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 &RUUHVSRQGLQJ�$XWKRU���,QWURGXFWLRQ��*OREDOO\� WKHUH� DUH������PLOOLRQ�FDPHOV��ERWK� &DPHOXV� GURPHGDULXV� DQG� &DPHOXV�EDFWULDQXV��� 3DNLVWDQ� UDQNV� DW� �WK� SRVLWLRQ�ZLWK� ���� PLOOLRQ� KHDGV� RI� FDPHO� �)$2���������7KHVH�DQLPDOV�DUH�SULPDULO\�XVHG�IRU�GUDXJKW� SXUSRVH� DQG� ZLWK� OHVV� LPSRUWDQFH�IRU� PLON� DQG� PHDW� LQ� GLIIHUHQW� DUHDV� RI�3DNLVWDQ�� 7KH�PLON� SURGXFWLRQ� SRWHQWLDO� RI�3DNLVWDQL� FDPHO� LV� ZHOO� UHFRJQL]HG� LQ� WKH�ZRUOG�� 7KHLU� PLON� SURGXFWLRQ� DELOLW\� LV�HYLGHQW�IURP�WKH�IDFW�WKDW�WKH\�FDQ�SURGXFH�XS� WR� ������ OLWHUV� LQ� D� ODFWDWLRQ� SHULRG�UDQJLQJ� IURP� �� WR� ��� PRQWKV� �6FKZDUW]����������&DPHO�LV�VWLOO�XQULYDOOHG�LQ�LWV�DELOLW\�WR� XWLOL]H� WKH� GHVHUW� DQG� VWHSSH� UHJLRQV� RI�WKH�ZRUOG�IRU�WKH�SURGXFWLRQ�RI�PLON��PHDW��ZRRO�� HWF�� 0RUHRYHU�� FDPHO� FDQ� WKULYH�XQGHU� H[WUHPH� KRVWLOH� FRQGLWLRQV� RI�WHPSHUDWXUH�� GURXJKW� DQG� ODFN� RI� SDVWXUH�DQG� VWLOO� SURGXFH� PLON� RI� KLJK� QXWULWLRQDO�TXDOLW\� �<DJLO� DQG� (W]LRQ�� ������� 'HVSLWH�SRVVHVVLQJ� WKH� DIRUHVDLG� FKDUDFWHULVWLFV��FDPHO� UHPDLQHG� WKH�PRVW� QHJOHFWHG� DQLPDO�VSHFLHV� LQ� WKH� FRXQWU\� GXH� WR� ODFN� RI�RUJDQL]HG� UHVHDUFK� HQGHDYRUV�� � $OWKRXJK�WKH� GDWD� RQ� IHZ� DVSHFWV� RI� FKHPLFDO�FRPSRVLWLRQ� RI� FDPHO� PLON� KDV� EHHQ�

UHSRUWHG� E\� VHYHUDO� ZRUNHUV� �<DJLO�� ������(O�$PLQ� DQG� :LOFR[�� ������ .KDQQD� DQG�5DL�� ������ ZLWK� D� ZLGH� YDULDWLRQ� LQ� LWV�FRQVWLWXHQWV� EXW� QR� VFLHQWLILF� VWXG\� KDV�XQGHUWDNHQ� RQ� WKH� JURVV� FRPSRVLWLRQ� RI�FDPHO� LQ�3DNLVWDQ�� KHQFH� WKH� SUHVHQW� VWXG\�ZDV� SODQQHG�� 7KH� REMHFWLYH� RI� WKLV� VWXG\�ZDV�WR�VWXG\�PLON�FRPSRVLWLRQ�RI�3DNLVWDQL�FDPHOV���0DWHULDOV�DQG�0HWKRGV�� )RXUWHHQ� IUHVKO\� FDOYHG� VKH�FDPHOV��ILYH� EHORQJLQJ� WR� %/35,� DQG� QLQH� IURP�VXUURXQGLQJV� RI� %/35,�� KDYLQJ� DOPRVW�VLPLODU� ERG\� ZHLJKW� DQG� ODFWDWLRQ� QXPEHU�ZHUH� FRQVLGHUHG�� ,PPHGLDWHO\� DIWHU�PLONLQJ��WKH�PLON�ZDV�PL[HG�ZHOO�DQG�IUHVK�FRPSRVLWH� VDPSOHV� RI� PLON� ZHUH� WDNHQ� RQ�PRQWKO\� EDVLV� GXULQJ� WKH� ILUVW� VL[� PRQWKV�SHULRG� SRVWSDUWXP� WR� DQDO\VH� WKHP� IRU� WKH�GHWHUPLQDWLRQ�RI�SHUFHQWDJH�RI� IDW��SURWHLQ��DFLGLW\�� VSHFLILF� JUDYLW\� �'DYLG�� ������EHVLGHV� WRWDO� VROLGV� �76�� DQG� VROLGV�QRW�IDW��61)��DV�GHVFULEHG�E\�(FNOHV�HW DO� ��������7KH� LQVWLWXWH�RZQHG� ODFWDWLQJ�DQLPDOV�ZHUH�ZDWHUHG�WZLFH�D�GD\��PRUQLQJ�DQG�HYHQLQJ��EHIRUH� OHDYLQJ� IRU� EURZVLQJ�JUD]LQJ� LQ� WKH�PRUQLQJ� DQG� WKHQ� RQ� WKHLU� UHWXUQ� WR� WKHLU�
