
�� 7KLV�GRFXPHQW�LV�'6�����RQH�RI�D�VHULHV�RI�WKH'DLU\�DQG�3RXOWU\�6FLHQFH�'HSDUWPHQW��)ORULGD�&RRSHUDWLYH�([WHQVLRQ�6HUYLFH��,QVWLWXWH�RI�)RRG�DQG�$JULFXOWXUDO

6FLHQFHV��8QLYHUVLW\�RI�)ORULGD��3ULQWHG�1RYHPEHU�������3OHDVH�YLVLW�WKH�)$,56�:HEVLWH�DW�KWWS���KDPPRFN�LIDV�XIO�HGX�

7KH�,QVWLWXWH�RI�)RRG�DQG�$JULFXOWXUDO�6FLHQFHV�LV�DQ�HTXDO�RSSRUWXQLW\�DIILUPDWLYH�DFWLRQ�HPSOR\HU�DXWKRUL]HG�WR�SURYLGH�UHVHDUFK��HGXFDWLRQDO

LQIRUPDWLRQ�DQG�RWKHU�VHUYLFHV�RQO\�WR�LQGLYLGXDOV�DQG�LQVWLWXWLRQV�WKDW�IXQFWLRQ�ZLWKRXW�UHJDUG�WR�UDFH��FRORU��VH[��DJH��KDQGLFDS��RU�QDWLRQDO�RULJLQ�

)RU� LQIRUPDWLRQ�RQ�REWDLQLQJ�RWKHU�H[WHQVLRQ�SXEOLFDWLRQV��FRQWDFW�\RXU�FRXQW\�&RRSHUDWLYH�([WHQVLRQ�6HUYLFH�RIILFH��)ORULGD�&RRSHUDWLYH

([WHQVLRQ�6HUYLFH���,QVWLWXWH�RI�)RRG�DQG�$JULFXOWXUDO�6FLHQFHV���8QLYHUVLW\�RI�)ORULGD���&KULVWLQH�7D\ORU�:DGGLOO��'HDQ

�� %��+DUULV��-U���SURIHVVRU�DQG�'��.��%HHGH��SURIHVVRU��'DLU\�DQG�3RXOWU\�6FLHQFH�'HSDUWPHQW��&RRSHUDWLYH�([WHQVLRQ�6HUYLFH��,QVWLWXWH�RI�)RRG�DQG�$JULFXOWXUDO

6FLHQFHV��8QLYHUVLW\�RI�)ORULGD��*DLQHVYLOOH��������

'6���

'LHWDU\�&DWLRQ�$QLRQ�%DODQFLQJ�RI�5DWLRQV�LQ�WKH
3UHSDUWXP�RU�/DWH�'U\�3HULRG�

%��+DUULV��-U��$QG�'��.��%HHGH
�

7KH�DUW�RI�IHHGLQJ�GDLU\�FDW WOH�LV�UDSLGO\�EHFRPLQJ�WKH K\SRFDOFHPLD�DQG�PLON�IHYHU��'LHWDU\�FDWLRQV��SRVLWLYHO\

EDVLF�DQG�DSSOLHG�VFLHQFH�RI�GDLU\�FDW WOH�QXWULWLRQ��%HFDXVH FKDUJHG�� VXFK� DV� VRGLXP� �1D��� DQG� SRWDVVLXP� �.�� DU H

