWDY� SLLPD� VRPDDWLOLVWH
UDNNXGH� DUY� �65$�� MD� OHKPDGH� WRLWXPXVKLQQH� �%&6�� HL� RVXWXQXG� PHLH� XXULPXVHV� ROXOLVWHNV� SLLPD
ODDSXPLVRPDGXVL�P}MXWDYDWHNV�IDNWRULWHNV�

6XXULPD�RVD�5&7��.����(���YDULHHUXYXVHVW�NLUMHOGDV�OHKPD�LQGLYLGXDDOVXV��NLUMHOGDWXVH�RVDNDDOXG�YDVWDYDOW
�������������MD��������WDEHO ����6HOOHOH�MlUJQHVLG�ODNWDWVLRRQLNXX�����������������������MD�NDWVHU�KPD�P}MX
����������������������

7DEHO��� 3LLPD�ODDSXPLVQlLWDMDLG�P}MXWDYDWH�WHJXULWH�ROXOLVXV��3��MD�NLUMHOGDWXVH�RVDNDDO��NLWVHQGDWXG�5��
�
�

7DEOH��� 6LJQLILFDQFH��3��DQG�UHVWULFWHG�5
�
IRU�IDFWRUV�LQIOXHQFLQJ�PLON�UHQQHWLQJ�SURSHUWLHV

5&7��PLQ .����PLQ (����PP0}MXIDNWRU

,QIOXHQFH�IDFWRU 3 5���� 3 5���� 3 5����

/HKPD�LQGLYLGXDDOVXV
&RZ LQGLYLGXDOLW\

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

/DNWDWVLRRQLNXX���0RQWK�RI�ODFWDWLRQ ������� ���� ������� ���� ������� ����

.DWVHU�KP���([SHULPHQWDO�JURXS ������ ���� ������� ���� ������� ����

S+ ������� ���� ������� ���� ������� ����

.DOWVLXPLVLVDOGXV���&DOFLXP�FRQWHQW ������ ���� ������ ���� ������� ����

)RVIRULVLVDOGXV���3KRVSKRUXV�FRQWHQW ������ ���� ������ ���� ������� ����

9DOJXVLVDOGXV���3URWHLQ�FRQWHQW ������ ���� ������ ���� ������ ����

65$�6&& ������ ���� ������ ���� ������ ����

7RLWXPXVKLQQH�%&6 ������ ���� ������ ���� ������ ����

3LLPD�ODDSXPLVQlLWDMDWH��NRRVWLVH�� ODNWDWVLRRQLNXX� MD� OHKPDGH� WRLWXPXVKLQGH��%&6��YDKHOLVL�NRUUHODWLLY�
VHLG�VHRVHLG�LVHORRPXVWDYDG�NRUUHODWVLRRQLNRUGDMDG�RQ�HVLWDWXG�WDEHOLV���



3LLPD�ODDSXPLVW�P}MXWDYDG�WHJXULG ��

7DEHO��� 8XULWXG�QlLWDMDWH�RPDYDKHOLVWH�VHRVWH�NRUUHODWVLRRQLNRUGDMDG
7DEOH��� &RUUHODWLRQV�EHWZHHQ�VWXGLHG�SDUDPHWHUV
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/DDSXPLVQlLWDMDWH� RPDYDKHOLVL� VHRVHLG� LVHORRPXVWDV� WXJHY� QHJDWLLYQH� NRUUHODWVLRRQ� 5&7� MD� (��

�U ±�������QLQJ�.���MD� (����U ±�������YDKHO��.HVNPLVH�WXJHYXVHJD�SRVLWLLYQH�NRUUHODWVLRRQ��U �������ROL�5&7�MD
.��� YDKHO�� .}QHDOXVHV� XXULPXVHV� ROL� P}MXIDNWRULWH� MD� SLLPD� ODDSXPLVQlLWDMDWH� YDKHOLVWHVW� VHRVWHVW� WXJHYDLP
QHJDWLLYQH� NRUUHODWVLRRQ� SLLPD� YDOJXVLVDOGXVH� MD� NDOJHQGL� PRRGXVWXPLVH� LQWHQVLLYVXVH� YDKHO� �U �������� QLQJ
WXJHYDLP� SRVLWLLYQH� VHRV� YDOJXVLVDOGXVH� MD� NDOJHQGL� PDNVLPDDOVH� WXJHYXVH� YDKHO� �U �������� .DOWVLXPL�� MD
IRVIRULVLVDOGXVHG�SLLPDV�P}MXWDVLG�HQLP�NDOJHQGL�PDNVLPDDOVHW�WXJHYXVW��NRUUHODWVLRRQLNRUGDMDG�YDVWDYDOW������
MD� ������� .D� OHKPDGH� WRLWXPXVKLQQH� P}MXWDV� SLLPD� ODDSXPLVQlLWDMDWHVW� HQLP� NDOJHQGL� PDNVLPDDOVHW� WXJHYXVW
�U ��������3LLPD�S+�P}MXWDV�N}LJH�WXJHYDPDOW�SLLPD�ODDSXPLVH�DHJD��U �������

/DNWDWVLRRQLNXX P}MXWDV� ROXOLVHOW� �3�������� N}LNL� XXULWXG� SLLPD� ODDSXPLVQlLWDMDLG� �WDEHO ���
/DDSXPLVQlLWDMDWH��5&7��.����(����PXXWXVW�ODNWDWVLRRQL�MRRNVXO�LVHORRPXVWDYDG�WDEHOLV���HVLWDWXG�YlKLPUXXWXGH
NHVNPLVHG�� .}LJL� XXULWXG� QlLWDMDWH� RVDV� ROLG� SLLPD� ODDSXPLVRPDGXVHG� SDULPDG� ODNWDWVLRRQL� DOJXVHV� MD� WHLVHO
SRROHO�� 6DUQDVHOW� ODDSXPLVRPDGXVWHJD� ROLG� ND� SLLPD� YDOJX��� NDOWVLXPL�� MD� IRVIRULVLVDOGXVHG� QLQJ� OHKPDGH
WRLWXPXVKLQGHG� PDGDODPDG� ODNWDWVLRRQL� WHLVHVW� NXQL� QHOMDQGD� NXXQL� �WDEHO ��� MRRQLV ���� 3LLPD� YDOJXVLVDOGXV
VDDYXWDV� RPD� PLLQLPXPL� WHLVWHVW� XXULWXG� SLLPD� NRRVWLVNRPSRQHQWLGHVW� N}LJH� YDUHP� � WHLVHO� ODNWDWVLRRQLNXXO�
3LLPD� S+�PXXWXV� ODNWDWVLRRQL� MRRNVXO� VXKWHOLVHOW� YlKH�� ROOHV� VLLVNL� ODNWDWVLRRQL� O}SXV� N}UJHP� NXL� ODNWDWVLRRQL
DOJXVHV�
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7DEHO �� 3LLPD� ODDSXPLVQlLWDMDWH� YlKLPUXXWXGH� NHVNPLVHG� �/60��� NHVNPLVHG� SLLPD� YDOJX��� NDOWVLXPL�� MD
IRVIRULVLVDOGXVHG�QLQJ�OHKPDGH�WRLWXPXVKLQQH��%&6��ODNWDWVLRRQLNXXGH�O}LNHV
7DEOH� �� /HDVW� VTXDUH�PHDQV� RI�PLON� FRDJXODWLRQ� SURSHUWLHV�� DQG�PHDQ�PLON� SURWHLQ�� FDOFLXP� DQG� SKRVSKRUXV
FRQWHQW�DQG�ERG\�FRQGLWLRQ�VFRUHV�GXULQJ�ODFWDWLRQ

/DNWDWVLRRQLNXX
0RQWK�RI�ODFW�

Q
5&7�
PLQ

.���
PLQ

(���
PP

9DON���

3URWHLQ���
&D��� 3��� S+ %&6

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

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

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

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

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

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

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

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

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

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

!�� ��� ��� ��� ���� ���� ������ ������ ���� ����

-RRQLV� �� 3LLPD� ODDSXPLV�� MD� NRRVWLVH� QlLWDMDWH� QLQJ� OHKPDGH� WRLWXPXVKLQGH� VXKWHOLVHG� �NHVNPLVH� VXKWHV�
YllUWXVHG�ODNWDWVLRRQLNXXGH�O}LNHV
)LJXUH��� 5HODWLYH��UHJDUGLQJ� WR�PHDQ�YDOXH��PLON�FRDJXODWLRQ�SURSHUWLHV��PLON�SURWHLQ��FDOFLXP�DQG�SKRVSKRUXV
FRQWHQW�DQG�FRZ
V�ERG\�FRQGLWLRQ�VFRUHV�GXULQJ�ODFWDWLRQ

.}LJLVW� DQDO��VLWXG� SLLPDSURRYLGHVW� ROL�PLWWHODDSXQXG� �0/�� SLLPDSURRYLGH� RVDNDDO� VXXULP� NROPDQGDO
ODNWDWVLRRQLNXXO� ��������� 0DGDOD� NDOJHQGL� PRRGXVWDPLVH� LQWHQVLLYVXVHJD� H� KDOYDVWL� ODDSXYDWH� SLLPDSURRYLGH
�0.���� RVDNDDO� ROL� VXXULP� QHOMDQGDO� ODNWDWVLRRQLNXXO� �������� QLQJ� YlLNVHP� ODNWDWVLRRQL� O}SXV� �!���� SlHYD��
YDVWDYDOW�������0/��MD�������0.�����MRRQLV ���
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3LLPD�ODDSXPLVW�P}MXWDYDG�WHJXULG ��

-RRQLV��� 0LWWHODDSXQXG��0/��MD�PDGDOD�NDOJHQGL�PRRGXVWDPLVH�LQWHQVLLYVXVHJD��0.������SLLPDSURRYLGH�RVDNDDO
����ODNWDWVLRRQLNXX�SLLPDSURRYLGHV
)LJXUH��� 3HUFHQWDJH�RI�QRQFRDJXODWHG�PLON�VDPSOHV��1&0��DQG�VDPSOHV�WKDW�GLG�QRW�UHDFK�.�� ���PLQ�DIWHU
HQ]\PH�DGGLWLRQ��1.����IURP�VDPSOHV�RI�UHVSHFWLYH�PRQWK�RI�ODFWDWLRQ

.DWVHU�KP P}MXWDV�ROXOLVHOW��3�������N}LNL�XXULWXG�SLLPD�ODDSXPLVQlLWDMDLG��WDEHO ����NLUMHOGDGHV�QHQGH
YDULHHUXYXVHVW�YDVWDYDOW��������5&7����������.���� MD��������(�����.DWVHU�KPDGH�NHVNPLVHG�SLLPD� ODDSXPLV�
QlLWDMDG��NDOWVLXPL�� MD� IRVIRULVLVDOGXVHG�QLQJ�S+� MD� OHKPDGH� WRLWXPXVKLQQH�RQ�HVLWDWXG� WDEHOLV ���.}LJL� XXULWXG
QlLWDMDWH� RVDV� ROL� SDULPDWH� ODDSXPLVRPDGXVWHJD� (.� NDWVHU�KPD� OHKPDGH� SLLP� �5&7 ���� PLQ�� .�� ��� PLQ�
(�� ���� PP��MRRQLV ���

7DEHO� �� 3LLPD� ODDSXPLVQlLWDMDWH� YlKLPUXXWXGH� NHVNPLVHG� MD� SLLPD� NRRVWLV� QLQJ� OHKPDGH� WRLWXPXVKLQGHG
HULQHYDWHV�NDWVHU�KPDGHV
7DEOH����/HDVW�VTXDUH�PHDQV�RI�PLON�FRDJXODWLRQ�SURSHUWLHV�DQG�PLON�FRPSRVLWLRQ�DQG�ERG\�FRQGLWLRQ�VFRUHV�IRU
GLIIHUHQW�WULDO�JURXSV

5�KP
*URXS

Q
5&7�
PLQ

.���
PLQ

(���
PP

0/

1&0�

�

0.��

1.�� �

�

&D�
�

3�
�

S+ %&6

(+)�W ��� ����E ����D ����D ���� ���� ������D ������D ����D ����D

(+) ��� ���D ����D ����D ���� ���� ������D ������D ����D ����D

5+) ��� ���D ����D ����D ����� ���� ������E ������E�F ����D ����E

(3. ��� ��� D�E ����D ����D ���� ���� ������E ������E ����D ����E

(. ��� ��� ��� ���� ���� ���� ������ ������F ����D ����
D��E��F�

� VDPDGH�LQGHNVLWHJD�NHVNPLVHG�VDPDV�WXOEDV�HL�HULQH�ROXOLVHOW��3!����� ��PHDQV�ZLWK�WKH�VDPH�VXSHUVFULSWV� LQ�WKH�VDPH
FROXPQ�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW��3!�����

.}LJH� VXXUHP� ROL� PLWWHODDSXQXG� SLLPDSURRYLGH� RVDNDDO� 5+)� NDWVHU�KPDV� ��������� MD� N}LJH� YlLNVHP
(3.�NDWVHU�KPDV����������MRRQLV ����6LLQMXXUHV�WXOHE�DJD�PlUNLGD��HW�(.�NDWVHU�KPD�OHKPDGH�DUY�ROL�YlLNVHP
NXL�N}LJLV�WHLVWHV�NDWVHU�KPDGHV�MD�N}LN�VHOOH�JUXSL�PLWWHODDSXQXG�SLLPDSURRYLG�SlULQHVLG��KHOW� OHKPDOW��UHJ�QU
��������� NHOOH� SLLP� HL� ODDSXQXG� NRJX� NDWVHSHULRRGL� YlOWHO� �KHOJL� NRUUDO�� +DOYDVWL� ODDSXYDWH� SLLPDSURRYLGH
�0.����RVDNDDO�ROL�VXXUHP�PXVWDNLUMX�KROVWHLQL�NDWVHU�KPDGHV�(+)W � �������(+)�� ������MD�N}LJH�PDGDODP
��������(.�NDWVHU�KPDV��0LWWHODDSXQXG�SLLPDSURRYLGH�NHVNPLQH�YDOJXVLVDOGXV�ROL�N}LJLV�NDWVHU�KPDGHV��YlOMD
DUYDWXG�(+)�U�KP��ROXOLVHOW�YlLNVHP�NXL�ODDSXYDWHO�SLLPDSURRYLGHO��WDEHO�����3DULPDWH�ODDSXPLVQlLWDMDWHJD�(.
OHKPDGH�SLLP�VLVDOGDV� WHLVWH�NDWVHU�KPDGH�SLLPDVW� URKNHP�YDONX�QLQJ� OHKPDGH� WRLWXPXVKLQQH�ROL� VHOOHV�NDWVH�
U�KPDV�N}UJHLP�
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0/���1&0 ��� ��� ���� ���� ���� ��� ��� ��� ��� ��� ���
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-RRQLV��� 3LLPD�YlKLPUXXWXGH�NHVNPLVHG�ODDSXPLV�
QlLWDMDG�NDWVHU�KPDGH�O}LNHV
)LJXUH� �� /HDVW� VTXDUH� PHDQV� RI� PLON� UHQQHWLQJ
SURSHUWLHV�IRU�WULDO�JURXSV

-RRQLV� ���0LWWHODDSXQXG� �0/�� MD� PDGDOD� NDOJHQGXPLVH
LQWHQVLLYVXVHJD�SLLPDSURRYLGH��0.����MDRWXV�NDWVHU�KPD�
GH�YLLVL����NDWVHU�KPD�SURRYLGHVW�
)LJXUH� �� 'LVWULEXWLRQ� RI� QRQFRDJXODWHG�PLON� VDPSOHV
�0/��DQG�VDPSOHV� WKDW�GLG�QRW� UHDFK�.�� ���PLQ�DIWHU
HQ]\PH� DGGLWLRQ� �0.���� IRU� WULDO� JURXSV� ��� RI� PLON
VDPSOHV�LQ�WULDO�JURXS�

7DEHO��� /DDSXYDWH�MD�PLWWHODDSXQXG�SLLPDSURRYLGH�NHVNPLVHG�YDOJXVLVDOGXVHG
7DEOH��� 0HDQ�SURWHLQ�FRQWHQW�RI�FRDJXODWHG�DQG�QRQFRDJXODWHG�PLON�VDPSOHV

.}LN�SLLPDSURRYLG

$OO�PLON�VDPSOHV

/DDSXYDG�SLLPDSURRYLG

&RDJXODWHG�PLONV

0LWWHODDSXQXG�SLLPDSURRYLG

1RQFRDJXODWHG�PLONV.DWVHU�KP

7ULDO�JURXS 9DON������V�

3URWHLQ������V�
Q

9DON������V�

3URWHLQ������V�
Q

9DON������V�

3URWHLQ������V�
Q

(+)�W ������������ D ��� ������������D ��� ������������ ��

(+) ������������ D ��� ������������ D ��� ������������ D ��

5+) ������������ D ��� ������������D ��� ������������ ��

(3. ������������ D ��� ������������D ��� ������������ ��

(. ������������ D ��� ������������D ��� ������������ ��

.}LN ������������ D ���� ������������D ���� ������������ ���
D
� VDPD�LQGHNVLJD�NHVNPLVHG�VDPDV�UHDV�HL�HULQH�ROXOLVHOW��3!����� ��PHDQV�ZLWK�WKH�VDPH�VXSHUVFULSWV� LQ�WKH�VDPH�URZ�DUH
QRW�VLJQLILFDQWO\�GLIIHUHQW��3!�����

3LLPD� ODDSXPLVRPDGXVWH�PXXWXVL� VHRVHV� SLLPD� VRPDDWLOLVWH� UDNNXGH� DUYX VXXUHQHPLVHJD� NLUMHOGDYDG
WDEHOLV �� HVLWDWXG� DQGPHG�� /DDSXPLVQlLWDMDG� HL� HULQHQXG� VWDWLVWLOLVHOW� ROXOLVHOW� VLLV�� NXL� 65$� �KHV� PLOOLOLLWULV
SLLPDV� ROL� DOOD� ��� ����� 65$� DUYX� VXXUHQHPLVHO� �OH� ��� ��� PO�� KDOYHQHVLG� ROXOLVHOW� N}LN� XXULWXG
ODDSXPLVQlLWDMDG��6RPDDWLOLVWH�UDNNXGH�DUYX�VXXUHQHPLVHJD�NDDVQHV�ND�KDOYDVWL�ODDSXYDWH�SLLPDSURRYLGH��0.���
RVDNDDOX�VXXUHQHPLQH��WDEHO ���

7DEHO��� 3LLPD�ODDSXPLVRPDGXVHG�V}OWXYDOW�VRPDDWLOLVWH�UDNNXGH�DUYXVW�SLLPDV
7DEOH��� 0LON�FRDJXODWLRQ�SURSHUWLHV�DFFRUGLQJ�WR�VRPDWLF�FHOO�FRXQW�LQ�PLON