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SUHPLVHV�LQ�WKH�HYHQLQJ��$QLPDOV�ZHUH�NHSW�HQWLUHO\� RQ� EURZVLQJ�JUD]LQJ� GXULQJ� GD\�WLPH��$G�OLELWXP�VDOW�ZDV�PDGH�DYDLODEOH�LQ�WKHLU�\DUG��7KH�SULYDWHO\�RZQHG�VKH�FDPHOV�ZHUH� UDLVHG� DFFRUGLQJ� WR� WKHLU� WUDGLWLRQDO�KXVEDQGU\� SUDFWLFHV�� 7KH� FROOHFWHG� GDWD�ZHUH� VXEMHFWHG� WR� VWDWLVWLFDO� DQDO\VLV� DQG�YDULRXV� GHVFULSWLYH� VWDWLVWLFV� �PHDQV� DQG�VWDQGDUG� GHYLDWLRQ�� ZHUH� FDOFXODWHG�IROORZLQJ� WKH� SURFHGXUHV� GHVFULEHG� E\�6RNDO�DQG�5RKOI�����������5HVXOWV�DQG�'LVFXVVLRQ�
� $YHUDJH� PLON� FRPSRVLWLRQ� REVHUYHG�GXULQJ� WKH� ILUVW� PRQWK� RI� ODFWDWLRQ� LQ� WKH�SUHVHQW�VWXG\�UHPDLQHG�FRQVWDQW�IRU�WKH�ILUVW�VL[�PRQWKV� �<DJLO�� �������*HQHUDOO\� FDPHO�PLON� LV� UHSRUWHG� WR� EH� YDULDEOH� LQ� LWV�FRPSRVLWLRQ�RZLQJ�WR�WKH�JUHDWHU�YDULHW\�LQ�LWV� GLHW� DQG� LV� VLPLODU� WR� FRZ� PLON� �<DJLO�DQG� (W]LRQ�� ������� 0RQWKO\� PLON�FRPSRVLWLRQ�RI� WKH�H[SHULPHQWDO�DQLPDOV� LV�JLYLQJ�LQ�7DEOH�����$FLGLW\�LQ�PLON�PDLQO\�UHIOHFWV�WHPSHUDWXUH�RI� PLON� DIWHU� FROOHFWLRQ�� KXVEDQGU\�WHFKQLTXHV� DQG� PDUNHWLQJ� SUDFWLFHV�� 7KH�DYHUDJH�DFLGLW\�RI�WKH�PLON�ZRUNHG�RXW�WR�EH����������������ZLWK�D�UDQJH�RI������WR��������� 7KH� UHVXOWV� RI� WKH� SUHVHQW� VWXG\� DUH� LQ�FRQVRQDQFH� ZLWK� WKH� UHVXOWV� RI� (O�(ULDQ�������������WR����������7KH�WLWUDWDEOH�DFLGLW\�LQ� WKH� SUHVHQW� VWXG\� ZDV� IRXQG� KLJKHU� LQ�FRPSDULVRQ� WR� WKDW� RI� DFLGLW\� QRWHG� LQ�

FDPHOV� RI� 6DXGL� $UDELD� E\� 6DZD\D� HW� DO���������� 7KHVH� YDOXHV� DUH� DOVR� KLJKHU� WKDQ�WKRVH�RI�FRZ�PLON��2Q RYHUDOO� EDVLV�� WKH� YDOXH� RI� VSHFLILF�JUDYLW\� ZDV� IRXQG� WR� EH� ������ �� �������UDQJLQJ�IURP�������WR��������ZKLFK�LV�ORZHU�WKDQ� WKDW� RI� FRZ�� EXIIDOR� RU� VKHHS� PLON��7KHVH� UHVXOWV�DUH�DOPRVW� LQ�DJUHHPHQW�ZLWK�WKH�ILQGLJQV�RI�.DULP�DQG�*RRNODQL���������.KDQQD� DQG� 5DL� ������� DQG� 0RKDPHG���������0HDQ�YDOXH�RI�SURWHLQ�ZDV�IRXQG�WR�EH� ����� �� ������ ��� UDQJLQJ� IURP� ����� WR���������7KHVH�UHVXOWV�DUH�LQ�DJUHHPHQW�ZLWK�WKRVH� RI� � $EX�/HKLD� ������� DQG� (O�$PLQ�DQG�:LOFR[� ��������.QRHVV� �������DQG�(O�$PLQ� ������� ERWK� UHSRUWHG� KLJKHU� YDOXHV�IRU�$GDO� DQG� 6XGDQHVH� FDPHO�PLONV� ������DQG������UHVSHFWLYHO\���$YHUDJH�YDOXH�RI�IDW�LQ�FDPHO�PLON�ZDV����������������� UDQJLQJ�IURP������ WR�������� ZKLFK� LV� FRPSDUDEOH� WR� WKH� FRZ� PLON��)DW�SHUFHQWDJH�LQ�WKLV�VWXG\�DJUHHV�ZLWK�WKH�YDOXH� ������� UHSRUWHG� E\� 6DZD\D� HW� DO���������� *HQHUDOO\�� HVWLPDWHV� RI� IDW�SHUFHQWDJH� RI� FDPHO� PLON� YDU\� ZLWK� WKH�VHDVRQ� �.QRHVV�� ������� VWDJH� RI� ODFWDWLRQ��(O�$PLQ��������=LD�XU�5HKPDQ��������DQG�PLONLQJ� IUHTXHQF\� �5RGULJXH]� HW� DO�� �������+RZHYHU�� FRQWUDU\� WR� WKHVH� IDFWRUV� .QRHVV�HW DO�� ������� REVHUYHG� WKDW� DYHUDJH� IDW�SHUFHQWDJH� GLG� QRW� GHSHQG� RQ� WKH� VWDJH� RI�ODFWDWLRQ�EXW�PRUH�OLNHO\�RQ�WKH�FOLPDWH�DQG�SUREDEO\�RQ�WKH�DLU�WHPSHUDWXUH���
�7DEOH����&RPSRVLWLRQ�RI�FDPHO�PLON�GXULQJ�ILUVW�VL[�PRQWKV�RI�ODFWDWLRQ�
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,W�ZDV� UHSRUWHG� WKDW� GXULQJ� WKH� KRW�PRQWKV��$SULO� WR� 6HSWHPEHU��� WKH� IDW� SHUFHQWDJH�GURSSHG�WR�����WR������ZKLOH�LQ�FROG�PRQWKV�IDW� SHUFHQWDJH� LQFUHDVHG� LUUHVSHFWLYH� RI� WKH�VWDJH� �VWDUW� RU� HQG�� RI� ODFWDWLRQ�� 7KLV� LV� LQ�DFFRUGDQFH� ZLWK� WKH� KLJK� ZDWHU�UHTXLUHPHQWV� RI� WKH� FDOI� LQ� H[WUHPH� KRW�PRQWKV�� <DJLO� DQG� (W]LRQ� ������� UHSRUWHG�WKDW� KLJK� WHPSHUDWXUH� DQG�ZDWHU� UHVWULFWLRQ�LQFUHDVHG� WKH�ZDWHU� FRQWHQWV� LQ�FDPHO�PLON�DQG�UHGXFHG�LWV�IDW�SHUFHQWDJH��3HUFHQWDJH�RI�WRWDO�VROLGV�RQ�DQ�DYHUDJH�ZDV�IRXQG�WR�EH���������������UDQJLQJ�IURP������� WR� ������� $OPRVW� VLPLODU� ILQGLQJV�KDYH� EHHQ� UHSRUWHG� E\� 0RKDPHG� ��������.KDQQD� ������� LV� RI� WKH� RSLQLRQ� WKDW� WRWDO�VROLGV�LQ�FDPHO�PLON�DUH�FRPSDUDEOH�WR�FRZ�PLON�� KLJKHU� WKDQ� JRDW�� PDUH�� DQG� ZRPDQ�PLON� EXW� ORZHU� WKDQ� WKRVH� RI� EXIIDOR� DQG�HZH��+DVVDQ�HW�DO���������DQG�(O�$PLQ�DQG�:LOFR[� ������� UHSRUWHG� ORZHU� WRWDO� VROLGV���������� LQ� PLON� RI� 0DMDKHHP� DQG�(J\SWLDQ� ������� ��� FDPHOV� UHVSHFWLYHO\��6LPLODUO\��'HVHO� HW� DO�� ������� DOVR� IRXQG� D�ORZHU� WRWDO� VROLGV� FRQWHQW� ������ ��� DV�FRPSDUHG�WR�WKH�SUHVHQW�VWXG\��0HDQ� YDOXHV� RI� VROLGV�QRW�IDW� �61)��FRQWHQWV� ZHUH� ����� �� ����� ��� UDQJLQJ� IURP������ WR� ����� ��� 7KHVH� UHVXOWV� ZHUH�FRPSDUDEOH�ZLWK� WKRVH�JLYHQ�E\�.KDQQD�DQG�5DL� ��������L�H������WR��������DQG�0RKDPHG�������� L�H�� ���� ��� &RQWUDU\� WR� WKH� SUHVHQW�UHVXOWV�+DUEDQV��������UHSRUWHG��������61)��ZKLFK� DUH� D�ELW� KLJKHU� WKDQ� WKH�YDOXHV� IRXQG�LQ� WKH� SUHVHQW� VWXG\�� ZKHUHDV� ORZHU� YDOXHV������DQG��������ZHUH�UHSRUWHG�E\�'HVHO�HW�DO���������DQG�+DVVDQ�HW�DO����������UHVSHFWLYHO\��7KH� GLIIHUHQFHV� LQ� VROLGV�QRW�IDW�FRQWHQWV� FRXOG� EH� DWWULEXWHG� WR� VHDVRQ��(FNOHV� HW� DO��� ������� TXDQWLW\�TXDOLW\� RI�IHHG� �5DNHV� DQG� 6WDOOFXS�� ������ DQG�YDULDWLRQ� GXH� WR� EUHHG� DQG� VSHFLHV�GLIIHUHQFHV��7LODNDUDWQH�HW�DO����������&RQFOXVLRQ�
� 7KH� UHVXOWV� RI� WKH� SUHVHQW� VWXG\� LGLFDWHG�WKDW�FDPHOPLON�KDV�D�JRRG�QXWULWLYH�TXDOLW\�DQG�FDQ� EH� D� JRRG� VRXUFH� RI� QXWULHQWV� LQ� KXPDQ�GLHW� LQ� WKH� DULG� DQG� VHPLDULG� ]RQHV��$� ORW� RI�

LQIRUPDWLRQ� DUH� VWLOO� WR� EH� JHQHUDWHG� DERXW�FDPHO¶V� PLON� DV� D� VRXUFH� RI� IRRG�� � ,Q� WKLV�FRQWH[W�� UHVHDUFK� FDQ� EH� IRFXVHG� WR�LQYHVWLJDWH� LWV�FHUWDLQ�DVSHFWV� OLNH� WKHUDSHXWLF�YDOXH� RU� WKH� LPSDFW� RI� GLIIHUHQW� KXVEDQGU\�V\VWHPV�RQ�LWV�TXDQWLW\�DQG�TXDOLW\����
$FNQRZOHGJHPHQWV�
� 7KH� DXWKRUV� DUH� JUDWHIXO� WR� $&6$'��6\ULD�� IRU� ILQDQFLDO� DVVLVWDQFH� DQG� WKH�'LUHFWRUDWH�RI�%DUDQL�/LYHVWRFN�3URGXFWLRQ�5HVHDUFK� ,QVWLWXWH� �%/35,�� .KHULPXUDW��3XQMDE�3DNLVWDQ�� LQFOXGLQJ� WKH� SULYDWH�IDUPHUV� RZQLQJ� FDPHOV� VXUURXQGLQJV� WKLV�LQVWLWXWH� IRU� SURYLGLQJ� WKHLU� ODFWDWLQJ� VKH�FDPHOV�GXULQJ�WKH�VWXG\���5HIHUHQFHV�
�$EX�/HKLD�� ,�� +�� ������ &RPSRVLWLRQ� RI�FDPHO�PLON��0LOFKZLVVHQVFKDIW�� �����������������'DYLG�� &�� /�� ������ /DERUDWRU\� *XLGH� LQ�'DLU\� &KHPLVWU\� 3UDFWLFDOV�� )$2�5HJLRQDO� 'DLU\� 'HYHORSPHQW� DQG�7UDLQLQJ� &HQWUH� IRU� $VLD� DQG� 3DFLILF��'DLU\� 7UDLQLQJ� DQG�5HVHDUFK� ,QVWLWXWH��8QLYHUVLW\� RI� 3KLOLSSLQHV�� /RVV� %DQRV�&ROOHJH��/DJXQD��3KLOLSSLQHV����'HVHO��+��.���-��1��3DWHO�DQG�$��-��3DQG\D�������� &RPSRVLWLRQ� RI� FDPHO¶V� PLON��*XMUDW�$JUL��8QLY��5HV��-��������������(FNOHV��&��+���:��%��&RPEV�DQG�+��0DF\�������� 0LON� DQG� 0LON� 3URGXFWV��0F*UDZ� +LOO� %RRN� &R�� ,QF��� 1HZ�<RUN��86$���(O�$PLQ�� )�� 0�� ������ 7KH� GURPHGDU\�FDPHO� RI� WKH� 6XGDQ�� ,Q�� 3URF��:RUNVKRS� RQ� &DPHOV�� ������'HFHPEHU��.KDUWRXP��6XGDQ���������(O�$PLQ�� )�� 0�� DQG� &�� -�� :LOFR[�� ������0LON� FRPSRVLWLRQ� RI� 0DMDKHHP�FDPHOV��-��'DLU\�6FL����������������(O�(ULDQ��$��)��0��������6WXGLHV�RQ�FDPHO�PLON� LQ� WKH�.LQJGRP�RI�6DXGL�$UDELD��
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3URF�� �QG� $UDE� &RQI�� )RRG�� 6FL��7HFKQRO�����������)$2��������3URGXFWLRQ�<HDU�%RRN��������������5RPH��,WDO\����+DUEDQV�6��$�� ������+DQGERRN�RI�$QLPDO�+XVEDQGU\� IRU� ([WHQVLRQ� :RUNHUV��0LQLVWU\�RI�)RRG�DQG�$JULFXOWXUH��1HZ�'HOKL��,QGLD����+DVVDQ��$��$���$��(��+DJUDVV��.��$��6RU\DO�DQG�6�$��(O�6KDEUDZ\��������3K\VLFR�FKHPLFDO�SURSHUWLHV�RI�FDPHO�PLON�DQG�GXUDWLRQ� RI� ODFWDWLRQ� SHULRG� LQ� (J\SW��(J\SWLDQ�-��)RRG�6FL����������������.DULP�� *�� DQG� ,�� *RRNODQL�� ������ 6WXGLHV�RQ�WKH�JURVV�FRPSRQHQWV�RI�FDPHO�PLON�LQ 7XUNPDQ� 6DKDUD�� -�� 9HW�� )DFXOW\��7HKUDQ��,UDQ�����������������.KDQQD�� 1�� '�� ������ &DPHO� DV� D� PLOFK�DQLPDO��,QGLDQ�)DUPLQJ������������������.KDQQD��1��'�� DQG�$��.��5DL�� ������0LON�SURGXFWLRQ� SRWHQWLDO� RI� ,QGLDQ� &DPHO��$VLDQ�/LYHVWRFN����������������.QRHVV��.��+�� ������ 7KH� FDPHO� DV� D�PHDW�DQG� PLON� DQLPDO�� :RUOG� $QLP�� 5HY�������������)$2��5RPH���.QRHVV��.��+���$��-��0DNKXGXP��0��5DILT�DQG�0��+DIHH]��������0LON�SURGXFWLRQ�SRWHQWLDO�RI�WKH�GURPHGDU\�ZLWK�VSHFLDO�UHIHUHQFH� WR� WKH� SURYLQFH� RI� 3XQMDE��3DNLVWDQ��:RUOG�$QLP��5HY������������)$2��5RPH���0RKDPHG�� $�� 0�� ������ &DPHO� �&DPHOXV�GURPHGDULXV�� PLON�� &KHPLFDO�FRPSRVLWLRQ� DQG� WUDGLWLRQDO� SUHVHUYDWLRQ�PHWKRGV�� ,Q�� 7KH� PXOWLSXUSRVH� FDPHO��,QWHUGLVFLSOLQDU\� VWXGLHV� RQ� SDVWRUDO�SURGXFWLRQ� LQ� 6RPDOLD�� (326�� 8SSVDOD��6ZHGHQ�����������5DNHV�� -�� 0�� DQG� 2�� 7�� 6WDOOFXS�� ������9DULDWLRQ� LQ� FRPSRVLWLRQ� RI� PLON�SURGXFHG� LQ� $UNDQVDV�� %XOO�� $UNDQVDV�
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