GU\�FRZ�IHHGLQJ�DQG�PDQDJHPHQW�VHW�WKH�VWDJH�IRU�ERW K DONDORJHQLF��GLHWDU\�DQLRQV��QHJDWLYHO\�FKDUJHG��VXFK�D V

SURGXFWLRQ� DQG� UHSURGXFWLYH� SHUIRUPDQFH� DIWH U FKORULQH� �&O��� VXOIXU� �6��� DQG� SKRVSKRUXV� �3�� DU H

SDUWXULWLRQ��GDLU\PHQ�DUH�PRUH�FRQFHUQHG�ZLWK�GU\�FR Z DFLGRJHQLF�

IHHGLQJ� DQG� PDQDJHPHQW� SUDFWLFHV� WKDW� HQKDQF H

SHUIRUPDQFH��7KH�SUHSDUWXP�SHULRG��ODVW���WR���ZHHNV�RI 7KH�15&��������VXJJHVWV�������FDOFLXP�����WR���

WKH�GU\�SHULRG��KDV�EHHQ�GHVLJQDWHG�E\�PDQ\�GDLU\PHQ�DV JPV��DQG�������SKRVSKRUXV�����WR����JPV�GD\��LQ�WK H

WKH�SHULRG�WR�PDNH�DQ\�QHHGHG�FKDQJHV�LQ�WKH�GU\�FR Z UDWLRQ�GU\�PDWWHU�IRU�PDWXUH�GU\�FRZV�GXULQJ�WKH�ODVW�WZR

UDWLRQ� WR� LQFUHDVH� SHUIRUPDQFH� DQG� UHGXFH� PHWDEROL F PRQWKV�RI�WKH�GU\�SHULRG��:KLOH�WKHVH�OHYHOV�RI�FDOFLX P

SUREOHPV��$OUHDG\�� D� QXPEHU� RI� GDLU\PHQ� DUH� IHHGLQ J DQG� SKRVSKRUXV� DUH� FRQVLGHUHG� ORZ�� WKH\� DSSHDU� WR� E H

PRUH�YLWDPLQ�(������WR������ O8�FRZ�GD\��DQG�VHOHQLXP DGHTXDWH�WR�PHHW�WKH�QHHGV�RI�WKH�GU\�FRZ�

GXULQJ�WKH�SUHSDUWXP�SHULRG�WR�UHGXFH�WKH�LQFLGHQFH�R I

UHWDLQHG�SODFHQWD�DQG�F\VWLF�RYDULHV��$�SURSHUO\�EDODQFHG 5HGXFLQJ�WKH�OHYHO�RI�FDOFLXP�LQ�GDLU\�UDWLRQV�GXULQJ

UDWLRQ�ZLWK�LQFUHDVHG�DPRXQWV�RI�JUDLQ�DQG�SOHQW\�RI�KD\ WKH�ODWH�GU\�SHULRG�LV�QRW�DOZD\V�VXFFHVVIXO�LQ�UHGXFLQJ�WKH

�ORQJ�RU�FKRSSHG��KHOSV�LQ�UHGXFLQJ�PHWDEROLF�SUREOHPV� LQFLGHQFH� RI� PLON� IHYHU�� $OVR�� LQ� VRPH� DUHDV� ZKHU H

7KH� REMHFWLYH� LV� WR� KDYH� WKH� FRZ� FDOYH� LQ� JRRG� ERG \ IHHGVWXIIV�LQ�XVH�DUH�KLJK�LQ�FDOFLXP��LW�LV�PRUH�GLIILFXOW�WR