5&7��PLQ .����PLQ (����PP65$��WXK�PO

6&&����
�
�PO Q [ V Q [ V Q [ V

�0/
1&0

�0.��

1.��

�±��� ��� ���D ��� ��� ���D ��� ���� ����D ���� ��� ����

���±��� ��� ���D ��� ��� ���D ��� ��� ����D ���� ��� ����

���±���� �� ���E ��� �� ����E ��� ��� ����E ���� ��� ����

!���� �� ���E ��� �� ���E ��� ��� ����E ���� ��� ����

� ±�PLWWHODDSXQXG�SLLPDSURRYLGH� �0/�� MD�PDGDOD� NDOJHQGXPLVH� LQWHQVLLYVXVHJD� �0.���� SLLPDSURRYLGH� RVDNDDO� ���� DQWXG
65$�YDKHPLNNX�NXXOXQXG�SLLPDSURRYLGHVW� �� SHUFHQWDJHV�RI� QRQFDJXODWHG� PLON� VDPSOHV� �1&0�� DQG�RI� PLONV� WKDW� GLG� QRW
UHDFK�.�� ���PLQ�DIWHU�HQ]\PH�DGGLWLRQ��1.����IURP�PLON�VDPSOHV��EHORQJHG�WR�UHVSHFWLYH�6&&�LQWHUYDO
D�� E

� VDPDGH�LQGHNVLWHJD�NHVNPLVHG�VDPDV�WXOEDV�HL�HULQH�ROXOLVHOW��3!����� ��PHDQV�ZLWK� WKH� VDPH� VXSHUVFULSWV� LQ� WKH� VDPH
FROXPQ�DUH�QRW�VLJQLILFDQWO\�GLIIHUHQW��3!�����
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$UXWHOX

.}LNL�XXULWXG�SLLPD� ODDSXPLVQlLWDMDLG� �5&7��.����(����P}MXWDVLG�ROXOLVHOW� OHKPD� LQGLYLGXDDOVXV�� ODNWDW�
VLRRQLNXX��NDWVHU�KP��SLLPD�S+�MD�NDOWVLXPLVLVDOGXV��WDEHO�����.}LJH�VXXUHP�ROL�OHKPD�LQGLYLGXDDOQH�P}MX��PLV
RQ� LOPVHOW� YlKHPDOW� RVDOLVHOW� VHRWXG� SLLPDYDONXGH� JHQHHWLOLVH� SRO�PRUILVPLJD�� NXQD� PLWPHG� XXULPXVHG
�1J�.ZDL�+DQJ��������/RGHV�HW�DO���������0D\HU�HW�DO���������NLQQLWDYDG�SLLPDYDONXGH�JHQHHWLOLVWH�YDULDQWLGH
VXXUW�P}MX�SLLPD�ODDSXPLVQlLWDMDWHOH�

/DNWDWVLRRQLNXX P}MXWDV� ROXOLVHOW� �3�������� N}LNL� SLLPD� ODDSXPLVQlLWDMDLG� �WDEHO ���� NXVMXXUHV� SLLP
ODDSXV�SDUHPLQL� ODNWDWVLRRQL� DOJXVHV� MD� O}SXV� QLQJ� N}LJH� KDOYHPLQL� ODNWDWVLRRQL� ��±��� NXXO� �WDEHO ��� MRRQLVHG��
MD�����0HLH�XXULPLVWXOHPXVWHJD�VDUQDVHOW�NLUMHOGDYDG�SLLPD� ODDSXPLVRPDGXVWH�PXXWXVW� ODNWDWVLRRQLSHULRRGLO�ND
.UHX]HU�MW���������2VWHUVHQ�MW��������QLQJ�,NRQHQ�MW���������2NLJER�MW��������QLQJ�'DYROL�MW��������YlLGDYDG�DJD�
HW�SLLPD�ODDSXPLVRPDGXVHG�ODNWDWVLRRQL�O}SXV�KDOYHQHYDG��QLQJ�6FKDDU��������MD�/RGHV�MW���������HW�ODNWDWVLRRQL�
MlUN�HL�P}MXWD�SLLPD�ODDSXPLVRPDGXVL��&RXORQL�MW��������DQGPHWHO�SLLPD�ODDSXPLVH�DHJ�ODNWDWVLRRQL� O}SXV�N�OO
SLNHQHE�MD�NDOJHQGL�WXJHYXV�VXXUHQHE��NXLG�QHHG�PXXWXVHG�HL�ROH�VWDWLVWLOLVHOW�XVXWDYDG�

hKHNV� S}KMXVHNV�� PLNV� ODNWDWVLRRQLNXX� P}MX� KLQGDPLVHO� SLLPD� ODDSXPLVRPDGXVWHOH� RQ� VDDGXG� YlJD
HULQHYDLG�WXOHPXVL��SHDYDG�.UHX]HU�MW��������QLQJ�2VWHUVHQ�MW��������HULQHYXVL�XXULWDYDWH�NDUMDGH�V||WPLVWDVHPHV
MD�VHOOH�IDNWRUL�HLUDPLVW�NDWVHPHWRRGLNDV��6||WPLVWDVHPH�ROXOLVW�P}MX�XXULPLVWXOHPXVWHOH�NLQQLWDYDG�ND�/XFH\�MD
)R[� ������� QLQJ� 0DFKHERHXI� MW� �������� NHOOH� DQGPHWHO� ROLG� PDGDOD� V||WPLVWDVHPH� NRUUDO� SLLPD� ODDSXPLV�
RPDGXVHG�ODNWDWVLRRQL�O}SXV�KDOYDG�QLQJ�SLLP�HL�VRELQXG�MXXVWX�WRRWPLVHNV��.}UJH�V||WPLVWDVHPHJD�NDUMDV�ROLG
DJD�SLLPD� ODDSXPLVRPDGXVHG� KHDG� ND� ODNWDWVLRRQL� O}SXV��PLGD� NLQQLWDYDG� ND�PHLH� XXULPLVWXOHPXVHG� �WDEHO ��
MRRQLV ���

3LLPD� ODDSXPLVRPDGXVWH� KDOYHQHPLVH� S}KMXVHNV� ODNWDWVLRRQL� O}SXV� SHHWDNVH���NDVHLLQL� VLVDOGXVH� VXXUH�
QHPLVW��2NLJER�HW�DO���������%DVWLDQ�HW�DO���������2VWHUVHQ HW�DO����������NXVMXXUHV�SLLPD���NDVHLLQL�VLVDOGXV�RQ
ODNWDWVLRRQL�O}SXV�HULWL�VXXU�YlLNHVH�SLLPDWRRGDQJX�NRUUDO��2
.HHIIH HW�DO����������2VWHUVHQL� MW �������DQGPHWHO
NLQGOXVWDYDG� DJD� N}UJH� V||WPLVWDVH� MD� P}}GXNDV� WRRGDQJ� NLQQLMlWPLVHO� ��OH� �� NJ� SlHYDV�� SLLPD� VXKWHOLVHOW
YlLNHVH���NDVHLLQL�VLVDOGXVH�MD�KHDG�ODDSXPLVRPDGXVHG�ND�ODNWDWVLRRQL� O}SXV��hKWODVHOW�N}UJH�V||WPLVWDVH�NRJX
ODNWDWVLRRQL� MRRNVXO�� VXXU� WRRGDQJ� NLQQLMlWPLVHO� MD� SLLPD� KHDG� ODDSXPLVRPDGXVHG� ODNWDWVLRRQL� O}SXV
LVHORRPXVWDYDG�ND�PHLH�NDWVHW��9LLPDVH�NRQWUROO�O�SVL�NHVNPLQH�WRRGDQJ�HQQH�NLQQLMlWPLVW�ROL����� NJ�SlHYDV�MD
DLQXOW�QHOMDO�OHKPDO�ROL�YLLPDVH�NRQWUROO�O�SVL�SLLPDWRRGDQJ�DOOD��� NJ�SlHYDV�

3LLPD�ODDSXPLVRPDGXVWH�KDOYHQHPLVW�ODNWDWVLRRQL�O}SXV�VHRVWDWDNVH�ND�SLLPD�S+ W}XVXJD��PLV�VRRGXVWDE
NROORLGVHWH� NDOWVLXPL�KHQGLWH� WHNHW� MD� ODKXVWXQXG� &D� VLVDOGXVH� DODQHPLVW� �.HRJK� HW� DO�� ������ QLQJ� SODVPLLQL
DNWLLYVXVH� VXXUHQHPLVHJD� NDDVQHYDW� SURWHRO��VL� WDVHPH� W}XVX� �'RQQHOO\�� %DUU\�� ������� 3LLPD� S+� P}MX
ODDSXPLVRPDGXVWHOH� NlVLWOHYDLG� XXULPXVL� LVHORRPXVWDE� DJD� VXXU� YDULHHUXYXV�� 0HLH� XXULPXVHV� ROL SLLPD� S+
ODNWDWVLRRQL� O}SXV� VXXUHP� NXL� DOJXVHV� �WDEHO ���� PLV� RQ� NRRVN}ODV� PLWPHWH� WHLVWH� DXWRULWH� �/XFH\�� )R[�� �����
&RXORQ� HW� DO��� ������ DQGPHWHJD�� NXLJL� .UHX]HU� HW� DO� ������� HL� WlKHOGDWXG� S+� PXXWXVL� ODNWDWVLRRQLSHULRRGLO�
(ULQHYDG�RQ�ND�SLLPD�S+�MD�ODDSXPLVRPDGXVWH�YDKHOLVL�VHRVHLG�NLUMHOGDYDG�XXULPLVWXOHPXVHG��2NLJER�MW��������
0DFKHERHXIL� MW� �������QLQJ�/RGHVL� MW� ������� DQGPHWHO� KDOYHQHYDG�N}LN� SLLPD� ODDSXPLVRPDGXVHG�SDUDOOHHOVHOW
S+�W}XVXJD��*UDQGLVRQ� MW� ��������/XFH\��)R[��������QLQJ�2VWHUVHQ� MW� ������� OHLGVLG�DJD��HW�SLLPD�S+�P}MXWDE
SHDPLVHOW�DLQXOW� ODDSXPLVH�DHJD��0HLH�DQGPHWHO� �WDEHOLG��� MD����P}MXWDV�S+�VWDWLVWLOLVHOW�ROXOLVHOW�N}LNL�XXULWXG
ODDSXPLVRPDGXVL��NXLG�N}LJH�URKNHP�SLLPD�ODDSXPLVH�DHJD��NLWVHQGDWXG�5� �������U �������

6DUQDVHOW� SLLPD� ODDSXPLVRPDGXVWHJD� PXXWXVLG� ODNWDWVLRRQLSHULRRGLO� ND� SLLPD� YDOJX��� NDOWVXPL�� MD
IRVIRULVLVDOGXV�QLQJ� OHKPD� WRLWXPXVH�KLQQH� �MRRQLV ��� 0HLH�XXULPXVHV�HL�RVXWXQXG� OHKPDGH� WRLWXPXVH�KLQQH
VWDWLVWLOLVHOW�XVXWDYDNV�ODDSXPLVQlLWDMDLG�P}MXWDQXG�IDNWRULNV��NXLG�ROXOLQH�NRUUHODWVLRRQ�NDOJHQGL�PRRGXVWXPLVH
LQWHQVLLYVXVH� �±������� MD�NDOJHQGL�PDNVLPDDOVH� WXJHYXVHJD� �������� YLLWDE� VHOOHOH�� HW� SDUHPDV� WRLWXPXVHV� ROHYD
OHKPD� SLLP� NDOJHQGXE� NLLUHPLQL� MD� PRRGXVWDE� WXJHYDPD� NDOJHQGL�� 2VWHUVHQL� MW� ������� DQGPHWHO� P}MXWDE
OHKPDGH� WRLWXPXVH� WDVH� SRHJLPLVHO� SLLPDYDONXGH� SURWHRO��VL� MD� SLLPD� ODDSXPLVRPDGXVL� �OHKPDGH� WRLWXPXVW
KLQQDWL� VHOOHV� XXULPXVHV� XOWUDKHOLJD���0HLH� XXULPXVHV� NDVXWDWDY� VXEMHNWLLYQH� WRLWXPXVH� KLQGDPLVH� PHHWRG� RQ
NDVXWXVHO� SDOMXGHV� ULLNLGHV� HHVNlWW� O�SVLOHKPDGH� NHKDYDUXGH� PRELOLVDWVLRRQL� KLQGDPLVHNV� QHJDWLLYVH� HQHUJLD�
ELODQVL� SHULRRGLO�� 9}LE� DUYDWD�� HW� �KHNV� PLWWHODDSXYDWH� SLLPDSURRYLGH� VXXUH� RVDNDDOX� S}KMXVHNV� NROPDQGDO�
QHOMDQGDO�ODNWDWVLRRQLNXXO�RQ�QHJDWLLYVHVW�HQHUJLDELODQVLVW�WLQJLWXG�PXXWXVHG�SLLPD�NRRVWLVHV��6LLDQL�RQ�V||WPLVH
P}MX�SLLPD�ODDSXPLVRPDGXVWHOH�ODNWDWVLRRQL�WLSS�SHULRRGLO�YlKH�XXULWXG�MD�VDDGXG�WXOHPXVHG�RQ�YDVWXUllNLYDG�
.HIIRUGL�MW���������2
%ULHQL�MW��������������DQGPHWHO�VXXUHQGDV�ODNWDWVLRRQL�NHVNHO�HQHUJLD��MD�SURWHLLQLVLVDOGXVH
VXXUHQGDPLQH� V||GDUDWVLRRQLV� SLLPDYDOJX�� NDVHLLQL�� MD� YDGDNXYDONXGH� VLVDOGXVW�� NXLG� HL� SDUDQGDQXG� SLLPD
ODDSXPLVRPDGXVL��*XLQHH� MW� ������� DQGPHWHO� SDUDQHVLG� DJD� ODNWDWVLRRQL� NHVNHO� V||WPLVWDVHPH� W}VWPLVH� NRUUDO
SLLPD�ODDSXPLVRPDGXVHG�NRRV�NDVHLLQL��MD�YDGDNXYDONXGH�VLVDOGXVH�VXXUHQHPLVHJD�SLLPDV�

3LLPD� YDOJX�� MD� NDOWVLXPLVLVDOGXV� ROL� ODNWDWVLRRQL� O}SXV� ROXOLVHOW� VXXUHP� NXL� ODNWDWVLRRQL� DOJXVHV� MD
NHVNHO��WDEHO�����PLOOLVW�WUHQGL�NLQQLWDYDG�ND�PLWPHG�YDUDVHPDG�XXULPLVWXOHPXVHG��2VWHUVHQ�HW�DO���������&RXORQ
HW� DO��� ������ ,NRQHQ� HW� DO��� ������ .�EDUVHSS� HW� DO��� ������� 3LLPD� NDOWVLXPLVLVDOGXV� P}MXWDV� ROXOLVHOW� N}LNL
ODDSXPLVQlLWDMDLG� �WDEHO ���� PLOOH� S}KMXVHNV� RQ� SLLPDV� OHLGXYD� NDOWVLXPL� YDKHWX� RVDY}WW� ODDSXPLVSURWVHVVLVW�
/DDSXPLVSURWVHVVLV� PRRGXVWDE� NDOWVLXP� VLGHPHLG� SDUD�N�NDVHLLQLJD� �PRRGXVWXE� N�NDVHLLQLVW� ODDSHQV��PL
WRLPHO��� PLOOH� WXOHPXVHO� VXXUHQHE� DJUHJDWVLRRQ� MD� SLLPDVW� PRRGXVWXE� WXJHYDP� NDOJHQG� �/XFH\�� ������



,��.�EDUVHSS��0��+HQQR��.��0LKKHMHY��2��.lUW��-��6DPDU�WHO��.��/LQJ��7��.DDUW��

.DOWVLXPLVLVDOGXVH� MD�NDOJHQGL�PDNVLPDDOVH� WXJHYXVH�YDKHOLQH�NRUUHODWVLRRQLNRUGDMD�ROL�������3LLPD�NDOWVLXPL�
VLVDOGXVH�ROXOLVW�P}MX�N}LJLOH�ODDSXPLVQlLWDMDWHOH�NLQQLWDYDG�ND�7HUYDOD�MW��������XXULPLVWXOHPXVHG�

.DOJHQGL�WXJHYXVH�VXXUHQHPLVH�SHDPLVHNV�S}KMXVHNV�ODNWDWVLRRQL�O}SXV�SHDYDG�.UHX]HU�MW��������SLLPD
YDOJXVLVDOGXVH� VXXUHQHPLVW�� NXQD� QHQGH� NDWVHV� YlKHQGDV� YDOJXVLVDOGXVH� DUYHVWDPLQH� NDOJHQGL� WXJHYXVH
DUYXWDPLVHO� VHOOH� HULQHYXVL� HULQHYDWHO� ODNWDWVLRRQLMlUNXGHO�� 6DUQDVHOW� QHQGH� DQGPHWHJD� ROL� ND� PHLH� XXULPXVHV
NDOJHQGL� WXJHYXVH� MD� SLLPD� YDOJXVLVDOGXVH� YDKHOLQH� NRUUHODWLLYQH� VHRV� N�OODOW� WXJHY� �U ������� 3LLPD� YDOJX�
VLVDOGXVH� VXXUHQHPLVHJD� NDDVQHV� ND� SLLPD� NDOWVLXPL�� MD� IRVIRULVLVDOGXVH� VXXUHQHPLQH� �NRUUHODWVLRRQLNRUGDMDG
ROLG�YDVWDYDOW�������MD��������

3LLPD� YDOJXVLVDOGXVW� SHHWDNVH� ND� SHDPLVHNV� W}XJXGHYDKHOLVWH� SLLPD� ODDSXPLVRPDGXVWH� HULQHYXVWH
S}KMXVHNV��*UDQGLVRQL��������DQGPHWHO�UHDVWXYDG�HULQHYDG�W}XG�SLLPD�UDVYD��MD�YDOJXVLVDOGXVH�DOXVHO�MlUJPLVHOW�
Gå|UVL� !� J|UQVL� !� llUãLU� !� EULWL� IULLVL� !� EULWL� KROVWHLQ� 6DUQDVHV� MlUMHNRUUDV� KDOYHQHYDG� ND� SLLPD� ODDSXPLV�
RPDGXVHG� 7}XJXGHYDKHOLVWH� SLLPD� ODDSXPLVRPDGXVWH� HULQHYXVWH� VHOJLWDPLVHO� PHLH� NDWVHV� OHLWL�� HW� SDULPDWH
ODDSXPLVRPDGXVWHJD�ROL�HHVWL�PDDW}XJX�OHKPDGH�SLLP��WDEHO ���MRRQLVHG���MD�����PLV�VLVDOGDV�URKNHP�YDONX�NXL
WHLVWH� NDWVHU�KPDGH� OHKPDGH� SLLP� �WDEHO ���� .RKDOLNNX� W}XJX� OHKPDGH� SLLPD� SDUHPDLG� ODDSXPLVRPDGXVL
Y}UUHOGHV� KROVWHLQL� W}XJX� OHKPDGHJD� NLQQLWDYDG� ND� PLWPHG� HHOQHYDG� XXULPLVHG� �7HUYDOD� HW� DO��� �����
0DFKHERHXI�HW�DO��� ������0DORVVLQL�HW�DO��� ������$XOGLVW�HW�DO��� �������(HVSRRO�QLPHWDWXG�DXWRULG�YlLGDYDG�� HW
NRKDOLNNX� W}XJX� OHKPDGH� SLLP� VLVDOGDE� URKNHP� YDONX�� NDVHLLQL�� NDOWVLXPL� MD� IRVIRULW� QLQJ� RQ� SDUHPDWH
ODDSXPLVRPDGXVWHJD�NXL�KROVWHLQL�Y}L�IULLVL�W}XJX�OHKPDGH�SLLP��3HDPLVHNV�SLLPD�ODDSXPLVRPDGXVWH�HULQHYXVH
S}KMXVHNV�HULQHYDWHO� W}XJXGHO�RQ�JHQRW��ELVW� WXOHQHYDG�HULQHYXVHG�SLLPD�YDOJXOLVHV�NRRVWLVHV�QLQJ�SLLPDYDOJX
NRJXVHV�� .RKDOLNH� W}XJXGH� OHKPDGH� SLLPD� SDUHPDG� ODDSXPLVRPDGXVHG� RQ� VHOHWDWDYDG� ��NDVHLLQL� %�DOOHHOL
VXXUHPD� HVLQHPLVVDJHGXVHJD�� .}QHDOXVH� XXULPLVW||� HVLPHVHV� HWDSLV� HL� PllUDWXG� SLLPDYDONXGH� JHQHHWLOLVL
YDULDQWH�� NXLG� QHQGH� MD� SLLPD� YDOJXVLVDOGXVH� ROXOLVW� P}MX� SLLPD� ODDSXPLVRPDGXVWHOH� NLQQLWDYDG� OHKPD
LQGLYLGXDDOVXVH� VXXU�P}MX��WDEHO ��� MD�PLWWHODDSXQXG�SLLPDSURRYLGH�YlLNVHP�YDOJXVLVDOGXV�Y}UUHOGHV� ODDSXYDWH
SLLPDSURRYLGHJD��WDEHO ���

/�SVLOHKPDGH� KDLJXVWHVW� RQ� MXXVWXW||VWXVWHOH� VXXULPDNV� SUREOHHPLNV� PDVWLLW�� 3}OHWLNXOLVH� SURWVHVVL
DUHQHGHV�OHKPD�XGDUDV�KDNNDE�SLLPD�NHHPLOLQH�NRRVWLV��KD�URKNHP�VDUQDQHPD�YHUH�NRRVWLVHJD��VHVW�YHUHVRRQWH
OlELODVNYXVH� VXXUHQHPLVHO� VDWXE� SLLPD� MlUMHVW� HQDP� YHUH� NRPSRQHQWH� �.RUKRQHQ�� .DDUWLQHQ�� ������� 3LLPD
NHHPLOLVH�NRRVWLVH�PXXWXVHG�RQ�S}KMXVWDWXG�PXXWXVWHVW�Q}ULVWDWDYDV�SLLPDV�MD�VHNUHWVLRRQLMlUJVHWHVW�PXXWXVWHVW�
PLOOH�NlLYLWDMDWHNV�RQ� VRPDDWLOLVWHVW� UDNNXGHVW��YHUHSODVPDVW� MD�XGDUD�QllUPHNRHVW�SlULQHYDG�HQV��PLG�� -XXVWX
WRRWPLVH� VHLVXNRKDOW� RQ� ROXOLVHPDWHNV� PXXWXVWHNV� SLLPD� NDVHLLQL��� &D�� MD� 3�VLVDOGXVH� YlKHQHPLQH� QLQJ
PLWVHOODDUVH� NDVHLLQL� ODKXVWXYXVH� VXXUHQHPLQH� �*UDQGLVRQ�� �������6RPDDWLOLVWH� UDNNXGH� DUYX VXXUHQHPLVHJD
PDVWLLGLKDLJHWH� OHKPDGH� SLLPDV� NDDVQHE� ND� SURWHRO��WLOLVH� DNWLLYVXVH� VXXUHQHPLQH�� HULWL� SODVPLLQL� DNWLLYVXVH
VXXUHQHPLQH��3ROLWLV��1J�.ZDL�+DQJ���������6XXUHP�RVD�XXULPLVW|LG��PLV�NlVLWOHYDG�VRPDDWLOLVWH�UDNNXGH�DUYX
P}MX� SLLPD� ODDSXPLVRPDGXVWHOH�� NLQQLWDYDG�� HW� 65$� W}XVXJD� NDDVQHE� SLLPD� ODDSXPLVRPDGXVWH� KDOYHQHPLQH
�*UDQGLVRQ�� ������ ,NRQHQ�HW� DO��� �������6HHYDVWX�/RGHVL� MW� ������� XXULPXVWHV� HL�P}MXWDQXG� SLLPD�65$�SLLPD
ODDSXPLVRPDGXVL��6DUQDVHOW�PHLH�WXOHPXVWHJD �WDEHO ���OHLGVLG�ND�3ROLWLV�MD�1J�.ZDL�+DQJ��������QLQJ�$XOGLVW�MW
��������HW�SLLPD�ODDSXPLVRPDGXVHG�KDOYHQHYDG�ROXOLVHOW�VLLV��NXL�65$�RQ�VXXUHP�NXL���� ��� PO���

.RNNXY}WH

3}OXOD� NDWVHIDUPLV� HVLPHVHO� ODNWDWVLRRQLO� ROHYDWH� OHKPDGHJD� OlELYLLGXG� XXULPXVH� DQGPHWHO� P}MXWDVLG
N}LNL� XXULWXG� SLLPD� ODDSXPLVQlLWDMDLG� VWDWLVWLOLVHOW� XVXWDYDOW� OHKPD� LQGLYLGXDDOVXV�� ODNWDWVLRRQLNXX�� NDWVHU�KP�
SLLPD�S+�MD�NDOWVLXPLVLVDOGXV��.}LJH�VXXUHPDW�P}MX�SLLPD�ODDSXPLVRPDGXVWHOH�DYDOGDVLG�OHKPD�LQGLYLGXDDOVHG
LVHlUDVXVHG�� 3DUHPLQL� ODDSXV� SLLP� ODNWDWVLRRQL� HVLPHVHO� NXXO� QLQJ� ODNWDWVLRRQL� WHLVHO� SRROHO��+DOYHPLQL� ODDSXV
SLLP�NROPDQGDO�MD�QHOMDQGDO�ODNWDWVLRRQLNXXO��3LLPD�YDOJX���NDOWVLXPL��MD�IRVIRULVLVDOGXVH�VXXUHQHPLVHJD�NDDVQHV
NDOJHQGL� PRRGXVWXPLVH� LQWHQVLLYLVWXPLQH� MD� PDNVLPDDOVH� WXJHYXVH� VXXUHQHPLQH�� 3LLPD� VRPDDWLOLVWH� UDNNXGH
DUYX� VXXUHQHPLVH�NRUUDO� ��OH���� ����PO��KDNNDVLG�ROXOLVHOW�KDOYHQHPD�N}LN� SLLPD� ODDSXPLVQlLWDMDG��3DULPDWH
ODDSXPLVRPDGXVWHJD� SLLPD� O�SVLG� HHVWL� PDDNDUMD� OHKPDG�� /HKPDGH� WRLWXPXVKLQGH� VXXUHQHPLVHJD� NDDVQHV
NDOJHQGL�PDNVLPDDOVH�WXJHYXVH�VXXUHQHPLQH�

(W� SLLPD� ODDSXPLVRPDGXVL� P}MXWDYDG� YlJD� ROXOLVHOW� OHKPD� JHQHHWLOLVHG� LVHlUDVXVHG�� WXOHNV� VHOJLWDGD�
NXLY}UG� RQ� (HVWL� WLQJLPXVWHV� Y}LPDOLN� MD� RWVWDUEHNDV� VHGD� DUYHVWDGD� DUHWXVW||V�� 6HOJLWDPLVW� YDMDYDG� SLLPD
ODDSXPLVRPDGXVWH�MD�OHKPDGH�V||WPLVH�YDKHOLVHG�VHRVHG��(W�SLLPD�ODDSXPLVRPDGXVHG�KDOYHQHYDG�ROXOLVHOW�ODN�
WDWVLRRQL�WLSS�SHULRRGLO��WXOHNV�S}KMDOLNXPDOW�XXULGD�VHOOH�S}KMXVL��3LLPD�ODDSXPLVRPDGXVWH�PXXWXVHG�HULQHYDWHO
ODNWDWVLRRQLGHO�MD�VHGD�S}KMXVWDYDG�WHJXULG�WXOHNV�VHOJLWDGD�HGDVLVH�XXULPLVW||�NlLJXV�

8XULPLVW||� RQ� OlEL� YLLGXG� S}OOXPDMDQGXVPLQLVWHHULXPL� SURMHNWL� �(HVWL� YHLVHW}XJXGH� PDNVLPDDOVH

SLLPDM}XGOXVH� YlOMDVHOJLWDPLQH�� �OHSLQJ� QU� ������ 7HDGXVNRPSHWHQWVL� 1}XNRJX� VLKWILQDQWVHHULWDYD� WHHPD

QU �������V���MD�(7)�JUDQGL��QU�������WRHO�



3LLPD�ODDSXPLVW�P}MXWDYDG�WHJXULG ��

.LUMDQGXV

$XOGLVW� 0��� &RDWV� 6��� 6XWKHUODQG� %� -��� 0D\HV� -� -��� 0F'RZHOO� *� +��� 5RJHUV� *� /�� (IIHFWV� RI� VRPDWLF� FHOO
FRXQW� DQG� VWDJH� RI� ODFWDWLRQ� RQ� FRZ�PLON� FRPSRVLWLRQ� DQG� WKH� \LHOG� DQG� TXDOLW\� RI� &KHGGDU� FKHHVH�� ±
-RXUQDO�RI�'DLU\�5HVHDUFK������S� ���±����������

$XOGLVW� 0��� 0XOOLQV� &��� 2
%ULHQ� %��� 2
.HQQHG\� %� 7��� *XLQHH� 7�� (IIHFW� RI� FRZ� EUHHG� RQ� PLON� FRDJXODWLRQ
SURSHUWLHV���0LOFKZLVVHQVFKDIW��DFFHSWHG��������

%DVWLDQ� (� '���%URZQ� 5� -���(UNVWURP� &� $��3ODVPLQ�DFWLYLW\�DQG�PLON�FRDJXODWLRQ��±�-RXUQDO�RI�'DLU\�6FLHQFH�
����S� ����±�����������

&RXORQ� -��%��� 9HUGLHU� ,��� 3UDGHO� 3��� $OPHQD� 0�� (IIHFW� RI� ODFWDWLRQ� VWDJH� RQ� WKH� FKHHVHPDNLQJ� SURSHUWLHV� RI
PLON�DQG�WKH�TXDOLW\�RI�6DLQW�1HFWDLUH�W\SH�FKHHVH��� -RXUQDO�RI�'DLU\�5HVHDUFK������S�����±����������

'DYROL� 5��� 'DOO
2OLR� 6��� 5XVVR� 9�� (IIHFW� RI� NDSSD�FDVHLQ� JHQRW\SH� RQ� WKH� FRDJXODWLRQ� SURSHUWLHV� RI� PLON�� �
-RXUQDO�RI�$QLPDO�%UHHGLQJ�������S� ���±����������

'RQQHOO\� :� -���%DUU\� -� *��&DVHLQ�FRPSRVLWLRQDO�VWXGLHV�����&KDQJHV� LQ� ,ULVK�PLON� IRU�PDQXIDFWXULQJ�DQG� WKH
UROH�RI�PLON�SURWHLQDVH��� -RXUQDO�RI�'DLU\�5HVHDUFK�����S� ���±����������

(GPRQVRQ� $� -���/HDQ� /� -���:HDYHU� /� '���)DUYHU� 7��$�ERG\�FRQGLWLRQ�VFRULQJ�FKDUW�RI�+ROVWHLQ�GDLU\�FRZV���
-RXUQDO�RI�'DLU\�6FLHQFH������S� ��±���������

)HDJDQ� -� 7���%DLOH\� /� )���+HKLU� $� )���0F/HDQ� '� 0���(OOLV� 1� -� 6��&RDJXODWLRQ�RI�PLON�SURWHLQV��� (IIHFWV
RI�JHQHWLF�YDULDQWV�RI�PLON�SURWHLQV�RQ�UHQQHW�FRDJXODWLRQ�DQG�KHDW�VWDELOLW\�RI�QRUPDO�PLON��� $XVWUDOLDQ
-RXUQDO�RI�'DLU\�7HFKQRORJ\������S� ���±����������

*UDQGLVRQ� $��&DXVHV�RI� YDULDWLRQ� LQ�PLON�FRPSRVLWLRQ�DQG� WKHLU� HIIHFWV�RQ� FRDJXODWLRQ� DQG� FKHHVH�PDNLQJ���
'DLU\�,QGXVWULHV�,QWHUQDWLRQDO������S� ��±���������

*UDQGLVRQ� $��� )RUG� *� '��� 2ZHQ� $� -��� 0LOODUG� '�� &KHPLFDO� FRPSRVLWLRQ� DQG� FRDJXODWLQJ� SURSHUWLHV� RI
UHQQHWHG� )ULHVLDQ� PLON� GXULQJ� WKH� WUDQVLWLRQ� IURP� ZLQWHU� UDWLRQ� WR� VSULQJ� JUD]LQJ�� ±� -RXUQDO� RI� 'DLU\
5HVHDUFK������S� ��±���������

*XLQHH� 7� 3��� 0XOKROODQG� (� 2�� 2
%ULHQ� %��� 0XUSK\� -� -�� (IIHFW� RI� GLHW� TXDOLW\� RQ� WKH� VXLWDELOLW\� RI� PLG�
ODFWDWLRQ�ERYLQH�PLON�IRU�FKHGGDU�FKHHVH�PDQXIDFWXUH��� 7KH�$XVWUDOLDQ�-RXUQDO�RI�'DLU\�7HFKQRORJ\�����
S� �±��������

,')�6WDQGDUG���$�������0LON��� 'HWHUPLQDWLRQ�RI�FDOFLXP�FRQWHQW��� 7LWULPHWULF�PHWKRG�
,')�6WDQGDUG���%�������0LON��� 'HWHUPLQDWLRQ�RI�WRWDO�SKRVSKRUXV�FRQWHQW���6SHFWURPHWULF�PHWKRG�
,NRQHQ� 7��� $KOIRUV� .��� .HPSH� 5��� 2MDOD� 0��� 5XRWWLQHQ� 2�� *HQHWLF� SDUDPHWHUV� IRU� WKH� PLON� FRDJXODWLRQ

SURSHUWLHV�DQG�SUHYDOHQFH�RI�QRQFRDJXODWLQJ�PLON�LQ�ILQQLVK�GDLU\�FRZV��±�-RXUQDO�RI�'DLU\�6FLHQFH�����
S� ���±����������

-DNRE� (���3XKDQ� =��7HFKQRORJLFDO�SURSHUWLHV�RI�PLON�DV�LQIOXHQFHG�E\�JHQHWLF�SRO\PRUSKLVP�RI�PLON�SURWHLQ��$
UHYLHZ��� ,QWHUQDWLRQDO�'DLU\�-RXUQDO�����S� ���±����������

.HIIRUG� %���&KULVWLDQ� 0� 3���6XWKHUODQG� %� -���0D\HV� -� -���*UDLQJHU� &��6HDVRQDO�LQIOXHQFHV�RQ�&KHGGDU�FKHHVH
PDQXIDFWXUH��LQIOXHQFH�RI�GLHW�TXDOLW\�DQG�VWDJH�RI�ODFWDWLRQ��±�-RXUQDO�RI�'DLU\�5HVHDUFK������S� ���±����
�����

.HRJK� 0� .���.HOO\� 3� 0���2C.HHIIH� $� 0���3KHODQ� -� $��6WXGLHV�RI�PLON� FRPSRVLWLRQ� DQG� LWV� UHODWLRQVKLS� WR
VRPH� SURFHVVLQJ� FULWHULD�� ��� 6HDVRQDO� YDULDWLRQ� LQ� WKH� PLQHUDO� OHYHOV� LQ� PLON�� � ,ULVK� -RXUQDO� RI� )RRG
6FLHQFH�DQG�7HFKQRORJ\�����S����±���������

.RUKRQHQ� +���.DDUWLQHQ� /��0DVWLLGLVW�WLQJLWXG�SLLPD�NRRVWLVH�PXXWXVHG��±�/HKPD�XGDU�MD�XGDUDKDLJXVHG��.RRVW�
6DQGKROP� 0���+RQNDQHQ�%X]DOVNL� 7���.DDUWLQHQ� /���3\|UlOl� 6��±�7DUWX��ON ��±���������

.UHX]HU� 0���6FKXO]� -��3���)U\� &���$EHO� +��5HQQHW�FRDJXODWLRQ�SURSHUWLHV�RI�PLON�IURP�FRZV�DW�WKUHH�VWDJHV�RI
ODFWDWLRQ� VXSSOLHG� ZLWK� JUDGHG� OHYHOV� RI� DQ� DQWLPLFURELDO� IHHG� VXSSOHPHQW�� � 0LOFKZLVVHQVFKDIW�� ���
S� ���±����������

.lUW� 2���6DYHOL� 2���/LQJ� .���6DPDU�WHO� -���-DDNVRQ� +��0LON�SURGXFWLRQ��GU\�PDWWHU�LQWDNH�DQG�IHUWLOLW\�LQ�ILUVW�
SDULW\�FRZV�EUHG�LQ�(VWRQLD��� 3URFHHGLQJV�³5HVHDUFK�IRU�5XUDO�'HYHORSPHQW�����´��/DWYLD�8QLYHUVLW\�RI
$JULFXOWXUH��-HOJDYD���±���0D\��S� ��±���������

.�EDUVHSS� ,���+HQQR� 0���.lUW� 2���.DDUW� 7��(HVWL�YHLVHW}XJXGH�SLLPD�NDOWVLXPL��MD IRVIRULVLVDOGXVHG�QLQJ�QHLG
P}MXWDYDG�IDNWRULG��� $JUDDUWHDGXV�QU ���ON ���±����������

/RGHV� $��� %XFKEHUJHU� -��� .UDXVH� ,��� $XPDQQ� -��� .ORVWHUPH\HU� +�� 7KH� LQIOXHQFH� RI� JHQHWLF� YDULDQWV� RI� PLON
SURWHLQV� RQ� WKH� FRPSRVLWLRQDO� DQG� WHFKQRORJLFDO� SURSHUWLHV� RI� PLON�� ��� 5HQQHW� FRDJXODWLRQ� WLPH� DQG
ILUPQHVV�RI�WKH�UHQQHW�FXUG��±�0LOFKZLVVHQVFKDIW������S� ���±����������

/XFH\� -� $��5HQQHW�&RDJXODWLRQ�RI�0LON��� (QF\FORSHGLD�RI�'DLU\�6FLHQFHV��(G��E\�+� 5RJLQVNL��-� :� )XTXD\�
3� )� )R[��� $FDGHPLF�3UHVV��YRO� ���S� ���±����������

/XFH\� -� $���)R[� 3� )��5HQQHW�FRDJXODWLRQ�SURSHUWLHV�RI�ODWH�ODFWDWLRQ�PLON��(IIHFW�RI�S+�DGMXVWPHQW��DGGLWLRQ�RI
&D&O���YDULDWLRQ�LQ�UHQQHW�OHYHO�DQG�EOHQGLQJ�ZLWK�PLGODFWDWLRQ�PLON��±�,ULVK�-RXUQDO�RI�$JULFXOWXUDO�)RRG
5HVHDUFK������S� ���±����������
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0DFKHERHXI� '���&RXORQ� -��%���'
+RXU� 3��(IIHFW�RI�EUHHG��SURWHLQ�JHQHWLF�YDULDQWV� DQG� IHHGLQJ�RQ�FRZV
�PLON
FRDJXODWLRQ�SURSHUWLHV��� -RXUQDO�RI�'DLU\�5HVHDUFK������S����±���������

0DORVVLQL� )���%RYROHQWD� 6���3LUDV� &���5RVD� 0� '�� 9HQWXUD� :��(IIHFW�RI�GLHW� DQG�EUHHG�RQ�PLON�FRPSRVLWLRQ
DQG�UHQQHW�FRDJXODWLRQ�SURSHUWLHV��±�$QQ�=RRWHFK������S� ��±���������

0D\HU� +� .��� 2UWQHU� 0��� 7VFKDJHU� (��� *LQ]LQJHU� :�� &RPSRVLWH� PLON� SURWHLQ� SKHQRW\SHV� LQ� UHODWLRQ� WR
FRPSRVLWLRQ�DQG�FKHHVHPDNLQJ�SURSHUWLHV�RI�PLON��� ,QWHUQDWLRQDO�'DLU\�-RXUQDO�����S� ���±����������

1J�.ZDL�+DQJ� .� )�� *HQHWLF� SRO\PRUSKLVP� RI� PLON� SURWHLQV�� 5HODWLRQVKLSV� ZLWK� SURGXFWLRQ� WUDLWV�� PLON
FRPSRVLWLRQ�DQG�WHFKQRORJLFDO�SURSHUWLHV�� &DQDGLDQ�-RXUQDO�RI�$QLPDO�6FLHQFH������S� ���±����������

2
%ULHQ� %���'LOORQ� 3���0XUSK\� -� -���0HKUD� 5� .���*XLQHH� 7� 3���&RQQROO\� -� )���.HOO\� $���-R\FH� 3��(IIHFW�RI
VWRFNLQJ�GHQVLW\�DQG�FRQFHQWUDWH�VXSSOHPHQWDWLRQ�RI�JUD]LQJ�GDLU\�FRZV�RQ�PLON�SURGXFWLRQ��FRPSRVLWLRQ
DQG�SURFHVVLQJ�FKDUDFWHULVWLFV��±�-RXUQDO�RI�'DLU\�5HVHDUFK������S� ���±����������

2
%ULHQ� %���0XUSK\� -� -��� &RQQROO\� -� )��� 0HKUD� 5��� *XLQHH� 7� 3��� 6WDNHOXP� *�� (IIHFW� RI� DOWHULQJ� WKH� GDLO\
KHUEDJH�DOORZDQFH� LQ�PLG� ODFWDWLRQ�RQ� WKH�FRPSRVLWLRQ�DQG�SURFHVVDELOLW\�RI�ERYLQH�PLON��� -RXUQDO� RI
'DLU\�5HVHDUFK������S� ���±����������

2
.HHIIH� $� 0��� 3KHODQ� -� $��� .HRJK� .���.HOO\� 3�� 6WXGLHV� RI� PLON� FRPSRVLWLRQ� DQG� LWV� UHODWLRQVKLS� WR� VRPH
SURFHVVLQJ�FULWHULD��,9�)DFWRUV�LQIOXHQFLQJ�WKH�UHQQHWLQJ�SURSHUWLHV�RI�D�VHDVRQDO�PLON�VXSSO\��±�,U��-��)HHG
6FL��7HFKQRO������S� ��±���������

2NLJER� /� 0��� 5LFKDUGVRQ� *� +��� %URZQ� 5� -��� (UQVWURP� &� $�� 9DULDWLRQ� LQ� FRDJXODWLRQ� SURSHUWLHV� RI� PLON
IURP�LQGLYLGXDO�FRZV��±�-RXUQDO�RI�'DLU\�6FLHQFH������S� ���±����������

2VWHUVHQ� 6��� )ROGDJHU� -��� +HUPDQVHQ� -� (�� (IIHFWV� RI� VWDJH� RI� ODFWDWLRQ�� PLON� SURWHLQ� JHQRW\SH� DQG� ERG\
FRQGLWLRQ�DW�FDOYLQJ�RQ�SURWHLQ�FRPSRVLWLRQ�DQG�UHQQHWLQJ�SURSHUWLHV�RI�ERYLQH�PLON��±�-RXUQDO�RI�'DLU\
5HVHDUFK������S� ���±����������

3ROLWLV� ,���1J�.ZDL�+DQJ� .� )��$VVRFLDWLRQ�EHWZHHQ�VRPDWLF�FHOO�FRXQW�RI�PLON�DQG�FKHHVH�\LHOGLQJ�FDSDFLW\��±
-RXUQDO�RI�'DLU\�6FLHQFH������S� ����±�����������

3ROLWLV� ,��� 1J�.ZDL�+DQJ� .� )�� (QYLURQPHQWDO� IDFWRUV� DIIHFWLQJ� SODVPLQ� DFWLYLW\� LQ� PLON�� ±� -RXUQDO� RI� 'DLU\
6FLHQFH������S� ����±�����������

6FKDDU� -�� (IIHFWV� RI���NDVHLQ� JHQHWLF� YDULDQWV� DQG� ODFWDWLRQ� QXPEHU� RQ� WKH� UHQQHWLQJ� SURSHUWLHV� RI� LQGLYLGXDO
PLON��� -RXUQDO�RI�'DLU\�5HVHDUFK������S� ���±����������

7HUYDOD� +��/���$QWLOD� 9���6\YlMlUYL� -��)DFWRUV�DIIHFWLQJ� WKH UHQQHWLQJ�SURSHUWLHV�RI�PLON��� 0HLMHULWLHWHHOOLQHQ
$LNDNDXVNLUMD��;/,,,������S� ��±���������

7HUYDOD� +��/��� $QWLOD� 9��� 6\YlMlUYL� -��� /LQGVWU|P� 8� %�� 9DULDWLRQV� LQ� WKH� UHQQHWLQJ� SURSHUWLHV� RI� PLON�� ±
0HLMHULWLHWHHOOLQHQ�$LNDNDXVNLUMD��;/,������S����±���������

)DFWRUV�,QIOXHQFLQJ�0LON�&RDJXODWLRQ�3URSHUWLHV
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6XPPDU\

7KH� FRDJXODWLRQ� SURSHUWLHV� RI� PLON� DUH� RI� JUHDW� LPSRUWDQFH� EHFDXVH� WKH\� LQIOXHQFH� FKHHVH� \LHOG� DQG
TXDOLW\��0LON�ZLWK�IDYRXUDEOH�FRDJXODWLRQ�SURSHUWLHV��VKRUW�FRDJXODWLRQ�DQG�FXUG�ILUPLQJ�WLPHV��DQG�D�ILUP�FXUG�
LV� H[SHFWHG� WR� JLYH�PRUH� FKHHVH�ZLWK� GHVLUDEOH� FRPSRVLWLRQ� WKDQ�PLON�ZLWK� XQIDYRXUDEOH� SURSHUWLHV�� ,Q�PDQ\
FRXQWULHV�LW�KDV�EHHQ�IRXQG�WKDW�DV�D�UHVXOW�RI�WKH�EUHHGLQJ�RI�FRZV��WKHUH�KDV�EHHQ�DQ�LQFUHDVH�LQ�PLON�SURGXFWLRQ�
EXW�WKH�FRDJXODWLRQ�SURSHUWLHV�RI�PLON�KDYH�GHFUHDVHG��DQG�WKH�QXPEHU�RI�FRZV�LQ�WKH�SRSXODWLRQ�ZKR�SURGXFHG
QRQ�FRDJXODWHG�PLON�KDV�LQFUHDVHG�

7KLV�ZRUN�LV�WKH�ILUVW�RQH�LQ�WKLV�VSHFLILF�ILHOG�LQ�(VWRQLD��7KHUHIRUH��WKH�REMHFW�RI�WKH�FXUUHQW�VWXG\�ZDV�WR
FRPSDUH�PLON�FRDJXODWLRQ�SURSHUWLHV�RI�(VWRQLDQ�GDLU\�FDWWOH�EUHHGV�GXULQJ�ILUVW�ODFWDWLRQ��%DVHG�RQ�WKH�REWDLQHG
UHVXOWV��GLIIHUHQW�IDFWRUV�DQG�WKHLU�PDJQLWXGH�RI�LQIOXHQFH�RQ�FRDJXODWLRQ�SURSHUWLHV�RI�PLON�ZHUH�HYDOXDWHG�

0LON�VDPSOHV�IURP�FRZV��Q �����RI�ILYH�H[SHULPHQWDO�JURXSV�RQ�3}OXOD�([SHULPHQWDO�)DUP�ZHUH�WDNHQ
RQFH�D�PRQWK�IURP�-DQXDU\�����������DQG�WZLFH�D�PRQWK�IURP�2FWREHU���������WR�1RYHPEHU����������7KH�FRZV
ZHUH�IHG�LGHQWLFDOO\ DG�OLELWXP RQ�D�ZHOO�EDODQFHG�705�
([SHULPHQWDO�JURXSV�LQ�3}OXOD�([SHULPHQWDO�)DUP�

x (VWRQLDQ�+ROVWHLQ�EUHHG��KLJK�SHGLJUHH�LQGH[�!����� (+)�W
x (VWRQLDQ�+ROVWHLQ�EUHHG��PLGGOH�SHGLJUHH�LQGH[���±���� (+)
x 5HG�DQG�:KLWH�+ROVWHLQ�EUHHG� 5+)
x (VWRQLDQ�5HG�EUHHG� (3.
x (VWRQLDQ�1DWLYH�EUHHG� (.