FRQGLWLRQ�������WR��������KHDOWK\�DQG�ZLWK�D�JRRG�DSSHWLWH� UHVWULFW�WKH�OHYHO�RI�FDOFLXP�LQ�WKH�GLHW�

,Q�UHFHQW�\HDUV��)ORULGD�GDLU\PHQ�KDYH�EHHQ�DEOH�W R )HHGLQJ�WULDOV�E\�2HW]HO��������UHYHDO�WKDW�GU\�FRZV

UHGXFH� WKH� LQFLGHQFH� RI� PLON� IHYHU� DQG� VXEFOLQLFD O UHFHLYLQJ�ERWK�UHVWULFWHG�FDOFLXP�GLHWV�DQG�KLJK�FDOFLX P

K\SRFDOFHPLD� GXULQJ� WKH� HDUO\� SRVWSDUWXP� SHULRG� E \ GLHWV�KDG�OHVV�LQFLGHQFH�RI�PLON�IHYHU��*UHDWHVW�LQFLGHQFH

IHHGLQJ�DGHTXDWH�DPRXQWV�RI�FDOFLXP��SKRVSKRUXV��DQ G RI�PLON� IHYHU�RFFXUUHG�ZKHQ� WKH�GLHW�GU\�PDWWHU� �'0 �

PDJQHVLXP��(DUOLHU�VWXGLHV�DW�$UL]RQD�E\�6FRWW������ � FRQWDLQHG� DERXW� ������ FDOFLXP�� /HVV� LQFLGHQFH� ZD V

VXJJHVWHG�WKDW�D�ODFN�RI�DYDLODEOH� SKRVSKRUXV�LQ�WKH�GLHW REVHUYHG� DV� WKH� OHYHO� RI� FDOFLXP� ZDV� LQFUHDVHG� R U

RI�ODFWDWLQJ�GDLU\�FRZV�LV�WKH�SUHGLVSRVLQJ�IDFWRU�LQ�PLON GHFUHDVHG�IURP��������7KH�OHYHO�RI�VXOIXU�LQ�WKH�GLHW�DOVR

IHYHU��0RUH�UHFHQWO\��LW�KDV�EHHQ� VKRZQ�WKDW�GDLU\�FRZV�RQ LQIOXHQFHG� WKH� LQFLGHQFH� RI� PLON� IHYHU�� ,QFUHDVLQJ� WK H

KLJK�DONDOLQH�GLHWV�GXULQJ�WKH�GU\�SHULRG�DUH�PRUH�SURQH�WR VXOIXU�FRQWHQW�RI�WKH�GLHW�UHGXFHG�WKH�LQFLGHQFH�RI�PLO N

PLON� IHYHU�� $Q� DFLGRJHQLF� GLHW� WHQGV� WR� SUHYHQ W IHYHU��ZLWK�WKH�ORZHVW�LQFLGHQFH�DW� �����WR�������VXOIXU�



&DWLRQ	DQLRQ EDODQFH 
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1RYHPEHU�����

:LWK�ORZ�GLHWDU\�VXOIXU�������WR��������WKH�LQFLGHQFH�ZDV WKH�UDWLRQ��:LWK�WKH�XVH�RI�D�FDUULHU�VXFK�DV�FRUQ�PHDO��WKH

���WR������:KHQ�WKH�GLHW�'0�FRQWDLQHG�������VXOIXU�WKH PL[WXUH�ZRXOG�EH�GHVLJQHG�VR�WKDW�HDFK�FRZ�ZRXOG�UHFHLYH

LQFLGHQFH�ZDV�YHU\�QHDU�����6XOIXU�DQG�FKORULQH�DUH�WKH DERXW���OE�GDLO\�GXULQJ�WKH���WR���ZHHN�SUHSDUWXP�SHULRG�

WZR� DQLRQV� XVHG� WR� PDNH� WKH� UDWLRQV� PRUH� DFLGLF� RU 7KH�DQLRQLF�VDOWV�PD\�EH�SURSRUWLRQHG�LQ�WKH�PL[WXUH�WR

QHJDWLYHO\�EDODQFHG� JLYH�WKH�GHVLUHG�FRQFHQWUDWLRQ�RI�VXOIXU�DQG�FKORULQH�IRU

'LHWDU\�&DWLRQ�$QLRQ�%DODQFLQJ

'LHWDU\�FDWLRQ�DQLRQ�EDODQFLQJ�LV�D�QHZ�FRQFHSW�WKDW

KDV�UHFHLYHG�PXFK�DWWHQWLRQ�UHFHQWO\�DV�D�QXWULWLRQDO�WRRO

IRU� UHGXFLQJ� PLON� IHYHU� LQ� HDUO\� ODFWDWLRQ� DV� ZHOO� DV

LPSURYLQJ�KHDOWK�DQG�SURGXFWLRQ��7KH�GLHWDU\�HOHFWURO\WHV

DUH� EDODQFHG� DFFRUGLQJ� WR� WKH� FKDUJHV� WKH\� FRQWDLQ�

%HFDXVH� FDWLRQV� DUH� SRVLWLYHO\� FKDUJHG� DQG� DQLRQV� DUH

QHJDWLYHO\� FKDUJHG�� WKH� UDWLRQ� LV� EDODQFHG� WR� EH� HLWKHU

QHJDWLYH�RU�SRVLWLYH��$�QHJDWLYHO\�EDODQFHG�UDWLRQ�IDYRUV

SUHSDUWXP�GU\�FRZV�DQG�UHGXFHG�LQFLGHQFH�RI�PLON�IHYHU�

ZKHUHDV�D�SRVLWLYHO\�EDODQFHG�UDWLRQ�IDYRUV�ODFWDWLQJ�FRZV

DQG�LQFUHDVHG�OHYHOV�RI�PLON�SURGXFWLRQ��7KDW�LV��ODFWDWLQJ

FRZV� GR� EHWWHU� ZLWK� D� SRVLWLYHO\� EDODQFHG� UDWLRQ� DQG

SUHSDUWXP� FRZV� ZLWK� D� QHJDWLYHO\� EDODQFHG� UDWLRQ�

0LQHUDO�HOHPHQWV�FRQVLGHUHG�LQ�FDWLRQ�DQLRQ�EDODQFLQJ�DUH

VRGLXP��SRWDVVLXP��FKORULQH�DQG�VXOIXU�

'LHWV�FDQ�EH�PDQLSXODWHG�ZLWK�UHODWLYH�HDVH�E\�DGGLQJ

HLWKHU�DQLRQLF�VDOWV�RU�FDWLRQLF�VDOWV�WR�WKH�UDWLRQ��,Q�RUGHU

WR� HIIHFWLYHO\� EDODQFH� WKH� GLHW�� WKH� SUHVHQW� UDWLRQ� RU

IHHGVWXIWV� VKRXOG� EH� DQDO\]HG� IRU� VRGLXP�� SRWDVVLXP�

FKORULQH�� DQG� VXOIXU�� ,I� SRVVLEOH�� VHOHFW� IRUDJHV� IRU� GU\

FRZV�WKDW�DUH�ORZHU�LQ�SRWDVVLXP��7KLV�PD\�EH�D�SUREOHP

VLQFH� DOO� IRUDJHV� WHQG� WR� EH� KLJK� LQ� SRWDVVLXP�� 7KH

LQIRUPDWLRQ� LQ�7DEOH��� VKRZV� WKH�PROHFXODU�ZHLJKW�RI

HDFK�HOHPHQW�DQG�LWV�YDOHQFH��SRVLWLYH�RU�QHJDWLYH�FKDUJH��

7R� FUHDWH� D�ZHOO�EDODQFHG� UDWLRQ� XVLQJ� WKH� FDWLRQ�

DQLRQ� DSSURDFK�� DERXW� ���� WR� ���� WRWDO� JUDPV� RI� D

FRPELQDWLRQ�RI�FRPSRXQGV�VXFK�DV�DPPRQLXP�FKORULGH�

DPPRQLXP�VXOIDWH��FDOFLXP�FKORULGH��FDOFLXP�VXOIDWH�DQG

PDJQHVLXP�VXOIDWH�DUH�QHHGHG�GDLO\�SHU�FRZ��7KH�DPRXQW

QHHGHG�ZLOO�YDU\�ZLWK�WKH�FRQFHQWUDWLRQ�RI�SRWDVVLXP�DQG

VRGLXP� LQ� WKH� UDWLRQ�� ,QIRUPDWLRQ� UHJDUGLQJ� WKH

FRPSRXQGV�LV�LQ�7DEOH����%HFDXVH�DQLRQLF�GLHWV�VWLPXODWH

JUHDWHU�PRELOL]DWLRQ�RI�FDOFLXP�IURP�ERQH��WKH\�VKRXOG

QRW�EH�IHG�WKH�HQWLUH�GU\�SHULRG��7KH�DQLRQLF�VDOWV�XVHG�LQ

WKH�SUHYHQWLRQ�RI�PLON�IHYHU�DUH�TXLWH�XQSDODWDEOH�WR�GDLU\

FRZV��$V�D�UHVXOW��WKH\�VKRXOG�EH�XVHG�ZLWK�FDXWLRQ�DQG

PL[HG�WKRURXJKO\�LQ�WKH�GU\�FRZ�UDWLRQ�

7KH�DQLRQLF�VDOWV�PD\�EH�PL[HG�ZLWK�D�FDUULHU��7DEOH

���VXFK�DV�FRUQ�PHDO�IRU�HDVH�RI�KDQGLLQJ�DQG�PL[LQJ�LQ

WKH�UDWLRQ�

$�FDWLRQ�DQLRQ�EDODQFH�LV�FDOFXODWHG�E\�VXEWUDFWLQJ

DQLRQ� PLOOLHTXLYDOHQWV� IURP� FDWLRQ� PLOOLHTXLYDOHQWV

�PHT���� :KLOH� VHYHUDO� IRUPXODV� KDYH� EHHQ� XVHG�� WKH

IROORZLQJ� HTXDWLRQ� �(TXDWLRQ� ��� LV� VXJJHVWHG� IRU� GU\

FRZV�

$V�DQ�H[DPSOH��DVVXPH�WKH�SUHSDUWXP�GU\�FRZ�UDWLRQ

FRQWDLQV� RQ� D� GU\� PDWWHU� EDVLV� ������ VRGLXP�� ����

SRWDVVLXP�������FKORULQH�DQG������VXOIXU��7DEOH�����7KH

SHUFHQWDJH� RI� DQ� HOHPHQW� LQ� D� FRPSRXQG� PD\� EH

H[SUHVVHG�DV�SRXQGV�SHU�KXQGUHG�SRXQGV�RU�JUDPV�SHU

KXQGUHG� JUDPV��1RWH� WKDW� WKH� UHVXOWV� DUH� H[SUHVVHG� DV

PHT��SHU�KXQGUHG�JUDPV��7R�FDOFXODWH�WKH�UDWLRQ�EDODQFH�

GLYLGH� WKH� SHUFHQW� RI� WKH� HOHPHQW� LQ� WKH� UDWLRQ� E\� WKH

PLOOLHTXLYDOHQW� IRU� WKH� HOHPHQW� �VRGLXP� FDOFXODWLRQ� LV

����������� �������PHT��HWF����7KH�FDWLRQ�DQLRQ�EDODQFH

LQ� WKH� DERYH� H[DPSOH� ZRXOG� EH� VRGLXP�  � �� �����

SRWDVVLXP� ������������ �������� FKORULQH� ������������ 

������� DQG� VXOIXU� ������������  � �� ������ IRU� DQ� RYHUDOO

FDWLRQ�DQLRQ�GLIIHUHQFH�RI�������PHT�����JPV�GU\�PDWWHU�

%HFDXVH�PRVW�IRUDJHV�DQG�RLO�PHDOV�DUH�KLJK�LQ�SRWDVVLXP�

H[HUFLVH�FDUH�LQ�IRUPXODWLQJ�D�QHJDWLYHO\�EDODQFHG�UDWLRQ�

5DWLRQV� WKDW� DUH� KLJK� LQ� SRWDVVLXP� DQG� VRGLXP� WDNH

FRQVLGHUDEO\� PRUH� FKORULQH� DQG� VXOIXU� WR� PDNH� WKHP

QHJDWLYH�� :KLOH� WKH� FRQFHQWUDWLRQ� RI� FKORULQH� PD\� EH

LQFUHDVHG�LQ�WKH�UDWLRQ�ZLWKRXW�SUREOHPV��LQFUHDVLQJ�WKH

FRQFHQWUDWLRQ� RI� VXOIXU� DERYH� ����� RI� WKH� UDWLRQ� GU\

PDWWHU� LV�QRW�UHFRPPHQGHG��([FHVVLYH�VXOIXU�LQWHUIHUHV

ZLWK� WKH�PHWDEROLVP�RI� FHUWDLQ� RWKHU�PLQHUDOV� VXFK� DV

VHOHQLXP�DQG�LW�UHGXFHV�SHUIRUPDQFH��+LJK�FRQFHQWUDWLRQV

RI�SRWDVVLXP�LQ�UDWLRQV�PD\�OHDG�WR�D�JUHDWHU�LQFLGHQFH�RI

K\SRFDOFHPLD�DQG�SRVVLEO\�PLON�IHYHU�LQ�D�GDLU\�KHUG��7KH

WZR�UDWLRQV�LQ�WDEOHV���DQG���DUH�QHJDWLYHO\�EDODQFHG�

$�PLQHUDO�PL[WXUH�VKRXOG�EH�SXUFKDVHG�RU�IRUPXODWHG

WR�SURYLGH�WKH�H[WUD�PLQHUDOV�DQG�YLWDPLQV�QHHGHG�LQ�WKH

GU\�FRZ�UDWLRQ��7KH�VSHFLDO�DQLRQLF�VDOW�PL[�VKRXOG�EH

IRUPXODWHG�WR�SURYLGH�WKH�GHVLUHG�QHJDWLYH�FDWLRQ�DQLRQ

EDODQFH�IRU�IHHGLQJ�SUHSDUWXP�GDLU\�FRZV�
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7DEOH����0LQHUDOV�HOHPHQWV�FRPPRQO\�XVHG�LQ�FDOFXODWLQJ�WKH�FDWLRQ�DQLRQ�EDODQFH�RI�UDWLRQV�

0LQHUDO 0ROHFXODU�:W���JUDPV�� 9DOHQFH��&KDUJH� (TXLYDOHQW�:W� PHT��:W� ��PJ�
�JUDPV�

�

6RGLXP �� �� �� ����

3RWDVVLXP �� �� �� ����

&KORULQH ���� �� ���� �����

6XOIXU �� �� �� ����

�PHT� �PLOOLHTXLYDOHQW��PJ� �PLOOLJUDPV��0HT�ZW� �0RO�ZW�GLYLGHG�E\�YDOHQFH�GLYLGHG�E\�������

7DEOH����5HODWLYH�FRVW�DQG�FKHPLFDO�FRPSRVLWLRQ�RI�FRPPRQO\�DYDLODEOH�DQLRQLF�VDOWV�

0LQHUDO�6DOW IRUPXOD :W� ���FZW�
&KHPLFDO 0RO� &RVW ��RI�HOHPHQW�

&O 6

$PPRQLXP�VXOIDWH �1+ � 62 ����� ����� �� ����� � �

&DOFLXP�VXOIDWH &D62 ��+ 2 ����� ���� �� ����� �

0DJQHVLXP�VXOIDWH 0J62 ��+ 2 ����� ����� �� ����� �

$PPRQLXP�FKORULGH 1+ &O ���� ����� ���� ���

� 3ULFHV�REWDLQHG�IURP�/DNHODQG�&DVK��/DNHODQG��)ORULGD���������

7DEOH����&RPELQDWLRQ�DQG�FRPSRVLWLRQ�RI�WKUHH�FRPSRXQGV�PL[HG�ZLWK�FRUQ�PHDO�IRU�XVH�LQ�IHHGLQJ�WKH�SUHSDUWXP�FRZV�

$QLRQLF�6DOW JPV�FRZ
6 &O . 1D

���JPV���

$PPRQLXP�VXOIDWH��1+ � 62 �� ��� �� �� ��� � �
�

$PPRQLXP�FKORULGH��1+&O� ��� �� ���� �� ���

0DJQHVLXP�VXOIDWH�0J62 ��+ 2 �� ��� �� �� ��� �

&DUULHU��FRUQ�PHDO� ����� ��� ��� ��� ���

7RWDO�FRZ�GD\ ����� ���� ���� ��� ���

������JUDPV� �RQH�SRXQG�� 7KH�SURSRUWLRQ�DQG�DPRXQWV�QHHGHG�ZLOO�YDU\��

$� QXPEHU� RI� VWXGLHV� VKRZ� OHVV�PLON� IHYHU�ZKHQ

FRZV� DUH� IHG� D� UDWLRQ� ZLWK� D� QHJDWLYH� FDWLRQ�DQLRQ WHUPV� RI� WKH� DQLRQ�FDWLRQ� EDODQFH� LV� IDLUO\

EDODQFH� GXULQJ� WKH� ODWH� GU\� SHULRG�� 7KH� UHGXFWLRQ� LQ VWUDLJKWIRUZDUG��0RVW�RI�WKH�DYDLODEOH�UHVHDUFK�LQGLFDWHV

LQFLGHQFH�RI�PLON�IHYHU�DSSHDUV�WR�EH�GXH�SULPDULO\�WR WKDW�GLHWV�ZKLFK�DUH�DFLGRJHQLF��QHJDWLYH�FDWLRQ�DQLRQ

WKH�JUHDWHU�PRELOL]DWLRQ�RI�FDOFLXP�IURP�ERQH�VWRUHV� EDODQFH��DUH�EHQHILFLDO�WR�FDOFLXP�DEVRUSWLRQ�DQG�LQ�WKH

5HVHDUFK�KDV� VKRZQ� WKDW�FRZV� IHG�DQLRQLF�GLHWV�KDYH UHGXFWLRQ�RI�WKH�LQFLGHQFH�RI�PLON�IHYHU��7KH�IHHGLQJ�RI

KLJKHU�EORRG�FDOFLXP�OHYHOV�DW�FDOYLQJ��7DEOH���� VXFK�UDWLRQV�VKRXOG�EH�GXULQJ�WKH�ODVW���WR���ZHHNV�RI�WKH

3UHVHQW�UHVHDUFK�LQGLFDWHV�WKDW�ZDWFKLQJ�WKH�FDWLRQ�

DQLRQ�EDODQFH�PD\�KDYH�SRWHQWLDO� IRU� LPSURYLQJ�PLON ,Q�DGGLWLRQ�WR�UHGXFLQJ�WKH�LQFLGHQFH�RI�PLON�IHYHU�

\LHOG� LQ� WKH� VXEVHTXHQW� ODFWDWLRQ�� DQG� UHGXFLQJ� WKH DQ� LQFUHDVH� LQ� PLON� SURGXFWLRQ� LQ� WKH� VXEVHTXHQW

LQFLGHQFH�RI�ERWK�UHWDLQHG�SODFHQWD�DQG�RI�PLON�IHYHU� ODFWDWLRQ�KDV�EHHQ�UHSRUWHG�E\�WZR�VWXGLHV��%HHGH�HW�DO�

5HVHDUFK�LV�XQGHUZD\�DW�WKH�8QLYHUVLW\�RI�)ORULGD������� �������DQG�%ORFN��������UHSRUWHG�DQ�LQFUHDVH�RI�DERXW

WR� KHOS� WR� GHILQH� WKH� SDUDPHWHUV� QHHGHG� WR� PDNH ����DQG������OEV�PRUH�PLON�LQ�WKH�VXEVHTXHQW�ODFWDWLRQV

UHFRPPHQGDWLRQV� DV� D� UHVXOW� RI� IHHGLQJ� WKH� DQLRQLF� EDODQFHG� GLHW�� ,Q

7KH�SULQFLSOH�RI�HYDOXDWLQJ�GDLU\�FDWWOH�UDWLRQV�LQ

GU\�SHULRG�
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