3LLPD�ODDSXPLVW�P}MXWDYDG�WHJXULG ��

7KH�PLON� VDPSOHV� IRU� WHVWLQJ� FRDJXODWLRQ� SURSHUWLHV� ZHUH� SUHVHUYHG� ZLWK� %URQRSRO� DQG� DQDO\VHG� WKH
QH[W� GD\�� 7KH�PLON� FRDJXODWLRQ� SURSHUWLHV�ZHUH� GHWHUPLQHG� DW� �� �&� XVLQJ� D� )RUPDJUDSK� �)RVV� (OHFWULF� $�6�
+LOOHU¡G��'HQPDUN���&K\PRVLQ�0D[LUHQ ����GLOXWHG�������ZLWK�GLVWLOOHG�ZDWHU��ZDV�DGGHG�DW�D�UDWH�RI������� PO
PLON��7KH�IROORZLQJ�UHQQHW�FRDJXODWLRQ�SDUDPHWHUV�ZHUH�PHDVXUHG��)LJXUH ���
5&7�� UHQQHW� FRDJXODWLRQ� WLPH� LQ�PLQXWHV�� WKH� WLPH� IURP� WKH� DGGLWLRQ� RI� UHQQHW� WR�PLON� WR� WKH� EHJLQQLQJ� RI

FRDJXODWLRQ�
.�� � FXUG�ILUPLQJ�WLPH�LQ�PLQXWHV��WKH�WLPH�IURP�WKH�EHJLQQLQJ�RI�FRDJXODWLRQ�WR�WKH�PRPHQW�WKH�ZLGWK�RI�WKH

FXUYH�ZDV����PP�
(�� � ILUPQHVV�RI�WKH�FXUG�LQ�PLOOLPHWUHV��WKH�ZLGWK�RI�WKH�FXUYH����PLQ�DIWHU�WKH�DGGLWLRQ�RI�UHQQHW�

7KH�S+�RI�PLON�ZDV�GHWHUPLQHG��S+�0HWHU�03������0HWWOHU��EHIRUH�)RUPDJUDSK�DQDO\VLV��0LON�FDOFLXP
DQG�SKRVSKRUXV�FRQWHQWV�ZHUH�GHWHUPLQHG�RQFH�D�PRQWK�E\�XVLQJ�,')�VWDQGDUGV����$���������%�������LQ�'DLU\
/DERUDWRU\�RI�WKH�,QVWLWXWH�RI�$QLPDO�6FLHQFH��,Q�DGGLWLRQ��GDWD�DERXW�PLON�\LHOG��SURWHLQ�FRQWHQW��IDW�FRQWHQW�DQG
VRPDWLF� FHOO� FRXQW� REWDLQHG� IURP�$QLPDO�5HFRUGLQJ�&HQWUH�ZHUH� XVHG��&RZV� ZHUH� VFRUHG� WZLFH� D�PRQWK� IRU
ERG\�FRQGLWLRQ��%&6��E\�RQH�LQGLYLGXDO�XVLQJ�WKH�YLVXDO�WHFKQLTXH�GHYHORSHG�E\�(GPRQVRQ�HW�DO� �������

5HVXOWV�ZHUH�HYDOXDWHG�XVLQJ� WKH�6$6�VWDWLVWLFDO�SDFNDJH��6$6�,167�� ,QF���������JHQHUDO� OLQHDU�PRGHO
�*/0��LQFOXGLQJ�ERWK�GLVFUHWH�DQG�FRQWLQXRXV�HIIHFWV�

)URP� VWXGLHG�PLON� VDPSOHV� �Q ������ FRDJXODWHG� ����� VDPSOHV� DQG� FXUG� ILUPLQJ� WLPH�ZDV� SRVVLEOH� WR
UHFRUG� LQ� ����� FDVHV� �7DEOH ���� $OO� PHDVXUHG� PLON� FRDJXODWLRQ� SDUDPHWHUV� ZHUH� VLJQLILFDQWO\� LQIOXHQFHG� E\
LQGLYLGXDOLW\�RI�D�FRZ��PRQWKV�RI� ODFWDWLRQ��H[SHULPHQWDO�JURXS��S+��DQG�PLON�FDOFLXP�FRQWHQW� �7DEOH ����0LON
SURWHLQ�FRQWHQW�VLJQLILFDQWO\�DIIHFWHG�WKH�UHQQHW�FRDJXODWLRQ�WLPH�DQG�ILUPQHVV�RI�WKH�FXUG��)LUPQHVV�RI�WKH�FXUG
ZDV� VLJQLILFDQWO\� LQIOXHQFHG� DOVR� E\� PLON� SKRVSKRUXV� FRQWHQW�� 5HVWULFWHG� 5� IRU� DQDO\VHG� LQIOXHQFH� IDFWRU
LQGLFDWHV�ZKDW�SHUFHQW�RI�YDULDELOLW\�RI�PLON�FRDJXODWLRQ�SDUDPHWHUV� LV�GHVFULEHG�RQO\�E\� WKLV� IDFWRU��7KH�PLON
FRDJXODWLRQ�SURSHUWLHV�ZHUH�PRVWO\�LQIOXHQFHG�E\�WKH�LQGLYLGXDOLW\�RI�D�FRZ��7KLV�UHVXOWHG�IURP�WKH�GLIIHUHQFHV
LQ� PLON� SURWHLQ� FRQWHQW� DQG� JHQRW\SH�� &RDJXODWHG� PLON� VDPSOHV� FRQWDLQHG� PRUH� SURWHLQ� WKDQ� QRQFRDJXODWHG
VDPSOHV��7DEOH ����7KH�FRUUHODWLRQV�EHWZHHQ�GLIIHUHQW�UHQQHWLQJ�SDUDPHWHUV�ZHUH�FOHDU��7DEOH ����2Q�WKH�EDVLV�RI
FRUUHODWLRQ�FRHIILFLHQWV�� WKH�FRPSRVLWLRQ�RI�PLON�KDG�DQ�HIIHFW�RQ�PLON�UHQQHWLQJ�SURSHUWLHV��&XUG�ILUPLQJ�WLPH
DQG�ILUPQHVV�RI�WKH�FXUG�ZHUH�VLJQLILFDQWO\�FRUUHODWHG�ZLWK�PLON�IDW��SURWHLQ��FDOFLXP��DQG�SKRVSKRUXV�FRQWHQWV�
5HQQHW�FRDJXODWLRQ�WLPH�ZDV�VLJQLILFDQWO\�FRUUHODWHG�ZLWK�PLON�6&&��S+��DQG�FDOFLXP�FRQWHQW��,QFUHDVHG�%&6�RI
FRZV�VKRUWHQHG�WKH�FXUG�ILUPLQJ�WLPH�DQG�LQFUHDVHG�ILUPQHVV�RI�WKH�FXUG�

$OO�UHQQHWLQJ�SDUDPHWHUV�RI�PLON�ZHUH�VLJQLILFDQWO\�LQIOXHQFHG�DQG�FRUUHODWHG�ZLWK�WKH�PRQWK�RI�ODFWDWLRQ�
7KH�PLON�FRDJXODWLRQ�SURSHUWLHV�ZHUH�DW� WKHLU�EHVW�GXULQJ�WKH��VW�PRQWK�RI� ODFWDWLRQ���±�� G�DIWHU�FDOYLQJ��DQG
IURP� WKH� VHFRQG� SDUW� RI� ODFWDWLRQ� RQZDUG� �7DEOH ��� )LJXUH ���� 7KH� ORZHVW� FRDJXODWLRQ� FKDUDFWHULVWLFV� ZHUH
REVHUYHG� LQ� WKH� WKLUG�IRXUWK� PRQWK� DIWHU� FDOYLQJ�� 3HUFHQWDJHV� RI� QRQFRDJXODWHG� PLON� VDPSOHV� �1&0�� DQG
VDPSOHV� WKDW� GLG� QRW� UHDFK� .�� �� PLQ� DIWHU� HQ]\PH� DGGLWLRQ� �1.���� IURP� VDPSOHV� RI� UHVSHFWLYH� PRQWK� RI
ODFWDWLRQ�ZHUH�KLJKHU�GXULQJ�WKH�WKLUG��IRXUWK��DQG�ILIWK�PRQWK�RI�ODFWDWLRQ��)LJXUH����

&RDJXODWLRQ�SURSHUWLHV�RI�PLON�IURP�FRZV�RI�ILYH�H[SHULPHQWDO�JURXSV�ZHUH�KLJKHU�LQ�(.�JURXS��7DEOH ��
)LJXUH ���� 3HUFHQWDJH� RI� QRQFRDJXODWHG� PLON� VDPSOHV� ZDV� WKH� KLJKHVW� LQ� 5+)� JURXS� �)LJXUH ���� $OO
QRQFRDJXODWHG�PLON�VDPSOHV�LQ�(.�JURXS�RULJLQDWHG�IURP�RQH�FRZ��,'�1R���������

$Q�LQFUHDVH�LQ�VRPDWLF�FHOO�FRXQW�RYHU���������PO�UHVXOWHG�LQ�D�GHFUHDVHG�UHQQHW�FRDJXODWLRQ�SURSHUWLHV
RI�PLON��7DEOH ���

$V�WKH�VWDJH�RI�ODFWDWLRQ�KDG�D�VLJQLILFDQW�HIIHFW�RQ�WKH�UHQQHW�FRDJXODWLRQ�SDUDPHWHUV��LW�LV�YHU\�LPSRUWDQW
WR� HOLPLQDWH� VHDVRQDO� GLIIHUHQFHV� LQ�PLON� SURGXFWLRQ��$V�PLON� FRDJXODWLRQ�KDG� D�PDVVLYH� HIIHFW� RQ� WKH� FKHHVH
SURGXFWLRQ�DQG�RQ�WKH�HIILFLHQF\�RI�PLON�SURFHVVLQJ��WKH�IXUWKHU�UHVHDUFK�RQ�WKHVH�GLUHFWLRQV�ZRXOG�EH�QHFHVVDU\�


