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�

&217(176

5(9,(:'DUEXWDV��-���.��6DLNHYLþLXV$QLPDO�%UHHGLQJ�'HYHORSPHQW�LQ�/LWKXDQLD �*ULJDOLÌQDLW¡��,���-��0DOHYLþLÌW¡��,��0LFHLNLHQ¡��+�9LLQDODVV��=�*ULVOLV��(�6ORWD��-�.DQWDQHQ��(��(\WKRUVGRWWLU��,��2OVDNHU��/�(��+ROP��%�'DQHOO��(��)LPODQG%LRGLYHUVLW\�6WXGLHV�RI�1RUGLF�%DOWLF�'RPHVWLF�$QLPDO�*HQHWLF�5HVRXUFHV��$Q*5� ��*ULVOLV��=���,��*ULQEHUJD��'��5XQJXOLV0DQDJHPHQW�RI�'RPHVWLF�$QLPDO�*HQHWLF�5HVRXUFHV�LQ�/DWYLD ��3LLUVDOX��0��'HYHORSPHQW�7HQGHQFLHV�RI�$QLPDO�5HDULQJ�LQ�(VWRQLD ��5XQJXOLV� '�7KH�6LWXDWLRQ�LQ�$QLPDO�%UHHGLQJ�LQ�/DWYLD ��5lWVHS� 0�(LQI�KUXQJ�HLQHV�2UJDQLVLHUWHQ�6FKZHLQH]XFKWSURJUDPPV�LQ�(VWODQG ��&$77/(%XOLWNR��7���2��6DYHOL��7��.DDUW%RG\� &RQIRUPDWLRQ� DQG� 0LON� 3URGXFWLYLW\� RI� (VWRQLDQ� +ROVWHLQ�+HUGERRN�&RZV ��)LUN��5���(��6WDPHU��:��-XQJH��DQG�-��.ULHWHU$SSOLFDWLRQ�RI�)X]]\�/RJLF�IRU�2HVWUXV�'HWHFWLRQ�LQ�'DLU\�&RZV ��-XãNLHQ¡��9�*HQHWLF� $QDO\VLV� DQG� 0LON� 3URGXFWLRQ� RI� /LWKXDQLDQ� $ERULJLQDO�&DWWOH ��.DODPHHV��.���2�6DYHOL��7�.DDUW(IIHFW� RI� &KDQJHV� LQ� )HHG�5DWLRQ� RQ�0LON� 3URGXFWLYLW\� RI� (VWRQLDQ�1DWLYH�&RZV ��.LLPDQ��+���7��.DDUW$ERXW�0HWKRGV�5HGXFLQJ�6RPDWLF�&HOO�&RXQW�LQ�0LON ��.XUHRMD��$���7��.DDUW,QWHUDFWLRQ� %HWZHHQ� *HQRW\SH� DQG� )HHGLQJ�NHHSLQJ� &RQGLWLRQV� RI�(VWRQLDQ�5HG�&RZV ��
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2UJPHWV��(��5HODWLRQVKLSV� %HWZHHQ� (VWLPDWHG� %UHHGLQJ� 9DOXH� RI� 0LON�3HUIRUPDQFH�DQG�7\SH�7UDLWV�RI�(VWRQLDQ�5HG�&DWWOH ��3DGULN� 3�6SHUP�0RUSKRORJ\� LQ� (VWRQLDQ� +ROVWHLQ� %XOOV� RI� 9DULRXV� $JH� DQG�*UDGH�RI�+ROVWHLQ�*HQHV ��3DXUD��/���'��.DLULVD��'��-RQNXV$QDO\VLV� RI�)DFWRUV�(IIHFWV� LQ�/DWYLDQ�%URZQ�RI�'LIIHUHQW�/DFWDWLRQ�IRU�6RPDWLF�&HOO�&RXQW ��3lUQD��(�*HQHWLF�5HVSRQVH�LQ�,QGLYLGXDO�7UDLWV�DQG�7KHLU�(FRQRPLF�9DOXH ��6DYHOL��2���+��3XON0LON�3URGXFWLYLW\�RI�'XWFK�+ROVWHLQ�&RZV�LQ�(VWRQLD ��6DYHOL��2�5HODWLRQVKLS�%HWZHHQ�*HVWDWLRQ�/HQJWK�DQG�*HQHWLF�2ULJLQ�RI�&RZ ��6WUDXWPDQLV��'�0LONDELOLW\�DQG�7HPSHUDPHQW�LQ�/DWYLDQ�'DLU\�%UHHG ��6XXUPDD��$���3��-lUY��7��.DDUW2Q�&XOOLQJ�RI�'DLU\�+HUG�DQG�5DLVLQJ�RI�5HSODFHPHQW�&DWWOH ��äDNDV��$����9��-XR]DLWLHQ¡��6��-DSHUWDV$QDO\VLV�RQ�&RZ�0LON�3URGXFWLRQ�DQG�4XDOLW\�$FFRUGLQJ�WR�6RPDWLF�&HOOV�FRXQW�LQ�%ODFN�DQG�:KLWH�&DWWOH�+HUG ���6:,1(.OLPLHQ¡��$���5��.OLPDV7KH�/HDQQHVV�RI�3LJV�5DLVHG�LQ�/LWKXDQLD ���3RYLODXVNDV��,���'��5LELNDXVNLHQ¡��9��'åLDXJ\V/HDQQHV�RI�/LWKXDQLDQ�:KLWH�3LJV�%HORQJLQJ� WR�'LIIHUHQW�/LQHV�DQG�)DPLOLHV ���5D]PDLW¡��9�&RUUHODWLRQ�%HWZHHQ�3HUIRUPDQFH�RI�3XUHEUHG�DQG�&URVVEUHG�3URJHQ\�RI�,GHQWLDO�/LWKXDQLDQ�$ERULJLQDO�6RZV ���5HPHLNLHQH��-���9��-XR]DLWLHQH(VWLPDWLRQ� RI� *HQHWLF� SDUDPHWHUV� IRU� /LWKXDQLDQ�:KLWH� SLJV� E\� WKH�XVLQJ�GLIIHUHQW�PRGHOV ���5LELNDXVNLHQ¡��'���9��'åLDXJ\V��$��.OLPLHQ¡%RG\�'HYHORSPHQW�RI�&URVVEUHG�3LJV�RI�'LIIHUHQW�%UHHGV ���6FKXO]H��9���5��5|KH��DQG�(��.DOP2SWLPL]DWLRQ�RI�)HHG�,QWDNH�DQG�*URZWK�3HUIRUPDQFH�LQ�3LJV ���
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6RPHODU��(���$��7lQDYRWV��2��6DYHOL�0HDW�4XDOLW\�5HVHDUFK�RI�3XUH� DQG�&URVVEUHG�3LJV�LQ�(VWRQLD ���7lQDYRWV��$���7��.DDUW��2��6DYHOL)DFWRUV�$IIHFWLQJ�0HDW�7UDLWV�DQG�)HUWLOLW\�RI�3LJV�LQ�(VWRQLD ���+256(6��328/75<��6+((3��*2$76��)85�$1,0$/6�$1'�%((6%HLNPDQH��/���-��1XGLHQV&RUUHODWLRQ�5HODWLRQVKLS�RI�+DWFKLQJ�(JJV�RI�/D\HUV ���-DQXVKRQLV��6�+HWHURVLV�LQ�WKH�/LQHV�RI�6SHFLDOLVHG�(JJ�/D\HUV ���-XRGND��5���$��%HQHGLNWDYLþLÌW¡�.LãNLHQ¡6HOHFWLRQ� RI� WKH� ,QLWLDO� /LQHV� RI� WKH� /RKPDQQ�:KLWH� /6/� &URVV� LQ�)RXU�*HQHUDWLRQV ���-XUDV��5���5��âYHLVWLHQ¡��%��%RYHLQLHQ¡�%ORRG� *URXS� DQG� 3URWHLQ� 3RO\PRUSKLVP� *HQH� )UHTXHQFLHV� )RU� WKH�/DUJH�7\SH�äHPDLWXNDL�DQG�2WKHU�+RUVH�%UHHGV ���0DFLMDXVNLHQ¡��9�'HYHORSPHQW�RI�1RQLQEUHG�/LQHV�RI�WKH�äHPDLWXNDL�+RUVH�%UHHG ���1}PPLVWR��,�7KH�5DFLDO�([WHUQDO�)HDWXUHV�DQG�+RQH\�3URGXFWLRQ�RI�%HHV ���3HWHUVRQ��+���+��7DPVDOX�&KDQJHV�LQ�0HDVXUHV�RI�WKH�(VWRQLDQ�1DWLYH�+RUVH ���3LLUVDOX��3���$��.RRUHP&DUFDVV� 7UDLWV�� &DUFDVV� &RPSRVLWLRQ� DQG� )DWW\� $FLG� &RQWHQW� RI� WKH�(VWRQLDQ�/RFDO�%UHHG�RI�*RDW ���6SUX]V��-��6FLHQWLILF�6XEVWDQWLRQ�RI�*RDW�0LONLQJ�7HUPV ���âYHLVWLHQ¡��5�0LON� <LHOG� RI� 0DUHV� DQG� *URZWK� RI� )RDOV� LQ� WKH� /DUJH�W\SH�äHPDLWXNDL�%UHHG ���=DSDVQLNLHQ¡� %�7KH�,QIOXHQFH�RI�6HDVRQ�DQG�)UHTXHQF\�RI�/DPELQJ�RQ�)HUWLOLW\�DQG�3URJHQ\�:HLJKW�RI�/LWKXDQLDQ�/RFDO�&RDUVHZRROHG�6KHHS ���5(9,(:(56 ���
)25�127(6 ���



�

$1,0$/�%5((',1*�'(9(/230(17�,1�/,7+8$1,$-��'DUEXWDV��
��.��6DLNHYLþLXV������/LWKXDQLDQ�,QVWLWXWH�RI�$QLPDO�6FLHQFH����7KH�6WDWH�/LYHVWRFN�%UHHGLQJ�6XSHUYLVLRQ�6HUYLFH�DW�WKH�0LQLVWU\�RI�$JULFXOWXUH
,QWURGXFWLRQ$QLPDO�KXVEDQGU\��LQFOXGLQJ�EUHHGLQJ�RI�FDWWOH��SLJV��KRUVHV��VKHHS��JRDWV�DQG�RWKHU� DQLPDO� VSHFLHV� DV� ZHOO� DV� SRXOWU\�� LV� WKH� PDLQ� EUDQFK� RI� DJULFXOWXUH� LQ�/LWKXDQLD�� 7KH� GHYHORSPHQW� RI� DQLPDO� EUHHGLQJ� KDV� EHHQ� WKH� PRVW� LPSRUWDQW�GLUHFWLRQ�LQ�WKH�/LWKXDQLDQ�DQLPDO�KXVEDQGU\�IRU�D�ORQJ�WLPH�x ,Q�������0LON�UHFRUGLQJ�VRFLHWLHV�ZHUH�HVWDEOLVKHG�x ,Q�������7KH�1DWLYH�&DWWOH�,PSURYHPHQW�6RFLHW\�DQG�/LWKXDQLDQ�5HG�&DWWOH�%UHHGHUV¶�6RFLHW\�ZHUH�HVWDEOLVKHG�x ,Q�������WKH�ILUVW�$�,�� VWDWLRQV�ZHUH�IRXQGHG�x ,Q� ������*HQHUDO� DQLPDO� EUHHGLQJ� V\VWHP� IRU� GLIIHUHQW DQLPDO� VSHFLHV� ZDV�HVWDEOLVKHG�x ,Q�������0LON�UHFRUGLQJ�V\VWHP�ZDV�UHYLYHG�x ,Q�������&RPSXWLQJ�DQG�LQIRUPDWLRQ�V\VWHP�RI�FDWWOH�VHOHFWLRQ�ZDV�IRXQGHG��DQG�VLQFH�������DOO�GDLU\�FDWWOH�SHUIRUPDQFH�DQG�KHUG�ERRN�UHJLVWUDWLRQV�DUH�VWRUHG�DW�WKH�$QLPDO�%UHHGLQJ�,QIRUPDWLRQ�&HQWUH�x 6LQFH� ������ DOO� SLJ� SHUIRUPDQFH� WHVWLQJ� GDWD� DUH� SURFHVVHG� DW� WKH� $QLPDO�%UHHGLQJ�,QIRUPDWLRQ�&HQWUH�x 6LQFH�������SULYDWH�DQLPDO�EUHHGHUV¶�DVVRFLDWLRQV�ZHUH�UH�HVWDEOLVKHG�LQVWHDG�RI�$QLPDO�%UHHGLQJ�&RXQFLOV�IRU�GLIIHUHQW�DQLPDO�EUHHGV�x ,Q� ����� 7KH� 6WDWH� 3LJ� %UHHGLQJ� 6WDWLRQ� ZLWK� �� UHJLRQDO� GHSDUWPHQWV� ZDV�IRXQGHG�x ,Q�������7KH�/LYHVWRFN�%UHHGLQJ�/DZ�RI�WKH�5HSXEOLF�RI�/LWKXDQLD�ZLWK�LWV�QHZ�HGLWLRQ�LQ������ZDV�DGRSWHG�x ,Q� ������7KH�6WDWH�/LYHVWRFN�%UHHGLQJ�6XSHUYLVLRQ�6HUYLFH� �,QVSHFWLRQ�� DW�WKH�0LQLVWU\�RI�$JULFXOWXUH�ZDV�HVWDEOLVKHG�LQVWHDG�RI�7KH�'HSDUWPHQW�RI�$QLPDO�%UHHGLQJ��7KH�$QLPDO�%UHHGLQJ�6\VWHP�LQ�/LWKXDQLD�FRPSULVHV�x DQLPDO�EUHHGHUV�x HQWHUSULVHV�GRLQJ�VHUYLFH�LQ�DQLPDO�EUHHGLQJ�x WKH� UHFRJQLVHG� DQLPDO� EUHHGLQJ� LQVWLWXWLRQV� DQG� RWKHU� DQLPDO� EUHHGHUV¶�DVVRFLDWLRQV�XQGHU�FR�RUGLQDWLRQ�RI�7KH�&KDPEHU�RI�$JULFXOWXUH�x WKH� 6WDWH� /LYHVWRFN� %UHHGLQJ� 6XSHUYLVLRQ� 6HUYLFH� DW� WKH� 0LQLVWU\� RI�$JULFXOWXUH�7KH� 6WDWH� /LYHVWRFN� %UHHGLQJ� 6XSHUYLVLRQ� 6HUYLFH� DW� WKH� 0LQLVWU\� RI�$JULFXOWXUH�LV UHVSRQVLEOH�IRU�WKH�FRQWURO�RI�WKH�/LYHVWRFN�%UHHGLQJ�/DZ�DQG�RWKHU�
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OHJDO�GRFXPHQWV�DSSOLFDEOH�WR�DQLPDO�EUHHGLQJ��7KH�FRQWURO�RI�LPSOHPHQWDWLRQ�RI�WKH� DQLPDO� EUHHGLQJ� SURJUDPPHV�� DQG� WKH� RSWLPDO� GLVWULEXWLRQ� DQG� XVH� RI�JRYHUQPHQW�IXQGV�WR�HQVXUH�WKH�LPSURYHPHQW�RI�DOO�DQLPDO�EUHHGV�DQG�LQFUHDVH�RI�DQLPDO� SURGXFWLRQ� LV� DOVR� XQGHU� FRQWURO� RI� 7KH� 6WDWH� /LYHVWRFN� %UHHGLQJ�6XSHUYLVLRQ�6HUYLFH��7KH�6XSHUYLVLRQ�6HUYLFH�KDV�D�VWDII�LQ�WKH�FHQWUDO�RIILFH�DQG�DQLPDO�EUHHGLQJ� LQVSHFWRUV� LQ�HDFK�RI� WKH����GLVWULFWV��7KH� VWDWH�FRQWURO� DQG�FR�RUGLQDWLRQ� DV� ZHOO� DV� ILQDQFLDO� VXSSRUW� LV� RI� JUHDWH� LPSRUWDQFH� LQ� WKH� DQLPDO�EUHHGLQJ� V\VWHP� XQWLO� WKH� DQLPDO� EUHHGHUV¶� DVVRFLDWLRQV� EHFRPH� VWURQJHU�ILQDQFLDOO\��'DLU\�FDWWOH�EUHHGLQJ��'DLU\�IDUPLQJ�LV�WKH�PRVW�LPSRUWDQW�HQWHUSULVH�WR�DQLPDO�EUHHGHUV�DV�LW�JLYHV�RYHU����SHU�FHQW�RI�WRWDO�LQFRPH�LQ�DQLPDO�KXVEDQGU\��$W�WKH�EHJLQQLQJ� RI� ������ WKHUH� ZHUH� ������� FDWWOH� KHDG� LQ� WKH� FRXQWU\�� RI� ZKLFK���������ZHUH�PLONLQJ�FRZV�LQ�WKH�FRXQWU\��&XUUHQWO\�WKH�KHUG�VL]H�LV�YHU\�VPDOO��RQ�WKH DYHUDJH���PLONLQJ�FRZV��������RI�DOO�FRZV�DUH�NHSW�LQ���WR���FRZV�KHUGV��������� LQ�WKH�KHUGV�RI���WR���FRZV�������� LQ�WKH�KHUGV�RI���WR����FRZV�DQG�������� LQ�WKH�KHUGV�RI�RYHU����FRZV��7ZR�PDMRU� FDWWOH� EUHHGV�PDLQWDLQHG� LQ� /LWKXDQLD� DUH� /LWKXDQLDQ� %ODFN�DQG�:KLWH�DQG�/LWKXDQLDQ�5HG�&DWWOH�DFFRXQWLQJ�IRU����DQG����SHU�FHQW�RI�DOO�FDWWOH��UHVSHFWLYHO\��7KH� LPSRUWHG� FDWWOH� RI�*HUPDQ��'DQLVK��6ZHGLVK�+ROVWHLQ��'DQLVK�5HG�� $QJOHU�� *HUPDQ� DQG� 6ZHGLVK� 5HG�DQG�:KLWH�� )LQQLVK� $\UVKLUH� DQG� RWKHU�GDLU\�EUHHGV� WDNH� WKH� UHPDLQLQJ���SHU�FHQW�RI� WKH� WRWDO�GDLU\�FDWWOH�SRSXODWLRQ� LQ�/LWKXDQLD�'DLU\�SURGXFWLRQ�RI�PLON�UHFRUGHG�FRZV�LV�SUHVHQWHG�LQ�7DEOH����
7DEOH����3URGXFWLYLW\�RI�PLON�UHFRUGHG�FRZV������������UHFRUGLQJ�\HDU)DW 3URWHLQ,WHP 1R��RI�FRZV 0LON�.*V � .*V � .*V$OO�FRZV ����� ���� ���� ��� ���� ���2I�ZKLFK�%ODFN�:KLWHV ����� ���� ���� ��� ���� ���5HGV ����� ���� ���� ��� ���� ���%UHHGLQJ�IDUPV ����� ���� ���� ��� ���� ���3RWHQWLDO�EXOO�GDPV ��� ���� ���� ��� ���� ���

,Q�������WKH�QXPEHU�RI�FRZV�KDV�GHFUHDVHG�E\��������KRZHYHU��WKH�PLON�\LHOG�LQFUHDVHG� E\� ���� NJ�� DQG� ERWK� IDW� DQG� SURWHLQ� FRQWHQW� LQFUHDVHG� E\� ����� ���1XPEHU� RI� FRZV� GHFUHDVHG� GXH� WR� ORZHU� PLON� PDUNHW� SULFHV� LQ� /LWKXDQLD� DQG�XQSURILWDEOH� IDWWHQLQJ�RI�\RXQJ�EXOOV�DV�ZHOO�DV�KLJK�FRVWV�RI�KHLIHUV� UHDULQJ� IRU�UHSODFHPHQW�RI�FRZV�
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&XUUHQWO\�RQO\����SHU�FHQW�RI�DOO�FRZV�DUH�XQGHU�PLON�UHFRUGLQJ��7KH�DYHUDJH�VL]H�RI�PLON�UHFRUGHG�KHUGV�LV�DOVR�WRR�VPDOO��2QO\�����RI�DOO�PLON�UHFRUGHG�FRZV�DUH� LQ� WKH� KHUGV� RI� RYHU� ��� FRZV�� 7KH� VLWXDWLRQ� LV� UHVXOW� RI� UXLQDWLRQ� RI� PDQ\�DJULFXOWXUDO� FRPSDQLHV� DQG� LQVXIILFLHQW� VXSSRUW� IRU� VWLPXOXV� RI� IDPLO\� GDLU\�IDUPLQJ��7KH�PDMRU�SDUW�RI�PLON� UHFRUGLQJ�H[SHQVHV�DUH�FRYHUHG�E\�JRYHUQPHQW�VXEVLGLHV��%XW�WKLV�V\VWHP�GRHVQ¶W�VWLPXODWH�IDUPHUV�ZHOO�HQRXJK�WR�SDUWLFLSDWH�LQ�PLON�UHFRUGLQJ��:H�VKRXOG�KDYH�����RI�DOO�FRZV�XQGHU�PLON�UHFRUGLQJ�IRU�RSWLPDO�FDWWOH� EUHHGLQJ� VFKHPH�� ����RI� WKH� SULFH� IRU� WZR� GRVHV� RI� EXOO� VHPHQ� XVHG� IRU�LQVHPLQDWLRQ� RI� PLON�UHFRUGHG� FRZV� KDV� EHHQ� VXEVLGLVHG� WR� HQFRXUDJH� FDWWOH�EUHHGHUV WR� SDUWLFLSDWH� LQ� WKH� PLON�UHFRUGLQJ� SURJUDPPH�� %XW�� WKLV� GLGQ¶W� ZRUN�ZHOO��7KH�SUREOHP�ZLOO�EH�VROYHG�ZKHQ�WKH�DYHUDJH�KHUG�VL]H�LV�LQFUHDVHG�GXH�WR�LQFUHDVH�RI�IDPLO\�GDLU\�KHUG�VL]H�LQ�/LWKXDQLD��EHFDXVH�RYHU�����RI�DOO�FRZV�LQ�WKH�KHUGV�RI���FRZV�DQG�RYHU�VL]H�DUH�DOUHDG\�PLON�UHFRUGHG�0LON�UHFRUGLQJ� LV� RUJDQL]HG� LQ� DFFRUGDQFH� ZLWK� WKH� UHJXODWLRQV� RI� 7KH�,QWHUQDWLRQDO� &RPPLWWHH� IRU� $QLPDO� 5HFRUGLQJ� DQG� FDUULHG� RXW� E\� WKH� $QLPDO�3URGXFWLRQ�5HFRUGLQJ�6HUYLFH� �6WDWH�HQWHUSULVH�*<98/,8�352'8.7<9802�.21752/(��� 0LON� LV� WHVWHG� IRU� SURWHLQ�� IDW� DQG� VRPDWLF� FHOO� FRXQW� E\� PLON�WHVWLQJ� ODERUDWRU\�� WKH� 6WDWH� HQWHUSULVH� 3,(12� 7<5,0$,� DQG� DOO� GDWD� DUH�DFFXPXODWHG� DQG� SURFHVVHG� DW� WKH� SXEOLF� LQVWLWXWLRQ� .$,02� 9(56/2� ,5�3/(7526�,1)250$&,-26�&(175$6�7KH�PLON�UHFRUGHG�SDUW�RI�SRSXODWLRQ�JLYHV�D�SRVVLELOLW\�WR�WHVW�DERXW�QHZ����EXOOV� SHU� \HDU�� LI� DOO� EXOO� VHPHQ� SURGXFLQJ� FHQWUHV� ZRXOG� EH� LQWHUHVWHG� ZHOO�HQRXJK�WR�SDUWLFLSDWH�LQ�WKH�EXOO�WHVWLQJ�SURJUDP��2QO\����\RXQJ�EXOOV��KRZHYHU��ZHUH�SURJHQ\�WHVWHG�ODVW�\HDU�/DVW��� \HDUV��EXOOV�ZHUH�VHOHFWHG�LQ�WKUHH�ZD\V�x \RXQJ�EXOOV�REWDLQHG�IURP�EXOO�GDPV�LQ�DQG�WHVWHG�RQ�IDUPV�LQ�/LWKXDQLD�x \RXQJ�EXOOV�LPSRUWHG�IURP�DEURDG�DQG�WHVWHG�LQ�/LWKXDQLD�x LPSRUW�RI�SURYHQ�EXOOV�$W� SUHVHQW�� WKH� ODVW� WZR� UHVRXUFHV� RI� EXOOV� DUH� WHUPLQDWHG XQGHU� LPSRUW�UHVWULFWLRQV��EHFDXVH�RI�%6(�DQG�0RXWK�DQG�)HHW�GLVHDVHV�LQ�(XURSH�DQG�%RYLQH�/HXFRVLV� LQ�1RUWK�$PHULFD�� ,W� FDQ� FRQWLQXH� IRU� WZR� FDWWOH� JHQHUDWLRQV� RU� ORQJHU�WLPH��0XFK�PRUH�DWWHQWLRQ�ZLOO�EH�SDLG� WR�EXOO� VHOHFWLRQ� IURP� WKH�EHVW�SRWHQWLDO�EXOO�GDPV�DQG�EXOO�VLUHV��7KH�QXPEHU�RI�SRWHQWLDO�EXOO�GDPV�ZLOO�LQFUHDVHG�RYHU�������2QH�KXQGUHG�EXOO�FDOYHV� DW� �� WR� �� PRQWKV� RI� DJH� DUH� SXUFKDVHG� WR� \RXQJ� EXOO� UHDULQJ� VWDWLRQ�DQQXDOO\�� ��� SHU� FHQW� RI� WKH� \HDUOLQJ� EXOOV� ZLOO� EH� VHOHFWHG� WR� $�,�� FHQWUHV� IRUVHPHQ�SURGXFWLRQ�DQG�SURJHQ\�WHVWLQJ�7KHUH�DUH����EUHHGLQJ�IDUPV�RI�WKH�ILUVW�FDWHJRU\�DQG�����EUHHGLQJ�KHUGV�RI�WKH�VHFRQG� FDWHJRU\�� $OO� SRWHQWLDO� EXOO�GDPV� DUH� NHSW� LQ� WKH� EUHHGLQJ� IDUPV�� 7KH�IDUPV�DOVR�DUH�D�PDLQ�UHVRXUFH�RI�KHLIHUV�IRU�VDOH��1XPEHU�RI�VROG�KHLIHUV�GURSSHG�
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IURP������LQ������WR������KHLIHUV�LQ�������EHFDXVH�RI�ORZHU�VXEVLG\��7KHUHIRUH������KHLIHUV�ZHUH�H[SRUWHG�3LJ� EUHHGLQJ��7KHUH� DUH� RQH� PLOOLRQ� SLJV� NHSW� LQ� /LWKXDQLD�� 7KH�PDMRU� SLJ�EUHHG� LQ� RXU� FRXQWU\� LV� /LWKXDQLDQ�:KLWH�� 7KH� /LWKXDQLDQ�:KLWH� SLJV� DUH� ZHOO�VXLWHG�IRU�LQGXVWULDO�FURVVEUHHGLQJ�DV�WKH�PDLQ�PDWHUQDO�EUHHG��2WKHU�EUHHGV�XVHG�IRU� FURVVEUHHGLQJ�� 6ZHGLVK�� )LQQLVK��'DQLVK��1RUZHJLDQ� DQG�%ULWLVK�<RUNVKLUH��6ZHGLVK��*HUPDQ��)LQQLVK��'DQLVK��%HOJLDQ�DQG�1RUZHJLDQ�/DQGUDFH�DV�ZHOO�DV�*HUPDQ�/DUJH�:KLWH��3LHWUDLQ��+DPSVKLUH�DQG�'XURF�$W�WKH�EHJLQQLQJ�RI�WKH�\HDU���������SLJV�ZKHUH�NHSW�LQ�WKH����QXFOHXV�KHUGV�7KH�VHOHFWLRQ�RI�SLJV�DLPHG�DW�KLJK�IHUWLOLW\��JRRG�IHHG�LQWDNH�DQG�IDWWHQLQJ��DV�ZHOO� DV� JRRG� TXDOLW\� RI� SRUN� DQG� FDUFDVV�� � 0DLQ� JRDOV� RI� SLJ� EUHHGLQJ� LQ� WKH�QHDUHVW�IXWXUH�x LPSURYHPHQW�RI�WKH�/LWKXDQLDQ�:KLWH�SLJV�IRU�EHWWHU�IHUWLOLW\��L�H��OLWWHU�VL]H�RI�PDLQ�VRZV�VKRXOG�EH����WR����SLJOHWV�x PHDW�UDWLR�LQ�FDUFDVV����WR����SHU�FHQW�x GDLO\�JDLQ�����WR�����J��IHHG�LQWDNH���� WR�����IHHG�XQLWV���NJ��IDW�WKLFNQHVV�QHDU�WKH�ODVW�ULEV�ORZHU�RI����PP�%RDUV�DQG�VRZV�DUH�SURJHQ\� WHVWHG� IRU� IDWWHQLQJ�DQG�FDUFDVV�TXDOLWLHV� LQ�7KH�3LJ�3HUIRUPDQFH�7HVWLQJ�&HQWUH�QHDU�%DLVRJDOD��7KHUH�DUH�����WR�����ERDUV�DQG����� WR� ���� VRZV� DQQXDOO\� WHVWHG� LQ� WKH� &HQWUH�� $FFRUGLQJ� WR� WKH� UHVXOWV� RI� WKH�&HQWUH�� SXUH�EUHGV� RI� GLIIHUHQW� EUHHGV� DQG� VRPH� FRPELQDWLRQV� RI� FURVVEUHHGLQJ�JLYH� D� FDUFDVV� RI� JRRG� TXDOLW\�� 7KHUHIRUH�� )� FURVVEUHG� JLOWV� IRU� LQGXVWULDO� SLJ�IDUPV�DUH� UHDUHG�DW�EUHHGLQJ�IDUPV� WRR��7KH�FURVVEUHG�)�� VRZV�DUH�EUHG�ZLWK� WKH�ERDUV�RI�VSHFLDOLVHG�PHDW�W\SH�EUHHGV�XQGHU�FURVVEUHHGLQJ�RI�����EUHHGV�V\VWHP�LQ�WKH�LQGXVWULDO�SLJ�IDUPV��6R��OHVV�LPSRUWHG�SLJV�ZLOO�EH�QHHGHG�
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%,2',9(56,7<�678',(6 2)�%$/7,&�125',&�'20(67,&�$1,0$/�*(1(7,&�5(6285&(6��$1*5�,�*ULJDOLÌQDLW¡��� -�� 0DOHYLþLÌW¡��� ,�� 0LFHLNLHQ¡
��� +�9LLQDODVV��� =�*ULVOLV���(�6ORWD���-�.DQWDQHQ���(��(\WKRUVGRWWLU���,��2OVDNHU���/�(��+ROP���%�'DQHOO� DQG�(��)LPODQG���/LWKXDQLDQ� 9HWHULQDU\� $FDGHP\�� .DXQDV�� /LWKXDQLD�� �(VWRQLDQ� $JULFXOWXUDO�8QLYHUVLW\�� 7DUWX�� (VWRQLD�� �/DWYLD 8QLYHUVLW\� RI� $JULFXOWXUH�� -HOJDYD�� /DWYLD���1DWLRQDO� 5HVHDUFK� ,QVWLWXWH� RI� $QLPDO� 3URGXFWLRQ�� .UDNRZD�� 3RODQG���$JULFXOWXUDO� 5HVHDUFK� &HQWUH�� -RNLRLQHQ�� )LQODQG�� �$JULFXOWXUDO� 5HVHDUFK�,QVWLWXWH��5H\NMDYLN��,FHODQG���7KH 1RUZHJLDQ�6FKRRO�RI�9HWHULQDU\�6FLHQFH� 2VOR��1RUZD\�� �'DQLVK� ,QVWLWXWH� RI� $JULFXOWXUDO� 6FLHQFHV�� 7MHOH�� 'HQPDUN�� �6ZHGLVK�8QLYHUVLW\� RI� $JULFXOWXUDO� 6FLHQFHV�� 8SSVDOD�� 6ZHGHQ�� ��1RUGLF� *HQH� %DQN IRU�)DUP $QLPDOV��cV��1RUZD\�
,QWURGXFWLRQ7KH�WRWDO�JOREDO�ELRGLYHUVLW\�PRVW� OLNHO\�LQFOXGHV�WHQV�RI�PLOOLRQV�RI�VSHFLHV��%XW� WKH�ELRORJLFDO�GLYHUVLW\�RI� WKH�SODQHW� LV� UDSLGO\�EHLQJ�GHSOHWHG�DV�D�GLUHFW�RU�LQGLUHFW�FRQVHTXHQFH�RI�KXPDQ�DFWLRQV��$Q�XQNQRZQ�EXW�ODUJH�QXPEHU�RI�VSHFLHV�DUH�DOUHDG\�H[WLQFW��ZKLOH�PDQ\�RWKHUV�KDYH�UHGXFHG�SRSXODWLRQ�VL]H�WKDW�SXW�WKHP�WR�ULVN��)UDQNKDP� ������0DQNLQG�XVHV�VRPH����VSHFLHV�RI�DQLPDOV�DV�GRPHVWLF�OLYHVWRFN�WR�PHHW�RXU�QHHGV�IRU� IRRG�� FORWKLQJ�� SRZHU�� HWF�� :LWKLQ� WKHVH� VSHFLHV�� WKHUH� DUH� LQ� WRWDO� VRPH� �����EUHHGV�WKDW�DUH�UHIHUUHG�WR�DV�WKH�JOREDO�DQLPDO�JHQHWLF�UHVRXUFHV��%DUNHU� ������,Q�UHFHQW�\HDUV��FKDQJHV�LQ�HFRQRPLF�FOLPDWH�KDYH�SURPRWHG�WKH�XVH�RI�EUHHGV�VXLWHG� WR� LQWHQVLYH�SURGXFWLRQ�V\VWHPV��ZKLFK�KDV� OHG� WR�D� IHZ�EUHHGV�EHFRPLQJ�ZLGHVSUHDG�ZKLOH� WKH� EUHHGV� WKDW� WKH\�KDYH� UHSODFHG�KDYH� GHFOLQH� LQ� SRSXODWLRQ�VL]H��,Q�VRPH�FDVHV�QDWLYH�SRSXODWLRQV�KDYH�EHHQ�FURVVEUHG�ZLWK�LPSRUWHG�VWRFN�LQ�XSJUDGLQJ�SURJUDPPHV��%ORWW�HW�DO�� ������(DFK� EUHHG� LV� WKH� SURGXFW� RI�PXWDWLRQ� DQG� JHQHWLF� GULIW�� DV� ZHOO� DV� VHSDUDWH�DGDSWDWLRQ�DQG�HYROXWLRQ��ZLWK�GLIIHULQJ� VHOHFWLRQ�SUHVVXUHV� LPSRVHG�E\�FOLPDWH��HQGHPLF�SDUDVLWHV�DQG�GLVHDVHV��DYDLODEOH�QXWULWLRQ�DQG�FULWHULD� LPSRVHG�E\�PDQ��(DFK� EUHHG� WKXV� FRPSULVHV� D� XQLTXH� VHW� RI� JHQHV� �%DUNHU� ������ 1DWLYH�SRSXODWLRQV� PD\� KDYH� HQFRPSDVVHG� JHQHWLF� YDULDQWV� WKDW� ZRXOG� KDYH� DGDSWLYH�DGYDQWDJHV�XQGHU�ORFDO�HQYLURQPHQWDO�FRQGLWLRQV��%ORWW�HW�DO�� �������'RPHVWLFDWHG� UXPLQDQWV�� VXFK� DV� FDWWOH� DQG� VKHHS�� DUH� HFRORJLFDOO\� DQG�RU�HFRQRPLFDOO\� LPSRUWDQW� IDUP� DQLPDOV� LQ� 1RUWK� (XURSH� ZLWK� D� FDSDELOLW\� WR� XVH�JUDVV�LQ�QXWULWLRQ��7KH� LPSRUWDQFH� RI� PDLQWHQDQFH� RI� GRPHVWLF� DQLPDO� GLYHUVLW\� KDV� EHHQ�HPSKDVL]HG�LQ�VHYHUDO�UHSRUWV��+DOO�	 %UDGOH\� ������.DQWDQHQ�HW�DO�� �������ZH�FDQ� DVVXPH� WKDW� JHQHWLF� YDULDWLRQ� RI� GRPHVWLF� FDWWOH� DQG� VKHHS� LV� GHFOLQLQJ�� 7R�
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PDNH� WKH� FXUUHQW� DQG� IXWXUH� SURJUHVVLYH� LPSURYHPHQW� RI� GRPHVWLF� DQLPDOV�SRSXODWLRQV� VXFFHVVIXO� LQ� LQWHQVLYH� DQG� H[WHQVLYH� FLUFXPVWDQFHV�� WKH� JHQHWLF�YDULDWLRQ� ZLWKLQ� GRPHVWLFDWHG� VSHFLHV� PXVW� EH� PDLQWDLQHG� �2OGHQEURHN� �������%RWK� WKH� YDULDWLRQ� ZLWKLQ� EUHHGV� DQG� WKH� YDULDWLRQ� EHWZHHQ� EUHHGV� DQG� ORVV� RI�YDULDWLRQ� ZLOO� UHVWULFW� WKH� RSWLRQV� DYDLODEOH� WR� PHHW� XQSUHGLFWDEOH� IXWXUH�UHTXLUHPHQWV� �%DUNHU� ������� 6SHFLHV� ZLWK� ORZ� JHQHWLF� YDULDWLRQ� ZRXOG� EH�H[SHFWHG� WR� KDYH� UHGXFHG� DELOLW\� WR� FRSH� ZLWK� HQYLURQPHQWDO� FKDQJH� GXULQJ�HYROXWLRQ�DQG�VR�KDYH�VKRUWHU�HYROXWLRQDU\�OLIHVSDQV��)UDQNKDP� �������+RZHYHU�� WKH� GUDPDWLF� GHFOLQH� LQ� OLYHVWRFN� LQYHQWRULHV� DQG� WKH� HFRQRPLF�FRQGLWLRQV� FOHDUO\� LQGLFDWH� WKDW� WKHUH� LV� SUHVVXUH� WR� LQFUHDVH� SURILWDELOLW\� RI�OLYHVWRFN�IDUPLQJ�E\�UHSODFLQJ�OHVV�SURGXFWLYH�EUHHGV�ZLWK�PRUH�SURGXFWLYH�RQHV��(VSHFLDOO\�KLJK±LQSXW�KLJK±RXWSXW�EUHHGV�OLNH�WKH�+ROVWHLQ�KDYH�DOUHDG\�DQG�VWLOO�DUH� JDLQLQJ� LPSRUWDQFH� LQ� 3RODQG� DQG� WKH�%DOWLFV�� DV�ZHOO��$W� WKH� VDPH� WLPH�� LW�EHFRPHV� IDVKLRQDEOH� WR� WDNH±XS� EHHI� IDUPLQJ� E\� LPSRUWLQJ� GLYHUVH� EHHI� EUHHGV�IURP�:HVWHUQ�(XURSH�DQG�1RUWK�$PHULFD�7RGD\��LQ�3RODQG�WKH�PDLQ�FDWWOH�EUHHG�LV�WKH�%ODFN	:KLWH��+ROVWHLQ���ZKLFK�UHSUHVHQW� DOPRVW� ���� RI� WKH� QDWLRQDO� FDWWOH� KHUG�� VPDOOHU� SRSXODWLRQV� EHLQJ� WKH�5HG	:KLWH�� WKH�3ROLVK�5HG�� WKH�6LPPHQWDO�DQG�WKH�-HUVH\��2QO\�WKH�3ROLVK�5HG�EUHHG�KDV�WKH�VWDWXV�RI�HQGDQJHUHG�EUHHG�,Q�(VWRQLD�� WKH�PDLQ�FDWWOH�EUHHGV�DUH� WKH�+ROVWHLQ DQG� WKH�5HG�&DWWOH�ZLWK�D�VKDUH�RI�DERXW��� DQG����� UHVSHFWLYHO\��7KH�(VWRQLDQ�1DWLYH FDWWOH�KDV�VWDWXV�RI�HQGDQJHUHG�EUHHG�ZLWK�D�SRSXODWLRQ�RI�DERXW������DQLPDOV�,Q�/DWYLD�� WKH�PDLQ� EUHHG� LV WKH�/DWYLDQ�%URZQ� FDWWOH�ZLWK� D� VKDUH� RI� DERXW����� RI� WKH� QDWLRQDO� FDWWOH� KHUG�� /HVV� LPSRUWDQW� EUHHGV� DUH� WKH� %ODFN	:KLWH��+ROVWHLQ���WKH�'DQLVK�5HG�DQG�WKH�$QJOHU��7KH�/DWYLDQ�%OXH�&DWWOH KDV�WKH�VWDWXV�RI�HQGDQJHUHG�EUHHG�,Q� /LWKXDQLD�� WKHUH� DUH� WZR� PDLQ� EUHHGV�� WKH� /LWKXDQLDQ� %ODFN	:KLWH��+ROVWHLQ�� DQG� WKH� /LWKXDQLDQ� 5HG� &DWWOH� FRPSULVLQJ� UHVSHFWLYHO\� VRPH� �� DQG����� RI� WKH� FRXQWU\¶V� FDWWOH� SRSXODWLRQ�� 7KH� /LWKXDQLDQ� :KLWH� %DFN�� WKH�/LWKXDQLDQ� /LJKW�*UD\� �%OXH�� DQG� WKH� ROG� W\SH� RI� WKH� /LWKXDQLDQ�%ODFN	:KLWH�FDWWOH�FRPSULVH�YHU\�VPDOO�SRSXODWLRQV�DQG�KDYH�WKH�VWDWXV�RI�HQGDQJHUHG�EUHHG�7KH�QDWLYH�%DOWLF�VKHHS�EUHHGV��/LWKXDQLDQ�&RDUVHZRROHG��/LWKXDQLDQ�%ODFN�IDFH��(VWRQLDQ�1DWLYH�DQG�/DWYLDQ�'DUN±KHDG��EHORQJ�WR�WKH�VKRUW�WDLOHG�JURXS�RI�VKHHS�DQG�DUH�DVVXPHG�WR�EH�FORVHO\�UHODWHG�WR�RWKHU�VKRUW±WDLOHG�EUHHGV�LQ�1RUWK�(XURSH�� 7KHVH� VKHHS� EUHHGV� DUH� NQRZQ� IRU� KDUGLQHVV�� VRPH� JURZ� VSHFLDO� ZRRO�W\SHV�DQG�YDULDWLRQ� LQ�FRORXU� LV�TXLWH�FRPPRQ��7KH\�DUH�RIWHQ�KLJKO\� IHUWLOH�DQG�SURGXFH� ODUJH� OLWWHUV� EXW� WKH� ERG\� FRQIRUPDWLRQ� LV� OHVV� FRPSDFW� WKDQ� RI� KHDY\�PHDW� W\SH� EUHHGV�� 7KH� PDUNHW� GHPDQG� IRU� KHDY\� DQG� PXVFXODU� ODPE� FDUFDVVHV�ZLWK� D� KLJK� OHDQ� PHDW� FRQWHQW� LV� XQIDYRXUDEOH� IRU� WKH� VKRUW±WDLOHG� EUHHGV� LQ�
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FRPSHWLWLRQ�ZLWK�WKH�KHDY\�EUHHGV��/LWKXDQLDQ�&RDUVHZRROHG�VKHHS�KDV�WKH�VWDWXV�RI�FULWLFDO�EUHHG�8QWLO� YHU\� UHFHQWO\�� WKH� PDQ\� VWXGLHV� RI� JHQHWLF� VWUXFWXUH� KDYH� XVHG�SRO\PRUSKLVP�LQ�ORFL�IRU�FRDW�FRORXUV��KRUQ�W\SHV��EORRG�JURXSV��PLON�DQG�SODVPD�SURWHLQV��6LQFH�WKH�ODWH�����V��PROHFXODU�PHWKRGV�KDYH�SURYLGHG�QHZ�PDUNHUV�IRU�WKH�VWXG\�RI�JHQHWLF�YDULDWLRQ��HYHQ�WR�WKH�OHYHO�RI�DQDO\VLV�DW�WKH�'1$�VHTXHQFH�LWVHOI��%DUNHU�HW�DO�� ������ $PRQJ�WKHVH�PROHFXODU�PDUNHUV��LQFUHDVLQJ�SUHIHUHQFH�LV�EHLQJ�JLYHQ�WR�PLFURVDWHOOLWHV��7KHVH�PDUNHUV�DUH�UHSHWLWLYH�HOHPHQWV�FRQWDLQLQJ�VLPSOH� VHTXHQFH�PRWLIV��XVXDOO\�GLPHUV�RU� WULPHUV��7KH\�DSSHDU� WR�EH�DEXQGDQW��DYHUDJLQJ�EHWZHHQ��������DQG��������� LQ�PDPPDOV�� DQG�DUH�HYHQO\�GLVWULEXWHG�WKURXJKRXW� WKH� JHQRPH��0LFURVDWHOOLWHV� GLVSOD\� D� KLJK�GHJUHH� RI� SRO\PRUSKLVP��ZLWK�D�PHDQ�SRO\PRUSKLVP�LQIRUPDWLRQ�FRQWHQW�RI������0RD]DPL�*RXGDU]L�HW�DO��������,Q� DGGLWLRQ� WR�PLFURVDWHOOLWHV�� DQDO\VHV� RI�PDWHUQDOO\� LQKHULWHG�PLWRFKRQGULDO�'1$��PW'1$��DQG�SDWHUQDOO\�LQKHULWHG�<�FKURPRVRPDO�'1$�KDYH�SURYHG�WR�EH�XVHIXO� WRROV� WR� DVVHVV� KLVWRULFDO� RULJLQV� DQG� WR� DVVHVV� PRUH� SUHFLVHO\� JHQH� SRRO�GHYHORSPHQW�RI�FDWWOH�EUHHGV��%UDGOH\�HW�DO�� ������0DF+XJK�HW�DO�� ������0DQQHQ�HW�DO�� �������7KLV�NLQG�RI�LQIRUPDWLRQ�KDV�D�YDOXH�ZKHQ�GHFLVLRQV�RQ�FRQVHUYDWLRQ�RI�XQLTXH�SRSXODWLRQV�QHHG�WR�EH�PDGH��0D\� ������+DOO�	 %UDGOH\� ������$QDO\VLV� RI� SURWHLQ� SRO\PRUSKLVP� DQG� PW'1$� '±ORRS� VHTXHQFH� KDV�VXJJHVWHG� D� FODVVLILFDWLRQ� RI� FDWWOH� GLYHUVLW\� LQWR� WZR� PDMRU� JURXSV�� KXPSOHVV�WDXULQH��%RV�WDXUXV��DQG�KXPSHG�]HEX��%RV�LQGLFXV���$IULFDQ�DQG�(XURSHDQ�FDWWOH�GLVSOD\� WZR� GLIIHUHQW� WDXULQH� PW'1$� VHTXHQFHV�� 5HFHQWO\�� -DSDQHVH� DQG�0RQJROLDQ� LQGLJHQRXV� FDWWOH� ZHUH� IRXQG� WR� GLVSOD\� XQLTXH� PW'1$� GLYHUVLW\��7KXV��WKHUH�DUH�DW�OHDVW�IRXU�PW'1$�OLQHDJHV�LQ�GRPHVWLF�FDWWOH��,Q�GRPHVWLF�VKHHS�ZHUH� DEOH� WR� ILQG� WZR� GLIIHUHQW� PW'1$� OLQHDJHV� �(XURSHDQ� DQG� $VLDQ�� E\�UHVWULFWLRQ�HQ]\PH�DQDO\VLV�RI�PW'1$�5HFHQW�VWXGLHV�RQ�JHQHWLF�YDULDWLRQ�LQGLFDWH�D�GLYHUJHQFH�RI�PRVW�RI�WKH�1RUGLF�LQGLJHQRXV�FDWWOH�EUHHGV�IURP�FRPPHUFLDO�PRGHUQ�EUHHGV��.DQWDQHQ�HW�DO����������7KH� 1±(852±&$'� LV� D� FROODERUDWLYH� SURMHFW� EHWZHHQ� WKH� ILYH� 1RUGLF�FRXQWULHV�� WKH�%DOWLF� FRXQWULHV� �(VWRQLD�� /DWYLD� DQG�/LWKXDQLD�� DQG�3RODQG��'DWD�IURP� WKH� PLFURVDWHOOLWH� DQDO\VLV� RI� WKH� 1RUGLF�� %DOWLF� DQG� 3ROLVK� EUHHGV� LV�FROOHFWHG� LQWR� D� &DWWOH� 'LYHUVLW\� �&D'%DVH�� SURMHFW�� 7KH� SURMHFW� DLPV� WR�FKDUDFWHUL]H� JHQHWLF� GLYHUVLW\� LQ� (XURSHDQ� FDWWOH�� ,Q� DGGLWLRQ� WR� DXWRVRPDO�PDUNHUV�� 1RUGLF� DQG� %DOWLF� FDWWOH� EUHHGV� DUH� FXUUHQWO\� DQDO\VHG� IRU� <±FKURPRVRPDO�'1$�YDULDWLRQ�LQ�WKH�SURMHFW�IXQGHG�E\�$FDGHP\�RI�)LQODQG��/HVV�PROHFXODU� JHQHWLF� FKDUDFWHUL]DWLRQV� KDV� VR� IDU� EHHQ� FRQGXFWHG� LQ� VKHHS�EUHHGV�� 7KH� %DOWLF� DQG� 1RUGLF� ODERUDWRULHV� KDYH� VWDUWHG� VKHHS� GLYHUVLW\� SURMHFW�ZKHUH����VKHHS�EUHHGV�RU�SRSXODWLRQV�RI�1RUWK�(XURSHDQ�RULJLQ�DUH�DQDO\VHG�IRU����PLFURVDWHOOLWHV�DQG�PW'1$�VHTXHQFH�GLYHUVLW\��7R�GHPRQVWUDWH�WKH�XQLTXHQHVV�
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RI� WKHVH� VKHHS�EUHHGV� DQG� WKHLU� KLVWRULFDO� RULJLQV��PRUH� VKHHS�EUHHGV� RI�(DVWHUQ�DQG�:HVWHUQ�JHRJUDSKLF�RULJLQ�VKRXOG�EH�DQDO\VHG�'RPHVWLFDWHG� DQLPDOV� KDYH� KDG� DQ� LPSRUWDQW� DVVRFLDWLRQ� ZLWK� KXPDQ�PRYHPHQWV� DQG� VWXGLHV� RQ� RULJLQV� RI� FDWWOH� DQG� VKHHS� EUHHGV� FDQ� SURYLGH� QHZ�LQIRUPDWLRQ�RQ�DVSHFWV�RI�SUHKLVWRU\�RI�KXPDQ�SRSXODWLRQV��7KH� UHVHDUFK� LV� IRFXVHG� RQ FROOHFWLRQ� RI� EORRG� VDPSOHV� RI� XQFKDUDFWHUL]HG�%DOWLF� DQG� 3RODQG� FDWWOH� DQG� VKHHS� EUHHGV� DQG� WKHLU� LQYHVWLJDWLRQ� E\� VHOHFWHG�PLFURVDWHOOLWH�PDUNHUV�� LQYHVWLJDWLRQ�RI�PW'1$�VHTXHQFH�YDULDWLRQ� LQ�FDWWOH� DQG�VKHHS�EUHHGV�WR�H[WHQW�NQRZOHGJH�RQ�GLVWULEXWLRQ�RI�PW'1$�OLQHDJHV�RI�GRPHVWLF�DQLPDOV�� DQDO\VLV� RI� JHQHWLF� GLYHUVLW\� ZLWKLQ� D� EUHHG� DQG� GHWHUPLQDWLRQ� RI� JHQH�IUHTXHQFLHV�DQG�JHQHWLF�GLVWDQFHV�EHWZHHQ�EUHHGV�� WR�FRPELQH� WKHVH� UHVXOWV�ZLWK�RWKHU�PLFURVDWHOOLWHV��<�FKURPRVRPH� DQG�PW'1$� VWXGLHV� LQ� FDWWOH� DQG� VKHHS� WR�LGHQWLI\� JHQHWLFDOO\� XQLTXH� EUHHGV�� JHQHUDWH� QHZ� LQIRUPDWLRQ� IRU� FRQVHUYDWLRQ�VWUDWHJLHV�RI�FDWWOH�DQG�VKHHS�JHQHWLF�UHVRXUFHV�IRU�IXWXUH�EUHHGLQJ�VWUDWHJLHV� DQG�WR�XQGHUVWDQG�EUHHG�KLVWRULHV��DQG�FRPSDUH�WKH�JHQHWLF�RULJLQV�RI�FDWWOH�DQG�VKHHS�EUHHGV�LQ�WKH�(XUDVLDQ�FRQWLQHQW�
0DWHULDOV�DQG�0HWKRGV$QLPDO�VDPSOHV%ORRG�VHPHQ VDPSOHV�ZHUH�FROOHFWHG�IURP�����XQUHODWHG�DQLPDOV�EHORQJLQJ�WR����%DOWLF�DQG�3RODQG�FDWWOH�EUHHGV�DQG�IURP�����XQUHODWHG�DQLPDOV�EHORQJLQJ�WR���%DOWLF�VKHHS�EUHHGV��7KHVH�EUHHGV�DUH WKH�IROORZLQJ�%UHHG 1R� RI�IHPDOHV 1R� RI�PDOHV 7RWDO6KHHS�/LWKXDQLDQ�&RDUVHZRROHG/LWKXDQLDQ�%ODFN±IDFHG(VWRQLDQ�1DWLYH/DWYLDQ�'DUN±KHDG&DWWOH�3ROLVK�%ODFN�	�:KLWH/DWYLDQ�%URZQ�/DWYLDQ�%OXH�/DWYLDQ�'DQLVK�5HG�(VWRQLDQ�1DWLYH(VWRQLDQ 5HG/LWKXDQLDQ�5HG/LWKXDQLDQ�:KLWH±%DFN/LWKXDQLDQ�/LJKW±*UH\/LWKXDQLDQ�%ODFN�	�:KLWH
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%ORRG�ZDV�FROOHFWHG� LQWR� WZR ��PO�YDFXWDLQHUV� IURP�HDFK�DQLPDO��'1$�ZDV�H[WUDFWHG�IURP���PO�RI�IUHVK�RU�IUR]HQ�EORRG�DQG����PO�ZDV�NHSW�DV�D�UHVHUYH��,I�FROOHFWLQJ�RI�EORRG�VDPSOHV�ZDV QRW�DYDLODEOH��WKH�EXOO¶V�'1$�ZDV�H[WUDFWHG�IURP�VHPHQ� 'XH� WR� WKH� VPDOO� VL]H� RI� VKHHS�SRSXODWLRQ OHVV� WKDQ���� LQGLYLGXDOV�ZHUH�FROOHFWHG�IURP (VWRQLD�/DERUDWRU\�DQDO\VLV0LFURVDWHOOLWH�'1$�LV�DQDO\VHG�LQ��� WR ���XQUHODWHG�LQGLYLGXDOV�SHU�D�FDWWOH�RU�VKHHS� EUHHG�� 7KH� PLFURVDWHOOLWHV� KDYH� EHHQ� FKRVHQ� IURP� WKH� &D'%DVH�UHFRPPHQGDWLRQ�OLVW��7KH� ��� PLFURVDWHOOLWH� ORFL� VWXGLHG� LQ� FDWWOH� EUHHGV� DUH WKH� IROORZLQJ�� ,15$������,15$������,15$������,15$������,15$������,15$������+(/����+(/�����+(/����+(/����%0�������%0�������%0�������(7+�����(7+������(7+������(7+����&660���� ,/676������,/676�����7KH����PLFURVDWHOOLWH� ORFL�VWXGLHG�LQ�VKHHS�EUHHGV�DUH WKH�IROORZLQJ��2DU)&%������2DU)&%������2DU)&%�����2DU)&%�����2DU++�����2DU++�����0&0������0$)� ����0$)� ����0$)� ����0$)� ����� ,15$� ����� %0������� %0�������%0�������%0�������%0�������%0�������%0�������,/676������2DU&3�����2DU&3�����2DU&3�����&660�����2DU9+����0LWRFKRQGULDO�'1$�FRQWDLQV� D� VSHFLILF� UHJLRQ� FDOOHG� WKH� GLVSODFHPHQW� ORRS��7KH�3&5�LV�XVHG�WR�DPSOLI\�WKH�'±ORRS��6L[�WR�WHQ DQLPDOV�SHU�EUHHG�DUH�DQDO\VHG��,Q� ERYLQH� PW'1$� '±ORRS� VHTXHQFH� ����ES�� DQG� LQ� RYLQH� PW'1$� '±ORRS�VHTXHQFH�����ES��YDULDWLRQ�DQDO\VLV DQG D�ODERUDWRU\�DQDO\VLV�JLYHQ�E\�%UDGOH\�HW�DO�� �������DUH�DSSOLHG�6HTXHQFH� YDULDWLRQ� GHWHUPLQHG� LQ� WKH� SUHVHQW� VWXG\� ZLOO� EH� ODWHU� FRPSDUHG�ZLWK�SXEOLVKHG�VHTXHQFHV�RI�RWKHU�(XURSHDQ�FDWWOH�DQG�VKHHS�EUHHGV�6WDWLVWLFDO�DQDO\VLV0LFURVDWHOOLWH�'1$�YDULDWLRQ�ZLWKLQ� DQG�EHWZHHQ�EUHHGV�ZLOO� EH� DVVHVVHG� DV�GHVFULEHG� E\�0DF+XJK� HW� DO�� ��������.DQWDQHQ� HW� DO�� ������� DQG� 7DSLR� HW� DO���������� ,QWUD± DQG� LQWHU±EUHHG� YDULDWLRQ� EDVHG� RQ� PW'1$� VHTXHQFHV� ZLOO� EH�HVWLPDWHG�DV�GHVFULEHG�E\�%UDGOH\�HW�DO�� �������
5HIHUHQFHV%DUNHU��-�6�)��������&RQVHUYDWLRQ�RI�OLYHVWRFN�EUHHG�GLYHUVLW\��$JUL ���������%DUNHU�� -�6�)��� 0RRUH�� 6�6��� +HW]HO�� '�-�6��� (YDQV�� '��� 7DQ�� 6�*�� 	 %\UQH�� .�������� *HQHWLF� GLYHUVLW\� RI� $VLDQ� ZDWHU� EXIIDOR� �%XEDOXV� EXEDOLV���PLFURVDWHOOLWH� YDULDWLRQ� DQG� D� FRPSDULVRQ� ZLWK� SURWHLQ�FRGLQJ� ORFL�� $QLP��*HQHW�������������%ORWW�� 6�&��� :LOOLDPV�� -�/�� 	 +DOH\�� &�6�� ������ *HQHWLF� YDULDWLRQ� ZLWKLQ� WKH�+HUHIRUG�EUHHG�RI�FDWWOH��$QLP��*HQHW�������������
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%UDGOH\�� '�*��� 0DF+XJK�� '�(��� &XQQLQJKDP�� 3�� 	 /RIWXV�� 5�7�� ������0LWRFKRQGULDO�GLYHUVLW\�DQG�WKH�RULJLQV�RI�$IULFDQ�DQG�(XURSHDQ�FDWWOH��3URF��1DW��$FDG��6FL��86$��������������)UDQNKDP��5��������&RQVHUYDWLRQ�JHQHWLFV��$QQ��5HY��*HQHWLFV ����������+DOO�� 6�-�*�� 	 %UDGOH\�� '�*�� ������ &RQVHUYLQJ� OLYHVWRFN� EUHHG� ELRGLYHUVLW\��7UHQGV��(FRO��(YRO�������������.DQWDQHQ�� -��� 2OVDNHU�� ,��� $GDOVWHLQVVRQ�� 6��� 6DQGEHUJ�� .��� (\WKRUVGRWWLU�� (���3LUKRQHQ��.��	 +ROP�� /�(�� ������7HPSRUDO� FKDQJHV� LQ� JHQHWLF� YDULDWLRQ� RI�1RUWK (XURSHDQ�FDWWOH�EUHHGV��$QLP��*HQHW�����������.DQWDQHQ��-���2OVDNHU�� ,���+ROP��/�(��/LHQ��6���9LONNL�� -���%UXVJDDUG��.���'DQHOO��%��� (\WKRUVGRWWLU�� (�� 	 $GDOVWHLQVVRQ�� 6�� ������ *HQHWLF� GLYHUVLW\� EHWZHHQ�1RUWK�(XURSHDQ�FDWWOH�EUHHGV��-� RI�+HUHGLW\ ��� �������0DF+XJK��'�(��� 6KULYHU��0�'��� /RIWXV�� 5�7���&XQQLQJKDP�� 3��	 %UDGOD\��'�*�������� 0LFURVDWHOOLWH� '1$� YDULDWLRQ� DQG� WKH� HYROXWLRQ�� GRPHVWLFDWLRQ� DQG�SK\ORJHRJUDSK\� RI� 7DXULQH� DQG� =HEX� FDWWOH� �%RV� WDXUXV DQG� %RV� LQGLFXV��*HQHWLFV ��������������0DQQHQ��+���7VXML��6���/RIWXV��5�7��	 %UDGOD\��'�*��������0LWRFKRQGULDO�'1$�YDULDWLRQ� DQG� HYROXWLRQ� RI� -DSDQHVH� %ODFN� &DWWOH� �%RV� WDXUXV��� *HQHWLFV��������������0D\��5�0��������7D[RQRP\�DV�GHVWLQ\��1DWXUH ������������0RD]DPL�*RXGDU]L��.���/DORs��'���)XUHW��-�3��	 *URVFODXGH��)��������$QDO\VLV�RI�JHQHWLF� UHODWLRQVKLSV�EHWZHHQ����FDWWOH�EUHHGV�ZLWK����PLFURVDWHOOLWHV��$QLP��*HQHW�������������2OGHQEURHN��-�.��������,Q�*HQHEDQNV�DQG�WKH�FRQVHUYDWLRQ�RI�IDUP�DQLPDO�JHQHWLF�UHVRXUFHV��HG��E\�-�.��2OGHQEURHN��,'�'/2��/HO\VWDG��7KH�1HWKHUODQGV� SS������7DSLR��0���0LFHLNLHQH��,��	 .DQWDQHQ��-�������� ,Q����WK ,QWHUQDWLRQDO�&RQIHUHQFH�RQ�$QLPDO�*HQHWLFV��S�����
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0$1$*(0(17�2)�'20(67,&�$1,0$/�*(1(7,&�5(6285&(6�,1�/$79,$=��*ULVOLV��'HSDUWPHQW�RI�$QLPDO�6FLHQFH��/DWYLD�8QLYHUVLW\�RI�$JULFXOWXUH�,��*ULQEHUJD
��'��5XQJXOLV��1DWLRQDO�&R�RUGLQDWRU���0LQLVWU\�RI�$JULFXOWXUH�RI�/DWYLD��0��/LGDNV��/DWYLD�$VVRFLDWLRQ�RI�$QLPDO�%UHHGHUV
,QWURGXFWLRQ,W� LV�VLJQLILFDQWO\� LPSRUWDQW� WR�PDLQWDLQ� LQGLJHQRXV�EUHHGV�DQG� WKHLU�JHQHV�DV�JHQHWLF�UHVRXUFH� IRU�IXWXUH�VHOHFWLRQ�FRQVLGHULQJ�WKH�UROH�RI� WKH�JHQHWLF�YDULDWLRQ�RI�IDUP�DQLPDOV
�JHQHWLF�JDLQ��,QGLJHQRXV�EUHHGV�DGDSWHG�WR�KDUVK�HQYLURQPHQWV��GR�QRW�GHPDQG�KLJK�LQSXW�LQ�SURGXFWLRQ�DQG�XVXDOO\�WKH\�DUH�D�SDUW�RI WKH�FXOWXUH�DUH�QHJOHFWHG�IRU�RQH�PDLQ�UHDVRQ��$�IHZ�KLJK�SURGXFWLYH�IRUHLJQ�EUHHGV�UHSODFHG�WKHP�� 7R� FRQVHUYH� DQLPDOV� FXUUHQWO\� DUH� QRW� LQ� LQWHUHVW� WR� IDUPHUV� LV� WKH� PDLQ�WDUJHW�RI�)$2�JOREDO�VWUDWHJ\�7KH�ILUVW�VWHS�LV�WR�GHYHORS�DQG�VXSSRUW�D�FRXQWU\�� EDVHG�LQIUDVWUXFWXUH�IRU�WKH�PDQDJHPHQW� RI� DQLPDO� JHQHWLF� UHVRXUFHV�� 7R� LPSOHPHQW� D� SDUW� RI� WKH� ILUVW� VWHS�WKHUH�ZDV�ZRUNHG�RXW� D�&RQVHUYDWLRQ�3URJUDPPH� IRU�'RPHVWLF�$QLPDO�*HQHWLF�5HFRXUVHV��)LYH�/DWYLDQ�LQGLJHQRXV�EUHHGV�ZHUH�LQFOXGHG�
0DWHULDO�DQG�0HWKRGV&RXQWULHV�LQYROYHG�LQ�WKH�&RQYHQWLRQ�RI�%LRORJLFDO�'LYHUVLW\�KDYH�VRYHUHLJQW\�DQG�UHVSRQVLELOLW\�RYHU�WKH�UHFRXUVHV�WKH\�KDYH��/DWYLD�KDV�VLJQHG�WKLV�FRQYHQWLRQ�LQ�������1DWXUH�0DQDJHPHQW�DQG�5HJLRQDO�'HYHORSPHQW�0LQLVWU\�KDV�ZRUNHG�RXW�D�1DWXUH�0DQDJHPHQW�$FWLRQ�3URJUDPPH� WR�DZDUH� WKH� UHFRXUVHV�/DWYLD�KDV�DQG�WR�VHW�VHYHUDO�DFWLYLWLHV�WR�PDLQWDLQ�WKH�UHDVRQDEOH�XWLOLVDWLRQ�RI�WKHP��$� VSHFLDOLVWVC� JURXS� FROODERUDWRULQJ�ZLWK� WKH�$VVRFLDWLRQ� RI�/DWYLDQ�$QLPDO�%UHHGHUV� ZRUNHG� RXW� D� FRQVHUYDWLRQ� SURJUDPPH LQ� EHKDOI� RI� 0LQLVWU\� RI�$JULFXOWXUH�RI�/DWYLD��7KHUH�ZHUH�LQFOXGHG�EUHHGV�RI�/DWYLDQ�%URZQ�DQG�/DWYLDQ�%OXH� FRZV�� /DWYLDQ�:KLWH� SLJV�� /DWYLDQ� 'DUN�KHDG� VKHHS� DQG� /DWYLDQ� +RUVHV��%DVLF�PHWKRGV� IRU� LQYHVWLJDWLRQ� DQG�PDLQWHQDQFH� RI� EUHHGV� ZHUH� HVWDEOLVKLQJ� D�GDWDEDVH��JHQH�EDQN�IRUPLQJ�E\�VWRULQJ�VHPHQ�DW�$,�VWDWLRQV��ZRUNLQJ�RXW�D�SODQ�IRU� SRVVLEOH� FRPSOHWH� TXDQWLWDWLYH�� LPPXQH�JHQHWLF� DQG� PROHFXODU� JHQHWLF�DQDO\VLV�RI�WKH�'1$�PDWHULDO�RI�WKHP�
5HVXOWV�&DWWOH��+LVWRULFDOO\�WKH�PRVW�ZLGHO\�UHDUHG EUHHG�LQ�/DWYLD� LV�/DWYLDQ�%URZQ������� VLQFH� WKH� EHJLQQLQJ� RI� ��WK FHQWXU\�� 7KH� QH[W� ODUJHVW� EUHHG� LV� EODFN�DQG�ZKLWH�+ROVWHLQ�)ULHVHQ� ������� 7KHUH� LV� OHVV� WKDQ� ���/DWYLDQ�%OXH� FDWWOH�ZKLFK�KDV� WKH� VWDWXV� RI� DQ� HQGDQJHUHG� EUHHG�� ,Q� IDFW�ZH� FDQ� TXDOLI\� WKH� VWDWXV� RI WKDW�SRSXODWLRQ�DV�FULWLFDO�PDLQWDLQHG��WKH�DPRXQW�RI�DFWLYH�SRSXODWLRQ�LV�1H ����7KH�
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DPRXQW�RI�DFWLYH�SRSXODWLRQ�RI�/DWYLDQ�%URZQ�LV�DSSUR[LPDWHO\�1H �����7DNLQJ�SDUW� LQ� D� SURMHFW� RI� HVWDEOLVKLQJ�(XURSHDQ�5HG�'DLU\�%UHHG� DV� D� SDUW� RI�1RUGLF�*HQH�%DQN�PDLQWDLQV�LWV�VWURQJ�SRVLWLRQ��/DWYLDQ�GDLU\� FDWWOH� EUHHGV� KDG�EHHQ� LQYHVWLJDWHG�RQ� HU\WKURF\WH� DQWLJHQV� E\�GLIIHUHQW� DXWKRUV�� 9�� 'HNVQH�� 9�� 6KLPLV�� /�� /DXND�� .�� .MDXQH�� 5�� %H·HUH� HWF��7KH\�KDG�FROODERUDWHG�ZLWK� VFLHQWLVWV� LQ�%DOWLF� FRXQWULHV� �=��9DJRQLV��/��9DKHU��DQG�5XVVLD� �$��0DVKXURY��3��6RURNRYRM���7KHUH�ZHUH� LQYHVWLJDWHG�EORRG�JURXSV�IRU�PRUH� WKDQ����\HDUV� SHULRG� DQG�PDGH� DQ� DWWHPSW� WR� ILQG� FRQQHFWLRQ�EHWZHHQ�EORRG� JURXSV� DQG� SURGXFWLYLW\� DQG� HVWLPDWHG� SKLORJHQHWLFDO� UHODWLRQ� EHWZHHQ�GLIIHUHQW�UHG�EUHHGV�LQ�%DOWLF�'HNVQH�9�� HW� DO�>�@� FRPSDUHG� WKH� /LWKXDQLDQ� 5HG� �Q ������� /DWYLDQ� %URZQ��Q ������� $QJOHU� �Q ������ (VWRQLDQ� 5HG� �Q ������ DQG� 'DQLVK� 5HG� �Q ������FDWWOH�EUHHGV�E\�HU\WKURF\WH�DQWLJHQV��7KH\�IRXQG�>�@�WKDW�WKH�VPDOOHVW�GLIIHUHQFH�ZDV�EHWZHHQ�/LWKXDQLDQ�5HG�DQG�/DWYLDQ�%URZQ DQG�EHWZHHQ�/LWKXDQLDQ�5HG�DQG�$QJOHU�EUHHG��JHQHWLF�GLVWDQFH�' ��������������WKH�ELJJHVW�GLIIHUHQFH�ZDV�IRXQG�EHWZHHQ� (VWRQLDQ� �' ������� DQG� 'DQLVK� 5HG� �' ������� FDWWOH� EUHHGV�� 7KH\�VXJJHVWHG�WKDW�WKH�ELJJHVW�JHQHWLF�GLVWDQFH�ZDV�EHWZHHQ�/LWKXDQLDQ�DQG�(VWRQLDQ�5HG�FDWWOH�EUHHGV� UHIHUUHG� WR�WKH�RULJLQDOLW\�RI�JHQHWLF�VWUXFWXUH�RI�(VWRQLDQ�5HG�EUHHG�,I�ZH�FRPSDUH�GDWD� IURP�VHYHUH�VRXUFHV�ZH�FDQ�VHH�WKDW�DFFHQW�ZDV�FKDQJHG��7DEOH����DQG�LW�SRLQWHG�RXW�GLIIHUHQW�DOOHOHV�
7DEOH� ��� 7KH� PRVW� IUHTXHQW� ($%� DOOHOHV� W\SLFDO� RI� WKH� /DWYLDQ� %URZQ� LQ� WKH�GLIIHUHQW�VRXUFHV 6RXUFH>�@ >�@ >�@%�2� %�2� %�2�%�2�<�'
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7KH�IUHTXHQF\�RI� W\SLFDO�/DWYLDQ�%URZQ�($%�DOOHOHV�KDV�GLPLQLVKHG�>�@�DQG�WKH� IUHTXHQF\� RI� DOOHOHV� %�3�<�*
� �W\SLFDO� RI� $QJOHU� EUHHG�� DQG� 2�-
�.
2
��LQWURGXFHG� E\� +ROVWHLQV�� LQFUHDVHG�� 7KH� IUHTXHQF\� RI� ($%� DOOHOHV� *� KDV�LQFUHDVHG�DV�ZHOO��VKRZLQJ�WKH�LQFUHDVH�RI�LPSRUWDQFH�RI�+ROVWHLQV�
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7KH� PHQWLRQHG� DXWKRUV� >�@� WKLQN� WKDW� UDUHO\� ILQG� DOOHOHV� ���� DQG� UDUH�� LQ�/DWYLDQ�%URZQ�SRSXODWLRQV�DUH*���.��3���3���7���7���,
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��%

��5���/
�HWF�)UHTXHQWO\�ILQG�DOOHOHV������DQG�PRUH��DUH%���2���<���'
��*
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��<
��&���(�/LNH�PDMRULW\�RI�(XURSHDQ�FDWWOH�EUHHGV�/DWYLDQ�%URZQ�>�@ KDV�QRW�DOOHOH�=
�7KHUH� ZHUH� QRW� IRXQG� VXFK� JHQHWLF� FKDUDFWHULVWLFV� RI� /DWYLDQ� %OXH� FDWWOH�SRSXODWLRQ�3LJV��'XULQJ�ODVW�GHFDGHV�LQ�/DWYLD�ZHUH�LQWURGXFHG�D�QXPEHU�RI�EUHHGV��VXFK�DV� 'HXWVFKH� (GHOVFKZHLQ�� $PHULFDQ� +DPSVKLUH�� 'XURF�� /DUJH� :KLWH� HWF��%DVLFDOO\�WKH\�ZHUH�XVHG�IRU�FURVVLQJ�DQG�K\EULGLVDWLRQ�SXUSRVH��2XU�QDWLYH�RULJLQ�VZLQH� EUHHG� LV� /DWYLDQ�:KLWH�� 7KH� /DWYLDQ�:KLWH� KDV� WDNHQ� D� OHDGLQJ� SRVLWLRQ�DPRQJ� WKH� RWKHU� EUHHGV� DOWKRXJK� WKHUH� LV� D� WHQGHQF\� WR� GLPLQLVK�� ,W� LV� GXH� WR�GHFUHDVLQJ�WKH�WRWDO�DPRXQW�RI�SLJV�LQ�WKH�FRXQWU\�6KHHS�� ,Q� /DWYLD� WKHUH� LV� UHDUHG� RQO\� RQH� EUHHG� RI� VKHHS� � /DWYLDQ� 'DUN�KHDGHG�� 7KH� EUHHG� LV� HYROYHG� LQ� /DWYLD� DV� WKH� EDVH� RI� QDWLYH� VKHHS� VWUDLQV� WR�LPSURYH� WKHP� ZLWK� VRPH� EUHHGV� IURP� %ULWDLQ� DV� 2[IRUGVKLUH�� 6KURSVKLUH� HWF��'XULQJ� WKH� ODVW� GHFDGHV� WKHUH� ZHUH� XVHG� )LQQLVK� /DQGUDFH�� $UJHQWLQH� &RUULGHO��7H[HO��7KH�DFWLYH�SRSXODWLRQ�RI�/DWYLDQ�'DUN�KHDGHG�LV�QRW�ODUJH��7DEOH����7KHUH�DUH�ZRUNHG�RXW�DFWLYLWLHV�IRU�LWV�PDLQWDLQLQJ�+RUVHV��7KHUH�LV�RQH�EUHHG�RI�KRUVHV�LQ�/DWYLD�ZLWK�D�ZLGHVSUHDG�XVH�� /DWYLDQ�+RUVHV�� 7KH� EUHHG� ZDV� GHYHORSHG� IURP� WZR� QDWLYH� KRUVH� SRSXODWLRQV� IRXQG�WKRURXJK�WKH�WHUULWRU\�RI�/DWYLD�VLQFH��WK WLOO���WK FHQWXU\��)RU�LPSURYHPHQW�ZHUH�XVHG�=HPDLWXNDL�+RUVHV� IURP�/LWKXDQLD��7RUL�+RUVHV� IURP�(VWRQLD��2OGHQEXUJHU�:DUPEOXW�� +ROVWHLQHU�:DUPEOXW�� %UDQGHUEXUJHU�:DUPEOXW�� DQG�0HFNOHQEXUJHU�:DUPEOXW�IURP�*HUPDQ\��*URQLQJHU�+RUVHV�IURP�1HWKHUODQGV��$QJOR�$UDEHU�HWF��$FWLYH� SRSXODWLRQ� RI� EUHHG� LV� VPDOO� DQG� DFWLYLWLHV� IRU� PDLQWHQDQFH� RI� EUHHG� LV�H[WUHPHO\�LQGLVSHQVDEOH��,Q�OLWHUDWXUH�VRXUFHV�ZH�FRXOG�QRW�ILQG�XVHIXO�LQIRUPDWLRQ�DERXW�RXU�QDWLYH�SLJ��VKHHS� DQG� KRUVH� SRSXODWLRQ� JHQHWLFV� FKDUDFWHULVWLFV� WKHUHIRUH� WKHUH� ZHUH�DQWLFLSDWHG� IXUWKHU� DFWLYLWLHV� LQ� RXU� SURJUDPPH�� 3RSXODWLRQV� LQFOXGHG� LQ� WKH�&RQVHUYDWLRQ�3URJUDPPH�IRU�'RPHVWLF�$QLPDO�*HQHWLF�5HVRXUFHV�DUH�LQ�GLIIHUHQW�VWDJHV�RI�HQGDQJHUQHVV���7DEOH���$� YHU\� LPSRUWDQW� TXHVWLRQ� IRU� FRQVHUYDWLRQ� DQG�PDLQWHQDQFH� WKH� LQGLJHQRXV�EUHHGV�LV�WR�ILQG�RXW�DGYDQWDJHRXV�DQG�GLVDGYDQWDJHRXV�JHQHV�DQG�JHQH�EORFNV�LQ�WKHLU�JHQRPH��,Q�/DWYLD�WKHUH�LV�QR�SRVVLELOLW\�WR�XVH�PROHFXODU�JHQHWLFV�PHWKRGV�LQ� VXFK� LQYHVWLJDWLRQV� GXH� WR� WHFKQLFDO� PDWWHUV�� ,Q� WKDW� FRQWH[W� ZH� DUH� YHU\�WKDQNIXO� WR� WKH� 1RUGLF� FRXQWULHV� LQLWLDWLYH�� HVSHFLDOO\� WR� 1RUGLF� *HQH� %DQN��1RUZD\� �'U��(UOLQJ�)LPODQG���'XULQJ� ODVW� \HDUV� WKHUH�ZHUH� WDNHQ� VDPSOHV� IURP�/DWYLDQ� FRZ� SRSXODWLRQV� �1�(852�&$'�� ������ DQG� VKHHS� SRSXODWLRQV� ��������
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7KHUH�ZLOO�EH�DOVR�DQDO\VHG�D�VHW�RI�DSSUR[LPDWHO\����PLFURVDWHOOLWH�PDUNHUV�DQG����DQLPDOV�SHU�EUHHG�WR�JDWKHU�DOO�DYDLODEOH�LQIRUPDWLRQ�
7DEOH����&KDUDFWHULVWLFV�RI�QDWLYH�IDUP�DQLPDOV�SRSXODWLRQV�LQ�/DWYLD'HJUHH�RI�HQGDQJHU %UHHG 6SHFLHV 1H��� %$���:LGHVSUHDG�XVH����LQ�FURVVEUHHGLQJ /DWYLDQ�:KLWH 3LJV � $%,3���/DWYLDQ�:KLWH 3LJV ��� $%,3����DV�VWUDLJKWEUHG�LQ�03��� /DWYLDQ�%URZQ &RZV ��� $%,3/DWYLDQ�+RUVH +RUVHV ��� $%,3/LPLWHG�XVH�EXW�LQ�:'36��� /DWYLDQ�'DUN�KHDGHG 6KHHS ���� '%,3���&ULWLFDO� /DWYLDQ�%OXH &RZV �� ',633���

([SODQDWLRQ�� �� 03� PDLQVWUHDP� SURGXFWLRQ�� �� :'36� � ZHOO�GHILQHG�SURGXFWLRQ� V\VWHP��1H� � DPRXQW� RI� DFWLYH� SRSXODWLRQ�� �� � EUHHGLQJ� DFWLYLWLHV�� ��DFWLYH�EUHHG� LPSURYHPHQW�SURJUDP�� �� � GHYHORS�EUHHG� LPSURYHPHQW�SURJUDP�� ��GHYHORS�LQ�VLWX�SUHVHUYDWLRQ�SURJUDP�%UHHGV�LQFOXGHG�LQ�WKH�SURJUDPPH�DUH�IRXQG�RQO\�LQ�/DWYLD�DQG�QRW�HOVHZKHUH��7KHUHIRUH�LQ�VLWX�FRQVHUYDWLRQ�RI�WKHLU�JHQHWLF�GLYHUVLW\�ZLOO�VXSSRUW�DOO�DFFHVVLEOH�PHDVXUHV�� WR�PDLQWDLQ�OLYH�DQLPDO�RI�VPDOO�SRSXODWLRQV��JHUP�SODVP��VHPHQ�DQG�HPEU\R�� EDQN� DQG� VRPH� JHQH� PDWHULDO� �'1$�� IRU� IXWXUH� GHWDLOHG� JHQHWLF�LQYHVWLJDWLRQ�DQG�VXVWDLQDEOH�XVH�
&RXQFOXVLRQV�� /DWYLDQ�LQGLJHQRXV�EUHHGV�DUH�HQGDQJHUHG�EHFDXVH�WKH\�KDUGO\�FRPSHWH�ZLWK�KLJK� SURGXFWLYH� IRUHLJQ�� WKLV� UHDVRQ� SURYHV� QHFHVVLW\� WR� FRQVHUYH� WKH�LQGLJHQRXV�JHQHWLF�UHVRXUFHV��� 0DQDJHPHQW�RI�JHQHWLF�UHVRXUFHV�LV�D�YHU\�HVVHQWLDO�DVSHFW�RI�WKH SURJUDPPH��7KHUH�LV�QHFHVVLW\�WR�HVWDEOLVK�1DWLRQDO�)RFDO�3RLQW�DQG�PRUH�DFWLYHO\�LQYROYH�$QLPDO� %UHHGHUV� RUJDQL]DWLRQV� LQ� RUGHU� WR� FRQWLQXH� PRUH� VXFFHVVIXO�LPSOHPHQWDWLRQ�RI�JHQHWLF�UHVRXUFHV�FRQVHUYDWLRQ�SURJUDPPH�
5HIHUHQFHV�� >wdkg_�� <�Y��� Dymg_�D�Y��� FZrmjh\�� :�F��� Khjhdh\hc�� I�N��� MoZgh\��K�<��Nbeh]_g_lbq_kdbc� ZgZeba� [mjh]h� eZl\bckdh]h� kdhlZ� gZ� hkgh\_�ihebfhjnbafZ� wjbljhpblZjguo� Zglb]_gh\��/DWYLMDV� =LQDWQX� DNDGHPLMDV�YHVWLV��������1U���������� ��������OSS�
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�� %RYHLQLHQH�� %�� 9LLQDODVV�� +�� 9DUY�� 6��� %HNHUH�� 5�� 3UHOLPLQDU\� $QDO\VLV� IRU�&RPSDULQJ� *HQHWLF� 6WUXFWXUH� RI� /LWKXDQLDQ�� /DWYLDQ� DQG� (VWRQLDQ� 1DWLYH�&DWWOH��3URFHHGLQJV� RI� WKH� �WK %DOWLF� $QLPDO� %UHHGLQJ� &RQIHUHQFH��-HOJDYD��������$SULO��������������SS��� 9LLQDODVV�+��9DUY�6���%RYHLQLHQH�%���%HNHUH�5��5HG�FDWWOH�EUHHGV�LQ�WKH�%DOWLF�FRXQWULHV� � FKDUDFWHULVDWLRQ�E\�JHQHWLF�PDUNHUV��3URFHHGLQJV�RI� WKH��WK %DOWLF�$QLPDO�%UHHGLQJ�&RQIHUHQFH��%DLVRJDOD���������������SS��� >wdkg_�� <�Y�� =_g_lbq_kdbc� ihebfhjnbaf� wjbljhpblZjguo� Zglb]_gh\� bg_dhlhjuo� [_edh\� djh\b� [mjh]h� eZl\bckdh]h� kdhlZ� \ k\yab� k _]h�bkihevah\Zgb_f� \ k_e_dpbb�� :\lhj_n_jZl� ^bk�� dZg^�� [bhe�� GZmd��E_gbg]jZ^�Imrdbg�������� ���k�
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'(9(/230(17�7(1'(1&,(6�2)�$1,0$/�5($5,1*�,1�(6721,$0��3LLUVDOX��0LQLVWU\�RI�$JULFXOWXUH��(VWRQLD
'HFUHDVH� LQ� WKH� WRWDO� SURGXFWLRQ� RI� DQLPDO� UHDULQJ� LV� JUHDWHU� WKDQ� LQ� SODQW�SURGXFWLRQ�� 7KH� QXPEHU� RI� DQLPDOV� DQG� WKH� RXWSXW� RI� DQLPDO� SURGXFWV� KDYH�GHFOLQHG� \HDU� E\� \HDU� GXH� WR� WKH� ORZ� SXUFKDVLQJ� SULFHV�� UHODWLYHO\� JUHDW� LPSRUW�FDSDFLWLHV�� DQG� WKH� LQIOXHQFHV� RI� WKH� DJULFXOWXUDO� UHIRUP�� :LWKLQ� WHQ� \HDUV�� WKH�QXPEHU� RI� DQLPDOV� KDV� GHFUHDVHG� ����� 7KH� QXPEHU� RI� VKHHS� DQG� JRDWV� KDV�GHFUHDVHG�FD������7DEOH����

7DEOH����7KH�QXPEHU�RI�FRZV�DV�RI�'HFHPEHU�����E\�WKRXVDQGV�RI�KHDGV�%RYLQHV 3LJV 6KHHS�DQG�JRDWV +RUVHV 3RXOWU\���� ����� ����� ����� ��� ���������� ����� ����� ����� ��� ���������� ����� ����� ���� ��� ���������� ����� ����� ���� ��� ���������� ����� ����� ���� ��� ���������� ����� ����� ���� ��� ���������� ����� ����� ���� ��� ���������� ����� ����� ���� ��� ���������� ����� ����� ���� ��� ���������� ����� ����� ���� ��� ������
0LON�SURGXFWLRQ'DLU\� FDWWOH� UHDULQJ� KDV� EHHQ� WKH� PRVW� LPSRUWDQW� VHFWRU� RI� DJULFXOWXUDO�SURGXFWLRQ� ZLWKLQ� WKH� UHFHQW� GHFDGHV�� 6LPLODUO\� WR� WKH� JHQHUDO� WHQGHQFLHV� LQ�DJULFXOWXUH��GDLU\�SURGXFWLRQ�KDV�DOVR�GHFUHDVHG�ZLWKLQ�WKH�SUHYLRXV�WHQ�\HDUV��,Q�������WKHUH�ZHUH�������WKRXVDQG�WRQQHV�RI�PLON�SURGXFHG�LQ�(VWRQLD��LQ�������WKH�ILJXUH�KDG�GURSSHG�WR�RQO\�����WKRXVDQG�WRQQHV��7DEOH�����%\�WKH�\HDU�������PLON�SURGXFWLRQ�KDG�GHFUHDVHG������7KH� UHDVRQ�RI� WKH� GHFOLQH� LV� WKH� GHFUHDVH� LQ� WKH�QXPEHU�RI�DQLPDOV��ZKLFK�KDV�EHHQ�FDXVHG�E\�WKH�VWHHS�UHFHVVLRQ�LQ�WKH�SXUFKDVH�FDSDFLW\�RI�WKH�HDVWHUQ�PDUNHW�DQG�LQ�H[SRUW�FDSDFLWLHV�6LQFH� ������ PLON� SURGXFWLRQ� SHU� FRZ� VWDUWHG� WR� JURZ� DJDLQ�� ,Q� ������ PLON�SURGXFWLRQ�SHU�FRZ�ZDV�����KLJKHU�WKDQ�LQ�������
7KH�QXPEHU�RI�FRZV,Q�������WKH�QXPEHU�RI�FRZV�LQ�(VWRQLD�GHFUHDVHG��FRPSDUHG�WR�WKDW�RI�������E\�DQRWKHU�������DQLPDOV��RU�������FRPSULVLQJ���������DQLPDOV�DV�RI�-DQXDU\����
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������)LJXUH�����6LQFH�D�\HDU�DJR��WKHUH�ZDV�WKH�GURS�RI�DOPRVW����������������������RQ� WKH�DYHUDJH��� WKHQ� LQ������� UHODWLYH�VWDELOLVDWLRQ� LQ� WKH�QXPEHU�RI�FRZV�FRXOG� EH� REVHUYHG�� 7KH� OLTXLGDWLRQ� RI� WKH� FDWWOH� GXH� WR� WKH� XQIDYRXUDEOH�SURGXFWLRQ�FRQGLWLRQV� LQ������KDV�EHHQ� VWRSSHG�� VWURQJHU� DQG�PRUH�FRPSHWLWLYH�SURGXFHUV�KDYH�VXUYLYHG��7KHUH�LV�QR�FRQVLGHUDEOH�GHFOLQH�H[SHFWHG�LQ�WKH�QXPEHU�RI� FRZV� ZLWKLQ� WKH� QH[W� IHZ� \HDUV�� UDWKHU� VRPH� LQFUHDVH� LV� DVVXPHG�� ,Q� ������������ RI� FRZV�ZDV� XQGHU� DQLPDO� UHFRUGLQJ�� 7KH�PDMRU� SDUW� LQ� WKH� VWUXFWXUH� RI�FDWWOH�FRPSULVHG�WKH�(VWRQLDQ�+ROVWHLQ�EUHHG�FRZV�± �������DQG�WKH�SHUFHQWDJH�RI�WKHVH� KDV� FRPSDUHG� WR� WKH� ODVW� \HDU� LQFUHDVHG� E\� ���� SHUFHQWDJH� SRLQWV�� 7KHLQFUHDVH� LQ� WKH� QXPEHU� RI� WKH� +ROVWHLQ� EUHHG� FRZV� KDV� EHHQ� HYRNHG� E\� WKHLU�JUHDWHU� JHQHWLF� SRWHQWLDO� FRPSDUHG� WR� RQH� RI� WKRVH� RI� WKH� (VWRQLDQ� 5HG� DQG�(VWRQLDQ�1DWLYH�FDWWOH�EUHHG�FRZV��7KH�SHUFHQWDJH�RI� WKH�(VWRQLDQ�1DWLYH�FDWWOH�EUHHG� KDV� DOVR� LQFUHDVHG� IURP� ����� WR� ����� DQG� WKLV� KDV� EHHQ� HYRNHG� E\� WKH�JRYHUQPHQW�VXEVLG\�JLYHQ�WR�WKH�1DWLYH�FDWWOH�EUHHG�FRZV�DV�DQ�HQGDQJHUHG�EUHHG��7KH�SHUFHQWDJH�RI� WKH�(VWRQLDQ�5HG�EUHHG�FRZV�KDV�GHFUHDVHG� WR��������ZKLFK��FRPSDUHG�WR�WKH�SUHYLRXV�\HDU��KDV�GURSSHG�E\�����SHUFHQWDJH�SRLQWV�
0LON�SURGXFWLRQ$FFRUGLQJ� WR� WKH�SURYLVLRQDO� GDWD���������� WRQQHV�RI�PLON�ZHUH�SURGXFHG� LQ������� ZKLFK� LV� ����� RU� ������ WRQQHV� PRUH� WKDQ� LQ� ����� �)LJXUH� ���� 7KH� OLWWOH�LQFUHDVH� LQ� PLON� SURGXFWLRQ� ZDV� DFKLHYHG� ZLWKLQ� WKH� ODVW� PRQWKV� RI WKH� \HDU�GHVSLWH�WKH�SURGXFWLRQ�EHLQJ��������WRQQHV�VPDOOHU�LQ�WKH�ILUVW�KDOI�\HDU�FRPSDUHG�WR� WKH� VDPH�SHULRG�RI� WKH�SUHYLRXV� \HDU��7KH�SURGXFWLRQ�RI� WKH� VHFRQG�KDOI�\HDU�H[FHHGHG� WKH� DFFRUGLQJ� YDOXH� RI� DVVHWV� RI� WKH� SUHYLRXV� \HDU� DOUHDG\� E\� �������WRQQHV��7KHUH�ZDV���������WRQQHV�RI�PLON�UHDOLVHG�WR�WKH�PLON�SURFHVVLQJ�RU������PRUH� WKDQ� LQ�������7KH�DPRXQW�RI�PLON�ERXJKW�XS�E\� WKH�SURFHVVLQJ� LQGXVWULHV��L�H��WKH�DPRXQWV�RI�WKH�VHFRQG�KDOI�\HDU�H[FHHGHG�WKH�DPRXQWV�RI�WKH�VDPH�SHULRG�LQ� ������ 7KH� TXDOLW\� RI� PLON� KDV� LPSURYHG� FRPSDUHG� WR� WKH� SUHYLRXV� \HDU�� ,Q�������WKH�HOLWH�RU�KLJKHU�JUDGH�PLON�FRPSULVHG�������RI�WKH�PLON�SXUFKDVHG��DQG�LQ�������LW�ZDV��������7KH�SHUFHQWDJH�RI�JUDGH��VW PLON��KRZHYHU��GHFUHDVHG�IURP�������WR��������7KH�IDW�FRQWHQW�RI�WKH�PLON�UHVHUYHG�ZDV�RQ�WKH�DYHUDJH�RI�������RU������SHUFHQW�KLJKHU�WKDQ�LQ������7KH� LQFUHDVH� LQ� WKH� WRWDO� SURGXFWLRQ� RI� PLON� ZKLOH� WKH� QXPEHU� RI� FRZV� KDV�GHFUHDVHG�FDQ�EH�H[SODLQHG�E\�WKH�JUHDWHU�DYHUDJH�SURGXFWLYLW\�RI�WKRVH�UHPDLQHG��ZKLFK�LQ�������UHDFKHG D�UHFRUG�OHYHO�LQ�(VWRQLD�± ������NJ��L�H������NJ���������PRUH� WKDQ� LQ� WKH�SUHYLRXV� \HDU�� DQG�����NJ�PRUH� WKDQ� LQ� WKH� UHFRUG�\HDU�RI� WKH�����LHV�� WKDW� LV� ����� �)LJXUH� ���� 7KLV� JURZWK� LQ� SURGXFWLYLW\� LV� LQ� PDQ\� ZD\V�H[SODLQDEOH�E\�WKH�IDFW�WKDW�LQ�PRVW�FDVHV�WKH�OHVV�SURGXFWLYH�FRZV�ZHUH�ORVW�LQ�WKH�FRXUVH� RI� UHGXFLQJ� RU� HOLPLQDWLQJ� FDWWOH� GXULQJ� WKH� SUHYLRXV� \HDUV� GXH� WR� WKH�
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GLVDGYDQWDJHRXV�FRQGLWLRQV��$W�WKH�VDPH�WLPH��PLON�SURGXFHUV�KDYH�VWDUWHG�WR�SD\�JUHDWHU�DWWHQWLRQ�WR�IHHGVWXIIV��HVSHFLDOO\�WR�WKH�SURGXFWLRQ�DQG�TXDOLW\�RI�VLOR�
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0LON�LQ�WKRXVDQGV�RI�WRQQHV 0LON�SHU�FRZ��NJ�\HDU� 1R��RI�FRZV�LQ�WKRXVDQGV
)LJXUH����1XPEHU�RI�FRZV�DQG�JURVV�SURGXFWLRQ�RI�PLON�DQG�DYHUDJH�PLON�\LHOG�SHU�FRZ�SHU�\HDU

)ROORZLQJ�WKH�H[DPSOH�RI�WKH�PRUH�VXFFHVVIXO�FDWWOH�IDUPHUV��IHHGVWXIIV�UDWLRQV�DUH� EHLQJ�PRUH� RIWHQ� FRPSRVHG� ZLWK� JUHDWHU� SUHFLVLRQ�� LQ� VLORV�� WKHUH� DUH�PRUH�FRUQ��FRUQ�IORXU��OXFHUQH��DQG�SURWHLQ�FDNHV�XVHG�DV�FRPSRQHQWV��HWF�
%X\LQJ�LQ7KH�SXUFKDVH� SULFHV� RI�PLON� LQFUHDVHG� LQ� ����� FRPSDUHG� WR� WKH� ODVW� \HDU� E\������ IURP� WKH�DYHUDJH�RI�������NU�WRQ� LQ������� WR�������NU�WRQ� LQ�������$V� WKH�PDLQ� UHDVRQ� IRU� WKH� ULVH� LQ� SULFH�� WKH� LQFUHDVH� DFKLHYHG� LQ� WKH� (VWRQLDQ� H[SRUW�TXRWD� E\� DOPRVW� WZR� WLPHV� DV� WKH� UHVXOW� RI� WKH� VXFFHVVIXO� (8� DFFHVVLRQ�QHJRWLDWLRQV�DQG�WKH�HOLPLQDWLRQ�RI�WKH�����FXVWRPV�WDULII�ZLWKLQ�WKH�TXRWD�FRXOG�EH�HPSKDVLVHG��1HYHUWKHOHVV�� GHVSLWH� WKH� LQFUHDVH� LQ� WKH� SULFH� RI� PLON�� LQ� ������ PRVW� PLON�SURGXFHUV�KDG�QR�PHDQV�IRU�FXUUHQW�UHSDLUV�RU�LQYHVWPHQWV��EHFDXVH�WKH�SURGXFWLRQ�FRVWV� RI�PLON� LQFUHDVHG� FRQVLGHUDEO\� GXH� WR� WKH� LQFUHDVH� LQ� WKH� SULFH� RI� VHYHUDO�PDMRU� LQSXWV� �H�J�� IXHO�� IHHGVWXIIV��HOHFWULFLW\���7KH�ULVH�RI� WKH�86'�FRPSDUHG� WR�(852�KDV�EHHQ�RI�JUHDW�LQIOXHQFH�
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%\� WKH� HQG� RI� ������ �� PLON�SURFHVVLQJ� HQWHUSULVHV� SRVVHVVHG� WKH� (8� HXUR�FHUWLILFDWH��WZR�JUHDW�FKHHVH�SURGXFHUV�DSSHDUHG�DPRQJ RWKHUV�7KHUH�FDQ�EH�RQH�VLQJOH�GLUHFWLRQ�WUHQG�QRWHG�± WKH�KLJKHU�WKH�PLON�\LHOG�SHU�FRZ�� WKH�PRUH�HIIHFWLYH� WKH�SURGXFWLRQ�HFRQRPLFDOO\�VSHDNLQJ� LV�� ,W� LV�FOHDU� WKDW�PLON� SURGXFWLRQ� FDQ� EH� FRQVLGHUHG� SURILWDEOH� RQO\� DW� RYHU� ������������ NJ�SURGXFWLRQ�SHU FRZ�D�\HDU�DQG�WKLV�OHYHO�KDV�EHHQ�UHDFKHG�E\�XV�E\�QRZ�DOUHDG\�
6XEVLGLHV7KH�WUHQGV�RI�WKH�(VWRQLDQ�PLON�SROLFLHV�LQ������ZHUH�UHIOHFWHG�E\�WKH�VWDWH¶V�GLUHFW�DLG�WR�GDLU\�FRZV��ZKLFK�UHDFKHG�������������NURRQV��LQ������������PLOOLRQ�NURRQV���6XEVLGLHV WR�RQH�FRZ�ZHUH�������NURRQV��LQ�����������NURRQV���,Q�������IRU� WKH� ILUVW� WLPH�� RXW� RI� WKH� ��� PLOOLRQ� NURRQV� DOORFDWHG� IRU� WKH� DVVRFLDWLYH�HQWHUSULVHV�IURP�WKH�VWDWH�VXEVLGLHV��WKH�WRWDO�RI�����PLOOLRQ�NURRQV�ZHUH�DOORFDWHG�IRU�WKH�GDLU\�VHFWRU�DQG�WKH�EUHHGLQJ�RI�GDLU\�FDWWOH�2QH� RI� WKH� LPSRUWDQW� VXEVLGLHV� IRU� WKH� FDWWOH� IDUPHUV� ZDV� DOVR� WKH� EUHHGLQJ�VXEVLG\��,Q�������RXU�FDWWOH�EUHHGLQJ�DVVRFLDWLRQV�DQG�VRFLHWLHV�UHFHLYHG�WKH�WRWDO�RI� ����PLOOLRQ� NURRQV� RI� EUHHGLQJ� VXEVLGLHV��2QH� RI� WKH� NH\�ZRUGV� LQ� WKH� GDLU\�VHFWRU� LQ� ������ ZDV� DOVR� WKH� VFKRRO� PLON�� WR� ZKLFK� OHJLVODWLRQ� DQG� WKH� VSHFLILF�LPSOHPHQWDWLRQ� SURJUDPPH� ZHUH� SUHSDUHG�� 7KH� JRDO� RI� WKH� VFKRRO� PLON�SURJUDPPH� ZDV� WR� SURPRWH� KHDOWK\� HDWLQJ� KDELWV� DPRQJ� VFKRRO� FKLOGUHQ� DQG�GHYHORS� WKH� KDELW� RI� GDLU\� SURGXFWV¶� FRQVXPSWLRQ� LQ� FKLOGUHQ�� WKXV� KHOSLQJ� WKH�GHYHORSPHQW� RI� ORFDO� PLON� SURGXFWLRQ�� 7KH� SURJUDPPH� ZDV� LPSOHPHQWHG� LQ�-DQXDU\������7KH�QHZ�NH\�ZRUGV�IRU�WKH�QHDUHVW�IXWXUH��WKDW�LV�WKH�\HDU�������FRXOG�EH�WKH�SUHSDUDWLRQ� RI� WKH� V\VWHP� RI� PLON� TXRWDV� DQG� WKH� SUHSDUDWLRQ� RI� WKH�LPSOHPHQWDWLRQ� RI� DQ� LQGHSHQGHQW� ODERUDWRU\� IRU� DVVHVVLQJ� WKH� TXDOLW\� RI� WKH�SXUFKDVHG�PLON��
0HDW�SURGXFWLRQ0HDW� SURGXFWLRQ� LV� D� EUDQFK� RI� WKH� WUDGLWLRQDO� DJULFXOWXUDO� SURGXFWLRQ�EHVLGH�PLON�DQG�FHUHDO�SURGXFWLRQ��,Q�(VWRQLD��PDLQO\�SRUN�LV�SURGXFHG��ZKLFK�FRPSULVHG�����RI� WKH�PHDW�SURGXFHG� LQ������� WKH�SHUFHQWDJHV�DUH�GLYLGHG�DV� IROORZV��EHHI������ SRXOWU\� ����� DQG� VKHHS� DQG� JRDW�PHDW� ���� ,Q� ������ WKH�PHDW� SURGXFWLRQ�UHDFKHG�������WKRXVDQG�WRQQHV��,Q�������RQO\� WKH�WRWDO�RI��������WRQQHV�RI�PHDW�ZDV�SURGXFHG��WKXV�WKH�SURGXFWLRQ�KDV�GHFUHDVHG�E\������7DEOH�����7KH�GHFOLQH�LQ�WKH�PHDW�SURGXFWLRQ�LV�FDXVHG�E\�WKH�GLVDSSHDUDQFH�RI�WKH�GHPDQG�RQ�WKH�HDVWHUQ�PDUNHW�DQG� WKH� ORZ�EX\LQJ�LQ�SULFHV� LQ� WKH� LQWHUQDO�PDUNHW�RI� WKH�SDVW�FRXSOH�RI�\HDUV�
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7KH� QHZ� IRRG� ODZ� DQG� WKH� LPSOHPHQWLQJ� DFWV� RI� LW�� LQFOXGLQJ� WKH� K\JLHQH�UHTXLUHPHQW�UXOHV�IRU�IUHVK�PHDW��HQIRUFHG�RQ�-DQXDU\����������LQIOXHQFHG�ERWK�WKH�PHDW�SURGXFHUV�DQG�SURFHVVRUV�
7DEOH����0HDW�SURGXFWLRQ��LQ�WKRXVDQGV�RI�WRQQHV�0HDW�SURGXFWLRQ %HHI 3RUN 6KHHS�DQG�JRDW�PHDW 3RXOWU\���� ����� ���� ���� ��� �������� ����� ���� ���� ��� �������� ���� ���� ���� ��� ������� ���� ���� ���� ��� ������� ���� ���� ���� ��� ������� ���� ���� ���� ��� ������� ���� ���� ���� ��� ������� ���� ���� ���� ��� ������� ���� ���� ���� ��� ������� ���� ���� ���� ��� ���

/DVW�\HDU��WKH�PDUNLQJ�RI�ERYLQHV�LQ�DFFRUGDQFH�ZLWK�WKH�UHTXLUHPHQWV�RI�WKH�(8� ZDV� HQIRUFHG�� WKH� PDUNLQJ� DQG� UHJLVWUDWLRQ� RI� SLJV� DQG� VKHHS� DOVR� EHFDPH�REOLJDWRU\��
%HHI,Q�������WKH�RXWEXUVWV�RI�IRRW�DQG�PRXWK�GLVHDVH�DQG�FDVHV�RI�%6(�LQIOXHQFHG�WKH�EHHI�PDUNHW�RI�WKH�ZRUOG��7KH�LQIOXHQFH�RI�%6(�RQ�WKH�SURGXFWLRQ�RI�EHHI�ZLOO�SUREDEO\�EHFRPH�PRUH�HYLGHQW�LQ������7KH�UHDULQJ�RI�EHHI�DQLPDO�EUHHGV�LV�SLFNLQJ�XS�VSHHG�DQG�RQ�-XO\�����������WKH�(VWRQLDQ�%HHI�&DWWOH�%UHHGHUV�$VVRFLDWLRQ�ZDV� HVWDEOLVKHG�� DQG� VLQFH� ������WKH�EHHI�DQLPDO�UHFRUGLQJ�LV�FRQGXFWHG�%HHI� DQLPDO� EUHHGLQJ� LV� EHLQJ� GHDOW� ZLWKLQ� ��� FRXQWLHV�� ZKHUHDV� PRUH� WKDQ����� RI� WKH� FDWWOH� KDV� EHHQ� FRQFHQWUDWHG� LQWR� +LLX�� 6DDUH�� DQG� /llQH� FRXQWLHV��7KHUH� DUH� ���EHHI� FDWWOH� DOWRJHWKHU��2YHU� D� KDOI� RI� WKH� EHHI� DQLPDO� EUHHGHUV� DUH�NHHSLQJ�UHODWLYHO\�VPDOO�FDWWOH�KHUGV��ZKHUH�WKHUH�DUH�XS�WR����EHHI�DQLPDOV��,Q�(VWRQLD��WKH�QXPEHU�RI�ERYLQHV��LQFOXGLQJ�FRZV��KDV�GHFUHDVHG�IURP�\HDU�WR�\HDU��DV�LW�KDV�LQ�WKLV�\HDU�DV�ZHOO��,Q�WKH�HQG�RI�WKH�\HDU�������WKHUH�ZHUH���������RU�DOPRVW�����ERYLQHV�OHVV�WKDQ�WKH�ODVW�\HDU�6LQFH�WKH�SURGXFWLRQ�RI�EHHI�LV�GHSHQGDQW�RQ�WKH�QXPEHU�RI�PLON�FRZV��WKHQ�LQ������� WKH� EHHI� SURGXFWLRQ� GHFUHDVHG� WR� ������� WRQQHV�� ZKLFK� LV� WKH� JUHDWHVW�GHFOLQH�DPRQJ�WKH�EUDQFKHV�RI�PHDW�SURGXFWLRQ��



��

7KH�SXUFKDVH� SULFHV� KDYH� UHPDLQHG� ORZ�GXULQJ� WKH� UHFHQW� \HDUV� DQG� WKLV� KDV�EURXJKW�E\�WKH�OLWWOH�LQWHUHVW�LQ�WKH�IDWWHQLQJ�RI�DQLPDOV�DPRQJ�WKH�SURGXFHUV��7KLVLV�ZK\�PRVW�EXOO�FDOYHV�DUH�NLOOHG�\RXQJHU�WKDQ���PRQWK�
3RUN���� RI� SRUN� FRPHV� IURP� SURGXFWLRQ� HQWHUSULVHV�� ZKHUH� ���� RI� WKH� WRWDO� RI�SLJV�DUH�NHSW��2XW�RI�WKH�SLJV�UHJLVWHUHG�ZLWK�WKH�DJULFXOWXUDO�DQLPDOV��WKH�JUHDWHVW�SHUFHQWDJH� ������FRPSULVHV� WKH�SXUHEUHG�<RUNVKLUHV������LV�RI�/DQGUDFH�EUHHG�DQG� ���� GLIIHUHQW� FURVVEUHHGV�� ,Q� JHQHUDO�� ZLWKLQ� WKH� UHFHQW� \HDUV�� LW� FRXOG� EH�QRWHG�WKDW�WKH�WUHQG�RI�NHHSLQJ�FURVVEUHG�SLJV�LV�DFFHOHUDWLQJ�$V� D� SRVLWLYH� WUHQG�� WKH� LPSURYHPHQW� RI� WKH� TXDOLW\� RI� WKH� PHDW� RQ� SLJV¶�FDUFDVVHV�FRXOG�EH�SRLQWHG�RXW��$FFRUGLQJ�WR�WKH�DQLPDO�UHFRUGLQJ��WKH�FRQWHQW�RI�OHDQ�PHDW�RQ� WKH�EUHHGLQJ�SLJV�XQGHU�DQLPDO� UHFRUGLQJ� LV������FRPSDUHG� WR� WKH����� ILYH� \HDUV� DJR�� 7KH� DYHUDJH� FRQWHQW� RI� OHDQ� PHDW� RQ� WKH� IDWWHQLQJ� SLJV�UHDOLVHG�LV�DW�WKH�PRPHQW�DERXW��������,Q��������������WRQQHV�RI�SRUN�ZDV�SURGXFHG��ZKLFK�LV�WKH�PRVW�PRGHVW�UHVXOW�RI�WKH�ODVW�WHQ�\HDUV��,Q�FRPSDULVRQ�ZLWK�WKH�SUHYLRXV�\HDU��WKH�GHFOLQH�ZDV�����,I�EHIRUH�WKH�HQG�RI�������WKH�SXUFKDVH�SULFHV�RI�SRUN�LQFUHDVHG��WKHQ�WKH�ULVH�LQ� UHDOLVDWLRQ� RI� SLJV� LQ� WKH� HQG� RI� ����� DQG� EHJLQQLQJ� RI� ������ EURXJKW� E\� D�FHUWDLQ�GHFOLQH�LQ�WKH�SXUFKDVH�SULFHV��,Q�WKH�VHFRQG�KDOI�RI�WKH�\HDU��WKH�EX\LQJ�LQ�SULFHV�URVH�DJDLQ�DQG�DW� WKH�PRPHQW�DUH�WKDQNV�WR�WKH�LPSRUWHG�SRUN¶V� LQFUHDVHG�SULFH DW� WKH�SULFH� OHYHO��ZKLFK�SURPRWHV�SURGXFWLRQ��(VWRQLD¶V� ODUJHVW�SLJ� UHDUHG�(.6(.2�LV�DW� WKH�PRPHQW�H[SDQGLQJ� LWV�SURGXFWLRQ��,QWHUHVW� LQ�H[SDQGLQJ�SRUN�SURGXFWLRQ�KDV�EHHQ�KLQGHUHG�E\�WKH�IHHGVWXIIV�SULFHV��ZKLFK�DUH�KLJKHU�FRPSDUHG�WR�WKH�SUHYLRXV�\HDU�6LQFH� -XO\� ��� WKH�(8�PDGH� D� FRPPLWPHQW� WR� HOLPLQDWH� H[SRUW� VXEVLGLHV� DQG�(VWRQLD� KDV� EHHQ� JLYHQ� D� WROO� IUHH� H[SRUW� TXRWD�� 7KH� LQIOXHQFH� RI� WKHVH� RQ� WKH�IRUHLJQ�WUDGH�RI�SRUN�KDV�VR�IDU�QRW�EHHQ�TXDQWLWDWLYHO\�LPSRUWDQW��7KH�WHUPLQDWLRQ�RI�WKH�LPSRUW�UHVWULFWLRQV�GLG�QRW�LQIOXHQFH�SRUN�H[SRUW�HLWKHU��EHFDXVH�WKH�SULFH�RI�PHDW�KDG�PHDQZKLOH�LQFUHDVHG��
6KHHS�PHDW6KHHS� UHDULQJ� LQ�(VWRQLD� KDV� GXULQJ� WKH� UHFHQW� \HDUV� EHHQ� LQIOXHQFHG�E\� WKH�HZH�SUHPLXP�HQIRUFHG� LQ�������'XH� WR� WKH�PRGHVW�RIIHU�RI� ODPE�RQ� WKH�PDUNHW�DQG�UHODWLYHO\�UHPXQHUDWLYH�SULFHV��WKH�LQWHUHVW�LQ�VKHHS�UHDULQJ�LV�JUHDW��7KH�IDFWRU�VORZLQJ� GRZQ� WKH� DFFHOHUDWLRQ� RI� SURGXFWLRQ� LV� WKDW� WKH� GHPDQG� IRU� EUHHGLQJ�VKHHS�H[FHHGV�RIIHUV��7KH�VHOOLQJ�RSSRUWXQLWLHV�DUH�DOVR�OLPLWHG�GXH�WR�WKH�PDHGL�YLVQD YLUXV� IRXQG� LQ� (VWRQLDQ� VKHHS�� 6R� IDU�� WKH� SURGXFHUV� KDYH� IRXQG� LW�SUREOHPDWLF�WR�PDUNHW�WKH�VKHHS�UHDULQJ�SURGXFWV��2Q�WKH�LQLWLDWLYH�RI�WKH�(VWRQLDQ�



��

6KHHS�%UHHGHUV�VRFLHW\�DQG�ZLWK�WKH�VXSSRUW�RI�DVVRFLDWLYH�HQWHUSULVH��WKH�FUHDWLRQ�RI�PDUNHWLQJ�JURXS�DQG�VWUDWHJLHV�KDV�EHHQ�VWDUWHG�6KHHS�UHDULQJ�LV�LQFUHDVLQJO\�EHLQJ�WDNHQ�XS�LQ�GRPHVWLF�KRXVHKROGV��7KH�WRWDO�QXPEHU�RI�VKHHS�LQ�(VWRQLD�KDV�VWDUWHG�WR�JURZ��$FFRUGLQJ�WR�(6$��FRPSDUHG�WR�WKH�SUHYLRXV�\HDU�� WKHUH�DUH�����RU����PRUH�VKHHS��,Q�WKH�HQG�RI� WKH�\HDU�������WKH�QXPEHU�RI�VKHHS�UHDFKHG��������)RU�PHDW�SURGXFWLRQ��(VWRQLDQ�%ODFNKHDG�DQG�(VWRQLDQ�:KLWHKHDG� VKHHS�DUH�JURZQ��$W�WKH�PRPHQW��WKH�(VWRQLDQ�%ODFNKHDG�GRPLQDWHV��EXW�WKH�SHUFHQWDJH�RI�(VWRQLDQ�:KLWHKHDG� LV� LQFUHDVLQJ�� ,Q� WKH� UHJLVWHU� RI� DJULFXOWXUDO� DQLPDOV�� WKHUH�ZHUH�����%ODFNKHDG�DQG�����:KLWHKHDG�VKHHS��2[IRUG�'RZQ��7H[HO��DQG�'DOD�EUHHGV� KDYH� EHHQ� XVHG� IRU� WKH� LPSURYHPHQW� SXUSRVHV�� 7KH� SURGXFWLRQ� RI� VKHHS�PHDW� KDV� UHPDLQHG� RQ� WKH� OHYHO� RI� ������ ZKLFK� LV� ���� WRQQHV�� $W� WKH�PRPHQW��WKHUH�DUH�IRXU�ELJJHU�VODXJKWHUKRXVHV�WKDW�SXUFKDVH�VKHHS��7KH�EX\LQJ�LQ�SULFHV�DV�RI� WKH�HQG�RI� WKH�\HDU�ZHUH�������NU�NJ��7KH�SULFH�RI� ODPE�LV�RI�DERXW� WKH�VDPH�OHYHO�DOVR�LQ�VKRSV�DQG�PDUNHWV��7KH�SULFH�RI�WKH�LPSRUWHG�ODPE�PHDW��KRZHYHU��LV�DOPRVW�E\�D�KDOI�KLJKHU�WKDQ�WKH�EX\LQJ�XS�SULFH�����NU�NJ���7KH�LQWHUHVW�LQ�ODPE�PHDW� DPRQJ� WKH� SURFHVVRUV� DQG� WUDGHUV� LV� JUHDW�� EHFDXVH� GHVSLWH� RXU� UHODWLYHO\�VPDOO�SURGXFWLRQ��ODPE�PHDW�LV�H[SRUWHG�DW�WKH�SULFH�OHYHO�RI����NU�NJ�
3RXOWU\,Q�������WKH�QXPEHU�RI�SRXOWU\�LQFUHDVHG�LQ�(VWRQLD�FRPSDUHG�WR�WKH�ODVW�\HDU�DERXW�����6LQFH�LQ������� WKH�QXPEHU�RI�SRXOWU\�GHFOLQHG�DOPRVW�����LW�FRXOG�EH�VWDWHG�WKDW� WKH�GHFOLQH�KDV�EHHQ�VWRSSHG�E\�QRZ��,Q������� WKH�QXPEHU�RI�SRXOWU\�ZDV�RQ�WKH�DYHUDJH�OHYHO�RI�WKH�UHFHQW�ILYH�\HDUV�,Q�������������WRQQHV�RI�SRXOWU\�PHDW�ZDV�SURGXFHG��ZKHUHDV�DOPRVW�����RI�WKH� SURGXFWLRQ�ZDV� FRYHUHG� E\�7DOOHJJ� /WG�� 7KH� LQFUHDVH� LQ� SRXOWU\� SURGXFWLRQ�FRPSDUHG� WR� ������ KDV� EHHQ� ����7KH� UHDVRQ� RI� WKH� ULVH� RQ� WKH� RQH� KDQG� LV� WKH�GHFOLQH�LQ� WKH�SURGXFWLRQ RI�WKH�RWKHU�PHDWV��DQG�RQ�WKH�RWKHU�KDQG�� WKH�LQFUHDVH�WKHUH�KDV�RFFXUUHG�LQ�WKH�GHPDQG�IRU�SRXOWU\��7KH�SHUFHQWDJH�RI�SRXOWU\�ZLWKLQ�WKH�WRWDO�PHDW�SURGXFWLRQ�LQ�������ZDV��������&RPSDUHG�WR�������LW�KDV�ULVHQ�������DQG�GXULQJ�WKH�UHFHQW�ILYH�\HDUV�������'HPDQG� IRU� SRXOWU\� PHDW� KDV� JURZQ�� ,I� LQ� ������ SRXOWU\� PHDW� FRPSULVHG������� RI� WKH� WRWDO� RI� PHDW� FRQVXPHG�� WKHQ� LQ� ������ LW� ZDV� DOUHDG\� RYHU� �����7KHUH�DUH�VHYHUDO�UHDVRQV�IRU�WKH�LQFUHDVH�LQ�FRQVXPSWLRQ��WKH�ULVH�LQ�DZDUHQHVV�RI�WKH� FKDUDFWHULVWLFV� RI� SRXOWU\� PHDW�� ORZHU� SULFH� FRPSDUHG� WR� RWKHU� PHDWV�� DQG�HODERUDWHG�DGYHUWLVLQJ�FDPSDLJQV��$OWKRXJK�WKH�JUHDWHVW�SRXOWU\�PHDW�SURGXFHU�LQ�(VWRQLD��7DOOHJJ�/WG��VDZ�WKH�ULVH�RI�����LQ�SURGXFWLRQ� ODVW�\HDU�� WKHUH�LV�VWLOO�URRP�IRU�GHYHORSPHQW��EHFDXVH�WKH� VHOI� VXSSO\� OHYHO� ZLWK� SRXOWU\�PHDW� LV� FRQWLQXRXVO\� ORZ�� UHPDLQLQJ� DW� �����ZKLFK�LV�YHU\�OLWWOH�
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3URGXFWLRQ�RI�HJJV7KH�JUHDWHVW�OD\LQJ�KHQ�JURZHU�LQ�(VWRQLD�LV�7DOOHJJ�/WG��ZKHUH�D�OLWWOH�RYHU�D�WKLUG�RI�RXU�HJJV�DUH�SURGXFHG�DQG�PDUNHWHG��7KH�VHFRQG�JUHDWHVW�HJJ�SURGXFHU�DQG�WUDGHU�LQ�(VWRQLD� LV�7DPVDOX�7(5.2�/WG�ZLWK� WKH�\HDUO\�SURGXFWLRQ�RI����PLOOLRQ�� ,Q� WKH�ERWK�SRXOWU\�SURGXFWLRQ�HQWHUSULVHV�³KHDOWK�HJJV´�HQULFKHG�ZLWK�RPHJD���IDWW\�DFLGV�DUH� SURGXFHG� DQG� PDUNHWHG�� 7KHUH� DUH� VWLOO� RWKHU� FRQVLGHUDEOH� HJJ� SURGXFHUV� LQ�(VWRQLD��7KH�9HWHULQDU\�DQG�)RRG�%RDUG�KDV�JLYHQ� WKH� UHFRJQLWLRQ�QXPEHUV� IRU� WKH�PDUNHWLQJ�RI�HJJV�WR����HQWHUSULVHV�DQG����SULYDWH�IDUPV�7KH�WRWDO�SURGXFWLRQ�RI�HJJV�KDV�GHFUHDVHG�ZLWKLQ�WKH�SDVW���\HDUV��IURP���������SLHFHV� LQ� ����� WR� �������� SLHFHV� LQ� ������ZKLFK�PHDQV� WKDW� FRPSDUHG� WR� WKH� \HDU�������WKH�GHFOLQH�KDV�EHHQ�DOPRVW�����7KH�UHDVRQ�IRU�WKLV�LV�GHFOLQH�LQ�WKH�QXPEHU�RI�HQWHUSULVHV�GHDOLQJ�LQ�SRXOWU\�SURGXFWLRQ��7KH�OHYHO�RI�OD\LQJ�DPRQJ�KHQV�LQ�(VWRQLD�GXULQJ�WKH�UHFHQW�\HDUV�KDV�EHHQ�KLJK��,I�LQ�������WKHUH�ZHUH�RQ�WKH�DYHUDJH�����HJJV�ODLG�SHU�KHQ�D�\HDU��WKHQ�LQ�������LW�ZDV�DOUHDG\� ���� SLHFHV� �)LJXUH� ���� 7KH� UHDVRQ� IRU� WKLV� LV� WKH� FRLQFLGHQFH� RI� VHYHUDO�DGYDQWDJHRXV�FRQGLWLRQV��IHHGVWXIIV�RI�KLJKHU�TXDOLW\��EHWWHU�IHHG�FRQYHUVLRQ�UDWH�IRU�WKH� KHQV�� EHWWHU� IHHGLQJ� DQG� NHHSLQJ� FRQGLWLRQV�� WKH� XVDJH� RI� OD\LQJ� KHQV� RI� FURVV�EUHHGV�RI�KLJK�EUHHGLQJ�YDOXH��DV�,6$�%URZQ��+LVH[�EURZQ�DQG�+LVH[�ZKLWH��

���
��� ���

��� ��� ���

���������������������������

SFV

���� ���� ���� ���� ���� ����<HDU)LJXUH����$YHUDJH�QXPEHU�RI�HJJV�SHU�KHQ��SFV
7KH� VHOI�VXSSO\� ZLWK� HJJV� LV� FRQWLQXRXVO\� JXDUDQWHHG�� 7KH� FRQVXPSWLRQ� RI�HJJV�KDV�LQ�WKH�SDVW�ILYH�\HDUV�GURSSHG�E\����HJJV�SHU�SHUVRQ�D�\HDU�
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7+(�6,78$7,21�,1�$1,0$/�%5((',1*�,1�/$79,$'��5XQJXOLV�/DWYLDQ�0LQLVWU\�RI�$JULFXOWXUH
7KH�OLYHVWRFN�IDUPLQJ�VHFWRU� LQ�/DWYLD�LV�IXQFWLRQLQJ�DQG�LWV�VXUYHLOODQFH�DQG�FRQWURO�DFWLYLWLHV�DUH�GHWHUPLQHG�E\�WKH�3HGLJUHH�/DZ�LQ�IRUFH�VLQFH����$SULO������DPHQGHG� IURP� ���'HFHPEHU� ����� DQG� ���0DUFK� ������ ZKLFK� SURYLGHV� IRU� WKH�5HJXODWLRQV�RI�WKH�&DELQHW�RI�0LQLVWHUV��DGGUHVVLQJ�VSHFLILF�TXHVWLRQV�DVVRFLDWHG�ZLWK� OLYHVWRFN� IDUPLQJ�� 7KH� 6WDWH� 3HGLJUHH� ,QVSHFWLRQ� FDUULHV� RXW� IXQFWLRQV� RI�FRQWURO� DQG� VXUYHLOODQFH� GHWHUPLQHG� E\� WKH� 3HGLJUHH� /DZ�� 7KH� 6WDWH� %UHHGLQJ�,QIRUPDWLRQ�'DWD�3URFHVVLQJ�&HQWUH�FDUULHV�RXW�(VWDEOLVKPHQW�DQG�NHHSLQJ�RI�WKH�SHGLJUHH�LQIRUPDWLRQ�GDWD�DV�ZHOO�DV�WKH�DQLPDO�DQG�KHUG�UHJLVWHU�NHHSLQJ�/LYHVWRFN� IDUPLQJ� VHFWRU� LQ� /DWYLD� HQVXUHV� KHUG� UHJLVWUDWLRQ� DQG� DQLPDO�LGHQWLILFDWLRQ��7KHUH�LV�D�FHQWUDOL]HG�GDWDEDVH�RQ�WKH�KHUG�DQG�DQLPDO�UHJLVWHUV�DV�ZHOO� DV� LGHQWLILFDWLRQ� RI� ERYLQH�� SRUFLQH�� RYLQH� DQG� FDSULQH� DQLPDOV� KDYH� EHHQ�FDUULHG� RXW� LQ� WKH� FRXQWU\�� $QLPDOV� DUH� LGHQWLILHG� LQ� DFFRUGDQFH� ZLWK� WKH� (8�UHTXLUHPHQWV�� VHWWLQJ� XS� D� FHQWUDOL]HG� GDWDEDVH�� ,Q� ������ WKH� KHUG� DQG� DQLPDO�UHJLVWUDWLRQ� V\VWHP� ZLOO� EH� LPSURYHG� DV� ZHOO� DV� LPSOHPHQWDWLRQ� RI� WKH�LGHQWLILFDWLRQ�V\VWHP�IRU�SRUFLQH��RYLQH�DQG�FDSULQH�ZLOO�EH�FRPSOHWHG�7KH�$QLPDO�%UHHGHUV�$VVRFLDWLRQ�RI�/DWYLD�PRQLWRUV� HLJKW� GLIIHUHQW�$QLPDO�%UHHGHUV�2UJDQL]DWLRQV�UHVSRQVLEOH�IRU�PDLQWDLQLQJ�KHUG�ERRNV�DQG�LPSOHPHQWLQJ�RI�EUHHGLQJ�SURJUDPPHV�7KH� 6WDWH� DLG� LV� DOORFDWHG� LQ� WKH� IRUP� RI� VXEVLGLHV� LQ� FRPSOLDQFH� ZLWK� DQ�DQQXDO� LQVWUXFWLRQ� E\� WKH� 0LQLVWU\� RI� $JULFXOWXUH� ³2Q� WKH� 6WDWH� $LG� IRU�0DQXIDFWXULQJ�RI�3URGXFWV�0HHWLQJ�WKH�(8�4XDOLW\�5HTXLUHPHQWV´�7KH�PDMRU� GLUHFWLRQV� RI WKH�6WDWH� DLG� DOORFDWHG� WR� DQLPDO� EUHHGLQJ�XQGHU� WKH�SURJUDPPH�DUH�DV�IROORZV�x (VWDEOLVKPHQW�DQG�NHHSLQJ�RI�WKH�$QLPDO�DQG�+HUG�5HJLVWHU�x $QLPDO�UHFRUGLQJ�DQG�GDWD�SURFHVVLQJ�x 5HDULQJ�EUHHGLQJ�DQLPDOV�x 0DUNHWLQJ�RI�EUHHGLQJ�DQLPDOV�DQG�WKHLU�ELR�SURGXFWV�x ,PSRUWV�RI�EUHHGLQJ�PDWHULDO�DQG�WKHLU�ELR�SURGXFWV�7KH� VLWXDWLRQ� LQ� GDLU\� VHFWRU� KDV� EHHQ� VWDELOL]LQJ�GXULQJ� ODVW� \HDU��7KHUH� DUH�VHYHUDO� LQGLFHV� FRQILUPLQJ� LW�� WKH� DYHUDJH� PLON� \LHOG� LQ� ����� KDV� LQFUHDVHG� WLOO������NJ�SHU�FRZ��WKH�QXPEHU�RI�VPDOO�VL]H�KHUGV��XQGHU��FRZV��KDV�GHFUHDVHG�IRU������� GXULQJ�ODVW�WZR�\HDUV��WKH�TXDOLW\�RI�SURGXFHG�PLON�KDV�LQFUHDVHG�IRU������FRPSDULQJ�WR�WKH�\HDU�������7KH�PDLQ�WDUJHWV�IRU�WKH�IXUWKHU�SHULRG�DUHx 7R� VXSSRUW� VXFFHVVIXO� IDUP� PDQDJHPHQW� DQG� SURGXFLQJ� FRPSHWLWLYH�GDLU\�SURGXFWV�IRU�GRPHVWLF�DQG�IRUHLJQ�PDUNHW�x 7R� LPSURYH� WKH� VWUXFWXUH� RI� GDLU\� IDUPLQJ� HVWDEOLVKLQJ� WKH� PLON�SURGXFHUVC�UHJLVWHU�LQ�RUGHU�WR�LPSOHPHQW�PLON�TXRWDWLRQ��
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x 7R�HVWDEOLVK�DQ�LQGHSHQGHQW��XQLWHG�PLON�DQDO\VLV�ODERUDWRU\�WR�LPSURYH�WKH� SD\PHQW� V\VWHP� IRU� SURGXFHG� PLON� DQG� LPSOHPHQWDWLRQ� QHFHVVDU\�UHTXLUHPHQWV�IRU�FRPPRQ�PDUNHW�RUJDQL]DWLRQ�7KH�/DWYLDQ�%URZQ�LV�D�EDVH�IRU�EHHI�SURGXFWLRQ��7KH�EUHHG�LV�ZHOO�DGDSWHG�WR�WKH�PDULWLPH�FOLPDWH�DQG�HQYLURQPHQW�DQG�GHPDQGV�PHGLXP�LQSXW�PDQDJHPHQW��)RU�LPSURYLQJ�RI�EHHI�SURGXFWLYLW\�WKHUH�DUH�XVHG�+HUHIRUG��&KDURODLV��$QJXV�DQG�/LPRXVLQ� EUHHGV� IRU� FURVVEUHHGLQJ� RI� WKH� EHHI� FDWWOH� DQG� GDLU\� FRZV�� 7KHUH� DUH�QHDUO\��������EHHI�FDWWOH�LQ�/DWYLD�7UDGLWLRQDOO\� IRU�/DWYLD� ����RI� WKH� WRWDO�PHDW� FRQVXPSWLRQ� FRQVWLWXWHV� SRUN�WKDW� KDUGO\� LV� HQVXUHG� E\� /DWYLDQ� IDUPHUV�� 7KH� WRWDO� DPRXQW� RI� SLJV� LV�FRQWLQXRXVO\�GHFUHDVLQJ�GXULQJ�ODVW�\HDUV��,Q������WKHUH�ZHUH�DERXW���������SLJV�DQG�����RI� WKHP�ZHUH� LQ� VPDOO� VL]H� IDUPV��7KH�PDLQ� WDVNV� LQ� SLJ� EUHHGLQJ� DUH�HDUO\�SLJ�ZHDQLQJ��PHDW�TXDOLW\� LPSURYHPHQW�DQG� UHQHZ�DQG�PDLQWDLQ�D�JHQHWLF�PDWHULDO�RI�SLJ�SRSXODWLRQ��7R�LPSURYH�WKH�SURGXFWLYLW\�RI�IDWWHQLQJ�SLJV�WKHUH�DUH�XVHG� EUHHGV� RI� /DQGUDFH�� 'XURN�� +HPSVKLUH�<RUNVKLUH�� 3LHWUHQH� DQG� /DWYLDQ�:KLWH��7KH� VLWXDWLRQ� LQ� VKHHS�DQG�JRDW� VHFWRU� LV� VXSSRUWHG�E\�JRYHUQPHQW� VXEVLGLHV�VLQFH� ������ 7KHUH� DUH� QLQH� QXFOHXV� IDUPV� ZLWK� ���� HZHV�� $OWKRXJK� WKH� WRWDO�QXPEHU�RI�DQLPDOV�LV�GHFUHDVLQJ�WKHUH�LV�D�WHQGHQF\�WR�LQFUHDVH�WKH�PHGLXP�KHUG�VL]H�� ,Q� ����� WKHUH� LV� SURGXFHG� ���� W� RI� ODPE�� 7KH� QXPEHU� RI� JRDWV� LV� QRW�GHFUHDVLQJ�GXH�WR�JRRG�GHPDQG�RI�JRDW�PLON�SURGXFWV�LQ�GRPHVWLF�PDUNHW��<HW�WKH�VHFWRU�VWLOO�QHHGV�VHOI�LPSURYHPHQW�WR�PHHW�WKH�(8�UHTXLUHPHQWV�LQ�SURGXFWLRQ�RI�GDLU\�SURGXFWV�DQG�PLON�UHFRUGLQJ�7KHUH�DUH�PRUH�WKDQ�������KRUVHV�LQ�/DWYLD��7KLV�\HDU� WKH�VXEVLGLHV�DUH�SDLG�IRU� XVLQJ� DUWLILFLDO� LQVHPLQDWLRQ� IRU� KRUVHV� LQ� RUGHU� WR� LPSURYH� IDVWHU� WKH�SRSXODWLRQ� JHQRW\SH�� 7KH� KRUVHV� DUH� H[SRUWHG� WR� WKH� 86$�� (QJODQG�� *HUPDQ\��6ZHGHQ��+ROODQG��)LQODQG�'HQPDUN��3RODQG��/LWKXDQLD��(VWRQLD�DQG�HWF��7KLUW\�RI�KRUVHV�UHDUHG�LQ�/DWYLD�KDYH�SDUWLFLSDWHG�LQ�WKH�LQWHUQDWLRQDO�KRUVH�UDFHV�/DWYLD� LV�RQH�RI� WKH�(XURSHDQ�FRXQWULHV�ZKHUH�PLQN� LV�UHDUHG�DQG�RQH�RI� WKH�VHYHQ�VWDWHV��ZKLFK�KDV�IR[HV� 7KH�IXU�IDUPLQJ�LV�RQ�WKH�ZD\�RI�VWDELOL]DWLRQ�DQG�FDQ�RIIHU�H[FHOOHQW�IXUV�RI�ZHVWHUQ�EUHHGV�IRU�WKH�FRPSHWLWLYH�PDUNHW��<HW�WKHUH�LV�D�QHFHVVLW\�IRU�D�FRPSXWHULVHG�KLJK�TXDOLW\�EUHHGLQJ�ZRUN�DQG�IDUPHUV�WUDLQLQJ�WR�WDNH�FDUH�RI�PRUH�WKDQ������EUHHGLQJ�IHPDOH�DQLPDOV�SHU�IDUP�
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(,1)h+581*�(,1(6�25*$1,6,(57(1�6&+:(,1(=8&+7352*5$006�,1�(67/$1'0��5lWVHS
��6FKZHLQH]XFKWYHUEDQG�(VWODQG��7DUWX
(LQOHLWXQJ,P�=HLWUDXP�YRQ�$SULO������ELV�2NWREHU������ZXUGH� LQ�(VWODQG�HLQ�YRQ�GHU�(*� XQWHUVW�W]WHV� 3+$5(�3URMHNW� ³9HUEHVVHUXQJ� GHU� 6FKZHLQHSURGXNWLRQ� LQ�(VWODQG´� GXUFKJHI�KUW�� 'LH� DXVOlQGLVFKHQ� %HUDWHU� XQG� YHUDQWZRUWOLFKHQ�2UJDQLVDWLRQHQ� ZDUHQ� GLH� GHXWVFKHQ� )LUPHQ� $'7� 3URMHNW� *PE+��=�FKWXQJV]HQWUDOH�'HXWVFKHV�+\EULGVFKZHLQ�*PE+�XQG�'/*�$JULVHUYLFH�'LH�*UXQGDXIJDEHQ�GHV�3URMHNWV�ZDUHQ�DP�$QIDQJ�D� (IIHNWLYH� 9HUZHQGXQJ� YRQ� 6FKZHLQHJ�OOH� ]XU� 5HGX]LHUXQJ� GHU�8PZHOWEHODVWXQJE� 8QWHUVW�W]XQJ� GHU� |NRORJLVFKHQ� XQG� ZLUWVFKDIWOLFKHQ�6FKZHLQHSURGXNWLRQ�LQ�HVWQLVFKHQ�%HWULHEHQ�F� 9HUEHVVHUXQJ�YRQ�6FKZHLQH]XFKW� XQG�)OHLVFKTXDOLWlW�G� 9HUEHVVHUXQJ�GHU�0DQDJHPHQWV\VWHPH�(V�ZXUGH�]XU�8QWHUVW�W]XQJ���JU|�HUH�6FKZHLQHEHWULHEH�DXVJHZlKOW��GLH�DXV�GHU�6LFKW�GHV�8PZHOWVFKXW]HV�VWUDWHJLVFK�ZLFKWLJ�ZDUHQ��$*�(NVHNR�LQ�9LOMDQGL�*HELHW�XQG�3lUQXHU�6FKZHLQHEHWULHE��,Q� HLQ� KDOEHV� -DKU� KDW� PDQ� LQ� +DXSWDXIJDEHQ� GHV� 3URMHNWV� .RUUHNWLYH�GXUFKJHI�KUW��ZHLO�GLH�EHLGHQ )LUPHQ�]X�GLHVHP�=HLWSXQNW�SULYDWLVLHUW�ZXUGHQ�XQG�ZHLO�GHU�3lUQXHU�6FKZHLQHEHWULHE�VHLQH�7lWLJNHLW�SUDNWLVFK�EHHQGHW�KDW�'LH�QHXHQ�$XIJDEHQ�ZXUGHQ�VR�EHVWLPPW��GDPLW�VLH�GHP�HVWQLVFKHQ�6WDDW�XQG�GHU�HVWQLVFKHQ�6FKZHLQHSURGXNWLRQ�LQVJHVDPW�Q�W]OLFK�ZHUGHQ�N|QQWHQ��� 9HUEHVVHUXQJ�YRQ�6FKZHLQH]XFKW� XQG�)OHLVFKTXDOLWlW�� 9HUEHVVHUXQJ�GHU�0DQDJHPHQWV\VWHPH�� 9HUEHVVHUXQJ�GHU�9HUZHQGXQJ�YRQ�6FKZHLQHJ�OOH�XQG�±$EIDOO�
=�FKWXQJV]HQWUDOH�'HXWVFKHV�+\EULGVFKZHLQ�*PE+'HU� KDXSWVlFKOLFKH� 3DUWQHU� XQG�5DWJHEHU� LQ� GHQ�PLW� GHU� 6FKZHLQH]XFKW� XQG�GHU� =XFKWRUJDQLVDWLRQ� YHUEXQGHQHQ� )UDJHQ� ZDU� ZlKUHQG� GHV� 3URMHNWHV�=�FKWXQJV]HQWUDOH� 'HXWVFKHV� +\EULGVFKZHLQH� *PE+�� GLH� GHU� 7UlJHU� GHV�%XQGHVK\EULG]XFKWSURJUDPPV� �%+=3�� LVW�� 'DV� %+=3� LVW� HLQ�.UHX]XQJV]XFKWSURJUDPP� LQ� 'HXWVFKODQG�� GDV� LQ� VLFK� ElXHUOLFKH�(U]HXJHUJHPHLQVFKDIWHQ� DXV� JDQ]� 'HXWVFKODQG� HLQLJW�� ������ �� GHU� LQ�'HXWVFKODQG� SURGX]LHUWHQ� 6FKODFKWVFKZHLQH� VLQG� JHQHWLVFK� DXI� GDV� %+=3�]XU�FN]XI�KUHQ��'DV�%+=3�LVW�$QELHWHU�YRQ�*HQHWLN��EHU�=XFKWVDXHQ��=XFKWHEHU�XQG� 6SHUPD� YRQ� 9RU� XQG (QGVWXIHQHEHUQ�� VHLQH� 3URGXNWLRQ� HUIROJW� EHL�NRQWUROOLHUWHP� XQG� GHILQLHUWHP� *HVXQGKHLWVVWDWXV�� HV� HQWZLFNHOW� XQG� YHUWUHLEW�
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VSH]LHOOH�$QZHQGXQJVVRIWZDUH�I�U�GLH�6FKZHLQH]XFKW�XQG�±3URGXNWLRQ�XQG�SIOHJW�HLQH�HLJHQH�=XFKWGDWHQEDQN��XP�=XFKWZHUWH�VFKlW]HQ�]X�N|QQHQ��
9HUEHVVHUXQJ�YRQ�6FKZHLQH]XFKW� XQG�)OHLVFKTXDOLWlW:lKUHQG� GHV� JHVDPWHQ� 3URMHNWV]HLWUDXP� KDEHQ� GLH� 3URMHNWEHUDWHU� DXV� GHU�=�FKWXQJV]HQWUDOH� 'HXWVFKHV� +\EULGVFKZHLQ� VHKU� LQWHQVLY� DQ� GHQ� PLW�=XFKWPHWKRGLN� XQG� 0DQDJHPHQWV\VWHPHQ� YHUEXQGHQHQ� 3URMHNWDXIJDEHQ�JHDUEHLWHW� XQG� NRPSOHWWH� 0HWKRGLN� ]XU� 9HUEHVVHUXQJ� GHV� HVWQLVFKHQ�=XFKWV\VWHPV�DXVJHDUEHLWHW��'LH� $XIJDEHQ� I�U� GLH� 9HUEHVVHUXQJ� GHU� =XFKW� XQG� 0DQDJHPHQWV\VWHPV�ZXUGHQ�XQWHQ�IROJHQG��� 9HUEHVVHUXQJ�GHU�=XFKWPHWKRGHQ�XQG�± ,QVWUXPHQWH�� ,PSRUW� YRQ� =XFKWVSHUPD�� =XFKWWLHUHQ� YRQ� DQGHUHQ� �EHUOHJHQHQ�HXURSlLVFKHQ�=XFKWSRSXODWLRQHQ�� 9HUEHVVHUXQJ�GHU�0DQDJHPHQWVV\VWHPH�=X�GHUHQ�(UI�OOHQ�ZXUGHQ�IROJHQGH�0D�QDKPHQ�GXUFKJHI�KUW�x %HVWDQGDXIQDKPH�]XP�YRUKDQGHQHQ�=XFKWV\VWHPx (QWZLFNOXQJ�HLQHV�=XFKWNRQ]HSWHVx =�FKWHULVFKH�%HUDWXQJ�XQG�6FKXOXQJ�YRQ�)DFKNUlIWHQx (QWZLFNOXQJ�XQG�*HVWDOWXQJ�HLQHU�PRGHUQHQ�=XFKWGDWHQEDQNx hEHUVHW]XQJ� XQG� (LQI�KUXQJ� HLQHU� HGY�JHVW�W]WHQ� ORNDOHQ�'DWHQHUIDVVXQJ� PLW� $QELQGXQJ� ]XU� 'DWHQEDQN� XQG�0DQDJHPHQWXQWHUVW�W]XQJ�I�U�GHQ�%HWULHE��6DXHQSODQHU�x (QWZLFNOXQJ� XQG� (LQI�KUHQ� HLQHU� PRGHUQHQ� XQG� HIIHNWLYHQ�=XFKWZHUWVFKlW]XQJ��%/83�0HWKRGH�
$XVJDQJVVLWXDWLRQ�XQG�(PSIHKOXQJHQ,Q� (VWODQG� ZXUGH� ]X� GHP� =HLWSXQNW� GHV� 3URMHNWDQIDQJV� KDXSWVlFKOLFK� QXU�+HUGEXFK]XFKW� JHWULHEHQ�� 'LH� 5HLQ]XFKWEHWULHEH� KDWWHQ� VLFK� LQ� ]ZHL�+HUGEXFKYHUElQGHQ� YHUHLQLJW�� (V� JDE� KDXSWVlFKOLFK� ]ZHL� 0XWWHUOLQLHQ� ±/DQGUDVVH� XQG� /DUJH� :KLWH�� (LQH� NOHLQH� 3RSXODWLRQ� JDE� HV� DXFK� +DPSVKLUH�5DVVH�� (V� ZXUGH� PHLVWHQV� QXU� DGGLWLY� JHQHWLVFKHU� (IIHNWH� JHQXW]W� XQG� DXI�+HWHURVLVHIIHNWH�YHU]LFKWHW��(V JDE�HLQH�]LHPOLFK�XQJ�QVWLJH�=XFKWVWUXNWXU�± YLHOH�=XFKWKHUGHQ�� NHLQH� �EHUEHWULHEOLFKH� JHQHWLVFKH� 9HUNQ�SIXQJ�� JHULQJH�3U�IXQJVLQWHQVLWlW� XQG� =HLWYHU]XJ� LQ� GHU� ,QIRUPDWLRQV�EHUPLWWOXQJ�� .�QVWOLFKH�%HVDPXQJ� NDP� LQ� GHU� =XFKW� IDVW� JDU� QLFKW� ]XP� (LQVDW]�� ,PPHU� PHKU� ZXUGH�$XIPHUNVDPNHLW�XQG�|NRQRPLVFKH�%HGHXWXQJ�DXI�0XVNHOIOHLVFKDQWHLO�JHNHKUW�,Q� GLHVHU� 6LWXDWLRQ� ZXUGH� I�U� (VWODQG� HLQ� .UHXW]XQJV]XFKWSURJUDPP�HPSIRKOHQ�x 6WUXNWXUYHUEHVVHUXQJ�LQ�GHU�=XFKWVWUXNWXU�XQG�2UJDQLVDWLRQ
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x ��/LQLHQ�.UHXW]XQJV\VWHPR 0XWWHUOLQLHQ�� ODQGHV�EOLFKH� 3RSXODWLRQHQ� /DQGUDVVH� XQG� /DUJH�:KLWHR 9DWHUOLQLH�� IOHLVFKUHLFKH�XQG�UREXVWH�3RSXODWLRQ�PX�WH�LPSRUWLHUW�ZHUGHQ��3LHWUDLQ�x 6WUDIIXQJ�GHU�=XFKWRUJDQLVDWLRQx $XIEDX�GHU�=XFKWS\UDPLGHR %DVLV]XFKW�PLW�����6WDPPVDXHQR 9HUPHKUXQJ�PLW������6WDPPVDXHQx 0RGHUQH�=XFKWGDWHQEDQN�PLW�ORNDOHU�=XFKWGDWHQHUIDVVXQJx =XFKWSURJUDPP�PLW�/HLVWXQJVSU�IXQJ�XQG�NRQVHTXHQWHQ�6HOHNWLRQx 6WlUNHUH�(LQELQGXQJ�GHU�.%�LQ�=XFKW�XQG�3URGXNWLRQ
9HUEHVVHUXQJ�GHU�=XFKWPHWKRGHQ�XQG�,QVWUXPHQWH$OV� HLQH� GHU�ZLFKWLJVWHQ�0D�QDKPHQ� ]XP�(LQULFKWHQ� XQG� ]XU�9HUEHVVHUXQJ�GHV�=XFKWV\VWHPV� KDW� VLFK� LQ�(VWODQG� GDV�9HUEHVVHUQ� GHU�('9�,QVWUXPHQWH� XQG�6\VWHPH� HUZLHVHQ�� :lKUHQG� ]ZHL� -DKUHQ� ZXUGH� HLQH� PRGHUQH� XQG��EHUEHWULHEOLFKH� =XFKWGDWHQEDQN� DXI� 2UDFOH�%DVLV� EHL� GHP� /HLVWXQJV�NRQWUROO]HQWUXP�LQ�7DUWX�JHVFKDIIW��(V�ZXUGH�HLQ�6DXHQSODQHU�GE�3ODQHU YRQ�GHU�=�FKWXQJV]HQWUDOH� ³LPSRUWLHUW´� XQG� LQV� (VWQLVFKH� �EHUVHW]W�� ZREHL� GHU�6DXHQSODQHU� HLQH� $QELQGXQJ� DQ� GLH� 'DWHQEDQN� KDW�� )�U� (IIHNWLYLWlW� EHL� GHU�6HOHNWLRQ� XQG� $XVPHU]XQJ� GHU� =XFKWWLHUH� LVW� HLQH� �EHUEHWULHEOLFKH� %/83�:HUWVFKlW]XQJ�XQHQWEHKUOLFK�'LH�5HVXOWDWHQ�DXI�GLHVHP�*HELHW�VSUHFKHQ�I�U�VLFK�VHOEVW�x 'HU�HVWQLVFKVSUDFKLJH�GE�3ODQHU NRPPW�]XU�=HLW�LQ����%HWULHEHQ�]XP�(LQVDW]�x (QGH�6HSWHPEHU������VLQG��EHU��������6WDPPVDXHQ�LQ�GHU�]HQWUDOHQ�'DWHQEDQN�HUIDVVW��'DYRQ�VLQG�R �����/DQGUDVVH�6DXHQR �����/DUJH�:KLWH�6DXHQR �����+\EULGVDXHQx 'HU� -DKUHVEHULFKW� HQWKlOW� GHWDLOOLHUWH� ,QIRUPDWLRQHQ� ]XU� /HLVWXQJ�LQQHUKDOE�GHU�=XFKWx -HGH�:RFKH�ZLUG� DOOHQ�=XFKWWLHUHQ� VRZRKO� LQ�%HWULHEHQ� DOV� DXFK� LQ�GHQ�.%�6WDWLRQHQ��EHUEHWULHEOLFKH�%/83�=XFKWZHUWH�JHUHFKQHW��x 'LH�%HWULHEVOHLWHU�KDEHQ�HLQH�]HLWJOHLFKH�5�FNNRSSHOXQJ�EHWUHIIV�GHU�=XFKWZHUWHQ� LKUHU� HLJHQHQ� 7LHUH� XQG� GHU� 'DWHQ� GHU� .%�(EHU��DX�HUGHP� �EHU� GLH� -XQJWLHUH�� GLH� EHVWHQ� =XFKWZHUWHQ� LQ� (VWODQG�KDEHQ�
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,PSRUW�YRQ�=XFKWVSHUPD�XQG�=XFKWWLHUHQ,P� 5DKPHQ� GHV� 3+$5(�3URMHNWV� ZXUGHQ� VRZRKO� =XFKWVSHUPD� DOV� DXFK�=XFKWWLHUH�DXV�1LHGHU|VWHUUHLFK�LPSRUWLHUW��'D�HV�LQ�(VWODQG�IU�KHU�HLQH�9DWHUUDVVH�IHKOWH�� ZXUGH� HLQH� NOHLQH� 3LHWUDLQ�3RSXODWLRQ� ���� -XQJVDXHQ�� ��� (EHU� XQG� ���6SHUPDWXEHQ�� ]XU� 9HUPHKUXQJ� HLQJHI�KUW�� $X�HUGHP� ZXUGH� �� .%�(EHU� YRQ�EHLGHQ�ZHL�HQ�5DVVHQ�XQG�����6SHUPDWXEHQ�YRQ�/DQGUDVVH�XQG�����6SHUPDWXEHQ�YRQ�/DUJH�:KLWH�LPSRUWLHUW��
9HUEHVVHUXQJ�GHU�0DQDJHPHQWV\VWHPH�'DUXQWHU�PX��PDQ�LQ�HUVWHU�/LQLH�HLQH�hEHUWUDJXQJ�YRQ�.QRZ�+RZ��EHU�HLQH�HIIHNWLYH�XQG�PRGHUQH�6FKZHLQH]XFKW�XQG�3URGXNWLRQ�YHUVWHKHQ�'D]X� ZXUGHQ� LQ� (VWODQG� PHKUHUH� 6HPLQDUH� XQG� :RUNVKRSV� �EHU�+\EULG]XFKWV\VWHP��6DXHQVHOHNWLRQ��)�WWHUXQJ��6DXHQPDQDJHPHQW��EHLVSLHOZHLVH�)HOGWDJHQ�� ZR� DXI� *UXQG� GHU� 6DXHQSODQHU�$XVGUXFNHQ� XQG� ±$QDO\VHQ� �EHU� GLH�6FKZHLQHSURGXNWLRQ� GLVNXWLHUW� ZXUGH�� GXUFKJHI�KUW�� )�U� GLH� 8QWHUVW�W]XQJ� GHU�(QWZLFNOXQJ� GHU� 'DWHQEDQN� ZXUGHQ� GLH� )DFKOHXWH� DQ� GHP� /HLVWXQJV�NRQWUROO]HQWUXP�LQ�7DUWX�DQ�2UW�XQG�6WHOOH�NRQVXOWLHUW�XQG�JHKROIHQ��|NRQRPLVFKH�3DUDPHWHU�I�U�GLH�%/83�=XFKWZHUWVFKlW]XQJ�DXV]XDUEHLWHQ��1HEHQ�GHQ�6HPLQDUH�XQG�:RUNVKRSV�LQ�(VWODQG�KDW�PDQ�DXFK�LQ�'HXWVFKODQG�$XVELOGXQJ� GXUFKJHI�KUW� ± %HVXFKH� GHU� YHUVFKLHGHQHQ� 6FKZHLQH]XFKW� XQG�3URGXNWLRQVEHWULHEH�� (V� ZXUGHQ� HVWQLVFKH� )DFKOHXWH LQ� HLQHU� .%�6WDWLRQ� LQ�'HXWVFKODQG� JHVFKXOW�� PHKUWlJLJH� .XUVHQ� DXI� *HELHW� )�WWHUXQJ�� =XFKW��)DUPPDQDJHPHQW��'DWHQEDQN�XQG�=XFKWZHUWVFKlW]XQJ�GXUFKJHI�UW��
3HUSHNWLYHQ�XQG�$XVEOLFNx 'LH� (QWZLFNOXQJ� GHU� RSWLPDOHQ� =XFKWVWUXNWXUHQ� EHQ|WLJW� =HLW�� 'LH�8PRUJDQLVLHUXQJ�GHV�JDQ]HQ�5HLQ]XFKWV\VWHPV�]X�HLQHP�V\VWHPDWLVFKHQ�.UHX]XQJV]XFKWV\VWHP� HUIRUGHUW� HUKHEOLFKH� RUJDQLVDWRULVFKH� 9HUlQGH�UXQJHQ��'LH�6LWXDWLRQ�LVW�GHUPD��YHUlQGHUW��GD��HV�LQ�(VWODQG�MHW]W�HLQHQ�HLQKHLWOLFKHQ�6FKZHLQH]XFKWYHUEDQG�JLEW��]X�GHP�HV�PLW�GHP�6WDQG�����0lU]� ����� ��� 0LWJOLHGHUEHWULHEH� XQG� ��� 0LWJOLHGHU�8QWHUVW�W]HU�JHK|UHQ�� 'HU� (VWQLVFKH� 6FKZHLQH]XFKWYHUEDQG� KDW� GDV� .UHX]XQJV�]XFKWSURJUDPP� ³0DUPRUIOHLVFK´�� GDV� ]LHOVWUHELJ� 6FKULWW� I�U� 6FKULWW�HLQJHVHW]W�ZLUG��x /RNDOH� =XFKWGDWHQHUIDVVXQJ� XQG� =XFKWGDWHQEDQN� VLQG� JXWH�9RUDXVVHW]XQJHQ� I�U� GLH�=XFKWZHUWVFKlW]XQJ�� GHUHQ�$XVZLUNXQJHQ� HUVW�ODQJIULVWLJ� VS�UEDU� VLQG�� +HXW]XWDJH� ZHUGHQ� DOOH� LQ� GHU� 'DWHQEDQN�YRUKDQGHQH�=XFKWWLHUH�=XFKWZHUW�EHNRPPHQ��$XI�GLHVHP�*UXQG�N|QQHQ�GLH� 7LHUH� VRZRKO� LQ� GHQ� %HWULHEHQ DOV� DXFK� LQ� GHQ� .%�6WDWLRQHQ�
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UHPRQWLHUW��YHUNDXIW�RGHU�DXVJHPHU]W�ZHUGHQ��x 'LH� .UHX]XQJVVDXHQ� VHW]HQ� VLFK� LQ� (VWODQG� LPPHU� PHKU� GXUFK�� 1DFK�GHP�-DKUHVEHULFKW������GHV�/HLVWXQJVNRQWUROO]HQWUXPV� LQ�7DUWX�ZHUGHQ�YRQ� GHQ� .UHXW]XQJVVDXHQ� HWZD� ���� )HUNHO� SUR� :XUI� PHKU� OHEHQG�JHERUHQ��x 'LH�1DFKIUDJH�QDFK�3LHWUDLQ�(QGSURGXNWHEHU�QLPPW�]X��'LH�(VWHQ�KDEHQ�HV�HUVHKHQ��GD��GLH�(QGVWXIHQHEHU�6FKODFKWN|USHUTXDOLWlW�YHUEHVVHUQ�x 'LH�N�QVWOLFKH�%HVDPXQJ�JHZLQQW�LQ�(VWODQG�LPPHU�PHKU�DQ�%HGHXWXQJ��,P� -DKUH� ����� NRQQWH� GHU� $EVDW]� QDKH]X� YHUYLHUIDFKW� ZHUGHQ�� 'DV�VFKDIIW� J�QVWLJH� 9RUDXVVHW]XQJHQ� I�U� GLH� JHQHWLVFKHQ� 9HUELQGXQJHQ�]ZLVFKHQ� GHQ� 7LHUHQ� LQ� YHUVFKLHGHQHQ� %HWULHEHQ� LQ� (VWODQG� XQG�JOHLFK]HLWLJ�YHUJU|�HUW�GLH�=XYHUOlVVLJNHLW�GHU�%/83�=XFKWZHUWH��'HU� .RQWDNW� ]X� GHQ� 3URMHNWSDUWQHUQ� LQ� GHU� =�FKWXQJV]HQWUDOH� EHVWHKW�ZHLWHUKLQ�� (EHQVR� ZLUG� GLH� =XVDPPHQDUEHLW� ]ZLVFKHQ� GHP�/HLVWXQJVNRQWUROO]HQWUXP� XQG� GHP� (VWQLVFKHQ� 6FKZHLQH]XFKWYHUEDQG� LPPHU�HQJHU�XQG�VWlUNHU�
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%2'<�&21)250$7,21�$1'�0,/.�352'8&7,9,7<�2)�(6721,$1�+2/67(,1�+(5'%22.�&2:6�7��%XOLWNR���2��6DYHOL���7��.DDUW�� �(VWRQLDQ�$QLPDO�%UHHGHUV�$VVRFLDWLRQ� .HDYD���,QVWLWXWH�RI�$QLPDO�6FLHQFH�RI�(VWRQLDQ�$JULFXOWXUDO�8QLYHUVLW\��7DUWX��(VWRQLD
,QWURGXFWLRQ%RG\� FRQIRUPDWLRQ� RI� GDLU\� FRZV� KDV� EHHQ� PHDVXUHG� LQ� (VWRQLD� IURP� WKH�EHJLQQLQJ� RI� FROOHFWLQJ� KHUGERRN� GDWD� WLOO� WRGD\�� ,Q� DGGLWLRQ� WKHUH� KDYH� EHHQ�H[SHGLWLRQV�ZKHUH�FRXSOH�KXQGUHGV�RI�FRZV�IURP�HDFK�EUHHG�KDYH�EHHQ�PHDVXUHG�RFFDVLRQDOO\�� 7KH� ILUVW� H[SHGLWLRQ WRRN� SODFH� LQ� ����V� SDUWLFLSDWHG� E\� 5XVVLDQ�VFLHQWLVW� /LVNXQ� DQG�(VWRQLDQ� KXVEDQGU\� FODVVLFV�0lJL�� 3RRO� HWF��7KH� KHGERRNV�ZKHUH�WKH�PHDVXUHPHQWV�RI�FRZV�ZHUH�WKH�PRVW� LPSRUWDQW� WUDLWV�ZHUH�SXEOLVKHG��2Q� WKH� LQLWLDWLYH� RI�$�3XQJ�PHDVXUHPHQWV� RI� FRZV�RI� WKUHH� EUHHGV�ZHUH� VWDUWHG�DIWHU�WKH�,,�:RUOG�:DU�VLQFH�����«������,W�ZDV�UHSHDWHG�HDFK����\HDUV��7DEOH�����(�2UJPHQWV� PHDVXUHG� WKH� VDPH� FRZV� GXULQJ� WKUHH� ODFWDWLRQV�� 7KRVH�PHVDVXUHPHQWV�VKRZ�VPDOO�GLIIHUHQFH�EHWZHHQ�WKH�PDLQ�ILJXUHV�
7DEOH����0HDVXUHPHQWV�RI EODFN�DQG�ZKLWH�FRZV�WKURXJK�WLPHV$XWKRUV $��3XQJ������ /HSLQJ������ (��2UJPHWV������0HDVXUHPHQWV ���� ���� ���� ���ODFW� ���ODFW� ���ODFW�:LWKHUV�KHLJKW ����� ����� ����� ����� ����� �����&KLQH�KHLJKW ����� ����� ����� ����� ����� �����%RG\�GHEWK ���� ���� ���� ���� ���� ����5XPS�ZLGWK�� ���� ���� ���� [ [ [5XPS�ZLGWK�� ���� ���� ���� ���� ���� ����%RG\�OHQJWK��VWLFN� ����� ����� ����� ����� ����� �����%RG\�OHQJWK��EHOW� ����� ����� [ [ [ [&KHVW�JLUWK ����� ����� ��� ����� ����� �����ZHLJKW ��� ��� [ ����� ����� �����

6LJQLILFDQW�FKDQJH�FDQ�EH�VHHQ�LQ�WKH�ZLWKHUV�KHLJKW��GLIIHUHQFH�LQ�FKLQH�KHLJKW�LV� VPDOOHU�� $OWHUQDWH� ERG\� OHQJWK� DQG� FKHVW� JLUWK� DUH� GLFUHDVHG�� ERG\� GHEWK� DQG�UXPS�ZLGWK� KDYH�QRW� FKDQJHG��:HLJKW�ZDV� HVWDEOLVKHG�XVLQJ�GLIIHUHQW�PHWKRGV��%HIRUH� WKH�ZHLJKW�ZDV�EDVHG�RQ�FKHVW�JLUWK�DQG�DOWHUQDWH�ERG\� OHQJWK�� ODVW�\HDUV�WKH�ZHLJKW�DQG�FKHVW�JLUWK�DUH�WDNHQ�IURP�WKH�VDPH�WDSHOLQH�7KH� ILUVW� RIIVSULQJ� RI� *UDQGER\� ����� DQG� 0DMRU� ����� ZDV� ERUQ� LQ� ������*UDQGER\� EHFDPH� YHU\� SRSXODU� EHFDXVH� KH� KDG� EHWWHU� SHGLJUHH� WKDQ�0DMRU� DQG�PRUH�LPSRUWDQW�ZDV�WKDW�KLV�FRQIRUPDWLRQ�ZDV�GLIIHUHQW�RI�EODFN�DQG�ZKLWH�'XWFK�EXOOV�� 1H[W� FDPH� ELJ� EXOOV� ZLWK� ELJ� VWDWXUH� *DEULHO� ������ *UHQDGHU� ����� DQG�
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*DYLQ������IURP�86$��(ODVWUH������IURP�&DQDGD��3LORW������DQG�1LOV������IURP�*HUPDQ\��7KH�EUHHGLQJ�JRDO�ZDV�WR�JHW�GU\�FRZV�ZLWK�ELJ�IUDPHG�FRQIRUPDWLRQ��7KH�XVHG�EXOOV�ZHUH�VLJQLILFDQW�KLJKHU�ZLWK�QDUURZHU�DQG�GHHSHU�ERG\��7KHUH�ZDV�VLJQLIDQW�GHFUHDVH�RI�PXVFXODWXUH�7KH� ILJXUHV� RI� ERG\� PHDVXUHPHQWV� SUHVHQWHG� LQ� 7DEOH� �� GR QRW� DIILUP� WKH�UHJXODU�FKDQJHV� �GXULQJ����\HDUV��2QO\� WKH�KHLJKW�RI�FRZV�KDV�LQFUHDVHG�D�OLWWOH��:KDW�WKH�UHDVRQ"�7KHUH�FDQ�EH�VHYHUDO��)RU�H[DPSOH�
WKH�PHDVXUHPHQWV�DUH�WDNHQ�IURP�WKH�KHUGV�ZLWK�GLIIHUHQW�EUHHGLQJ�YDOXHV
WKH� VLQJOH� PHDVXUHPHQWV� FDQQRW� UHIOHFW� WKH� FKDQJHV� LQ� WKH� W\SH� RI�FRQIRUPDWLRQ
WKH� VLQJOH� PHDVXUHPHQWV� KDYH� WR� EH� FRUUHODWHG� WR� RWKHU�PHDVXUHPHQWV� � WR�HVWLPDWH�WKH�LQGH[HV�RI�FRQIRUPDWLRQ3URFHHGLQJ�IURP�WKH�SUHFHGLQJ�WKH�DLP�RI�WKH�FXUUHQW�UHVHDUFK�ZDV�WR�EULQJ�LQ�RQH�PRUH� VHOHFWLRQ�FULWHULD� WR� WKH�H[LVWLQJ�PHDVXUHPHQWV�DQG�H[SODLQ� WKH� UROH�RI�IDUP��VLUH�DQG�JUDGH�RI�+ROVWHLQ�EORRG�WR�WKH�FRUPRUPDWLRQ�RI�FRZV�
0DWHULDO�DQG�0HWKRGV7KH�PDWHULDO�RI� FXUUHQW� UHVHDUFK� LV�EDVHG�RQ�GDWD�RI�����FRZV� �UHJLVWHUHG� LQ�(VWRQLDQ +ROVWHLQ�+HUGERRN�GXULQJ�����«������IURP�VL[�IDUPV��7�%XOLWNR�WRRN���PHDVXUHPHQWV� DQG� WKH� ZHLJKW�ZDV� HVWDEOLVKHG� E\� FKHVW� JLUWK�� 7KH� FRZV�ZHUH�PHDVXUHG� IURP� WKH� �QG ODFWDWLRQ�� 7KH� JUDGH� RI� +ROVWHLQ� EORRG� YDULHG� IURP��«�������� 7KH� GDWD� ZHUH� SURFHVVHG� E\� 7�.DDUW� XVLQJ� 6$6� SURJUDPPH� �6$6�,QVW�,QF���������DQG�JHQHUDO�OLQHDU�PRGHO��*/0��

\LMNO  �PP ��,L���0M ��+)N ��HLMNO��ZKHUH
\LMNO � PHDVXUHG�WUDLW�RI�RIIVSULQJ�N��VLUH�L�DQG�IDUP�M�P � DYHUJDH�,L��� VLUH�V�L�LQIOXHQFH��L� ��������0M � IDUP�M�LQIOXHQFH��M� �������+)N � WKH�JUDGH�RI�+ROVWHLQ�EORRG�RI�RIIVSULQJ��N� ��������HLMNO�� RFFDVLRQDO�PLVWDNH��LQGLYLGXDOLW\�RI�WKH�FRZ��7KH�FRQQHFWLRQV�EHWZHHQ�WKH�WUDLWV�ZHUH�HVWLPDWHG�E\�FRUUHODWLRQ�DQDO\VH�
5HVXOWV7KH�ERG\�PHDVXUHPHQWV�RI�\RXQJ�FRZV�DUH�SURPLVLQJ��&KLQH�KHLJKW�SURPLVHV�WKH�����FP�KHLJKW�WR�DGXOW�FRZV��WDEOH�����$OVR�����FP�ORQJ�ERG\�PHHWV�WKH�VXLWDEOH�IUDPH��7KH�GLVWDQFH�EHWZHHQ�KLSV�DQG�WKH�UXPS�OHQJWK�ZHUH�HTXDO��7KH�ZHLJKW��������NJ��HVWDEOLVKHG�E\�FKHVW�JLUWK�ZDV�RSWLPDO�
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7DEOH����,QIOXHQFH RI�VLUH��IDUP�DQG�JUDGH�RI�+ROVWHLQ�EORRG�WR�FRZV��PHDVXUHPHQWV�)DFWRU $YHUDJH� )DUP 6LUH� +)�EORRG0HDVXUHPHQW [ V ) 3 ) 3 ) 3&KLQH�KHLJKW ����� ���� ���� ����� ���� ����������� ������%RG\�GHEWK ���� ���� ���� ������ ���� ����� ���� �����5XPS�ZLGWK�� ���� ���� ���� ����� ���� ���������� Q�V�5XPS�OHQJWK ���� ���� ���� Q�V� ���� ���������� Q�V�$OWHUQDWH�ERG\�OHQJWK��EHOW� ����� ���� ���� ������ ���� ���������� �����
&KHVW�JLUWK ����� ���� ���� ������ ���� ���������� Q�V�ZHLJKW ����� ����� ���� ����� ���� ���������� Q�V�

7KH�ODUJHVW�HIIHFW�WR�SURGXFWLYLW\�IDFWRUV�KDG�WKH�IDUP�WKH�FRZ�RULJLQDWHG�IURP�DQG�VLUH��WDEOH�����7KH�JUDGH�RI�+ROVWHLQ�EORRG�GLG�QRW�KDYH�HVVHQWLDO�LQIOXHQFH�RQ�SURGXFWLYLW\�
7DEOH����,QIOXHQFH�RI�VLUH��IDUP�DQG�JUDGH�RI�+ROVWHLQ�EORRG�WR�PLON�SURGXFWLYLW\�RI�FRZV�)LJXUH )DFWRU �VW ODFW� �QG ODFW� �UG ODFW�[�) V�3 [�) V�3 [�) V�30LON��NJ DYHUDJH ���� ����� ���� ����� ���� �����)DUP ���� ������ ����� ������ ���� ������6LUH� ���� ������ ���� ������ ���� ������+) ���� Q�V� ���� Q�V� ���� Q�V�)DW��� DYHUDJH ���� ���� ���� ���� ���� ����)DUP ����� ������ ����� ������ ����� ������6LUH� ���� ������ ���� ������ ���� ������+) ���� Q�V� ���� Q�V� ���� Q�V�3URWHLQ��� DYHUDJH ���� ���� ���� ���� ���� ����)DUP ���� ������ ���� ����� ���� �����6LUH� ���� ������ ���� ������ ���� ������+) ���� Q�V� ���� Q�V� ���� Q�V�

7KH� FRZV�RULJLQDWHG� IURP��� IDUPV��7KH� DQDO\VH� LPSURYHG� WKH� ELJ� GLIIHUHQFH�EHWZHHQ�WKH�IDUPV�DQG�VKRZV�WKH�LQIOXHQFH�RI�IHHGLQJ WR�WKH�PHDVXUHPHWV��6LUH�V�LQIOXHQFH�DV�WKH�VHFRQG�IDFWRU�LV�VWDWLVWLFDOO\�UHOLDEOH��DOWKRXJK�WKH�QXPEHU�RI�VLUHV�ZDV� ELJ� ������ 7KHUHIRUH� WKH� VHOHFWLRQ� RI� EUHHGLQJ� EXOOV� LV� YHU\� LPSRUWDQW�� 7KH�JUDGH� RI� +ROVWHLQ� EORRG� KDG� QR� VLJQLILFDQW� LQIOXHQFH�� %RG\� KHLJKW�� OHQJWK� DQG�
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GHSWK� ZHUH� LQIOXHQFHG� E\� WKH� JUDGH� RI� +ROVWHLQ� EORRG�� &RUUHODWLRQ� DQDO\VH�LPSURYHG� WKH� UHOLDEOH� LQIOXHQFH� RI� WKH� JUDGH� RI� +ROVWHLQ� EORRG� WR� FKLQH� KHLJKW��WDEOH�����
7DEOH����&RUUHODWLRQ�EHWZHHQ�PHDVXUHPHQWV�DQG�PLON�SURGXFWLYLW\0HDVXUHPHQWV /DFW� 0LON��NJ )DW��� 3URWHLQ��� +)�EORRG&KLQH�KHLJKW �� �����
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$W�WKH�VDPH�WLPH�WKH�FKHVW�JLUWK�DQG�DQG�ZHLJKW�ZHUH�LQ�QHJDWLYH�FRUUHODWLRQ�ZLWK� WKH�JUDGH�RI�+ROVWHLQ�EORRG��:H�FDQ�FRQFOXGH� WKDW�ZLGH�XVDJH�RI�+ROVWHLQ�EXOOV� LQFUHDVHV� WKH� KHLJKW� DQG� ERG\� GHEWK� RI� WKH� FRZV� EXW� GHFUHDVHV� WKH� FKHVW�ZLGWK��,W�FDXVHV�WKH�GHFUHDVH�RI�FKHVW�JLUWK�DQG�ZHLJKW�0LON�SURGXFWLRQ�ZDV�LQ�SRVLWLYH�FRUUHODWLRQ�ZLWK�FKLQH�KHLJKW�DQG�LQ�QHJDWLYH�FRUUHODWLRQ�ZLWK�DOWHUQDWH�ERG\�OHQJWK��,W�ZDV�LQWHUHVWLQJ�WKDW�FRUUHODWLRQ�LPSURYHG�WKURXJK�WKH�QHJDWLYH�FRUUHODWLRQ�WKDW�FRZV�ZLWK�ELJJHU�FRQIRUPDWLRQ�KDG�KLJKHU���RI�SURWHLQ�DQG�ORZHU���RI�WKH�JUDGH�RI�+ROVWHLQ�EORRG��$V�WKH�YDULHW\�RI�WKH�JUDGH�RI�+ROVWHLQ�EORRG�ZDV�ELJ�ZH�FDQ�FRQILUP�WKDW�WKH�JURZWK�RI�WKH�JUDGH�RI�+ROVWHLQ�EORRG�FDXVHV�WKH�GHFUHDVH�RI�SURWHLQ���
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'LVFXVVLRQ&RPSDULVRQ�RI� WKH�SXEOLVKHG�PHDVXUHPHQWV� � FRQILUPV� WKH� FRQVLVWHQFH�RI� WKH�GDWD� RI� (�2UJPHWV� ������� FROOHFWHG� GXULQJ� WKH� VDPH� SHULRG�� 7KHUH� ZHUH� VRPH�SUREOHPV�ZLWK� WKH�DOWHUQDWH�ERG\� OHQJWK�PHDVXUHG�ZLWK� WKH� WDSHOLQH� �EHOW��RU� WKH�VWLFK�� 7KH� GLIIHUHQFH� EHWZHHQ� � WKH� WZR� PHDVXUHPHQWV� ZDV� ��«��� FP�� 7R�FRPSDUH�ZLWK�WKH�GDWD�RI�$�3XQJ��������PHDVXUHG�ZLWK�WDSHOLQH�WKHQ�WKH�ERG\�KDV�EHFRPH�ORQJHU��%XW�FRPSDULQJ�WKH�GDWD�PHDVXUHG�ZLWK�WKH�VWLFN�WKH�DOWHUQDWH�ERG\�OHQJWK�KDV�EHFRPH�VKRUWHU���,W�LV�SUREDEO\�QHFHVVDU\�WR�LPSOHPHQW�PRUH�WKRURXJK�PHDVXUHPHQW� RI� FRZV� WR� GHWHUPLQH� WKH� IHDWXUHV� RI� FRQIRUPDWLRQ� DQG� WKHLU�FRQQHFWLRQ�WR�SURGXFWLYLW\�7KH� SURGXFWLYLW\� GHSHQGHG�PRUH� RQ� IDUP� DQG� VLUH� EXW� WKH� JUDGH� RI�+ROVWHLQ�EORRG�KDG�QR�LPSRUWDQFH��7KH�UHOLDEOH�FRUUHODWLRQ�EHWZHHQ�WKH�JUDGH�RI�+ROVWHLQ�EORRG�DQG�FKLQH�KHLJKW�ZDV�SRVLWLYH�DQG�QHJDWLYH�ZLWK�FKHVW�JLUWK�DQG�ZHLJKW��7KH�FRUUHODWLRQ� EHWZHHQ� ERG\� PHDVXUHPHQWV� DQG� SURGXFWLYLW\� ZDV� ZHDN�� RQO\� WKH�DOWHUQDWH� ERG\� OHQJWK� ZDV� LQ� QHJDWLYH� FRUUHODWLRQ� ZLWK� SURGXFWLYLW\� DQG� IDW���$FFRUGLQJ� WR� WKH� GDWD� RI� (�2UJPHWV� ������� WKH� FRUUHODWLRQ� EHWZHHQ� ERG\�PHDVXUHPHQWV�DQG�SURGXFWLYLW\�ZDV�GHQVH�DQG�SRVLWLYH��3���������7KH�GLIIHUHQFH�FRXOG�EH�FDXVHG�E\�WKH�IDFW�WKDW�(�2UJPHWV�PHDVXUHG�FRZV�RQ�WKH��QG «�WK PRQWK�RI�HDFK�ODFWDWLRQ��LQ�WKLV�UHVHDUFK�WKH\�KDYH�EHHQ�PHDVXUHG�RQFH�SHU�\HDU�IURP�WKH��QG ODFWDWLRQ��&RUUHODWLRQ�EHWZHHQ�WKH�ILJXUHV�RI�WKUHH�ODFWDWLRQV�ZHUH�VWXGLHG�
6XPPDU\'XULQJ���������������FRZV� � IURP��� IDUPV�ZHUH� UHJLVWHUHG� LQ� WKH�KHUGERRN��7KH�PHDVXUHPHQWV�RI�WKRVH�FRZV�KDG�QR�VLJQLILFDQW�GLIIHUHQFH�IURP�WKH�VDPH�GDWD�HDUOLHU��7KH�KHLJKW� �DQG�OHQJWK�RI�FRZV�KDV�LQFUHDVHG�D� OLWWOH��0HDVXUHPHQWV�DQG�PLON�SURGXFWLYLW\�ZHUH�PRUH�LQIOXHQFHG�E\�IDUP�DQG�VLUH��/HVV�LPSRUWDQW�ZDV�WKH�JUDGH� RI� +ROVWHLQ� EORRG� ZKLFK� DFFRUGLQJ� WR� WKH� VWDWLVWLF� DQDO\VLV� ZDV� PRUH�H[SUHVVHG�E\�WKH�LQIOXHQFH�RI�VLUH�IDFWRU�
5HIHUHQFHV/HSLQJXOLQH� W||� QU�� ���� /RRPDNDVYDWXVVDDGXVWH� WRRWPLVH� LQWHQVLLYLVWDPLVHVW�(HVWLV��.lVLNLUL������ON��������2UJPHWV�� (�� /HKPDGH� YlOLPLN�� NHKDP}}WPHG� MD� SLLPDM}XGOXV�� ± 5HIHUDDW�S}OOXPDMDQGXVGRNWRUL�NUDDGL�WDRWOHPLVHNV�S}OOXPDMDQGXVORRPDGH�DUHWXVH�HULDODO��7DUWX�����������ON�3XQJ�� $�� 9HLVHW}XJXGH� DUHWXVH� MD� VHOHNWVLRRQLWHRRULD� DUHQJ� (HVWLV�� ± .lVLNLUL�������������ON�
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$33/,&$7,21�2)�)8==< /2*,&�)25�2(67586�'(7(&7,21�,1�'$,5<�&2:65��)LUN
� (��6WDPHU��:��-XQJH��DQG�-��.ULHWHU��,QVWLWXW�I�U�7LHU]XFKW�XQG�7LHUKDOWXQJ�GHU�&KULVWLDQ�$OEUHFKWV�8QLYHUVLWlW��'�������.LHO
,QWURGXFWLRQ�,Q�RUGHU�WR�UHDOLVH�VDWLVI\LQJ�IHUWLOLW\�SHUIRUPDQFH�XQGHU�FRQGLWLRQV�RI�DUWLILFLDO�LQVHPLQDWLRQ��HIIHFWLYH�RHVWUXV�GHWHFWLRQ�LV�HVVHQWLDO��'XH�WR�LQFUHDVHG�KHUG�VL]HV�DQG�UHGXFHG�VWDII�SHU�KHUG��DXWRPDWLF�PRQLWRULQJ�RI�FRZV�PXVW�EH�LPSURYHG��0RVW�LQYHVWLJDWLRQV�DUH�SHUIRUPHG�XQGHU�H[SHULPHQWDO�FRQGLWLRQV�ZLWK�D�OLPLWHG�QXPEHU�RI�FRZV�DQG�LQGXFHG�RHVWUXV
V��527+�HW�DO����������,Q� WKLV� LQYHVWLJDWLRQ� VXLWDELOLW\� RI� DFWLYLW\�� PLON� \LHOG�� PLON� IORZ� UDWH�� DQG�HOHFWULFDO�FRQGXFWLYLW\�IRU�DXWRPDWLF�RHVWUXV�GHWHFWLRQ�LQ�ILHOG�GDWD�ZDV�DQDO\VHG��)LUVW�SXUSRVH�ZDV�WR�WHVW�VHYHUDO�WLPH�VHULHV�PHWKRGV�IRU�DSSOLFDWLRQ�ZLWK�GLIIHUHQW�WUDLWV�� 6HFRQG� SXUSRVH� ZDV� WR� LPSURYH� WKH� GHWHFWLRQ� UHVXOWV� E\� FRPELQDWLRQ� RI�WUDLWV�
0DWHULDO�DQG�0HWKRGV'DWD� FROOHFWLRQ� RI� ����� FRZV�� ZKLFK� ZHUH� PLONHG� EHWZHHQ� )HEUXDU\� DQG�'HFHPEHU�������WRRN�SODFH�RQ�D�FRPPHUFLDO�GDLU\�IDUP��$W�HDFK�PLONLQJ�DFWLYLW\��PLON�\LHOG��PLON� IORZ�UDWH��DQG�HOHFWULFDO�FRQGXFWLYLW\�ZHUH�UHFRUGHG��2Q�D�GDLO\�EDVLV�D�YDOXH�ZDV�FDOFXODWHG� IRU�HDFK� WUDLW�DQG�HDFK�FRZ��(OHFWULFDO�FRQGXFWLYLW\�DQG�PLON�IORZ�UDWH�ZHUH�ZHLJKWHG�E\�PLON�\LHOG��)RU�RHVWUXV�GHWHFWLRQ�WLPH�VHULHV��FRQVLVWLQJ�RXW�RI�GD\�RI�RHVWUXV�����GD\V�EHIRUH�DQG����GD\V�DIWHU�RHVWUXV��ZHUH�DQDO\VHG�� 7KH� GD\� RI� RHVWUXV� ZDV� LGHQWLILHG� E\� DQ� LQVHPLQDWLRQ� IROORZHG� E\� D�FDOYLQJ� DIWHU� ���� WR� ���� GD\V��'XH� WR� FRZV�ZLWKRXW� RHVWUXV� ZLWKLQ� REVHUYDWLRQ�SHULRG� DQG� PLVVLQJ� YDOXHV�� WLPH� VHULHV� RI� ���� FRZV� ZHUH� DYDLODEOH� IRU� RHVWUXV�GHWHFWLRQ�E\�DFWLYLW\��PLON�\LHOG��HOHFWULFDO�FRQGXFWLYLW\��DQG�PLON�IORZ�UDWH�)RXU� GLIIHUHQW� WLPH� VHULHV� PHWKRGV� ZHUH� XVHG� IRU� RHVWUXV� GHWHFWLRQ�� GD\�WR�GD\�FRPSDULVRQ��PRYLQJ�DYHUDJH��RXW�RI���RU����YDOXHV���H[SRQHQWLDO�VPRRWKLQJ��RXW�RI���RU����YDOXHV��ZLWK�GLIIHUHQW�D�YDOXHV�DQG�%R[�-HQNLQV� WKUHH�SDUDPHWHU�VPRRWKLQJ�� ,I� WKH� UHODWLYH� GHYLDWLRQ� EHWZHHQ� HVWLPDWHG� DQG� PHDVXUHG� YDOXH�H[FHHGHG�D�JLYHQ�WKUHVKROG��WKH�FRZ�ZDV�GHWHFWHG�DV�LQ�RHVWUXV�&RPELQDWLRQ� RI� WUDLWV� ZDV� UHDOLVHG� E\� XVH� RI� IX]]\� ORJLF�� 7KH� IX]]\� ORJLF�PHWKRG�FRQVLVWV�RXW�RI�WKUHH�HOHPHQWV��IX]]LILFDWLRQ��LQIHUHQFH�DQG�GHIX]]LILFDWLRQ��<$1*�������� 5HODWLYH� GHYLDWLRQV�� FDOFXODWHG� E\� WKH� EHVW� VXLWHG� WLPH� VHULHV�PHWKRG� IRU� HDFK� WUDLW� ZHUH� LQSXW� GDWD� IRU� IX]]LILFDWLRQ�� ,QSXW� YDOXHV� ZHUH�LQWHUSUHWHG�OLQJXLVWLFDOO\�E\�PHPEHUVKLS�IXQFWLRQV�DQG�WKH�GHJUHH�RI�PHPEHUVKLS��7KXV� FULVS� YDOXHV�ZHUH� WUDQVIRUPHG� LQWR� IX]]\�YDOXHV��$Q� H[DPSOH� LV� VKRZQ� LQ�ILJXUH���IRU�WKH�WUDLW�DFWLYLW\�
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� QRUPDOORZ YHU\�KLJKKLJK

���� � ��� ��� �����UHODWLYH�GHYLDWLRQ�EHWZHHQ�HWLPDWHG�DQG�PHDVXUHG�YDOXH

GHJUH
H�RI�P

HPEHU
VKLS

LQFUHDVHG

)LJXUH����0HPEHUVKLS�IXQFWLRQV�IRU�DFWLYLW\
$�GHYLDWLRQ�RI������EHWZHHQ�HVWLPDWHG�DQG�PHDVXUHG�YDOXH�ZRXOG�UHVXOW�LQ�D�GHJUHH� RI�PHPEHUVKLS� RI� �� IRU�PHPEHUVKLS� IXQFWLRQ� ³YHU\� KLJK´�� )RU� DOO� RWKHU�PHPEHUVKLS�IXQFWLRQV�GHJUHH�RI�PHPEHUVKLSV�ZRXOG�EH����0HPEHUVKLS�IXQFWLRQV�ZHUH� EXLOW� IRU� DOO� LQSXW� DQG� RXWSXW� YDULDEOHV�� 7KH� RXWSXW� YDULDEOH� RHVWUXV� ZDV�H[SUHVVHG�E\�ILYH�PHPEHUVKLS�IXQFWLRQV��5DQJH�RI�UHODWLYH�GHYLDWLRQ�GHSHQGV�RQ�WKH�WUDLW��7KH� IX]]\� ORJLF� LQIHUHQFH� LQFOXGHV� FRPELQDWLRQ� RI� WUDLWV� E\� UXOHV�� 7KH� UXOHV�UHVXOW�IURP�KXPDQ�NQRZOHGJH�DQG�KDYH�WKH�IRUP�

LI FRQGLWLRQV��WKHQ FRQFOXVLRQ�
7KH�FRQGLWLRQV�DUH�UHSUHVHQWHG�E\�LQSXW�YDULDEOHV��7KH�FRQFOXVLRQ�LV�QRUPDOO\�SUHVHQWHG�E\�RQH�RXWSXW�YDULDEOH��LQ�WKLV�FDVH�WKH�UHVXOW�RHVWUXV�RU�QRW��$Q�H[DPSOH�IRU�FRPELQDWLRQ�RI�DFWLYLW\�DQG�PLON�\LHOG�LV��LI�DFWLYLW\�LV�KLJK�DQG�PLON�\LHOG�LV�KLJK�GHFUHDVHG��RHVWUXV�LV�SRVVLEOH��)XUWKHU�UXOHV�FDQ�EH�VHHQ�LQ�WDEOH����

7DEOH����5XOHV�IRU�WKH�IX]]\�LQIHUHQFHPLON�\LHOGKLJK�GHFUHDVHG GHFUHDVHG 1RUPDO LQFUHDVHG KLJK�LQFUHDVHGORZ QR�RHVWUXV QR�RHVWUXV QR�RHVWUXV QR�RHVWUXV QR�RHVWUXVQRUPDO SRVVLEOH�QRW QR�RHVWUXV QR�RHVWUXV QR�RHVWUXV QR�RHVWUXVLQFUHDVHG SRVVLEOH���� SRVVLEOH��� SRVVLEOH�� SRVVLEOH�QRW SRVVLEOH�QRWKLJK SRVVLEOH�\HV�� SRVVLEOH�\HVSRVVLEOH�\HV SRVVLEOH SRVVLEOHDFWLYL
W\

YHU\�KLJK RHVWUXV RHVWUXV RHVWUXV RHVWUXV RHVWUXV
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5HVXOWV�IURP�IX]]LILFDWLRQ�DQG�LQIHUHQFH�DUH�WUDQVIRUPHG�EDFN�LQ�FULVS�UHVXOWV�E\�GHIX]]LILFDWLRQ��5HVXOWV�RI�LQIHUHQFH�SUHVHQW�WKH�GHJUHHV�RI�PHPEHUVKLS�IRU�WKH�PHPEHUVKLS� IXQFWLRQV� RI� WKH� RXWSXW� YDULDEOH�� 7KH� PDUNHG� DUHDV� XQGHU� WKH�PHPEHUVKLS� IXQFWLRQV� DUH� DGGHG�� 7KH� FULVS� YDOXH� IRU� GHFLVLRQ� LV� FDOFXODWHG� E\�GHIX]]LILFDWLRQ�PHWKRG�FHQWUH�RI� DUHD��5HVXOWV�RI�GHIX]]LILFDWLRQ�KLJKHU� WKDQ�����ZHUH�WUHDWHG�DV�RHVWUXV�ZDUQLQJV�$FFXUDF\�RI�WLPH�VHULHV�PHWKRGV�DQG�IX]]\�ORJLF�PHWKRG�ZDV�H[SUHVVHG�E\�

6HQVLWLYLW\�TXDOLILHV�WKH�DPRXQW�RI�GHWHFWHG�RHVWUXV
V�RQ�DOO�RHVWUXV
V��:DUQLQJV�IRU�RHVWUXV�RQ�GD\V�ZLWKRXW�RHVWUXV�ZHUH�TXDOLILHG�DV�HUURU�UDWH�
5HVXOWV�)LUVW� UHVXOWV� IRU� XQLYDULDWH� FRPSDULVRQ�RI�PHWKRGV� DUH� SUHVHQWHG�� ,Q� ILJXUH� ��VHQVLWLYLW\� DQG� HUURU� UDWH� IRU� WKH� WUDLW� DFWLYLW\� FDQ� EH� VHHQ�� :LWK� LQFUHDVLQJ�WKUHVKROG�YDOXH�RI����WR������VHQVLWLYLW\�DQG�HUURU�UDWH�GHFUHDVH��
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6HQVLW
LYLW\��

LQ���

GD\�WR�GD\�FRPSDULVRQ PRYLQJ�DYHUDJH�����H[SRQHQWLDO�VPRRWKLQJ���������� %R[�-HQNLQV�VPRRWKLQJ�����
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�� �� �� �� �� �� ��� ��� ���7KUHVKROG��LQ���

(UURU
�UDWH�

�LQ��
�

GD\�WR�GD\�FRPSDULVRQ PRYLQJ�DYHUDJH�����H[SRQHQWLDO�VPRRWKLQJ���������� %R[�-HQNLQV�VPRRWKLQJ�����)LJXUH� �� 6HQVLWLYLW\� DQG� HUURU� UDWH� GHSHQGLQJ� RQ� WKH� WKUHVKROG� DQG� RQ� WKH�IRUHFDVWLQJ�PHWKRG�IRU�WKH�WUDLW�DFWLYLW\
6HQVLWLYLW\� UDQJHG�EHWZHHQ������DQG������ ,QGHSHQGHQW� IURP� WKUHVKROG�YDOXH�PRYLQJ�DYHUDJH�ZLWK�D�KLVWRU\�RI����YDOXH�JLYHV�EHVW�UHVXOWV�IRU�VHQVLWLYLW\��(UURU�UDWH� UDQJHG�EHWZHHQ������DQG��������/RZHVW�HUURU� UDWHV�ZHUH� IRXQG�IRU�PRYLQJ�DYHUDJH�������WR��������DQG�H[SRQHQWLDO�VPRRWKLQJ�������WR���������5HVXOWV�IRU�VHQVLWLYLW\�DQG�HUURU�UDWH�RI�RWKHU�WUDLWV�DUH�SUHVHQWHG�LQ�WDEOH���

GHWHFWHGQRW��GHWHFWHGGHWHFWHG\�VHQVLWLYLW � 
RHVWUXVLQ��QRW��EXW��GHWHFWHGGHWHFWHG RHVWUXVLQ��QRW��EXW��GHWHFWHGUDWHHUURU� � 



��

7DEOH� ��� 6HQVLWLYLW\� DQG� HUURU� UDWH� GHSHQGLQJ� RQ� WKH� WKUHVKROG� IRU� WKH� WUDLWV�HOHFWULFDO� FRQGXFWLYLW\�� PLON� IORZ� UDWH�� DQG� PLON� \LHOG�� FDOFXODWHG� ZLWK� WKH� EHVW�PHWKRG7KUHVKROG� 6HQVLWLYLW\ (UURU�UDWH(OHFWULFDO�FRQGXFWLYLW\�� 0LON�IORZ�UDWH�� 0LON�\LHOG�� (OHFWULFDO�FRQGXFWLYLW\�� 0LON�IORZ�UDWH�� 0LON�\LHOG���� ����� ����� ����� ����� ����� ������� ����� ����� ����� ����� ����� �������� ����� ����� ����� ����� ����� �������� ����� ����� ����� ����� ����� ������� ([SRQHQWLDO�VPRRWKLQJ��ZLWK�D�KLVWRU\�RI���YDOXHV�DQG�DQ�D�YDOXH�RI������ 'D\�WR�GD\�FRPSDULVRQ
$W� D� WKUHVKROG� YDOXH� RI� ��� VHQVLWLYLW\� ZDV� DFFHSWDEOH� KLJK� IRU� HOHFWULFDO�FRQGXFWLYLW\�DQG�PLON�IORZ�UDWH�������DQG���������6HQVLWLYLW\�IRU�PLON�\LHOG�ZDV��������(UURU�UDWH�RI�DOO�WUDLWV�ZDV�KLJK�LQGHSHQGHQW�RI�WKUHVKROG�YDOXH�
6HQVLWLYLW\� DQG� HUURU� UDWH� RI� FRPELQDWLRQV� RI� DFWLYLW\� ZLWK� PLON� \LHOG�� PLON�IORZ�UDWH��RU�HOHFWULFDO�FRQGXFWLYLW\�E\�IX]]\�ORJLF�DUH�SUHVHQWHG�LQ�WDEOH���

7DEOH����5HVXOWV�RI�FRPELQHG�WUDLWV�E\�IX]]\�ORJLF7UDLW�� 7UDLW�� 6HQVLWLYLW\ (UURU�UDWH$FWLYLW\ 0LON�\LHOG ����� �����$FWLYLW\ 0LON�IORZ�UDWH ����� �����$FWLYLW\ (OHFWULFDO�FRQGXFWLYLW\ ����� �����
5HVXOWV�IRU�IX]]\�ORJLF�GHSHQG�RQ�WKH�FKRVHQ�PHPEHUVKLS�IXQFWLRQV�DQG�RQ�WKH�UXOHV� LQ� IX]]\� LQIHUHQFH�� %HVW� UHVXOWV� IRU� VHQVLWLYLW\� UDQJHG� EHWZHHQ� ����� DQG��������(UURU�UDWH�ZDV�EHWZHHQ������DQG��������

'LVFXVVLRQ%HVW� UHVXOWV� IRU� RHVWUXV� GHWHFWLRQ� E\� DFWLYLW\� ZHUH� UHDFKHG� ZLWK� WKH� PHWKRG�PRYLQJ�DYHUDJH�� ,Q�FRPSDULVRQ�ZLWK� UHVXOWV�RI�527+��������VHQVLWLYLW\�ZDV�RQ�WKH�VDPH�OHYHO��������(UURU�UDWH�LPSURYHG�EXW�ZDV�ZLWK�������VWLOO�KLJK��7KH�GD\�WR�GD\�FRPSDULVRQ�ZDV� WKH�EHVW�VXLWHG�PHWKRG�IRU�GHWHFWLRQ�RI�FKDQJHV�LQ�PLON�\LHOG�GXH�WR�RHVWUXV��%HVW�UHVXOWV�IRU�GHWHFWLRQ�RI�GHYLDWLRQV�GXH�WR�RHVWUXV�FDXVHG� E\� PLON� IORZ� UDWH� DQG� HOHFWULFDO� FRQGXFWLYLW\� ZHUH� IRXQG� ZLWK� DQ�H[SRQHQWLDO�VPRRWKLQJ��)RU�PLON�\LHOG��PLON�IORZ�UDWH��DQG�HOHFWULFDO�FRQGXFWLYLW\�



��

VHQVLWLYLW\� ZDV� PRGHUDWH� WR� VDWLVI\LQJ�� EXW� HUURU� UDWH� ZDV� WR� KLJK�� ,W� FDQ� EH�FRQFOXGHG�� WKDW� WKHVH� WUDLWV� DUH� PRUH� LQIOXHQFHG� E\� RWKHU� SDUDPHWHUV� WKHQ� E\�RHVWUXV�6HQVLWLYLW\� DQG� HUURU� UDWH� VKRXOG� EH� LPSURYHG� E\� FRPELQDWLRQ� RI� DFWLYLW\� ZLWK�PLON�\LHOG��PLON� IORZ�UDWH��DQG�HOHFWULFDO�FRQGXFWLYLW\�� UHVSHFWLYHO\��8VLQJ� IX]]\�ORJLF��UHVXOWV�IRU�VHQVLWLYLW\�ZHUH�VDWLVI\LQJ��ZLWK�DURXQG �����(UURU�UDWH�ZDV�KLJK������� WR���������(UURU� UDWH� IRU�XQLYDULDWH�DQDO\VLV� IRU� DFWLYLW\�ZDV��������ZKHQ�VHQVLWLYLW\�ZDV� �������'XH� WR� WKH� KLJK� HUURU� UDWH� LQ� XQLYDULDWH� DQDO\VLV� RI�PLON�IORZ� UDWH�� PLON� \LHOG�� DQG� HOHFWULFDO� FRQGXFWLYLW\�� H[SHFWHG� YDOXH� IRU� DGGLWLRQDO�JDLQ�E\�FRPELQLQJ�WKHVH�WUDLWV�ZLWK�DFWLYLW\�ZDV�VPDOO�
&RQFOXVLRQ)RU� GLIIHUHQW� WUDLWV� GLIIHUHQW�PHWKRGV� RI� WLPH� VHULHV� DQDO\VLQJ� DUH� XVHIXO� IRU�RHVWUXV�GHWHFWLRQ� LQ�GDLU\�FRZV��$FFHSWDEOH�VHQVLWLYLW\�FDQ�EH� UHDFKHG�E\�XVH�RI�PRYLQJ� DYHUDJH� IRU� GHWHFWLRQ� RI� GHYLDWLRQV� LQ� DFWLYLW\�� 7KH� DPRXQW� RI� IDOVHO\�GHWHFWHG�RHVWUXV¶V�PXVW�EH�UHGXFHG��LQ�RUGHU�WR�LQFUHDVH�WKH�IDUPHUV�FRQILGHQFH�LQ�WKH�GHFLVLRQ�V\VWHP��2QH�SRVVLELOLW\�IRU�LPSURYHPHQW�RI�HUURU�UDWH�LV�FRPELQDWLRQ�RI�WUDLWV�E\�IX]]\�ORJLF��0LON�<LHOG��PLON�IORZ�UDWH��DQG�HOHFWULFDO�FRQGXFWLYLW\�DUH�QRW�DEOH�WR�LPSURYH�HUURU�UDWH�LQ�FRPELQDWLRQ�ZLWK�DFWLYLW\�)XUWKHU�DQDO\VLV�VKRXOG�IRFXV�RQ�WUDLWV�OLNH�WLPH�VLQFH�ODVW�RHVWUXV��&RPELQLQJ�WKRVH�SDUDPHWHUV�DQG�DFWLYLW\�ZLWK�IX]]\�ORJLF�LPSURYHV DFFXUDF\�RI�WKH�GHFLVLRQ�V\VWHP�
5HIHUHQFHV$51(<��'�� 5��� 6�� (��.,7:22'��&�� -�� &�� 3+,//,36� �������� 7KH� LQFUHDVH� LQ�DFWLYLW\� GXULQJ� RHVWUXV� LQ� GDLU\� FRZV��$SSO�� $QLP��%HKDYLRXU� 6FL��� ���� �������527+� �������� $XWRPDWLVFKHV� (UNHQQHQ� GHV� .RQ]HSWLRQVRSWLPXPV EHL�0LOFKN�KHQ� PLW� +LOIH� UHFKQHUJHVW�W]WHU� 6\VWHPH� ]XU� +HUGHQ�EHUZDFKXQJ��/DQGEDXIRUVFKXQJ�9|ONHQURGH��6RQGHUKHIW���6(&&+,$5,��3���6��520$*12/,��0��0(/(��5��)(55$026&$���������8VH�RI�D�&RPSXWHUL]HG�3HGRPHWHU�IRU�+HDW�'HWHFWLRQ�LQ�'DLU\�&RZV��=RRW��1XWU��$QLP������������6(&&+,$5,�� 3��� 0�� 0(/(�� 5�� /(277$� �������� $Q� H[SRQHQWLDO� VPRRWKLQJ�PRGHO� LQ� WLPH� VHULHV� DQDO\VLV� RI� PLON� HOHFWULFDO� FRQGXFWLYLW\� GDWD� IRU� WKH�FOLQLFDO�PDVWLWLV�GHWHFWLRQ����WK $QXDO�0HHWLQJ�RI�WKH�(XURSHDQ�$VVRFLDWLRQ�RI�$QLPDO�3URGXFWLRQ�=XULFK��6ZLW]HUODQG�������$XJXVW�����<$1*� �������� 5HFKQHUJHVW�W]WH� gVWUXV�EHUZDFKXQJ� EHL� 0LOFKN�KHQ� XQWHU�$QZHQGXQJ�GHU�)X]]\�/RJLF�0HWKRGH��3K'�7KHVLV��0XQLFK��*HUPDQ\



��

*(1(7,&�$1$/<6,6�$1' 0,/.�352'8&7,21�2)�/,7+8$1,$1�$%25,*,1$/�&$77/(9��-XãNLHQ¡��/LWKXDQLDQ�,QVWLWXWH�RI�$QLPDO�6FLHQFH��5��äHEHQNRV����������%DLVRJDOD��5DGYLOLãNLR�U��/LWKXDQLD
,QWURGXFWLRQ&RPPHUFLDO� OLYHVWRFN� IDUPLQJ� LV�EDVHG�RQ�KLJKO\�SURGXFWLYH�DQG� VSHFLDOL]HG�EUHHGV� WKDW� EHFRPH� WKH� JUHDWHVW� WKUHDW� WR� QDWLYH� EUHHGV�� HVSHFLDOO\� WKURXJK�DUWLILFLDO� LQVHPLQDWLRQ�� $OWKRXJK� /LWKXDQLDQ� FDWWOH� KDYH� EHHQ� LQWHQVLYHO\�LPSURYHG� E\� FURVVLQJ�ZLWK�%ODFN�DQG� � :KLWH� DQG�5HG� EXOOV� RI� YDULRXV� EUHHGV��WKHUH� VWLOO� UHPDLQHG� FDWWOH� ZLWK� TXDOLWLHV� DQG� FRORXU� FKDUDFWHULVWLF� WR� QDWLYH�SRSXODWLRQV��0RVW�RI�VXFK�FDWWOH�DUH�NHSW�E\�SULYDWH�KROGHUV��ZKR�XVHG�WR�SDLU�WKHLU�RZQ��RIWHQ�QDWLYH�RU� LPSURYHG�QDWLYH�EXOOV�DQG�VHOHFW� WKH�EUHHGLQJ�VWRFN�DW� WKHLU�RZQ�GLVFUHWLRQ��7KHUH�ZDV�QR�V\VWHPDWLF�SXUH�EUHHGLQJ��WKXV��ERWK�$VK�JUH\�DQG�:KLWH�EDFNHG� FDWWOH� YDU\� VLJQLILFDQWO\� DFFRUGLQJ� WR� WKHLU� FRQIRUPDWLRQ� DQG�SURGXFWLYLW\� WUDLWV�� 7KH� FRQIRUPDWLRQ� RI� $VK�JUH\� DQG� :KLWH�EDFNHG� FRZV� LV�FKDUDFWHULVWLF� WR� WKDW� RI� GDLU\� FDWWOH�� $PRQJ� DVK� JUH\� FDWWOH� WKHUH� DOVR� FRXOG� EH�IRXQG�DQLPDOV�ZLWK�TXDOLWLHV�FRPPRQ�WR�GDLU\�± EHHI�FDWWOH�&RQVHUYDWLRQ�RI�WKH�LQGLJHQRXV�FDWWOH�EUHHGV�ZDV�VWDUWHG�ZLWK�WKH�HVWDEOLVKLQJ�RI� SUHVHUYDWLRQ� KHUGV� DQG� SXUH� EUHHGLQJ�� RUJDQL]DWLRQ� RI� PLON� UHFRUGLQJ� DQG�FU\RSUHVHUYDWLRQ� RI� VHPHQ�� 7KHUH� DUH� RQO\� D� IHZ� VWXGLHV� DERXW� /LWKXDQLDQ�DERULJLQDO�FDWWOH��������������DQG�PDQ\�DVSHFWV�QHHG�WR�EH�VWXGLHG�DQG�DQDO\VHG��7KH� SXUSRVH� RI� WKH� SUHVHQW� VWXG\� ZDV� WR� DQDO\VH� WKH� SHGLJUHH� RI� DERULJLQDO�FRZV�DQG�WR�GHWHUPLQH�WKH�LQIOXHQFH�RI�WKH�GLIIHUHQW�JHQRW\SH�RQ�PLON�SURGXFWLRQ�RI�DERULJLQDO�FDWWOH�
0DWHULDO�DQG�PHWKRGV,Q� ����������� WKH� SHGLJUHH� DQG� SURGXFWLYLW\� GDWD� RI� ���� $VK�JUH\� DQG� ���:KLWH�EDFNHG�PLON�UHFRUGHG�FRZV�ZHUH�FROOHFWHG�DQG�DQDO\VHG��7KH�JURXSV�ZHUH�FRPSDUHG�RQ� WKH�EDVLV�RI� WKH� ODFWDWLRQ�SURGXFWLYLW\��7KH�FRZV�ZHUH�GLYLGHG� LQWR�IROORZLQJ�JURXSV�� WKH�FRZV�IURP�EXOOV�ZLWK�DERULJLQDO�RU�XQNQRZQ�SHGLJUHH�� WKH�FRZV� IURP� EXOOV� ZLWK� KROVWHLQ� EORRG�� WKH� FRZV� IURP� EXOOV� ZLWK� EORRG� LQIXVLRQ�IURP�RWKHU�FXOWXUDO�EUHHGV��'LIIHUHQFHV�EHWZHHQ�LQGLYLGXDO�SURGXFWLRQ�WUDLWV�ZHUH�FRPSXWHG�XVLQJ�VWDWLVWLFDO�DQDO\VLV�
5HVXOWV�DQG�GLVFXVVLRQ7KHUH� LV� YHU\� OLWWOH� LQIRUPDWLRQ� DERXW� WKH� SHGLJUHH� RI� WKH� FRZV� RI� WKH�DERULJLQDO� EUHHGV�� 7KH� GDPV� RI� WKHVH� FRZV� DUH� PRVWO\� FRZV� RI� WKH� DERULJLQDO�EUHHGV�� DQG� VLUHV� DUH� DERULJLQDO� RU� DERULJLQDO� LPSURYHG� EXOOV�� $V� WKHUH� LV� PRUH�GDWD�DYDLODEOH�UHJDUGLQJ�WKH�VLUHV�RI�WKH�DERULJLQDO�FRZV��WKLV�DQDO\VLV�ZDV�EDVHG�
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RQ�WKH�SHGLJUHH�RI�VLUHV��7KH�DQDO\VLV�LQGLFDWHG�WKDW�SXUHEUHG�DERULJLQDO�EXOOV�ZHUH�WKH� VLUHV� RI� RQO\� �����ZKLWH�EDFNHG� FRZV�� 7KH� SHGLJUHH� RQ� WKH� VLUH� VLGH� LV� QRW�NQRZQ IRU� ������RI� DVK�JUH\� DQG� ������RI�ZKLWH�EDFNHG� FRZV��+RZHYHU�� LW� LV�VXSSRVHG�WKDW�WKH�VLUHV�ZHUH�PRVW�RIWHQ�DERULJLQDO�RU�VOLJKWO\�LPSURYHG�DERULJLQDO�EXOOV�ZLWK� WKH� ORZHVW� LQIXVLRQ� RI� EORRG�RI� IRUHLJQ� EUHHGV��$ERXW� ������RI� DVK�JUH\�DQG�������RI�ZKLWH±EDFNHG�FRZV�DUH�WKH�GDXJKWHUV�RI�EXOOV�ZLWK�ò�WR�ô�RI�+ROVWHLQ�EORRG��$ERXW������RI�DVK�JUH\�DQG�������RI�ZKLWH�EDFNHG�FRZV�DUH�WKH�GDXJKWHUV�RI�EXOOV�ZLWK�ò�WR�ô�RI�%ODFN�DQG�:KLWH�'XWFK�EORRG�DQG������RI�DVK�JUH\�DQG������RI�ZKLWH�EDFNHG�FRZV�DUH� WKH�GDXJKWHUV�RI�EXOOV�ZLWK�ò� WR�ô�RI�%ULWLVK� IULHVLDQ�EORRG��:H�FDQ�FRQFOXGH� WKDW� WKHUH�ZDV�D�FHUWDLQ�KLJKHU�RU� ORZHU�GHJUHH�RI�EORRG�LQIXVLRQ�IURP�IRUHLJQ�EUHHGV�WR�/LWKXDQLDQ�DERULJLQDO�FDWWOH��0LON�UHFRUGLQJ�GDWD��7DEOH����LQGLFDWHG�WKDW�WKH�PLON�\LHOG�RI�DERULJLQDO�FRZV�ZDV�QRW�ORZHU�WKDQ�WKDW�RI�WKH�ZLGH�VSUHDG�FXOWXUDO�EUHHGV�LQ�/LWKXDQLD��7KH�PLON�\LHOG�RI�ZKLWH�EDFNHG�FRZV�ZDV�E\������KLJKHU�DQG�DVK�JUH\�QHDUO\�WKH�VDPH�DV�WKH�DYHUDJH�RI�DOO�PLON�UHFRUGHG�FRZV�LQ�/LWKXDQLD��7KH�PLON�IDW�FRQWHQW�RI�ZKLWH�EDFNHG�FRZV�ZDV�E\�������DQG�SURWHLQ�FRQWHQW�E\�������ORZHU��EXW�WKH�\LHOG�RI�IDW�DQG�SURWHLQ�LQ�WKH�PLON�ZDV�HYHQ�KLJKHU�WKDQ�WKH�DYHUDJH�RI�DOO�UHFRUGHG�FRZV��LW� KDV� EHHQ� FRPSHQVDWHG�E\�KLJKHU�PLON� \LHOG���7KH�PLON� \LHOG�� IDW� DQG�SURWHLQ�FRQWHQW�RI�ZKLWH�EDFNHG�DQG�DVK�JUH\�FRZV�ZHUH�D�OLWWOH�ORZHU�LQ�FRPSDULVRQ�ZLWK�WKH�DYHUDJH�RI�PLON�UHFRUGHG�FRZV�RQ�SULYDWH�IDUPV�
7DEOH���7KH�DYHUDJH�PLON�SURGXFWLYLW\�RI�UHFRUGHG�FRZV)DW 3URWHLQ%UHHG 1XPEHU�RI�FRZV 0LON��NJ � NJ � NJ:KLWH�EDFNHG �� ���� ���� ����� ���� �����$VK�JUH\ ��� ���� ���� ����� ���� �����/LWKXDQLDQ�%ODFN�DQG�:KLWH ����� ���� ���� ����� ���� �����/LWKXDQLDQ�5HG ����� ���� ���� ����� ���� �����7RWDO�RQ�SULYDWH�IDUPV ����� ���� ���� ����� ���� �����7RWDO ����� ���� ���� ����� ���� �����

7KH�DQDO\VLV�RI�WKH�PLON�SURGXFWLRQ�RI�FRZV�SHU�ODFWDWLRQ��7DEOH����LQGLFDWHG�WKDW�PRVW�PLON�SURGXFWLYH�ZHUH� WKH�FRZV� IURP� WKH� VLUHV�SRVVHVVLQJ� WKH�EORRG�RI�%ODFN�DQG�:KLWH�'XWFK��%ULWLVK�)ULHVLDQ�DQG�RWKHU�IRUHLJQ�EUHHGV��:KLWH�EDFNHG�FRZV�RI�WKLV�JURXS�SURGXFHG�HYHQ�E\��������3��������PRUH�PLON�WKDQ�DERULJLQDO�FRZV�RU�FRZV�ZLWK� XQNQRZQ�SHGLJUHH�DQG�E\�������PRUH�PLON� WKDQ�FRZV�ZLWK�+ROVWHLQ�EORRG��7KH�PLON� IDW� FRQWHQW�RI�ZKLWH�EDFNHG�FRZV�ZLWK�+ROVWHLQ�EORRG�ZDV�E\�������DQG�FRZV�ZLWK�EORRG�LQIXVLRQ�IURP�RWKHU�FXOWXUDO�EUHHGV�E\�������KLJKHU� WKDQ� FRZV� ZLWK� EORRG� LQIXVLRQ� IURP� RWKHU� FXOWXUDO� EUHHGV� ZDV� E\� �����
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KLJKHU� WKDQ�DERULJLQDO� FRZV�RU�XQNQRZQ�FRZV�DQG�E\�������������3�3���������KLJKHU�LQ�FRPSDULVRQ�ZLWK�FRZV�ZLWK�+ROVWHLQ�EORRG�
7DEOH����0LON�SHUIRUPDQFH�RI�DERULJLQDO�FRZV�RI�GLIIHUHQW�JHQRW\SHV)DW 3URWHLQ%UHHG 1R�RI�FRZV 0LON��NJ � NJ � NJ$ERULJLQDO�FRZV�RU�FRZV�ZLWK�XQNQRZQ�SHGLJUHH$VK�JUH\ �� �������� ��������� ��������� ��������� ���������:KLWH�EDFNHG �� �������� ���������� ��������� �������� ���������&RZV�ZLWK�+ROVWHLQ�EORRG$VK�JUH\ �� �������� ��������� ��������� ��������� ���������:KLWH�EDFNHG �� �������� ��������� ���������� ��������� ���������&RZV�ZLWK�EORRG�LQIXVLRQ�IURP�RWKHU�FXOWXUDO�EUHHGV$VK�JUH\ �� �������� ��������� ��������� ��������� ���������:KLWH�EDFNHG �� �������� ��������� ��������� ��������� ���������

7KH�PLON�\LHOG�RI�DVK�JUH\�FRZV�ZLWK�+ROVWHLQ�EORRG�ZDV�E\������ORZHU�WKDQ�DERULJLQDO� FRZV� RU� FRZV� XQNQRZQ� SHGLJUHH� �WKH� GLIIHUHQFH� ZDV� VWDWLVWLFDOO\�LQVLJQLILFDQW��EXW�PLON�SURWHLQ�FRQWHQW�ZDV�E\��������3����������KLJKHU��
&RQFOXVLRQ���,W�LV�XQDQLPRXVO\�DJUHHG�WKDW�WKHUH�ZDV�D�FHUWDLQ�KLJKHU�RU�ORZHU�GHJUHH�RI�EORRG�LQIXVLRQ�IURP�FXOWXUDO�EUHHGV�WR�/LWKXDQLDQ�DERULJLQDO�FDWWOH���� 7KH� FXOWXUDO� EUHHGV� KDG� D� SRVLWLYH� HIIHFW� RQ� WKH� PLON� SURGXFWLYLW\� RI�/LWKXDQLDQ�DERULJLQDO�FDWWOH��HVSHFLDOO\�:KLWH�EDFNHG��
5HIHUHQFHV��� %RYHLQLHQ¡ %��� 9LLQDODVV� +��� 9lUY� 6��� %HNHUH� 5�� 3UHOLPLQDU\� $QDO\VLV� IRU�&RPSDULQJ� *HQHWLF� 6WUXNWXUH� RI� /LWKXDQLDQ�� /DWYLDQ� DQG� (VWRQLDQ� 1DWLYH�&DWWOH��3URFHHGLQJV�RI��WK %DOWLF�$QLPDO�%UHHGLQJ�&RQIHUHQFH��-HOJDYD��������3����������� .XRVD� -�� /LWKXDQLDQ $VK� *UH\� DQG� :KLWH� %DFNHG� QDWLYH� FDWWOH� DQG� WKHLU�FRQVHUYDWLRQ��,QWHUQDWLRQDO�FRQIHUHQFH�³&RQVHUYDWLRQ�RI�WKH�JHQHWLF�UHVRXUFHV�RI�LQGLJHQRXV�GRPHVWLF�DQLPDO�EUHHGV´��%DLVRJDOD��������3����������� .XRVD� -��� 7XãDV� 6��� %RYHLQLHQ¡ %�� ,PPXQRJHQHWLFV� FKDUDFWHULVWLFV� RI�/LWKXDQLDQ� LQGLJHQRXV� FDWWOH� �OLJKW�JUH\� DQG� ZKLWH�EDFNHG��� $QLPDO�KXVEDQGU\��6FLHQWLILF�$UWLFOHV������������3�������������7XãDV�6���0LFHLNLHQ¡ ,���-XãNLHQ¡ 9��&RQVHUYDWLRQ�DQG�$QDO\VLV�RI�/LWKXDQLDQ�,QGLJHQRXV� &DWWOH�� 3URFHHGLQJV� RI� �WK %DOWLF� $QLPDO� %UHHGLQJ� &RQIHUHQFH��-HOJDYD��������3�������
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())(&7�2)�&+$1*(6�,1 )(('�5$7,21�21�0,/. 352'8&7,9,7<�2)�(6721,$1�1$7,9(�&2:6.�.DODPHHV
��2�6DYHOL��7�.DDUW��,QVWLWXWH�RI�$QLPDO�6FLHQFH�RI�(VWRQLDQ�$JULFXOWXUDO�8QLYHUVLW\��7DUWX��(VWRQLD
,QWURGXFWLRQ7KH� RZQHUV� RI� (VWRQLDQ� 1DWLYH� FRZV� DUH� DZDUH� RI� WKH� DGYDQWDJHV� DQG�GHILFLHQFLHV�RI� WKLV�EUHHG��ZKHUHDV�RWKHU�FDWWOH�EUHHGHUV�NQRZ�WKLV�EUHHG�DV� ORFDO�HQGDJHUHG� EUHHG� ZLWK� VPDOO� JURZWK� DQG� ORZ� PLON�SURGXFLQJ� DELOLW\��:RUOG����������� 7KH� ORZ� SURGXFWLRQ� LV� RIWHQ� FDXVHG� E\� SRRU� IHHGLQJ�NHHSLQJ�FRQGLWLRQV�GXH�WR�ZKLFK�WKH�JHQHWLF�SRWHQWLDO�RI�WKH�(VWRQLDQ�1DWLYH�EUHHG�FDQQRW�EH�IXOO\�UHDOL]HG�6HYHUDO�FRXQWULHV�ZDQW�WR�SUHVHUYH�WKHLU�QXPHULFDOO\�VPDOO�FDWWOH�EUHHGV�ILUVW�RI�DOO� IRU� WKH� JHQHWLF� GLYHUVLW\� DQG� VSHFLILF� IHDWXUHV� �.DQWDQHQ�� ������ .DQWDQHQ��������EXW�DOVR�IRU�HFRQRPLFDO�ELRORJLFDO��VFLHQWLILF��FXOWXUDO�KLVWRULFDO�DQG�HWKLFDO�UHDVRQV��0DLMDOD��������0DLMDOD�HW�DO����������,Q�)LQODQG����������������)$%$�DQG�$5&� FDUULHG� RXW� WKH� FRPSDULVRQ� WULDO�ZLWK� )LQQLVK�$\UVKLUH�� )ULHVLDQ� DQG� ORFDO�)LQQFDWWOH�� NHHSLQJ� WKH� DQLPDOV� LQ� VLPLODU� FRQGLWLRQV� DQG� SD\LQJ� D� VSHFLDO�DWWHQWLRQ� WR� WKHLU� ORQJHYLW\� �0DLMDOD� HW� DO��� ������� 7KH� UHVXOWV� RI� WKH� WULDOV� DUH�LQWHUHVWLQJ�IRU�XV�GXH�WR�D�FORVH�UHODWLRQVKLS�EHWZHHQ�:HVW�)LQQLVK�EUHHG�DQG�RXU�(VWRQLDQ� 1DWLYH� EUHHG�� ,W� LV� KLJK� WLPH� WR� VWXG\� WKH� JHQHWLF� SRWHQWLDO� IRU� PLON�SURGXFWLYLW\� RI� WKH� (VWRQLDQ� 1DWLYH� EUHHG� RQ� D� ODUJH� IDUP� DQG� WR� REWDLQ�FRPSDUDWLYH�GDWD�
0DWHULDO�DQG�0HWKRGV/DQNVDDUH� IDUP� KDV� EHFRPH� D� EUHHGLQJ� FHQWHU� RI� (VWRQLDQ�1DWLYH� FDWWOH�� $W�SUHVHQW� WKHUH� DUH� ��� GDLU\� FRZV�� ZKHUHDV� ODVW� \HDU� ��� FRZV� ZHUH� VROG� WR� RWKHU�IDUPV��7KH�DLP�RI�WKH�IHHGLQJ�WULDO��FDUULHG�RXW�ZLWK�(VWRQLDQ�1DWLYH�FRZV��ZDV�WR�VWXG\�WKH�HIIHFW�RI�EHWWHU�IHHGLQJ�RQ�PLON�SURGXFWLYLW\��6HYHQ�DGXOW�FRZV��ZKR�KDG�FDOYHG��� WR��� WLPHV�E\�VSULQJ�VXPPHU�SHULRG� LQ�������ZHUH�FKRVHQ� IRU� WKH� WULDO��EHFDXVH� WKH�1DWLYH�EUHHG� LV� NQRZQ� IRU� LWV� ODWH�PDWXULW\� �3XQJ��7HLQEHUJ���������5HJDUGLQJ� WKH�PLON� \LHOG� RI� WKH� SUHYLRXV� ODFWDWLRQ�� WZR� EHVW� FRZV�� WZR� DYHUDJH�FRZV�DQG�WKUHH�SRRU�FRZV�ZHUH�FKRVHQ��7KH�VLUHV�RI�FRZV�ZHUH�DOVR�FRQVLGHUHG��7KH� FKRVHQ� FRZV� ZHUH� WKH� RIIVSULQJ� RI� �� GLIIHUHQW� VLUHV�� 7KH� WULDO� FRZV� ZHUH�FRPSDUHG�ZLWK����FRZV�RI�WKH�VDPH�DJH�LQ�WKH�VDPH�FRZVKHG�7KH� SUHYLRXV� ODFDWDWLRQ� PLON� SURGXFWLRQ� GDWD� RI� �� FRZV� RI� WKH� WULDO� JURXS��FRQWURO� ��� DQG� WKH� DGXOW� IDUP�QHLJKERXUV� �Q ����� ZKR� KDG� FDOYHG� DW� WKH� VDPH�WLPH� DV� WULDO� FRZV� �FRQWURO� ���� ZHUH� XVHG� IRU� FRPSDULVRQ�� $FFRUGLQJ� WR� QHZO\�IRUPXODWHG� IHHG� UDWLRQV�� WKH� WULDO� FRZV�ZHUH� IHG� EHWWHU�� VWDUWLQJ� DERXW� RQH�ZHHN�DIWHU�FDOYLQJ��ZKHQ�XGGHU�VZHOOLQJ�KDG�GLVVDSHDUHG��7KH�IHHG�UDWLRQ�FRQVLVWHG�RI�
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WLPRWK\�ULFK� KD\�� EDUOH\� DQG� RDW�PHDO�� SRWDWRHV� DQG� PL[HG� VLODJH� �JUDVV�� RDW��SHD���VXSSOHPHQWHG�ZLWK�SXUFKDVHG�FRQFHQWUDWHV�DQG�VXQIORZHU�FDNH�,Q�IRUPXODWLQJ�WKH�IHHG�UDWLRQV�� WKH�SUHYLRXV�PLON�SURGXFWLYLW\�GDWD�DQG�ERG\�ZHLJKW� RI� D� FRZ� ZHUH� WDNHQ� LQWR� FRQVLGHUDWLRQ�� ,W� ZDV� IROORZHG� WKDW� IHHG� GU\�PDWWHU�ZHUH�QRW�RYHU�����IURP�FRZVC�ERG\�ZHLJKW�DQG�FUXGH�ILEHU�FRQWHQW�ZHUH�RYHU� ��� �� LQ� GU\� PDWWHU�� 3DUWLFXODU� DWWHQWLRQ ZDV� SDLG� WR� GLJHVWLEOH� SURWHLQ��PHWDEROL]DEOH� HQHUJ\� DV�ZHOO� DV� WR�&D� DQG� 3� UHTXLUHPHQWV��2Q� WKH� EDVLV� RI� WKH�H[LVWLQJ�IHHGV��LW�ZDV�GLIILFXOW�WR�IRUPXODWH�D�JRRG�IHHG�UDWLRQ�WR�PHHW�DW�WKH�VDPH�WLPH�ERWK�HQHUJ\�DQG�GLJHVWLEOH�SURWHLQ�UHTXLUHPHQW��7KHUHIRUH��WKHUH�ZDV�ODFN�RI�HQHUJ\�DV�ZHOO�DV�GLJHVWLEOH�SURWHLQ��$W� ILUVW� WKH�FRZV�ZHUH�QRW�DEOH� WR�FRQVXPH�VXFK�DPRXQW�RI�IHHG��EXW�GD\�E\�GD\�WKH\�VWDUWHG�WR�HDW�IDVWHU��7KH�FRQWURO�FRZV�JRW�VLPLODU�IHHG��H[FHSW�IRU�FRQFHQWUDWHV�DQG�FDNHV��EXW�LQ�VPDOOHU�DPRXQWV��
5HVXOWV�DQG�'LVFXVVLRQ7ZR� FRQWURO� JURXSV� KDG� VLPLODU� PLON�SURGXFLQJ� GDWD� �7DEOH� ���� 'DLO\�PLON�\LHOGV� ZHUH� ����� NJ� DQG� ����� NJ�� UHVSHFWLYHO\�� PLON�IDW� \LHOG� DQG� PLON�SURWHLQ�\LHOG� ZHUH� ����� NJ� DQG� ����� NJ�� 7KH� GDWD� YDULDWLRQ� ZDV� VRPHZKDW� �� Y!�����ELJJHU�WKDQ�LQ�WULDO�JURXS��'DLO\�PLON�\LHOG�RI�WKH�WULDO�JURXS�ZDV������NJ��DQG�WKH�\LHOG�RI�PLON�IDW�DQG�PLON�SURWHLQ�ZDV������NJ��ZKLFK�LV�D�UHPDUNDEOH�UHVXOW��DV�IDU�DV�WKH�(VWRQLDQ�1DWLYH�FRZV�DUH�FRQFHUQHG�
7DEOH����$YHUDJH�GDLO\�PLON�SURGXFWLRQ�RI�FRZV�RI�WULDO�DQG�FRQWURO�JURXSV*URXS 0LON��NJ )DW��� 3URWHLQ��� )�3��NJ 6&& 8UHD7ULDO [ ���� ���� ���� ���� ����� �����Q� �� V ��� ���� ���� ���� ����� ����Y ���� ���� ���� ���� ����� ����&RQWURO�� [ ���� ���� ���� ���� ����� �����Q� �� V ��� ���� ���� ���� ����� ����Y ���� ���� ���� ���� ����� ����&RQWURO�� [ ���� ���� ���� ���� ����� �����Q� ��� V ��� ���� ���� ���� ������ �����Y ���� ���� ���� ���� ����� ����

3URWHLQ�FRQWHQW�RI�PLON�ZDV�VLPLODU�LQ�DOO�JURXSV��EXW�IDW�FRQWHQW�ZDV�ORZHU�LQ�WULDO�JURXS��+LJKHU�SURWHLQ�FRQWHQW�RI� IHHG�GLG�QRW� LQIOXHQFH� WKH�PLON�GU\�PDWWHU�V\QWKHVLV��7KH�SUREOHPV�PD\�EH�LQ�HQHUJ\�VWRULQJ��EHFDXVH�WKH�PLON�XUHD�FRQWHQW�LQ� WULDO� JURXS� ZDV� FRQVLGHUDEO\� KLJKHU� WKDQ� LQ� FRQWURO� JURXS�� DQG� LW� UHIHUV� WR�HQHUJ\�GHILFLHQF\�LQ�UXPHQ�GLJHVWLELOLW\�
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7KH�XGGHU�KHDOWK�RI� WULDO�FRZV�ZDV� UDWKHU�SRRU��EXW� LW�ZDV�EHWWHU� WKDQ� WKDW�RI�WKH� FRQWURO�JURXS��� 7KH� VRPDWLF� FHOO� FRXQW� �� 6&&��ZDV� FRQVLGHUDEO\� ORZHU� WKDQ�WKDW�RI�RWKHU�FRZV�LQ�WKH�VDPH�VKHG��7KH�PLON�6&&�DV�ZHOO�DV�XGGHU�KHDOWK�GHSHQG�PRVWO\�RQ�WKH�PLONHUCV�ZRUNLQJ�PHWKRGV��.LLPDQ���������2Q�/DQNVDDUH�IDUP�WKH�PLONHUV� ZHUH� FDUHOHVV� DQG� WKH\� ZHUH� RIWHQ� UHSODFHG�� 5HSODFHPHQW� RI� D� PLONHU�GHFUHDVHV� DOVR� WKH� PLON� \LHOG�� 7KXV�� LQ� 6HSWHPEHU�� DIWHU� WKH� UHSODFHPHQW� RI� D�PLONHU�� WKH� PLON� \LHOG� RI� WULDO� FRZV� GHFUHDVHG� E\� ����� NJ� ����������� NJ���&RQVHTXHQWO\��RQ�/DQNVDDUH�IDUP�WKHUH�LV�PXFK�ZRUN�WR�GR�WR�DFKLHYH�6&&�OLPLW�RI���������
)LJXUH����0LON�SURGXFWLRQ�RI�WULDO�DQG�FRQWURO�JURXS�FRZV GHSHQGLQJ�RQ�ODFWDWLRQ�PRQWK
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)LJXUH����'DLO\�PLON�IDW�DQG�SURWHLQ�SURGXFWLRQ�GHSHQGLQJ�RQ�ODFWDWLRQ�PRQWK
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7KH� GDWD� RI� GLIIHUHQW� ODFWDWLRQ�PRQWKV� �)LJXUHV� ������� 7DEOH� ��� VKRZHG� WKDW�GDLO\�PLON�\LHOG�RI�WULDO�FRZV�ZDV�������������NJ�KLJKHU�WKDQ�LQ�SUHYLRXV�ODFWDWLRQ��DQG�������������NJ�ELJJHU� WKDQ� WKDW�RI�RWKHU�FRZV� LQ� WKH�VDPH�VKHG���7DNLQJ� LQWR�DFFRXQW�WKH�GDLO\�PLON�IDW�DQG�PLON�SURWHLQ�\LHOG��WKH�SURGXFWLRQ�RI�WULDO�FRZV�ZDV��������������� NJ� ELJJHU� WKDQ� LQ� SUHYLRXV� ODFWDWLRQ�� DQG� �������������� NJ� ELJJHU�WKDQ� WKDW� RI� RWKHU� FRZV� RQ� WKH� VDPH� IDUP�� 9DULDWLRQ� ZDV� VWDWLVWLFDOO\� SUREDEOH��3���������������GXULQJ�VL[�ODFWDWLRQ�PRQWKV�
)LJXUH����0LON�XUHD�FRQWHQW�GHSHQGLQJ�RQ�ODFWDWLRQ�PRQWK
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8UHD�FRQWHQW�RI�PLON�LQFUHDVHG�UHPDUNDEO\��FRPSDUHG�ZLWK�SUHYLRXV�ODFWDWLRQ��H[FHHGLQJ� DOVR� WKH� XUHD� GDWD� RI� RWKHU� FRZV� RQ� WKH� VDPH� IDUP�� ZKLFK� UHIHUV� WR�HQHUJ\�GHILFLHQF\�LQ�D�IHHG�UDWLRQ�0LON� IDW� FRQWHQW� ZDV� QHDUO\ RQ� WKH� VDPH� OHYHO�� EXW� LQ� WKH� VHFRQG� KDOI� RI�ODFWDWLRQ�SHULRG�WKH�PLON�IDW�FRQWHQW�RI� WULDO�FRZV�ZDV�ORZHU�WKDQ�WKDW�RI�FRQWURO�JURXS��0LON� SURWHLQ� FRQWHQW� RI� WULDO� FRZV�� KRZHYHU�� ZDV� KLJKHU� GXULQJ� WKH� ILUVW�PRQWKV� RI� ODFWDWLRQ�� ZKHUHDV� QR� GLIIHUHQFH� ZDV� REVHUYHG� LQ� WKH� VHFRQG� KDOI� RI�ODFWDWLRQ�SHULRG�%RWK� WKH�PLON� IDW� DQG�PLON� SURWHLQ� FRQWHQW� LQFUHDVHG�GXULQJ� WKH�ODFWDWLRQ�SHULRG�
&RQFOXVLRQ$�IHHGLQJ�WULDO�ZDV�FDUULHG�RXW�RQ�/DQNVDDUH�IDUP�WR�VWXG\�WKH�UHDFWLRQ�RI�WKH�(VWRQLDQ� 1DWLYH� EUHHG� FRZV� WR� EHWWHU� IHHGLQJ� FRQGLWLRQV�� )HHG� UDWLRQV� IRU� WULDO�FRZV�ZHUH�IRUPXODWHG�DFFRUGLQJ�WR�WKHLU�PLON�\LHOG��7KH�PLON�SHUIRUPDQFH�GDWD�RI�WKH� WULDO� FRZV� �Q�  � ��� ZHUH� FRPSDUHG� ZLWK� WKH� UHOHYDQW� GDWD� RI� WKHLU� SUHYLRXV�ODFWDWLRQ� �FRQWURO� ���� DQG� ZLWK� WKH� SURGXFWLYLW\� GDWD� RI� WKH� FRZV� RI� WKH� VDPH�FRZVKHG�ZKR�KDG�FDOYHG�LQ�WKH�VDPH�SHULRG��Q ����FRQWURO����7KH�PLON�\LHOG�RI�WULDO�FRZV�H[FHHGHG�VLJQLILFDQWO\��E\�������������NJ��WKH�GDLO\�RXWSXW�RI�ERWK�FRQWURO�JURXSV�DV�ZHOO�DV�WKH�GDLO\�RXWSXW�RI�RWKHU�FRZV�LQ�WKH�VKHG��E\ ������������NJ��UHVSHFWLYHO\��7KH�PLON�IDW�DQG�SURWHLQ�\LHOG�RI�WKH�WHVW�FRZV�ZDV�E\���������������NJ�KLJKHU��FRPSDUHG�ZLWK�WKH�\LHOG�RI�SUHYLRXV�ODFWDWLRQ��DQG�E\���������������NJ�KLJKHU�WKDQ�WKDW�RI�RWKHU�FRZV�LQ�WKH�VDPH�VKHG��7KH�UHVXOWV�FRXOG�KDYH�EHHQ�HYHQ�EHWWHU�XQOHVV�HQHUJ\�GHILFLHQF\�RFFXUUHG�LQ�IHHGLQJ��DQG�PLON�6&&�H[FHHGHG���������FHOOV�PO�7KXV�� WKH� (VWRQLDQ� 1DWLYH� FRZV� UHDFWHG� IDYRXUDEO\� WR� EHWWHU� IHHGLQJ�FRQGLWLRQV��7KH�UHVXOWV�RI�WKLV�VWXG\�VXJJHVW�WKDW�WKH�PLON�SURGXFWLRQ�SRWHQWLDO�RI�WKH (VWRQLDQ�1DWLYH�EUHHG�FRZV�FRXOG�EH�������������NJ�\HDU�������IDW�FRQWHQW��DQG� ������ SURWHLQ� FRQHQW�� &RQVHTXHQWO\�� WKH� (VWRQLDQ� 1DWLYH� EUHHG� FDWWOH� DUH�ZRUWK� NHHSLQJ�QRW�RQO\� IRU� JHQHWLF�GLYHUVLW\�FRQVHUYDWLRQ�SXUSRVHV��EXW� DOVR� IRU�WKHLU�KLJK�SRWHQWLDO�SURGXFWLYLW\�
5HIHUHQFHV.DQWDQHQ��-��*HQHWLF�GLYHUVLW\�RI�GRPHVWLF�FDWWOH� ��%RV� WDXUXV� LQ�1RUWK�(XURSH��3K'�WKHVLV��-RHQVXX��������S�����.DQWDQHQ��-��3RSXODWLRQ�VWUXFWXUHV�RI�(DVW���1RUWK� DQG�:HVW�)LQQLVK�FDWWOH�RQ�WKH�EDVLV� RI� ELRFKHPLFDO� SRO\PRUSKLVPV� DQG� ERG\� PHDVXUHPHQWV�� 06F� WKHVLV��8QLYHUVLW\�RI�+HOVLQNL��������S���.LLPDQ�� +�� 3LLPD� VRPDDWLOLVWH� UDNNXGH� DUYX� P}MXWDYDWHVW� WHJXULWHVW�� 9lLWHNLUL�S}OOXPDM�GRNW�NU��WDRWOHPLVHNV��7DUWX������������ON�
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0DLMDOD��.��0RWLYHV�DQG�REMHFWLYHV�RI�FRQVHUYLQJ�IDUP DJU��3DSHU�RQ�WKH�*HQHUDO�0HHWLQJ�RI�(&�*HQHWLF�5HVRXUFHV�3URMHFW��%UXVVHO��RFW�����������S���0DLMDOD�� .��� $GDOVWHLQVVRQ�� 6��� 'DQHOO�� %��� *MHOVWDG�� %��� 9DQJHQ�� 2��� 1HLPDQQ�6|UHQVHQ�� $�� ������ &RQVHUYDWLRQ� RI� $QLPDO� *HQHWLF� 5HVRXUFHV� LQ�6FDQGLQDYLD��,Q��*HQHWLF�&RQVHUYDWLRQ�RI�'RPHVWLF�/LYHVWRFN��9RO������(GLWHG�E\�$OGHUVRQ� DQG�%RGy���&$%� ,QWHUQDWLRQDO��:DOOLQJIRUG��2[RQ�2;,2��'(��8.����±����0DLMDOD��.���.DQWDQHQ�� -���.RUKRQHQ�� 7�� ������&RQVHUYDWLRQ� RI�$QLPDO�*HQHWLF�5UHVRXUFHV�LQ�)LQODQG��,Q��*HQHWLF�&RQVHUYDWLRQ�RI�'RPHVWLF�/LYHVWRFN��9RO����� �(GLWHG� E\� $OGHUVRQ� DQG� %RGy��� &$%� ,QWHUQDWLRQDO�� :DOOLQJIRUG�� 2[RQ�2;,2��'(��8.�����±����35,.��0DDNDUMD�M}XGOXVNRQWUROOL�DQGPHG������D����7DUWX��9lOMDWU�NN������������:RUOG�:DWFK� /LVW� IRU� GRPHVWLF� DQLPDO� GLYHUVLW\�� ��QG� HGLWLRQ�� (VWRQLDQ� QDWLYH�FDWWOH���(G��%\�%HDWH�'��6FKHUI��5RPH��6HSWHPEHU�������S�����



��

$%287�0(7+2'6�5('8&,1*�620$7,&�&(//�&2817�,1�0,/.+��.LLPDQ��7��.DDUW��,QVWLWXWH�RI�$QLPDO�6FLHQFH��(VWRQLDQ�$JULFXOWXUDO�8QLYHUVLW\��.UHXW]ZDOGL����7DUWX������� (VWRQLD
,QWURGXFWLRQ,QIHFWLRQ�VWDWXV�LV�WKH�PRVW�LPSRUWDQW�IDFWRU�DIIHFWLQJ�VRPDWLF�FHOO�FRXQW��6&&��LQ� PLON�� +LJK� PLON� VRPDWLF� FHOO� FRXQW� LV� DOPRVW� DOZD\V� WKH� UHVXOW� RI� LQIHFWLRQ��9DULDWLRQ� LQ� 6&&� IURP� GD\� WR� GD\� IRU� KHDOWK\� FRZV� GRHV� UHVXOWV� LQ� VOLJKWO\�HOHYDWHG�IRU�VRPH�FRZV�EXW�VHOGRP�WR�H[WUHPHO\�KLJK�OHYHOV��0DVWLWLV�LV�WKH�FRVWO\�GLVHDVH�WR�DQLPDO�DJULFXOWXUH��7KHUH�ZDV�IRXQG��+HDOG�HW�DO���������5RJHUV�HW�DO��������� WKDW� ���� ���� FHOOV�PO� WR� EH� WKH� PRVW� SUDFWLFDO� WKUHVKROG� WR� GHWHUPLQH�PDVWLWLV� EDVHG� RQ� 6&&�� 0LON� \LHOG�� UHSURGXFWLYH� SHUIRUPDQFH�� DQG� KHDOWK� DUH�LPSRUWDQW�IDFWRUV�WKDW�GHWHUPLQH�SURILWDELOLW\�RI�GDLU\�IDUPV�7KH� VXFFHVV� RI� WKH� PRGHUQ� GDLU\� IDUP� ZLOO� EH� GHSHQGHQW� RQ� WKH� SURILWDEOH�SURGXFWLRQ�RI�KLJK�TXDOLW\�PLON��$V�RXU�GDLU\�KHUGV�LQFUHDVH�LQ�VL]H��FRZV
�ZLOO�EH�PLON�PRUH�IUHTXHQWO\�E\�PLONHUV��'DLU\�FDWWOH�EUHHGHUV�DUH�UHQHZLQJ�RZQ�PLONLQJ�HTXLSPHQW� E\� PRGHUQ� RQH�� ,Q� ����� WKH� VWDQGDUGV� RI� ,QWHUQDWLRQDO� 6WDQGDUG�2UJDQLVDWLRQ��,62��IRU�PLONLQJ�PDFKLQHV�DQG�FRPSRQHQWV�ZHUH�UHYLVHG��$�IXUWKHU�VWHS�LQ�DXWRPDWLRQ�ZDV�WKH�LQWURGXFWLRQ�RI�DXWRPDWLF�FOXVWHU�UHPRYHU��$&5���$Q�DXWRPDWLF�FOXVWHU�UHPRYDO�V\VWHP�DVVLVWV�WKH�PLONHU�LQ�KLV�MRE�E\�WDNLQJ�RYHU�WKH�UHPRYDO�RI�WKH�PLONLQJ�FOXVWHU�IURP�WKH�XGGHU�DW�ULJKW�PRPHQW��(YHU\�GDLU\�IDUP�LV�GLIIHUHQW�E\�KLV�PDQDJHPHQW�PHWKRGV�7KH�REMHFW�RI�WKH�SUHVHQW�VWXG\�ZDV�WR�LQYHVWLJDWH�ZKDW�NLQGV�RI�RWKHU�PHWKRGV�WKDQ� WUHDWPHQWV� DUH� LQ� ORZHULQJ� PLON� VRPDWLF� FHOO� FRXQW�� ZKHQ� WKHUH� LV� DSSOLHG�PDFKLQH�PLONLQJ�LQ�GDLU\�IDUPV�
0DWHULDO�DQG�0HWKRGV,Q�WKH�SUHVHQW VWXG\����PLONHUV�ZRUNLQJ�WLPH�REVHUYDWLRQV�LQ�HLJKW�DJULFXOWXUDO�HQWHUSULVHV�ZHUH�FDUULHG�RXW��1LQH�PLONHUV�ZHUH�ZRUNHG�LQ�PLONLQJ�SDUORXU�DQG����PLONHUV�ZHUH�PLONHG�ZLWK�SLSHOLQH�PLONLQJ�HTXLSPHQW��0RQLWRULQJ�RI�WKH�ZRUNLQJ�RSHUDWLRQV� RI� WKH�PLONHUV� ZDV� FDUULHG� RXW�� 7KH� GXUDWLRQ� RI� HDFK� HOHPHQW� RI� WKH�ZRUNLQJ�SURFHVV�ZDV�UHFRUGHG��,Q�RQH�HQWHUSULVH�ZHUH�NHSW�(VWRQLDQ�5HG�FRZV��LQ�WZR�HQWHUSULVHV�(VWRQLDQ�+ROVWHLQ�DQG�(VWRQLDQ�5HG�FRZV�DQG�LQ�ILYH�DJULFXOWXUDO�HQWHUSULVHV� RQO\� (VWRQLDQ� +ROVWHLQ� FRZV�� 7KH� GDWD� DERXW� WHVW�GD\� VRPDWLF� FHOO�FRXQW� LQ� ����� ZHUH� FROOHFWHG�� 7KH� PLONLQJ� PDFKLQHV� ZHUH� WHVWHG� LQ� PLONLQJ�SDUORXUV��7KH�DQDO\VLV�RI�YDULDQFH�ZLWK�6$6� SURJUDP�ZDV�XVHG�WR�ILQG�WKH�HIIHFWV�RI� FRZ� SUHSDULQJ� IRU� PLONLQJ�� GHOD\� LQ� DSSO\LQJ� WKH� PLONLQJ� XQLW� WR� WKH� FRZ��PDFKLQH�VWULSSLQJ�DQG�RYHU�PLONLQJ�DQG�H[SODLQ�WKHLU�VLJQLILFDQFH�RQ�6&&��



��

5HVXOWV0LONLQJ�SURFHGXUHV�VKRXOG�EH�GHVLJQHG�LQ�V\QHUJ\�ZLWK�FRZ�SK\VLRORJ\�VR�DV�WR�RSWLPLVH�FRZ�KHDOWK��PLON�TXDOLW\�DQG�KXPDQ�KHDOWK��5HVHDUFKHUV��0HUULO�HW�DO���������ZHUH�IRXQG�WKDW�WZHOYH�KRXUV�LQWHUYDO�LV�PRVW�RSWLPDO�PLONLQJ�LQWHUYDO�ZLWK�WZLFH� GDLO\� PLONLQJ�� $Q� RSWLPDO� PLONLQJ� URXWLQH� LQFOXGH� GLIIHUHQW� ZRUNLQJ�RSHUDWLRQV�� FOHDQLQJ� XGGHUV� DQG� WHDWV�� PDQXDO� SUH�VWLPXODWLRQ�� IRUH� PLONLQJ��DWWDFKLQJ�PLONLQJ�XQLW� WR�FRZ�� UHPRYLQJ�PLONLQJ�XQLW�� WHDW� GLSSLQJ�� ,Q�RXU� WULDOV�WKH� GDLU\� FRZ� JURXSV� ZHUH� ODUJH�� PRUH� WKDQ� ��� FRZV� PLONHG� E\� RQH� PLONLQJ�RSHUDWRU��)URP�WDEOH���ZH�FDQ�ILQG�GXUDWLRQ�RI�WKH�EDVLF�ZRUNLQJ�RSHUDWLRQV�GRLQJ�GXULQJ�PLONLQJ�SURFHVV�LQ�VHFRQGV�
7DEOH����'XUDWLRQ�RI�EDVLF�RSHUDWLRQV�GRLQJ�GXULQJ�PLONLQJ�SURFHVV�LQ�VHFRQGV�,WHP 0HDQ 0LQLPXP 0D[LPXP'XUDWLRQ�RI�XGGHU�SUHSDUDWLRQ ���� ��� ����'HOD\�LQ�DSSOLFDWLRQ�RI�WKH�PLONLQJ�PDFKLQH ��� � ����
2YHU�PLONLQJ ���� � �����0DFKLQH�VWULSSLQJ ���� � ����

2QH� RI� WKH� LPSRUWDQW� ZRUNLQJ� RSHUDWLRQV� LQ� PLONLQJ� LV� WKH� HIILFLHQW� SUH�PLONLQJ�XGGHU�SUHSDUDWLRQ�RI�WKH�FRZ��,Q�WDEOH���ZH�VHH�� WKDW�VRPH�FRZV
�XGGHUV�ZHUH� SUHSDUHG� HYHQ� E\� �� VHFRQGV�� 7KH� KRUPRQH� R[\WRFLQ� DFWXDWHV� WKH� PLON�OHWGRZQ� PHFKDQLVP� DQG� WKDW� LV� TXLWH� HVVHQWLDO� WKDW� XGGHU� SUHSDUDWLRQ� WLPH� LV�ORQJHU��(VVHQWLDO�SDUW�RI�WKH�XGGHU�SUHSDUDWLRQ�LV�IRUHVWULSSLQJ��ZKHQ�ZH�FDQ�FKHFN�WKH� IRUHPLON� IRU� FOLQLFDO� PDVWLWLV�� ,Q� RXU� WULDOV� ��� PLONHUV� IURP� ��� GRQH�IRUHVWULSSLQJ�LQ�PLONLQJ�DOO�WKH�FRZV�7KH�PLONLQJ�XQLW�VKRXOG�EH�DSSOLHG�WR�WKH�FRZ�DV�VRRQ�DV�SRVVLEOH��7KH�ORQJHU�GHOD\�LQ�DSSOLFDWLRQ�RI�WKH�PLONLQJ�XQLW�WR�WKH�FRZ�ZDV����VHFRQGV��7KH�PLONHU�VKRXOG�UHPRYH�WKH�PLONLQJ�PDFKLQH�DV�VRRQ�DV�PLON� IORZ�FHDVHV��)URP�WKHVH�REVHUYDWLRQV�DSSHDUHG��WKDW�PLONHUV�GLG�QRW�SD\�QHFHVVDU\�DWWHQWLRQ�WR�ZDWFKLQJ�WKH�PLONLQJ�PDFKLQHV��7KH�PD[LPXP�RYHU�PLONLQJ�ZDV�����VHFRQGV�SHU�FRZ��,W�LV�TXLWH�HVVHQWLDO�WKDW�PDFKLQH�VWULSSLQJ�ZLOO�EH�D�VKRUW�UDQJH��,Q�RXU�WULDOV�WKH�PDFKLQH�VWULSSLQJ�ZDV������VHFRQGV��0DFKLQH�VWULSSLQJ�VKRXOG�WDNH�QR�PRUH�WKDQ����WR����VHFRQGV�)URP�WKH�REVHUYDWLRQV�DSSHDUHG��WKDW�PLONHUV�GLG�QRW�SD\�HQRXJK�DWWHQWLRQ�WR�ZDWFKLQJ�WKH�PLONLQJ�PDFKLQH��,W�PD\�UHVXOW�LQ�RYHU�PLONLQJ��)URP�WDEOH���ZH�FDQ�VHH��WKDW�WKH�PD[LPXP�RYHU�PLONLQJ�GXUDWLRQ�ZDV�����VHFRQGV�,W� DSSHDUHG� IURP� WKH� DQDO\VLV� RI� WKH� GDWD� WKDW� WKH� HIIHFW� RI� WKH� XGGHU�SUHSDUDWLRQ�WLPH�ZDV�HVVHQWLDO�WR�PLON�VRPDWLF�FHOO�FRXQW��3��������,Q�WDEOH���WKHUH�LV�PHDQ�PLON� VRPDWLF� FHOO� FRXQW��ZKHQ�XGGHU� SUHSDUDWLRQ� WLPH�ZDV� OHVV� WKDQ����



��

VHFRQGV����������VHFRQGV�DQG�PRUH�WKDQ����VHFRQGV��:KHQ�WKH�XGGHU�SUHSDUDWLRQ�ZDV���������VHFRQGV��WKHQ�WKH�PLON�VRPDWLF�FHOO�FRXQW�ZDV�HVVHQWLDOO\�ORZHU����������PO�� WKDQ�LI� WKH�XGGHU�SUHSDUDWLRQ�ZDV�OHVV� WKDQ����VHFRQGV��)URP�WKHVH�GDWD�ZH� FDQ� FRQFOXGH� WKDW� WR� KLJK� SURGXFLQJ� FRZV� WKH� XGGHU� SUHSDUDWLRQ� RI� ��������VHFRQGV� EH� DGHTXDWH�� 5HVHDUFK� GDWD� �5DVPXVVHQ�� ������ GHPRQVWUDWHV� WKDW�RSWLPLVLQJ� XGGHU� SUHSDUDWLRQ� UHGXFHV� PLONLQJ� WLPH� DQG� LPSURYHV� FRZ� KDQGOLQJ�HIILFLHQF\��
7DEOH����(IIHFW�RI�WKH�XGGHU�SUHSDUDWLRQ�WLPH�WR�PLON�VRPDWLF�FHOO�FRXQW��6&&�'XUDWLRQ�RI�XGGHU�SUHSDUDWLRQ,WHP &KDUDFWHULVWLF ����VHF ��������VHF !���VHF[ ��� ��� ���6&&������PO V ��� ��� ���

7KH�QH[W�HVVHQWLDO�SURFHGXUH�LV�WKH�DSSOLFDWLRQ�RI�WKH�PLONLQJ�XQLW�WR�WKH�FRZ�0LONHUV� ORVW� WLPH�EHWZHHQ� VWLPXODWLRQ�DQG�DFWXDO� DWWDFKPHQW�RI� WKH�PLONLQJ�XQLW�FOXVWHUV�WR�WKH�FRZ�7KH�PLONLQJ�XQLW�VKRXOG�EH�DSSOLHG�WR�WKH�FRZ�DV�VRRQ�DV�FRZ�SUHSDUDWLRQ�LV�FRPSOHWHG��0HUULOO���������7KH�LGHDO�WLPH�LV�����PLQXWHV����PLQ�����VHFRQGV��ZLWK�D�UDQJH�RI���������PLQXWHV�EHWZHHQ�WKH�EHJLQQLQJ�RI�SUHSDUDWLRQ�WR�WKH�DSSOLFDWLRQ�RI�WKH�PLONLQJ�PDFKLQH�
7DEOH����(IIHFW�RI�GHOD\� LQ�DSSO\LQJ� WKH�PLONLQJ�XQLW� WR�PLON� VRPDWLF�FHOO� FRXQW��6&&� $SSOLFDWLRQ�RI�WKH�PLONLQJ�PDFKLQH,WHP &KDUDFWHULVWLF GHOD\ QR�GHOD\[ ��� ���6&&������PO V ��� ���

)URP�WDEOH���ZH�FDQ�VHH� WKDW��ZKHQ� WKHUH�ZDV�GHOD\� LQ�DSSO\LQJ� WKH�PLONLQJ�PDFKLQH�� WKHQ� WKH� PLON� VRPDWLF� FHOO� FRXQW� ZDV� KLJKHU� � ���� ����PO� �3��������5DVPXVVHQ�HW�DO���������GHWHUPLQHG�WKDW�WKH�UDQJH�RI���WR�����PLQXWHV�LV�DFFHSWHG�DV�WKH�RSWLPDO�WLPH�IURP�WKH�EHJLQQLQJ�RI�XGGHU�SUHSDUDWLRQ�WR�WKH�DSSOLFDWLRQ�RI�WKH�PLONLQJ�PDFKLQH��3UHS�ODJ�WLPHV�RI�JUHDWHU�WKDQ���PLQXWHV�ZHUH�IRXQG�WR�UHVXOW�LQ�PRUH�UHVLGXDO�PLON�DQG�ORZHU�PLON�\LHOGV�UHJDUGOHVV�RI�VWDJHV�RI�ODFWDWLRQ�7KH�PLONHU�VKRXOG�UHPRYH�WKH�PLONLQJ�PDFKLQH�DV�VRRQ�DV�PLON�IORZ�FHDVHV�E\�VKXWWLQJ�RII�WKH�YDFXXP��)DVWHU�PLONLQJ�TXDUWHUV�WKDW�PLON�RXW�RQH�WR�WZR�PLQXWHV�EHIRUH� RWKHU� TXDUWHUV� VKRXOG� EH� OHIW� DORQH�� ,W� LV� TXLWH� HVVHQWLDO� WKDW� WKH�PDFKLQH�VWULSSLQJ�ZLOO�EH�D�VKRUW�UDQJH�



��

)URP� WKH� GDWD� DQDO\VLV� REVHUYHG� WKDW� WKH�PDFKLQH� VWULSSLQJ�ZDV� HVVHQWLDO� WR�PLON� VRPDWLF� FHOO� FRXQW� �3�������� ,Q� WDEOH� �� WKHUH� DUH� PHDQ� PLON� VRPDWLF� FHOO�FRXQWV��ZKHQ�WKH�PDFKLQH�VWULSSLQJ�ZDV�OHVV�WKDQ����VHFRQGV����������VHFRQGV�DQG�PRUH�WKDQ����VHFRQGV��:KHQ�WKH�PDFKLQH�VWULSSLQJ�ZDV�OHVV�WKDQ����VHFRQGV��WKHQ�WKH�PLON�6&&�ZDV���������PO��EXW�ZKHQ�WKLV�LWHP�ZDV�PRUH�WKDQ����VHFRQGV�WKH�PHDQ�PLON�VRPDWLF�FHOO�FRXQW�ZDV���������PO��)URP�WKHVH�GDWD�ZH�FDQ�FRQFOXGHG�WKDW�� ZKHQ� WKH� FRZV� DUH� SURSHUO\� SUHSDUHG� DQG� PLONHG� ZLWK� D� JRRG� PLONLQJ�V\VWHP��WKHQ�WKH�PDFKLQH�VWULSSLQJ�VKRXOG�WDNH�QR�PRUH�WKDQ����WR����VHFRQGV��
7DEOH����(IIHFW�RI�WKH�PDFKLQH�VWULSSLQJ�WR�PLON�VRPDWLF�FHOO�FRXQW��6&&��0DFKLQH�VWULSSLQJ,WHP &KDUDFWHULVWLF ����VHF ��������VHF !���VHF[ ��� ��� ���6&&������PO V ��� ��� ���

2QH�RI� WKH�ORQJ�VWDQGLQJ�UHFRPPHQGDWLRQV�LV�DGHTXDWH�ZDWFKLQJ�WKH�PLONLQJ�PDFKLQH�E\�PLONLQJ�WKH�FRZ��7R�HPSW\�WKH�XGGHU�DV�FRPSOHWHO\�DV�SRVVLEOH�GRHV�QRW� PHDQ� WKDW� PLONHUV� FDQ� DOORZ� RYHU�PLONLQJ�� 7KH� PLONHU� VKRXOG� UHPRYH� WKH�PLONLQJ�XQLW�DV�VRRQ�DV�PLON�IORZ�FHDVHV��)URP�WDEOH���ZH�FDQ�VHH��ZKHQ�PLONHUV�GLG� QRW� SD\� QHFHVVDU\� DWWHQWLRQ� WR� ZDWFKLQJ� PLONLQJ� PDFKLQH�� WKHUH� ZDV� RYHU�PLONLQJ�� ,Q� WKHVH� FDVH� WKH� VRPDWLF� FHOO� FRXQW� LQ� PLON� ZDV� KLJK� � ���� ����PO��3��������
7DEOH����(IIHFW�RI�WKH�RYHU�PLONLQJ�WR�PLON�VRPDWLF�FHOO�FRXQW2YHU�PLONLQJ,WHP &KDUDFWHULVWLF DSSHDUHG QRW�DSSHUHG[ ��� ���6&&������PO� V ��� ���

:LWKRXW�RYHU�PLONLQJ�WKH�PHDQ�PLON�VRPDWLF�FHOO�FRXQW�ZDV�UHPDUNDEO\�ORZHU���������PO��7KH�RYHU�PLONLQJ�ZDV�REVHUYHG�DQ\�PRUH�LQ�WKHVH�FDVHV�ZKHQ�WKHUH�ZHUH�VR�PDQ\�PLONLQJ�PDFKLQHV� WKDW�PLONHU�ZDV�QRW�DEOH� WR�PRQLWRU� WKURXJKRXW�WKH�HQWLUH�PLONLQJ�SURFHVV��7KH� UHVXOWV� RI� PLONLQJ� PDFKLQH� WHVWV� VKRZHG�� WKDW� WKH� EDVLF� UHDGLQJV� ZHUH�UHPDLQHG�ZLWKLQ�VWDQGDUGV��,62�������������OLFHQVHG�
&RQFOXVLRQV,Q�WKH�SUHVHQW�UHVHDUFK�WKH�PRQLWRULQJ�RI�WKH�ZRUNLQJ�SURFHVV�RI����PLONHUV�LQ�HLJKW�DJULFXOWXUDO�HQWHUSULVHV�ZDV�FDUULHG�RXW��7KH�GXUDWLRQ�RI�HDFK�HOHPHQW�RI�WKH�ZRUNLQJ�SURFHVV�ZDV� UHFRUGHG��1LQH�PLONHUV�ZRUNHG� LQ�PLONLQJ�SDUORXUV�DQG����



��

PLONHUV� ZLWK� SLSHOLQH�PLONLQJ� HTXLSPHQW�� 7KH�PLONLQJ�PDFKLQHV� ZHUH� WHVWHG� LQ�PLONLQJ�SDUORXUV��)URP�GDWD�DQDO\VLV�REVHUYHG WKDW�WKH�DGHTXDWH�SUH�PLONLQJ�FRZ�SUHSDUDWLRQ� IRU�PLONLQJ� ZDV� HVVHQWLDO� WR� PLON� VRPDWLF� FHOO� FRXQW� �3�������� 7KH�GHOD\�LQ�DSSOLFDWLRQ�RI�WKH�PLONLQJ�PDFKLQH�ZDV�DIIHFWHG�PLON�VRPDWLF�FHOO�FRXQW��3��������)URP�WKHVH�GDWD�REVHUYHG�WKDW�PLON�VRPDWLF�FHOO�FRXQW�ZDV���������PO��ZKHQ�WKHUH�ZDV�QRW�GHOD\�LQ�DSSO\LQJ�WKH�PLONLQJ�XQLW�DQG���������PO��ZKHQ�WKHUH�ZDV� GHOD\�� 6WDWLVWLFDOO\� VLJQLILFDQW� ZDV� WKH� HIIHFW� RI� PDFKLQH� VWULSSLQJ� WR� PLON�VRPDWLF� FHOO� FRXQW� �3�������� ,W� DSSHDUHG� IURP� WKH�REVHUYDWLRQV�� WKDW�PLONHUV�GLG�QRW� SD\� HQRXJK� DWWHQWLRQ� WR� ZDWFKLQJ� WKH� PLONLQJ� PDFKLQHV� UHVXOW� ZDV� RYHU�PLONLQJ��0LON�VRPDWLF�FHOO�FRXQW�ZDV�UHPDUNDEO\�ORZHU� ��������PO��ZKHQ�RYHU�PLONLQJ�ZDV�QRW�REVHUYHG�DQG�KLJKHU� ��������PO��ZKHQ�WKHUH�ZDV�RYHU�PLONLQJ�LQ� RQH� RU� PRUH� XGGHU� TXDUWHUV� �3��������� 7KH� UHVXOWV� RI� PLONLQJ� PDFKLQH� WHVWV�VKRZHG��WKDW�WKH�EDVLF�UHDGLQJV�ZLWKLQ�VWDQGDUGV��,62�������������OLFHQVHG��
5HIHUHQFHV���+HDOG��&��:���.LP��7���6LVFKR��:��0���&RRSHU��-��%���:ROIJDQJ��'��5��������$�FRPSXWHUL]HG� PDVWLWLV� GHFLVLRQ� DLG� XVLQJ� IDUP�EDVHG� UHFRUGV�� DQ� DUWLILFLDO�QHXUDO�QHWZRUN�DSSURDFK��� -��'DLU\�6FL���YRO������1R�����S����������������0HUULOO��:��*���6DJL��5���3HWHUVRQ��/��*��������(IIHFWV�RI�SUHPLONLQJ�VWLPXODWLRQ�RQ�FRPSOHWH�ODFWDWLRQ�PLON�\LHOG�DQG�PLONLQJ�SHUIRUPDQFH��� -��'DLU\�6FL���YRO������1R�����S����������������� 5DVPXVVHQ��0��'��� )ULPHU�� (�� 6��� *DOWRQ��'�� /��� 3HWHUVVRQ�� /��*�� ������ 7KH�LQIOXHQFH� RI� SUHPLONLQJ� WHDW� SUHSDUDWLRQ� DQG� DWWDFKPHQW� GHOD\� RQ�PLON� \LHOG�DQG�PLON�SHUIRUPDQFH��� -��'DLU\�6FL��YRO������1R�����S����������������� 5RJHUV�� *��:��� %DQRV�� *��� 6DQGHU� 1LHOVHQ�� 8��� 3KLOLSVVRQ�� -�� ������ *HQHWLF�FRUUHODWLRQV� DPRQJ� VRPDWLF� FHOO� VFRUHV�� SURGXFWLYH� OLIH�� DQG� W\SH� WUDLWV� IURP�WKH�8QLWHG�6WDWHV�DQG�XGGHU�KHDOWK�PHDVXUHV�IURP�'HQPDUN�DQG�6ZHGHQ��� -��'DLU\�6FL���YRO������1R�����S��������������



��

,17(5$&7,21�%(7:((1�*(127<3(�$1'�)((',1*�.((3,1*�&21',7,216�2)�(6721,$1�5('�&2:6$��.XUHRMD
��7��.DDUW� (VWRQLDQ�$JULFXOWXUDO�8QLYHUVLW\��,QVWLWXWH�RI�$QLPDO�6FLHQFH��'HSDUWPHQW�RI�$QLPDO�%UHHGLQJ����.UHXW]ZDOGL�6W���7DUWX��(VWRQLD
,QWURGXFWLRQ7KH�'DQLVK�5HG�EUHHG�KDV� EHHQ�XVHG� WR� LPSURYH� WKH�(VWRQLDQ�5HG�EUHHG�RI�FDWWOH�DOUHDG\�VLQFH�WKH�ODVW�GHFDGH�RI�WKH���WK�FHQWXU\��0DMRULW\�RI�WKH�ILUVW�OLQHV�RI� WKH�(VWRQLDQ�5HG�KHUG�ZHUH�HVWDEOLVKHG�RQ� WKH�EDVLV�RI� WKH�'DQLVK�5HG�EXOOV�DQG� WKHLU�RIIVSULQJ� �����1RZDGD\V���������RI� WKH�JHQH�SRRO�RI� WKH�(VWRQLDQ�5HG�EUHHG� FDWWOH� DQG� ������� RI� VHPHQ� EDQN� RI� WKH� EUHHGLQJ� FR�RSHUDWLYH� ´(VWRQLDQ�5HG�+HUG´�RULJLQDWH�IURP�WKH�'DQLVK�5HG�EUHHG������7KH�'DQLVK�5HG�EUHHG� LV�ZLGHO\� NQRZQ� DQG�KLJKO\� UHFRJQL]HG� DPRQJ�RWKHU�EUHHGHUV�RI�5HG�FDWWOH�DV�ZHOO��$OWKRXJK�WKH�DERYH�EUHHG�KDV�EHHQ�ZLGHO\�XVHG�WR�LPSURYH� WKH� (VWRQLDQ� 5HG� EUHHG�� QRW� DOZD\V� WKH� H[SHFWHG� LQFUHDVH� LQ� PLON�SURGXFWLYLW\�KDV�EHHQ�REWDLQHG��7KLV�PD\�EH�FDXVHG�E\�WKH�IDFW�WKDW�ORFDO�IHHGLQJ�NHHSLQJ�FRQGLWLRQV�GR�QRW�PHHW�WKH�QHHGV�RI�WKH�EUHHG�LPSURYHUV�7KH�REMHFWLYH� RI� WKH� SUHVHQW� VWXG\�ZDV� WR� LQYHVWLJDWH� WKH� FKDQJHV� LQ� UHODWLYH�EUHHGLQJ� YDOXH� �5%9�� IRU� PLON� SURGXFWLYLW\� LQ� GLIIHUHQW� IHHGLQJ�NHHSLQJ�FRQGLWLRQV��GHSHQGLQJ�RQ�WKH�SHUFHQWDJH�RI�'DQLVK�5HG�EUHHG�JHQHV�LQ�JHQRW\SH��:KHQ�5%9� RI� WKH� FRZV� RI� GLIIHUHQW� JHQRW\SHV�� L�H�� WKH� 5%9� RI� WKH� FRZV� ZLWK�GLIIHUHQW�SHUFHQWDJH�RI�'DQLVK�5HG�JHQHV��FKDQJHV�GLIIHUHQWO\�LQ�YDULRXV�NHHSLQJ�FRQGLWLRQV��WKH�LQWHUDFWLRQ�EHWZHHQ�JHQRW\SH�DQG�HQYLURQPHQW�WDNHV�SODFH��,Q�FDVH�RI� LQWHUDFWLRQ�� WKH� SURGXFWLYLW\� FKDUDFWHULVWLFV� RI� DQLPDOV� HVWLPDWHG� LQ� FHUWDLQ�FRQGLWLRQV�FDQQRW�EH�VWULFWO\�WUDQVIRUPHG�LQWR�RWKHU�FRQGLWLRQV�
0DWHULDO�DQG�0HWKRGV����� FRZV� IURP� ���� IDUPV� ZHUH� LQYHVWLJDWHG� DIWHU� WKHLU� �UG ODFWDWLRQ�� 7KH�QXPEHU�RI�VLUHV�ZDV������7KH�FODVVLILFDWLRQ�ZDV�EDVHG�RQ�WKH�VKDUH�RI�EUHHGLQJ�FRPSRQHQW�JHQHV�LQ�JHQRW\SH��VHSDUDWHG�LQWR�WKUHH�IROORZLQJ�JURXSV��XS�WR����������������RYHU� �����7KH� IDUPV� DUH� DOVR� GLYLGHG� LQWR� WKUHH� JURXSV�� DFFRUGLQJ� WR�WKH�SURGXFWLRQ�OHYHO�RI�D�IRUDJH�FRZ��XS�WR������NJ��������������NJ�DQG�RYHU������NJ� PLON� SHU� FRZ� D� \HDU�� 5%9� IRU� HDFK� FRZ� ZDV� FDOFXODWHG� RQ� WKH� EDVLV� RI� ��ODFWDWLRQV� DFFRUGLQJ� WR� %/83� DQLPDO�PRGHO�� 5%9� LV� H[SUHVVHG� E\� SRLQWV�� ZLWK�PHDQ� RI� ���� DQG� 6'� RI ��� SRLQWV�� FRPELQLQJ� EUHHGLQJ� YDOXHV� RI�PLON�� IDW� DQG�SURWHLQ� TXDQWLW\� E\� UHODWLYH� HFRQRPLF� ZHLJKWV� RI� ��������� RQ� IL[HG� FRZ� EDVH� LQ�������:KLOH� 5%9� IRU�PLON� SURGXFWLYLW\� RI� FRZ�� FDOFXODWHG� DFFRUGLQJ� WR� %/83�DQLPDO� PRGHO�� FRQVLGHUV� LQ� UHIOHFWLQJ� WKH� DQLPDO¶V� JHQHWLF� YDULDWLRQ� WKH�HQYLURQPHQWDO� HIIHFWV� DV� ZHOO�� WKHQ� 5%9� FDQQRW� EH� FRQVLGHUHG� DV� WKH� GDWD�



��

LQGLFDWLQJ� VWULFWO\� WKH� DPRXQW� RI� SURGXFWLRQ�� EXW� DV� DQ� HVWLPDWH� JLYHQ� LQ� FHUWDLQ�FRQGLWLRQV�0HDQ�5%9V�LQ�WKH�JURXSV�RI�GLIIHUHQW�VKDUH�RI�EUHHGLQJ�FRPSRQHQW�JHQHV�DQG�RQ�WKH�IDUPV�ZLWK�GLIIHUHQW�IHHGLQJ�NHHSLQJ�FRQGLWLRQV�ZHUH�FRPSDUHG�XVLQJ�6$6�SURJUDP��7KH� IROORZLQJ� IRUPXOD� IRU� WZR�IDFWRU� DQDO\VLV�RI�YDULDQFH�� DGMXVWHG� WR�WKH�GDWD��ZDV�XVHG� \LMN  �P ��$L ��%M ��&LM ��HLMN�ZKHUH�P � DYHUDJH� 5%9� RI� FRZV��$L � L HIIHFW� RI� JURXS�ZLWK�'DQLVK�5HG� JHQH�SHUFHQWDJH���L� �����������%M ± M HIIHFW�RI�IHHGLQJ�NHHSLQJ�OHYHO��M� �����������&LM��WRWDO� HIIHFW� RI� L JURXS� ZLWK� 'DQLVK� 5HG� JHQH� SHUFHQWDJH� DQG� M IHHGLQJ�NHHSLQJ�OHYHO��HLMN ± QRQ�GHVFULEHG�SDUW�RI�VWXGLHG�WUDLW��UDQGRP�HUURU��7R�LOOXVWUDWH�JUDSKLFDOO\�WKH�GLIIHUHQFHV�RI�PHDQV�DV�ZHOO�DV�WKH�WRWDO�HIIHFW�RI�WKH� VKDUH� RI� 'DQLVK� 5HG� EUHHG� JHQHV� DQG� IHHGLQJ�NHHSLQJ� FRQGLWLRQV�� WKH�GLDJUDPV�ZHUH�GUDZQ�XVLQJ�06�([FHO�RQ�WKH�EDVLV�RI�WKH�UHVXOWV�REWDLQHG�E\�6$6�SURJUDP�
5HVXOWV7KH� UHVXOWV� RI� WKH� DQDO\VLV� LQGLFDWHG� WKDW� ERWK� WKH� SHUFHQWDJH� RI� WKH�'DQLVK�5HG� EUHHG� JHQHV� DQG� IHHGLQJ�NHHSLQJ� FRQGLWLRQV�� DV� ZHOO� DV� WKHVH� WZR� IDFWRUV�WRJHWKHU��KDG�D�VWDWLVWLFDOO\�VLJQLILFDQW�HIIHFW�RQ�5%9�IRU�PLON��7DEOH����
7DEOH����6WXGLHG�IDFWRUV�DQG�VLJQLILFDQFH�RI�WKHLU�HIIHFW)DFWRU 1R��RI�OHYHOV�RI�IDFWRU )�VWDWLVWLF 6LJQLILFDQFH�RI�SUREDELOLW\3HUFHQWDJH�RI�'DQLVK�5HG�EUHHG�JHQHV�LQ�JHQRW\SH��'5%�� � ���� S������
)DUP¶V�SURGXFWLRQ�OHYHO��)3/� � ����� S������'5%���[�)/3 � ���� S�����
$V� VKRZQ� LQ�7DEOH� ��� E\� LPSURYLQJ� IHHGLQJ�NHHSLQJ� FRQGLWLRQV� WKH�5%9�RI�GLIIHUHQW�JHQRW\SHV�DOVR�LQFUHDVHV��/HVV�KDV�LQFUHDVHG�WKDW�RI�WKH�FRZV�SRVVHVVLQJ�XS� WR� ���� 'DQLVK� 5HG� EUHHG� JHQHV� ± ���� DQG� ���� SRLQWV�� UHVSHFWLYHO\�� %LJJHU�FKDQJHV� LQ� 5%9�V�� KRZHYHU��ZHUH� REVHUYHG� LQ� FRZV� SRVVHVVLQJ� ��� WR� ���� DQG�PRUH�WKDQ�����'DQLVK�5HG�EUHHG�JHQHV������WR�����SRLQWV��UHVSHFWLYHO\��GHSHQGLQJ�RQ�NHHSLQJ�FRQGLWLRQV��:LWK� UHJDUG� WR� WKH�PLON� \LHOG�RI� D� IDUP¶V� IRUDJH�FRZ�RU� NHHSLQJ�FRQGLWLRQV��WKH�5%9�RI�WKH�KHUGV�ZLWK�WKH�SURGXFWLRQ�OHYHO�RI�OHVV�WKDQ������NJ�PLON�GLG�QRW�LQFUHDVH� EXW� HYHQ� GHFUHDVH� LQ� WKH� UHVXOW� RI� LQFUHDVLQJ� WKH� VKDUH� RI� EUHHG�LPSURYHU¶V�JHQHV�LQ�JHQRW\SH��ZKHUHDV�LQ�WKH�KHUGV�ZLWK�WKH�PLON�\LHOG�IURP������WR������NJ�SHU� IRUDJH�FRZ��D�VOLJKW� LQFUHDVH�LQ�5%9�ZDV�REVHUYHG�±����DQG�����



��

SRLQWV�� DFFRUGLQJ� WR� WKH� VKDUH� RI� JHQHV�� $� FRQVLGHUDEOH� LQFUHDVH� LQ� 5%9� ZDV�REVHUYHG�LQ�WKH�KHUGV�ZLWK�WKH�PLON�\LHOG�RYHU������NJ�SHU�IRUDJH�FRZ�±����DQG����� SRLQWV�� DFFRUGLQJ� WR� WKH� SHUFHQWDJH� RI� WKH� 'DQLVK� 5HG� EUHHG� JHQHV� LQ�JHQRW\SH�
7DEOH����0HDQ�5%9V�GHSHQGLQJ�RQ�WKUHH�GLIIHUHQW�OHYHOV�RI�JHQRW\SH�DQG�IHHGLQJ�NHHSLQJ�FRQGLWLRQV 3HUFHQWDJH�RI�'DQLVK�5HG�EUHHG�JHQHV�LQ�JHQRW\SH0LON�\LHOG�RI�D�IDUP¶V�IRUDJH�FRZ ����� �������� !�����������NJ ���� ���� �����������������NJ ���� ���� ����!������NJ ���� ���� �����

)LJXUH���LOOXVWUDWHV�WKH�FKDQJHV�LQ�5%9V�RI�WKH�FRZV�ZLWK�GLIIHUHQW�JHQRW\SHV��NHSW�LQ�WKUHH�GLIIHUHQW�IHHGLQJ�NHHSLQJ�FRQGLWLRQV��&KDQJHV�LQ�5%9V�RI�WKH�FRZV�RI� WKUHH� GLIIHUHQW� JHQRW\SHV�� GHSHQGLQJ� RQ� WKHLU� NHHSLQJ� FRQGLWLRQV�� DUH� VKRZQ�JUDSKLFDOO\�LQ�)LJXUH���

)LJXUH����0HDQ�5%9V�RI�FRZV��NHSW�LQ�WKUHH�GLIIHUHQW�IHHGLQJ�NHHSLQJ�FRQGLWLRQV��GHSHQGLQJ�RQ�JHQRW\SH
$V� LQGLFDWHG� LQ� )LJXUH� ��� LQFUHDVH� LQ� 5%9� ZDV� QRW� REVHUYHG� LQ� FDVH� RI�LQFUHDVLQJ�WKH�VKDUH�RI�EUHHG�LPSURYHU¶V�JHQHV�LQ�JHQRW\SH�RQ�WKRVH�IDUPV��ZKHUH�
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WKH�DYHUDJH�\LHOG�RI�IRUDJH�FRZ�ZDV�OHVV�WKDQ������NJ��ZKHUHDV�LW�HYHQ�GHFUHDVHG��$�VOLJKW� LQFUHDVH�RI�5%9�FDQ�EH�VHHQ�RQ�WKH� IDUPV�RI� WKH�SURGXFWLRQ�OHYHO� IURP������ WR� �����NJ�� DQG� D� FRQVLGHUDEOH� LQFUHDVH� RQ� WKH� IDUPV�RI� WKH�PLON� \LHOG� RI�PRUH�WKDQ������NJ�SHU�IRUDJH�FRZ��)LJXUH���DOVR�GHPRQVWUDWHV��WKDW�E\�LPSURYLQJ�NHHSLQJ�FRQGLWLRQV�5%9�PD\�VLJQLILFDQWO\�LQFUHDVH��SDUWLFXODUO\�LQ�FDVH�RI�KLJKHU�SHUFHQWDJH�RI�EUHHG�LPSURYHU¶V�JHQHV��

)LJXUH� ��� 0HDQ� 5%9V� RI� FRZV� RI� WKUHH� GLIIHUHQW� JHQRW\SHV�� GHSHQGLQJ� RQ�IHHGLQJ�NHHSLQJ�FRQGLWLRQV
2Q� WKH� IDUPV�ZKHUH� D� IRUDJH� FRZ� \LHOGHG� OHVV� WKDQ������NJ�PLON�� WKH�PHDQ�5%9�V� RI� WKH� FRZV� RI� WKUHH� GLIIHUHQW� JHQRW\SHV� ZHUH� ZLWKLQ� WKH� OLPLWV� RI�����«������ GLIIHUHQFH� RI� YDOXHV� EHLQJ� ���� SRLQWV�� 2Q� WKH� IDUPV� ZLWK� WKH�SURGXFWLRQ� OHYHO� IURP� ����� WR� ����� NJ� SHU� IRUDJH� FRZ�� WKH� PHDQ� 5%9V� ZHUH�EHWZHHQ������DQG�������GLIIHUHQFH�RI�YDOXHV�����SRLQWV��2Q�WKH IDUPV�ZLWK�WKH�PLON�\LHOG� RYHU� ����� NJ� SHU� IRUDJH� FRZ�� WKH� 5%9�V� ZHUH� EHWZHHQ� ����� DQG� �������GLIIHUHQFH� RI� YDOXHV� �� SRLQWV�� ,Q� FDVH� RI� LPSURYLQJ� WKH� IHHGLQJ�NHHSLQJ�FRQGLWLRQV�� WKH� 5%9� RI� WKH� FRZV� ZLWK� ORZHU� SHUFHQWDJH� RI� 'DQLVK� 5HG� EUHHG�JHQHV� LQFUHDVHG VORZO\�� FRPSDUHG� ZLWK� WKDW� RI� WKH� FRZV� SRVVHVVLQJ� KLJKHU�SHUFHQWDJH�RI�'DQLVK�5HG�JHQHV�7KH�VWXGLHV�LQGLFDWHG�WKDW�UHODWLYH�EUHHGLQJ�YDOXH�IRU�PLON��5%9��RI�WKH�FRZV�RI�WKH�(VWRQLDQ�5HG�EUHHG�GHSHQGV�VWDWLVWLFDOO\�VLJQLILFDQWO\�RQ�WKH�SHUFHQWDJH�RI�
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'DQLVK�5HG�JHQHV�LQ�JHQRW\SH��WKH�IHHGLQJ�NHHSLQJ�FRQGLWLRQV�DV�ZHOO�DV�WKH�WRWDO�HIIHFW�RI�WKH�VKDUH�RI�'DQLVK�JHQHV�DQG�WKH�IHHGLQJ�NHHSLQJ�FRQGLWLRQV�7RJHWKHU� ZLWK� HDFK� ���� LQFUHDVH� LQ� WKH� VKDUH� RI� 'DQLVK� 5HG� JHQHV� LQ� WKH�JHQRW\SH�LQFUHDVHG�DOVR�WKH�5%9�E\���SRLQW��(DFK�LQFUHDVH�LQ�SURGXFWLRQ�OHYHO�RI�D�IRUDJH�FRZ�RI�D�IDUP�E\������NJ��IURP��������������LQFUHDVHG�DOVR�WKH�5%9�E\���SRLQWV��7KH�HQYLURQPHQW�JHQRW\SH�LQWHUDFWLRQ�ZDV�H[SUHVVHG�E\�WKH�IDFW�WKDW�LQ�FDVH�RI�SRRU�IHHGLQJ�NHHSLQJ�FRQGLWLRQV�DQG�LQFUHDVLQJ�VKDUH�RI�'DQLVK�5HG�JHQHV�LQ�JHQRW\SH�WKH�5%9�GHFUHDVHG��ZKHUHDV�LQ�IDYRXUDEOH�FRQGLWLRQV�LW�LQFUHDVHG��,Q�WKH�HDUOLHU�VWXGLHV��RWKHU�DXWKRUV��������KDYH�IRXQG�VLPLODU�UHVXOWV��L�H��WKDW�WKH�WRWDO�HIIHFW�RI� WKH�EUHHG� LPSURYHU¶V�JHQRW\SH�DQG� WKH�HQYLURQPHQW�RI� WKH�EUHHG� WR�EH�LPSURYHG� DIIHFWV� SURGXFWLYLW\�� 7KH\� KDYH� DOVR� SRLQWHG� RXW� WKDW� DGYDQWDJHV� RI�EUHHGV�ZLOO�XVXDOO\�DSSHDU�LQ�IDYRXUDEOH�NHHSLQJ�FRQGLWLRQV�
5HIHUHQFHV��� ,GDUDQG�� +�� (HVWL� SXQDVH� NDUMD� SXOOLOLLQLG�� � (HVWL� SXQDVW� W}XJX� YHLVWH� ULLNOLNW}XUDDPDW�;;���(HVWL�169�3}OOXPDMDQGXVH�0LQLVWHHULXP��������ON������������� $UHWXV�KLVWX� Ä(HVWL� 3XQDQH� .DUL´� YROLQLNH� DDVWDNRRVROHN� �� 7}QLV� 6RRQHWV�� �7}XORRPDNDVYDWXV�����������ON����������� *U]HVLDN� :�� %:� [� +)� K\EULG¶V� PLONLQJ� FDSDFLW\� DJDLQVW� D� EDFNJURXQG�JHQRW\SH� [� HQYLURQPHQW� LQWHUDFWLRQ�� � =RRWHFKQLFD�� ������ 9RO�� ���� SS�� �����)ROLD�8QLYHUVLWDWLV�$JULFXOWXUDH�6WHWLQHQVLV���� :DQJ� 6�� 5R\� */�� /HH� $-�� 0F$OOLVWHU� $-�� %DWUD� 75�� /LQ� &<�� 9HVHO\� -$��:DXWK\�-0��:LQWHU�.$��*HQHWLF�OLQH�[�FRQFHQWUDWH�OHYHO�LQWHUDFWLRQV�IRU�PLON�SURGXFWLRQ�XQG� IHHG�HIILFLHQF\� LQ�GDLU\�FDWWOH�� � &DQDGLDQ� -RXUQDO�RI�$QLPDO�6FLHQFH��������9RO������1R�����SS����������



��

5(/$7,216+,36�%(7:((1�(67,0$7('�%5((',1* 9$/8(�2)�0,/.�3(5)250$1&(�$1' 7<3(�75$,76�2)�(6721,$1�5('�&$77/((�2UJPHWV� (VWRQLDQ�$JULFXOWXUDO�8QLYHUVLW\���,QVWLWXWH�RI�$QLPDO�6FLHQFH��.UHXW]ZDOGL����������7DUWX�(VWRQLD
,QWURGXFWLRQ,Q� VHYHUDO� FRXQWULHV� WKH� FRPELQHG� LQGH[� ZKHUH� ERWK� PLON� SHUIRUPDQFH� DQG�W\SH� WUDLWV� DUH� HQFORVHG� IRU� HVWLPDWLRQ� RI� VLUHV� LV� XVHG�� 7KH� FRPELQHG LQGH[� LV�JLYLQJ�PRUH�JHQHWLF�LQIRUPDWLRQ�WKDQ�LQGH[�FDOFXODWHG�E\�PLON�SHUIRUPDQFH�LQGH[�DORQH��7KH�PLON�SHUIRUPDQFH�FDQ�DOVR�EH�SUHGLFWHG�E\�W\SH�VFRUHV��:�:�)RVWHU�HW�DO� ������� IRXQG� WKDW� WKH� FRZV� ZLWK� EHWWHU� H[WHULRU� KDYH� ORQJHU� VWD\DELOLW\� DQG�KLJKHU�OLIHWLPH�PLON�SHUIRUPDQFH��,W�LV�YHU\�LPSRUWDQW�WR�LPSURYH�WKH�XGGHU�WUDLWV�RI� KLJK� \LHOGLQJ� FRZV�� ZKLFK� HQDEOH� ORQJHU� OLIH� DQG� KLJKHU� PLON� SURGXFWLYLW\��0�$�'H�/RUHQ]R�HW�DO��������/�'��YDQ�9OHFN�HW�DO��������PHQWLRQHG�WKH�SRVLWLYH�UHODWLRQVKLSV�EHWZHHQ�ERG\�FRQIRUPDWLRQ�WUDLWV�DQG�PLON�SHUIRUPDQFH��U ������WR�������� ,W�PHDQV� WKDW� LPSURYHPHQW�RI� W\SH�ZLOO� LQFUHDVH�PLON�SURGXFWLRQ�DV�ZHOO��*�:��5RJHUV� HW� DO� ������� UHSRUWHG� WKH� KLJKHVW� HIIHFW� RI� VWDWXUH�� GDLU\� IRUP� DQG�XGGHU�WUDLWV�RQ�PLON�\LHOG��3�0��9DQ�5DGHQ�HW�DO��������PHQWLRQHG�WKDW� WKH�W\SH�VFRUHV�RI�GDXJKWHUV�DUH�QHFHVVDU\�WR�LQFOXGH�LQWR�WRWDO�PHULW�LQGH[�RI�VLUHV�ZKHUH�HDFK�WUDLW�LV�QHHG�WR�EH�DQDO\]HG�VHSDUDWHO\�DFFRUGLQJ�WR�WKHLU�KHULWDELOLW\��JHQHWLF�UHODWLRQVKLSV�DQG�HFRQRPLF�ZHLJKWV��3�-��%HUJHU�HW�DO� ������� UHSRUWHG� WKH�KLJKHU� UHVSRQVH�ZKHQ� WKH�VHOHFWLRQ�ZDV�FDUULHG� ERWK� E\� W\SH� DQG� PLON� SHUIRUPDQFH�� FRPSDUHG� WR� VHOHFWLRQ� E\� PLON�SHUIRUPDQFH�RQO\�7KH�REMHFWLYH�RI�SUHVHQW�UHVHDUFK�ZDV�WR�ILQG�RXW�WKH�UHODWLRQVKLSV�EHWZHHQ�WKH�PLON�\LHOG�DQG�W\SH�WUDLWV�RI�(VWRQLDQ�5HG�FDWWOH�
0DWHULDO�DQG�0HWKRGV7KH�GDWD�RI������ILUVW�ODFWDWLRQ�(VWRQLDQ�5HG�FRZV�ZHUH�REWDLQHG�IURP�(VWRQLDQ�$QLPDO�5HFRUGLQJ�&HQWUH��7KH�FRZV�ZHUH�OLQHDUO\�FODVVLILHG�IURP������WR�������,Q�DGGLWLRQ� WR� WKH� W\SH�VFRUHV� WKH�VLUHV�EUHHGLQJ�YDOXHV� IRU�PLON�SHUIRUPDQFH�ZDV�LQFOXGHG�LQ�WKH�GDWDEDVH��7KH�FRZV�ZHUH�GLYLGHG�LQWR���JURXSV�DFFRUGLQJ�WR�WKHLU� PLON� SURGXFWLRQ�� 7KH� OHDVW� VTXDUH� PHDQV� �/60�� RI� JHQHUDO� LPSUHVVLRQ��XGGHU�� IHHW� DQG� OHJV� DV� ZHOO� DV� ILQDO� VFRUH� RQ� GLIIHUHQW� SURGXFWLRQ� JURXSV� ZHUH�FRPSDUHG�XVLQJ�WKH�IROORZLQJ�PRGHO�<LMNOPQ  ��$L�%-�&N�'O�N��(P�HLMNOPQ��ZKHUH<LMNOPQ ± L�WK�WUDLW



��

$L � VLUH 'O�N� � ODFWDWLRQ�VWDJH�QHVWHG�ZLWKLQ�WKH�DJH�DW��VW FDOYLQJ�%- � KHUG (P � PLON�\LHOG�FODVV&N � DJH�DW��VW FDOYLQJ HLMNOPQ � UHVLGXDO�7KH� EUHHGLQJ� YDOXH� RI� W\SH� VFRUHV� ZHUH� FDOFXODWHG� XVLQJ� %/83� $QLPDO�0RGHO� <LMNOP  �P�$L�%-�&N�'O�DP�HLMNOP��ZKHUH<LMNOPQ ± L�WK�WUDLW�VFRUH 'O� VWDJH�RI�ODFWDWLRQP � RYHUDOO�PHDQ &N ± DJH�DW�ILUVW�FDOYLQJ $L ± FODVVLILHU
\HDU�DP ± DGGLWLYH�JHQHWLF�HIIHFW %- ± KHUG�
�\HDU�IL[HG�HIIHFW HLMNOPQ ± UHVLGXDO7KH�WRWDO�EUHHGLQJ�YDOXH�IRU�ILQDO�VFRUH��%9)��ZDV�FDOFXODWHG�DFFRUGLQJ�WR�WKH�SHUFHQWDJH�RI�ERG\�UHJLRQ�VFRUHV�IURP�WKH�ILQDO�VFRUH��7KH�IROORZLQJ�PRGHO�ZDV�XVHG�%9) ��������
�%9XGGHU ±��������
�%9JHQHUDO�LPSUHVVLRQ ±��������
�%9OHJV������7KH� EUHHGLQJ� YDOXHV� IRU� PLON� SHUIRUPDQFH� WUDLWV� �%90�� RI� VLUHV� ZHUH� DOVR�FDOFXODWHG�E\�%/83�DQLPDO�PRGHO�<LM P�$L�DM�HLM��ZKHUH<LM ± PHDVXUHG�\LHOG P � RYHUDOO�PHDQ $L ± KHUG
FDOYLQJ�\HDU
�FDOYLQJ�VHDVRQ�DM ± DGGLWLYH�JHQHWLF�HIIHFW� HLM ± UHVLGXDO7KH� IROORZLQJ� IRUPXOD� IRU� FDOFXODWLQJ� RI� VLUHV� WRWDO� PHULW� LQGH[� �%97�� ZDV�XVHG� %97 ��������
�%90����������
�%9)�������ZKHUH%90�LV�����DQG�%9)�LV�����IURP�WRWDO�PHULW�LQGH[��%97��7KH�KHULWDELOLW\�RI�W\SH�VFRUHV�ZDV�IRXQG�E\�5(0/�PHWKRG��'DWD�ZDV�SURFHVVHG�XVLQJ�WKH�6$6��0LQLWDE��([FHO�DQG�3(67�SURJUDPV�
5HVXOWV7DEOH� �� VKRZV� WKDW� WKH� FRZV� ZLWK� PLON� SURGXFWLRQ� XQGHU� ����� NJ� KDYH�VLJQLILFDQWO\� ORZHU� JHQHUDO� LPSUHVVLRQ� VFRUH� WKDQ� WKH� KLJK�SURGXFLQJ� FRZV��3��������7KH�DYHUDJH�VFRUH�RI�JHQHUDO�LPSUHVVLRQ�RI�ORZ�SURGXFLQJ�FRZV��������NJ��ZDV�����SRLQWV�ORZHU�WKDQ�WKDW�RI�WKH�FRZV�ZLWK�PLON�SURGXFWLRQ�����«�����NJ��7KH�DYHUDJH�VFRUH�RI� OHJV�DQG�IHHW�RI�KLJK�SURGXFLQJ�FRZV�ZDV�VLJQLILFDQWO\�EHWWHU��WKDQ�WKDW�RI�WKH�FRZV�ZLWK�ORZHU�SURGXFWLRQ��



��

7DEOH� ��� 7KH� /60� DQG� GLIIHUHQFHV� RI� JHQHUDO� LPSUHVVLRQ� �EHORZ�� DQG� OHJV� DQG�IHHW�VFRUH��DERYH��RI��VW�ODFWDWLRQ�(VWRQLDQ�5HG�FRZV*HQHUDO�LPSUHVVLRQ /HJV�DQG�IHHW
0LON��NJ ����� ��������� ��������� ��������� ��������� ��������� ��������� !����

���� ���� ����� ��� ���D ��� ���D ���E ���F ���F���� ���� ��������� ��� ���D ��� ���D ���E ���F ���F���� ���� ��������� ��� ��� ��� ��� ��� ���F ���E���� ���� ��������� ��� ��� ��� ��� ��� ���F ���E���� ���� ��������� ��� ��� ��� ��� ��� ���E ���D���� ���� ��������� ��� ��� ��� ��� ��� ��� ������� ���� ��������� ��� ��� ��� ��� ��� ��� �������� ���� !���� ��� ��� ��� ��� ��� ��� ���D�3�������E �3�������F�3������
7KH�PLON� SURGXFWLRQ� LV� KLJKO\� UHODWHG�ZLWK� XGGHU� WUDLWV�� 7KHUHIRUH� WKH� EHWWHU�XGGHU� RI� KLJK� SURGXFLQJ� FRZV� ZDV� H[SHFWHG� �7DEOH� ���� :KHQ� WKH� SURGXFWLRQ�LQFUHDVHG�����NJ��WKH�XGGHU�VFRUH�LQFUHDVHG�E\�������SRLQWV�UHVSHFWLYHO\��7KH�XGGHU�VFRUH�RI�FRZV�SURGXFLQJ�PLON�RYHU������NJ�ZDV�����SRLQWV�KLJKHU�WKDQ�WKDW�RI�WKH�FRZV�ZLWK�PLON�\LHOG�XQGHU������NJ��7DEOH�����

7DEOH����7KH�/60�DQG�GLIIHUHQFHV�RI�XGGHU��DERYH��DQG�ILQDO�VFRUH��EHORZ��RI��VWODFWDWLRQ�(VWRQLDQ�5HG�FRZV8GGHU )LQDO�VFRUH 0LON��NJ ����� ��������� ��������� ��������� ��������� ��������� ��������� !����
���� ���� ����� ���F ���F ���F ���F ���F ���F ���F���� ���� ��������� ���F ���F ���F ���F ���F ���F ���F���� ���� ��������� ���F ���F ��� ���F ���F ���F ���F���� ���� ��������� ���F ���F ��� ���F ���F ���F ���F���� ���� ��������� ���F ���F ���F ���F ��� ��� ���E���� ���� ��������� ����F ���F ���F ���F ���D ��� ������� ���� ��������� ����F ���F ���F ���F ���E ��� ������� ���� !���� ����F ����F ���F ���F ���F ��� ���



��

7KH�ILQDO�VFRUH�ZDV�DOVR�KLJKHU�LQ�FRZV�ZLWK�KLJK�PLON�SURGXFWLRQ�FRPSDUHG�WR�WKH�ORZHU�SURGXFLQJ�FRZV��7KH�DYHUDJH�RI�ILQDO�VFRUH�RI�FRZV�SURGXFLQJ�PLON�XQGHU������NJ�KDG������SRLQWV�7KH�ILQDO�VFRUH�LQFUHDVHG�E\�������SRLQWV�SHU�HDFK�QH[W�JURXS�RI�SURGXFWLRQ���7KH�FRZV�SURGXFLQJ�PLON�RYHU������NJ�KDG�ILQDO�VFRUH�HYHQ������SRLQWV�KLJKHU�WKDQ� WKH�FRZV�ZLWK�PLON�SURGXFWLRQ�XQGHU������NJ�� ,W�FDQ�EH�DVVXPHG� WKDW�KLJK�SURGXFLQJ�FRZV�KDYH�VLJQLILFDQWO\�EHWWHU�H[WHULRU��7KH� KHULWDELOLW\� IRU� W\SH� WUDLWV� ZDV� UDQJLQJ� IURP� ����� WR� ����� �7DEOH� ����(VWLPDWHV�ZHUH�KLJKHU�IRU�VWDWXUH��GDLU\�IRUP��UXPS�DQJOH��FKHVW�GHSWK�DQG�FHQWUH�OLJDPHQW��K�  ���������������+HULWDELOLW\� IRU�RWKHU� WUDLWV�ZDV�UDQJLQJ�IURP������WR�������
7DEOH����+HULWDELOLW\�DQG�UHODWLRQVKLSV�EHWZHHQ�EUHHGLQJ�YDOXHV�RI�GDXJKWHUV�W\SH�WUDLWV�DQG�EUHHGLQJ�YDOXHV��%90��RI�VLUHV�PLON�SURGXFWLRQ�WUDLWV7\SH�WUDLWV K� U�S��%90� %90!��� %90d ��� 'LIIHUHQFH'DLU\�IRUP ���� ����� ���� ����� ����F6WDWXUH ���� ���� ���� ���� ���F&KHVW�GHSWK ���� ���� ����� ���� ���F5XPS�DQJOH ���� ���� ���� ���� ���F5XPS�ZLGWK ���� ���� ����� ���� ���F5HDU�OHJV�VLGH�YLHZ ���� ����� ���� ����� ����D)RRW�DQJOH ���� ���� ����� ����� ���F3DVWHUQ ���� ���� ����� ���� ���F)RUH�XGGHU�DWWDFKPHQW ���� ���� ����� ���� ���F8GGHU�GHSWK ���� ���� ���� ���� ���F5HDU�XGGHU�KHLJKW ���� ���� ����� ���� ���F&HQWUH�OLJDPHQW ���� ���� ����� ���� ���F7HDW�SODFHPHQW ���� ���� ����� ���� ���F7HDW�OHQJWK ���� ����� ���� ����� ����F*HQHUDO�LPSUHVVLRQ ���� ���� ����� ���� ���F8GGHU ���� ���� ���� ���� ���F/HJV�DQG�IHHW ���� ���� ����� ����� ���F)LQDO�VFRUH ���� ���� ����� ���� ���F

6LQFH� WKH� W\SH� WUDLWV� LQKHULWHG�� LW� LV� QHFHVVDU\� WR� WDNH� WKHP� LQWR� DFFRXQW� LQ�HYDOXDWLRQ� RI� EUHHGLQJ� YDOXHV� RI� VLUHV�� 7KLV� LV� FRQILUPHG� E\� WKH� FRUUHODWLRQ�DQDO\VLV�EHWZHHQ�%90�RI�VLUHV�DQG�EUHHGLQJ�YDOXHV�RI�GDXJKWHUV¶�W\SH�WUDLWV��



��

0DMRULW\�RI�WKH�W\SH�WUDLWV�RI�WKH�GDXJKWHUV�RI�VLUHV�ZLWK�KLJKHU�EUHHGLQJ�YDOXH�ZHUH� EHWWHU�� FRPSDUHG� WR� WKH� VLUHV� ZLWK� ORZHU� EUHHGLQJ� YDOXH�� 7KH� VWURQJHU�FRUUHODWLRQ� EHWZHHQ� VLUH¶V� EUHHGLQJ� YDOXH� DQG� ERG\� UHJLRQ� VFRUHV� ZDV� IRXQG��U �������������$FFRUGLQJ� WR� SUHYLRXV� DQDO\VLV�� WKH� GLIIHUHQFHV� EHWZHHQ�GDXJKWHUV¶� EUHHGLQJ�YDOXHV� RI� W\SH� WUDLWV� DQG� VLUHV� ZLWK� ERWK� KLJKHU� �%09!����� DQG� ORZHU��%90d �����EUHHGLQJ�YDOXHV�ZHUH�FRPSDUHG��7KH�EUHHGLQJ�YDOXHV�RI�PRVW�RI�W\SH�WUDLWV��H[FHSW�UHDU�OHJV�VLGH�YLHZ��GDLU\�IRUP�DQG�WHDW�OHQJWK��RI�GDXJKWHUV�RI�VLUHV�ZLWK� KLJKHU�%90�ZHUH� VLJQLILFDQWO\� KLJKHU� WKDQ� WKRVH� RI� WKH� GDXJKWHUV� RI� VLUHV�ZLWK�ORZHU�%90��3���������7KHUHIRUH�WKH�LQIRUPDWLRQ�RI�GDXJKWHUV¶�W\SH�VKRXOG�EH�FRQVLGHUHG�LQ�DGGLWLRQ�WR�PLON�SHUIRUPDQFH�IRU�HVWLPDWLRQ�RI�VLUHV�EUHHGLQJ�YDOXH��
7DEOH� ��� &RPSDULVRQ� RI� (VWRQLDQ� 5HG� EXOOV� E\� SURGXFWLRQ� LQGH[� �%90��� W\SH�LQGH[��%9)��DQG�FRPELQHG�LQGH[��%97�6LUHV�QDPH�DQG�,' %90 5DQN %9) 5DQN %97 5DQN6<'�-$621������ ��� � ��� � ��� �0(7(25������ ��� � �� � ��� �)<1�12/2������ ��� � ��� � ��� �,%(57������ ��� � ��� � ��� �-83,������ ��� � ��� � ��� �,%5(.������ ��� � ��� � ��� �)<1�526(1������ ��� � ��� � ��� �%$/,6������ ��� � �� � ��� �2'$�&+,/(������ ��� � �� �� ��� ��.(/0������ ��� �� �� � ��� �'(,08������ ��� �� �� �� ��� ��,9(5������ ��� �� �� �� ��� ��(/521������ ��� �� �� �� �� ��$$5'������ ��� �� �� �� ��� ��0(=%251������ ��� �� �� �� �� ��'=((5������ �� �� �� �� �� ��(/$.������ �� �� �� �� �� ��(//(7������ �� �� �� �� �� ��-$1������ �� �� �� �� �� ��(/$9������ �� �� �� �� �� ��

7KH�WRWDO�PHULW�LQGH[��%97��RI�VLUHV�ZDV�FDOFXODWHG�WR�FRPSDUH�WKHLU�UDQNLQJ�E\�ERWK��%90��DQG�%97�



��

,W� ZDV� IRXQG WKDW� WKH� GDXJKWHUV� RI� VLUHV� ZLWK� KLJKHU� EUHHGLQJ� YDOXH� RI�PLON�SHUIRUPDQFH� KDG� DOVR� KLJKHU� EUHHGLQJ� YDOXH� RI� W\SH� �%9)���*UHDWHU� FKDQJHV� LQ�UDQNLQJ�E\�WRWDO�PHULW�LQGH[�ZHUH�REVHUYHG�LQ�WKH�VLUHV�ZKRVH�%97�H[FHHGHG�����SRLQWV�� +LJKHU� GLIIHUHQFHV� ZHUH� IRXQG� LQ� RI� WKRVH� EXOOV� ZKRVH�%90�ZDV� KLJK��ZKHUHDV� WKH� EUHHGLQJ� YDOXH� RI� GDXJKWHUV¶� W\SH� ZDV� ORZ��7KH� UDQN� RI� VLUHV� ZLWK�ORZHU�%97�FKDQJHG�OHVV�
&RQFOXVLRQV,W�FDQ�EH�FRQFOXGHG�IURP�WKH�UHVXOWV�RI�SUHYLRXV�UHVHDUFK��� 7KH�KHULWDELOLW\�RI�W\SH�WUDLWV�RI�(VWRQLDQ�5HG�FRZV�ZDV�UDQJLQJ�IURP������WR������� ZKHUH� WKH� HVWLPDWHV� ZHUH� KLJKHU� IRU� VWDWXUH�� GDLU\� IRUP�� UXPS� DQJOH��FKHVW�GHSWK�DQG�FHQWUH�OLJDPHQW��K�  ���������������� 7KH�VWURQJHU�FRUUHODWLRQ�EHWZHHQ�EUHHGLQJ�YDOXH�RI�PLON�SURGXFWLRQ�VWDWXUH��FKHVW�GHSWK��UXPS DQJOH��XGGHU�WUDLWV��JHQHUDO�LPSUHVVLRQ�DQG�ILQDO�VFRUH�ZDV�IRXQG���U �������������� 7KH�GDXJKWHUV�RI�VLUHV�ZLWK�KLJKHU�EUHHGLQJ�YDOXH�RI�PLON�SHUIRUPDQFH�KDYH�VLJQLILFDQWO\� EHWWHU� W\SH� WKDQ� WKH� GDXJKWHUV¶� RI� VLUHV� ZLWK� ORZHU� EUHHGLQJ�YDOXH��� ,W�LV�SRVVLEOH�WR�SUHGLFW�WKH�EUHHGLQJ�YDOXH�RI�VLUH�E\�GDXJKWHUV¶�H[WHULRU��� ,W�LV�QHFHVVDU\�WR�FDOFXODWH�WKH�EUHHGLQJ�YDOXH�RI�VLUHV�ERWK�E\�GDXJKWHUV¶�PLON�SHUIRUPDQFH�DQG�W\SH�VFRUHV�
5HIHUHQFHV%HUJHU��3�-���+DUYH\��:�5���5DGHU��(�5��������6HOHFWLRQ�IRU� W\SH�DQG�SURGXFWLRQ�DQG�LQIOXHQFH�RQ�KHUG�OLIH�RI�+ROVWHLQ�FRZV��-��'DLU\�6FL���������������'H� /RUHQ]R�� 0�$��� (YHUHWW�� 5�:�� ������ 5HODWLRQVKLSV� EHWZHHQ� PLON� DQG� IDW�SURGXFWLRQ��W\SH��DQG�VWD\DELOLW\�LQ�+ROVWHLQ�VLUH�HYDOXDWLRQ��-��'DLU\�6FL�����������������)RVWHU��:�:���)UHHPDQ��$�(���%HUJHU�� 3�-�� ������(IIHFWV� RI� ILUVW� ODFWDWLRQ� OLQHDU�W\SH�VFRUHV�RQ�ILUVW�ODFWDWLRQ�SURGXFWLRQ�DQG�KHUG�OLIH�RI�+ROVWHLQ�GDLU\�FRZV��-��'DLU\�6FL������6XSSO����������$EVWU��5RJHUV�� *�:��� 0F'DQLHO�� %�7�� ������ 5HODWLRQVKLSV� DPRQJ� W\SH� VFRUHV� DQG�FKDQJHV�LQ�\LHOG�IURP�ILUVW�WR�VHFRQG�ODFWDWLRQ��-��'DLU\�6FL���������������9DQ� 5DGHQ�� 3�0��� -HQVHQ�� 7�-��� /DZORU�� 7�-��� )XQN�� '�$�� ������ 3UHGLFWLRQ� RI�WUDQVPLWWLQJ�DELOLWLHV�IRU�+ROVWHLQ�W\SH�WUDLWV��-��'DLU\�6FL���������������9DQ�9OHFN�� /�'��� .DUQHU�� 3�-���:LJJDQV�� *�5�� ������ 5HODWLRQVKLSV� DPRQJ� W\SH�WUDLWV�DQG�PLON�\LHOG�RI�%URZQ�6ZLVV�FDWWOH��-��'DLU\�6FL���������������
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�$VVRFLDWLRQ�RI�(VWRQLD��(VWRQLDQ�$JULFXOWXUDO�8QLYHUVLW\��(VWRQLD
$EVWUDFW7KH�DLP�RI� WKH�FXUUHQW� VWXG\�ZDV� WR�GHWHUPLQH� WKH� LQIOXHQFH�RI� WKH�JUDGH�RI�+ROVWHLQ�JHQHV��FRXQWU\�RI�RULJLQ�DQG�DJH�RI�WKH�EXOO�RQ�VSHUP�PRUSKRORJ\�7KH� UHVXOWV� RI� WKH� VWXG\� VKRZHG� WKDW WKH� LQFUHDVH� LQ� WKH� JUDGH� RI� +ROVWHLQ�JHQHV�ZDV�DFFRPSDQLHG�E\� WKH� LQFUHDVH� LQ�VSHUP�DEQRUPDOLWLHV� �3����������7KH�PRUSKRORJLFDO� FKDUDFWHULVWLFV� RI� VHPHQ� FROOHFWHG� IURP� $PHULFDQ� +ROVWHLQ� EXOOV�ZHUH�VLJQLILFDQWO\�GLIIHUHQW�IURP�WKDW�RI�EXOOV�RI�(XURSHDQ�RULJLQ��3���������7KH�LQFLGHQFH�RI�VSHUP�DEQRUPDOLWLHV�LQFUHDVHG�VLQJQLILFDQWO\�LQ�����\HDUV�ROG�EXOOV�LI�FRPSDUH�WR�����DQG�����\HDUV�ROG�EXOOV��3���������
,QWURGXFWLRQ(IILFLHQF\�RI�PLON�SURGXFWLRQ�GRHV�QRW�GHSHQG�RQO\�RQ�KLJK�JHQHWLF�PHULW�RI�FRZV� EXW� LV� LQIOXHQFHG� E\� PDQ\� IDFWRUV� LQFOXGLQJ� FDOYLQJ� LQWHUYDO�� 7KH� ODWWHU�GHILQLWHO\�GHSHQGV�LQ�SDUW�RQ�WKH�TXDOLW\�RI�IUR]HQ�VHPHQ�'XULQJ�SDVW�IHZ�\HDUV�YDULHW\�RI�ODERUDWRU\�PHWKRGV�RI�WHVWLQJ�VHPHQ�TXDOLW\�KDYH� XQGHUJRQH� VLJQLILFDQW� LPSURYHPHQW� DQG� XVHG� LQ� FRPELQDWLRQ�� HQDEOH� WR�SURJQRVH�WKH�IHUWLOLW\�RI�WKH�EXOO��6SHUP�PRUSKRORJ\�KDV�EHHQ�VKRZQ�WR�EH�RQH�RI�WKH�LPSRUWDQW�TXDOLW\�FKDUDFWHULVWLFV�RI�EXOO�VHPHQ�ZKLFK�FRUUHODWHV�ZHOO�ZLWK�WKH�155�RI�WKH�FRZV��6|GHUTXLVW��������%DUWK��������3DGULN������D��3DGULN� ����E���'HVSLWH�RI�WKH�ORQJ�SHULRG�RI�XVLQJ�WKH�PRUSKRORJLFDO�PHWKRGV�WKHUH�LV�VWLOO�PXFK�WR� GR� WR� VWDQGDUGL]H� WKH� FULWHULD� HVSHFLDOO\� WKRVH� RI� VSHUP� KHDG� EHFDXVH� RI� WKH�GLIIHUHQFHV� EHWZHHQ� WKH� ODEV� �%RHUVPD� HW� DO��� ������� 6HPHQ� TXDOLW\� HYDOXDWLRQ�XVLQJ�PRUSKRORJLFDO� FKDUDFWHULVWLFV� LV�TXLFN�DQG�SHUVSLFXRXV�DQG� ILWV�ZHOO� WR�$,�VWDWLRQ�IRU�LW�V�VLPSOLFLW\�DQG�ORZ�FRVWV�7KH�DLP�RI� WKH�SUHVHQW� VWXG\�ZDV� WR�GHWHUPLQH� WKH� LQIOXHQFH�RI� WKH�JUDGH�RI�+ROVWHLQ�JHQHV��FRXQWU\�RI�RULJLQ�DQG�DJH�RI�WKH�EXOOV�WR�WKH�PRUSKRORJLFDO�TXDOLW\�RI�VHPHQ�
0DWHULDO�DQG�0HWKRGV$OWRJHWKHU� ����� HMDFXODWHV� IURP� ��� EXOOV� FROOHFWHG� GXULQJ� 0DUFK�� ����� �)HEUXDU\�������ZHUH�VWXGLHG��)LYH�WR�HLJKW�HMDFXODWHV�SHU�PRQWKV�IURP�HDFK�WHVWHG�EXOO�DQG�����HMDFXODWHV�IURP�WKH�\RXQJ�EXOOV�ZHUH FROOHFWHG�GXULQJ�WKDW�SHULRG�7R�VWXG\� WKH� LQIOXHQFH�RI� WKH�JUDGH�RI�+ROVWHLQ�JHQHV� WKH�EXOOV�ZHUH�GLYLGHG�LQWR���JURXSV�DFFRUGLQJ�WR�WKH�JUDGH�������������������������������������DQG�KLJKHU�
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6HYHQW\�VHYHQ�EXOOV�ZHUH�XVHG�WR�VWXG\�WKH�LQIOXHQFH�RI�WKH�FRXQWU\�RI�RULJLQ�WR� VSHUP� PRUSKRORJ\�� 7KH\� ZHUH� GLYLGHG� LQWR� (VWRQLDQ�� 'XWFK�� *HUPDQ� DQG�$PHULFDQ�JURXSV��7KH�RULJLQ�PHDQV�WKH�FRXQWU\�IURP�ZKDW�WKH�EXOOV�RU�EXOO�GDPV�EHLQJ�SUHJQDQW�KHLIHUV�RU�WKH�HPEU\RV�ZHUH�LPSRUWHG�WR�XVH�LQ�WKH�ORFDO�EUHHGLQJ�SURJUDPPH�6L[W\�QLQH�EXOOV�GLYLGHG�LQWR���JURXSV����������������\HDUV�ROG��ZHUH�VWXGLHG�WR�GHWHUPLQH�WKH�LQIOXHQFH�RI�DJH�RQ�VSHUP�PRUSKRORJ\�(YDOXWLRQ� RI� VSHUP�PRUSKRORJ\�ZDV� SHUIRUPHG� DV� GHVFULEHG� HDUOLHU� �3DGULN������D���'LIIHUHQW�PRUSKRORJLFDO�DEQRUPDOLWLHV��)LJXUH����ZHUH�UHJLVWHUHG�LQ�HDFK�SUHSDUDWLRQ� DV� D� SHUFHQWDJH� RI� WKH� WRWDO� QXPEHU� RI� FRXQWHG� VSHUPDWR]RD��'LIIHUHQFHV� EHWZHHQ� PHDQ� YDOXHV� RI� VSHUP� DEQRUPDOLWLHV� ZHUH� HYDOXDWHG� XVLQJ�DQDO\VLV� RI� YDULDQFH� WR� GHWHUPLQH� WKH� HIIHFW� RI� WKH� JUDGH� RI� +ROVWHLQ� JHQHV��FRXQWU\�RI�RULJLQ�DQG�DJH�RI�WKH�EXOOV��

)LJXUH����6SHUP�DEQRUPDOLWLHV�LQ�WKH�VHPHQ�RI�+ROVWHLQ�EXOOV
5HVXOWV�DQG�'LVFXVVLRQ(IIHFW� RI� WKH� JUDGH� RI� +ROVWHLQ� JHQHV� RQ� WKH� PRUSKRORJLFDO� TXDOLW\� RI� EXOO�VHPHQ�7KH�UHVXOWV�SUHVHQWHG�LQ�7DEOH���VKRZHG�WKDW�WKHUH�ZDV�D�VLJQLILFDQW�GLIIHUHQFH�LQ� WKH� LQFLGHQFH�RI� DEQRUPDO� VSHUPV�EHWZHHQ� WKH� EXOO� JURXSV�ZLWK� WKH� GLIIHUHQW�JUDGH� RI� +ROVWHLQ� JHQHV� �3���������� *HQHUDOO\�� WKH� LQFUHDVH� LQ� WKH� JUDGH� RI�+ROVWHLQ� JHQHV� ZDV� DFFRPSDQLHG� E\� WKH� LQFUHDVH� LQ� WKH� LQFLGHQFH� RI� DEQRUPDO�VSHUPV��7KH�EXOOV�ZLWK��������������RI�+ROVWHLQ�JHQHV�KDG�WKH�KLJKHVW�LQFLGHQFH�RI�VSHUP�DEQRUPDOLWLHV� LQ�RXU�VWXG\��7KH�VLJQLILFDQW�GLIIHUHQFHV� LQ� WKH�LQFLGHQFH�
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7DEOH����7KH�LQFLGHQFH�RI�VSHUP�DEQRUPDOLWLHV�GHSHQGLQJ�RQ�WKH�JUDGH�RI�+ROVWHLQ�JHQHV *UDGH�RI�+ROVWHLQ�JHQHV6SHUP�DEQRUPDOLWLHV ������������ ������������� t������1R�RI�EXOOV �� �� ��1R�RI�HMDFXODWHV ��� ��� �������$EQRUPDO�KHDGV�� ���� ���� �������'HWDFKHG�KHDGV�� ����
 ����
 ����
���$EQRUPDO�DFURVRPHV�� ���� ���� �������1HFN�GHIHFWV�� ���� ���� ������3UR[LPDO	GLVWDO�F\WRSODVPLF�GURSOHWV�� ���� ���� ������$EQRUPDO�PLGSLHFHV�� ����

 ����

 ����

��$EQRUPDO�WDLOV�� ����
 ����
 ����
��7RWDO�DEQRUPDOLWLHV�� �����


 �����


 �����


9DOXHV�LQ�D�URZ�ZLWK�DQ�DVWHULVN�DUH�VLJQLILFDQWO\�GLIIHUHQW��
�3�������

3��������


3��������

7KH� LQFLGHQFH�RI� VSHUP�DEQRUPDOLWLHV�GHSHQGLQJ�RQ�FRXQWU\�RI�RULJLQ�RI� WKH�EXOO�7KH�$PHULFDQ�+ROVWHLQ�EXOOV�KDG�VLJQLILFDQWO\�PRUH�VSHUP�DEQRUPDOLWLHV�WKDQ�WKH� 'XWFK�� *HUPDQ� DQG� (VWRQLDQ� EXOOV� �7DEOH� ��� 3���������� 7KHUH� ZDV� QR�VLJQLILFDQW� GLIIHUHQFH� �3������ LQ� VSHUP�PRUSKRORJ\� EHWZHHQ� WKH� EXOOV� LPSRUWHG�IURP�WKH�(XURSHDQ�FRXQWULHV�6XFK�D�GLIIHUHQFH�LQ�VSHUP�PRUSKRORJ\�QHHGV�IXUWKHU�VWXG\�DV�WKH�QXPEHU�RI�$PHULFDQ�+ROVWHLQ� EXOOV� LV� VPDOO��+RZHYHU�� LW� FRXOG� EH� FDXVHG� E\� WKH� GLIIHUHQW�EUHHGLQJ�JRDOV� LQ�HDFK�FRXQWU\�DQG�DWWHQWLRQ�ZKLFK�ZDV�SDLG� WR� WKH� VHOHFWLRQ�RI�WKH�EUHHGLQJ�EXOOV�DFFRUGLQJ�WR�WKHLU�VHPHQ�TXDOLW\�(IIHFW�RI�EXOOV
�DJH�RQ�WKH�LQFLGHQFH�RI�VSHUP�DEQRUPDOLWLHV�7KH� UHVXOWV� RI� WKH� VWXG\� GHPRQVWUDWHG� WKDW� WKH� EXOOV
� DJH� KDG� D� VLJQLILFDQW�HIIHFW� RQ� WKH� LQFLGHQFH� RI� VSHUP� DEQRUPDOLWLHV� �7DEOH� ���� 7KH� JUDGXDO� LQFUHDVH�ZDV� FOHDUO\� GHWHUPLQHG� IRU� WKH� LQFLGHQFH� RI� GHWDFKHG� KHDGV�� QHFN� GHIHFWV��SUR[LPDO�DQG�GLVWDO�F\WRSODVPLF�GURSOHWV�DQG�DEQRUPDO�PLGSLHFHV�
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,W� LV� ZHOO� HVWDEOLVKHG� WKDW� KRUPRQHV�� PDLQO\� )6+� DQG� WHVWRVWHURQH�� GLUHFWO\�LQIOXHQFH� WKH� VSHUP� SURGXFLQJ� IXQFWLRQ� RI� WKH� WHVWLV� �3DUYLQHQ�� �������7HVWRVWHURQH� LV� UHVSRQVLEOH� DOVR� IRU� WKH� UHJXODWLRQ� RI� HSLGLG\PDO� IXQFWLRQ��9LHUXOD�� ������� 7KH� GHWHULRUDWLRQ� RI� PRUSKRORJLFDO� TXDOLW\� RI� VHPHQ� LQ� ROGHU�EXOOV�FDQ�EH�FDXVHG�E\�FKDQJHG�KRUPRQDO�EDODQFH��)RRWH�HW�DO����������
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&RQFOXVLRQV,QFUHDVH�LQ�JUDGH�RI�+ROVWHLQ�JHQHV��FRXQWU\�RI�RULJLQ�DQG�DJH�RI�WKH�EXOOV�KDG�D�VLJQLILFDQW�LQIOXHQFH�RQ�WKH�PRUSKRORJLFDO�TXDOLW\�RI�EXOO�VHPHQ��7KH�UHVXOWV�RI�RXU�VWXGLHV�VXJJHVW�WR�FROOHFW�WKH�QHFHVVDU\�VWRUH�RI�VHPHQ�IURP�$,� EXOOV� LQ� \RXQJ� DJH� WR� SUHYHQW� D� GHFUHDVH� LQ� WKH� PRUSKRORJLFDO� TXDOLW\� RI�VHPHQ��,PSRUW�RI�JHQHWLF�PDWHULDO�VKRXOG�EH�DFFRPSDQLHG�E\�FDUHIXO�PRQLWRULQJ�RI�VHPHQ�TXDOLW\�WR�VWDELOL]H�WKH�EUHHGLQJ�VXFFHVV��6HOHFWLRQ�RI�EXOOV�GHSHQGV�PRVW�RI�DOO�RQ�WKHLU�EUHHGLQJ�YDOXH�EXW�WKHLU�IHUWLOLW\�DV�YHU\�LPSRUWDQW�IURP�WKH�SRLQW�RI�YLHZ� RI� WKH� HIILFLHQW� UHSURGXFWLYH� SHUIRUPDQFH� RI� WKH� GDLU\� KHUG� VKRXOG� EH�FRQVLGHUHG�DV�ZHOO�
$FNQRZOHGJHPHQWV7KH�VWXG\�ZDV�VXSSRUWHG�E\�WKH�(VWRQLDQ�6FLHQFH�)RXQGDWLRQ��JUDQW������
5HIHUHQFHV%DUWK��$�'��7KH�UHODWLRQVKLS�EHWZHHQ�VSHUP�DEQRUPDOLWLHV�DQG�IHUWLOLW\��±,Q��3URF���WK�7HFK��&RQI��$UWLI��,QVHP��5HSURG��1DW��$VVRF��%UHHGHUV��������������%RHUVPD��$���6HOLQ�:UHWOLQJ��.���6WROOD��5���5RGULTXH]�0DUWLQH]��+��5HODWLRQVKLS�EHWZHHQ�FRPSXWHU�DVVLVWHG�PRUSKRPHWULF�VSHUP�DQDO\VLV�DQG�YLVXDO�VXEMHFWLYH�DQDO\VLV� RI� EXOO� VSHUP� KHDGV� E\� GLIIHUHQW� HYDOXDWRUV�� � ,Q�� ��WK ,QWHUQDWLRQDO�&RQJUHVV� RQ� $QLPDO� 5HSURGXFWLRQ�� 6WRFNKROP�� ���� -XO\� ������ $EVWUDFWV��9ROXPH��������)RRWH�� 5�+��� 0XQNHQEHFN�1��� *UHHQ�:�$�� 7HVWRVWHURQH� DQG� OLELGR� LQ� +ROVWHLQ�EXOOV�RI�YDULRXV�DJHV��� -�'DLU\�6FL���������������������������3DGULN�� 3�� 9DULDWLRQ� LQ� 6SHUP� 0RUSKRORJ\� DQG� LW¶V� 5HODWLRQ� WR� )HUWLOLW\� LQ�(VWRQLDQ�+ROVWHLQ�$�,��%XOOV��� ,Q��)HHGLQJ��PHWDEROLVP�DQG�LQIHFWLRQV�LQ�IDUP�DQLPDOV ZLWK�VSHFLDO�UHIHUHQFH�WR�UHSURGXFWLRQ��&58�5HSRUW���������D��������3DGULN�� 3�� $UHWXVW||� HGXNXVW� P}MXWDYDWHVW� IDNWRULWHVW� PXXWXYDV� DMDV�� �7}XORRPDNDVYDWXV������E�����������3DUYLQHQ�� 0�� &\FOLF� IXQFWLRQ� RI� WKH� 6HUWROL� FHOOV�� � ,Q�� 5XVVHO� /�'��� *ULVZROG��0�'���(GV���7KH�6HUWROL�&HOO��&OHDUZDWHU��)�/���&DFKH�5LYHU�3UHVV����������������6|GHUTXLVW�� /��� -DQVVRQ�� /��� /DUVVRQ�� .��� (LQDUVVRQ�� 6�� 6SHUP� PRUSKRORJ\� DQG�IHUWLOLW\�RI�GDLU\�$,�%XOOV��� -��9HW��0HG���������������������9LHUXOD�� 0�� (SLGLG\PDO� IXQFWLRQ�� /HFWXUH� DW� WKH� 1RUGLF� 3RVWJUDGXDWH� 5HVHDUFK�&RXUVH�LQ�'LDJQRVWLF�DQG�([SHULPHQWDO�$QGURORJ\��8SSVDOD��0D\�������������
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$1$/<6,6�2)�)$&7256�())(&76�,1�/$79,$1�%52:1�2)�',))(5(17�/$&7$7,21�)25�620$7,&�&(//�&2817/��3DXUD��'��.DLULVD��'��-RQNXV��/DWYLD�8QLYHUVLW\�RI�$JULFXOWXUH��'HSDUWPHQW�RI�$QLPDO�%UHHGLQJ
,QWURGXFWLRQ6RPDWLF�FHOO�FRXQW��6&&��KDV�EHHQ�GHWHUPLQHG�LQ�/DWYLD�VLQFH�)HEUXDU\������IRU� FRZV�� ZKLFK� DUH� LQ� FDUH�� 6&&� LV� DQ� LQGLFDWRU� IRU�PDVWLWLV� DQG�PLON� TXDOLW\��'LVHDVHV�RI�XGGHU�DGYDQWDJH�WKH�GHFUHDVH�RI�PLON�\LHOG�DQG�EHORZ�WKH�GHFUHDVH�RI�SURILW��(PDQXDOVRQ� HW�� DO�� ������� SUHVHQW� YHU\� KLJK� �UJ ������ JHQHWLF� FRUUHODWLRQ�EHWZHHQ�6&&�DQG�PDVWLWLV��$V� D� PHDVXUH� IRU� VWDWLVWLFV� DQG� JHQHWLF� DQDO\VLV�� KRZHYHU�� 6&&� KDV� VHYHUDO�GHILFLHQFLHV�� LWV�GLVWULEXWLRQ�LV�QRW�QRUPDO��DQG�LWV�UHODWLRQVKLS�ZLWK�PLON�\LHOG�LV�QRW� OLQHDU��)RU� WKH�VROXWLRQ�RI� WKHVH�SUREOHPV��'$�<��HW��DO��������� LV�QHFHVVDU\�6&&�WUDQVIRUPDWLRQ�ZLWK�ORJ��6&6� �ORJ���6&&�������������ZKHUH�6&6�± /LQHDU�6RPDWLF�&HOO�6FRUH�7KH� 6&6� KDV� EHHQ� DFFHSWHG� E\� WKH� 1DWLRQDO� &R�RSHUDWLYH� 'DLU\� +HUG�,PSURYHPHQW��'+,��3URJUDP�D�VWDQGDUG�UHFRUGLQJ�VFDOH�IRU�6&&�
0DWHULDOV�DQG�0HWKRGV6DPSOH� RI� GDWD� IRU� WKLV� VWXG\� ZHUH� LQFOXGHG� ���� /DWYLDQ� EURZQ� FRZV� RI�GLIIHUHQW�ODFWDWLRQ��ZKLFK�KDG�ODFWDWLRQ�GXULQJ������DQG������)RU�DQDO\VHV�6&&�ZDV�WUDQVIRUPHG�WR�6&6�WR�DFKLHYH�QRUPDOLW\��DQG�ODFWDWLRQ�PHDQ�RI�6&6�ZDV�FDOFXODWHG�%\�DQDORJ\�RI�/DWYLDQ�PLON�VWDQGDUG��6&6�FDQ�EH�GLVWULEXWHG�WR�WKH�IROORZLQJ�FODVVHV��6&6����� � KLJK�TXDOLW\�FODVV��6&6���± �VW FODVV�PLON��6&6���± �QG FODVV�PLON�������± FODVVOHVV�PLON�)RU�HVWLPDWLRQ�RI�IDFWRUV�HIIHFW�WKHUH�ZDV�XVHG�VLUH�VLQJOH�WUDLW�PRGHO��6LUH� DQG� HQYLURQPHQWDO� HIIHFWV�ZHUH� DQDO\VHG� VHYHUDOO\� IRU� 6&6� RI� GLIIHUHQW�ODFWDWLRQ�ZLWK�WKH�IROORZLQJ�PRGHO�

LMNNMLLMN H0<<67\ ���� P � ���
ZKHUH�\LMN ± 6RPDWLF� FHOO� VFRUH��P � JHQHUDO�PHDQ��7L ± VLUH� �UDQGRP� IDFWRU���<6M��� \HDU��VHDVRQ�LQWHUDFWLRQ��IL[HG�IDFWRU���0�± PLON�\LHOG��FRYDULDWH�IDFWRU���HLMN± UHVLGXDO�



��

)RU�HYDOXDWLRQ�RI�ODFWDWLRQ�HIIHFWV�WKH�PRGHO�ZDV�
LMNOONMLLMNO H0</<67\ ����� P � ���ZKHUH�\LMN ± 6RPDWLF� FHOO� VFRUH��P � JHQHUDO�PHDQ��7L ± VLUH� �UDQGRP� IDFWRU���<6M�� � \HDU�� VHDVRQ� LQWHUDFWLRQ� �IL[HG� IDFWRU��� /N � ODFWDWLRQ��0<� ± PLON� \LHOG��FRYDULDWH�LQWHUDFWLRQ�IDFWRU���HLMN ± UHVLGXDO�5HVXOWV7KH� �UG DQG� ROGHU� ODFWDWLRQ� FRZV� KDYH� KLJKHU� PLON� SURGXFWLYLW\� OHYHO�� )URP�WKHVH� FRZV�KDYH�EHHQ�REWDLQHG�PLON�ZLWK� ORZHU� TXDOLW\� FODVV� �7DEOH� ��� EHFDXVH�6&6�LV�KLJKHU�

7DEOH����0HDQV�RI�PLON�SURGXFWLYLW\�DQG�6&6�WUDLWV�LQFOXGHG�LQ�DQDO\VHV/DFWDWLRQ Q 0LON�\LHOG��NJ )DW�\LHOG��NJ 3URWHLQ�\LHOG��NJ 6&6 4XDOLW\�FODVV�VW ��� ������r����� �����r���� �����r���� ���r���� ,�QG �� ������r����� �����r���� �����r���� ���r���� ,�UG �� ������r����� �����r���� �����r���� ���r���� ,,�WK ± �WK �� ������r����� �����r���� �����r���� ���r���� FODVVOHVV
'DWD�DQDO\VLV�VKRZHG�WKDW�LQ�ODFN�DJH�JURXSV�WKHUH�ZHUH�DQLPDOV��ZKLFK�SURGXFHG�PLON�RI�KLJKHU�RU�ORZHU�TXDOLW\�FODVV��2EYLRXVO\�������PLON�SURGXFHG�E\� ILUVW�FDOYHV�FRUUHVSRQGHG� WR�KLJK�TXDOLW\�FODVV��)LJXUH�����2QO\�����WR�������PLON�\LHOG�SURGXFHG�E\�ROGHU� ODFWDWLQJ�GDLU\�FRZV� ZDV� GLVWULEXWHG� WR� KLJK� TXDOLW\� FODVV�� )URP� WKH� WRWDO� PLON� \LHOG�� WKH�SURSRUWLRQ�RI�WKH��VW FODVV�PLON�SURGXFHG�EHWZHHQ�ODFWDWLRQV�ZDV�LQ�WKH�UDQJH�IURP������WR�������,Q� WRWDO�� WKH� IROORZLQJ�PLON� \LHOG� ZDV� LQFOXGHG� LQ KLJK� TXDOLW\� DQG� �VW FODVV�PLON��������SURGXFHG�E\��VW ODFWDWLRQ�FRZV��������E\��QG ODFWDWLRQ�FRZV��������E\��UG ODFWDWLRQ�FRZV�DQG�������PLON�SURGXFHG�E\�ROGHU�ODFWDWLRQ�FRZV��7KH� �QG FODVV�PLON� \LHOG�ZDV� VLPLODU� WR� FRZV� RI� GLIIHUHQW� DJH�� UDQJLQJ� IURP������ WR� ������� 7KH� KLJKHVW� FODVVOHVV� PLON� \LHOG� ZDV� REWDLQHG� IURP� WKH� �WK DQG�ROGHU�ODFWDWLRQ�FRZV��)LJ�����7KH� FRZV� RI� ROGHU� DJH� RI� FDOYLQJ� SURYLGHG� KLJKHU� WRWDO� PLON� \LHOGV� GXULQJ�ODFWDWLRQ��+RZHYHU� WKH� SURGXFWLRQ� RI� VXFK�PLON� LV� XQSURILWDEOH�� DV� LW� LV� RI� SRRU�TXDOLW\�
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+LJK�TXDOLW\ �VW�FODVV

�VW �QG �UG �WK�DQG�ROGHU

)LJXUH����7KH�\LHOG�RI�KLJK�TXDOLW\�DQG��VW FODVV�PLON�SURGXFHG�E\�GDLU\�FRZV�RI�GLIIHUHQW�ODFWDWLRQ

�����
�����

����������
�����

�����

�����

�����
��������������������������

�QG�FODVV FODVVOHVV

�VW �QG �UG �WK�DQG�ROGHU

)LJXUH� ��� 7KH� \LHOG� RI� �QG FODVV� DQG� FODVVOHVV� PLON� SURGXFHG� E\� GDLU\� FRZV� RI�GLIIHUHQW�ODFWDWLRQ



��

7KH�PDLQ�REMHFWLYH�ZDV�WR�VWXG\�WKH�LQIOXHQFH�RI�PLON�\LHOG�DQG�RWKHU�IDFWRUV�HIIHFWV�RQ�WKH�6&6�7KH�HIIHFW�RI�WKH�VLUH�RQ�WKH�VRPDWLF�FHOO�FRXQW�RI�PLON�ZDV�DQDO\VHG�IRU�FRZV�RI� GLIIHUHQW� ODFWDWLRQ�� 7KH� LQIOXHQFH� RI� VLUH� GHFUHDVHG� ZLWK WKH� LQFUHDVH� RI� DJH��7DEOH�����7KH�6&6�ZDV�GHSHQGHQW�RQ�WKH�\HDU�DQG�PRQWK�HQYLURQPHQW�IDFWRU��S�������
7DEOH� ��� 7HVW� RI� VLJQLILFDQFH� IRU� HIIHFWV� RI� IDFWRUV� RQ� VRPDWLF� FHOO� VFRUH� LQ�GLIIHUHQW�ODFWDWLRQ 6LJQLILFDQFH�OHYHO(IIHFWV �VW ODFWDWLRQ �QG ODFWDWLRQ �UG ODFWDWLRQ �VW �UG ODFWDWLRQ6LUH ����� ����� ����� �����<HDU�
�0RQWK ����� ����� ����� �����0LON�<LHOG ����� ����� ����� �����/DFWDWLRQ [ [ [ �������

7KH�VROXWLRQ�IRU�HVWLPDWLRQ�RI�IDFWRU�ZDV�VLPLODU�IRU�DOO�SDULW\�DQG�LW�ZDV�QRW�VLJQLILFDQW��,W�DSSHDUV�WKDW�6&6�ZDV�QRW�KLJKHU�IRU�WKH�FRZV�ZLWK�KLJKHU�PLON�\LHOG�SURGXFWLYLW\�7KH�6&6�ZDV�GHSHQGHQW�RQ�ODFWDWLRQ��S��������DQG�DJH�RI�FDOYLQJ��7KLV�HIIHFW�LV� LQFOXGHG� LQ� WKH� PRGHO� �%RHWWFKHU� HW�� DO��� ������ 6FKXWW]�� ������ IRU� JHQHWLF�HYDOXDWLRQ LQ�VHYHUDO�FRXQWULHV�
/LWHUDWXUH�� %RHWWFKHU�3�-���/�%��+DQVHQ��3�0��9DQ5DGHQ�DQG�&�$��(UQVW���������*HQHWLF�HYDOXDWLRQ�RI�+ROVWHLQ�EXOOV�IRU�VRPDWLF�FHOOV�LQ�PLON�RI�GDXJKWHUV��-��RI�'DLU\�6FL������������������ '$�<���*URVVPDQ�0��DQG�,��0LV]WDO���������(VWLPDWLRQ�RI�JHQHWLF�SDUDPHWHUV�IRU�VRPDWLF�FHOO�VFRUH�LQ�+ROVWHLQ��-��'DLU\�6FL������������������� (PDQXHOVRQ� 8���'DQHOO� %�� DQG� -�� 3KLOLSVVRQ� ��������*HQHWLF� SDUDPHWHUV� IRU�FOLQLFDO� PDVWLWLV�� VRPDWLF� FHOO� FRXQWV� DQG� PLON� SURGXFWLRQ� HVWLPDWHG� E\�PXOWLSOH� WUDLW� UHVWULFWHG�PD[LPXP� OLNHOLKRRG�� -RXUQDO�RI�'DLU\�6FL���������������� 6FKXWW]�0��0�� ��������*HQHWLF�HYDOXDWLRQ�RI�6RPDWLF�&HOO�6FRUHV� IRU�8QLWHG�6WDWHV�GDLU\�FDWWOH��-��RI�'DLU\�6FL������������������



��

*(1(7,&�5(63216(�,1�,1',9,'8$/�75$,76�$1'�7+(,5�(&2120,&�9$/8((�3lUQD��,QVWLWXWH�RI�$QLPDO�6FLHQFH�RI�(VWRQLDQ�$JULFXOWXUDO�8QLYHUVLW\��7DUWX��(VWRQLD
,QWURGXFWLRQ0LON�FRPSRQHQWV�KDYH�GLIIHUHQW�SULFH�SHU�PLON�YROXPH��IDW�DQG�SURWHLQ�\LHOG��7KLV�PHDQV�WKDW� WKH�SKLORVRSK\�RI�XVLQJ�EXOOV� LQ�WKH�KHUG�PXVW�FRQVLGHU� WKH� IDFW�WKDW� VRPH�EXOOV� KDYH�SURILWDEOH�GDXJKWHUV� DQG� VRPH�EXOOV� DUH� OHVV�SURILWDEOH��7R�HYDOXDWH�WKH�EXOOV�DFFRUGLQJ�WR�WKHLU�SURILWDELOLW\��ZH�KDYH�WR�FRQVLGHU�WKH�YDOXH�RI�PLON�FRPSRQHQWV��FDUULHU��IDW�DQG�SURWHLQ�� WKH�FRVW�RI�SURGXFWLRQ�DQG�WKH�JHQHWLF�UHODWLRQVKLS�EHWZHHQ�PLON�FRPSRQHQWV��([WHQVLYH�UHVHDUFK�LQ�PDQ\�FRXQWULHV�KDV�VKRZQ�WKDW�WKHUH�LV�D�VLPSOH�ZD\�RI�UDQNLQJ�EXOOV�WR�SURYLGH�HIILFLHQW�HYDOXDWLRQ�WR�WKH�SURILWDELOLW\�RI�EXOOV�DQG�FRZV�RQ�WKH�EDVLV�RI�WKH�HFRQRPLF�YDOXH�RI�GLIIHUHQW�PLON�FRPSRQHQWV��7KH�DLP�RI�WKH�SDSHU�LV� WR�UHYHDO�VRPH�UHVXOWV�RI�EUHHGLQJ�IRU�PD[LPXP�SURILW�RI�(VWRQLDQ�+ROVWHLQ�
0DWHULDO�DQG�0HWKRGV6WUXFWXUH�RI�WKH�EUHHGLQJ�SURJUDPPH�FRUUHVSRQGV�WR�WKH�VLWXDWLRQ�RI�(VWRQLDQ�+ROVWHLQ� SRSXODWLRQ� LQ� ����� EDVHG� RQ� GDWD� RI� $JULFXOWXUDO� 5HJLVWHUV¶� DQG�,QIRUPDWLRQ� &HQWUH� DQG� $QLPDO� %UHHGHUV¶� $VVRFLDWLRQ� RI� (VWRQLD�� *HQHWLF� DQG�SKHQRW\SLF� YDULDQFH�FRYDULDQFH� PDWULFHV� ZHUH� FRQVWUXFWHG� XVLQJ� SDUDPHWHU�HVWLPDWHV�IURP�(VWRQLDQ�+ROVWHLQ�SRSXODWLRQ��7KH�HFRQRPLF�YDOXHV�IRU�JRDO�WUDLWV�DUH�SUHVHQWHG�LQ�7DEOH����0RVW�SUREDEO\�WKHVH�GLIIHU�IURP�WKH�HFRQRPLF�YDOXHV�DW�WKH�PRPHQW�DV� WKH\�UHIOHFW� WKH�ORZHU�PLON�SULFH�UHFHLYHG�E\�IDUPHUV� IRU�VDOHV� LQ�������,PSOHPHQWDWLRQ�RI�QHZ�HFRQRPLF�YDOXHV�IRU�SURGXFWLRQ�WUDLWV�DV�ZHOO�DV�IRU�VRPH�IXQFWLRQDO�WUDLWV�DUH�XQGHU�FRQVLGHUDWLRQ��6HOHFWLRQ� LQWHQVLWLHV� LQ� �� SDWKZD\� ZHUH� GHULYHG� DFFRUGLQJ� WR� )DOFRQHU� DQG�0DFND\��������DQG�DFFXUDF\�DQG�JHQHUDWLRQ�LQWHUYDO�DFFRUGLQJ�WR�%UDVFDPS�HW�DO����������� *HQHWLF� UHVSRQVH� WR� VHOHFWLRQ� ZDV� GHULYHG� XVLQJ� 5HQGHO� DQG� 5REHUWVRQ��������PHWKRGRORJ\��H[SHFWHG�DQQXDO�UHVSRQVHV�ZHUH�GHULYHG�E\�VHOHFWLRQ�LQGH[�WKHRU\� �&XQQLQJKDP�� �������XVLQJ�6HOHFWLRQ� ,QGH[�3URJUDP� �6,3�� �:DJHQDDU� HW�DO����������6HOHFWLRQ�DQ�LQGH[�SHUWDLQLQJ�WR�DJJUHJDWH�JHQRW\SH�ZLOO�PD[LPLVH�WKH�PRQHWDU\� UHWXUQV�RI� VHOHFWLRQ� IRU�PLON��*HQHWLF�SDUDPHWHUV�RI�(VWRQLDQ�+ROVWHLQ��KHULWDELOLW\�� SKHQRW\SLF� DQG� JHQRW\SLF� FRUUHODWLRQV� DQG� VWDQGDUG� GHYLDWLRQV���HFRQRPLF� DQG� HQHUJHWLF� SDUDPHWHUV� IRU� GHULYLQJ� HFRQRPLF� ZHLJKWV� RI� PLON�FRPSRQHQWV� DUH� SXEOLVKHG� HDUOLHU� �3lUQD�� 6DYHOL�� ������ 3lUQD�� ������� ,Q�FRQVWUXFWLRQ�3URILW�,QGH[�PHWKRGRORJ\�RI�-�*LEVRQ��������ZDV�XVHG�



��

5HVXOWV�DQG�'LVFXVVLRQ���3URILW�,QGH[%DVHG�RQ�HFRQRPLF�YDOXH�RI�GLIIHUHQW�PLON�FRPSRQHQWV��PLON�FDUULHU��IDW�DQG�SURWHLQ� \LHOG�� DQG� (7$� RI� EXOOV� ZH� KDYH� LQWURGXFHG� 3URILW� ,QGH[�� 3URILW� ,QGH[�JLYHV� UHODWLYH�ZHLJKWV�RI��������������DQG������� WR�PLON�FDUULHU�� IDW� DQG�SURWHLQ�\LHOG�� UHVSHFWLYHO\�� 3URILW� ,QGH[� FDQ� EH� HDVLO\� FDOFXODWHG� IRU� DQ\� EXOO� ZLWK� DQ�RIILFLDO� SURRI� DQG� LW� HVWLPDWHV� JHQHWLF� SURILWDELOLW\� � WKH� SURILWDELOLW\� WKDW� EXOO�SDVVHV�RQ�WR�KLV�GDXJKWHUV�GXH�WR�KLV�JHQHWLF�H[FHOOHQFH��7KH�SULFLQJ�V\VWHP�GHWHUPLQHV�WKH�LQFRPH�WR�WKH�IDUP��(FRQRPLF�YDOXHV�RI�WKH�PLON� FRPSRQHQWV�PRVW� SUREDEO\� GLIIHU� DW� WKH�PRPHQW� DV� WKH\� UHIOHFW� WKH� ORZHU�SULFH UHFHLYHG� E\� IDUPHU� VDOHV� LQ� ������ 7KHUH� DUH� FKDQJHV� LQ� PDQDJHPHQW� DQG�IHHG� FRVWV� DOVR� LQ� FRPSDULVRQ� WR� ������ZKHQ� HFRQRPLF� FDOFXODWLRQV�ZHUH�PDGH��,PSOHPHQWDWLRQ�RI�QHZ�HFRQRPLF�YDOXHV�IRU�SURGXFWLRQ�WUDLWV�DV�ZHOO�DV�IRU�VRPH�IXQFWLRQDO�WUDLWV�DUH�XQGHU�FRQVLGHUDWLRQ��'XH�WR�JHQHWLF�LPSURYHPHQW�RI�WKH�KHUG��IHHG� DQG�PDQDJHPHQW� FRVWV� LQFUHDVH��7KHVH� FRVWV� DUH� QRW� WKH� VDPH� IRU� GLIIHUHQW�PLON�FRPSRQHQWV�,PSRUWDQW� SUHUHTXLVLWH� IRU� JHQHWLF� LPSURYHPHQW� LV� JHQHWLF� YDULDWLRQ�� ,I� WKHUH�ZDV�QRW�JHQHWLF�YDULDWLRQ��DOO�EXOOV�ZRXOG�KDYH�WKH�VDPH�JHQHWLF�YDOXH��7KH�UDQJH�LQ�JHQHWLF�YDOXH�EHWZHHQ�EXOOV�GHSHQGV�RQ�WKH�JHQHWLF�YDULDWLRQ��*HQHWLF�SURJUHVV�LV� WKH� KLJKHVW� LQ� WKRVH� PLON� FRPSRQHQWV� ZLWK� WKH� KLJKHVW� OHYHOV� RI� JHQHWLF�YDULDWLRQ��$V�JHQHWLF�VWDQGDUG�GHYLDWLRQ�IRU (VWRQLDQ�+ROVWHLQ�IDW�\LHOG�LV������DQG�IRU�SURWHLQ�������ZH�ZLOO�LQFUHDVH�RXU�HPSKDVLV�RQ�IDW�UHODWLYH�WR�SURWHLQ��EHFDXVH�WKHUH� LV� PRUH� JHQHWLF� YDULDWLRQ� IRU� IDW� \LHOG� WKDQ� IRU� SURWHLQ� \LHOG�� 0LON�FRPSRQHQWV�DUH�JHQHWLFDOO\�GHSHQGHQW�RI�HDFK�RWKHU��0LON FDUULHU��IDW�DQG�SURWHLQ�\LHOG�DUH�SRVLWLYHO\�UHODWHG�WR�HDFK�RWKHU��,W�PHDQV�WKDW�EXOOV�ZLWK�KLJK�SURRIV�IRU�PLON� FDUULHU� ZLOO� DOVR� WHQG� WR� KDYH� KLJK� SURRIV� IRU� IDW� DQG� SURWHLQ� \LHOG�� 7KRVH�UHODWLRQVKLSV�KDYH�WDNHQ�LQWR�DFFRXQW�LQ�FRQVWUXFWLQJ�3URILW�,QGH[�
3URILW�,QGH[� �������(7$&DUULHU ��������(7$)DW ��������(7$3URWHLQ(7$�IRU�FDUULHU��IDW�DQG�SURWHLQ�DUH�WKH�VLUH¶V�SURRI������(%9��DQG�WKH�LQGH[�YDOXH� LV� WKH� HVWLPDWHG� QHW� SURILW� RI� WKH� VLUH¶V� DYHUDJH� GDXJKWHU� HDFK� \HDU� VKH� LV�PLONLQJ�LQ�WKH�KHUG��7KLV�YDOXH�FDQ�EH�XVHG�WR�REWDLQ�HVWLPDWH�RI�WKH�((.�YDOXH�RI�VSHFLILF�EXOO��3URILW�,QGH[�YDOXHV�RI�VRPH�(VWRQLDQ�+ROVWHLQ�EXOOV��EDVHG�RQ�GDWD�%XOLWNR��������DUH�JLYHQ�LQ�WKH�7DEOH���DQG���



��

7DEOH����3URILW�,QGH[��3,��DQG�63$9��5%9�IRU�SURGXFWLRQ��RI�(VWRQLDQ�+ROVWHLQ�EXOOV�LQ�,9����� 6XSHULRULW\�RI�EXOO%XOO +HUGERRN1R� 63$9 3URILW�,QGH[��((.�GDXJKWHU�ODFWDWLRQ� EDVHG�RQ�63$9 EDVHG�RQ�3,
(�/DPEUR�(7%%�-DFR�(73URILO�(7+�3�-DDS0DUEHO�(7'U�/XW]�(7/DPEHUJ�(71LOV0DOGRQ5DQGX$PSHU0HOYLQ/XNVRU
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7DEOH����3URILW�,QGH[ �3,��DQG�63$9��5%9�IRU�SURGXFWLRQ��RI�(VWRQLDQ�+ROVWHLQ�EXOOV�LQ�,9�������LPSRUW�VHPHQ� 6XSHULRULW\�RI�EXOO%XOO� +HUGERRN1R� 63$9 3URILW�,QGH[��((.�GDXJKWHU�ODFWDWLRQ� EDVHG�RQ�63$9 EDVHG�RQ�3,
*OHQZRRG�(7=HER�0DJLF�(70HWUR�(7'RUDGR�(7$VWHUL[ (70DJQXP
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���*HQHWLF�UHVSRQVH�RI�PLON�FRPSRQHQWV7KH�DQQXDO�JHQHWLF�UHVSRQVH�IRU�LQGLYLGXDO�WUDLWV�DQG�WKHLU�HFRQRPLF�YDOXH�DUH�JLYHQ�LQ�7DEOH���DQG�DQQXDO�LPSURYHPHQW�SHU�\HDU�LQ�(VWRQLDQ�+ROVWHLQ�EXOOV�DQG�EXOO�GDPV�LQ�7DEOH���7KH�DQQXDO� JHQHWLF� UHVSRQVH� LQ�SURWHLQ� \LHOG� LV������NJ��ZKLFK� LV� DERXW������JHQHWLF� VWDQGDUG� GHYLDWLRQ�� 7KH� DQQXDO� JHQHWLF� UHVSRQVH� LQ� IDW� \LHOG� LV� ����� NJ�������JHQHWLF�VWDQGDUG�GHYLDWLRQ��DQG�PLON�FDUULHU�\LHOG������NJ��



��

(FRQRPLF�YDOXH�RI�WKH�UHVSRQVH�DPRXQWV�������((.�SHU�NJ�PLON�FDUULHU�������((.�NJ� IDW� DQG� ������ ((.�NJ� SURWHLQ�� ����� ((.�NJ� LQ� WRWDO�� $VVXPLQJ� WKH�(VWRQLDQ� +ROVWHLQ� SRSXODWLRQ� ���� ���� FRZV�� LW� PDNHV� WKH� YDOXH� RI� JHQHWLF�UHVSRQVH������PLOOLRQ�((.�SHU�\HDU��7KLV�YDOXH�LV�QRW�GLVFRXQWHG�8VLQJ�VHOHFWLRQ�LQGH[�PHWKRGRORJ\��WKH�FRQVHTXHQFHV�RI�VHOHFWLRQ�IROORZLQJ�D�VLQJOH�URXQG�VHOHFWLRQ�ZHUH�FDOFXODWHG�IRU� LQGH[� LQFOXGLQJ�SURGXFWLRQ�RQO\��PLON�FDUULHU�� IDW� DQG� SURWHLQ� \LHOG�� $QQXDO� UHWXUQV� ZHUH� FDOFXODWHG� DV� ����� VWDQGDUG�GHYLDWLRQV�RI�WKH�DJJUHJDWH�JHQRW\SH��7KLV�YDOXH�DSSUR[LPDWHV�VHOHFWLRQ�UHVSRQVH�LQ�W\SLFDO���SDWKZD\�GDLU\�FDWWOH�EUHHGLQJ�VFKHPH��5REHUWVRQ�DQG�5HQGHO���������
7DEOH����*HQHWLF�UHVSRQVH�LQ�LQGLYLGXDO�WUDLWV�DQG�WKHLU�HFRQRPLF�YDOXH�7UDLW� *HQHWLF�UHVSRQVH���\HDU (FRQRPLF�YDOXH��((.����XQLW�H[SUHVVHG

(FRQRPLF�YDOXH��((.��RI�WKH�UHVSRQVH0LON�FDUULHU��NJ�)DW�\LHOG��NJ�3URWHLQ�\LHOG��NJ�
������������

����������������
��������������7RWDO �����

$QQXDO�LPSURYHPHQW�RI����((.�SHU�\HDU�KDV�EHHQ�DFKLHYHG�LQ�+ROVWHLQ�EXOOV�DQG�����((.�LQ�+ROVWHLQ�EXOO�GDPV��7KH�DQQXDO�LPSURYHPHQW����((.�LV�VLPLODU�WR� WKH�5REHUWVRQ� DQG�5HQGHO� ������� H[SHFWDWLRQ�� ,W� LV� GLIILFXOW� WR� SUHGLFW� IXWXUH�LQGXVWU\�UHVSRQVH�WR�VHOHFWLRQ��KRZHYHU�LW�LV�DQWLFLSDWHG�WKDW�JHQHWLF�SURJUHVV�ZLOO�EH�PDLQWDLQHG�DW�OHDVW������VWDQGDUG�GHYLDWLRQV�SHU�\HDU�
7DEOH����$QQXDO�LPSURYHPHQW�SHU�\HDU�LQ�(VWRQLDQ�+ROVWHLQ�EXOOV�DQG�EXOO�GDPV7UDLW (FRQRPLF�YDOXH��((.����XQLW *HQHWLF�UHVSRQVH���\HDU (FRQRPLF�YDOXH��((.��RI�WKH�UHVSRQVHH[SUHVVHG EXOOV EXOO�GDPV EXOOV EXOO�GDPV0LON�FDUULHU��NJ�)DW�\LHOG��NJ�3URWHLQ�\LHOG��NJ�
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�������������7RWDO ���� �����
6XPPDU\*HQHWLF�DQG�SKHQRW\SLF�YDULDQFH�FRYDULDQFH�PDWULFHV�ZHUH�FRQVWUXFWHG�XVLQJ�SDUDPHWHU� HVWLPDWHV� IURP� (VWRQLDQ� +ROVWHLQ� SRSXODWLRQ�� 7KH� HFRQRPLF� YDOXHV�DVVXPHG�IRU�JRDO�WUDLWV�ZHUH�������((.�NJ�IRU�FDUULHU��������((.�NJ�IRU�IDW�DQG�������((.�NJ�IRU�SURWHLQ��0RVW�SUREDEO\�WKHVH�GLIIHU�IURP�WKH�HFRQRPLF�YDOXHV�DW�WKH� PRPHQW� DV� WKH\� UHIOHFW� WKH� ORZHU� PLON� SULFH� UHFHLYHG� E\� IDUPHUV� IRU� VDOHV��



��

,PSOHPHQWDWLRQ� RI� QHZ� HFRQRPLF� YDOXHV� IRU� SURGXFWLRQ� WUDLWV� DV� ZHOO� DV� DQ�LQWURGXFWLRQ� RI� HFRQRPLF� YDOXHV� IRU� VRPH� IXQFWLRQDO� WUDLWV� DUH� FXUUHQWO\� XQGHU�FRQVLGHUDWLRQ��8VLQJ�VHOHFWLRQ�LQGH[�PHWKRGRORJ\��WKH�FRQVHTXHQFHV�RI�VHOHFWLRQ�IROORZLQJ�D�VLQJOH�URXQG�VHOHFWLRQ�ZHUH�FDOFXODWHG�IRU�LQGH[�LQFOXGLQJ�SURGXFWLRQ�RQO\�� EDVHG� RQ�PLON�� IDW� DQG� SURWHLQ� (7$�D�� $QQXDO� UHWXUQV� ZHUH� FDOFXODWHG� DV������ VWDQGDUG� GHYLDWLRQV� RI� WKH� DJJUHJDWH� JHQRW\SH�� 7KLV� YDOXH� DSSUR[LPDWHV�VHOHFWLRQ� UHVSRQVH� LQ� ³W\SLFDO´� IRXU�SDWKZD\� GDLU\� FDWWOH� EUHHGLQJ� VFKHPHV��$QQXDO�LPSURYHPHQW�RI����((.�SHU�\HDU�KDV�EHHQ�DFKLHYHG�LQ�(VWRQLDQ�+ROVWHLQ�EXOOV� DQG� ���� ((.� LQ� +ROVWHLQ� EXOO� GDPV�� 3URILW� ,QGH[� LV� EDVHG� RQ� (7$�V� IRU�PLON��IDW�DQG�SURWHLQ�ZHLJKWHG�E\�WKHLU�DVVXPHG�IXWXUH�HFRQRPLF�YDOXHV��
5HIHUHQFHV%XOLWNR�7���������+ROVWHLQL�SXOOLG��7}XORRPDNDVYDWXV�����������%UDVFDPS� 3��� %RYHQKXLV�� +��� 9DQ� GHU� :HUI� -��� ������ $QLPDO� *HQHWLFV��:DJHQLQJHQ�$JULFXOWXUDO�8QLYHUVLW\����� SS�&XQQLQJKDP��(�3��������/DQGEUXNVERNKDQGHOHQ��9ROOHEHNN��2VOR��S�����*LEVRQ�-��������$Q�LQWURGXFWLRQ�WR�WKH�GHVLJQ�DQG�HFRQRPLFV�RI�DQLPDO�EUHHGLQJ�VWUDWHJLHV� *XHOSK��2QWDULR��&DQDGD�)DOFRQHU� '�6��� 0DFND\� 7�)�&��� ������ ,QWURGXFWLRQ� WR� 4XDQWLWDWLYH� *HQHWLFV��/RQJPDQ������SS�3lUQD�(���6DYHOL�2��������6HOHFWLRQ�RQ�WKH�PDMRU�FRPSRQHQWV�RI�PLON�WR�PD[LPLVH�SURILW�LQ�GDLU\�KHUGV��3URF��RI�WKH��WK�:RUOG�&RQJUHVV�RQ�*HQHWLFV�$SSOLHG�WR�/LYHVWRFN�3URGXFWLRQ��$UPLGDOH��16:��$XVWUDOLD��YRO��������������3lUQD�� (��� ������ 6HOHFWLRQ� UHVSRQVH� LQ� (VWRQLDQ� +ROVWHLQ� EUHHGLQJ�SURJUDP��$QLPDO�+XVEDQGU\��6FLHQWLILF�$UWLFOHV������������5HQGHO�-�0���5REHUWVRQ�$���������(VWLPDWLRQ�RI�PLON�\LHOG�E\�VHOHFWLRQ� LQ�D�FORVHG�KHUG�RI�GDLU\�FDWWOH��*HQHWLFV��YRO������������:DJHQDDU�'��9DQ�$UHQGRQN�-���.UDPHU�0���������6HOHFWLRQ�LQGH[�SURJUDP��6,3���8VHU�PDQXDO��:DJHQLQJHQ�$JULFXOWXUDO�8QLYHUVLW\�
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0,/.�352'8&7,9,7<�2) '87&+�+2/67(,1�&2:6 ,1 (6721,$2��6DYHOL��+��3XON��,QVWLWXWH�RI�$QLPDO�6FLHQFH�RI�(VWRQLDQ�$JULFXOWXUDO�8QLYHUVLW\��7DUWX��(VWRQLD
$OUHDG\� IRU� ���� \HDUV� WKH� EUHHGLQJ� RI� WKH�(VWRQLDQ�+ROVWHLQ� FDWWOH� KDV� EHHQ�UHODWHG� WR� WKH�'XWFK�EUHHGLQJ�PDWHULDO�� ,WV�HIIHFW�EHFDPH�PRUH�VLJQLILFDQW� LQ� WKH�����V� DQG� ����V��ZKHQ� WKH� LPSRUWHG�PDWHULDO�ZDV� GLVWULEXWHG� E\� WKH� XVH� RI�$,�PHWKRG��8VLQJ� RI�+ROVWHLQ� EUHHGLQJ�PDWHULDO� DFFHOHUDWHG� WKH� JHQHWLF� VXFFHVV� LQ�ERWK� EUHHGV�� *UHDW� VXFFHVV� ZDV� DFKLHYHG� LQ� +ROODQG�� ZKHUH� PLON� SURGXFWLYLW\�H[FHHGHG�������NJ�LQ�������'RPPHUKROW���������,Q�(VWRQLD�DV�ZHOO�DV�LQ�+ROODQG���� 'XWFK� +ROVWHLQ� VLUHV� ZHUH� HVWLPDWHG� E\� GDXJKWHUV�� 7KH� FRPSDULVRQ� RI� WKHLU�GDXJKWHUV�LQ�ERWK�FRXQWULHV�VKRZHG�D�PRGHUDWH�DGYDQWDJH�RI�WKH�'XWFK�+ROVWHLQV��6LLEHU�HW�DO����������6HYHQ�\RXQJ�EXOOV��HVWLPDWHG�ODWHU�LQ�(VWRQLD��ZHUH�SXUFKDVHG�IURP� +ROODQG� LQ� ������ 7KH� SUHOLPLQDU\� HVWLPDWLRQ� SURYHG� WKHLU� KLJK� EUHHGLQJ�YDOXH�� 7KH� UHODWLYH� EUHHGLQJ� YDOXH� RI� WKUHH� EXOOV� H[FHHGHG� ���� SRLQWV� DQG� WKH\�EHORQJHG�WR�WKH�OLVW�RI�,QWHUEXOO�723�����%XOLWNR�����������KHLIHUV� IRU� WZR�HQWHUSULVHV�ZHUH�SXUFKDVHG� IURP�+ROODQG� LQ������� DQG����KHLIHUV� IRU� RQH� HQWHUSULVH� LQ� ������ 5HJDUGLQJ� WKH� HQWHUSULVHV�� WKH� SUHOLPLQDU\�SHUIRUPDQFH�GDWD�RI�WKH�KHLIHUV�GLIIHUHG�FRQVLGHUDEO\��7KH�GDWD�RI�WKH��VW ODFWDWLRQ�LQGLFDWHG�WKDW�LQ�IDYRXUDEOH�IHHGLQJ�FRQGLWLRQV�WKH�'XWFK�+ROVWHLQ�FRZV�H[FHHGHG�WKHLU� VKHGPDWHV�� ZKHUHDV� LQ� DYHUDJH� FRQGLWLRQV� WKH� GLIIHUHQFH� ZDV� LQVLJQLILFDQW��6DYHOL�� 3XON�� �������:LWKLQ� WKH� QH[W� \HDU� WKH� GDWD� RI� WKH� �QG DQG� �UG ODFWDWLRQV�ZHUH�REWDLQHG��7KH�DQDO\VLV�RI�WKHVH�GDWD�LV�WKH�REMHFWLYH�RI�WKH�SUHVHQW�VWXG\�

0DWHULDO�DQG�0HWKRGV7KH�PLON�SURGXFWLYLW\�GDWD�RI� WKH��VW ODFWDWLRQ�RI����FRZV���QG ODFWDWLRQ�RI����FRZV�DQG��UG ODFWDWLRQ�RI����FRZV�RI�WKH�'XWFK�+ROVWHLQ�EUHHG��++)���ZKLFK�ZDV�FRPSDUHG� ZLWK� WKH� VLPLODU� GDWD� RI� RWKHU� FRZV� �(+)�� LQ� WKH� VDPH� VKHG��VKHGPDWHV���ZHUH� XVHG�DV� VWXG\�PDWHULDO��7KH� VKHGPDWHV�ZHUH� WKH�FRZV��ZKLFK�KDG�VWDUWHG� WKH� VDPH� ODFWDWLRQ� LQ� WKH�VDPH�\HDU��'DWD�RQ�����GD\� ODFWDWLRQ�\LHOG�ZHUH�REWDLQHG�IURP�WKH�$JULFXOWXUDO�5HJLVWHUV DQG�,QIRUPDWLRQ�&HQWUH�)RU�VWDWLVWLFDO�DQDO\VLV�� WKH�PHDQ�SURGXFWLYLW\�RI�FDOYLQJ�\HDUV�E\�HQWHUSULVHV�DQG� ODFWDWLRQV� ZHUH� XVHG�� ZKHUHDV� VWDWLVWLFDO� VLJQLILFDQFH� RI� GLIIHUHQFHV� ZHUH�HVWLPDWHG� E\� W�WHVW� DQDO\VLV�� E\�ZKLFK�PHDQ� VWDQGDUG� GHYLDWLRQV�ZHUH� XVHG� �V����PLON�± ����NJ��PLON�IDW�± ���NJ�DQG��������PLON�SURWHLQ�� ���NJ�DQG�������
5HVXOWV�DQG�'LVFXVVLRQ7KH� \LHOGV� RI�PLON�� PLON� IDW� DQG�PLON� SURWHLQ� RI�'XWFK�+ROVWHLQ� FRZV�ZHUH�KLJKHU�� FRPSDUHG� ZLWK� WKH� VLPLODU� GDWD� RI� (VWRQLDQ� +ROVWHLQV� GXULQJ� DOO� WKUHH�ODFWDWLRQV� �7DEOH� ���� ,Q� WKH� �QG ODFWDWLRQ� WKH� GLIIHUHQFHV� ZHUH� PRUH� VLJQLILFDQW��



��

FRPSDUHG� ZLWK� WKH� �VW ODFWDWLRQ�� 7KLV� PLJKW� KDYH� EHHQ� FDXVHG� E\� DGDSWDWLRQ�GLIILFXOWLHV�RI�WKH�LPSRUWHG�FRZV��
7DEOH����&RPSDULVRQ�RI�PLON�SURGXFWLYLW\�EHWZHHQ�'XWFK��++)��DQG�(VWRQLDQ�(+)��+ROVWHLQ�FRZV%UHHG /DFW� 1R��FRZV 0LON��NJ )DW��NJ )DW��� 3URWHLQ�NJ 3URWHLQ��++) �� �� ���� ��� ���� ��� ����(+) �� ��� ���� ��� ���� ��� ���������


 ����


 ����� ����


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


 ����


 �����


 ����


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

 ����
 ����� ���� �����

,W� LV�VRPHZKDW�VXUSULVLQJ�WKDW� WKH�PLON� IDW�DQG�PLON�SURWHLQ�FRQWHQW�RI�'XWFK�+ROVWHLQ�FRZV�GLG�QRW�H[FHHG�WKDW�RI�(VWRQLDQ�+ROVWHLQV��EHLQJ�RFFDVLRQDOO\�HYHQ�ORZHU�� 0RUHRYHU�� WKH� 'XWFK� +ROVWHLQ� EUHHG� KDV� KDG� D� OHDGHU� SRVLWLRQ� DPRQJ�EODFN�DQG�ZKLWH� EUHHGV� MXVW� IRU� WKH� DERYH� TXDOLWLHV��2EYLRXVO\�� WKH� QXWULHQW� DQG�HQHUJ\� FRQWHQW� RI� IHHG� UDWLRQ�� RIIHUHG� LQ� (VWRQLD�� GLG� QRW� JXDUDQWHH� WKH� IXOO�H[SRVLWLRQ�RI�WKH�KLJK�JHQHWLF�SRWHQWLDO�RI�WKH�'XWFK�+ROVWHLQ�FRZV�0DMRU� YDULDWLRQV� ZHUH� REVHUYHG� E\� HQWHUSULVHV�� DV� WKH� PLON� SURGXFWLYLW\� RI�'XWFK� +ROVWHLQV� ZDV� FRPSDUHG� ZLWK� WKDW� RI� WKHLU� VKHGPDWHV� �7DEOH� ���� +LJKO\�VWDELOH� GLIIHUHQFH� E\� ODFWDWLRQV� ZDV� REVHUYHG� RQ� 6RRQH� IDUP� �������� PRUH�VLJQLILFDQW� GLIIHUHQFHV� ZHUH� IRXQG� RQ�0DDVLNDPlH� IDUP�� SDUWLFXODUO\� LQ� WKH� �QGODFWDWLRQ��ZKHQ�WKH�'XWFK�+ROVWHLQVCPLON�\LHOG�ZDV�DOPRVW��������NJ�DQG�WKH�WRWDO�\LHOG RI�PLON�IDW�DQG�SURWHLQ�ZDV�����NJ��7KH�KLJK�OHYHO�ZDV�REVHUYHG�DOVR�LQ�WKH��UG ODFWDWLRQ�� ZKLFK� ZDV� VWLOO� ORZHU� WKDQ� LQ� WKH� �QG ODFWDWLRQ�� 2Q� WZR� IDUPV� RI�$GDYHUH� $JUR� WKH� GDWD� RI� WKH� �VW ODFWDWLRQ� ZHUH� YLUWXDOO\� LGHQWLFDO� DQG� WKH�GLIIHUHQFHV� EHWZHHQ� EUHHGV� ZHUH� LQVLJQLILFDQW�� 7KH� �QG ODFWDWLRQ� ZDV� SUHSDUHG�PRUH�FDUHIXOO\��DOVR�WKH�IHHG�UDWLRQ�ZDV�PDUNHGO\�FKDQJHG�5HPDUNDEOH� UHVXOWV� ZHUH� REWDLQHG� LQ� $GDYHUH� $JUR� VKHG� 1R���� ZKHUH� PLON�\LHOG�RI�'XWFK�+ROVWHLQ�FRZV�ZDV�������NJ�� DQG� WKDW�RI�(VWRQLDQ�+ROVWHLQV�ZDV������� NJ�� 2QFH� DJDLQ� LW� ZDV� GHPRQVWUDWHG�� WKDW� EDODQFHG� IHHG� UDWLRQV� PD\�JXDUDQWHH�KLJK�SURGXFWLRQ�GDWD�RQ�HDFK�IDUP�LQ�(VWRQLD��
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7DEOH����&RPSDULVRQ�EHWZHHQ�LPSRUWHG�'XWFK�+ROVWHLQV�DQG�WKHLU�FRQWHPSRUDULHV�LQ�WKH�VDPH�VKHG)DUP� %UHHG /DFW� 1R�FRZV 0LON��NJ )DW��NJ )DW��� 3URWHLQ�NJ3URWHLQ������ ++) �� �� ���� ��� ���� ��� ����(+) �� �� ���� ��� ���� ��� ������� �����

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


 ����


 ����� ���


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


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


 ���� �����
 ���

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


 ���


 �����


 ���


 �������������± 0DDVLNDPlH�������± 6RRQH������± $GDYHUH�5LVWL��������± $GDYHUH���
&RQFOXVLRQ����'XWFK�+ROVWHLQ� KHLIHUV�ZHUH� LPSRUWHG� IURP +ROODQG� LQWR� WKUHH�(VWRQLDQ�HQWHUSULVHV�LQ������DQG�������7KH�FRPSDULVRQ�ZLWK�RWKHU�FRZV�RQ�WKH�VDPH�IDUP�



��

FRQILUPHG�WKH�'XWFK�+ROVWHLQVC�EHWWHU�UHVXOWV�LQ�PLON�\LHOG��������������NJ���PLON�IDW�\LHOG�����������NJ��DQG�SURWHLQ�SURGXFWLRQ�����������NJ���+RZHYHU��GXULQJ�WZR�ODFWDWLRQV�WKHLU�PLON�IDW�FRQWHQW�ZDV�HYHQ�ORZHU�DQG�PLON�SURWHLQ�FRQWHQW�GLG�QRW�YDU\��7KH� UHDFWLRQ�RI�'XWFK�+ROVWHLQV� WR� WKH�FKDQJHV�RI� IHHG� UDWLRQ�DIWHU� WKH��VWODFWDWLRQ�ZDV�VWURQJHU�
5HIHUHQFHV%XOLWNR��7��+ROVWHLQL�SXOOLG��� 7}XORRPDNDVYDWXV��QU�����ON�������������'XPPHUKROW�� -�� +ROODQG� GDLU\� GDWD� ����������� /DUJH� SDUWLFLSDWLRQ� LQ� FDWWOH�LPSURYHPHQW��� 9HHSUR�0DJD]LQH������'HFHPEHU�������6DYHOL�� 2��� 3XON�� +�� +ROODQGL� KROVWHLQL� OHKPDGH� SLLPDM}XGOXV� (HVWLV�� � $36L�7RLPHWLVHG�������������������6LLEHU�� (��� 6DYHOL�� 2��� 8ED�� 0�� +ROODQGL� KROVWHLQL� W}XJX� SXOOLGH� SDUDOOHHO�KLQGDPLQH��� $36L�7RLPHWLVHG�������������������



��

5(/$7,216+,3�%(7:((1 *(67$7,21�/(1*7+�$1'�*(1(7,&�25,*,1�2)�&2:2��6DYHOL��,QVWLWXWH�RI�$QLPDO�6FLHQFH�RI�(VWRQLDQ�$JULFXOWXUDO�8QLYHUVLW\��7DUWX��(VWRQLD
,QWURGXFWLRQ2QH� RI� WKH� PDMRU� SUREOHPV� LQ� GDLU\� FDWWOH� UHSURGXFWLRQ� LV� D� VHUYLFH� SHULRG��ZKHQ�D�ODFWDWLQJ�FRZ�VKRXOG�EH�UH�LQVHPLQDWHG��'XUDWLRQ�RI� WKH�ORQJHU�JHVWDWLRQ�SHULRG�RI� WKH�UHSURGXFWLRQ�F\FOH�LV�UHODWLYHO\�VWDEOH ��7KHUH�LV�QR�QHHG�WR�PRGLI\�WKH�GXUDWLRQ�RI�WKH�IHWDO�SHULRG��KRZHYHU��WKH�H[WHQW�RI�JHVWDWLRQ�SHULRG�LV�KLJKO\�LPSRUWDQW� LQ� SDWHUQLW\� HVWDEOLVKPHQW� RI� RIIVSULQJ�� ,W� ZLOO� EHFRPH� D� VHULRXV�SUREOHP�� ZKHQ� SDUHQWDJH� RI� IHPDOHV� FRPSULVHV� WKH� UHSUHVHQWDWLYHV� RI� VHYHUDO�EUHHGV��KHWHURJHQHRXV�JHQRW\SH��DQG�WKH�FRZV�KDYH�EHHQ�LQVHPLQDWHG�ZLWK�VHPHQ�IURP�WKH�EXOOV�RI�UHODWLYHO\�DOLHQ�SDUHQWDJH�7KH� SUHJQDQF\� GXUDWLRQ� RI� WKH� (VWRQLDQ� FDWWOH� EUHHGV� ZDV� VWXGLHG� ��� \HDUV�DJR��7KH�VWXGLHV�FDUULHG�RXW�E\�2��6DYHOL������� LQYROYHG�������JHVWDWLRQ�SHULRGV��ZKHUHDV� WKH� JHVWDWLRQ�SHULRGV� WKDW� ODVWHG� OHVV� WKDQ����� DQG�PRUH� WKDQ�����GD\V�ZHUH�QRW� LQFOXGHG� LQ� WKH�DQDO\VLV��7KH�DYHUDJH�ZDV�����GD\V��EHLQJ�E\�����GD\V�ORQJHU� LQ� FDVH� RI� EXOO� FDOYHV�� FRPSDUHG� ZLWK� IHPDOH� FDOYHV�� ��� EXOO� FDOYHV��DPRQJ� WZLQV� HYHQ� ����� ZHUH� ERUQ� SHU� ���� KHLIHU� FDOYHV�� ,Q� FDVH� RI� WZLQV� WKH�GXUDWLRQ�RI�JHVWDWLRQ�SHULRG�ZDV�RQO\�����GD\V�$FFRUGLQJ� WR�2��/HHVPHQW� ������� UHSRUWHG�E\�7HKYHU�� ������� WKH� SUHJQDQF\�GXUDWLRQ�RI�WKH�(VWRQLDQ�5HG�EUHHG�FRZV�ZDV��������GD\V�DQG�WKDW�RI�WKH�(VWRQLDQ�%ODFN�DQG�:KLWH� EUHHG� FRZV�ZDV��������GD\V�� ,Q� FDVH� RI� JLYLQJ�ELUWK� WR� D� EXOO�FDOI�� WKH� SHULRG� ZDV� E\� ������ GD\V� ORQJHU�� DQG� LQ� FDVH� RI� WZLQV� E\� ����� GD\V�VKRUWHU�$FFRUGLQJ� WR� .�� .XUP� �������� WKH� SUHJQDQF\� GXUDWLRQ� RI� WKH� (VWRQLDQ� 5HG�EUHHG�FRZV�ZDV�������GD\V��ZKHUHDV�LQ�FDVH�RI�D�EXOO�FDOI�LW�ZDV�������GD\V��7KH�KHUG�FRQWURO�GLUHFWLRQV��������FRQVLGHUHG����������GD\V�WR�EH�D�QRUPDO�GXUDWLRQ��&RPSDULVRQ�RI�WKH�DERYH�GDWD�UHIHUUHG�WR�WKH�FRLQFLGHQFH�RI�WKH�GDWD��DQG�DOVR WR�WKH�VSHFLILF�IHDWXUHV�RI�D�EUHHG�2Q�WKH�EDVLV�RI�WKH�REWDLQHG�UHVXOWV�DPHQGPHQWV�ZHUH�PDGH�LQ�WKH�SUHJQDQF\�FDOHQGDU� WR� EH� SXEOLVKHG� LQ� D� UHIHUHQFH� ERRN�� WR� DYRLG� IXUWKHU� SUREOHPV� LQ�FRPSOHWLQJ�FDOYLQJ�XQLWV�LQ�ORRVH�KRXVLQJ�FDWWOH�IDUPV�,Q�&DQDGD���������WKUHH�ILUVW�FDOYLQJV�ZHUH�DQDO\VHG��1DGDUDMDK�HW�DO����������$Q� DYHUDJH� JHVWDWLRQ� SHULRG� ODVWHG� IRU� ������������ GD\V�� ZKHUHDV� LW� SURORQJHG�ZLWK� D� FRZ¶V� DJH� DQG� ZDV� UHODWHG� WR� FDOI¶V� DQG� FRZ¶V� VL]H�� $W� �VW FDOYLQJ� WKH�JHVWDWLRQ�SHULRG�ZDV�VKRUWHU��DQG DERXW�D�GD\�VKRUWHU�LQ�FDVH�RI�EXOO�FDOI¶V�ELUWK��,Q�FDVH�RI�JLYLQJ�ELUWK�WR�D�PHGLXP�VL]HG�RU�D�ELJ�FDOI��WKH�JHVWDWLRQ�SHULRGV�ZHUH�E\�����DQG�����GD\V�ORQJHU��UHVSHFWLYHO\��&RPSDULQJ�WKH�LQIOXHQFH�RI�D�FRZ¶V�VLUH�DQG�



��

VLUH�RI�IRHWXV��WKH�ODWWHU�ZDV�PRUH LPSRUWDQW��$FFRUGLQJ�WR�VLUH�RI�IRHWXV�DQG�VLUH�RI�FRZ��K� ZDV������DQG�������UHVSHFWLYHO\�7KH�DLP�RI�WKH�SUHVHQW�VWXG\�ZDV�WR�LQYHVWLJDWH�WKH�JHVWDWLRQ�GXUDWLRQ�RI�FRZV�RQ� WKH� EDVLV� RI� EUHHG� FRPELQDWLRQV� RI� WKHLU� SDUHQWV�� )RU� WKLV� SXUSRVH� WKH�JHQHWLFDOO\�KHWHURJHQRXV�KHUGV�ZHUH�VHOHFWHG��ZKHUH�$�,��EXOOV�RI�GLIIHUHQW�EUHHGV�DQG�IURP�GLIIHUHQW�FRXQWULHV�KDYH�EHHQ�XVHG�GXULQJ�PDQ\�\HDUV�
0DWHULDO�DQG�0HWKRGV$�GDWDVHW�ZDV� EDVHG�RQ� WKH�PLON� UHFRUGLQJ�GDWD� RI� FDWWOH� IURP�$6�0HOPLON��3}OYD� 32h�� DQG� 7DUWX� $JUR�� 2YHU� WKH� \HDUV�� LQ� WZR� KHUGV� WKH� EUHHGLQJ� RI� WKH�(VWRQLDQ� 5HG� EUHHG� KDV� EHHQ� VXEVWLWXWHG� IRU� WKH� (VWRQLDQ� +ROVWHLQ� EUHHG�� DQG�VHPHQ� RI� 'XWFK� 5HG�DQG�:KLWH� EXOOV� KDV� EHHQ� H[WHQVLYHO\� XVHG�� ,Q� $6� 7DUWX�$JUR�WZR�EUHHGV�DUH�EHLQJ�EUHG��7KH�JHVWDWLRQ�GXUDWLRQ�RI� WKH�FRZV�KDYLQJ�EHHQ�LQ�KHUG� LQ� WKH�FRQWURO�\HDU�RI�������ZDV�DQDO\VHG��ZKHUHDV� WKH�SHULRGV� OHVV� WKDQ�����DQG�PRUH� WKDQ�����GD\V�ZHUH�QRW� LQFOXGHG�DV�GRXEWIXO��6H[�DQG�QXPEHU�RI�FDOYHV��LQFOXGLQJ�PXOWLSOH�FDOYHV��ZHUH�FRQVLGHUHG��2ULJLQ�E\�EUHHG�ZDV�WDNHQ�LQWR�FRQVLGHUDWLRQ� RQ� WKH� EDVLV� RI� WKH� LQVHPLQDWLRQ� FRGH� RI� FRZ¶V� VLUH� DQG� VLUH� RI�IRHWXV�7KH�PDWHULDO�ZDV�VWDWLVWLFDOO\�SURFHVVHG�E\�7DQHO�.DDUW��0�6F�0DWK��9DULDQFH�DQDO\VLV�ZDV�XVHG�WR�VWXG\�WKH�HIIHFW�RI�WKH�IDFWRUV�³IDUP´��³PRWKHU¶V�EUHHG´��DQG�³FDOI¶V�EUHHG´�RQ�WKH�JHVWDWLRQ�GXUDWLRQ��7KH�DQDO\VLV�ZDV�EDVHG�RQ�WKH�IROORZLQJ�PRGHO�\LMNH� ���0L�7M�6N�HLMNH���ZKHUH\LMNH � JHVWDWLRQ�GXUDWLRQ�RI�M�EUHHG�FRZ�IURP�IDUP�L�KDYLQJ�JLYHQ�ELUWK�WR�FDOI�RI�VH[�N�� � DYHUDJH�JHVWDWLRQ�GXUDWLRQ�0L ± HIIHFW RI�IDUP�L��0HOPLON��3}OYD��7DUWX��7M ± HIIHFW�RI�EUHHG�M��(0.��(3.��6N ±HIIHFW�RI�FDOI¶V�VH[�N��PDOH��IHPDOH��PXOWLSOH���HLMNH ± UDQGRP�HUURU�0HDQV� RI� OHDVW�VTXDUHV� RI� JHVWDWLRQ� GXUDWLRQ� ZHUH� FRPSXWHG� DFFRUGLQJ� WR�FDOI¶V� VH[�� ZKHUHDV� WKH� HIIHFW� RI� D� EUHHG� DQG� D� IDUP� ZDV� HOLPLQDWHG�� DQG� WKHQ�FRPSDUHG�WR�ILQG�RXW�VWDWLVWLF�GLIIHUHQFHV�
5HVXOWV�DQG�'LVFXVVLRQ(IIHFW� RI� D� FRZ¶V� EUHHG� RQ� SUHJQDQF\� GXUDWLRQ� ZDV� VWXGLHG� RQ� WKH� EDVLV� RI������� JHVWDWLRQ� SHULRGV�� ZKHUHDV� WKH� DYHUDJH� OHQJWK� ZDV� ������ GD\V� �7DEOH ����7KH�GLIIHUHQFH�EHWZHHQ�EUHHGV�ZDV�����GD\V��EHFDXVH�WKH�JHVWDWLRQ�SHULRG�RI� WKH�(VWRQLDQ�5HG�FRZV�ZDV�ORQJHU��7KHVH�GDWD�IXOO\�FRLQFLGH�ZLWK�WKH�GDWD�SXEOLVKHG�LQ������



��

7DEOH����*HVWDWLRQ�GXUDWLRQ�RI� WZR�EUHHGV�RI� FDWWOH� DFFRUGLQJ� WR� IDUP�DQG�FDOI¶V�VH[)DUP (VWRQLDQ�5HG (VWRQLDQ�+ROVWHLQ 0HDQPDOH IHPDOH PXOWLSOH PDOH IHPDOH PXOWLSOH0HOPLON ��� ��� �� ��������� ����� ����� �������� ��� ��� ���3}OYD �� �� � ��� ��� �� ��������� ����� ����� ����� ����� ����� �������� ��� ��� ��� ��� ��� ���7DUWX ��� ��� �� ��� ��� �� ��������� ����� ����� ����� ����� ����� �������� ��� ��� �� ��� ��� ���$YHUDJH ���� ���� ��������� ����� �������� ��� ���
%LJ� YDULDWLRQ� ZDV� REVHUYHG� UHJDUGLQJ� WKH� IDUPV�� ,Q� 0HOPLON� KHUG�� WKH�H[WHQVLYH� XVH� RI� 5HG�DQG�:KLWH� +ROVWHLQ� VHPHQ� PD\� EH� WKH� FDXVH� RI� VKRUWHU�JHVWDWLRQ� SHULRG� RI� FRZV�� 8QH[SHFWHGO\� ORQJ� JHVWDWLRQ� SHULRG� ZDV� REVHUYHG� LQ�3}OYD�KHUG��DOWKRXJK�WKH�QXPEHU�RI�FRZV�ZDV�TXLWH�VPDOO��7KH�JHVWDWLRQ�GXUDWLRQ�RI�(VWRQLDQ�+ROVWHLQV�RFFXUUHG� WR�EH�RUGLQDU\� LQ�3}OYD�KHUG��EXW�PRUH� WKDQ� WZR�GD\V�ORQJHU�RQ�WKH�7DUWX�IDUP�7KH�PDOH�FDOYHV�RI�WKH�(VWRQLDQ�5HG�EUHHG�ZHUH�ERUQ�D�IXOO�GD\�ODWHU�WKDQ�WKH�IHPDOH� FDOYHV�� ZKHUHDV� LQ� WKH� (VWRQLDQ� +ROVWHLQ� EUHHG� QR� GLIIHUHQFHV� ZHUH�REVHUYHG��0XOWLSOH�FDOYHV�ZHUH�ERUQ���WR���GD\V�HDUOLHU�WKDQ�VLQJOH�RQHV��$IWHU� HOLPLQDWLRQ� RI� WKH� HIIHFW� RI� IDUP� DQG� EUHHG�� WKH� OHDVW�VTXDUH� PHDQV�LQGLFDWHG�WKH�GHFUHDVH�LQ�WKH�GLIIHUHQFH�EHWZHHQ�WKH�JHVWDWLRQ�GXUDWLRQ�LQ�FDVH�RI�PDOH�FDOYHV� �������GD\V��DQG�IHPDOH�FDOYHV� �������GD\V���7KH�HPEU\RQDO�SHULRG�RI�PXOWLSOH�FDOYHV�ZDV�DSSUR[LPDWHO\���GD\V�VKRUWHU��������GD\V��3��������2Q� WKH� EDVLV� RI� WKHVH� DQDO\VHV�� LW� DSSHDUV� WKDW� GXULQJ� WKH� ODVW� ��� \HDUV� WKH�JHVWDWLRQ�GXUDWLRQ�RI�(VWRQLDQ�FDWWOH�EUHHGV�KDV�QRW�FKDQJHG��EXW�IDUP�DV�D�IDFWRU�KDV�D�KLJKHU�HIIHFW� WKDQ�H[SHFWHG�� ,Q�PLON� UHFRUGLQJ�� WKLV�PD\�JLYH�D�EDVLV� IRU�D�JURXQGOHVVO\� KLJK� QXPEHU� RI� FDOYHV� ZLWK� GRXEWIXO� VLUHV� RU� ZLWKRXW� VLUHV� DW� DOO��2EYLRXVO\��D�IXUWKHU�DQDO\VLV�E\�IDUPV�LV�QHHGHG��ZKHUH�WKH�JHVWDWLRQ�GXUDWLRQ�LV�WKH� QXPEHU� RI� GD\V� FDOFXODWHG� IURP� WKH� FDOI¶V� ELUWK� GDWH� WR� WKH� LPSUHJQDWLRQ��%DVHG�RQ�WKLV��D�FDOI¶V�SDWHUQLW\�ZLOO�EH�HVWDEOLVKHG�)XUWKHUPRUH�� WKH� HIIHFW� RI� EUHHG�RULJLQ� RI� ERWK� IRHWDO� VLUH� DQG� FRZ¶V� VLUH� RQ�GXUDWLRQ�RI�JHVWDWLRQ�ZHUH�VWXGLHG��7KH�EXOOV�ZLWK�XQFHUWDLQ�RULJLQ�ZHUH�PDUNHG�



��

ZLWK�³�´�FRGH��7KH�DQDO\VLV�RI�JHVWDWLRQ�GXUDWLRQ�RI�WKH�(VWRQLDQ�5HG�EUHHG�FRZV�LQGLFDWHG�VLPLODU�YDULDWLRQ�LQ�UHODWLRQ�WR�ERWK�IHWDO�DQFHVWRUV��7DEOH����
7DEOH����*HVWDWLRQ�GXUDWLRQ�RI�(VWRQLDQ�5HG�EUHHG�FRZV�DFFRUGLQJ�WR�WKH�EUHHG�RULJLQ�RI�FRZ¶V�VLUH�DQG�IHWDO�VLUH&RZV 2ULJLQ�IHWDOV¶�VLUH 7RWDOVLUH � (3. 5'0 $1* 65% 5+) (+) ++)� � � � � � ������� ����� ����� ����� ����� �����(3. �� ��� ��� �� ��� ��� �� ��� ��������� ����� ����� ����� ����� ����� ����� ����� �����5'0 �� �� �� �� � ��� �� �� �������� ����� ����� ����� ����� ����� ����� ����� �����65% � �� �� �� �� � �� �� �������� ����� ����� ����� ����� ����� ����� ����� �����$3 �� �� � � �� �� ������� ����� ����� ����� ����� ����� �����5+) � �� ��� �� �� �� � �� �������� ����� ����� ����� ����� ����� ����� ����� �����6Q ��� ��� ��� ��� ��� ��� ��� ��� ����[ ����� ����� ����� ����� ����� ����� ����� ����� �����
��(3.�± (VWRQLDQ�5HG��5'0�± 'DQLVK�5HG��$1*�± $QJHOQ��65%�± 6ZHGLVK�5HG�DQG�:KLWH�� 5+)� ±5HG� +ROVWHLQ�� $3� ± %URZQ� 6ZLVV�� (+)� ± (VWRQLDQ�+ROVWHLQ��++)�± 'XWFK�+ROVWHLQ��

:KHQ� IHWDO� VLUH� RU� FRZ¶V� VLUH� ZDV� 6ZHGLVK� 5HG�DQG�:KLWH� EXOO� �65%��� WKH�JHVWDWLRQ� SHULRG� ZDV� VKRUWHU� E\� ������ DQG� ������ GD\V�� UHVSHFWLYHO\�� 7KH� IHWDO�SHULRG�ZDV�ORQJHU��ZKHQ�IHWDO�VLUHV�ZHUH�5HG� �5+)��RU�%ODFN�DQG�:KLWH��(+)��++)��+ROVWHLQV��7KH�JHVWDWLRQ�SHULRG�ZDV�ORQJHU��ZKHQ�FRZ¶V�VLUHV�ZHUH�%URZQ�6ZLVV��$3��RU�5HG�DQG�:KLWH�+ROVWHLQ��5+)��EXOOV��+RZHYHU��ZKHQ�WKH�HIIHFW�RI�6ZLVV� EUHHG� ZDV� FRQVLGHUDEO\� ORJLFDO�� WKHQ� WKDW� RI� 'XWFK� +ROVWHLQV� ZDV� OHVV�H[SHFWHG�� $V� FRZ¶V� VLUHV�� KRZHYHU�� WKH\� KDG� VLPLODU� HIIHFW� RQ� WKH� JHVWDWLRQ�GXUDWLRQ�RI�+ROVWHLQ�FRZV��7DEOH����7KH�VDPH�HIIHFW�ZDV�REVHUYHG�LQ�FDVH�RI�&DQDGLDQ�+ROVWHLQV��5HODWLYHO\�ORQJ�IHWDO�SHULRG�ZDV�REVHUYHG�LQ�WKH�RIIVSULQJ�RI�$PHULFDQ�+ROVWHLQV��8QIRUWXQDWHO\��RQO\� �� JHVWDWLRQ� SHULRGV� ZHUH� DQDO\VHG�� ZKHQ� EHHI� EXOOV� ZHUH� XVHG� IRU�LQVHPLQDWLRQ��������GD\V��



��

7DEOH����*HVWDWLRQ�GXUDWLRQ�RI�WKH�(VWRQLDQ�+ROVWHLQ�EUHHG FRZV�DFFRUGLQJ�WR�EUHHG�RULJLQ�RI�FRZ¶V�VLUH�DQG�IHWDO�VLUH&RZ¶V )HWDO�VLUH�IURP 0HDQVLUH�IURP (VWRQLD +ROODQG *HUPDQ\ 86$� �� � � ������� ����� ����� �����(VWRQLD ���� ��� ��� �� ��������� ����� ����� ����� �����+ROODQG ��� �� ��� �� �������� ����� ����� ����� �����&DQDGD � ������ �����*HUPDQ\ �� �� � � ������� ����� ����� ����� �����86$ �� �� � ������� ����� ����� �����$YHUDJH ���� ��� ��� �� ��������� ����� ����� ����� �����
7DNLQJ�LQWR�FRQVLGHUDWLRQ�WKH�GDWD�IRXQG�LQ�WKH�VSHFLDO�OLWHUDWXUH�DV�ZHOO��LW�FDQ�EH� VWDWHG� WKDW� WKH� JHVWDWLRQ� SHULRG� RI� GDLU\� FRZV�� LQVHPLQDWHG� E\� EHHI� EXOOV��SURORQJV�E\���WR����GD\V�

&RQFOXVLRQ7KH�JHVWDWLRQ�GXUDWLRQ�RI�FRZV�KDV�QRW�FKDQJHG�GXULQJ�WKH�ODVW����\HDUV��7KH�DYHUDJH�JHVWDWLRQ�GXUDWLRQ�RI�WKH�(VWRQLDQ�5HG�EUHHG�ZDV�������GD\V��DQG�WKDW�RI�WKH� (VWRQLDQ� +ROVWHLQ� EUHHG� ZDV� ������ GD\V�� 7KH� HPEU\RQLF� GHYHORSPHQW� RI� D�EXOO� FDOI�ZDV�DOPRVW� D� IXOO�GD\� ORQJHU�� DQG�PXOWLSOH�FDOYHV�ZHUH�ERUQ�E\��� WR���GD\V�HDUOLHU��7KH�EUHHG�RULJLQ�RI�IHWDO�VLUH�DQG�FRZ¶V�VLUH�DIIHFWHG�WKH�GXUDWLRQ�RI�SHULRG�
5HIHUHQFHV.XUP��.��(3$�WHDGXVOLNH�W||GH�NRJXPLN�QU�����������1DGDUDMDK�� .��� %XUQVLGH�� (�%��� 6FKDHIIHU�� /�5�� *HVWDWLRQ� OHQJWK� VWXGLHV� ZLWK�2QWDULR�+ROVWHLQ�GDWD��� &HQWUH�IRU�*HQHWLF�,PSURYHPHQW�RI�/LYHVWRFN��$QQXDO�UHVHDUFK�UHSRUW���������6DYHOL��2���������7LLQXVH�NHVWXV�HHVWL�YHLVHW}XJXGHO��± 6RWV��3}OOXPDMDQGXV��;;9����������± ����7HKYHU��-���3DUYH��9��.RGXORRPDGH�VLJLPLQH�MD�NDVY�������



��

0,/.$%,/,7<�$1'�7(03(5$0(17�,1�/$79,$1�'$,5<�%5((''��6WUDXWPDQLV��5HVHDUFK�&HQWUH�³6LJUD´RI�/DWYLD�8QLYHUVLW\�RI�$JULFXOWXUH���,QVWLWXWD�6WUHHW��6LJXOGD�/9�������/DWYLD
,QWURGXFWLRQ'DLU\� IDUPLQJ� LQ� /DWYLD� LV� DFFHSWHG� DV� WKH� SULRU� EUDQFK� RI� DJULFXOWXUH��7KHUHIRUH�PLON�SURGXFWLRQ�PXVW�EH�FRPSHWLWLYH�DQG�SURILWDEOH��7KH�FDWWOH�EUHHGLQJ�KDV�JUHDW�LPSRUWDQFH�IRU�LW��)RU�GDLW\�FRZV�WKH�PDLQ�EUHHGLQJ�WUDLWV�DUH�FRZV�PLON�SURGXNWLYLW\�DQG�ERG\�FRQIRUPDWLRQ��%XW�WKHUH�DUH�WKH�DGGLWLRQDO�WUDLWV�DV�DQLPDO�UHSURGXFWLRQ��KHDOWK�DQG�DQRWKHU�IXQFWLRQDO�WUDLWV�WKDW KDYH�JUHDW�LPSRUWDQFH�WRR�$V� PHQWLRQHG� E\� *URHQ� ������� IXQFWLRQDO� WUDLWV� LQ� FDWWOH� EUHHGLQJ� KDYH�HFRQRPLFDO� ZHLJKW�� 7KH\� LPSUHVV� DQLPDO� JHQHWLFDO� OHYHO� DQG� WKHUHIRUH� KDYH�LQIOXHQFH� RQ� FRZV� SURGXFWLRQ� DQG� RQ� SURILW� REWDLQLQJ� IURP� PLON� SURGXFWLRQ��7KHVH�IXQFWLRQDO�WUDLWV�KDYH�GLUHFW�LPSUHVVLRQ�RQ�DQLPDOV�KHDOWK��WRR�*URHQ��������FRZV�IXQFWLRQDO�WUDLWV�GLYLGHV�LQ�VRPH�GLIIHUHQW�JURXSV�DQG�RQH�VHSDUDWH� JURXS� ZLWK� VXFK� WUDLWV�LV� WKDW� GHWHUPLQH� FRZV� VXLWDELOLW\� IRU� PLON�SURGXFLQJ�� 7KHVH� WUDLWV� DUH�PLONDELOLW\� DQG� WHPSHUDPHQW��9DJL� ������� SRLQWV� WR�FRZV�PLONDELOLW\� DV� D� WUDLW� WKDW� GHWHUPLQH� FRZV� DELOLW\� WR�PHFKDQDL]HG�PLONLQJ��&RZV�PLONDELOLW\�LV�GLUHFWO\�FRQQHFWHG�ZLWK�XGGHU�KHDOWK��WRR��,Q�WKH�ZRUOG
V�FDWWOH�EUHHGLQJ� LV� ZLGHO\� XVHG� V\VWHP� ZKHUH� FRZV� PLONDELOLW\� LV� VFRUHG� ZLWK� KHOSLQJ�SRLQWV�� 7KHUHIRUH� LQ� /DWYLD´,QVWUXFWLRQ� IRU� FRZV� EUHHGLQJ� YDOXH� HVWLPDWLRQ� ³�GHPDQGV� WKH� PLONDELOLW\� DQG� WHPSHUDPHQW� WR� EH� VFRUHG� ZLWK� SRLQWV� V\VWHP��&LOWVGDUED�QRUPDW¯YLH�GRNXPHQWL�������
0DWHULDO�DQG�0HWKRGV2XU� DLP� ZDV� WR� LQYHVWLJDWH� WKH�PHQWLRQHG� VHOHFWLRQ� WUDLWV� LQ� /DWYLDQ�%URZQ�GDLU\�EUHHG�LQ�RUGHU�WR�ZRUN�RXW�PHWKRGV�IRU�EUHHGLQJ�YDOXH�LQGH[HV�FDOFXODWLRQ�WR�GHWHUPLQH�PLONDELOLW\�DQG�WHPSHUDPHQW��,Q�RXU�LQYHVWLJDWLRQV�ZH�FOHDUHG�XS�ZKDW�JHQHWLF�DQG�XQJHQHWLF�IDFWRUV�DUH�LPSUHVVLQJ�WKHVH�IXQFWLRQDO�WUDLWV�:H� XWLOL]HG� KHUGV� IURP� ³6LJXOGD´� ZLWK� ���� GDLU\� FRZV� DQG� ³9LG]HPHV�3XWQL¼L´�ZLWK� ���� FRZV� LQ� LQYHVWJDWLRQV��7KHVH� FRZV� KDG�YDULRXV� DJH� DQG�ZHUH�GDXJKWHUV� IURP� ���� VLUHV� ZLWK� YDULRXV� EORRGQHVV� RI� VRPH� UHG� DQG� 6ZLVV� GDLU\�EUHHGV�,Q�/DWYLD� IXQFWLRQLQJ� ³,QVWUXFWLRQ� IRU� HVWLPDWLRQ�GDLW\� FRZV�EUHHGLQJ� YDOXH´�GHILQHV�WKDW�WKHVH�IXQFWLRQDO�WUDLWV�PXVW�EH�VFRUHG�E\�IDUPHUV�WKHPVHOYHV�LQ�SRLQWV�V\VWHP� IURP� �� WR� ��� 0LONDELOLW\� ZDV� GHWHUPLQHG� YLVXDOO\� LQ� WKH� WLPH� RI� FRZV�PLONLQJ� DIWHU� WKH� GXUDWLRQ� RI� PLONLQJ� WLPH� DQG� PLON\LHOG�� 3RLQWV� �� PHDQV�� WKDW�PLONLQJ�LV�VORZ����± PLGGOH�DQG�� ± IDVW��7KH�FRZV�WHPSHUDPHQW�ZDV�VFRUHG�DIWHU�WKHLU� EHKDYLRXU�� 3RLQW� �� PHDQV� WKDW� FRZ� LV� YHU\� QHUYRXV�� �� TXLHW� DQG� �� ±SKOHJPDWLF�



��

2EWDLQHG� GDWD� ZHUH� SURFHVVHG� VWDWLVWLFDOO\� FDOFXODWHG� GDWD� SUREDELOLW\� DIWHU�6WXGHQWV�FULWHULRQ�DQG�FRPSXWHG�FRUUHODWLRQV�EHWZHHQ�VRPH�WUDLWV�
5HVXOWV7KH�IXQFWLRQDO�WUDLWV�GDWD�RI�ERWK�IDUPV�DUH�SUHVHQWHG�LQ�WDEOH���0LONDELOLW\� LQ� ³6LJXOGD´� LV� VFRUHG� E\� ����� SRLQWV�� 7KDW� LV� QHDU� WKH� QHHGLQJ�RSWLPXP�± ��SRLQWV��%HWZHHQ�VRPH�KHUGV�DQG�VRPH�KHUGV�DQG�IDUP�DYHUDJH�� WKH�GLIIHUHQFHV�ZHUH�VWDWLVWLFDOO\�UHOLDEOH��3!������������
7DEOH���(VWLPDWLRQ�IXQFWLRQDO�WUDLWV�RI�GDLU\�FRZV+HUG Q 0LON�DELOLW\ 7HPSHUDPHQW)DUP��6LJXOGD�3HO¯WHV�� �� ����������� �����������3HO¯WHV�� �� ����������� �����������-ÌGDåL �� ����������� �����������'DXGDV�� �� ����������� �����������'DXGDV�� �� ����������� �����������.XQG]L¼L�� �� ����������� �����������.XQG]L¼L�� �� ����������� ������ ����� ��� ����������� �����������)DUP��9LG]HPHV�3XWQL¼L�� �� ����������� ������������ ��� ����������� ������������ ��� ����������� ������������ ��� ����������� �����������

0LONDELOLW\�LQ�³9LG]HPHV�3XWQL¼L´�ZDV�HVWLPDWHG�D�OLWWOH�ORZHU�± ���� SRLQWV��7KH�GLIIHUHQFH�EHWZHHQ�WKH�VHFRQG�DQG�WKH�WKLUG�KHUG�LQ�WKLV�WUDLW�LV�UHOLDEOH�G �������3!�������&RZV�WHPSHUDPHQW�LQ�³9LG]HPHV�3XWQL¼L´�ZDV�HVWLPDWHG�D�OLWWOH�KLJKHU�WKDQ�LQ�³6LJXOGD´������DJDLQVW�������'LIIHUHQFHV�LQ�WKLV� WUDLW�EHWZHHQ�VHSDUDWH�KHUGV�XQG�IDUPV�DYHUDJH�DUH�KRW�VWDWLVWLFDOO\�UHOLDEOH�%\� DQDO\VLQJ� HVWLPDWHG� YDOXHV� RI� IXQFWLRQDO� WUDLWV� VHSDUDWH� VLUHV� LQ� GLIIHUHQW�KHUGV� HVWDEOLVKHG� WKDW� WKHUH� DUH� VWDWLVWLFDOO\� UHOLDEOH� GLIIHUHQFHV�� ,W� PHDQV�� WKDW�WUDLWV� DUH� LPSUHVVHG� QRW� RQO\� E\� DQLPDO� JHQHWLF� OHYHO�� EXW� E\� FDWWOH�EUHHGHU�VXEMHFWLYLW\��WRR�,Q� WKH� WDEOH� �� DUH� SUHVHQWHG� HVWLPDWHG� YDOXHV� IXQFWLRQDO� WUDLWV� LQ� FRQQHFWLRQ�ZLWK�FRZV�DJH�LQ�ODFWDWLRQV�



��

,Q�ERWK�IDUPV�WHQGHQF\�LV�HVWDEOLVKHG�WKDW�\RXQJHU�FRZV�KDG�EHWWHU�PLONDELOLW\�WKDQ� ROGHUV RQHV�� ,W�PLJKW� EH� H[SODLQHG� WKDW� WKH� \RXQJHU� FRZV� KDYH� JHQHWLFDOO\�KLJKHU�VLUHV�WKDQ�ROGHUV�FRZV�KDYH�,Q� ERWK� IDUPV�PLONDELOLW\� RI� ILUVW� FDOYLQJ� FRZV� DUH� KLJKHU� WKDQ� DYHUDJH� GDWD��G �����������3!�������'LIIHUHQFHV�LQ�PLONDELOLW\�EHWZHHQ�ILUVW�ODFWDWLRQ�FRZV�DQG�FRZV�RI��WK DQG��WKODFWDWLRQ� LQ�³9LG]HPHV�3XWQL¼L´�DUH�G� �����DQG�������3!�������������7KH�VDPH�WHQGHQF\�LV�LQ�IDUP�³6LJXOGD´�
7DEOH����(VWLPDWLRQ�IXQFWLRQDO�WUDLWV�RI�GDLU\�FRZV�LQ�ODFWDWLRQV/DFWDWLRQ Q 0LONDELOLW\ 7HPSHUDPHQW�9LG]HPHV�3XWQL¼L�� �� ���������� ����������� �� ���������� ����������� �� ���������� ����������� �� ���������� ����������� �� ���������� ����������� �� ���������� ����������� �� ���������� ����������� ��� ���������� �����������6LJXOGD�� �� ���������� ����������� �� ���������� ����������� �� ���������� ����������� �� ���������� ����������� �� ���������� ����������� � ���������� ����������� � ���������� ����������� ��� ���������� ����������

7KH� EUHHGLQJ� YDOXH� RI� FRZV� WHPSHUDPHQW� KDYH� RSSRVLWH� WHQGHQF\� LQ� ERWK�IDUPV��2OGHU�FRZV�EHFRPH�TXLHW�DQG�HVWLPDWHG�YDOXHV�LQ�SRLQWV�DUH�KLJKHU��7KHUH�DUH�QRW�SUREDEOH�GLIIHUHQFHV�LQ�HVWLPDWHG�YDOXHV�EHWZHHQ�YDULRXV�ODFWDWLRQ�FRZV�,Q� WKH� WDEOH� �� DUH� VKRZQ� HVWLPDWHG� EUHHGLQJ� YDOXHV� RI� IXQFWLRQDO� WUDLWV� RQ�FRQFUHWH� VLUH� GDXJKWHUV� ,W� LV� JHQHWLF� IDFWRU�� 7KHUH� DUH� VKRZQ� RQO\� WKRVH� VLUHV�KDYLQJ� ��� GDXJKWHUV� LQ� HVWLPDWLRQ�� :H� HVWDEOLVKHG� WKDW� PLONDELOLW\� EHWZHHQ�YDULRXV� VLUHV� YDULHV� PRUH� WKDQ� WHPSHUDPHQW�� 7KHUH� ZHUH� UHOLDEOH� GLIIHUHQFHV� LQ�HVWLPDWHG�YDOXHV�RI�ERWK�IXQFWLRQDO�WUDLWV�EHWZHHQ�VRPH�FRQFUHWH�VLUHV�



��

:H�KDYH�DQDO\VHG�WKH�VLUHV�EUHHG�DQG�EORRGQHVV��(YHU\�VLUH�KDG�EORRGQHVV�RI����� YDULRXV� GDLU\� EUHHGV�� ,W� LV� HVWDEOLVKHG� WKDW� GDXJKWHUV� IURP� VLUHV� ZLWK� 6ZLVV�EUHHG�EORRG�DUH�PRUH�QHUYRXV�
7DEOH���(VWLPDWLRQ�IXQFWLRQDO�WUDLWV�RI�VLUHV�GDXJKWHUV6LUH Q 0LONDELOLW\ 7HPSHUDPHQW³6LJXOGD´5RVHQV�%LWV�/%������ �� ����������� �����������%DUWRQV�'LVDNV�/%������ �� ����������� �����������)UHGV�%XUWRQV�/%������ �� ����������� �����������äDNV�7RSSHUV�/%������ �� ����������� �����������)DQWRPV�%LWV�/%������ �� ����������� �����������'XEXUV�7RSSHUV�/%������ �� ����������� �����������äLJDOR�'HOHJ�WV�/%������ �� ����������� �����������$YHUDJH ��� ����������� �����������³9LG]HPHV�3XWQL¼L´5LQJV�'HOHJ�WV�/%������ �� ����������� �����������âDOIHMV�5HLPD/%������ �� ����������� �����������%UHQFLV�'HOHJ�WV�/%������ �� ����������� �����������-DQVRQV�3XþV�/%������ �� ����������� �����������0HWHRUV�+DQRYHUV�/%������ �� ����������� �����������5RVHQV�%LWV�/%������ �� ����������� �����������)UHGV�%XUWRQV�/%����� �� ����������� �����������/LHGLV�5XGPH�/%������ �� ����������� �����������9¯NVQLV�2GLQV�/%������ �� ����������� �����������$YHUDJH ��� ����������� �����������

'DXJKWHUV� ZKR� KDG� ERUQ� IURP� 6ZHHGHQ� 5HG� DQG� $QJOHU� GDLU\� EUHHG�FKDUDFWHUL]HG�ZLWK�JRRG�PLONDELOLW\��EXW�PRUH�QHUYRXV�7KH�EHVW�PLONDELOLW\�KDG�FRZV�ZLWK�EORRGQHVV�IURP���DQG���UHG�EUHHGV�%XW� WKH�PDLQ� LQIOXHQFH� RQ� LQKHULWDQFH� RI� IXQFWLRQDO� WUDLWV� DV�PLONDELOLW\� DQG�WHPSHUDPHQW�IRU�GDLU\�FRZV�LV�WKH�FRQFUHWH�VLUH��EXW�QRW�KLV�EUHHG�,I�WR�FOHDU�XS�WKH�FRQQHFWLRQV�EHWZHHQ�FRZV�PLONDELOLW\�DQG�WKHLU�WHPSHUDPHQW�ZH�FDOFXODWHG�WKH�FRUUHODWLRQ�FRHIILFLHQWV��,Q�IDUP�´6LJXOGD´�LW�ZDV�U ���������EXW�³9LG]HPHV� 3XWQL¼L´� U � ������� 7KH\� ZHUH� QRW� VWDWLVWLFDO� UHOLDEOH�� 7KHUH� DUH� QRW�UHOLDEOH� FRUUHODWLRQ� EHWZHHQ� PLON\LHOG� DQG� PLONDELOLW\� �U � ������� DQG� EHWZHHQ�PLON\LHOG�DQG�WHPSHUDPHQW��U ��������



��

&RQFOXVLRQx &RZV� PLONDELOLW\� DQG� WHPSHUDPHQW� DUH� LPSUHVVHG� E\� JHQHWLF� IDFWRUV�� KHU�VLUH��KLV�EUHHG�DQG�EORRGQHVV�x DQG�XQJHQHWLF�IDFWRUV�FRZV�DJH��KHUG�DQG�IDUP�x )LUVW�FDOYLQJ�FRZV�KDYH�UHOLDEOH�EHWWHU�PLONDELOLW\�WKDQ�ROGHU�FRZV�x %\�LQFUHDVLQJ�FRZV�DJH�WKH\�EHFRPH�TXLHWHU�x 7KH� DUH� QRW� UHOLDEOH� VWDWLVWLFDO� FRQQHFWLRQV� EHWZHHQ� FRZV� PLONDELOLW\� DQG�WKHLU� WHPSHUDPHQW�� EHWZHHQ� PLON\LHOG� DQG� PLONDELOLW\� DQG� PLON\LHOG� DQG�WHPSHUDPHQW�
5HIHUHQFHV�� *URHQ� $�)�� ����� *HQHWLF� LPSURYHPHQW� RI� IXQFWLRQDO� WUDLWV� LQ� FDWWOH��� ��WK$QQXDO�0HHWLQJ�RI�WKH�($$3��:DUVDZ��� *URHQ� $�)�� ������ (FRQRPLF� YDOXHV� LQ� GDLU\� FDWWOH� EUHHGLQJ� ZLWK� VSHFLDO�UHIHUHQFH�WR�ILQFWLRQDO�WUDLWV���/LYHVWRFN�3URGXFWLRQ�6FLHQFH������������ 9DJL� -R]VHI�� ������ 0LONDELOLW\� WHVWV� XWLOLVLQJ� PLONLQJ� VSHHG� VFRUHV� DQG�DXWRPDWLF� IORZPHWHUV� LQ�+XQJDULDQ�+ROVWHLQ�KHUGV�����WK�$QQXDO�0HHWLQJ RI�WKH�($$3��+DJXH��� ,QVWUXNFLMD�³3DU�SLHQD�ã·LU¼X�JRYMX�FLOWVY�UW¯EDV�QRWHLNãDQX´������� &LOWVGDUED�QRUPDW¯YLH�GRNXPHQWL����V�MXPV��5¯JD���������OSS�



��

21�&8//,1*�2)�'$,5<�+(5'�$1'�5$,6,1*�2)�5(3/$&(0(17�&$77/(�$��6XXUPDD
��3��-lUY��7��.DDUW��(VWRQLDQ�$JULFXOWXUDO�8QLYHUVLW\� ,QVWLWXWH�RI�$QLPDO�6FLHQFH��.UHXW]ZDOGL����7DUWX��(VWRQLD
$EVWUDFW�,QYHVWLJDWLRQ� RI� GDLU\� KHUG� FXOOLQJ� DQG� UHSURGXFWLRQ� SUREOHPV� LQ� KHUGV� RI�(VWRQLDQ��� MRLQW�VWRFN�FRPSDQLHV�ZDV�FDUULHG�RXW�������KHLIHUV� DQG�FRZV�RI� WKH�(VWRQLDQ�+ROVWHLQ��(+)��DQG�WKH�(VWRQLDQ�5HG��(5��EUHHG�ZHUH�WHVWHG��7KH�GDWD�DQDO\VLV�VKRZHG� WKDW� WKH�FXOOLQJ�RI�FRZV� IURP�VWXGLHG�KHUGV�ZDV�XS� WR������7KH�WKUHH�PDLQ�FXOOLQJ�UHDVRQV�ZHUH��XGGHU�GLVHDVHV��LQIHUWLOLW\�DQG�IHHW�GLVHDVHV��7KH�DYHUDJH�DJH�RI�FRZV�LQ�KHUGV�ZDV���\HDUV�DQG���PRQWKV�� WKH�DYHUDJH�DJH�DW�ILUVW�FDOYLQJ�RI� FRZV�ZDV����PRQWKV��7KHUHIRUH� WKH�SURGXFWLYH� DJH�RI� FRZV�ZDV� OHVV�WKDQ� �� \HDUV� �RQ� DYHUDJH� ���� ODFWDWLRQV��� 7KH� DYHUDJH� GDLO\� JDLQ� RI� KHLIHUV� ZDV���� J��ZKLFK�FRUUHODWHG�ZLWK� ERG\�ZHLJKW� �U ��������3���������DQG�DJH�DW� ILUVW�FDOYLQJ��U ���������3����������7KH�SURGXFWLYLW\�RI�FRZV�ZDV�LQYHVWLJDWHG�DQG�WKH�FRUUHODWLRQ�ZLWK� ERG\�ZHLJKW� �U ��������3��������� DQG� DJH� DW� ILUVW� FDOYLQJ� �U ��������� 3�������� DV� ZHOO� DV� GDLO\� JDLQ� RI� KHLIHUV� �U �������� 3��������� ZHUH�REVHUYHG�� 7KH� LQYHVWLJDWLQJ� WKH� HIIHFW� RI� JURZWK� LQWHQVLW\� RQ� WKH� DJH� DW� ILUVW�FDOYLQJ�DQG�WKH�PLON�SURGXFWLYLW\�RI�FRZV�VKRZHG��WKDW�WRJHWKHU�ZLWK�LQFUHDVLJ�WKH�JURZWK� UDWH� RI� KHLIHUV�� WKH� DJH� DW� ILUVW� FDOYLQJ� GHFUHDVHV� IURP� ���PRQWKV� WR� ���PRQWKV�� *URZWK� LQWHQVLW\� RI� UHSODFHPHQW� �\RXQJ�� FDWWOH� ZDV� DFFRPSDQLHG� E\�LQFUHDVH�LQ�WKH�PLON�SURGXFWLYLW\�RI�FRZV�LQ�DOO���ODFWDWLRQV��.H\� ZRUGV�� FXOOLQJ� IURP� KHUGV� DQG� SURGXFWLYH� DJH� RI� FRZV�� GDLU\� KHUG�UHSURGXFWLRQ�DQG�JURZWK�LQWHQVLW\�RI�KHLIHUV��ERG\�ZHLJKW�DQG�DJH�DW�ILUVW�FDOYLQJ�
,QWURGXFWLRQ�%RWK�� EUHHGLQJ� DV� ZHOO� DV� WKH� HFRQRPLF� DVSHFWV� DUH� LPSRUWDQW� LQ� GDLU\� KHUG�UHSURGXFWLRQ�� EHFDXVH� VHOHFWLRQ� HIIHFW� DQG� SURILW� IURP� PLON� SURGXFWLRQ� DUH�GHSHQGLQJ� RQ� WKHP� �+HLQULFK�� ������� ,Q� WKH� FRXQWULHV� ZLWK� GHYHORSHG� FDWWOH�EUHHGLQJ��WKH�HFRQRPLFDO�XVLQJ�DJH��SURGXFWLYH�DJH��RI�FRZV�LV�VKRUWHQHG�GXH�WR�WKH� LQFUHDVH� LQ� WKHLU� SURGXFLQJ� FDSDFLW\� �3RZHOO�� ������� 6LPLODU� WHQGHQF\� LV�REVHUYHG� LQ�(VWRQLD�DV�ZHOO��0RUHRYHU��ZH�KDYH�SUREOHPV�ZLWK� UDWKHU� DGYDQFHG�DJH� DW� ILUVW� FDOYLQJ�� 7KHUHIRUH� WKH� GDLU\� KHUG� UHSURGXFWLRQ� SUREOHPV� QHHG�DWWHQWLRQ�� 7KH� TXDQWLWDWLYH� VLGH� RI� GDLU\� KHUG� UHSURGXFWLRQ� GHSHQGV� JUHDWO\� RQ�FXOOLQJ�RI�FRZV��DQG�TXDOLWDWLYH�VLGH�GHSHQGV�RQ�UDLVLQJ�RI�UHSODFHPHQW�FDWWOH��7KH�ERG\�ZHLJKW��FRQGLWLRQ�DQG�DJH�DW�ILUVW�LQVHPLQDWLRQ�DUH�UHODWHG�WR�JURZWK�LQWHQVLW\�DQG�GHYHORSPHQW�RI�KHLIHUV��$OO�WKHVH�IDFWRUV�DIIHFW�WKH�PLON�SURGXFWLYLW\�RI�IXWXUH�FRZV��7KHUH�DUH�GLIIHUHQW�SRLQWV�RI�YLHZ�DERXW�UDLVLQJ�UHSODFHPHQW�FDWWOH��6RPH�DXWKRUV�VXJJHVW��WKDW�KHLIHUV�PXVW�EH�LQVHPLQDWHG�DW�WKH�DJH�RI�RQH�\HDU�WR�
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JHW� WKHLU�ILUVW�FDOI�DW� WKH�DJH�RI����PRQWKV��3RZHOO��������4XLJOH\���������2WKHU�DXWKRUV�ILQG��WKDW�KHLIHUV�ZLOO�UHDFK�VH[XDO�PDWXULW\�QRW�EHIRUH���«���PRQWKV�DQG�WKHLU�VXLWDEOH�DJH�IRU�ILUVW�FDOYLQJ�ZLOO�EH���«���PRQWKV��/LQ�HW�DO����������2Q�WKH�RWKHU� KDQG�� LW� LV� LPSRUWDQW� QRW� WR� EH� ODWH� ZLWK� LPSUHJQDWLRQ�� DV� DIWHU� UHDFKLQJ�VH[XDO� PDWXULW\� WKH� IHUWLOLW\� ZLOO� GHFUHDVH� DFFRUGLQJ� WR� WKH� DJH� RI� KHLIHUV�� 7KLV�FDXVH� WKH� LQFUHDVLQJ� WKH� QXPEHU� RI� UHSHDW� LQVHPLQDWLRQV��ZKLFK� DJDLQ� LQFUHDVHV�WKH�DJH�DW�ILUVW�FDOYLQJ��/LQ�HW�DO����������7KHUH�DUH�GLIIHUHQW�VWDQGSRLQWV�DERXW�DJH�DW�ILUVW�FDOYLQJ�RI�KHLIHUV�DQG�IXWXUH�PLON�SURGXFWLYLW\�RI�FRZV��+HLQULFK�DQG�9D]TXHV�$QRQ��������UHSRUWHG�WKDW�\RQJ�ILUVW�FDOYHUV�ZRXOG�SURGXFH�OHVV�PLON�LQ�WKH IXWXUH�WKDQ�ROGHU�ILUVW�FDOYHUV��2WKHUV�KDYH� FRPH� WR� WKH� FRQFOXVLRQ�� WKDW� ROGHU� FDOYHUV� KDYH� OLWWOH� KLJKHU� PLON�SURGXFWLYLW\��ZKHUHDV� WKHLU� OLIHWLPH�PLON�\LHOG�ZLOO�EH� ORZHU� LQ�FRPSDULVRQ�ZLWK�\RXQJHU� ILUVW� FDOYHUV�� ,Q� DGGLWLRQ�� WKH� UHDULQJ� H[SHQVHV� RI� ROGHU� ILUVW� FDOYHUV�LQFUHDVHG�VLJQLILFDQWO\��FRPSDUHG�WR�\RXQJ�FDOYHUV��*DUGQHU�HW�DO����������7KH�DLP�RI�WKH�SUHVHQW�UHVHDUFK�ZDV�WR�VWXG\�WKH�IROORZLQJ��D� QXPEHU�RI�FXOOHG�FRZV�IURP�KHUGV�DQG�UHDVRQV�IRU�FXOOLQJE� LQIOXHQFH�RI�JURZWK�LQWHQVLW\�RI�KHLIHUV�RQ�WKH�ZHLJKW�DQG�DJH�DW�ILUVW�FDOYLQJ�DV�ZHOO�DV�RQ�WKH�IXWXUH�PLON�SURGXFWLYLW\�RI�FRZV�
0DWHULDO�DQG�0HWKRGV�+HLIHUV�DQG�FRZV�RI�WKH�(VWRQLDQ�+ROVWHLQ��(+)��DQG�WKH�(VWRQLDQ�5HG��(5��EUHHG�ZHUH� WHVWHG��7RWDO�QXPEHU�RI� LQYHVWLJDWHG�DQLPDOV�ZDV�������(+)�± �����DQG�(5�± �������7KH�DQLPDOV�XVHG�LQ�H[SHULPHQW�ZHUH�FKRVHQ�IURP�WKH�KHUGV�RI���MRLQW�VWRFN� FRPSDQLHV� RI�(VWRQLD��7KH�GDWD�ZHUH� REWDLQHG� IURP� WKH�$JULFXOWXUDO�5HJLVWHUV� DQG� ,QIRUPDWLRQ� &HQWUH�� 6WDWLVWLFDO� GDWD� RI� WKH� IDUPV� LQ� ����«�����ZHUH�DQDO\VHG��QXPEHU�RI�FXOOHG�FRZV�DQG�FXOOLQJ�UHDVRQV��ERG\�ZHLJKW�DQG�DJH�DW�ILUVW�FDOYLQJ������GD\�PLON�SURGXFWLYLW\�RI�FRZV���7KH� WHVW�DQLPDOV�ZHUH� VHSDUDWHG� LQ� WR���JURXSV� WR� VWXG\� WKH�HIIHFW�RI� JURZWK�LQWHQVLW\� RI� KHLIHUV� RQ� WKH� DJH� DW� ILUVW� FDOYLQJ� DQG� IXWXUH� PLON� SURGXFWLYLW\� RI�FRZV�� 7KH� WHVW�JURXSV� ZHUH� IRUPHG� E\� GDLO\� JDLQ� DV� IROORZV�� XS� WR� ���� J�GD\�����±��� J�GD\�����±����J�GD\�����±����J�GD\�DQG�RYHU�����J�GD\��7KH�GDWD�ZHUH�DQDO\VHG�XVLQJ�WKH�VWDWLVWLFDO�FRPSXWHU�SURJUDP�6$6��
5HVXOWV�DQG�'LVFXVVLRQ�7KH� DQDO\VLV� RI� FXOOLQJ�GDWD� LQGLFDWHG�� WKDW� LQ� \HDU� XS� WR� ���� RI� FRZV� D� \HDU�ZHUH�FXOOHG�IURP�KHUG�������± ������������± ������������± ���������7KH�UHDVRQV� IRU�FXOOLQJ� LQ������DUH�SUHVHQWHG�RQ� WKH�GLDJUDP��VHH�)LJXUH�����7KH�GDWD�VKRZHG�WKDW�WKH�PDLQ�FXOOLQJ�UHDVRQV�ZHUH��XGGHU�GLVHDVHV��������IURP�FXOOHG� FRZV��� LQIHUWLOLW\� ������� UHVSHFWLYHO\�� DQG� IHHW� GLVHDVHV� ������UHVSHFWLYHO\���/RZ�SURGXFWLYLW\�RI� FRZV� �FXOOLQJ� IRU�EUHHGLQJ�SXUSRVHV��ZDV� WKH�
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UHDVRQV�IRU�FXOOLQJ�RQO\�WKH������RI�FXOOHG�FRZV��7KH�KLJK�FXOOLQJ�SHUFHQWDJH�RI�FRZV� IURP� KHUGV� E\� UHDVRQ� RI� GLVHDVHV� DQG� EDUUHQQHVV� UHIHUUHG� WR� VHYHUDO�VKRUWFRPLQJV� LQ� WKH� GDLU\� FDWWOH� PDQDJHPHQW� �IHHGLQJ� DQG� NHHSLQJ�� PLONLQJ�WHFKQLTXH�DQG�K\JLHQH��YHWHULQDU\�VHUYLFH���
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8GGHU�GLVHDVHV

,QIHUWLOLW\
)HHW�GLVHDVHV

2WKHUV
+HSDWLF�GLVHDVHV

0HWDEROLF�GLVHDVHV
*\QDHFRO��GLVHDVHV
/RZ�SURGXFWLYLW\

$FFLGHQWV
$JH

8QGHWHUPLQHG
/LYHVDOH

)LJXUH��� &XOOLQJ�UHDVRQV�DQG�SHUFHQWDJH�RI�FXOOHG�FRZV�IURP�KHUGV
7KH� GDWD� VKRZHG�� WKDW� WKH� QXPEHU� RI� ILUVW� FDOYLQJV� LQ� ����� DQG� ����� ZDV�JUHDWHU�WKDQ�WKDW�RI�FXOOHG�FRZV�������DQG��������WKHUHIRUH�WKH�KHUG�UHSURGXFWLRQ��WXUQRYHU��ZDV������DQG������UHVSHFWLYHO\��+RZHYHU��LQ������WKH�QXPEHU�RI�ILUVW�FDOYLQJV�ZDV������DQG�FXOOLQJ�RI�WKDW�ZDV�������ZKLFK�VKRZHG�WKH�GHFUHDVH�LQ�WKH�QXPEHU�RI�FRZV��������LQ�KHUGV�7KH�DYHUDJH�DJH�RI�FRZV�LQ�VWXGLHG�KHUGV�ZDV���\HDUV�DQG���PRQWKV�DQG�WKH�DYHUDJH�DJH�DW� ILUVW�FDOYLQJ�ZDV����PRQWKV��7KXV�� WKH�DYHUDJH�SURGXFWLYH�DJH�RI�FRZV�ZDV�OHVV�WKDQ���\HDUV������ODFWDWLRQV���'XH�WR�WKH�HDUO\�FXOOLQJ�RI�FRZV��WKH\�GLG�QRW�UHDFK�WR�WKHLU�EHVW�SURGXFWLYH�DJH�± IURP��UG WR��WK ODFWDWLRQ��)RU�H[DPSOH��LI�WKHUH�ZHUH�������VW ODFWDWLRQ�FRZV�DQG�������QG ODFWDWLRQ�FRZV��WKHQ�WKHUH�ZHUH�RQO\�������UG ODFWDWLRQ�FRZV�LQ�WKH�VWXGLHG�KHUGV��



���

7KH�GDWD�DQDO\VHV�LQGLFDWHG�� WKDW�DYHUDJH�DJH�DW�ILUVW�FDOYLQJ�LQ�VWXGLHG�KHUGV�ZDV� ��� PRQWKV� �(+)� ± ����� PRQWKV�� (5� ± ����� PRQWKV��� 7KH� DYHUDJH� ERG\�ZHLJKW� DW� ILUVW� FDOYLQJ�ZDV�����NJ� �(+)�± ����NJ��(5�± ����NJ���7KH� DYHUDJH�GDLO\�JDLQ�RI�KHLIHUV�ZDV�����J��ZKLFK�FRUUHODWHG�ZLWK�ERG\�ZHLJKW�DW�ILUVW�FDOYLQJ��U ��������3���������DQG�DJH�DW�ILUVW�FDOYLQJ��U���������3����������7KH�ODFWDWLRQ�SURGXFWLYLW\� RI� FRZV� ZDV� LQYHVWLJDWHG� DQG� WKH� FRUUHODWLRQ� ZLWK� ZHLJKW� DW� ILUVW�FDOYLQJ��U ��������3����������DJH�DW�ILUVW�FDOYLQJ��U ���������3��������DQG�GDLO\�JDLQ�RI�KHLIHUV��U ��������3���������ZHUH�REVHUYHG��,QYHVWLJDWLRQ�RI� WKH�HIIHFW�RI�JURZWK� LQWHQVLW\�RQ� WKH�DJH�DW� ILUVW� FDOYLQJ�DQG�WKH�PLON�SURGXFWLYLW\�RI�FRZV�LQ���ODFWDWLRQV�ZDV�FDUULHG�RXW��VHH�)LJXUH�����7KH�GDWD�DQDO\VHV�RI�ERWK�EUHHGV�GHPRVWUDWHG�WKDW�ZLWK�LQFUHDVLQJ�WKH�JURZWK�LQWHQVLW\�RI�KHLIHUV��WKH�DJH�DW�ILUVW�FDOYLQJ�GHFUHDVHV�IURP����PRQWKV�WR����PRQWKV��,Q�FDVH�RI� KLJK� JURZWK� LQWHQVLW\� RI� KHLIHUV� �IURP� WLOO� ����J�GD\� WR�PRUH���� J�GD\��� WKH�����GD\�PLON�SURGXFWLYLW\�RI� FRZV� LQFUHDVHG�IURP������NJ� WR����� NJ� LQ� WKH��VWODFWDWLRQ��IURP������NJ�WR������NJ�LQ�WKH��QG ODFWDWLRQ�DQG�IURP������NJ�WR������NJ�LQ�WKH��UG ODFWDWLRQ��
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�VW�ODFWDWLRQ �QG�ODFWDWLRQ�UG�ODFWDWLRQ$JH�DW�ILUVW�FDOYLQJ)LJXUH��� $JH�DW�ILUVW�FDOYLQJ�RI�KHLIHUV�DQG�PLON�SURGXFWLYLW\�RI�FRZV�$FFRUGLQJ�WR�WKH�UHVXOWV�RI�SUHYLRXV�VWXGLHV��6XXUPDD�HW�DO���������DQG�E\�WKH�GDWD�IRXQG�LQ�WKH�OLWHUDWXUH��&DSXFR�HW�DO���������� WKH�KLJK JURZWK�UDWH�RI�KHLIHUV��RYHU�����J�GD\��LQ�WKH�UHDULQJ�SHULRG�PD\�FDXVH�WKH�GHFUHDVH�LQ�PLON�SURGXFWLYLW\�RI�FRZV�LQ�WKH�IXWXUH��IDWWHQLQJ�RI�PDPPDU\�WLVVXH���



���

&RQFOXVLRQV�i ,Q� FDVH� RI� WKH� KLJK� DJH� DW� ILUVW� FDOYLQJ� DQG� WRR� VKRUW� SHULRG�RI� FRZV� LQ� WKH�KHUGV��WKHLU�SURGXFWLYH�DJH�ZDV�OHVV�WKDQ���\HDUV��ZKLFK�LV�LV�QRW�HFRQRPLFDO�±KLJK�FRVWV�RI�UDLVLQJ�DQG�ORZ�SURILW�IURP�PLON�SURGXFWLRQ�i 'XH� WR� WKH� KLJK� FXOOLQJ� SHUFHQWDJH� IURP� KHUGV� E\� UHDVRQV� RI� GLVHDVHV� DQG�EDUUHQQHVV�� WKH� GDLU\� FDWWOH� PDQDJHPHQW� PXVW� EH� LPSURYHG� ± IHHGLQJ� DQG�NHHSLQJ��PLONLQJ� WHFKQLTXH�DQG�K\JLHQH��YHWHULQDU\�VHUYLFH�� ,W� LV�SRVVLEOH� WR�SURORQJ�WKH�SURGXFWLYH�DJH�RI�FRZV��i 7KH� RSWLPXP� JURZWK� LQWHQVLW\� RI� KHLIHUV�ZRXOG� EH� ���«���� J�GD\�� DJH� DW�ILUVW� FDOYLQJ� ��«��� PRQWKV� DQG� ERG\� ZHLJKW� ���«���� NJ�� 7KH� ILUVW�JHVWDWLRQ� �XQLJUDYLGD�� PXVW� WDNH� SODFH� DW� WKH� DJH� RI� ��������PRQWKV�� DW� WKH�ERG\�ZHLJKW�RI����«����NJ�UHVSHFWLYHO\��i %\�WKH�UHVXOWV�RI�SUHYLRXV�VWXGLHV�DQG�WKH�GDWD�IRQG�LQ�WKH�OLWHUDWXUH��WKH�KLJK�JURZWK�LQWHQVLW\�RI�KHLIHUV��RYHU�����J�GD\��LQ�WKH�UHDULQJ�SHULRG�PD\�FDXVH�WKH�GHFUHDVH�LQ�PLON�SURGXFWLYLW\�RI�FRZV�LQ�WKH�IXWXUH�
5HIHUHQFHV��� &DSXFR�� $�� 9��� 6PLWK�� -�� -��� :DOGR�� '�� 5�� ������ ,QIOXHQFH� RI� SUHSXEHUWDO�GLDWHU\�UHJLPHV�RQ�PDPPDU\�JURZWK�RI�+ROVWHLQ�KHLIHUV��± -��'DLU\�6FL���YRO������S��������� *DUGQHU�� 5��:��� 6PLWK�� /��� 3DUN�� 5�� /�� ������ )HHGLQJ� DQG� PDQDJHPHQW� RI�GDLU\�KHLIHUV�IRU�RSWLPDO�OLIHWLPH�SURGXFWLYLW\��± -��'DLU\�6FL���YRO�����S�������� +HLQULFK��$��-���9D]TXHV�$QRQ��0��������&KDQJHV�LQ�ILUVW�ODFWDWLRQ�GDLU\�KHUG�LPSURYHPHQW�UHFRUGV��± -��'DLU\�6FL���YRO������S�������� /LQ�� &�� <���0F� $OOLVWHU�� 7�� 5��� %DWUD�� *�� /�� ������ (IIHFW� RI� HDUO\� DQG� ODWH�EUHHGLQJ�KHLIHUV�RQ�PXOWLSOH�ODFWDWLRQ�ODFWDWLRQ�SHUIRUPDQFH�RI�GDLU\�FRZV��±-��'DLU\�6FL���YRO�����S��������� 3RZHOO��5��/��������7UHQG DJH�RI�ILUVW�FDOYLQJ��± -��'DLU\�6FL���YRO������S�������� 4XLJOH\��-�'��������0DQDJHPHQW�RI�GDLU\�UHSODFHPHQW�FDOYHV�IURP�ZHDQLQJ�WR�FDOYLQJ��± 'HSDUWPHQW�RI�$QLPDO�6FLHQFH�8QLYHUVLW\�RI�7HQQHVVHH��86$��� 6XXUPDD�� $��� -lUY�� 3��� .DDUW�� 7�� ������ 2Q� 'DLU\� +HUG� &XOOLQJ� DQG�5HSURGXFWLRQ� 3UREOHPV�� ± 3URFHHGLQJV� RI� WKH� �WK %DOWLF� $QLPDO� %UHHGLQJ�&RQIHUHQFH��-HOJDYD��S����±���



���

$1$/<6,6�21�&2:�0,/. 352'8&7,21�$1'�48$/,7<�$&&25',1*�72�620$7,& &(//6�&2817�,1�%/$&.�$1'�:+,7(�&$77/(�+(5'$��äDNDV
��9��-XR]DLWLHQ¡� ��6��-DSHUWDV���� /LWKXDQLDQ�9HWHULQDU\�$FDGHP\��7LOå¡V�����.DXQDV�������/LWKXDQLD���6WDWH�/DERUDWRU\�µ3LHQR�W\ULPDL¶��7LOå¡V�����.DXQDV�������/LWKXDQLD
,QWURGXFWLRQ(YHU\�SURGXFWLYH�GLDU\�IDUP�VHHNV�IRU�WKH�ORZHVW�FRVW�SULFH�RI SURGXFWLRQ�DQG�WKH�ELJJHVW� SURILWV�� 2QH� RI� WKH� PDMRU� SUREOHPV� LQ� GLDU\� IDUPV� DW� WKH� PRPHQW� LV� WKH�VSUHDGLQJ� RI� FRZ� GLVHDVH� PDVWLWLV� ZKLFK� GLUHFWO\� DIIHFWV� WKH� FRVW� SULFH� RI� WKH�SURGXFWLRQ� ZLWK� WKH� GHFUHDVH� LQ� SURGXFWLYLW\� DQG� LQFUHDVH� LQ� H[SHQVHV� VSHQW� RQYHWHULQDU\� PHGLFDPHQWV�� UHGXFWLRQ� LQ� FDUFDVV� TXDOLW\�� DQG� HDUO\� UHMHFWLRQ� RI� FRZV�>���@��(FRQRPLFDO� ORVV�FDXVHG�GXH� WR� WKH�GHFUHDVH� LQ�PLON�SURGXFWLRQ� LQ� WKH�FDVH�RI�PDVWLWLV�FRPSULVH��������IURP�WKH�WRWDO�LQFRPH�ORVV��ZKHQ��������DUH�DWWULEXWHG�WR�WUHDWPHQW�H[SHQVHV���������RI�WKH�H[SHQVHV�DUH�DULVHQ�IURP�WKH�UHMHFWLRQ�RI�FRZV�>�@��&RQVLGHULQJ�DOO� WKH�QRQ�JHQHWLF� IDFWRUV� WKH�ELJJHVW� LQIOXHQFH�RI� IDUPV�ZDV� IRXQG�RQ�WKH� QXPEHU�RI� VRPDWLF�FHOOV� FRXQW� LQ�PLON�� ,Q�FDVH�RI�XQEDODQFHG� IHHGLQJ�DQG�SRRU�K\JLHQH� WKH� ULVN� IRU� FRZV� WR� EH� LOO� ZLWK� PDVWLWLV� LQFUHDVHV� >�@�� *HQHWLF� FRUUHODWLRQ�EHWZHHQ� WKH� IUHTXHQF\� RI� IDOOLQJ� LOO� ZLWK�PDVWLWLV� DQG� WKH� QXPEHU� RI� VRPDWLF� FHOOV�FRXQW� LQ� WKH� KHUGV� ZDV� HVWDEOLVKHG� LQ� WKH� WHVWV� >�@�� 7KHUHIRUH�� ZKHQ� LPSURYLQJ� WKH�TXDOLW\�RI�FRZ�PLON�DFFRUGLQJ�WR�VRPDWLF�FHOOV�FRXQW�� LW�LV� LPSRUWDQW�WR�HVWDEOLVK�WKH�LQIOXHQFH�RI�GLIIHUHQW�IDUPV�RQ�WKH�VRPDWLF�FHOOV�FRXQW�LQ�PLON��
0DWHULDO�DQG�0HWKRGV7KH� UHVHDUFK� ZDV� FDUULHG� RXW� LQ� WKH� /DERUDWRU\� RI� $QLPDO� %UHHGLQJ� 9DOXH�(VWLPDWLRQ�DQG�%LRPHWU\�XVLQJ�/,18;�RSHUDWLQJ�V\VWHP��64/�GDWDEDVH�PDQDJHPHQW�V\VWHP�DQG�µ5¶�VWDWLVWLFDO�SDFNDJH��7KH�UHVHDUFK�ZDV�EDVHG�RQ�����������GDWD�RI�SURGXFWLYLW\�FRQWURO�DQG�UHFRUGLQJ�RI�%ODFN�DQG�:KLWH�FRZV�IRU���ODFWDWLRQV�LQ���/LWKXDQLDQ�UHJLRQV��WKH�WRWDO�QXPEHU�RI�UHFRUGV� LV� �������� 7KH� GDWD� ZHUH� WDNHQ� IURP� 6WDWH� /DERUDWRU\� µ3LHQR� W\ULPDL¶� DQG�3XEOLF�HQWHUSULVH�µ5XUDO�%XVLQHVV�'HYHORSPHQW�DQG�,QIRUPDWLRQ�&HQWUH¶��'LDU\�IDUPV�ZHUH�JURXSHG�DFFRUGLQJ�WR�WKH�QXPEHU�RI�FRZV��RZQHU�DQG�IDUP�W\SH��
5HVXOWV�DQG�'LVFXVVLRQ�$FFRUGLQJ�WR�WKH�GDWD�RI�)RRG�DQG�9HWHULQDU\�6HUYLFH��VPDOO�GLDU\�IDUPV�SUHYDLO�LQ�/LWKXDQLD�DW�SUHVHQW���������PLON�SURGXFHUV�KDYH�����FRZV��L�H��������IURP�WKH�WRWDO�QXPEHU�RI�FRZV��$Q�DYHUDJH�KHUG�LQ�/LWKXDQLD�FRQVLVWV�RI���FRZV��,Q�WKH�FRQGLWLRQV�WKDW� H[LVW� LQ� D� VPDOO� IDUP� LW� LV� KDUG� WR� DSSO\� PDVVLYH� VHOHFWLRQ� PHDQV� LQ� RUGHU� WR�LPSURYH� KHUGV� DV� ZHOO� DV� WKH� ODWHVW� PLON� SURGXFWLRQ� WHFKQRORJLHV� XVHG� LQ� WKH�



���

SURGXFWLRQ�RI� KLJK�TXDOLW\�PLON��7KH�TXDOLW\� RI�PLON� GHSHQGV� RQ� WKH� KHDOWKLQHVV� RI�FRZV��ZKLFK�LV�GHWHUPLQHG�E\�JHQHWLF�IDFWRUV��IHHGLQJ��NHHSLQJ�DQG�FDUH FRQGLWLRQV�
7DEOH����)DUPV�GLVWULEXWLRQ�DFFRUGLQJ�WR�WKH�QXPEHU�RI�FRZV�LQ�/LWKXDQLD��DW�����������)DUPV &RZV1R��RI�FRZV�LQ�D�KHUG 1XPEHU � 1XPEHU ���± � ������ ����� ������ �������± �� ���� ���� ����� �������± �� ��� ���� ���� �������± �� ��� ���� ���� �������± ��� �� ���� ���� ��������± ��� �� ���� ���� ��������! ��� ���� ����� ����7RWDO ������ ��� ������ ���

0LON�SURGXFWLRQ�DQG�TXDOLW\�WUDLWV�GHSHQGHQF\�RQ�WKH�VL]H�RI�KHUG�LV�LOOXVWUDWHG�LQ�WDEOH���DQG�ILJXUH����
7DEOH����7KH�KHUG�VL]H�LQIOXHQFH�RQ�FRZV�PLON�SURGXFWLRQ�DQG�TXDOLW\�WUDLWV��&ODVV +HUG�VL]H 1R�RI�IDUPV

1R�RI�UHFRUGV
6RPDWLF�FHOOV�FRXQW�WK��PO[ � V

0LON�\LHOG�NJ[ � V
0LON�IDW�[ � V

0LON�SURWHLQ�[ � V����� ���� ���� ����� ��� ��� ���� ����� ���� ���� ��������� ���� ���� ����� ���� ��� ���� ����� ���� ���� ��������� ���� ���� ����� ����� ��� ���� ����� ���� ���� ��������� ���� ���� ����� ����� ��� ���� ����� ���� ���� ��������� ���� ���� ����� ������ �� ��� ����� ���� ���� ��������� ���� ���� ����� ������� � ���� ����� ���� ���� ��������� ���� ���� ����� ���!« �� ����� ����� ���� ���� ��������� ���� ���� ����7RWDO ���� ����� ����� ���� ���� ����



���

)URP� WKH� SURYLGHG� GDWD� ZH� FDQ� FRQFOXGH� WKDW� DYHUDJH� FRZ� PLON� \LHOG� SHU� GD\�UHJDUGLQJ�WKH�VL]H�RI KHUG�ZDV�UDQJLQJ�IURP�����������NJ�LQ�VPDOO�KHUGV��DQG�XS�WR������ ��� ���NJ� LQ� ELJJHU� IDUPV� �3��������� 7KH� VL]H� RI� KHUG GRHVQ¶W� KDYH� DQ\�LQIOXHQFH�RQ�PLON�IDW�DQG�SURWHLQ��0LON�\LHOG�XQGHUZHQW�RQO\�D�VOLJKW�FKDQJH�DQG�DQ� DYHUDJH� QXPEHU� RI� VRPDWLF� FHOOV� FRXQW� LQ� PLON� GURSSHG� WR� LWV� ORZHVW� OHYHO��������������WK�PO��LQ�IDUPV�RI�����FRZV�ZKLOH�WKH�ELJJHVW�QXPEHU���������������WK�PO�� ZDV� IRXQG� LQ� D� �������� FRZV� IDUP� �3��������� 7KH� IDFWRU� RI� KLJK� PLON�TXDOLW\�DFFRUGLQJ�WR�WKH�VRPDWLF�FHOOV�FRXQW�LQ�VPDOO�KHUGV�LV�H[SODLQHG�E\�EHWWHU�LQGLYLGXDO�FDUH�SURYLGHG�IRU�FRZV��

)LJXUH����$YHUDJH�FKDQJH� LQ� WKH�QXPEHU�RI�VRPDWLF�FHOOV�FRXQW�DFFRUGLQJ� WR� WKH�VL]H�RI�IDUP
3KHQRW\SLF�FRUUHODWLRQ�FRHIILFLHQWV�EHWZHHQ�KHUG�VL]H�DQG�PLON�\LHOG�LQGLFDWH�D�QHJDWLYH�UHODWLRQ��U� ��������3��������DQG�D�VOLJKW�SRVLWLYH�FRUUHODWLRQ�ZLWK�PLON�IDW�SHUFHQWDJH��U� ��������3��������:LWK�PLON�SURWHLQ�SHUFHQWDJH�± D�VOLJKWO\�QHJDWLYH�UHODWLRQ� �� U� � �������3��������8SRQ� WKH� LQFUHDVLQJ�RI� WKH� QXPEHU�RI� FRZV� LQ� WKH�KHUG��WKH�QXPEHU�RI�VRPDWLF�FHOOV�FRXQW�LQ�PLON�KDG�D�WHQGHQF\�WR�LQFUHDVH�DV�ZHOO��7KH� QXPEHU� RI� VRPDWLF� FHOOV� FRXQW� LQ� PLON� DQG� PLON� SURGXFWLRQ� WUDLWV� LQ�SULYDWH� IDUPV� DQG� FRPSDQLHV� DUH� GHPRQVWUDWHG� LQ� WDEOH� �� ZKLFK� LOOXVWUDWHV� WKDW�DYHUDJH� FRZ� PLON� \LHOG� SHU� GD\� ZDV� ���NJ� PRUH� LQ� FRPPXQLWLHV� WKDQ� LQ�FRPSDQLHV��3���������ZKLOH�WKH�DYHUDJH�QXPEHU�RI�VRPDWLF�FHOOV�FRXQW�ZDV�KLJKHU�LQ�FRPSDQLHV�����������WK��PO��WKDQ�LQ�FRPPXQLWLHV������������WK���PO���3�������

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

���
������������������������

�WK����
PO�

��� ���� ����� ����� ������ ������� ���!�+HUG�VL]H
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7DEOH� ��� 7UDLWV� RI� FRZ� PLON� SURGXFWLRQ� DQG� TXDOLW\� LQ� FRPSDQLHV� DQG�FRPPXQLWLHV��)DUPV 1XPEHU�RI�FRZV 6RPDWLF�FHOOV�FRXQW�WK��PO[ � V
0LON�\LHOG�NJ[ � V

0LON�IDW�[ � V
0LON�SURWHLQ�[ � V

����� ���� ���� ����3ULYDWH�GDLU\�IDUPV ����� ����� ���� ���� ��������� ���� ���� ����&RPSDQLHV ����� ����� ���� ���� ����
7KH� GLVWULEXWLRQ� RI� IDUPV� LQWR� FRPPXQLWLHV� DQG� FRPSDQLHV� GLG� QRW� SURGXFH�DQ\�FRQVLGHUDEOH�LQIOXHQFH�RQ�PLON�IDW�DQG�SURWHLQ�TXDOLWLHV��

7DEOH� ��� 7UDLWV� RI� FRZ�PLON� SURGXFWLRQ� DQG� TXDOLW\� LQ� EUHHGLQJ� DQG� SURGXFWLRQ�KHUGV�)DUP�W\SH 1XPEHU�RI�FRZV 6RPDWLF�FHOOV�FRXQW�WK��PO[ � V
0LON�\LHOG�NJ[ � V

0LON�IDW�[ � V
0LON�SURWHLQ�[ � V

����� ���� ���� ����%UHHGLQJ�KHUGV ���� ����� ���� ���� ��������� ���� ���� ����3URGXFWLRQKHUGV ����� ����� ���� ���� ����
,W� LV�REYLRXV� IURP�WKH�GDWD�SURYLGHG�LQ�WDEOH���WKDW�DIWHU�JURXSLQJ�IDUPV�LQWR�EUHHGLQJ� DQG� SURGXFWLRQ� KHUGV�� RQO\� VOLJKW� GLIIHUHQFHV� LQ� LQGLFHV� RI� PLON�SURGXFWLRQ�DQG�TXDOLW\�DUH�QRWLFHG��,Q�EUHHGLQJ�KHUGV�DQ�DYHUDJH�PLON�TXDQWLW\�SHU�GD\� ZDV� ���� NJ�PRUH� WKDQ� LQ� SURGXFWLRQ� KHUGV�� ZKLOH�PLON� IDWQHVV� ZDV� �������PRUH� LQ� EUHHGLQJ� KHUGV� WKDQ� LQ� SURGXFWLRQ� KHUGV�� 7KHUH� ZDV� RQO\� D� VOLJKW�GLIIHUHQFH�LQ�WKH�DYHUDJH�QXPEHU�RI�VRPDWLF�FHOOV�FRXQW�LQ�WKRVH�KHUGV��

&RQFOXVLRQV����� ,Q� /LWKXDQLD� VRPDWLF� FHOOV� FRXQW� LQ� WKH� PLON� RI� %ODFN�DQG�:KLWH� FDWWOH�SRSXODWLRQ� KDG� D� WHQGHQF\� WR� LQFUHDVH� �U � ������� ZLWK� WKH� LQFUHDVLQJ� RI� FRZ�QXPEHU�LQ�KHUG��7KLV�QXPEHU�ZDV�WKH�ORZHVW�LQ�VPDOO�IDUPV�RI�����FRZV��������WK��PO�� DQG� LW� ZDV� WKH� KLJKHVW� LQ� IDUPV� RI� �������� FRZV� ������� WK��� PO��� 7KH�H[SODQDWLRQ�IRU�WKLV�LV�IRXQG�LQ�EHWWHU�LQGLYLGXDO�FDUH�SURYLGHG�WR�FRZV��
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���$Q�DYHUDJH�QXPEHU�RI�VRPDWLF�FHOOV�FRXQW�LQ�PLON�ZDV������WK��PO�PRUH�LQ�FRPSDQLHV�WKDQ�LQ�SULYDWH�GDLU\�IDUPV��3����������� &ODVVLILFDWLRQ� RI IDUPV� RQ� EUHHGLQJ� KHUGV� DQG� SURGXFWLRQ� KHUGV� GLG� QRW�SURGXFHG�DQ\�FRQVLGHUDEOH�LQIOXHQFH�RQ�WKH�FDOFXODWHG�WUDLWV��
6XPPDU\��7KH�ODUJHVW�LQIOXHQFH�RI�IDUP�RI�DOO�QRQ�JHQHWLF�IDFWRUV��RQ�VRPDWLF�FHOOV�FRXQW�LQ�PLON�ZDV�IRXQG��7KHUH�ZDV�HVWDEOLVKHG�LQIOXHQFH�RI�GDLU\�IDUP�IRU�VRPDWLF�FHOOV�FRXQW�LQ�PLON�E\�WKH�JURXSLQJ�RI�GDWD�DFFRUGLQJ�WR�QXPEHU�RI�FRZV�LQ�GDLU\�IDUP��NHHSHU�DQG�W\SH�RI�GDLU\�IDUPV��7KH�VPDOOHVW�DYHUDJH�VRPDWLF�FHOOV�FRXQW�LQ�PLON�ZDV�HVWDEOLVKHG�LQ�D�VPDOO�GDLU\�IDUPV������FRZV��± ������WK��PO��DQG�WKH�ODUJHVW��RI�GDLU\�IDUPV����������FRZV��± ������WK��PO��,Q�MRLQ�VWRFN�FRPSDQLHV�ZDV�IRXQG�ODUJHU�DYHUDJH�VRPDWLF�FHOOV�FRXQW�LQ�PLON�WKDQ�LQ�SULYDWH�GDLU\�IDUPV��*URXSLQJ�RI�IDUPV�WR�EUHHGLQJ�DQG�SURGXFWLYH�W\SHV�KDG�QRW�QRWLFHDEOH�LQIOXHQFH�RQ�FDOFXODWH�PLON�WUDLWV�
5HIHUHQFH���(��.ROGHZHLM��8��(PDQXHOVRQ�DQG�/��-DQVRQ��5HODWLRQ�RI�PLON�SURGXNWLRQ�ORVV�WR�PLON�VRPDWLF�FHOO�FRXQW��± $FWD�YHW��6NDQG��YRO����QR������������������-��3KLOLSVVRQ��*��5DO��%��%HUJOXQG��6RPDWLF�FHOO�FRXQW�DV�D�VHOHFWLRQ�FULWHULRQ�IRU� PDVWLWLV� UHVLVWDQVH� LQ� GDLU\� FDWWOH�� ± /LYHVWRFN� 3URGXNWLRQ� 6FLHQFH� ��������������������&RIIH\��(�0���9LQVRQ��:�(��DQG�3HDUVRQ��5�(���������3RWHQWLDO�RI�VRPDWLF�FHOO�FRQFHQWUDWLRQ� LQ�PLON� DV� D� VLUH� VHOHFWLRQ� FULWHULRQ� WR� UHGXVH�PDVWLWLV� LQ� GDLU\�FDWWOH��-��'DLU\�6FL���������������������9HQDEOHV�%���6PLW�'��1RWHV�RQ�5��$�SURJUDPLQJ�HQYLURQPHQW�IRU�GDWD�DQDO\VLV�DQG�JUDSKLFV��8QLYHUVLW\�RI�$XFNODQG����������S���� 6HQGHU�*��� -XJD�-��� +HOOPDQ�7�� DQG� 6DORQLHPL�+��� ������ 6HOHFWLRQ� DJDLQVW�PDVWLWLV�DQG�FHOO�FRXQW�LQ�GDLU\�FDWWOH�EUHHGLQJ�SURJUDPV��$FWD�$JULF��6FDQG���6HFWLRQ�$��$QLP��6FL������������������-DVSHU�'�(���0F'RQDOG�-�6���0RFKHULH�5�'���3KLOSRW�:�1���)DUQVZRUWK�5�-���6SHQFHU�6�%��%RYLQH�PDVWLWLV�UHVHDUFK��QHHGV��IXQGLQJ�DQG�VRXUVHV RI�VXSSRUW����,Q�3URF����VW $QQX��0WJ��1DWO��0DVWLWLV�&RXF���/H[LQJWRQ��.<��1DWO��0DVWLWLV�&RXQF���$UOLQJWRQ��9$���������3������
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7+(�/($11(66�2)�3,*6 5$,6('�,1�/,7+8$1,$$��.OLPLHQ¡
��5��.OLPDV��/LWKXDQLDQ�,QVWLWXWH�RI�$QLPDO�6FLHQFH��5��äHEHQNRV�����/7������%DLVRJDOD��5DGYLOLãNLR�U���/LWKXDQLD
,QWURGXFWLRQ/HDQ�PHDW�FRQWHQW�LQ�SLJV�LV�GHSHQGHQW�RQ�QXPHURXV�IDFWRUV��%UHHG�LV�RQH�RIWKHP� >�������@��'LIIHUHQW�SLJ�EUHHGV�KDYH�GLIIHUHQW� IDW� DQG� OHDQ� WLVVXH�GHSRVLWLRQ�SHFXOLDULWLHV�DW�GLIIHUHQW�SHULRGV�RI� WKHLU�JURZWK�>�@��&RQWURO�VODXJKWHULQJ�RI�SLJV�LV� WKH� PRVW� DFFXUDWH� PHWKRG� IRU� HYDOXDWLRQ� RI� WKH� FDUFDVV� WUDLWV� RI� SLJV�� 0RUH�LQWHQVH�VHOHFWLRQ�IRU�KLJKHU�OHDQ�PHDW�FRQWHQW�VWLSXODWHV�SKHQRW\SLF�HYDOXDWLRQ�RI�FDUFDVV� WUDLWV� RQ� OLYH� SLJV� DW� WHVW� VWDWLRQV� DQG� EUHHGLQJ� FHQWUHV� E\� XOWUDVRQLF�PHDVXUHPHQWV� DORQJVLGH� ZLWK� FRQWURO� VODXJKWHULQJ� RI� SLJV�� 7KH� XOWUDVRQLF�DSSDUDWXV�3LJORJ���� KDV�EHHQ�LQWURGXFHG�IRU�PHDVXUHPHQWV�RI�EDFNIDW�WKLFNQHVV�DQG�GHWHUPLQDWLRQ�RI�WKH�PHDW�SHUFHQWDJH�>�������@��6LQFH�������EUHHGLQJ�SURJHQ\�LQ� WKH� EUHHGLQJ� FHQWUHV� RI� /LWKXDQLDQ� KDV� EHHQ� VHOHFWHG� E\� 3LJORJ� ���PHDVXUHPHQWV�>����@��+LJK��U �����DQG�������DQG�VWDWLVWLFDOO\�VLJQLILFDQW��3�������FRUUHODWLRQ� FRHIILFLHQWV� EHWZHHQ� EDFNIDW� WKLFNQHVV� DQG� OHDQ� PHDW� FRQWHQW�GHWHUPLQHG� E\� 3LJORJ� ��� DQG� FRQWURO� VODXJKWHULQJ� LQGLFDWH� WKH� SURVSHFWV� RI�SKHQRW\SLF� HYDOXDWLRQ� RI� OHDQQHVV� LQ� SLJ� VHOHFWLRQ� >�@�� 2Q� D� ����SRLQW� V\VWHP�DSSOLHG�LQ�/LWKXDQLD��WKH�VFRUH�IRU�OHDQQHVV�FDQ�DPRXQW�XS�WR����SRLQWV�7KH�REMHFWLYHV�RI�WKH�SUHVHQW�VWXG\�ZHUH��ILUVW��WR�FRPSDUH�WKH�PHDW�SHUFHQWDJH�GDWD� IRU�SXUHEUHGV�DQG�FURVVEUHGV�REWDLQHG�E\�3LJORJ���� DQG�� VHFRQG�� WR� VWXG\�WKH� LQWHQVLW\�RI�VXEFXWDQHRXV� IDW� �EDFNIDW��DQG� OHDQ� WLVVXH�GHSRVLWLRQ� LQ� VRPH�RI�WKH�SLJ�EUHHGV�UDLVHG�LQ�/LWKXDQLD�
0DWHULDOV�DQG�0HWKRGV7KH�VWXG\�ZDV�FDUULHG�RXW�LQ�������7KH�DQDO\VLV�RI�WKH�XOWUDVRQLFDOO\�PHDVXUHG�PHDW�SHUFHQWDJH�GDWD�IRU�SXUHEUHG�/LWKXDQLDQ�:KLWH��/:���EDFRQ�W\SH�/LWKXDQLDQ�:KLWH��/:�%����PHDW�W\SH�/LWKXDQLDQ�:KLWH��/:�0����6ZHGLVK�<RUNVKLUH��6<���'DQLVK�<RUNVKLUH� �'<���*HUPDQ�/DUJH�:KLWH� �*/:���*HUPDQ� /DQGUDFH� �*/���)LQQLVK� /DQGUDFH� �)/��� 1RUZHJLDQ� /DQGUDFH� �1/��� 'DQLVK� /DQGUDFH� �'/���3LHWUDLQ� �3���+DPSVKLUH� �+��DQG�'XURF��'��SLJV�DV�ZHOO�DV� IRU� WKH�FURVVEUHGV�RI�GLIIHUHQW�EUHHG�FRPELQDWLRQV�KDV�EHHQ�FDUULHG�RXW�RQ�WKH�EDVLV�RI�WKH�SUHOLPLQDU\�GDWD� VXSSOLHG� E\� WKH� VWDWH� SLJ� EUHHGLQJ� VWDWLRQ� E\� 2FWREHU� ��� )URP� -DQXDU\� WR�2FWREHU� ������ ����� SXUHEUHG� DQG� ����� FURVVEUHG� SLJV� ZHUH� HYDOXDWHG� LQ� WKH�EUHHGLQJ� FHQWUHV� RI� WKH� FRXQWU\�� ZKHUH� EUHHGLQJ� SURJHQ\�ZDV� HYDOXDWHG� IRU� WKH�OHDQ�PHDW�FRQWHQW�DW��������NJ�OLYHZHLJKW�$W� WKH� FRQWURO� IDWWHQLQJ�SHUIRUPDQFH� WHVW� VWDWLRQ�� SXUHEUHG�/LWKXDQLDQ�:KLWH��Q ����� PHDW�W\SH� /LWKXDQLDQ� :KLWH� �Q ���� 6ZHGLVK� <RUNVKLUH� �Q ���� DQG�1RUZHJLDQ�/DQGUDFH��Q ����SLJV�ZHUH�XVHG�WR�GHWHUPLQH�WKH�IRUPDWLRQ�LQWHQVLW\�
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RI� VXEFXWDQHRXV� IDW� DQG� OHDQ� WLVVXH� XVLQJ� WKH� XOWUDVRQLF� DSSDUDWXV� 3LJORJ� �����)HHGLQJ� DQG� KRXVLQJ� FRQGLWLRQV� ZHUH� WKH� VDPH� IRU� DOO� JURXSV� RI� SLJV�� %DFNIDW�WKLFNQHVV� ZDV� PHDVXUHG� IRU� SLJV� RI� ��� WR� ��� NJ� ZHLJKW�� DQG� IURP� ��� NJ� WR�VODXJKWHU�ZHLJKW�GHWHUPLQDWLRQ�RI�WKH�PHDW�SHUFHQWDJH�ZDV�DGGHG�%DFNIDW� WKLFNQHVV� �PP�� ZDV�PHDVXUHG� RQ� OLYH� SLJV� ZLWK�3LJORJ� ��� DW� WZR�SRLQWV�>�@�����DW�WKH�ODVW�ULE�DQG���FP�VLGHZDUGV�IURP�WKH�PLGGOH�RI�WKH�GRUVDO�OLQH��)$7�����������FP�IURP�WKH�ODVW�ULE�WRZDUGV�WKH�FUDQLDO�SDUW�DQG���FP�VLGHZDUGV�IURP� WKH� PLGGOH� RI� WKH� GRUVDO� OLQH� �)$7����� 3LJORJ� ��� HVWLPDWHV� WKH� PHDW�SHUFHQWDJH� DFFRUGLQJ� WR� WKH� LQ�FRGHG� IRUPXOD�� 7KH� GDWD� KDYH� EHHQ� SURFHVVHG�ELRPHWULFDOO\�
5HVXOWV�DQG�'LVFXVVLRQ8OWUDVRQLF� PHDVXUHPHQWV� ZLWK� 3LJORJ� ��� LQGLFDWHG� �)LJ�� ��� WKDW� LQ� WKH�EUHHGLQJ� FHQWUHV� RI� WKH� FRXQWU\� WKH� DYHUDJH� PHDW� SHUFHQWDJH� RI� SXUHEUHG�/LWKXDQLDQ�:KLWH�SLJV�ZDV��������*HUPDQ�/DUJH�:KLWH��������EDFRQ�W\SH��/:�%��� DQG� PHDW�W\SH� �/:�0��� /LWKXDQLDQ� :KLWH�� UHVSHFWLYHO\�� ����� DQG� �������*HUPDQ� /DQGUDFH� ������� )LQQLVK� /DQGUDFH��+DPSVKLUH� DQG� 6ZHGLVK�<RUNVKLUH������������� 'DQLVK� <RUNVKLUH� ������� 'DQLVK� /DQGUDFH� DQG� 'XURF� ERWK� ������3LHWUDLQ�������DQG�1RUZHJLDQ�/DQGUDFH�������
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)LJXUH���������GDWD�IRU�OHDQ�PHDW�FRQWHQW�LQ�SLJV�RI�GLIIHUHQW�EUHHGV�PHDVXUHG�E\�3LJORJ����
7KH�FURVVEUHG�SLJV�SURGXFHG�E\�FURVVLQJ�/LWKXDQLDQ�:KLWH�SLJV�ZLWK�ERDUV�RI�WKH�LPSRUWHG�EUHHGV��)LJ�����KDG�E\����������KLJKHU�OHDQ�PHDW�FRQWHQW��3��������������� FRPSDUHG� ZLWK� SXUHEUHG� /LWKXDQLDQ�:KLWHV�� 7KH� *HUPDQ� /DQGUDFH� DQG�6ZHGLVK� <RUNVKLUH� EUHHGV� KDG� WKH� ORZHVW� LQIOXHQFH� RQ� WKH� PHDW� SHUFHQWDJH� RI�FURVVEUHGV�� UHVSHFWLYHO\� ����� DQG� ������� ZKLOH� 1RUZHJLDQ� /DQGUDFH� ���������
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'XURF���������DQG�3LHWUDLQ���������EUHHGV�KDG�WKH�KLJKHVW�LQIOXHQFH��&URVVEUHGV�LQ�RWKHU�JURXS�ZHUH�LQWHUPHGLDWH��������������DFFRUGLQJ�WR�WKLV�LQGLFDWRU�&URVVEUHG�ERDUV�VXLWDEOH�IRU�WKUHH� RU�IRXU�ZD\�FRPPHUFLDO�FURVVEUHHGLQJ�DUH�DOVR�SUHSDUHG�E\�WKH�EUHHGLQJ�FHQWUHV�WKDW�UDLVH�WKH�LPSRUWHG�EUHHGV�
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)LJXUH����7KH�HIIHFWV�RI�FURVVEUHHGLQJ�RQ�OHDQ�PHDW�FRQWHQW�RI�/LWKXDQLDQ�:KLWH�SLJV��3LJORJ���� GDWD�
7KH�DYHUDJH�PHDW�SHUFHQWDJH�RI�FURVVEUHGV�SURGXFHG�E\�FURVVLQJ� WKH�SLJV�RI�LPSRUWHG� EUHHGV� YDULHG� IURP� ����� WR� ������ GHSHQGLQJ� RQ� WKH� FRPELQDWLRQ� RI�EUHHGV� �)LJ�� ���� 1RUZHJLDQ� /DQGUDFH� [� 1RUZHJLDQ� <RUNVKLUH�� 1RUZHJLDQ�/DQGUDFH� [�+DPSVKLUH� DQG�+DPSVKLUH� [� 3LHWUDLQ� FURVVEUHGV�ZHUH� GLVWLQJXLVKHG�E\�WKH�KLJKHVW�OHDQ�PHDW�FRQWHQW��UHVSHFWLYHO\�������������DQG�������
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)LJXUH����0HDVXUHPHQWV�RI�OHDQ�PHDW�FRQWHQW�LQ�FURVVEUHG�SLJV�RI�LPSRUWHG�EUHHGV�ZLWK�3LJORJ���� DW�WKH�EUHHGLQJ�FHQWUHV�E\�2FW���������
)DW� GHSRVLWLRQ� LQ� SLJV� LV� DQ� LQGLFDWRU� RI� WKHLU� PHDWLQHVV�� 7KH� ORZHU� LV� WKH�EDFNIDW� WKLFNQHVV�� WKH� KLJKHU� LV� WKH� PHDW� SHUFHQWDJH� �U ����������� 3LJV� RI� VRPH�
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EUHHGV� IURP� ��� WR� ���� NJ� ZHLJKW� ZHUH� XVHG� IRU� 3LJORJ� ��� PHDVXUHPHQWV� WR�GHWHUPLQH� WKH� LQWHQVLW\� RI� VXEFXWDQHRXV� IDW� DQG� OHDQ� WLVVXH� GHSRVLWLRQ��7KH�GDWD�IURP�RXU�VWXG\��7DEOH����LQGLFDWHG�WKDW�IDW�WKLFNQHVV�RI�1RUZHJLDQ�/DQGUDFH�DQG�6ZHGLVK� <RUNVKLUH� SLJV� DW� WKH� EHJLQQLQJ� RI� WKH� FRQWURO� IDWWHQLQJ� ZDV��UHVSHFWLYHO\��E\�����DQG�����PP�ORZHU�WKDQ�WKDW�RI�SXUHEUHG�/LWKXDQLDQ�:KLWHV�
7DEOH����,QWHQVLW\�RI�VXEFXWDQHRXV�IDW�DQG�OHDQ�WLVVXH�GHSRVLWLRQ/LYHZHLJKW��NJ $YHUDJH�ZHLJKW��NJ $YHUDJH�IDW�WKLFNQHVV��PP
 /HDQ�PHDW�SHUFHQWDJH )DW�LQFUHDVH��PP3XUH�EUHG�/LWKXDQLDQ�:KLWH��Q �������� ������ ��������������� ������ ��������������� ������ ��������������� ������ ���������� ���������������� ������ ���������� ����������

����
/LWKXDQLDQ�:KLWH��PHDW�W\SH���Q ������� ������ ��������������� ������ ��������������� ������ ��������������� ������ ���������� ���������������� ������� ���������� ����������

����
6ZHGLVK�<RUNVKLUH��Q �������� ������ �������������� ������ ��������������� ������ ��������������� ������ ���������� ���������������� ������� ���������� ����������

����
1RUZHJLDQ�/DQGUDFH��Q �������� ������ �������������� ������ ��������������� ������ ��������������� ������ ���������� ���������������� ������� ���������� ����������

����

0HDQ�RI�IDW�GHSRVLWLRQ�PHDVXUHG�DW�)$7���DQG�)$7���

7KH�IRUPDWLRQ�RI�WKH�OHDQ�WLVVXH�RI�WKH�LPSRUWHG�SLJ�EUHHGV�ZDV�PRUH�LQWHQVLYH�XQGHU� IDYRXUDEOH� IHHGLQJ� DQG� KRXVLQJ� FRQGLWLRQV�� 'XULQJ� WKH� IDWWHQLQJ� SHULRG��EDFNIDW� WKLFNQHVV� RI� 1RUZHJLDQ� /DQGUDFH� SLJV� KDV� LQFUHDVHG� E\� ����� PP�� RI�6ZHGLVK�<RUNVKLUH�E\������PP��RI�PHDW�W\SH�/LWKXDQLDQ�:KLWH�E\������PP�DQG�
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RI�SXUHEUHG�/LWKXDQLDQ�:KLWH�E\������PP��7KH�PHDW�SHUFHQWDJH�RI�SLJV�DW�����NJZHLJKW� ZDV� RQ� WKH� DYHUDJH� ������� ������� ������ DQG� ������� UHVSHFWLYHO\�� 7KH�KLJKHU�ZDV� WKH�ZHLJKW�RI�SLJV�� WKH�KLJKHU�ZDV� WKHLU� IDW�GHSRVLWLRQ�DQG� UHODWLYHO\�ORZHU�OHDQ�WLVVXH�GHSRVLWLRQ�
&RQFOXVLRQV,W� FDQ� EH� FRQFOXGHG�� WKDW� FDUFDVVHV� RI� GHVLUDEOH� OHDQ� PHDW� FRQWHQW� PD\� EH�SURGXFHG�SURYLGHG�WKH�SLJV�RI�YDULRXV�EUHHGV�KDYH�PRVW�HIILFLHQW�XVH�
5HIHUHQFHV���'H�9ULHV�$�*���.DQLV�(�� 6HOHFWLRQ� IRU� HIILFLHQF\� RI� OHDQ� WLVVXH� GHSRVLWLRQ� LQ�SLJV����3ULQFLSOHV�RI�SLJ�VFLHQFH��1RWWLQJKDP�8QL��3UHVV��������3�����������'HPR�3���3ROWDUVN\�-���)XHORHS�/��HW�DO��,QVWUXPHQWDO�SUHGLFWLRQ�RI�VRPH�FDUFDVV�SDUDPHWHUV�RI�SLJV�DW�D�SURJHQ\�WHVWLQJ�VWDWLRQ����=LYRFLVQD�9\URED��������9RO���������3�������������.OLPDV�5���.OLPLHQ¡ $��3KHQRW\SLF�HYDOXDWLRQ�RI�WKH�OHDQQHV�RI�EUHHGLQJ�SLJV�LQ� /LWKXDQLD� ��� $JUDDUWHDGXV� �-RXUQDO� RI� $JULFXOWXUDO� 6FLHQFH��� 7DUWX�� ������1U�����3������������� .OLPLHQ¡ $��� .OLPDV� 5�� 0HWKRGV� RI� VHOHFWLRQ� IRU� FDUFDVV� TXDOLW\� RI� SLJV� LQ�/LWKXDQLD����3URFHHGLQJV�RI�WKH��WK %DOWLF�DQLPDO�EUHHGLQJ�FRQIHUHQFH��-HOJDYD��������3�������������.ROVWDG�.��)DW�GHSRVLWLRQ�DQG�GLVWULEXWLRQ�LQ�WKUHH�JHQHWLF�OLQHV�RI�SLJV�IURP����WR�����NJ�OLYHZHLJKW����4XDOLW\�RI�PHDW�DQG�IDW�LQ�SLJV�DV DIIHFWHG�E\�JHQHWLFV�DQG�QXWULWLRQ��:DJHQLQJHQ��������3������������� 0LFKDOVND� *��� 1RZDFKRZLF]� -��� .DSHODQVNL� :��� 5DN� %�� ,QWHUUHODWLRQVKLSV�EHWZHHQ� SHUIRUPDQFH� WHVW� FKDUDFWHULVWLFV� LQ� 3ROLVK� /DUJH� :KLWH� DQG� 3ROLVK�/DQGUDFH� ERDUV� ��� %RRN� RI� $EVWUDFWV� RI� WKH� ��WK� DQQXDO� PHHWLQJ� RI� WKH�(XURSHDQ�$VVRFLDWLRQ�IRU�$QLPDO�3URGXFWLRQ��:DJHQLQJHQ��������3���������3,*/2*�����XVHUV¶JXLGH��6RERUJ��'HQPDUN��6).�7HFKQRORJ\�����������S����6RPHODU�(���7lQDYRWV�$���6DYHOL�2��HW�DO��3UHGLFWLRQ�RI�PHDW� WUDLWV�RI�GLIIHUHQW�SLJ� EUHHG� FRPELQDWLRQV� LQ� (VWRQLD� ��� 3URFHHGLQJV� RI� WKH� �WK %DOWLF� DQLPDO�EUHHGLQJ�FRQIHUHQFH��-HOJDYD��������3�������������6WRMLF�3���%UNLF�1���*DMLF�=���3XVLF�0��7KH� UHODWLRQVKLSV�EHWZHHQ� WKH�EDFNIDW�DQG�0/'�WKLFNQHVV�PHDVXUHG�RQ�WKH�OLYH�DQLPDOV�DQG�WRWDO�GLVVHFWLRQ����%RRN�RI� $EVWUDFWV� RI� WKH� ��WK� DQQXDO� PHHWLQJ� RI� WKH� (XURSHDQ� $VVRFLDWLRQ� IRU�$QLPDO�3URGXFWLRQ��:DJHQLQJHQ��������3����������9HJH�$���%HU]LQD�=���3DXUD�/���-DQVRQH�0��/HDQ�PHDW�\LHOG�IURP�SLJV�FDUFDVV�PHDVXUHPHQWV� LQGLFHV� ��� 3URFHHGLQJV� RI� WKH� �WK %DOWLF� DQLPDO� EUHHGLQJ�FRQIHUHQFH��-HOJDYD��������3����������



���

/($11(6�2)�/,7+8$1,$1�:+,7(�3,*6�%(/21*,1*�72�',))(5(17�/,1(6�$1'�)$0,/,(6,��3RYLODXVNDV
��'��5LELNDXVNLHQ¡��9��'åLDXJ\V��/LWKXDQLDQ�,QVWLWXWH�RI�$QLPDO�6FLHQFH��5��äHEHQNRV�����/7������%DLVRJDOD��5DGYLOLãNLR�U���/LWKXDQLD
,QWURGXFWLRQ7KH�/LWKXDQLDQ�:KLWH�SLJ�EUHHG�DV�D�EUHHG�RI�PHDW�EDFRQ�W\SH�ZDV�UHFRJQL]HG�LQ������>���������@��$W�WKDW�WLPH��WKH�/LWKXDQLDQ�:KLWH�EUHHG�FRQVLVWHG�RI���PDLQ�JHQHDORJLFDO� OLQHV� RI� ERDUV� DQG����PRUH�ZLGHO\� VSUHDG�JHQHDORJLFDO� IDPLOLHV� RI�VRZV� >��� ���@�� $W� SUHVHQW�� /LWKXDQLDQ� :KLWH� SLJV� DUH� GLYLGHG� LQWR� �� W\SHV��SXUHEUHG��EDFRQ�W\SH�/LWKXDQLDQ�:KLWH �/%�%���DQG�PHDW�W\SH�/LWKXDQLDQ�:KLWH��/%�0����%\�-DQXDU\����������/LWKXDQLDQ�:KLWHV�FRQVLVWHG�RI���ERDU�OLQHV�DQG����VRZ�IDPLOLHV��/%�%��W\SH�SLJV�RI����ERDU�OLQHV�DQG����VRZ�IDPLOLHV�DQG�/%�0��W\SH�SLJV�RI���ERDU� OLQHV�DQG���VRZ�IDPLOLHV� >���@��)URP�WKH�EHJLQQLQJ�RI�������SKHQRW\SLF�HYDOXDWLRQ�RI�OHDQQHVV�RI�EUHHGLQJ�SLJV�LV�FDUULHG�RXW�E\�XOWUDVRQLF�LQ�YLYR PHDVXUHPHQWV�ZLWK�WKH�DSDUDWXV�3LJORJ���� >����@�DQG�LQ������GHWHUPLQDWLRQ�RI�PHDW�SHUFHQWDJH�ZDV�VWDUWHG�RQ�IDWWHQLQJ�SLJV�DW�IDWWHQLQJ�SHUIRUPDQFH�FRQWURO�VWDWLRQV�
0DWHULDOV�DQG�0HWKRGV,Q�������DW�WKH�IDWWHQLQJ�SHUIRUPDQFH�FRQWURO�VWDWLRQ�PHDVXUHPHQWV�ZHUH�WDNHQ�RQ�IDWWHQLQJ�SLJV�DW��������NJ�ZHLJKW�>�����@�GXULQJ�WKH�ODVW�ZHLJKLQJ�EHIRUH�WKH�GHOLYHU\� WR� WKH� VODXJKWHUKRXVH�� 7KH� OHDQQHVV� GDWD� RI� ��� SXUHEUHG� /LWKXDQLDQ�:KLWH� �/:��� ���� EDFRQ�W\SH� /LWKXDQLDQ� :KLWH� �/%�%��� DQG� ��� PHDW�W\SH�/LWKXDQLDQ� :KLWH� �/%�0��� SLJV� EHORQJLQJ� WR� GLIIHUHQW� JHQHDORJLFDO� OLQHV� DQG�IDPLOLHV� KDYH� EHHQ� DQDO\VHG�� 7KH� EDFNIDW� WKLFNQHVV� ZDV� PHDVXUHG� XVLQJ� WKH�XOWUDVRQLF�DSSDUDWXV�3LJORJ���� DW� WZR�SRLQWV�� ILUVW��EHKLQG�WKH�ODVW�ULE�DQG���FP�VLGHZD\V� IURP� WKH�PLGGOH� GRUVDO� OLQH� �)$7���� DQG�� VHFRQG�� ��� FP� WRZDUGV� WKH�KHDG� IURP� WKH� ODVW� ULE�DQG��� FP� VLGHZD\V� IURP� WKH�PLGGOH�GRUVDO� OLQH� �)$7�����7KH�WKLFNQHVV��PP��RI� WKH�PXVFXOXV�ORQJLVVLPXV�GRUVL ZDV�PHDVXUHG�DW� WKH� ILUVW�SRLQW�>�@�
5HVXOWV�DQG�'LVFXVVLRQ7KH� DYHUDJH� PHDW� SHUFHQWDJH� RI� SXUHEUHG� /LWKXDQLDQ� :KLWH� SLJ� SURJHQ\�EHORQJLQJ�WR�GLIIHUHQW�OLQHV�DQG�IDPLOLHV�ZDV��������)LJXUH�����:LWKLQ�WKH�EUHHG�WKH� SURJHQ\� RI� ,PSHUDWRULXV� OLQH� ������ DQG� 5R]HWD� IDPLO\� �������� KDG� WKH�KLJKHVW�PHDW�SHUFHQWDJH��ZKLOH� WKH�SLJV�RI�.DUDOLXV� OLQH� ��������3����������DQG�%DOWXW¡ IDPLO\���������ZHUH�QRWHG�IRU�WKH�ORZHVW�PHDW�SHUFHQWDJH�7KH� DYHUDJH�PHDW� SHUFHQWDJH� RI�/%�%�� W\SH� SURJHQ\� EHORQJLQJ� WR� GLIIHUHQW�OLQHV� DQG� IDPLOLHV� �)LJXUH� ��� ZDV� �������:LWKLQ� WKLV� W\SH�� WKH� KLJKHVW� DQG� WKH�



���

ORZHVW� PHDW� SHUFHQWDJH� KDG� WKH� SURJHQ\� EHORQJLQJ�� UHVSHFWLYHO\�� WR� 1HUDV� OLQH��������� 3� �� ������ DQG� ,OJDQRV¡ IDPLO\� �������� 3� �� �������� DQG� *UHQDV� OLQH���������3���������DQG�/LQD�IDPLO\���������3���������

��
��
��
��
��
��
��
��

,PSHU
DWRULX

V
�Q ��

���������
$XãUD

��Q ��
-DXULV

��Q ��
��

%DOWXW
¡��Q �

��
.DUDOL

XV��Q 
��

'RELO
¡��Q �

��
0DUãD

ODV��Q 
��

.UHJå
G¡��Q 

��

/LHSD
��Q �� /LÌW¡�
�Q ��

5R]HW
D��Q �

�

5ÌWD��
Q ���

/HDQ�
PHDW�

��

/LQH� )DPLO\�

)LJXUH� ���0HDW� SHUFHQWDJH� RI� SXUHEUHG� /LWKXDQLDQ�:KLWH� SURJHQ\� EHORQJLQJ� WR�GLIIHUHQW�OLQHV�DQG�IDPLOLHV

����
����
����
����
����

*QLVD
V��Q �

���
*DLU¡�

�Q ��
�

*UHQD
V��Q �

��
,OJDQR

V¡��Q 
��

-DPSR
��Q ��

�/HOLMD
�Q ��

�
-ROD��Q

 ������
��/LQD

�Q ��
�

.UROH
��Q ��

��/LÌW¡
�Q ��

�
1DVDV

��Q ��
�

0HORG
LMD��Q 

��
1HUDV

��Q ��
��5ÌWD

�Q ��
�

6DYDV
��Q ��

6DNP
¡��Q �

�
6SXUJ

DV��Q 
���

7UXP
SDVQX

N¡
�Q ��

�
äHP¡

��Q ��
�

/HDQ�
PHDW�

��

/LQH� )DPLO\�

)LJXUH� ��� 0HDW� SHUFHQWDJH� RI� EDFRQ� W\SH� /LWKXDQLDQ� :KLWH� �/%�%��� SURJHQ\�EHORQJLQJ�WR�GLIIHUHQW�OLQHV�DQG�IDPLOLHV



���

����
����
����
����

'RELO
DV��Q 

��������
*DLU¡�

�Q ��
�

-XUJLQ
DV��Q 

�������
.DQ¡�

�Q �� /DSDV
��Q ��

�
6PLOJ

D��Q �
��

3HUODV
��Q ��

�
7UXP

SDVQX
N¡

�Q ��
�

7LJUDV
��Q ��

/HDQ�
PHDW�

�
/LQH� )DPLO\�

)LJXUH� ��� 0HDW� SHUFHQWDJH� RI PHDW� W\SH� /LWKXDQLDQ� :KLWH� �/%�0��� SURJHQ\�EHORQJLQJ�WR�GLIIHUHQW�OLQHV�DQG�IDPLOLHV
7KH�DYHUDJH�PHDW�SHUFHQWDJH�RI�/%�0�� W\SH�SURJHQ\�EHORQJLQJ� WR�GLIIHUHQW�OLQHV� DQG� IDPLOLHV� �)LJXUH� ���ZDV� �����:LWKLQ� WKLV� W\SH�� WKH� SLJV� RI�/DSDV� OLQH��������� DQG�.DQ¡ IDPLO\� �������� KDG� WKH� KLJKHVW�� ZKLOH� WKRVH� RI�'RELODV� OLQH���������DQG�7UXPSDVQXN¡ IDPLO\���������WKH�ORZHVW�PHDW�SHUFHQWDJH�7KH� FRPSDUDWLYH� DQDO\VLV� RI� WKH� OHDQ� PHDW� FRQWHQW� RI� SXUHEUHG� /LWKXDQLDQ�:KLWH��/%�%��DQG�/%�0��W\SH�SURJHQ\�LQGLFDWHG�WKDW�WKH�SLJV�RI�WKH�/%�0��W\SH�KDG�WKH�KLJKHVW�PHDW�SHUFHQWDJH��������ZKLOH�WKH�PHDW�SHUFHQWDJH�RI�/LWKXDQLDQ�:KLWH� SXUHEUHGV� DQG� SLJV� RI� WKH� /%�%�� W\SH� ZDV�� UHVSHFWLYHO\�� E\� ����� �3� ��������DQG�������3���������ORZHU��

&RQFOXVLRQV7KH� OHDQQHV� RI� /LWKXDQLDQ� :KLWH� SLJV� EHORQJLQJ� WR� GLIIHUHQW� W\SHV� ZDV�GLIIHUHQW��7KH�SLJV�RI�WKH�/%�0��W\SH�KDG�WKH�KLJKHVW�PHDW�SHUFHQWDJH�������DQG�WKRVH�SXUHEUHG�DQG�RI�WKH�/%�%��W\SH�KDG UHVSHFWLYHO\�E\������3���������DQG�������3���������ORZHU�OHDQ�PHDW�FRQWHQW�:LWKLQ�WKH�SXUHEUHG�/LWKXDQLDQ�:KLWH�W\SH��WKH�SLJV�RI�,PSHUDWRULXV�OLQH�DQG�5R]HWD� IDPLO\� KDG� WKH� KLJKHVW� PHDW� SHUFHQWDJH�� UHVSHFWLYHO\�� ��� DQG� �������:LWKLQ�WKH�/%�%��W\SH��WKH�KLJKHVW�PHDW�SHUFHQWDJH�ZDV�WKDW�RI�SLJV�EHORQJLQJ�WR�1HUDV�OLQH���������3���������DQG�,OJDQRV¡ IDPLO\���������3�����������DQG�ZLWKLQ�WKH�/%�0��W\SH��WKH�SURJHQ\�RI�/DSDV�OLQH�DQG�.DQ¡ IDPLO\�KDG�WKH�KLJKHVW�OHDQ�PHDW�SHUFHQWDJH��UHVSHFWLYHO\��������DQG�������



���

5HIHUHQFHV�� 'åLDXJ\V�9��/LHWXYRV�EDOWÐMÐ NLDXOLÐ JHQHDORJLQLÐ OLQLMÐ LU�ãHLPÐHNVWHUMHULQ¡V��SURGXNW\YLQ¡V��SHQ¡MLPRVL�EHL�P¡VLQJXPR�\SDW\E¡V�LU�WROHVQLR�WREXOLQLPR�SULHPRQ¡V��'LVHUWDFLMD��%DLVRJDOD����������� S��� .OLPDV�5���'åLDXJ\V�9��)HQRWLSLQLV�NLDXOLÐ P¡VLQJXPR�³YHUWLQLPDV����*\YXOLQLQN\VW¡��0RNVOR�GDUEDL��9�������� 7������3���������� .OLPDV�5��/LHWXYRV�EDOWÐMÐ NLDXOLÐ YHLVO¡V�VWUXNWÌUD����*\YXOLQLQN\VW¡��0RNVOR�GDUEDL��9���������7������3���������� .OLPDV� 5�� $WVNLURPV� ãHLPRPV� SULNODXVDQþLÐ /LHWXYRV� EDOWÐMÐ YHLVO¡V�SDUãDYHGåLÐ LãVLY\VW\PDV�LU�UHSURGXNFLQ¡V�VDY\E¡V����*\YXOLQLQN\VW¡��0RNVOR�GDUEDL��9���������7������3���������� .OLPDV� 5��� .OLPLHQ¡ $�� $WVNLUÐ /LHWXYRV� EDOWÐMÐ YHLVO¡V� NLDXOLÐ WLSÐJHQHDORJLQ¡ VWUXNWÌUD� ��� ��RML� %DOWLMRV� ãDOLÐ J\YXOLÐ JHQHWLNÐ LU� VHOHNFLQLQNÐNRQIHUHQFLMD��*\YXOLQLQN\VW¡��0RNVOR�GDUEDL��%DLVRJDOD��������7������3������������ .OLPLHQ¡ $��� .OLPDV� 5�� 3KHQRW\SLF� HYDOXDWLRQ� RI� SLJ� OHDQQHVV� ��� %RRN� RI�$EVWUDFWV�RI� WKH���WK DQQXDO�PHHWLQJ�RI� WKH�(XURSHDQ�DVVRFLDWLRQ� IRU�$QLPDO�SURGXFWLRQ��:DJHQLQJHQ��������3�������� 0DNRYHFNDV�5��/LHWXYRV�EDOWRVLRV�NLDXO¡V��9�������������S��� 3LJORJ������8VHUV¶�JXLGH��6).�� 6¡ERUJ��'HQPDUN��6).�� 7HFKQRORJ\�����������S��� âYHLVW\V�-���5D]PDLW¡ 9��/LHWXYRV�EDOWÐMÐ LU�/LHWXYRV�YLHWLQLÐ NLDXOLÐ DWUDQNRV�SULQFLSDL���*\YXOLQLQN\VW¡��0RNVOR�GDUEDL��9���������7������3����������� 9HLVOLQLÐ NLDXOLÐ YHUWLQLPR�WDLV\NO¡V��9LOQLXV��äË0�����������S�



���

&255(/$7,21�%(7:((1�3(5)250$1&(�2)�385(%5('�$1'�&5266%5('�352*(1<�2) ,'(17,$/�/,7+8$1,$1$%25,*,1$/�62:69��5D]PDLW¡��/LWKXDQLDQ�,QVWLWXWH�RI�$QLPDO�6FLHQFH��5��äHEHQNRV�����/7������%DLVRJDOD��5DGYLOLãNLR�U���/LWKXDQLD,QWURGXFWLRQ/LWKXDQLDQ� DERULJLQDO� SLJV� ZLWK� D� SDLU� RI� ZDWWOH� KDQJLQJ� IURP� WKH� QHFN� DUH�FKDUDFWHUL]HG�E\�PHGLXP�ERG\�OHQJWK��VWURQJ�FRQVWLWXWLRQ��TXLHW�WHPSHU�DQG�KLJK�SUROLILFDF\�� EXW� DW� WKH� VDPH� WLPH�E\� IDW� FDUFDVVHV�� SRRU� IHHG� HIILFLHQF\� DQG� ORZ�JURZWK� UDWHV�� %UHHGLQJ� RI� VPDOO� SRSXODWLRQ� RI� DERULJLQDO� SLJV� WDNHV� SODFH� DV� D�PDLQWDLQLQJ�VHOHFWLRQ�RI�SXUHEUHGV�DQG�FRQVHUYDWLRQ��EXW� WKH�FRQVHUYDWLRQ�RI� WKH�EUHHG� VKRXOG�EH�FRQQHFWHG�ZLWK� WKH� LQFOXVLRQ�RI� WKH�EUHHG� LQWR� WKH�SLJ�EUHHGLQJ�V\VWHP�� +RZHYHU�� VODXJKWHU� SLJV� LQ� FRPPHUFLDO� SLJ� EUHHGLQJ� DUH� SURGXFHG� E\�FURVVEUHHGLQJ��$�SRVVLEOH�ZD\�WR�LQFUHDVH�SURGXFWLRQ�RI�DERULJLQDO�SLJV�LV�WR�WDNH�DGYDQWDJH� RI� WKH� RXWVWDQGLQJ� JURZWK� DQG� OHDQQHVV� DELOLW\� RI� VRPH� IRUHLJQ� OHDQ�EUHHGV��6WXGLHV�VKRXOG�EH�FDUULHG�RXW�WR�GHWHUPLQH�WKH�HIILFLHQF\�RI�DERULJLQDO�SLJV�DV�D�PDWHUQDO�EUHHG� LQ�GLIIHUHQW�FURVVLQJ�YDULDQWV�� ,Q�PRVW�EUHHGLQJ�SURJUDPPHV�VHOHFWLRQ� WDNHV�SODFH�RQO\�DW� WKH�QXFOHXV� OHYHO��EDVHG�RQ�SXUHEUHG�SHUIRUPDQFHV��7KH�LQIOXHQFH�RI�WKH�VHOHFWLRQ�DW�WKH�QXFOHXV�OHYHO�RQ�WKH�UDWH�RI�JHQHWLF�FKDQJH�DW�WKH� SURGXFWLRQ� OHYHO� LV� KLJKO\� GHSHQGHQW� RQ� WKH� JHQHWLF� FRUUHODWLRQ� EHWZHHQ�SXUHEUHG�DQG�FURVVEUHG�SHUIRUPDQFH�IRU� WKH�VDPH�WUDLW��7R�XVH�WKLV�PRGHO��D� IXOO�SHGLJUHH� IURP�DOO� SXUHEUHGV� DQG� DOO� FURVVEUHHGV� EDFN� WR� WKH� FRPPRQ�SDUHQWV� RU�JUDQG�SDUHQWV� LV� UHTXLUHG��0RVW�RI� WKH�DYDLODEOH�FURVVEUHG�GDWD�FDQQRW� IXOILO� WKLV�UHTXLUHPHQW�� 7KHUHIRUH�� WKH� SXUSRVH� RI� WKH� SUHVHQW� VWXG\� ZDV� WR� GHWHUPLQH� WKH�FRUUHODWLRQ�EHWZHHQ� WKH� WUDLWV�RI�SXUHEUHG�DQG�FURVVEUHG�SURJHQ\� IURP� WKH� VDPH�/LWKXDQLDQ�DERULJLQDO�VRZV�
0DWHULDOV�DQG�0HWKRGV7KH� VWXG\�ZDV�FRQGXFWHG�DW� WKH�/LWKXDQLDQ� ,QVWLWXWH�RI�$QLPDO�6FLHQFH��7KH�VWDWLRQ�WHVW�GDWD�FRQWDLQHG�LQGLYLGXDO�SHUIRUPDQFH�UHFRUGV�IRU�JURZWK�DQG�FDUFDVV�WUDLWV�RQ����SLJV� IURP���� OLWWHUV� SURGXFHG�IURP�WKH�VDPH�DERULJLQDO�VRZV�PDWHG�ZLWK�DERULJLQDO�ERDUV�DQG�6ZHGLVK�<RUNVKLUH�DQG�'XURF�ERDUV�7KH�LQYHVWLJDWLRQ�GDWD�ZHUH�SURFHVVHG�ELRPHWULFDOO\��DQG�WKH�FRUUHODWLRQV�ZHUH�FRPSXWHG�E\�*�:��6QHGHFRU�
5HVXOWV�DQG�'LVFXVVLRQ0DWLQJ� /LWKXDQLDQ� DERULJLQDO� SLJV� ZLWK� DERULJLQDO� ERDUV� LQ� RQH� SDULW\� DQG�FURVVLQJ�WKHP�ZLWK�6ZHGLVK�<RUNVKLUH�ERDUV�LV�LQ�WKH�QH[W�SDULW\�UHVXOWHG�D�KLJKHU�JURZWK� UDWH� DQG� FDUFDVV� TXDOLW\� RI� FURVVEUHG� SURJHQ\� LQ� FRPSDULVRQ� ZLWK� WKHLU�SXUHEUHG� /LWKXDQLDQ� DERULJLQDO� KDOI�VLEV�� 7KH� DYHUDJH� GDLO\� JDLQ� RI� FURVVEUHGV�ZDV�E\������J��3�!��������KLJKHU�WKDQ�WKDW�RI�SXUHEUHGV�DQG�IHHG�FRQVXPSWLRQ�SHU�



���

NJ�JDLQ�ZDV�E\������)8��3����������ORZHU��7KH�EDFNIDW� WKLFNQHVV�DW�����ULE�DQG�EHKLQG�WKH�ODVW�ULE�RI�FURVVEUHG�SLJV�ZHUH��UHVSHFWLYHO\� E\�������3����������DQG����� PP� �3� �� ������� ORZHU�� DQG� WKH� ORLQ� OHDQ� DUHD� DQG� KDP� ZHLJKW� ZHUH��UHVSHFWLYHO\��E\�����FP� �3�!��������DQG�����NJ��3����������KLJKHU�WKDQ�WKRVH�RI�SXUHEUHG� KDOI� VLEV�� %RWK� SXUHEUHG� SURJHQ\� DQG� /LWKXDQLDQ� DERULJLQDO� ZLWK�6ZHGLVK <RUNVKLUH� FURVVEUHGV� ZHUH� QRWHG� IRU� FRPSDUDWLYHO\� KLJK� YDULDELOLW\� RI�JURZWK�DQG�FDUFDVV�WUDLWV��+RZHYHU��FURVVLQJ�VOLJKWO\�LQFUHDVHG�YDULDELOLW\�RI�PRVW�WUDLWV��7KH� ODUJHVW� YDULDELOLW\� LQ� ERWK� SXUHEUHG� DQG� FURVVEUHG�JURXSV�ZDV� IRU� WKH�EDFNIDW�WKLFNQHVV�7KH�FRUUHODWLRQ�EHWZHHQ�JURZWK�DQG�FDUFDVV�WUDLWV�LV�RI�JUHDW�LPSRUWDQFH�LQ�SLJ�VHOHFWLRQ�� +RZHYHU�� FURVVLQJ� RI� VXFK� JHQHWLFDOO\� GLVWDQW� EUHHGV� RI� GLIIHUHQW�VHOHFWLRQ� DV� WKH� /LWKXDQLDQ� DERULJLQDO� DQG� 6ZHGLVK� <RUNVKLUH� RU� 'XURF� PD\�SURGXFH�FURVVEUHGV��ZKRVH IDUPLQJ�WUDLWV�PD\�KDYH�GLIIHUHQW�FRUUHODWLRQ��EHFDXVH�FRUUHODWLRQV�RI�WUDLWV�HYHQ�IRU�WKH�VLQJOH�EUHHG�� /LWKXDQLDQ�:KLWH�± ZHUH�GLIIHUHQW�LQ�LQGLYLGXDO�KHUGV��-��âYHLVW\V�HW�DO���������7KH�FRUUHODWLRQ�EHWZHHQ�GDLO\�JDLQ�DQG�IHHG�FRQYHUVLRQ�ZDV�QHJDWLYH DQG�WKDW�EHWZHHQ�IHHG�FRQYHUVLRQ�DQG�EDFN�WKLFNQHVV�ZDV�SRVLWLYH�IRU�SXUHEUHG�DERULJLQDO�SLJV� DQG� WKHLU� FURVVEUHG� KDOI� VLEV� �7DEOH� ���� 7KH� FRUUHODWLRQ� EHWZHHQ� FDUFDVV�OHQJWK�DQG�EDFNIDW� WKLFNQHVV�ZDV�QHJDWLYH� IRU�ERWK�SXUHEUHG�DQG�FURVVEUHG�SLJV��7KH�FRUUHODWLRQ�EHWZHHQ�GDLO\�JDLQ�DQG�FDUFDVV�OHQJWK�DQG�EDFNIDW�WKLFNQHVV��DQG�WKDW� EHWZHHQ� IHHG� FRQYHUVLRQ� DQG� FDUFDVV� OHQJWK� DV� ZHOO� DV� WKH� FRUUHODWLRQ�EHWZHHQ�EDFNIDW�WKLFNQHVV�DQG�ORLQ�OHDQ�DUHD�ZHUH�FRQWUDGLFWRU\�
7DEOH����&RUUHODWLRQ�EHWZHHQ�SHUIRUPDQFH�RI�SXUHEUHG�DQG�FURVVEUHG�SURJHQ\�RI�/LWKXDQLDQ�DERULJLQDO�VRZV %DFNIDW�WKLFNQHVV*URXS )HHG�FRQYHUVLRQ &DUFDVV�OHQJWK DW�����WLE EHKLQG�ODVW�ULE
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&URVVLQJ�DQRWKHU�JURXS�RI�/LWKXDQLDQ�DERULJLQDO�VRZV�ZLWK�6ZHGLVK�<RUNVKLUH�ERDUV�LQ�RQH�SDULW\�DQG�WKH�VDPH�VRZV�ZLWK�'XURF�ERDUV�LQ�WKH�QH[W�SDULW\�VKRZHG�WKDW�'XURF�ERDUV�ZHUH�PRUH�HIILFLHQW�LQ�ZHLJKW�JDLQV�WKDQ�<RUNVKLUH�ERDUV��7KHUH�ZHUH�QR�VLJQLILFDQW�GLIIHUHQFHV�DPRQJ�WKH�SURJHQ\�RI�<RUNVKLUH�DQG�'XURF�ERDUV�IRU�PRVW�DVSHFWV�RI�FDUFDVV�TXDOLW\��9DULDELOLW\�RI�JURZWK�UDWH�IRU� WKH�SURJHQ\�RI�'XURF�ERDUV�ZDV� KLJKHU��EXW� YDULDELOLW\�RI� FDUFDVV� WUDLWV�ZDV� ORZHU� WKDQ� WKDW� IRU�WKH�SURJHQ\�RI�6ZHGLVK�<RUNVKLUH�ERDUV��7KH�FRUUHODWLRQ�EHWZHHQ�GDLO\�JDLQ�DQG�IHHG�FRQYHUVLRQ�ZDV�QHJDWLYH�DV�ZHOO�DV� WKDW�EHWZHHQ�FDUFDVV� OHQJWK�DQG�EDFNIDW�WKLFNQHVV��7DEOH����
7DEOH����&RUUHODWLRQ�EHWZHHQ�SHUIRUPDQFH�RI�GLIIHUHQW�FURVVEUHGV%DFNIDW�WKLFNQHVV*URXS )HHG�FRQYHUVLRQ &DUFDVV�OHQJWK DW�����ULE ��� /RLQ�OHDQ�DUHDSXUHEUHG ������ ����� ������ ������ �����'DLO\�JDLQ FURVVEUHG ������ ������ �����




 ����� ������SXUHEUHG ����� ������ ������ �����)HHG�FRQYHUVLRQ FURVVEUHG ������ ������ ����� ������SXUHEUHG ������ ������ ������&DUFDVV�OHQJWK FURVVEUHG ������

 ������ �����%DFNIDW�WKLVNQHVV�SXUHEUHG �����



 ������DW�����ULE FURVVEUHG �����



 ������SXUHEUHG �����EHKLQG�ODVW�ULE FURVVEUHG �����

7KH� FRUUHODWLRQ� EHWZHHQ� GDLO\� JDLQ� DQG� FDUFDVV� OHQJWK�� EHWZHHQ� EDFNIDW�WKLFNQHVV�DQG�ORLQ�OHDQ�DUHD��DQG�EHWZHHQ�IHHG�FRQYHUVLRQ�DQG�FDUFDVV�OHQJWK�DOVR�ORLQ�OHDQ�DUHD�ZHUH�FRQWUDGLFWRU\��7KH�FRUUHODWLRQ�EHWZHHQ�EDFNIDW�WKLFNQHVV�DW����� ULE� DQG� ORLQ� OHDQ� DUHD� ZDV� QHJDWLYH�� DQG� WKH� FRUUHODWLRQ� EHWZHHQ� EDFNIDW�WKLFNQHVV� EHKLQG� WKH� ODVW� ULE� DQG� ORLQ� OHDQ� DUHD� ZDV� SRVLWLYH�� +RZHYHU�� WKH�FRUUHODWLRQ�FRHIILFLHQWV�ZHUH�YHU\�ORZ�,W�FDQ�EH�VHHQ�IURP�7DEOH���WKDW�FRUUHODWLRQV�EHWZHHQ�SXUHEUHG�DQG�FURVVEUHG�SHUIRUPDQFHV�IRU�WKH�VDPH�WUDLWV�ZHUH�SRVLWLYH�RQO\�IRU�EDFNIDW�WKLFNQHVV�DQG�KDP�ZHLJKW�� 7KH� FRUUHODWLRQV� EHWZHHQ� FURVVEUHG� SHUIRUPDQFH LQ� GLIIHUHQW� FURVVLQJ�YDULDQWV�ZHUH�FRQWUDGLFWRU\�
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7DEOH����&RUUHODWLRQ�EHWZHHQ�SXUHEUHG�DQG�FURVVEUHG�SHUIRUPDQFHV� IRU� WKH�VDPH�WUDLW %UHHGV7UDLWV /LWKXDQLDQ�DERULJLQDO���/LWKXDQLDQ�DERULJLQDO�±6ZHGLVK�<RUNVKLUH
/LWKXDQLDQ�DERULJLQDO���/LWKXDQLDQ�DERULJLQDO�±'XURF'DLO\�JDLQ ������ ������)HHG�FRQYHUVLRQ ������ ������&DUFDVV�OHQJWK ������ �����%DFNIDW�DW�����ULE ����� �������%DFNIDW�EHKLQG�ODVW�ULE ����� ������/RLQ�OHDQ�DUHD ������ �����+DP�ZHLJKW ����� �����

$V� WKLV� GDWD� VHW� LV� OLPLWHG� LQ� VL]H�� QR� JHQHWLF� DQDO\VLV� FRXOG� EH� PDGH��7KHUHIRUH��RQO\�SKHQRW\SLF�FRUUHODWLRQV�ZHUH�SUHVHQWHG� LQ� WKLV�VWXG\��DQG�UHVXOWV�VKRXOG�EH�LQWHUSUHWHG�ZLWK�FDXWLRQ�
5HIHUHQFHV�� $QGHHUVHQ� 6��� 3HGHUVHQ�%�� DQG�9HUQHUVHQ�$�� ,PSDFW� RI� QXFOHXV� VHOHFWLRQ� DW�SURGXFWLRQ� OHYHO�� 3URF�� 2I� WKH� �WK :RUOG� FRQJUHVV� RQ� JHQHWLFV� DSSOLHG� WR�OLYHVWRFN�SURGXFWLRQ��������9RO������3������������ %UDQGW� +�� DQG� 7DXEHUW� +�� 3DUDPHWHU� HVWLPDWHV� IRU� SXUHEUHG� DQG� FURVVEUHG�SHUIRUPDQFHV�LQ�SLJV��-��$QLPDO�%UHHG��*HQHW��������9RO�������3����������� 6QHGHFRU�*�:��DQG�&RFKUDQ�:�*��6WDWLVWLFDO�0HWKRGV��$PHV������������S��� âYHLVW\V� -��� 9DUNDOLHQ¡ ,�� 6HOHNFLMRV� LQGHNVDV� /LHWXYRV� EDOWÐMÐ NLDXOLÐSHQ¡MLPRVL� LU�P¡VLQ¡PV� VDY\E¡PV� ³YHUWLQWL��/*07,�PRNVOR�GDUEDL��������7��;9,��3��������
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(67,0$7,21�2)�*(1(7,&�3$5$0(7(56�)25�/,7+8$1,$1�:+,7(�3,*6�%<�7+(�86,1*�',))(5(17�02'(/6-��5HPHLNLHQH
��9��-XR]DLWLHQH��/LWKXDQLDQ�9HWHULQDU\�$FDGHP\��7LO]HV�����.DXQDV��/LWKXDQLD
6XPPDU\*HQHWLF�SDUDPHWHUV�ZHUH�HVWLPDWHG�E\�3(67�DQG�9&(�IURP�SHUIRUPDQFH�WHVW�GDWD� RI� WKH /LWKXDQLDQ�:KLWH� SLJV�� (VWLPDWLRQ� ZDV� GRQH� RQ� WZR� VWDJHV�� $W� ILUV�VRPH� UDWLR� WUDLWV� ZHUH� LQFOXGHG�� 3URGXFWLRQ� WUDLWV� IURP� WKH� ILHOG� WHVW� �XOWUDVRQLF�EDFNIDW�WKLFNQHVV�± %)86��XOWUDVRQLF�PXVFOH�GHSWK��������UHFRUGV��DQG�IURP�WKH�VWDWLRQ�WHVW��IHHG�FRQYHUVLRQ�UDWLR�± )&5��EDFNIDW�WKLFNQHVV�± %)67��DYHUDJH�GDLO\�JDLQ�± '*$,1�������UHFRUGV��ZHUH�DQDO\VHG�MRLQWO\�UHVXOWLQJ�LQ�D���WUDLW�PRGHO��/DWHU�RQO\�RULJLQDO�SURGXFWLRQ�WUDLWV��VWUDLJKW�DEVROXWH�YDOXHV��ZHUH�LQFOXGHG�IURP�ILHOG� WHVW� �OHDQ�PHDW� SHUFHQWDJH�GHWHUPLQHG�E\�3LJORJ�± /($1�� DJH�E\�GD\V� RQ�WHVW� ± $*(�� DERXW� ������ UHFRUGV�� DQG� IURP� VWDWLRQ� WHVW� �GD\V� RQ� WHVW� ± 'R7��DPRXQW�RI�IHHG�FRQVXPHG�± )(('��ORLQ�H\H�DUHD�± (<(�������UHFRUGV���$OVR�MRLQW�DQDO\VLV� RI� ��WUDLW�PRGHO�ZDV� GRQH� LQ� WKLV� VWDJH�� )HZ� GLIIHUHQW� FRPELQDWLRQV� RI�HIIHFWV�ZHUH�DQDO\VHG�LQ�PRGHOV�DQG�UHVXOWV�ZHUH�FRPSDUHG��7KH�PRVW�VXEVWDQWLDO�KHULWDELOLWLHV� ZHUH� JRW� E\� XVLQJ� RQO\� RULJLQDO� WUDLWV� PRGHOV� ZLWK� UDQGRP�\HDU
VHDVRQ
VWDWLRQ�� \HDU
VHDVRQ
IDUP�� OLWWHU�� IDUP� �RU� ZLWKRXW� IDUP�� DQG� IL[HG�VH[ HIIHFWV��7KH�PRVW�DFFHSWDEOH�JHQHWLF�FRUUHODWLRQV�ZHUH�HVWLPDWHG�DOVR�IRU�WKLV�PRGHO� ZLWKRXW� IDUP� HIIHFW� LQFOXGHG�� *HQHWLF� FRUUHODWLRQV� LQ� VRPH� FDVHV� ZHUH�XQDFFHSWDEOH�RQ�ILUVW�VWDJH�RI�UHVHDUFK�
,QWURGXFWLRQ,Q� WKH� /LWKXDQLD�� SLJ� VHOHFWLRQ� LV� EDVHG� RQ� GDWD� IURP� ILHOG� DQG� VWDWLRQ� WHVWV��0XOWLYDULDWH� JHQHWLF� DQDO\VLV� LV� SHUIRUPHG� IRU� WUDLWV� IURP� WKH� VWDWLRQ� WHVW� RI�FDVWUDWHV�DQG�JLOWV�DQG�ILHOG�WHVW�IRU�JLOWV�DQG�ERDUV��DWWHPSWLQJ�WR�D�MRLQW�DQDO\VLV�RI�ILHOG�DQG�VWDWLRQ�WHVW�GDWD�/LWKXDQLDQ�:KLWH�SLJV��$Q DWWHPSW�LV�PDGH�WR�UHSODFH�UDWLR�WUDLWV�VXFK�DV�GDLO\�JDLQ�DQG�IHHG�FRQYHUVLRQ�UDWLR�E\�VWUDLJKW�DEVROXWH�YDOXHV��ZKLFK�KDYH�PRUH�GHVLUDEOH�VWDWLVWLFDO�SURSHUWLHV�DQG�ZKRVH�HIIHFW�RQ�VHOHFWLRQ�FDQ�EH�JDXJHG�PRUH�GLUHFWO\�
0DWHULDO�DQG�0HWKRGV'DWD�IURP�VWDWLRQ�DQG�ILHOG�WHVW�ZHUH�DYDLODEOH� IRU� WKH�/LWKXDQLDQ�:KLWH�SLJV�IURP�\HDUV������DQG������UHVSHFWLYHO\��7DEOHV�����DQG�����JLYH�DQ�RYHUYLHZ�RI�QXPEHUV�LQYROYHG�DQG�VRPH�EDVLF�VWDWLVWLFV��6WDWLRQ� WHVW� LQ�/LWKXDQLD� KDV� EHHQ� UXQ� DV� D� SURJHQ\� WHVW�� )URP�RQH OLWWHU� ����SLJOHWV��FDVWUDWHV�DQG�IHPDOHV��DUH�VHQW�WR�WKH�WHVW�VWDWLRQ�DW�DURXQG����NJ��7KH�WHVW�LV� IURP� ��NJ� WR� ���NJ�� $QLPDOV� DUH� ZHLJKHG� �� WLPHV�� DW� DUULYLQJ� ����� DW� WKH�
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EHJLQQLQJ� RI� WHVW� ����� EHIRUH� HQG� ���� DQG� DW� WKH� HQG� RI� WHVW� ����� 7KH� GLIIHUHQFH�EHWZHHQ���DQG���ZHLJKLQJ�GDWHV�JLYHV�WKH�QXPEHU�RI�GD\V�RQ�WHVW��'R7���$QLPDOV�DUH� IHG� DG� OLELWXP�� SHQQHG� LQGLYLGXDOO\�� DQG� WKXV� IHHG� LQWDNH� LV� UHFRUGHG�LQGLYLGXDOO\� �)(('��� )HHG� FRQYHUVLRQ� UDWLR� �)&5�� DQG� DYHUDJH� GDLO\� JDLQ��'*$,1��DUH�FRPSXWHG��2Q�VODXJKWHU�DUHD�RI�ORLQ�H\H�LV�PHDVXUHG��(<(���,Q�WKH�ILHOG�� WZR� XOWUDVRQLF� EDFN� IDW�PHDVXUHPHQWV� DQG�PXVFOH� GHSWK�PHDVXUHPHQW� DUH�WDNHQ� IURP� ERDUV� DQG� JLOWV� EHWZHHQ� ��� DQG� ���NJ�� DQG� FRPSXWHG� OHDQ� PHDW�SHUFHQWDJH�LV�UHSRUWHG�E\�3LJORJ��'DWD�IURP�ERWK�ILHOG�DQG�VWDWLRQ�WHVWLQJ�VFKHPHV�VKRXOG� EH� XVHG� WRJHWKHU� WR� SUHGLFW� WKH� JHQHWLF� PHULW� RI� DQLPDOV� WR� EH� VHOHFWHG��7KHUHIRUH�� WKH� JHQHWLF� SDUDPHWHUV� IRU� DOO� WUDLWV� KDYH� WR� EH� HVWLPDWHG�� 3(67� DQG�9&(�VRIWZDUH�ZDV�XVHG�WR�REWDLQ�UHVXOWV��
5HVXOWV�DQG�'LVFXVVLRQ7DEOHV������± �����VKRZLQJ�LQIRUPDWLRQ�DQG�UHVXOWV�IURP�ILUVW�VWDJH�RI�UHVHDUFK�± ZKHQ�VRPH�UDWLR�WUDLWV�ZHUH�XVHG�LQ�WKH�PRGHOV��7KHUH�DUH�WKUHH�PRGHOV��$���$���$���ZLWK�GLIIHUHQW�FRPELQDWLRQV�RI�HIIHFWV��*HQHWLF�FRUUHODWLRQV�DQG�KHULWDELOLWLHV�IRU�HDFK�PRGHO�DUH�JLYHQ�
7DEOH�����*HQHUDO�VWDWLVWLFV�IRU�PRGHOV�ZLWK�UDWLR�WUDLWV7UDLWV 1R��RI�UHF� PLQ PD[ DYJ VWGHY)&5 ���� ������� ������� ������� �������%)67 ���� ������� �������� �������� ������'*$,1 ���� ��������� ���������� ��������� ���������%)86 ����� ������� �������� �������� �������086&/( ����� �������� �������� �������� �������:HLJKWBUH ����� �������� ��������� �������� �������
7DEOH������0RGHO�$��LQIRUPDWLRQ)DFWRU 7\SH /HYHOV )&5 %)67 '*$,1 %)86 086&ZHLJKWBUH & � � [ � [ [DQLPDO $ ����� [ [ [ [ [VH[ ) � [ [ [ [ [IDUP 5 �� [ [ [ � �\VVWD ) �� [ [ [ � �\VIDUP ) ��� � � � [ [OLWWHU 5 ���� [ [ [ [ [
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7DEOH������+HULWDELOLWLHV�DQG�JHQHWLF�FRUUHODWLRQV�IRU�0RGHO�$�)&5 %)67 '*$,1 %)86 086&/()&5 ����� ����� ������ ����� �����%)67 � ����� ����� ������ �����'*$,1 � � ����� ������ ������%)86 � � � ����� ������086&/( � � � � �����
7DEOH������0RGHO�$��LQIRUPDWLRQ)DFWRU 7\SH /HYHOV )&5 %)67 '*$,1 %)86 086&ZHLJKWBUH & � � [ � [ [DQLPDO $ ����� [ [ [ [ [VH[ ) � [ [ [ [ [\VVWD ) �� [ [ [ � �\VIDUP ) ��� � � � [ [OLWWHU 5 ���� [ [ [ [ [
7DEOH������+HULWDELOLWLHV�DQG�JHQHWLF�FRUUHODWLRQV�IRU�0RGHO�$�)&5 %)67 '*$,1 %)86 086&/()&5 ����� ����� ������ ����� �����%)67 � ����� ����� ������ �����'*$,1 � � ����� ������ ������%)86 � � � ����� ������086&/( � � � � �����
7DEOH������0RGHO�$��LQIRUPDWLRQ)DFWRU 7\SH /HYHOV )&5 %)67 '*$,1 %)86 086&ZHLJKWBUH & � � [ � [ [DQLPDO $ ����� [ [ [ [ [VH[ ) � [ [ [ [ [IDUP 5 �� [ [ [ � �\VVWD 5 �� [ [ [ � �\VIDUP 5 ��� � � � [ [OLWWHU 5 ���� [ [ [ [ [
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7DEOH������+HULWDELOLWLHV�DQG�JHQHWLF�FRUUHODWLRQV�IRU�0RGHO�$�)&5 %)67 '*$,1 %)86 086&/()&5 ����� ����� ������ ����� �����%)67 � ����� ����� ������ �����'*$,1 � � ����� ������ ������%)86 � � � ����� ������086&/( � � � � �����
$V�ZH� FDQ� VHH� IURP� WKHVH� WDEOHV� KHULWDELOLWLHV� LQ� DOO� FDVHV�ZHUH� WRR�KLJK� IRU�EDFNIDW� WKLFNQHVV� LQ� ILHOG� �%)86�� DQG� WR� ORZ� IRU� EDFNIDW� WKLFNQHVV� LK� VWDWLRQ��%)67���$OVR�JHQHWLF�FRUUHODWLRQV�EHWZHHQ�%)67�DQG�%)86�HVWLPDWHG�IRU�PRGHOV�$��DQG�$��ZHUH�YHU\�KLJK�QHJDWLYH��,W�VKRZV�SUREDEO\�QRQ�PHDQLQJIXO�YDOXHV�RI�WKHVH� WUDLWV�� 4XLWH� KLJK� KHULWDELOLWLHV� ZHUH� JRW� DOVR� IRU� GDLO\� JDLQ� �'*$,1��� ,Q�PRGHO� $�� ZLWK� DOO� IL[HG� HIIHFWV� JHQHWLF� FRUUHODWLRQV� EHWZHHQ� ILHOG� DQG� VWDWLRQ�WUDLWV�ZHUH�WRR�VPDOO�± FORVH�WR�]HUR�7DEOHV������± �����VKRZ�LQIRUPDWLRQ�DQG�UHVXOWV�IURP�VHFRQG�VWDJH�RI�UHVHDUFK�± ZKHQ�RQO\�RULJLQDO� �DEVROXWH�YDOXHV�� WUDLWV�ZHUH�XVHG� LQ� WKH�PRGHOV��7KHUH�DUH�DOVR� WKUHH�PRGHOV� �%��� %���%��� ZLWK� GLIIHUHQW� FRPELQDWLRQV� RI� HIIHFWV�� *HQHWLF�FRUUHODWLRQV�DQG�KHULWDELOLWLHV�IRU�HDFK�PRGHO�DUH�JLYHQ�

7DEOH�����*HQHUDO�VWDWLVWLFV�IRU�PRGHOV�IRU�RULJLQDO�WUDLWV7UDLWV 1R��RI�UHF� PLQ PD[ DYJ VWGHY'R7 ���� �������� ��������� �������� ��������)((' ���� ��������� ��������� ��������� ��������(<( ���� �������� �������� �������� �������/($1 ����� �������� �������� �������� �������$*( ����� ��������� ��������� ��������� ��������:HLJKWBUH ����� �������� ��������� �������� �������
7DEOH������0RGHO�%��LQIRUPDWLRQ)DFWRU 7\SH /HYHOV 'RW )((' (<( /($1 $*(ZHLJKWBUH & � [ [ [ [ [DQLPDO $ ����� [ [ [ [ [\VVWD 5 �� [ [ [ � �\VIDUP 5 ��� � � � [ [OLWWHU 5 ���� [ [ [ [ [VH[ ) � [ [ [ [ [IDUP 5 �� [ [ [ � �
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7DEOH������+HULWDELOLWLHV�DQG�JHQHWLF�FRUUHODWLRQV�IRU�0RGHO�%�'R7 )((' (<( /($1 $*('R7 ����� ����� ����� ����� ������)((' � ����� ����� ������ �����(<( � � ����� ������ �����/($1 � � � ����� �����$*( � � � � �����
7DEOH������0RGHO�%��LQIRUPDWLRQ)DFWRU 7\SH /HYHOV 'RW )((' (<( /($1 $*(ZHLJKWBUH & � [ [ [ [ [DQLPDO $ ����� [ [ [ [ [\VVWD ) �� [ [ [ � �\VIDUP ) ��� � � � [ [OLWWHU 5 ���� [ [ [ [ [VH[ ) � [ [ [ [ [IDUP 5 �� [ [ [ � �
7DEOH������+HULWDELOLWLHV�DQG�JHQHWLF�FRUUHODWLRQV�IRU�0RGHO�%�'R7 )((' (<( /($1 $*('R7 ����� ����� ����� ����� �����)((' � ����� ����� ������ �����(<( � � ����� ������ �����/($1 � � � ����� �����$*( � � � � �����
7DEOH������0RGHO�%��LQIRUPDWLRQ)DFWRU 7\SH /HYHOV 'RW )((' (<( /($1 $*(ZHLJKWBUH & � [ [ [ [ [DQLPDO $ ����� [ [ [ [ [\VVWD 5 �� [ [ [ � �\VIDUP 5 ��� � � � [ [OLWWHU 5 ���� [ [ [ [ [VH[ ) � [ [ [ [ [



���

7DEOH������+HULWDELOLWLHV�DQG�JHQHWLF�FRUUHODWLRQV�IRU�0RGHO�%�'R7 )((' (<( /($1 $*('R7 ����� ����� ����� ����� �����)((' � ����� ������ ������ �����(<( � � ����� ����� �����/($1 � � � ����� �����$*( � � � � �����
$V�ZH�FDQ�VHH�WKH�TXLWH�VXEVWDQWLDO�KHULWDELOLWLHV�ZHUH�JRW�E\�WKH�XVLQJ�%��DQG�%�� PRGHO�� ,Q� PRGHO� %�� WKH\� ZHUH� WRR� KLJK�� 7KH� PRVW� DFFHSWDEOH� JHQHWLF�FRUUHODWLRQV�ZHUH�HVWLPDWHG�IRU�PRGHO�%���)RU�PRGHOV�%��DQG�%��LQ�VRPH�FDVHV�WKH\�ZHUH� WRR� ORZ�RU� WRR�KLJK�EHWZHHQ� ILHOG�DQG�VWDWLRQ� WUDLWV�� �������DQG�������EHWZHHQ�$*(�DQG�'R7��������DQG�������EHWZHHQ�$*(�DQG�(<(�

&RQFOXVLRQV7KH� PRVW� VXEVWDQWLDO� KHULWDELOLWLHV� ZHUH� JRW� E\� XVLQJ� RQO\� RULJLQDO� WUDLWV�PRGHOV� ZLWK� UDQGRP� \HDU
VHDVRQ
VWDWLRQ�� \HDU
VHDVRQ
IDUP�� OLWWHU�� IDUP� �RU�ZLWKRXW� IDUP�� DQG� IL[HG� VH[� HIIHFWV� �%��� %���� 7KH� PRVW� DFFHSWDEOH� JHQHWLF�FRUUHODWLRQV�ZHUH�HVWLPDWHG�DOVR�IRU�WKLV�PRGHO�ZLWKRXW�IDUP�HIIHFW�LQFOXGHG��%����*HQHWLF�FRUUHODWLRQV�LQ�VRPH�FDVHV�ZHUH�XQDFFHSWDEOH�RQ�ILUVW�VWDJH�RI�UHVHDUFK�
5HIHUHQFHV�� %UDQGW� +��� 7lXEHUW� +��� 3DUDPHWHU� HVWLPDWHV� IRU� SXUHEUHG� DQG� FURVVEUHG�SHUIRUPDQFHV�LQ�SLJV��-��$QLP��%UHHG��*HQHW����������������������� *URHQHYHOG� (���9&(�8VHU¶V� *XLGH�� ,QVWLWXW� I�U� 7LHU]XFKW� XQG� 7LHUYHUKDOWHQ��0DULHQVHH��������� *URHQHYHOG�(���&VDWR�/���)DUNDV�-���5DGQRF]L�/���-RLQW�*HQHWLF�(YDOXDWLRQ�RI�)LHOG� DQG� 6WDWLRQ� 7HVW� LQ� WKH� +XQJDULDQ� /DUJH� :KLWH� DQG� /DQGUDFH�3RSXODWLRQV��$UFK��7LHU]����������������������� *URHQHYHOG� (��� 3HãNRYLþRYD� '�� 6LPXOWDQHRXV� HVWLPDWLRQ� RI� WKH� FRYDULDQFH�VWUXFWXUH�RI�ILHOG�DQG�VWDWLRQ�WHVW�WUDLWV�LQ�6ORYDNLDQ�SLJ�SRSXODWLRQV��&]HFK�-��$QLP��6FL����������������������� .QDSS�3���:LOOLDP�$���6|ONQHU� -���*HQHWLF� SDUDPHWHUV� IRU� OHDQ�PHDW� FRQWHQW�DQG� PHDW TXDOLW\� WUDLWV� LQ� GLIIHUHQW� SLJ� EUHHGV�� /LYHVW�� 3URG�� 6FL�� ���� �������������
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%2'<�'(9(/230(17�2)�&5266%5('�3,*6�2)�',))(5(17�%5(('6'��5LELNDXVNLHQ¡
��9��'åLDXJ\V��$��.OLPLHQ¡��/LWKXDQLDQ�,QVWLWXWH�RI�$QLPDO�6FLHQFH��5��äHEHQNRV�����/7������%DLVRJDOD��5DGYLOLãNLR�U���/LWKXDQLD
,QWURGXFWLRQ%RDUV�RI�YDULRXV�VSHFLDOL]HG�EUHHGV�KDYH�EHHQ�LPSRUWHG�WR�/LWKXDQLD�ZLWK�WKH�DLP� RI� LPSURYHPHQW� OHDQ� FRQWHQW� RI� FDUFDVVHV� DQG� FRPPHUFLDO� FURVVEUHHGLQJ��%RG\� GHYHORSPHQW� LV� DQ� LQGLFDWRU� RI� SLJ� SURGXFWLYLW\�� HVSHFLDOO\� DV� UHJDUGV�FDUFDVV�WUDLWV��'åLDXJ\V�HW�DO���������7KH� SXUSRVH� RI� WKH� SUHVHQW� VWXG\� ZDV� WR� GHWHUPLQH� WKH� HIIHFW� RI� ERDUV� RI�YDULRXV� VSHFLDOL]HG� EUHHGV� RQ� FRQIRUPDWLRQ� WUDLWV�� FRQVWLWXWLRQ� LQGLFHV�� LQWHUQDOV�DQG�IODUH�IDW�RI�/LWKXDQLDQ�:KLWH�SLJV�
0DWHULDO�DQG�0HWKRGV7KH� VWXG\�ZDV� FDUULHG� RXW� LQ� �����������6HYHQ� H[SHULPHQWDO� JURXSV� RI� SLJV�ZHUH�IRUPHG��JURXS���� SXUHEUHG�/LWKXDQLDQ�:KLWH��/:���JURXS���� K\EULGV�IURP�/LWKXDQLDQ� :KLWH� DQG� EDFRQ� W\SH� /LWKXDQLDQ� :KLWH� �/:[/:�%���� JURXS� �� �K\EULGV�IURP�/LWKXDQLDQ�:KLWH�DQG�*HUPDQ�/DUJH�:KLWH��/:[*/:���JURXS����K\EULGV�IURP�/LWKXDQLDQ�:KLWH�DQG�3ROLVK�/DQGUDFH��/:[3/���JURXS���� K\EULGV�IURP�/LWKXDQLDQ�:KLWH�DQG�)LQQLVK�/DQGUDFH� �/:[)/���JURXS��� � K\EULGV� IURP�/LWKXDQLDQ�:KLWH� DQG� 3LHWUDLQ� �/:[3�� DQG� JURXS� �� � K\EULGV� IURP� /LWKXDQLDQ�:KLWH�DQG�+DPSVKLUH��/:[+��EUHHGV��3LJV��Q �����RI����WR�����NJ�ZHLJKW�KDYH�EHHQ�PHDVXUHG�GXULQJ�WKHLU�IDWWHQLQJ�+RXVLQJ� DQG� IHHGLQJ� FRQGLWLRQV� ZHUH� WKH� VDPH� IRU� DOO� JURXSV� RI� SLJV�� 7KH�GHYHORSPHQW� RI� LQWHUQDOV� DQG� ZHLJKW� RI� IODUH� IDW� ZHUH� GHWHUPLQHG� DW� FRQWURO�VODXJKWHULQJ�RI�SLJV��Q ������
5HVXOWV�DQG�'LVFXVVLRQ7KH� VWXG\� LQGLFDWHG� WKDW� SXUHEUHG� /LWKXDQLDQ� :KLWH� SLJV� KDG� WKH� KLJKHVW�PHDVXUHPHQWV� RI� KHDUW� JLUWK�� FKHVW� ZLGWK� DQG� KHLJKW� DW� ZLWKHUV�� UHVSHFWLYHO\���������������DQG�������FP� �)LJ������/LWKXDQLDQ�:KLWH� [�+DPSVKLUH�FURVVEUHGV�KDG�WKH� ORZHVW�PHDVXUHPHQWV�RI�FKHVW�ZLGWK�����FP��3���������ZKLOH� WKH�ORZHVW�KHLJKW� DW� ZLWKHUV� ZDV� WKDW� RI� /LWKXDQLD�:KLWH� DQG� 3ROLVK� /DQGUDFH� FURVVEUHGV�������� FP�� 3���������7KH� ORZHVW�PHDVXUHPHQWV� RI� ERG\� OHQJWK�� KHDUW� JLUWK� DQG�FKHVW� GHSWK� ZHUH� GHWHUPLQHG� IRU� /LWKXDQLDQ� :KLWH� [� 3LHWUDLQ� FURVVEUHGV��UHVSHFWLYHO\�����������������������FP��3���������/LWKXDQLDQ�:KLWH�[�EDFRQ�W\SH�/LWKXDQLDQ�:KLWH�SLJV�KDG�WKH�KLJKHVW�FKHVW�GHSWK�DQG�ERG\�OHQJWK�PHDVXUHPHQWV��UHVSHFWLYHO\��������3�������DQG��������FP��/LWKXDQLDQ�:KLWH�[�)LQQLVK�/DQGUDFH�FURVVEUHGV�ZHUH�VHFRQG�E\�WKH�ERG\�OHQJWK���������FP���KRZHYHU��WKH�GLIIHUHQFH�
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ZDV� LQVLJQLILFDQW� FRPSDUHG�ZLWK� WKH�FRQWURO�JURXS��7KH�FROOHFWHG�GDWD� LQGLFDWHG�WKDW� /LWKXDQLDQ�:KLWH� [� 3LHWUDLQ� DQG� /LWKXDQLDQ�:KLWH� [� +DPSVKLUH� FURVVEUHG�SLJV�KDG�WKH�KLJKHVW�FDUFDVV�TXDOLW\�
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7DEOH����&RQVWLWXWLRQ�LQGLFHV��� ,QGLFHV

*URXS %UHHG RI�SLJ
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:HLJK
W

RI�SLJ
V ([WHQ�VLRQ &RP�SDFWQHVV &KHVW 0DVVLYH�QHVV /RQJ�OHJJHG�QHVV, /:��FRQWURO� �� ������ ����������� ��������� ���������� ����������� ���������,, /:[/:�%� �� ����� �����������
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7KH�GDWD�LQ�7DEOH���VKRZ�WKDW�SLJV�RI�JURXS���KDG�WKH�KLJKHVW�H[WHQVLRQ�LQGH[�DQG�H[FHHGHG�/LWKXDQLDQ�:KLWH�SLJV�E\��������3�����������7KH�LQGLFHV�RI�FKHVW�DQG� ORQJ�OHJJHGQHVV� ZHUH� KLJKHVW� IRU� /:[+� SLJV�� UHVSHFWLYHO\�� ������ DQG��������� EXW� FRPSDUHG� ZLWK� WKH� FRQWURO� JURXS�� WKH� GDWD� ZHUH� VWDWLVWLFDOO\�LQVLJQLILFDQW��
7DEOH����$EVROXWH��J��DQG�UHODWLYH����RI�OLYH�ZHLJKW��ZHLJKW�RI�LQWHUQDOV�DQG�IODUH�IDW�LQ�DEGRPLQDO�FDYLW\

*URXS %UHHG 1R��RI�SLJV $EVROXWH�ZHLJKW 5HODWL
YH� ZHLJK
W $EVROXWH�ZHLJKW 5HODWL
YH� ZHLJK
W

+HDUW /XQJV, /:��FRQWURO� �� ������r���� ��� ������r����� ����,, /:[/:�%� �� ������r��� ���� ������
�r����� ����,,, /:[*/: �� ������
�r���� ���� ������
�r����� ����,9 /:[3/ �� ������
�r��� ���� ������
�r����� ����9 /:[)/ �� ������
�r���� ���� ������r����� ����9, /:[3 �� ������r����� ���� ������
�r����� ���9,, /:[+ � ������r����� ���� ������r����� ����/LYHU .LGQH\V, /:��FRQWURO� �� �������r����� ���� ������r���� ����,, /:[/:�%� �� �������r���� ���� ������r���� ����,,, /:[*/: �� �������
�r����� ��� ������
�r���� ����,9 /:[3/ �� �������
�r����� ���� ������r��� ����9 /:[)/ �� �������
�r����� ���� ������
�r����� ����9, /:[3 �� �������
�r����� ��� ������r����� ����9,, /:[+ � �������
�r���� ���� ������
�r���� ����6SOHHQ )ODUH�IDW, /:��FRQWURO� �� ������r���� ���� �������r����� ����,, /:[/:�%� �� ������
�r���� ���� �������r����� ����,,, /:[*/: �� ������
�r���� ���� �������
�r����� ����,9 /:[3/ �� ������r���� ���� �������r����� ����9 /:[)/ �� ������
�r���� ���� �������r����� ����9, /:[3 �� ������r���� ���� �������
�r������ ����9,, /:[+ � ������
�r���� ���� �������r����� ����
�3��������
�3����������
�3���������
�3����������
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7KH� SLJV� LQ� JURXSV� �� DQG� �� KDG�� UHVSHFWLYHO\�� WKH� KLJKHVW� LQGLFHV� RI�PDVVLYHQHVV������������3����������DQG�FRPSDFWQHVV�����������/:[/:�%��SLJV�ZHUH� FKDUDFWHUL]HG� E\� WKH� ORZHVW� LQGLFHV� RI� FRPSDFWQHVV� ����������� FKHVW���������� DQG� ORQJ�OHJJHGQHVV� ��������� 7KH� GLIIHUHQFHV� ZHUH� VWDWLVWLFDOO\�VLJQLILFDQW�LQ�FRPSDULVRQ�ZLWK�WKH�FRQWURO�JURXS�7KH� LQYHVWLJDWLRQ� GDWD� VKRZHG� WKDW� WKH� LQWHUQDOV�� H[FHSW� IRU� WKH� KHDUW� DQG�VSOHHQ��ZHUH�PRVW�SRRUO\�GHYHORSHG�LQ�/:[3�SLJV��7DEOH�����7KH�DEVROXWH�ZHLJKW�RI� OXQJV�ZDV�E\��������3�����������RI� OLYHU�E\��������3�����������RI�IODUH�IDW�E\������ �3� �� ������� DQG� RI� NLGQH\V� E\� ������ ORZHU� FRPSDUHG� ZLWK� WKH� SXUHEUHG�/LWKXDQLDQ�:KLWH� SLJV�� /:[/:�%�� SLJV� KDG� WKH� VPDOOHVW� KHDUW� �������� J��� EXW�WKH�KLJKHVW�ZHLJKW�RI�OXQJV�DQG�VSOHHQ��UHVSHFWLYHO\�����DQG�����J��7KH�GLIIHUHQFH�ZDV�VWDWLVWLFDOO\�VLJQLILFDQW�FRPSDUHG�ZLWK�WKH�FRQWURO�JURXS��3LJV�LQ�JURXS���KDG�WKH�KLJKHVW�DEVROXWH�ZHLJKW�RI�KHDUW���������J���LQ�JURXS���± RI�IODUH�IDW����������J��� LQ� JURXS� �� ± RI� OXQJV� ������� J�� DQG� LQ� JURXS� �� ± RI� NLGQH\V� ����� J�� LQ�FRPSDULVRQ�ZLWK�WKH�FRQWURO�JURXS�
&RQFOXVLRQ7KH� VWXG\� LQGLFDWHG� WKDW� /:[3� DQG� /:[+� SLJV� KDG� WKH� KLJKHVW� FDUFDVV�TXDOLW\�� 7KH� LQWHUQDOV� ZHUH� PRVW� SRRUO\� GHYHORSHG� LQ� /:[3� FURVVEUHGV��&URVVEUHG�SLJV�RI�RWKHU�FRPELQDWLRQV�KDG�ZHOO�GHYHORSHG�LQWHUQDOV��DQG�WKH�ORZHVW�UHODWLYH�ZHLJKW�RI�IODUH�IDW�ZDV�GHWHUPLQHG�LQ�/:[3�FURVVEUHG�SLJV�
5HIHUHQFHV��� 'åLDXJ\V� 9��� .OLPDV� 5��� .ULDX]LHQ¡ -�� %LRORJLFDO� DQG� IDUPLQJ� TXDOLWLHV� RI�/DQGUDFH�SLJV�EUHG� LQ�/LWKXDQLD��$QLPDO�+XVEDQGU\��&ROOHFWLRQ�RI� VFLHQWLILF�ZRUNV������������S�������������� 'åLDXJ\V� 9��� .OLPDV� 5��� .OLPLHQ¡ $�7KH� HIIHFWV� RI� +DPSVKLUH� DQG� 'XURF�ERDUV� RQ� WKH� UHSURGXFWLYH� SHUIRUPDQFH�� VWUHVV�VXVFHSWLELOLW\� DQG� ERG\�FRQVWLWXWLRQ� RI� /LWKXDQLDQ� :KLWH� SLJV�� $QLPDO� +XVEDQGU\�� &ROOHFWLRQ� RI�VFLHQWLILF�ZRUNV������������S��������
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237,0,=$7,21�2)�)((' ,17$.(�$1'�*52:7+�3(5)250$1&(�,1�3,*69��6FKXO]H
��5��5|KH��DQG�(��.DOP� ,QVWLWXW�I�U�7LHU]XFKW�XQG�7LHUKDOWXQJ�GHU�&KULVWLDQ�$OEUHFKWV�8QLYHUVLWlW�]X�.LHO��2OVKDXVHQVWU�����������.LHO�*HUPDQ\
,QWURGXFWLRQ2SWLPL]DWLRQ� RI� IDWWHQLQJ� SHUIRUPDQFH� GXH� WR� VHOHFWLRQ� RQ� EDFNIDW� WKLFNQHVV�DQG� IRRG� FRQYHUVLRQ� UDWLR�ZLOO� EH� OLPLWHG�� EHFDXVH� EDFNIDW� WKLFNQHVV� VKRXOG� QRW�GHFOLQH� EHORZ� DQ� RSWLPXP�� ZKLFK� LV� UHDFKHG� LQ� VHYHUDO� OLQHV�� )XWXUH� VHOHFWLRQ�VWUDWHJLHV�ZLOO�KDYH�WR�LQFOXGH�WKH�LQFUHDVH�LQ�IHHG�LQWDNH�DQG�JURZWK�DW�HDFK�VWDJH�RI� WKH� IDWWHQLQJ�SHULRG�� LQ�RUGHU� WR� LPSURYH HIILFLHQF\�E\� FKDQJLQJ� WKH� VKDSH�RI�WKH�IHHG�LQWDNH�FXUYH��:(%%���������7KH�UHTXLUHG�LQIRUPDWLRQ�RQ�LQGLYLGXDO�IHHG�LQWDNH�RYHU�WLPH�FDQ�EH�REWDLQHG�IURP�HOHFWURQLF�IHHGLQJ�VWDWLRQV��7KHVH� IHHGLQJ�VWDWLRQV�DUH�LQFUHDVLQJO\�LPSOHPHQWHG�LQ�SHUIRUPDQFH�WHVW�VWDWLRQV�DV�WKH\�DOORZ�WR�WHVW�SLJV�XQGHU�PRUH�SUDFWLFDO�FRQGLWLRQV�RI�JURXS�KRXVLQJ��.1$3���������%DVHG�RQ� LQGLYLGXDOO\� UHFRUGHG�IHHG� LQWDNH�GDWD�REWDLQHG�IURP�VXFK�D�SHUIRUPDQFH� WHVW�DQG�DGGLWLRQDO�ZHLJKW� LQIRUPDWLRQ�� WKH�SRVVLELOLW\�RI� LQIOXHQFLQJ� IHHG� LQWDNH�DQG�JURZWK�UDWH�DW�GLIIHUHQW�VWDJHV�RI�JURZWK�ZDV�LQYHVWLJDWHG�
0DWHULDO�DQG�0HWKRGV3HUIRUPDQFH�WHVW�GDWD�ZHUH�REWDLQHG�IRU�����ERDUV�EHWZHHQ�$XJXVW������DQG�$SULO� ����� IURP� WKH� FHQWUDO� WHVW� VWDWLRQ� RI� 3,&� *HUPDQ\�� 'XULQJ� WKH� DJH�GHSHQGHQW� SHUIRUPDQFH� WHVW� RQ� VWDWLRQ� EHWZHHQ� WKH� ���WK DQG� ���WK GD\� RI� DJH�DQLPDOV�ZHUH�IHG�DG�OLELWXP�D�GLHW�FRQWDLQLQJ������0-0(������FUXGH�SURWHLQ�DQG����O\VLQH�SHU�NJ�RI�IRRG��,QGLYLGXDO�IHHG�LQWDNH�RI�WKH�JURXS�SHQQHG�DQLPDOV�ZDV�UHFRUGHG�E\�HOHFWURQLF�IHHGLQJ�VWDWLRQV�RI�W\SH�$&(0$���GXULQJ�WKH�ILUVW��WKLUG��ILIWK��VHYHQWK��DQG�QLQWK�ZHHN�RQ�WHVW��'XULQJ�WKH�UHPDLQLQJ�WHVW�ZHHNV�IRRG�ZDV�VXSSOLHG� ZLWK� FRQYHQWLRQDO� IHHG� GLVSHQVHUV� DQG� IHHG� LQWDNH� ZDV� QRW� UHFRUGHG��(DFK�DQLPDO�ZDV�ZHLJKWHG�LQ�EL�ZHHNO\�LQWHUYDOV��$�VHFRQG�RUGHU�SRO\QRPLDO�DQG�D�WKLUG�RUGHU�SRO\QRPLDO�ZHUH�LQGLYLGXDOO\�ILWWHG�RQ�IHHG�LQWDNH�DQG�OLYH�ZHLJKW�DV�IXQFWLRQV� RI� DJH�� )URP� WKHVH� IXQFWLRQV�� LQGLYLGXDO� LQIRUPDWLRQ� DERXW� GDLO\� IHHG�LQWDNH��GDLO\� JDLQ�DQG� IRRG�FRQYHUVLRQ� UDWLR�ZHUH�GHULYHG� IRU� ILYH SHULRGV�RI����GD\V�DQG� IRU� WKH�HQWLUH�SHULRG��7KH�PHDQV�DQG� VWDQGDUG�GHYLDWLRQV�DUH� VKRZQ� LQ�7DEOH����'DLO\�JDLQ�LQFUHDVHG�IURP�����J�LQ�SHULRG�RQH�WR�PD[LPXP�JURZWK�UDWH�RI������J�LQ�WKH�IRXUWK�SHULRG��)HHG�LQWDNH�LQFUHDVHG�IURP������J�LQ�SHULRG���ZLWK�GHFUHDVLQJ�LQFUHPHQWV�WR�DQ�DYHUDJH�GDLO\�IHHG�LQWDNH�RI������J�LQ�ODVW�SHULRG��7KH�EHVW� IHHG�HIILFLHQF\�ZDV� IRXQG� LQ� WKH� ILUVW�SHULRG�ZLWK������J� IRRG�SHU�NJ�JDLQ��7KH�PHDQ�YDOXHV� IRU� GDLO\� IHHG� LQWDNH�� GDLO\� JDLQ� DQG� IRRG� FRQYHUVLRQ�RYHU� WKH�HQWLUH�SHULRG ZHUH�����J�������J��DQG������J�NJ��UHVSHFWLYHO\��%DFNIDW�WKLFNQHVV�ZDV� XOWUDVRQLFDOO\�PHDVXUHG� DW� WKH� HQG�RI� SHUIRUPDQFH� WHVW� DQG�ZDV�RQ� DYHUDJH�
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�����PP��7KH�ERDUV�VWDUWHG�SHUIRUPDQFH�WHVW�ZLWK�DQ�DYHUDJH�OLYH�ZHLJKW�RI����NJ�DQG�ILQLVKHG�ZLWK�����NJ�
7DEOH����0HDQV�����DQG�VWDQGDUG�GHYLDWLRQV��V� ��RI�DYHUDJH�HVWLPDWHG�IHHG�LQWDNH��DYHUDJH�HVWLPDWHG�GDLO\�JDLQ�IRU�SHULRGV�RI����GD\V�HDFK�7UDLW��� 3HULRG�� 3HULRG�� 3HULRG�� 3HULRG�� 3HULRG�� 3HULRG���� V� � V� � V� � V� � V� � V�$'*����J� ���� ��� ���� ��� ����� ��� ����� ��� ����� ��� ���� ���'),������J� ����� ��� ����� ��� ����� ��� ����� ��� ����� ��� ����� ���)&���J�NJ� ����� ��� ����� ��� ����� ��� ����� ��� ����� ��� ����� ���:HLJKW��� ����� ����� ����� ������ ������� ����������$YHUDJH�GDLO\�JDLQ��$'*���GDLO\�IHHG�LQWDNH��'),���DQG�IRRG�FRQYHUVLRQ��)&��GHWHUPLQHG��IRU���SHULRGV�RI����GD\V��� $YHUDJH�PHDVXUHG�VWDUW�ZHLJKW�DQG�ILQDO�ZHLJKW�IRU�EL �ZHHNO\�LQWHUYDOV

7KH�HVWLPDWLRQ�RI�YDULDQFH�FRPSRQHQWV�RI�QXPHURXV�WUDLWV�ZDV�DFFRPSOLVKHG�ZLWK� PXOWLYDULDWH� 5(0/� SURJUDP�07')6� RI� 0,6=7$/� �������� )L[HG� HIIHFWV�ZHUH� ELUWK� IDUP� ��� IDUPV��� VHDVRQV� ��� OHYHOV��� OLQH� ��� OLQHV��� IHHGLQJ� V\VWHP� ���OHYHOV���DQG�DV�D�FRYDULDEOH�VWDUW�ZHLJKW�ZDV�FRQVLGHUHG��6WDQGDUG�HUURUV�RI�JHQHWLF�FRUUHODWLRQV�ZHUH�DSSUR[LPDWHG�E\�WKH�PHWKRG�RI�52%(57621��������
5HVXOWV3HUIRUPDQFH�DQG�IHHG�LQWDNH�WUDLWV�ZHUH�DGMXVWHG�IRU�DOO�HQYLURQPHQWDO�HIIHFWV��%DVHG�RQ�WKH�DGMXVWHG�PHDQV�RI�DYHUDJH�GDLO\�JDLQ������J��DQG�EDFNIDW�WKLFNQHVV�������PP��GLIIHUHQW�W\SHV�RI�SLJV�ZHUH�GHILQHG��7KH�IHHG�LQWDNH�DQG�JURZWK�GHYHORSPHQW�GXULQJ�SHUIRUPDQFH�WHVW�IRU�WKHVH�W\SHV�RI�SLJV�DUH�VKRZQ�LQ�)LJ����

)LJXUH� ��� )HHG� LQWDNH� DQG� GDLO\� JDLQ� DV� IXQFWLRQV� RI� DJH� IRU� GLIIHUHQW� OHYHOV� RI�SHUIRUPDQFH�LQ�DYHUDJH�GDLO\�JDLQ��$'*��DQG�EDFNIDW�WKLFNQHVV��%)�
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7KH�ILJXUHV�LQGLFDWH�WKDW�D�KLJK�IHHG�LQWDNH�LQ�WKH�ILUVW�SDUW�RI�WKH�SHUIRUPDQFH�WHVW� �EHWZHHQ� ����� DQG� ���� GD\� RI� DJH�� ZDV� QHFHVVDU\� WR� UHDFK� D� KLJK� JURZWK�SHUIRUPDQFH��7KH� VORZ�JURZLQJ DQLPDOV� �WKLFN� OLQHV�� FRQVXPHG�����J� OHVV� IRRG�SHU�GD\�WKDQ�WKH�IDVW�JURZLQJ�SLJV��WKLQ�OLQHV���7KHUHDIWHU��UDWH�RI�FKDQJH�LQ�GDLO\�IHHG� LQWDNH� ZDV� KLJKHU� LQ� DQLPDOV� ZLWK� D� KLJKHU� EDFNIDW� WKLFNQHVV�� 7KH� JURZWK�FXUYHV� RI� REHVH� DQLPDOV� �IXOO� OLQHV�� VKRZHG� D VWURQJHU� EHQG� DQG� UHDFKHG�PD[LPXP�JURZWK�UDWHV����GD\�HDUOLHU�WKDQ�OHDQHU�SLJV��GRWWHG�OLQHV��ZKR�UHDFKHG�PD[LPXP�JURZWK�UDWHV�DW�WKH�HQG�RI�WKH�SHUIRUPDQFH�WHVW����������GD\�RI�DJH��*HQHWLF�FRUUHODWLRQV�EHWZHHQ�PHDVXUHG�DQG�HVWLPDWHG�WUDLWV�IRU�DYHUDJH�GDLO\�JDLQ� �UJ ������� GDLO\� IHHG� LQWDNH� �UJ � ������ DQG� IRRG� FRQYHUVLRQ� �UJ  � ������VKRZHG�WKDW�WKH�XVHG�IXQFWLRQV�KDG�D�KLJK�DFFXUDF\�LQ�SUHGLFWLRQ�RI�WKH�REVHUYHG�SHUIRUPDQFH�WUDLWV��6&+8/=(�HW�DO���������IRXQG�LQ�D�SUHYLRXV�VWXG\�WKDW�WKH�XVH�RI� D� IXQFWLRQ�ZDV� DGYDQWDJHRXV� LQ� WKH� FDVH� RI�PLVVLQJ� WHVW�ZHHNV� RU� SHULRGLFDO�UHFRUGLQJ� DV� LQ� WKH� SUHVHQW� GDWD��$QRWKHU� REMHFWLYH� RI� WKH� LQYHVWLJDWLRQ�ZDV� WKH�VLPXOWDQHRXV� DQDO\VLV� RI� IHHG� LQWDNH� DQG� JURZWK� LQ� LGHQWLFDO� WLPH� SHULRGV��7KHUHIRUH�� RQO\� UHVXOWV� RI� WKH� HVWLPDWHG� SHUIRUPDQFH� WUDLWV� DUH� SUHVHQWHG� LQ� WKH�IROORZLQJ��+LJK� KHULWDELOLWLHV� RI� Kð�  � ������ ������ ������ DQG� ����� IRU� WUDLWV� RI� HQWLUH� WHVW�SHULRG�ZHUH�REWDLQHG�IRU�EDFNIDW�WKLFNQHVV��DYHUDJH�GDLO\�JDLQ��GDLO\�IHHG�LQWDNH��DQG� IRRG� FRQYHUVLRQ� UDWLR�� UHVSHFWLYHO\� �7DEOHV� ���� 7KH� JHQHWLF� FRUUHODWLRQV�DPRQJ� WKH� SHUIRUPDQFH� WUDLWV� RI� WKH� HQWLUH� WHVW� SHULRG� LQGLFDWHG� WKH� GLIILFXOW\�ZKHQ�XVLQJ�WKHVH�WUDLWV�WR�LPSURYH�IHHG�LQWDNH�FDSDFLW\�DQG�WR�RSWLPL]H�IDWWHQLQJ�SHUIRUPDQFH��$�KLJK�IHHG� LQWDNH� LV�QHFHVVDU\� WR DFKLHYH�D�KLJK�JURZWK�UDWH��EXW�WKLV�ZLOO�DOVR�LQFUHDVH�EDFNIDW�WKLFNQHVV�DQG�IRRG�FRQYHUVLRQ�UDWLR�
7DEOH����+HULWDELOLWLHV��RQ�WKH�GLDJRQDO��JHQHWLF�FRUUHODWLRQV��DERYH�GLDJRQDO��IRU�SHUIRUPDQFH�WUDLWV�RI�WKH�HQWLUH�WHVW�SHULRG7UDLW %) '), $'* )&%DFNIDW�WKLFNQHVV�����%)� ����������� ����������� ����������� ������������'DLO\�IHHG�LQWDNH������'),� � ����������� ����������� ������������$YHUDJH�GDLO\�JDLQ���$'*� � � ����������� �������������)RRG�FRQYHUVLRQ�������)&�� � � � ������������6WDQGDUG�HUURUV�LQ�SDUHQWKHVLV

,Q� JHQHUDO�� WKH� PRGHUDWH� WR� KLJK� KHULWDELOLWLHV� IRU� DYHUDJH� GDLO\� JDLQ�� IHHG�LQWDNH� DQG� IRRG� FRQYHUVLRQ� LQ� HDFK� SHULRG� HQDEOHV� WR� XVH� SDUW� WHVW� LQIRUPDWLRQ��7DEOH�����:KLOH�HVWLPDWHV�IRU�GDLO\�JDLQ�ZHUH�VLPLODU�LQ�WKH�ILUVW�IRXU�SHULRGV��Kð� � ����� WR� ������ DQG� ORZHU� LQ� SHULRG���� WKH� KHULWDEOLW\� RI� IHHG� LQWDNH� LQ� WKH� ILUVW�SHULRG� �Kð�  � ������ ZDV� VXEVWDQWLDOO\� ORZHU� WKDQ� LQ� WKH� IROORZLQJ� IRXU� SHULRGV��



���

(VWLPDWHV� RI� KHULWDELOLWLHV� IRU� IRRG� FRQYHUVLRQ� ZHUH� VLPLODU� LQ� DOO� SDUWV� RI� WKH�SHUIRUPDQFH�WHVW�
7DEOH����+HULWDELOLWLHV��Kð��DQG�VWDQGDUG�HUURUV��VKð��IRU�GDLO\�JDLQ��7'*���GDLO\�IHHG�LQWDNH��'),��DQG�IRRG�FRQYHUVLRQ�UDWLR��)&��LQ�HDFK�SHULRG�DQG�IRU�WKH�HQWLUH�SHULRG7UDLW��� $'* '), )&Kð������V�Kð Kð������V�Kð Kð������V�Kð3HULRG�� ������ ���� ������ ���� ������ ����3HULRG�� ������ ���� ������ ���� ������ ����3HULRG�� ������ ���� ������ ���� ������ ����3HULRG�� ������ ���� ������ ���� ������ ����3HULRG�� ������ ���� ������ ���� ������ ����3HULRG���� ������ ���� ������ ���� ������ ������ $EEUHYLDWLRQV�VHH�7DEOH���
$V� VKRZQ� LQ� 7DEOH� ��� WKH� JHQHWLF� FRUUHODWLRQ� EHWZHHQ� GDLO\� JDLQ� DQG� IRRG�FRQYHUVLRQ�LQ�SHULRG�RQH��UJ  ��������ZDV�VLJQLILFDQWO\�GLIIHUHQW�IURP�FRUUHODWLRQV�EHWZHHQ� WKHVH� WUDLWV� LQ� WKH� IROORZLQJ� SHULRGV� �UJ  � ������ WR� �������� *HQHWLF�FRUUHODWLRQV�EHWZHHQ�GDLO\�JDLQ�DQG�GDLO\�IHHG�LQWDNH�LQ�HDFK�SHULRG�ZHUH�UJ� ������WR� ����� IURP� ILUVW� WR� ODVW� SHULRG�� ([FHSW� RI� WKH� ILUVW� SHULRG� �UJ  � �������� JHQHWLF�DVVRFLDWLRQV� EHWZHHQ� IRRG� FRQYHUVLRQ� DQG� GDLO\� IHHG� LQWDNH� IRU� SHULRGV� ZHUH�VLPLODU�LQ�PDJQLWXGH��UJ� ������WR�������7DEOH� ��� *HQHWLF� FRUUHODWLRQV� �UJ�� DQG� VWDQGDUG� HUURUV� �VUJ�� EHWZHHQ� GDLO\� IHHG�LQWDNH�� DYHUDJH� GDLO\� JDLQ�� IRRG� FRQYHUVLRQ�� DQG� EDFNIDW� WKLFNQHVV� LQ�FRUUHVSRQGLQJ SHULRGV7UDLWV��� '),� $'* '),�)& $'*�)&UJ� ��V�UJ UJ� ��V�UJ UJ� ��V�UJ3HULRG�� ������ ���� ������������� �������������3HULRG�� ������ ���� ����� ���� �������������3HULRG�� ������ ���� ����� ���� �������������3HULRG�� ���� ���� ����� ���� �������������3HULRG�� ������ ���� ����� ���� �������������3HULRG���� ������ ���� ����� ���� ��������������� $EEUHYLDWLRQV�VHH�7DEOH���

&RQFOXVLRQV7KH� SRVVLELOLW\� RI� FKDQJLQJ� WKH� IHHG� LQWDNH� FXUYH� RI� JURZLQJ� SLJV� ZDV�LQYHVWLJDWHG� LQ� VHYHUDO� VWXGLHV� LQ� UHFHQW� \HDUV� �6&+8/=(�HW� DO�� ������(,66(1��



���

������ 6&+1<'(5� HW� DO��� ������� ,Q� WKHVH� VWXGLHV� OLQHDU� RU� OLQHDU� TXDGUDWLF�SRO\QRPLDOV�ZHUH�IRXQG�WR�EH�VXIILFLHQW�WR�GHVFULEH�IHHG�LQWDNH�GXULQJ�JURZWK�EXW�WKH� EHQHILW� RI� WKH� FXUYH�SDUDPHWHUV�ZDV� OLPLWHG� WR� LQIOXHQFH� IHHG� LQWDNH� FXUYHV��7KH� XVH� RI� D� IXQFWLRQ� WR� GHWHUPLQH� IHHG� LQWDNH� ZDV� EHQHILFLDO� FRPSDUHG� WR�PHDVXUHG�IHHG�LQWDNH�LQ�FDVH�RI�PLVVLQJ�IHHG�LQWDNH�GDWD�RU�D�SHULRGLFDO�UHFRUGLQJ�RI�IHHG�LQWDNH�DV�LQ�WKH�SUHVHQW�VWXG\��7KH�GHULYDWLRQ�RI�SDUW�WHVW�LQIRUPDWLRQ�IURP�WKRVH� IXQFWLRQV� LQFUHDVHG� DOVR� DFFXUDF\� RI� HVWLPDWLRQ� RI� IHHG� LQWDNH� DV� UHVLGXDO�YDULDQFH�FRXOG�EH�UHGXFHG�7KH�GLIIHUHQFHV�LQ�IHHG�LQWDNH�DQG�JURZWK�FXUYHV�LQ�WKH�SUHVHQW�VWXG\�LQGLFDWHG�WKDW� DW� HDFK� VWDJH� RI� JURZWK� RU� DJH� D� VXIILFLHQW� DPRXQW� RI� YDULDWLRQ� H[LVWV� IRU�VHOHFWLRQ�� $� KLJK� IHHG� LQWDNH� LQ� WKH� ILUVW� SHULRG� RI� WKH� SHUIRUPDQFH� WHVW� LV�QHFHVVDU\�WR�DFKLHYH�D�KLJK�JURZWK�UDWH��7KHUHDIWHU��D�PD[LPXP�LQ�IHHG�LQWDNH�LV�XQGHVLUDEOH� DV� LW� LV� DVVRFLDWHG�ZLWK� DQ� LQFUHDVHG� IDW� GHSRVLWLRQ��$QLPDOV� ZLWK� D�KLJKHU� EDFNIDW� WKLFNQHVV� UHDFKHG� PD[LPXP� JURZWK� UDWHV� DW� DQ� HDUOLHU� DJH� WKDQ�OHDQHU�SLJV��$Q�HDUO\�PD[LPXP�LQ�JURZWK�UDWH�LV�DVVRFLDWHG�ZLWK�D�ORZHU�PDWXUH�ZHLJKW�DQG�DQ�HDUOLHU�DJH�DW�SXEHUW\��.5,(7(5�DQG�.$/0���������7KH�JHQHWLF�DVVRFLDWLRQV� LQGLFDWH� WKDW� D� KLJK� IHHG� LQWDNH� DW� WKH� EHJLQQLQJ� RI� WKH� IDWWHQLQJ�SHULRG� LV� GHVLUDEOH�� ZKLOH� DIWHUZDUGV� D� PRUH� UHGXFHG� IHHG� LQWDNH� VKRXOG� EH�DFKLHYHG�WR�LPSURYH�HIILFLHQF\�RI� IDWWHQLQJ�SHUIRUPDQFH� +RZHYHU�� LQ�GDP�OLQHV�XQGHVLUHG� HIIHFWV� RI� D� VHOHFWLRQ� RQ� KLJK� D� IHHG� HIILFLHQ\� RQ� WKH� UHSURGXFWLRQ�SHUIRUPDQFH�RI�SULPLSDUXV�VRZV�DUH�UHSRUWHG�E\�.$567(1�HW�DO���������VR�WKDW�GLIIHUHQW� VHOHFWLRQ� RI� GDP� DQG� VLUH� OLQHV� FRQFHUQLQJ� IHHG� LQWDNH� DQG� IDWWHQLQJ�SHUIRUPDQFH�GXULQJ�JURZWK�LV�QHFHVVDU\��7KLV�FDQ�EH�DFKLHYHG�E\�XVLQJ�SDUW�WHVW�LQIRUPDWLRQ�RI�JURZWK�UDWH�DQG�IHHG�LQWDNH�LQ�D�PXOWLSOH�WUDLW�DQLPDO�PRGHO�
5HIHUHQFHV.$567(1�� 6��� 5g+(�� 5��� 6&+8/=(�� 9��� /22)7�� +��� .$/0�� (��� ��������*HQHWLVFKH�%H]LHKXQJHQ�]ZLVFKHQ� LQGLYLGXHOOHU�)XWWHUDXIQDKPH�ZlKUHQG�GHU�(LJHQOHLVWXQJVSU�IXQJ� XQG� )UXFKWEDUNHLWVPHUNPDOHQ� EHLP� 6FKZHLQ�� $UFK��7LHU]�������������.1$3��3�:�����������8VH�RI�DXWRPDWLF�V\VWHPV�IRU�IHHG�FRQVXPSWLRQ�FRQWURO�LQ�QDWLRQDO�SURJUDPPHV�IRU�JHQHWLF�LPSURYHPHQW�LQ�SLJV��;9,�6\PSRVLXP�$VRFLDFLyQ�GH�3RUFLQRFXOWXUD�&LHQWtILFD��$1$325&���%DUFHORQD��SS�������.5,(7(5��-���.$/0��(�����������*URZWK��IHHG�LQWDNH�DQG�PDWXUH�VL]H�LQ�/DUJH�:KLWH�DQG�3LHWUDLQ�SLJV��-��$QLP��%UHHG��*HQHW��������������0,6=7$/��,�����������07')6��XVHUµV�QRWHV��8QLYHUVLW\�RI�,OOLQRLV��86$�52%(57621�� $��� �������� 7KH� VDPSOLQJ� YDULDQFH� RI� WKH� JHQHWLF� FRUUHODWLRQ�FRHIILFLHQW��%LRPHWULFV��������������6&+1<'(5��8���+2)(5��$���/$%528(��)���.h1=,��1�����������0XOWLSOH�WUDLW�PRGHO� FRPELQLQJ� UDQGRP� UHJUHVVLRQ� IRU� GDLO\� IHHG� LQWDNH� ZLWK� VLQJOH�



���

PHDVXUHG� SHUIRUPDQFH� WUDLWV� RI� JURZLQJ� SLJV�� ��WK $QQXDO� 0HHWLQJ� RI� WKH�($$3��'HQ�+DDJ��6HVVLRQ�*����6&+8/=(��9���5g+(��5���/25(1=2�%(50(-2��-���/22)7��+���.$/0��(�����������*HQHWLF�DQDO\VLV�RI�SDUDPHWHUV�RI�IHHG�LQWDNH�FXUYHV�RI�SHUIRUPDQFH�WHVWHG�ERDUV����VW $QQXDO�0HHWLQJ�RI�WKH�($$3��'HQ�+DDJ��6HVVLRQ�*���6&+8/=(��9���5g+(��5���/22)7��+���.$/0��(������������*HQHWLVFKH�$QDO\VH�GHV� LQGLYLGXHOOHQ� :DFKVWXPV� XQG� )XWWHUDXIQDKPHYHUODXIV� YRQ� -XQJHEHUQ�ZlKUHQG�GHU�(LJHQOHLVWXQJVJUXSSHQSU�IXQJ� $UFK��7LHU]��LQ�SUHVV�:(%%��$�-�����������)XWXUH�FKDOOHQJHV�LQ�SLJ�JHQHWLFV��$QLP��%UHHG��$EVWU���9RO�����1R�����



���

0($7�48$/,7<�5(6($5&+�2)�385(� $1'�&5266%5('�3,*6�,1�(6721,$(��6RPHODU��$��7lQDYRWV��2��6DYHOL��,QVWLWXWH�RI�$QLPDO�6FLHQFH�RI(VWRQLDQ�$JULFXOWXUDO�8QLYHUVLW\��7DUWX��(VWRQLD
$EVWUDFW&KDUDFWHULVWLFV�RI�PHDW�TXDOLW\�DUH�EHFRPLQJ�PRUH�DQG�PRUH� LPSRUWDQW� IRU�SRUN�SURGXFHUV� DQG� FXVWRPHUV�� 7KLV� ZRUN� ZDV� FDUULHG� RXW� WR� VWXG\� WKH� GLIIHUHQFHV�EHWZHHQ�SLJ�EUHHG�FRPELQDWLRQV�DQG� WKHLU� HIIHFW�RQ�PHDW� TXDOLW\��$OO� WHVWV�ZHUH�FRQGXFWHG�LQ�9DOJD�0HDW�DQG�&DQQLQJ�)DFWRU\�� LQ�0HDW�DQG�)HHG�/DERUDWRU\�RI�WKH�(VWRQLDQ�$JULFXOWXUDO�8QLYHUVLW\��)LYH�JURXSV�RI�SLJV�ZHUH�XQGHU�REVHUYDWLRQ�± SXUH�EUHG� � (VWRQLDQ� /DQGUDFH� �(/��� (VWRQLDQ� /DUJH� :KLWH� �(/:��� )LQQLVK<RUNVKLUH� �)<�� DQG� FURVVEUHG� � +DPSVKLUH�[(/:� �+�[(/:����+�(/�(/:�[(/��� ���� SLJV� ZHUH� WHVWHG�� S+��� DQG� S+��� ZHUH� PHDVXUHG��&KHPLFDO� FRPSRVLWLRQ� RI� PHDW� L�H�� GU\� PDWWHU�� SURWHLQ�� IDW� DQG� DVK�� ZHUH�GHWHUPLQHG��:DWHU�FDSDFLW\�RI�PHDW�ZDV�GHWHUPLQHG�DQG�FRRNLQJ�ORVV�ZDV�IRXQG��/RLQ� H\H� DUHD� ZDV� PHDVXUHG� E\� SODQLPHWHU�� 7KH� ODUJHVW� ORLQ� H\H� DUHD� ZDV� LQ�FURVVEUHG� +�(/�(/:�[(/��� VPDOOHU� LQ� SXUHEUHG� (/:�� 36(� RU� ')'� PHDW� LV�YHU\�FORVHO\� UHODWHG�ZLWK�S+��ZH�KDYH� WR�DGPLW�� WKDW�VXFK�PHDW�TXDOLW\�FRPSOH[�ZDV�QRW�IRXQG��:DWHU�ELQGLQJ�FDSDFLW\�ZDV�WKH�EHVW�LQ�FURVVEUHG�+�[(/:� ZLWK�YDOXH���������WKH�ZRUVW�LQ�SXUHEUHG�)<�ZLWK���������&RRNLQJ�ORVV�ZDV�KLJKHVW�LQ�FURVVEUHHGV�RI�+�(/�(/:�[(/� ZLWK���������WKH�ORZHVW�LQ�SXUH�EUHG�(/:�ZLWK� �������� %UHHG� KDG� QR� VLJQLILFDQW� HIIHFW� RQ� S+� DQG� ERLOLQJ� ORVV�� %UHHG�FRPELQDWLRQV�ZLWK�(/�DQG�+�KDG�D�EHWWHU�PHDW�TXDOLW\�WKDQ�RWKHU�EUHHGV�
,QWURGXFWLRQ3RUN� SURGXFWLRQ� KDV� EHHQ� OHDGLQJ� DJULFXOWXUDO� DFWLYLW\� LQ� (VWRQLD� IRU� PDQ\�\HDUV��$V�QRZDGD\V�FXVWRPHUV�DUH�PRUH�LQIRUPHG��GHPDQG�IRU�KLJK�TXDOLW\�SRUN�KDV� LQFUHDVHG� UDSLGO\�� %6(� SUREOHPV� LQ� :HVW�(XURSH� KDYH� PRUH� DQG� PRUH�QHJDWLYH�LQIOXHQFH�WR�FRQVXPSWLRQ�RI�EHHI�7KLV� ZRUN� ZDV� FRQGXFWHG� WR� VWXG\� WKH� GLIIHUHQFHV� EHWZHHQ� SLJ� EUHHG�FRPELQDWLRQV�DQG�WKHLU�HIIHFW�RQ�PHDW�TXDOLW\�
0DWHULDOV�DQG 0HWKRGV$OO� WHVWV�ZHUH� FDUULHG� RXW� LQ�9DOJD�0HDW� DQG�&DQQLQJ� )DFWRU\�� LQ�0HDW� DQG�)HHG�/DERUDWRU\�RI�WKH�(VWRQLDQ�$JULFXOWXUDO�8QLYHUVLW\��)LYH�JURXSV�RI�SLJV�ZHUH�XQGHU� REVHUYDWLRQ� ± SXUHEUHG� � (VWRQLDQ� /DQGUDFH� �(/��� (VWRQLDQ� /DUJH�:KLWH��(/:��� )LQQLVK� <RUNVKLUH� �)<�� DQG� FURVVEUHG� � +DPSVKLUH�[(/:��+�[(/:����+�(/�(/:�[(/�������SLJV�ZHUH�WHVWHG���



���

7HVW� DQLPDOV� RULJLQDWHG� IURP���� IDUPV�RYHU�(VWRQLD��$OO�PHDWLQHVV� WUDLWV� IRU�FDUFDVV� ZHUH� PHDVXUHG� E\� XOWUDVRQLF� HTXLSPHQW� 8/75$� )20� ���� LQ� 9DOJD�0HDW� DQG� &DQQLQJ� )DFWRU\�� /LYH� SLJ� PHDVXUHPHQWV� ZHUH� WDNHQ� E\� XOWUDVRQLF�HTXLSPHQW� 3LJORJ� ���� DQG� $�6FDQ� 3OXV� �7lQDYRWV�� HW�� DO��� ������� S+��� ZDV�PHDVXUHG�ZLWK�SRUWDWLYH�S+�PHWUH�0HWWHU�7ROHGR�03����LQ�WKH�PHDW�SURFHVVLQJ�FRPSDQ\��$� WHVW� VOLFH�RI�PHDW� IURP�ORLQ�H\H�ZDV�DOVR� WDNHQ� WR�GHWHUPLQH�S+����FKHPLFDO�FRPSRVLWLRQ�RI�PHDW��ZDWHU�KROGLQJ�FDSDFLW\�DQG�FRRNLQJ�ORVV�RI�PHDW�7R� GHWHUPLQH� FKHPLFDO� FRPSRVLWLRQ� RI� PHDW�� WHVW� VOLFH� ZDV� JURXG� LQ�PLFURFXWWHU� XQWLO� KRPRJHQHRXV� VWUXFWXUH� RI� PHDW� ZDV� DFKLHYHG�� &KHPLFDO�FRPSRVLWLRQ�RI�PHDW��GU\�PDWWHU��SURWHLQ��IDW�DQG�DVK��ZDV�GHWHUPLQHG�LQ�)HHGLQJ�'HSDUWPHQW�RI�(VWRQLDQ�$JULFXOWXUDO�8QLYHUVLW\�7KH� GU\� PDWWHU� RI� PHDW� ZDV� GHWHUPLQHG� E\� (&� 'LUHFWLYH� ���((&� $QQH[� ��IURP� �WK� RI� 'HFHPEHU� ����� �)HHGLQJ� 'HSDUWPHQW� RI� (VWRQLDQ� $JULFXOWXUDO�8QLYHUVLW\�������5DZ�IDW�ZDV�GHWHUPLQHG�E\�6R[WHF�HTXLSPHQW��7HFDWRU�$SSOLFDWLRQ�1RWH�$1��������� 5DZ� SURWHLQ� ZDV� GHWHUPLQHG� E\� XVLQJ� .MHOWHF� HTXLSPHQW� �7HFDWRU�$SSOLFDWLRQ�1RWH�$1��������7KH�ZDWHU�KROGLQJ�FDSDFLW\�RI�PHDW�ZDV�GHWHUPLQDWH�E\�PHWKRGV RI�5��*UDX�DQG�5��+DPP���������PRGLILHG�E\�9��9RORYLQFKNDMD�DQG�%��.HOPDQL���������7KH�SULQFLSOH�RI� WKLV�PHWKRG� LV�EDVHG�RQ�GHWHUPLQDWLRQ�RI�ZDWHU�TXDQWLW\��ZKLFK�ZLOO�GHPHUJH�IURP�PHDW��7KHUH�ZDV�IROORZLQJ�IRUPXOD�XVHG�
$;9���$ % ��ZKHUH$�� WRWDO�TXDQWLW\�RI�ZDWHU�LQ�ZHLJKWHG�PHDW��PJ�;�� ZDWHU�FRQWHQW�RI���FP���ODUJH�ZHW�VSODVK������PJ�� FRQVWDQW��9�� DUHD�RI�ZHW�VSODVK�FP��

7KH� ZDWHU� ELQGLQJ� FDSDFLW\� ZDV� DOVR� GHWHUPLQHG� ZLWK� SODQLPHWHU� E\� XVLQJ�ILOWHU� SDSHU��&RRNLQJ� ORVV� RI�PHDW�ZDV� GHWHUPLQHG� IURP����J�PHDW� VOLFH��ZKLFK�ZDV� ERLOHG� IRU� ��� PLQXWHV� DW� �� R&�� 7KH� GLIIHUHQFH� EHWZHHQ� PHDW� VOLFH� ZHLJKW�EHIRUH�DQG�DIWHU�FRRNLQJ�ZDV�FRRNLQJ�ORVV�LQ�SHUFHQWDJHV��/RLQ�H\H�DUHD�ZDV�GHWHUPLQHG�E\�GUDZLQJ�ORLQ�H\H�VKDSH�IURP�FDUFDVV�WR�WHVW�SDSHU�DQG�ODWHU�RQ�WKLV�DUHD�ZDV�PHDVXUHG�ZLWK�SODQLPHWHU�+$))�1R�����(��7KH�*/0�SURFHGXUH�ZDV�XVHG�IRU�DQDO\VLQJ� WKH�GDWD�E\�DQDO\VLV�RI�YDULDQFH��6$6�,QVW��,QF����������7KH�IROORZLQJ�IRUPXOD�ZDV�XVHG�<LMNO PP ��:W ��)L���7M���6N���HLMNO�ZKHUH� ) � VHDUFKHG FKDUDFWHU� 7M � EUHHG���������P � DYHUDJH� 6N � VHDVRQ���������:W � SRUN�ZHLJKW� HLMNO � UHVLGXH�)L� � IDUP����������



���

$OO�WKH�UHVXOWV�DUH�SUHVHQWHG�E\�OHDVW�VTXDUH�PHDQV�ZKHUH�HVVHQWLDO�GLIIHUHQFHV�EHWZHHQ�EUHHGV�DUH�VKRZQ�ZLWK�GLIIHUHQW�OHWWHUV�OLNH�D��E��F��3DUULQJ�HW�DO����������
5HVXOWV�DQG�'LVFXVVLRQ7KH� ODUJHVW� ORLQ� H\H� DUHD� ZDV� IRXQG� LQ� FURVVEUHGV� +�(/�(/:�[(/� ZLWK������� FP� �)LJXUH� ��� DQG� LQ� FURVVEUHGV� RI�+� [�(/:� ZLWK� YDOXH� ������ FP���7KH�VPDOOHVW�ORLQ�H\H�DUHD�ZDV�LQ�SXUHEUHG�(/:�ZLWK�������FP��

����� ����� ����� ����� �����
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����
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(/ (/: )< +�[�(/: +�(/�(/:�[�(/)LJXUH����/RLQ�H\H�DUHD��FP��
7KH�S+�RI�PHDW�LV�VKRZLQJ�SRVVLEOH�PHDW�TXDOLW\�FRPSOH[HV�OLNH�')'��GDUN��ILUP�� GU\�� RU� 36(� �SDOH�� VRIW�� H[XGDWLYH��� 36(�PHDW� FDQ� DULVH� LI� LQWUD�PXVFXODU�ODFWLF� DFLG� ZLOO� DFFXPXODWH� LQWR� WKH� PXVFOHV� ZLWK� LQ� RQH� KRXU� DQG� ZKHQ�WHPSHUDWXUH�RI�FDUFDVV�LV�VWLOO�KLJK��,Q�VRPH�H[WUHPDO�FDVHV�RI�36(��PHDW�S+�FDQ�IDOO������RU�HYHQ�����XQLW�SHU�PLQXWH��(VVHQ�*XVWDYVVRQ��������6ZDWODQG��������1RUPDO� SURFHVV� RI� JO\FRO\VH� FDQ� VWRS� LI� S+� ZLOO� EH� RQH� WKH� OHYHO� �����������')'�PHDW�FDQ�DULVH�LI�S+�OHYHO�ZLOO�QRW�IDOO�DV�OHYHO�RI�JO\FRJHQ�LQ�PXVFOHV�LV�WRR�ORZ��,Q�VXFK�FDVHV�S+�ZLOO�VWDQG�RQ�WKH�OHYHO������������7HVW�UHVXOWV�RI�S+���DQG�S+���DUH�SUHVHQWHG�LQ�7DEOH����

7DEOH����S+���DQG�S+���YDOXHV�RI�SRUN�LQ�GLIIHUHQW�EUHHG�FRPELQDWLRQV7UDLW (/ (/: )< +� [�(/:� +�(/�(/:� [�(/�Q ��� �� � � �S+��� ����D ����D ����D ����D ����DS+��� ����D ����D ����D ����D ����DS+�GLIIHUHQFH ���� ���� ���� ����� �����
36(�RU�')'�PHDW�LV�YHU\�FORVHO\�UHODWHG�ZLWK�S+��ZH�KDYH�WR�DGPLW��WKDW�VXFK�PHDW�TXDOLW\�FRPSOH[�ZDV�QRW�IRXQG�7KH� UHVXOWV� RI� FRRNLQJ� ORVV� ZHUH� VKRZHG�� WKDW� WKH� VPDOOHVW� FRRNLQJ� ORVV����������ZDV�LQ�SXUHEUHGV�(/:��7KH�ELJJHVW�FRRNLQJ�ORVV����������ZDV� IRXQG�WKUHH�EUHHG�FURVV�+�(/�(/:� [�(/���&RRNLQJ�ORVV�LV�D�YHU\�LPSRUWDQW�IDFWRU�IRU�PHDW�SURFHVVLQJ�IDFWRULHV��DV�WKH�IXUWKHU�XVH�RI�PHDW�ZLOO�GHSHQG�RQ�WKLV��



���

� � �� �
� � �� � � � �� � � � �� �

� � �� �

� �� �
� �� �
� �� �

( / ( /: )< + �[ �( /: + �( / �( /: �[ �( /)LJXUH����&RRNLQJ�ORVV�E\�GLIIHUHQW�EUHHGV
7KH�KLJKHVW�ZDWHU� ELQGLQJ� FDSDFLW\�ZDV� LQ� FURVVEUHGV RI�+� [�(/:� ZLWK���������DQG�WKH�ORZHVW�ZDWHU�ELQGLQJ�FDSDFLW\�ZDV�LQ�)<�ZLWK����������
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(/ (/: )< +�[�(/: +�(/�(/:�[�(/)LJXUH����:DWHU�ELQGLQJ�FDSDFLW\�RI�WHVWHG�EUHHGV
*RRG� UHVXOW� LQ� ZDWHU� ELQGLQJ� FDSDFLW\� ZDV� DOVR� REWDLQHG� LQ� FURVVEUHGV� RI�+�(/�(/:� [�(/� ZLWK��������

7DEOH��� 7KH�FKHPLFDO�FRPSRVLWLRQ�RI�PHDW%UHHGV7UDLW (/ (/: )< +� [�(/:� +�(/�(/:� [�(/�Q ��� �� � � �'U\�PDWWHU ����� ����� ����� ����� �����3URWHLQ ����� ����� ����� ����� �����)DW ���� ���� ���� ���� ����$VK ���� ���� ���� ���� ����
7KH�FRQWHQW�RI�OHDQ�PHDW�VKRZHG��WKDW�WKH�EHVW�SURWHLQ�FRQWHQW�ZDV�LQ�PHDW�RI�)<� ZLWK� ������� IURP� GU\� PDWWHU�� 7KH� ORZHVW� SURWHLQ� FRQWHQW� ZDV� REVHUYHG� LQ�PHDW�RI�FURVVEUHGV�+� [�(/:� ZLWK�± ���������7KH�KLJKHVW�IDW�FRQWHQW�ZDV�LQ�



���

PHDW� RI� SXUHEUHG�(/:�ZLWK� ������� DQG� WKH� ORZHVW� IDW� FRQWHQW�ZDV� LQ�PHDW� RI�SXUHEUHG�(/�ZLWK���������
7DEOH� ��� 0HDW� TXDOLW\� FKDUDFWHULVWLFV� RI� GLIIHUHG� EUHHGV� FRPELQDWLRQV� DQG�SXUHEUHGV�7UDLW %UHHG�FRPELQDWLRQV ) 3U!)+�(/�(/:� [�(/ � +� [�(/: � (/ )< (/:
S+�� �����D �����DE �����E �����DE �����DE ���� ������

S+�� �����D �����D �����D �����D �����D ���� ������:DWHU�ELQGLQJ�FDSDFLW\ ������D ������D ������D ������D ������D ���� ������&RRNLQJ�ORVV ������D ������D ������D ������D ������D ���� ������


'U\�PDWWHU ������D ������DE ������E ������DE ������D ���� ������


3URWHLQ ������D ������D ������D ������D ������D ���� ������)DW �����DF �����DEF �����E �����DEF �����DF ���� ������


$VK �����D �����D �����D �����D �����D ���� ������

$V�VKRZQ�LQ�7DEOH���WKHUH�ZDV�QR�VLJQLILFDQW�HIIHFW�RI�S+�RQ�PHDW�TXDOLW\�RI�GLIIHUHQW� SXUHEUHGV� DQG� FURVVEUHG�� DV� 36(� RU� ')'� PHDW� ZDV� QRW� GHWHUPLQHG��7KHUH�ZDV�VLJQLILFDQW�GLIIHUHQFH�LQ�YDOXH�RI�S+���EHWZHHQ�+�(/�(/:� [�(/�DQG�(/��1R� VLJQLILFDQW� GLIIHUHQFHV� LQ� S+���� SURWHLQ� FRQWHQW�� ZDWHU� ELQGLQJ� FDSDFLW\��FRRNLQJ�ORVV�DQG�DVK�FRQWHQW�ZHUH�IRXQG��7KH�GU\�PDWWHU�FRQWHQW�RI�PHDW�VKRZHG�WKDW�WKHUH�ZDV�D�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�EUHHGV�RI�+�(/�(/:� [�(/� DQG(/�YHUVXV�(/:�7KH�IDW�FRQWHQW�RI�PHDW�VKRZHG��WKDW�WKHUH�LV�D�VLJQLILFDQW�GLIIHUHQFH�EHWZHHQ�+�(/�(/:� [�(/� DQG�(/�YHUVXV�(/:�
6XPPDU\)URP�FXUUHQW�UHVHDUFK�ZRUN�ZH�FDQ�FRQFOXGH�WKDW�ZLWK�UHJDUG�WR�PHDW�TXDOLW\��ORLQ�H\H�DUHD��FKHPLFDO�FRPSRVLWLRQ�RI�PHDW��WKH�EHVW�UHVXOWV�ZHUH�REWDLQHG�IURP�FURVVEUHG�+�(/�(/:� [� (/��� 9HU\� LPSRUWDQW� ZDV� DOVR� WKH� IDFW� 36(� RU�')'�PHDW�ZDV�QRW�IRXQG�)URP�WKH�SRLQW�RI�WHFKQRORJLFDO�TXDOLW\�RI�PHDW�OLNH�ZDWHU�ELQGLQJ�FDSDFLW\�RU�FRRNLQJ� ORVV�ZH�KDYH� WR�DGPLW� WKDW� WKH�PHDW� IURP�FURVV�EUHHGV�RI�+�(/�(/:�[�(/�KDG�KLJKHVW�FRRNLQJ�ORVV��7KH�VPDOOHVW�FRRNLQJ�ORVV�ZDV�LQ�SXUH�EUHHGV�PHDW�RI�(/:��*RRG�ZDWHU�ELQGLQJ�FDSDFLW\�ZDV�LQ�PHDW�RI�+� [�(/:� FURVVEUHG�DQG�WKH�ORZHVW�ZDWHU�ELQGLQJ�FDSDFLW\�ZDV�LQ�PHDW�RI�)<�



���

2XU� FRQFOXVLRQ� LV� WKDW� IRU� PHDW� SURGXFWLRQ� LV� EHVW� ZD\� WR� XVH FURVVLQJ� RI�GLIIHUHQFHV� EUHHGV� OLNH� +�(/�(/:� [� (/�� 3XUH�EUHHGV� DUH� QRW� HIIHFWLYH� IRU�SURGXFWLRQ�RI�PHDW�DQG�FDQ�EH�XVHG�IRU�SURGXFWLRQ�RI�FURVVEUHHGV�
5HIHUHQFHV(&�'LUHFWLYH����((&�$QQH[���IURP��WK�RI�'HFHPEHU�����(VVHQ�*XVWDYVVRQ��%��������0XVFOH�ILEHU�FKDUDFWHULVWLFV�LQ�SLJV�DQG�UHODWLRQVKLSV�WR�PHDW�TXDOLW\� SDUDPHWHUV� � 5HYLHZ�� 3�� ��������� ,Q�� 3RUN�4XDOLW\��*HQHWLF�DQG�0HWDEROLF�)DFWRUV��(GLW��(��3XRODQQH��'��,��'HPH\HU��0��5XXVXQHQ��DQG�6��(OOLV��&$%�,QWHUQDWLRQDO�*UDX� 5���+DPP� 5��hEHU�GDV�:DVVHUELQGXQJVYHUP|JHQ�GHV�6lXJHWLHUPXVNOHV��,,�hEHU� GLH�%HVWLPPXQJ�GHU�:DVVHUELQGXQJ�GHV�0XVNOHV�� ± =�� /HEHQVPLWWHO� ±8QWHUVXFKXQJ�XQG�)RUVFKXQJ��%G� ����6� ���«����������+$))�1R�����(�KWWS���ZZZ�KDII�FRP�SODQLPHWHU�KWP��/DVW�YLVLWHG�����������+DPP� 5��,Q�0HDW��± %XWWHUZRUWK��/RQGRQ�������.HPSVWHU�� $�-��� (YDQV�� '�*�� ������ $� FRPSDULVRQ� RI� GLIIHUHQW� SUHGLFWRUV� RI� WKH�OHDQ�FRQWHQW�RI�SLJ�FDUFDVVHV�����3UHGLFWRUV�IRU�XVH�LQ�FRPPHUFLDO�FODVVLILFDWLRQ�DQG�JUDGLQJ��$QLP��3URG��������������3DUULQJ�� $�0��� 9lKL��0��� .llULN�� (�� ������ 6WDWLVWLOLVH� DQGPHW||WOXVH� DOJ}SHWXV��7h�0DWHPDDWLOLVH�VWDWLVWLND�LQVWLWXXW��7h�.LUMDVWXV��SJ������������5HL��0��������/LKDWHKQRORRJLD�WHDGXVOLNXG�DOXVHG�ON��������������������6$6��������6$6�8VHU¶V�JXLGH��6WDWLVWLFV��6$6�,QVW��,QF���*$5<� 1&������SS�6NDUPDQ��6�� ������&URVVEUHHGLQJ�([SHULPHQW�ZLWK�6ZLQH��/DQWEUXNVK|JVNRODQV�$QQDOHU��9RO�������������6ZDWODQG��+��-��������*URZWK�SK\VLRORJ\�DQG�SRVW�PRUWHP�PHWDEROLVP�LQ�SRUFLQH�PXVFOH��3�����������,Q��3RUN�4XDOLW\��*HQHWLF�DQG�0HWDEROLF�)DFWRUV��(GLW��(��3XRODQQH��'��,��'HPH\HU��0��5XXVXQHQ��DQG�6��(OOLV��&$%�,QWHUQDWLRQDO�7HFDWRU� $SSOLFDWLRQ� 1RWH� $1� ������� 5DSLG� GHWHUPLQDWLRQ� RI� FUXGH� IDW� LQ�IHHGVWXIIV�E\�XVLQJ�WKH�6R[WHF�6\VWHP7HFDWRU�$SSOLFDWLRQ�1RWH�$1������7lQDYRWV�� $��� 6RPHODU�� (��� 6DYHOL�� 2��� (LODUW�� .��� 3}OGYHUH�� $��� .DDUW�� 7��3XKWDW}XOLVWH� MD� ULVWDQGVLJDGH� OLKDRPDGXVWH� SURJQRRVLPLQH� XOWUDKHOL� DSD�UDDWLGHJD�� $NDGHHPLOLVH� 3}OOXPDMDQGXVH� 6HOWVL� 7RLPHWLVHG� ���� �������� DSULOO����9RORYLQVNDMD�� .HOPDQ�� ����� F_lh^bq_kdb_� j_dhf_g^Zpbb� ih� bamq_gbx�fykghc�ijh^mdlb\ghklb��hp_gd_�dZq_kl\Z�lmr�b fykZ���Fhkd\Z�������:KLWWHPRUH�� &�� ������ 7KH� 6FLHQFH� DQG� 3UDFWLFH� RI� 3LJ� 3URGXFWLRQ�� /RQJPDQ�6FLHQWLILF�	�7HFKQLFDO��S���������



���

)$&7256�$))(&7,1*�0($7�75$,76�$1'�)(57,/,7<�2)�3,*6�,1�(6721,$$��7lQDYRWV��7��.DDUW��2��6DYHOL��,QVWLWXWH�RI�$QLPDO�6FLHQFH��(VWRQLDQ�$JULFXOWXUDO�8QLYHUVLW\��.UHXW]ZDOGL����7DUWX��������(VWRQLD
6XPPDU\/RFDO�SLJ�EUHHGV�KDYH�KDG�KLJK�IHUWLOLW\�GXULQJ�WKH�WLPHV��5HFHQWO\��KRZHYHU��DWWHQWLRQ�KDV�EHHQ�SDLG�WR�LPSURYH�PHDWLQHVV�WUDLWV��7KH�DLP�RI�WKLV�VWXG\�ZDV�WR�HYDOXDWH� HIIHFW� RI� GLIIHUHQW� IDFWRUV� RQ� PHDW� WUDLWV� DQG� IHUWLOLW\�� 'DWDEDVH� ZDV�FROOHFWHG�IURP����IDUPV�GXULQJ��������������%DFNIDW�WKLFNQHVV�DQG�ORLQ�H\H�GHSWK�ZHUH� PHDVXUHG� LQ� ������� SLJV ZLWK� XOWUDVRQLF� HTXLSPHQW� 3LJORJ������ 7KH�IROORZLQJ� SLJ� EUHHG� FRPELQDWLRQV� ZHUH� XQGHU� REVHUYDWLRQ�� SXUHEUHG� ± (VWRQLDQ�/DQGUDFH� �(/��� (VWRQLDQ� /DUJH�:KLWH� �(/:���+DPSVKLUH� �+��� 3LHWUDLQ� �3�� DQG�FURVVEUHGV� ± (/�[(/:��� (/:�[(/��� 3�[+��� 7KH� IROORZLQJ� IDFWRUV ZHUH�LQFOXGHG� LQ�JHQHUDO� OLQHDU�PRGHO��EUHHG�� VH[�� DGYLVRU�� VHDVRQ�� \HDU��SDULW\�� IDUP��3XUHEUHG� 3� DQG� FURVVEUHG� 3�[+� SLJV� KDG� VLJQLILFDQWO\� KLJKHU� OHDQ� PHDW�SHUFHQWDJH���������DQG����������FRPSDUHG�ZLWK�RWKHU�EUHHGV��3XUHEUHG�+�PHDW�WUDLWV�ZHUH�DOPRVW�DW�WKH�VDPH�OHYHO�DV�LQ�ORFDO�EUHHGV��)URP�ORFDO�EUHHGV�(/�EUHHG�ZLWK� OHDQ� PHDW� SHUFHQWDJH� ������� ZDV� FRQVLGHUHG� EHWWHU�� +LJK� OHDQ� PHDW�SHUFHQWDJH����������ZDV�REVHUYHG�LQ�(/:�[(/���(/:�EUHHG�KDG�KLJK�IHUWLOLW\����������ZKLFK�GLG�QRW�LQFUHDVH�E\�FURVVLQJ�ZLWK�(/���3�EUHHG�KDG�KLJK�PRUWDOLW\�������� IURP� ELUWK� WLOO� ZHDQLQJ��0HDW� WUDLWV� KDYH� QRW� EHHQ� LPSURYHG� GXULQJ� ODVW�\HDUV��H[FHSW�ORLQ�H\H�GHSWK��+LJK�IHUWLOLW\�ZDV�LQ�SDULWLHV�������DQG�ORZHU�LQ��VW��7R�LPSURYH�PHDW�WUDLWV��3�DQG�(/�EUHHGV�VKRXOG�EH�XVHG��ZKHUHDV�KLJK�PRUWDOLW\�UDWH�RI�3�EUHHG�PXVW�EH�FRQVLGHUHG�
,QWURGXFWLRQ'XULQJ�WKH�WLPHV�ORFDO�SLJ�EUHHGV�KDYH�KDG�KLJK�IHUWLOLW\�DV�D�UHVXOW�RI�VHOHFWLRQ�RI�EUHHGLQJ�DQLPDOV�E\�IHUWLOLW\��5HFHQWO\��KRZHYHU��PRUH�DWWHQWLRQ�KDV�EHHQ�SDLG�WR�LPSURYH�PHDWLQHVV�WUDLWV��$GYLVRUV�DFWLYHO\�HVWLPDWH�OLYH�SLJV�PHDW� WUDLWV�ZLWK�XOWUDVRQLF�HTXLSPHQW�3LJORJ�����LQ�(VWRQLD�DQG�PRUH�DWWHQWLRQ�KDV�EHHQ�SDLG�DOVR�WR� LPSURYH� VODXJKWHU�SLJV
�PHDW�TXDOLW\�E\�FURVVEUHHGLQJ��7KH�DLP�RI� WKLV� VWXG\�ZDV�WR�HYDOXDWH�HIIHFW�RI�GLIIHUHQW�IDFWRUV�RQ�PHDW�WUDLWV�DQG�IHUWLOLW\�
0DWHULDO�DQG�0HWKRGV'DWDVHW� ZDV� FRPSOHWHG� LQ� (VWRQLDQ� $QLPDO� 5HFRUGLQJ� &HQWUH� IURP� SLJV�GDWDEDVH��ZKLFK�ZDV�FROOHFWHG� IURP����IDUPV�GXULQJ������������� LQ�(VWRQLD��6L[�DGYLVRUV� IURP�(VWRQLDQ�3LJ�%UHHGLQJ�$VVRFLDWLRQ�PHDVXUHG��������SLJV
�EDFNIDW�DQG� GLDPHWHU� RI� ORLQ� H\H� ZLWK� XOWUDVRQLF� HTXLSPHQW� 3LJORJ������ 7KH� IROORZLQJ�WUDLWV� ZHUH� UHFRUGHG�� EDFNIDW� WKLFNQHVV� DW� ODVW� �[��� DQG� �������WK �[��� ULE�� �� FP�
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IURP� PLGOLQH� �PP��� DQG� GLDPHWHU� RI� ORLQ� H\H� �[���� �� FP� IURP� PLGOLQH� �PP���3®0P�57/���������/HDQ�PHDW�SHUFHQWDJH �\��ZDV�FDOFXODWHG�XVLQJ�WKH�IRUPXOD��3LJORJ�������������3LJV�ZHUH�WHVWHG�DW����������NJ�OLYH�ZHLJKW��ZKHUHDV�E\�XVLQJ�UHJUHVVLRQ� UHODWLRQVKLSV� EHWZHHQ� WKH� WUDLWV� EHLQJ� VWXGLHG� DQG� WHVWLQJ�ZHLJKW�� WKH�YDOXH�RI�WUDLWV�LQYHVWLJDWHG�ZDV�FRUUHFWHG�WR�����NJ�WHVWLQJ�ZHLJKW�LQ�DOO�DQLPDOV��7KH� IROORZLQJ� SLJ� EUHHG� FRPELQDWLRQV� ZHUH� XQGHU� REVHUYDWLRQ�� SXUHEUHG� ±(VWRQLDQ�/DQGUDFH� �(/���(VWRQLDQ�/DUJH�:KLWH� �(/:���+DPSVKLUH� �+���3LHWUDLQ��3��DQG�FURVVEUHGV�± (/�[(/:���(/:�[(/���3�[+���7KH�IROORZLQJ�IDFWRUV�ZHUH� LQFOXGHG� LQ� JHQHUDO� OLQHDU�PRGHO�� EUHHG�� VH[�� DGYLVRU�� VHDVRQ�� \HDU�� SDULW\��IDUP��7KH� WHVWLQJ� \HDU�ZDV� GLYLGHG� LQWR� IRXU� SDUWV�� VSULQJ� � 0DUFK��$SULO��0D\��VXPPHU� � -XQH�� -XO\��$XJXVW�� IDOO � 6HSWHPEHU��2FWREHU��1RYHPEHU�DQG�ZLQWHU� �'HFHPEHU��-DQXDU\��)HEUXDU\�*HQHUDO� /LQHDU�0RGHO� �*/0��ZDV�XVHG� WR� DQDO\VH� GDWDVHW� E\�6$6� VRIWZDUH��6$6�,QVW��,QF���������<LMNOPQR ��7L�0M�.N�6H�$P�3Q�)R�HLMNO�< �GHSHQGHQW�YDULDEOH� 6H  �VHDVRQ��Q ��������  �JHQHUDO�PHDQ� $P  �\HDU��Q �������7L  �EUHHG��Q �������� 3Q  �SDULW\��Q ��������0M  �VH[��Q �������� )R  �IDUP��Q �������.N  �DGYLVRU��Q �������� HLMNO  �UDQGRP�UHVLGXDO�HIIHFW7KH� UHVXOWV� DUH� JLYHQ� DV� OHDVW�VTXDUH� PHDQV� �3DUULQJ� HW� DO��� ������� /HYHO� RI�VLJQLILFDQFHV�H[SUHVVHG�FRQYHQWLRQDOO\�� D��E�� F�± OHDVW� VTXDUH��ZLWKLQ�HDFK�HIIHFW�ZLWK�RQH�OHWWHU�LQ�FRPPRQ�GR�QRW�GLIIHU�VLJQLILFDQWO\�
5HVXOWV�DQG�'LVFXVVLRQ+DPSVKLUH�DQG 3LHWUDLQ�DUH�ZHOO�NQRZQ�IRU�WKHLU�H[FHOOHQW�PHDWLQHVV�WUDLWV��EXW�DOVR� IRU� WKHLU� ORZ� IHUWLOLW\�� 7DEOH� �� VKRZV� WKDW� SXUHEUHG� 3LHWUDLQ� DQG� FURVVEUHG�3�[+� SLJV�KDG�WKLQQHU�EDFNIDW��ODUJHU�GLDPHWHU�RI�ORLQ�H\H�DQG�KLJKHU�OHDQ�PHDW�SHUFHQWDJH��FRPSDUHG�WR�RWKHU�FRPELQDWLRQV��2Q�WKH�RWKHU�KDQG��+DPSVKLUH��PHDW�WUDLWV� ZHUH� DOPRVW� RQ� WKH� VDPH� OHYHO� DV� WKRVH� RI� ORFDO� EUHHGV�� (VWRQLDQ� /DUJH�:KLWH KDG� D� OLWWOH� KLJKHU� EDFNIDW� DQG� VLJQLILFDQWO\� ORZHU� GLDPHWHU� RI� ORLQ� H\H�������� PP��� WKHUHIRUH�� OHDQ� PHDW� SHUFHQWDJH� ZDV� DOVR� VLJQLILFDQWO\� ORZHU����������� FRPSDUHG� ZLWK� (VWRQLDQ� /DQGUDFH� ���������� .OLPLHQH� HW� DO� �������IRXQG� OHDQ� PHDW� SHUFHQWDJH� EHWZHHQ �������������� LQ� /LWKXDQLDQ� :KLWH� LQ�������������� &URVVEUHHGLQJ� EHWZHHQ� ORFDO� EUHHGV� UHVXOWHG� LQ� VOLJKWO\� ORZHU�EDFNIDW�DQG�VLJQLILFDQWO\�KLJKHU�GLDPHWHU�RI�ORLQ�H\H�WKDQ�SXUHEUHGV��6LJQLILFDQWO\�KLJKHU�IHUWLOLW\�ZDV�IRXQG�LQ�SXUHEUHG�(VWRQLDQ�/DUJH�:KLWH�SLJV�DQG�WKHLU�FURVVHV�ZLWK�(VWRQLDQ�/DQGUDFH�ERDU��EXW�RQ�WKH�RWKHU�KDQG�KLJK�IHUWLOLW\�FDXVHG�DOVR�KLJK�PRUWDOLW\�IURP�ELUWK�WLOO�ZHDQLQJ�
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7DEOH����0HDW�WUDLWV�DQG�IHUWLOLW\�WUDLWV�RI�SLJ�EUHHG�FRPELQDWLRQV�7UDLWV (/ (/: + 3 (/[(/: (/:[(/ 3[+Q ���� ����� ��� �� ���� ��� ��[���PP� �����D �����D �����D �����E ����� ����� �����E[���PP� �����D ����� �����DE �����F �����E �����E �����EF[���PP� �����D �����E �����DE ����� �����D �����F �����F\���� �����D ����� �����D �����E ����� ����� �����E1R��RI�SLJOHWV�DW�ELUWK �����D �����E ����F ����DG �����E �����D ����FG
1R��RI�SLJOHWV�DW�ZHDQLQJ ����D �����E ����F ����F �����E �����D ����F
'LIIHUHQFH ���� ���� ��� ���� ���� ���� ����

,Q� ����� WKH� DXWKRU� IRXQG� �7lQDYRWV�� ������ KHWHURVLV� HIIHFW� RQ� IHUWLOLW\� LQ�FURVVLQJ��EXW� LQ�WKLV�VWXG\�� IHUWLOLW\�RI� WKH�SXUHEUHG�SLJV�ZDV�DERXW�VDPH�OHYHO�DV�WKHLU� FURVVHV��+DPSVKLUH� DQG� LWV� FURVV�ZLWK� 3LHWUDLQ� KDG� ORZ� IHUWLOLW\�� FRPSDUHG�ZLWK� RWKHU� EUHHGV�� 3XUHEUHG� 3LHWUDLQ� KDG� YHU\� KLJK� PRUWDOLW\� IURP� ELUWK� WLOO�ZHDQLQJ ������SLJOHWV���'LIIHUHQFH�EHWZHHQ�VH[HV�VKRZHG�VLJQLILFDQWO\�ORZHU�EDFNIDW�DQG�KLJKHU�OHDQ�PHDW�SHUFHQWDJH�LQ�PDOH�SLJV��7DEOH�����
7DEOH����6H[�LQIOXHQFH�RQ�PHDW�WUDLWV7UDLWV )HPDOH 0DOHQ ����� ����[���PP� ����� �����[���PP� �����D �����D[���PP� ����� �����\���� ����� �����

7HVWLQJ� VHDVRQ� VKRZHG�VLJQLILFDQWO\� ORZHU� OHDQ�PHDW�SHUFHQWDJH� ��������� LQ�DXWXPQ�DQG�KLJKHU����������LQ�VSULQJ��7DEOH�����
7DEOH����0HDW�WUDLWV�GHSHQGLQJ�RQ�WHVWLQJ�VHDVRQ�7UDLWV :LQWHU 6SULQJ 6XPPHU )DOOQ ���� ���� ���� ����[���PP� �����D �����D ����� �����[���PP� ����� �����D ����� �����D[���PP� �����D ����� �����D �����\���� �����D ����� �����D �����
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7KXV�� EHWWHU� SHULRGV� IRU� IDWWHQLQJ� DUH� DXWXPQ� DQG� ZLQWHU� DQG� WKH� ZRUVW� DUH�VSULQJ�DQG�VXPPHU��'XULQJ�WKH�\HDUV��EDFNIDW�WKLFNQHVV�ZDV�QRW�FRQVLGHUDEO\�FKDQJHG��)LJXUH�����
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[���PP� [���PP� [���PP� \����)LJXUH����7UHQG�RI�PHDW�WUDLWV�LQ������������
7UHQG�IRU�EDFNIDW�WKLFNQHVV�ZDV�LQFUHDVLQJ�IURP������WR�������DQG�GHFUHDVHG�DW�WKH�EHJLQQLQJ�RI�WKLV�\HDU��ZKHUHDV�GLIIHUHQFH�EHWZHHQ�WZR�PHDVXULQJ�SRLQWV�LV�KLJKHU�WKDQ�LQ�RWKHU�\HDUV��'LDPHWHU�RI�ORLQ�H\H�ZDV�LQFUHDVLQJ�GXULQJ�WKH�\HDUV��IURP�������PP�LQ������WR�������PP�LQ�������EXW�OHDQ�PHDW�SHUFHQWDJH�LV�WRGD\�RQ�WKH�VDPH�OHYHO�DV�LQ�������6LJQLILFDQWO\� ORZHU IHUWLOLW\� ZDV� LQ� ILUVW� SDULW\�� ZKLFK� LQFUHDVHG� WLOO� SDULWLHV�������DQG�GHFUHDVHG�LQ�SDULWLHV��������WR�WKH�VDPH�OHYHO�DV�LQ�SDULWLHV��������)LJXUH���
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+LJK�IHUWLOLW\�LV�UHODWHG�WR�KLJK�IHUWLOLW\��EHLQJ�LQ�������SDULWLHV������SLJOHWV�DQG�ORZHU�LQ��VW SDULW\�������SLJOHWV���)LQDOO\��LW�VKRXOG�EH�QRWHG��WKDW�WKH�EHVW�ORFDO�EUHHG�WR�SURGXFH�IDWWHQLQJ�SLJV�ZDV� (VWRQLDQ� /DQGUDFH�� &URVVLQJ� EHWZHHQ� ORFDO� EUHHGV� LPSURYHG� PHDW� WUDLWV�VOLJKWO\��EXW�IHUWLOLW\�ZDV�RQ�WKH�VDPH�OHYHO�DV�LQ�SXUHEUHGV��)URP�LPSRUWHG�EUHHGV��3LHWUDLQ� EUHHG� VKRXOG� EH� SUHIHUUHG� WR� LPSURYH�PHDWLQHVV� WUDLWV� EHFDXVH� LWV� PHDW�WUDLWV� ZHUH� EHWWHU� WKDQ� LQ� +DPSVKLUH� EUHHG�� (VWRQLDQ� /DUJH� :KLWH� IURP� ORFDO�EUHHGV� DQG� 3LHWUDLQ� IURP� LPSRUWHG� EUHHGV� KDG� KLJKHU� IHUWLOLW\�� EXW� LW� VKRXOG� EH�WDNHQ�LQWR�FRQVLGHUDWLRQ��WKDW�(VWRQLDQ�/DUJH�:KLWH�KDG�KLJK�PRUWDOLW\�DQG�WKDW�RI�3LHWUDLQ� ZDV� H[WUHPHO\� KLJK�� 7KHUHIRUH�� WR� VHOHFW� WKHVH� EUHHGV�� IDUPHUV� VKRXOG�KDYH�JRRG�FRQGLWLRQV�WR�UHDU�SLJOHWV��)DUPHUV�VKRXOG�DOVR�FRQVLGHU��WKDW�OLWWHU�VL]H�ZLOO�LQFUHDVH�WLOO��WK SDULW\��DIWHU�ZKLFK�LW�ZLOO�GHFUHDVH�
5HIHUHQFHV.OLPLHQH��$���.OLPDV��5�� ������3KHQRW\SLF� HYDOXDWLRQ�RI� SLJ� OHDQQHVV��%RRN�RI�$EVWUDFWV� RI� WKH� ��VW� $QQXDO� 0HHWLQJ� RI� WKH� ($$3�� 7KH� +DJXH�� 7KH�1HWKHUODQGV��������$XJXVW��S�����3DUULQJ�� $�0��� 9lKL��0��� .llULN�� (�� ������ 6WDWLVWLOLVH� DQGPHW||WOXVH� DOJ}SHWXV��7h�0DW��VWDW��LQVW��7h�.LUMDVWXV��S������������3LJORJ� ����� ������ 3LJORJ� ���� 8VHU¶V� *XLGH�� 6RERUJ�� 'HQPDUN�� 6).� �7HFKQRORJ\���� SS3®0P� 57/�� ������ 3}OOXPDMDQGXVPLQLVWUL� ���� YHHEUXDUL� ����� D� PllUXVH� QU ��©7}XDUHWXVHHVNLUMDGH� NLQQLWDPLQHª� MD� �� PlUWVL� ����� D� PllUXVH� QU ��©7}XDUHWXV�KLQJXOH� WHJHYXVORD� DQGPLVH� HHVNLUMD� NLQQLWDPLQHª� PXXWPLQH���������������6$6��������6$6�8VHU¶V�JXLGH��6WDWLVWLFV��6$6�,QVW��,QF���*$5<��1&������SS�7lQDYRWV��$�� ������6XXUW� YDOJHW� W}XJX� HPLVWH� YLOMDNXV� MD�SLLPDNXV��0DJLVWULW||��7DUWX����ON�
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CORRELATION RELATIONSHIP OF HATCHING EGGS OF LAYERS 
L. Beikmane1, J. Nudiens, 1Latvia University of Agriculture, 2 Liela Street, 
Jelgava, Latvia; LUA Research Centre "Sigra", 1 Instituta Street, Sigulda, Latvia 
 
Introduction 

More than 70% of cross Lohmann Brown layers are being used for egg 
production in Latvia. Breeding material - parent stock birds are bought from 
company Lohmann Tierzucht GmbH, and it is important to rear every purchased 
chick well. Rearing in cage batteries L121 is not always success with good 
results. It has been proved in earlier studies that live weight and egg weight of 
pullets negatively correlate with laying. However, early sexual maturity has no 
effect no egg weight, but it influences laying results in its beginning stage more 
[2]. What is essential in pullet rearing period is to achieve the live weight of birds 
that is recommended by the company otherwise underweight birds will produce 
comparatively lighter eggs not appropriate for hatching purposes [4]. 

More eggs with a lower weight are produced by layers of a lower live weight 
than the recommendation of the company is. When hatching these eggs and 
rearing chicks live weight of layers may be significantly reduced already after 
two generations [5]. It is proved by a correlative relationship between egg weight 
and newly - hatched chicks weight as well as between further live weight of 
pullets [4]. Appropriate development of both sexes (females and males) is vital 
for breeding pullet rearing. Too high differentiation of live weight of males is not 
requested. There are references in literature that heavier males are "lazier", but 
females with a high live weight are "more inert" [3]. These birds affect egg 
fertilisation which is an essential trait in parent stock. 

The aim of the study was to investigate a correlative relationship of 
morphological traits of hatching eggs being produced by layers of a different live 
weight (light, medium and heavy) [1]. 
 
Materials and Methods 

The studies were performed from 1997 to 2000 using parent stock of cross 
Lohmann Brown. According to the development of live weight pullets (females) 
were divided into three groups: heavy birds - 1481-1720 g (group 1), medium 
weight birds - 1242 -1480 g (group 2) and light birds - 1000 - 1240 g (group 3). 
The eggs of these groups of birds were analysed morphologically at the age of 32 
weeks according to ВНИТИП (1980.1982) method. 

 
Results 

The obtained average data of morphological traits of eggs indicate better 
indices of eggs in groups 1 and 2 both in egg weight and Haugh unit. 
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Average data of morphological analyses of eggs are summarised in table  
 
Table 1. Average data of morphological analyses of eggs 

Groups Data 
1 2 3 

Egg weight, g 57.53 ± 0.48 54.95 ±  0.57 53.98 ±  0.50 
Shell weight, g   5.52 ± 0.06  5.43 ± 0.08  5.47 ±  0.08 
Yolk weight, g 15.27± 0.21 14.78 ± 0.16 14.52 ±  0.21 
Indexes:    

forms    1.29 ± 0.007   1.29 ± 0.007   1.30 ±  0.008 
white   0.11± 0.04    0.12 ±  0.004 0.10 ± 0.004 
yolk     0.50 ± 0.005    0.48 ± 0.006 0.49 ± 0.05 

Haugh  unit 85.1 ± 1.31 88.3 ± 1.19 83.8 ± 1.34 
 

Analysing correlation relationships of morphological analyses of eggs per bird 
group according to the distribution of live weight, see tables 2, 3 and 4, one can 
notice differences among the groups in particular traits. 
 
Table 2. Correlation of morphological traits of eggs in group 1 
 Egg 

weight, g
Shell 

weight, g
Form 
index 

White 
index 

Yolk 
index 

Haugh 
unit 

Yolk 
weight, g 

Egg weight, g 1       
Shell weight, g 0.546 1      
Form index -0.007 0.007      
White index 0.113 -0.161 -0.415 1    
Yolk index 0.434 0.376 0.087 0.054 1   
Haugh unit 0.124 0.046 -0.367 0.588 0.133 1  
Yolk weight,g 0.515 0.264 0.239 0.001 0.178 0.068  

 
Table 3. Correlation of morphological traits of eggs in group 2 
 Egg 

weight, g
Shell 

weight, g
Form 
index 

White 
index 

Yolk 
index 

Haugh 
unit 

Yolk 
weight, g 

Egg weight, g 1       
Shell weight, g 0.389 1      
Form index -0.001 -0.064 1     
White index 0.034 0.266 -0.144 1    
Yolk index 0.155 -0.260 0.089 -0.094 1   
Haugh unit 0.075 0.286 -0.067 0.967 -0.144 1  
Yolk weight, g 0.420 0.021 0.093 -0.348 0.165 -0.351 1 
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Table 4. Correlation of morphological traits of eggs in group 3 
 Egg 

weight, g
Shell 

weight, g
Form 
index 

White 
index 

Yolk 
index 

Haugh 
unit 

Yolk 
weight, g 

Egg weight, g 1       
Shell weight, g 0.603 1      
Form index 0.159 0.078 1     
White index -0.233 -0.112 -0.135 1    
Yolk index -0.473 -0.243 0.042 0.084 1   
Haugh unit -0.221 -0.089 -0.162 0.969 0.032 1  
Yolk weight, g 0.547 0.178 -0.113 -0.196 -0.111 -0.152  
 

It means that it is possible to do an indirect selection based on these 
relationships of correlative traits. For instance, there were margins 0.43 to 0.47 in 
correlation of egg yolk index and egg weight respectively. There was a marked 
difference per study groups, negative correlation in egg form index and egg white 
index –0.42 – 0.13. 

 
Conclusions 
1. There was a marked difference, i.e., from positive to negative in correlation 

of morphological traits of eggs in particular groups (divided according to live 
weight ): 
 egg weight and white index   + 0.113 … - 0.234 
 egg weight and yolk index     + 0.434 … - 0.473 
 egg weight and Haugh unit    + 0.124 … - 0.221 
 shell weight and white index + 0.266 … - 0.161. 

2. Particular morphological traits of eggs were stable: 
 egg weight and yolk weight  + 0.420 … + 0.547 
 white index and Haugh unit   + 0.589 … + 0.969. 
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HETEROSIS IN THE LINES OF SPECIALISED EGG LAYERS 
S. Janushonis*. Lithuanian Institute of Animal Science. Poultry Research Station. 

Lithuania 
 

The results of crossing the specialised lines show, that positive heterosis of 
hen egg production was compensated by: less average egg weight, shorter length 
of time of sexual maturity and better vability of hens. It was determined, that 
crossing the cocks from pure lines with hybrid hens specific combining ability 
made a major effect on their egg production. When crossing the hybrid cocks 
from generation F1 with the hybrid hens from generation F1 general combining 
ability manifested itself. Consequently, egg production of hybrid hens is usually 
more even among the groups. Maternal combining ability had the largest effect 
on egg weight heterosis in two line crossings, when in three or four line crossings 
the paternal line of paternal form. 

Both father and mothers had the same influence on hen sexual maturity. 
Live weight heterosis depend more on specific combining ability, but better 

results were obtained from paternal line of paternal form. Both paternal general 
combining ability and paternal line of paternal form had major effect on hen 
viability. 
Keywords: heterosis, specialised lines, paternal and maternal lines. 
 
Introduction 

Genetic homeostasis manifests itself more cleary, when specialised lines are 
being crossed, i.e., when steady and standardized production is maintaned even 
under unfavouvable environmental conditions (1, 2). It was determined, that the 
value of line in crossings depends not only on the size of cleary manifested useful 
traits, but also on its combining ability with another line or a hybrid form in 
helping to produce heterotic offspring, which should be higher production 
according to this trait. Heterosis is a genetic increase of animal and poultry 
production reserve using crossing in separate lines or breeds, which combine and 
widen those useful hen and line properties in hybrid offspring (3). 

Selectors have many difficulties in selecting specialised inter–combining lines 
as well as paternal and maternal hybrid forms, in particular from which complex 
crosses are formed, as there are no other effective techniques for heterosis chech 
up (4). While crossing specialised lines and their hybrid forms we wanted to find 
out general and specific combining abilities of the lines and pecularities of 
heterosis manifestation due to different traits of production. 
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Methods and Materials 
It was determined, that the maximum utilization of heterosis occurrence is 

possible only in three or four line crosses. Moreover, the lines have to be crossed 
only according to a certain formula (5). In determining the pecularities of 
heterosis manifestation paternal lines C1 and C2 we re crossed with maternal lines 
K5 and L4. The paternal lines distinquished themselves for their lower egg 
production and vitality and for their higher egg production and hen weight, while 
the maternal lines showed their better egg production and viability, but had lower 
egg and hen weight (Table 1).  

 
Table 1. Production of initial lines 
Lines, h2 Egg members 

at 73 weeks 
Egg weight at 

52 weeks g 
Sexual 

maturity d
Body weight 

g 
Livebility 

% 
C1 198.9 62 167.9 1654 75.3 
h2 0.09 0.17 0.02 0.1 – 
C2 275.6 59.8 165.9 1680 76.9 
h2 0.05 0.08 0.04 0.09 – 
K5 250.9 58.7 165.5 1532 92.2 
h2 0.05 0.12 0.08 0.13 – 
L4 246.8 58.5 163.1 1576 89.8 
h2 0.05 0.10 0.05 0.12 – 

 
Paternal forms C1C2 and C2C1 were crossed with maternal hybrid forms K5L4 

aiming to obtain complex crosses. Twelve hybrid combinations were formed 
altogether, each of them haing 200 to 250 hybrid hens. The analyzed indices were 
as follows: egg production at 72 weeks of age; egg and hen weight at 52 weeks of 
age; sexual maturity and viability. 
 
Results and Discussions 

When paternal lines C1 and C2 were crossed with pure lines K5 and L4 and 
hybrid hens, the results obtained varied differently. The degree of heterosis in two 
line crossings depended on general combining ability of maternal lines. Egg 
production of daughters in line K5 were 244 eggs. Heterosis – 8.4 % (P < 0.01). 
Egg production of the daughters from line L4 were 232 eggs. Heterosis – 3.6 % 
9P < 0.05). The degree of heterosis in the combination of three lines ΓC2× ΕK5L4 
was the highest – 18.5 % (P < 0.001) (Tables 2 and 3). When crossing hybrid 
cocks with pure line K5 hens, hybrid daughters were obtained. Their egg 
production was 250.5 eggs. Egg production of daughters from line L4 was lower – 
242.8 eggs. Heterosis – 8.5 % (P < 0.01). The highest egg production was 
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obtained from four line hybrid hens ΓC1C2 and C2C1 × ΕK5L4. Average egg 
production was 268.5 eggs. Heterosis – 15.2 % (P < 0.001). 

 
Table 2. Heterosis degree of paternal lines by separate production traits 

Egg 
production 

Egg weight Sexual 
maturity 

Body weight Livebility Lines 
forms 

a b a b a b a b a b 
C1 0.5 5.9* -0.1 -1.3 1.6* 0.1 4.7** -0.9 7.9** 2.8 
C2 1 18.5*** -0.6 1.2 -1.9* -2.7* 1 3.6** 9.3** 8.1** 
C1 C2 7.9**12.9*** -1.5* -1.5* -3.4** 1.1 1.5 1.6* 9.4** 11.7*** 
C1 C2 6.0* 17.5*** -1.7* 0.8 -3.5** -2.5* -2.5* -3.6** 9.6** 12.7*** 
a) in crossings with pure lines fowls (K5, L4) 
b) in crossings with hybrids fowl (K5L4) 
*– P<0.05, **– P<0.01, ***– P<0.001 
 

Egg weight of hybrid hens in almost all combinations was lower, i.e. their 
heterosis was negative from – 0.1 % to 2.6 % (P < 0.05). There were two 
exeptions, where the daughters from line K5 heterosis reached to +0.1 % (P>0.05) 
and that of hens from combination ΓC2 × ΕK5L4 was +1.7 % (P<0.05). The 
degree of heterosis in four line hybrids was insignificant, but it had a tendency to 
be positive. Sexual maturity of all hybrid hens, the mothers of which were the 
hens from pure lines was two or three days earlier. Heterosis was from 2.0 to 3.9 
% (P<0.01). When maternal form was hybrid K5L4, sexual maturity of three or for 
line combinations was from one to three days longer. Heterosis was from -0.7 % 
to –1.5 % (P<0.05). 
 
Table 3. Heterosis degree of maternal lines by separate production traits  

Egg 
production 

Egg weight Sexual 
maturity 

Body weight Livebility Lines 
forms 

a b a b a b a b a b 
K5 8.4** 11.2*** 0.1* -1.8* -2.4* -3.5* 1.8* -2.4* 10.0*** 13.4*** 
L4 3.6 8.5** -3.2** -2.2* -2.0* -3.9** 0.9 -1 -3.0** 12.8*** 
K5L4 12.7*** 15.1*** -0.3 -0.3 -1.5 -0.7 0.2 -1 8.5** 12.1*** 
a) in crossings with pure lines fowls (C1, C2) 
b) in crossings with hybrids fowls (C1C2 , C2C1)   
*– P<0.05, **– P<0.01, ***– P<0.001 

 
The highest live body weight (1691 g) of hybrid hens were obtained in 

combination ΓC1× ΕK5. Heterosis +6.2 % (P<0.01) and (1697 g) in combination 
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Γ C1C2 × ΕK5, heterosis +4.6 % (P<0.01). The lowest weight of daughters (1599 
g) was obtained, whoo cocks C1C2 were crossed with pure line K5L4 and hybrid 
K5L4 hens. Heterosis was –0.8 % (P>0.05). 

Both fathers and mothers had a great effects on hen viability. The offspring 
obtained from line C1 cocks and line L4 hens were less viable. Their average 
survival formed 83.8 %. Heterosis of line C1 and L4 were 1.4 % and 9.5 %, 
respectyvely (P<0.005). 

More viable daughters wre obtained using hybrid cocks. Survival of pure lines 
hens formed 88.9 to 94.1 %. Heterosis from 10.3 to 15.6 age hybrid hen survival 
was 93.7 %. Heterosis – 12.3 % (P<0.001). 
 
Conclusions 

The results of crossing shows, that positive heterosis of hen egg production 
was compensated by: less avarage weight, shorter length of time of sexual 
maturity and better viability of hens. It was determined, that crossing the cocks 
from pure lines with hybrid hen specific combining ability made a major effect on 
their egg production. When crossing the hybrid cocks from generation F1 with the 
hybrid hens from generation F1, general combining ability manifested itself. 
Consequently, egg production of hybrid hens is usually more even among the 
groups. Maternal combining ability had the largest effect on egg weight heterosis 
in two line crossing, when in three or four line crossings the paternal line of 
paternal forms.  

Both fathers and mothers had the same influence on hen maturity. 
Live weight heterosis dependet more on specific combining ability, but better 

results were obtained from paternal line of paternal form. Both paternal general 
combining ability and paternal line form had a major effect on hen viability. 
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SELECTION OF THE INITIAL LINES OF THE LOHMANN WHITE LSL 
CROSS IN FOUR GENERATIONS 

R. Juodka*, A. Benediktavičiūtė-Kiškienė. Lithuanian Institute of Animal 
Science,Poultry Research Station, Nevėžio 54, LT-5368 Velžys, Panevėžio r., Lithuania 

 
Introduction 

Selection for one or two traits is most efficient. However, heterosis effect for 
several traits should be the aim at selection of pure lines. The main selection traits in 
the selection of individual lines of the laying hen cross are egg production, egg weight 
and incubation data, and the secondary traits are body weight and morphological 
indicators of eggs. The adaptation process and survival rate of birds should be 
analysed too. 

Sire and dam lines are selected by different traits. The higher is the differentiation 
of sire and dam lines by productivity, the higher is the effect of heterosis. 

Commercial layers of the Lohmann White LSL cross can produce 305 eggs per 
year by consuming 2.1-2.2 kg of feed per kg of egg weight, provided there was a 
positive heterosis effect. 

However, adaptation of the newly imported birds might result in different 
productivity of individual lines, and, therefore, scrupulous breeding work should be 
carried out. 

 
Materials and Methods 

Initial lines A, B, C, D of birds of the Lohmann White LSL cross were brought to 
Lithuania in 1995. Young and adult birds of initial lines were housed in batteries. 
Control nests of 2 cockerels and 12 pullets were arranged at 17 or 18 weeks of age. 
Birds for the control nests were selected according to the specific requirements for 
each line. 

• Birds of the male combination lines A and B were selected for the increase in 
body and egg weights and higher egg production. 

• Birds of the female combination lines C and D were selected for higher egg 
production and reproductive performance. 

Beside these main traits set for individual lines, secondary traits, such as body 
weight of birds of female combination lines C and D, survival rate of birds at different 
age, reproductive performance of male combination lines A and B have been 
analysed. The productivity of birds was analysed until 68 weeks of age. 

 
Results and Discussion 

The analysis of the data for the male combination A and B lines in four 
generations indicated that at 18 weeks of age, the body weight of both cockerels and 
pullets in both lines had significantly increased, on the average by 347 g for cockerels 
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and 291 g for pullets. However, this had no effect on the egg production. In four 
generations, the egg production has also increased on the average by 18 eggs. The egg 
weight in both lines has not changed significantly, though there was a tendency 
towards higher weight (Table 1).  
 
Table 1. Weights of pure line birds and eggs and egg production in four 
generations 

Lines Item Generation A B C D 
F0 1585.2 1567.1 1603.3 1598.5 
F1 1519.7 1501.2 1627.3 1585.0 
F2 1637.2 1669.4 1821.5 1819.6 Male body weight, g 

F3 1902.4 1943.8 1903.4 1964.9 
F0 1142.7 1165.3 1297.6 1371.0 
F1 1248.6 1244.4 1310.6 1292.4 
F2 1242.5 1298.3 1375.4 1333.5 Female body weight, g 

F3 1411.75 1457.5 1501.3 1521.4 
F0 59.3 58.8 58.2 58.9 
F1 60.3 58.9 59.2 59.1 
F2 60.2 59.2 59.0 58.0 Egg weight, g 

F3 60.0 59.0 58.7 58.3 
F0 199.6 208.0 219.7 213.1 
F1 223.2 216.7 225.4 231.4 
F2 214.6 224.8 204.1 224.3 

Egg production in 68 
weeks 

F3 219.3 225.7 202.9 223.3 
 

Selection of the female combination lines C and D also resulted in higher 
weights of both cockerels (333.3 g) and pullets (177.1 g). In all generations, the 
body weights in lines C and D were higher than those of male combination lines 
A and B though genetics specialists of the German company Lohmann Tierzucht 
are of opinion that such data do not contradict the selection purposes. The egg 
weight in the female combination lines C and D was lower than that in the male 
combination lines A and B. 

Pullets in line A produced eggs of the highest weight which was by 0.4-2.2 g 
(P < 0.05) higher compared with the other lines. In all generations egg laying rate 
was higher in the female generation lines B and D by 6.0 to 20.4 eggs (Table 1). 

The analysis of the egg incubation data indicated that the female combination 
lines C and D had the highest fertility (P < 0.001). Rate of chickens and 
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hatchability were also higher in the female combination lines C and D compared 
with the male combination lines in all generations (Table 2). 
 
Table 2. Egg incubation and survival rate of pure line birds in four generations 

Lines Item Generation A B C D 
F0 82.7 85.5 87.3 94.0 
F1 75.0 75.0 86.9 81.5 
F2 80.6 91.3 83.3 91.2 Fertility, % 

F3 79.3 84.0 89.5 90.1 
F0 64.5 48.3 65.5 72.2 
F1 61.1 62.8 80.2 81.0 
F2 56.5 70.1 73.9 79.8 Rate of chickens, % 

F3 65.9 68.5 74.8 79.4 
F0 78.0 56.5 75.1 76.9 
F1 81.5 83.7 92.3 95.4 
F2 70.1 76.8 88.7 87.5 Hatchability, % 

F3 83.1 81.6 83.6 88.1 
F0 74.1 80.3 83.4 69.1 
F1 82.0 80.5 87.7 77.4 
F2 92.2 92.4 92.2 96.3 

Survival rate of birds 
from 0 to 18 weeks, % 

F3 90.2 92.3 96.2 95.9 
 

The analysis of the survival rate data of birds from 0 to 18 weeks indicated 
that birds of the C line were most resistant in all generations. Their survival rate 
increased from generation to generation (from 83.4 to 96.2%). The survival rate 
was also high for the female combination line D (from 69.1 to 95.9%). 

 
Conclusions 

1. The selection of female combination birds resulted in their higher body 
weights compared with male combination birds, and the highest egg weight was 
determined in male combination line A. 

2. Female combination lines C and D had higher reproductive performance 
than male combination lines A and B. 

3. The highest survival rate of birds from 0 to 18 weeks of age was in the 
female combination line C. The survival rate increased from 83.4 to 96.2% in 
four generations. 

4. The process of adaptation continued in the direction of positive heterosis 
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BLOOD GROUP AND PROTEIN POLYMORPHISM GENE 
FREQUENCIES FOR THE LARGE-TYPE ŽEMAITUKAI AND OTHER 

HORSE BREEDS 
R. Juras*, R. Šveistienė, B. Boveinienė. Lithuanian Institute of Animal Science, R. 

Žebenkos 12, LT-5125 Baisogala, Radviliškio r., Lithuanian 
 
Introduction 

The horse has a fossil record of a least 75 million years. Domestication and 
concomitant human intervention in mating selection have influenced the horse for 
only the last few thousand years, but have resulted in breeds which serve a variety 
of purposes. In the last 100 years, several hundred-breed societies throughout the 
world have defined salient characteristics and established studbooks in an attempt 
to preserve unique collections of traits. 

One of the utility horse breeds is the large-type Žemaitukai. They are most 
suitable draft horses, easy manageable, not shy, highly disease resistant and 
undemanding as regards feeding. The development of the horses of this type 
began at the end of 19th century, when the demand for larger emerged. 
Žemaitukai horses were crossed with the horses of the Orlov Trotter, North 
Swedishand Arabian breeds.  

 
Materials and Methods 

Two 10 ml blood samples were submitted for each horse, one in ADTA anti-
coagulant to use as a source of red cells and one in a dry tube to use as a serum 
source. 

Standard immunological procedures involving hemagliutination and 
complement mediated hemolysis [3] were used to detect red cell alloantigens at 6 
internationally recognized blood group loci: A, C, D, K, Q, P (1995) [2]. The 
reagents used to detect the antigenic specifities were: 

A system a, b, c, d 
D system a, c, d, f, g, h, k, l, m 
C system a 
Q system a, b, c 
P system  b 
K system a 

Standard methods of polyacrylamide [1] gel electrophoresis were used to 
identifity inherited variants at the following protein loci: albumin (Al), transferrin 
(Tf), esterase (Es), Gc (Vitamin D binding protein), Xk (A1B glycoprotein). 
Frequency of antigenic factors was calculated as follows: 

p = n / N, 
where p – frequency of antigenic factor; 
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 n – number of animals with investigated antigen; 
 N – total of investigated animals. 

The allele frequencies were detected as follows: 
q = F / 2N, 

where q – frequency of the allele; 
 F – number of the allele in the population; 
 N – total of investigated animals. 
 
Results and Discussion 

50 large-type Žemaitukai, 48 Žemaitukai, 25 Lithuanian Heavy Draught and 
66 Arabian horses were used in a study designed for blood group and protein 
polymorphism analyses.  

 
Table 1. Gene frequencies of alloantigenic red cell markers 

Allele frequency 
System Antigenic 

factor Allele Žemaitukai 
(n=48) 

Large-type 
Žemaitukai (n=50) 

Arabian 
(n=66) 

a ad 0.33 0.44 0.48 
b bc 0.20 0.08 0.04 
c c 0.08 0.04 0.04 A 

d b 0.08 0.09 0.05 
a dghm 0.49 0.18 0.01 
c cgm 0.18 0.12 0.22 
d dk 0.04 0.11 0.09 
f ad 0.10  0.01 
g dl 0.01 0.11 0.11 
h bcm 0.05 0.11 0.05 
k dkl  0.07 0.29 
l cdf  0.01  

m dfk  0.02  
b dc   0.07 

D 

 cfgkm  0.12  
a b 0.05 0.15 0.04 
b c 0.35 0.01 0.08 
 bc  0.06 0.02 Q 

c abc 0.03 0.06 0.14 
C a a 0.49 0.44 0.48 
P b b 0.03 0.02 0.02 
K a a 0.06 0.10 0.05 
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The genetic analysis of alleles (Table 1) indicated that Dcfgkm allele was typical of 
large-type Žemaitukai and not identified in the Žemaitukai horse. Ddghm allele was 
typical of Žemaitukai, fairly frequent among of large-type Žemaitukai and not 
identified in Arab horses. Allele also Dad, Dbcm alleles were typical of Žemaitukai, 
while Ddcm, Ddkl alleles were typical of Arab horses. 

The protein polymorphism analysis (Table 2) indicated that there were 
differences for the phenotypic frequencies between large-type Žemaitukai, 
Žemaitukai and Lithuanian Heavy Draught horses. 

 
Table 2. Phenotype frequency of blood protein 

Locus Phenotype Žemaitukai Large-type 
Žemaitukai  

Heavy-
Draught 

Arab 
horses  

AA 67.56 36.00 28.00 6.10 
AB 32.43 58.00 56.00 60.60 AL 
BB  6.00 16.00 33.30 
FF 50.00 82.00 80.00 89.40 
FS 50.00 14.00 16.00 10.60 Gc 
SS  4.00 4.00  
FF 16.21 12.00 24.00 1.50 
FI 24.32 28.00 44.00 1.50 
II 21.16 52.00 12.00 97.00 
FS 18.91 6.00 8.00  

Est 

IS 18.91 2.00 12.00  
KK 100.00 90.00 84.00 100.00 Xk KS  10.00 16.00  
DD 18.91  4.00 3.00 
FF 18.91 44.00 24.00 27.30 
DF 40.54 14.00 24.00 18.20 
DO 16.21 10.00 8.00 10.60 
FH  6.00 8.00 6.10 
FM  2.00  1.50 
FO 5.40 16.00 24.00 19.70 
FR  2.00   
DH   4.00 4.50 
HO  2.00 4.00 4.50 
OO    4.50 
MO  2.00   

Tf 

OR  2.00   
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The protein polymorphism analysis at the transferrin locus indicated that 
phenotype FF (44%) was more typical of the large-type Žemaitukai, while 
phenotype DF (40.54%) of the Žemaitukai breed. Phenotype FO, DF, FF was 
more typical of Heavy Draught horses. 

Ten transferrin phenotypes were detected for the large-type Žemaitukai, 5 for 
the Žemaitukai and 8 for the Lithuanian Heavy Draught horses. 

The analysis of albumins (AL) indicated that allele BB was not identified in 
Žemaitukai horses, though allele AA was rather frequent. However, allele AB 
was more frequent in Arab horses. Allele AB was more frequent (58%) in large-
type Žemaitukai and allele AA was somewhat less frequent (36%), while allele 
BB was rate (6%). Allele AB was quite frequent (56%) in the albumins of the 
Lithuanian Heavy Draught horse. There were differences at the Gc locus too. 
High frequency of allele FF was registered for the large-type Žemaitukai and 
Lithuanian Heavy Draught horse (82 and 80%), while the frequency of alleles FF 
and FS was the same (50% and 50%) from the Žemaitukai horse. The analysis of 
esterase phenotypes showed that II phenotype (52%) was typical of the large-type 
Žemaitukai, FI phenotype (44%) of Lithuanian Heavy Draught and the 
Žemaitukai had all 5 known phenotypes almost equally distributed from 16.21 to 
24.32%, II phenotype was frequent in Arab horses (97%). 

At the postalbumin locus (2 phenotypes known), Lithuanian Heavy Draught 
and large-type Žemaitukai horses had KK and KS phenotypes, while the 
Žemaitukai and Arab horses had only KK phenotype. 

 
Conclusions 

1. Allelefond of the Žemaitukai, large-type Žemaitukai and Lithuanian Heavy 
Draught horses has been determined. 

2. The analysis of the antigenic polymorphism by blood groups and blood 
protein indicated that the Žemaitukai horses were different from the large-type 
Žemaitukai and Lithuanian Heavy Draught horses as regards many antigenic 
factors of the genetic system and allele frequency. 
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DEVELOPMENT OF NONINBRED LINES OF THE ŽEMAITUKAI 
HORSE BREED 

V. Macijauskienė. Lithuanian Institute of Animal Science, R. Žebenkos 12, LT-
5125 Baisogala, Radviliškio r., Lithuania 

 
Introduction 

One of the oldest horse breeds in Europe – the Žemaitukai – has only two 
remaining stallion lines, i.e. those of Erelis3 and Astūras 634 [1]. It is well known that 
there should be no less than 5 or 6 unrelated inter se lines in a bred, and, therefore, 
development of the new lines in the Žemaitukai breed is inevitable [2, 4]. 

The present study was designed to create some distance in the relationship of 
the Žemaitukai by developing two new stallion lines. 

 
Materials and Methods 

The two new stallion lines are being developed in the Žemaitukai breeding 
herd belonging to the Lithuanian Institute of Animal Science. The founders of the 
new lines were selected to be Saturnas ŽRg64 having half of the Žemaitukai and 
another half of heavy-type Žemaitukai blood and Torgel 768 which is a stallion of 
the Estonian native breed. Two groups of purebred Žemaitukai mares are mated 
to these stallions. The breeding work was started in 1999. 

The stallions for the development of the new lines were selected according to 
these criteria: 

1) Origin-both heavy-type Žemaitukai and Estonian native horses are 
genetically close to the Žemaitukai. 

2) Individual traits – the selected stallions are close to the Žemaitukai by their 
body conformation traits, temperament features, movements and type. 

3) Body-measurements – the body measurements of the two stallions are close 
to those of the Žemaitukai. 

4) Former experience of the breeders – earlier combinations of the two 
mentioned breeds have been successful in their results. 

 
Results and Discussion 

The breeding herd of the Žemaitukai horses by the Institute of Animal Science 
has its breeding scheme based on the intrabreeding population method (see 
scheme). The breeding schemes for the newly developed lines were prepared in 
accordance with the general breeding scheme, and it was fore seen when and by 
what criteria the progeny in the new lines could be included into the general 
breeding scheme. 

It is planned that stallions produced in the second or third generation and 
having 1/8 non-Žemaitukai blood will be considered equal to purebred 
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Žemaitukai horses and included into the general breeding scheme for the 
Žemaitukai as the representatives of the new lines. The selection of the young 
stallions will be carried out according to the evaluation rules for the Žemaitukai 
horse breed [3]. At first young stallions will be evaluated at 6 to 8 months and 
1.5-2 years of age for parentage and body conformation. Adult 3 to 3.5 year old 
stallions will be evaluated for parentage, body conformation and constitution, 
breed type, body measurements, character and movements. 

 
Scheme 1. The breeding scheme for the Žemaitukai in the breeding herd by the 
Institute of Animal Science 

 

 Stallion lines of breeding  Mare groups of breeding 
Čempionas 906 -Č  Žibuoklė, Kalvarija,  -A 
Klevas 907 -Kl  Alfa  
Korys 904 -Ko  Audra, Kaukė, Kuba -B 

Intrebreeding 
population method 

Aidas 905 -Ai  Aura, Kupolė, Žemyna -C 
Saturnas ŽRg64 -S  Kelmė, Karamelė, -D Founders of the newly 

developed lines Torgel 768 -T  Alantė  
 

Stud-horse lines (Č; Kl; Ko; Ai) New lines (S; T) Year ♀ ♂ ♀ ♂ ♀ ♂ ♀ ♂ ♀ ♂ ♀ ♂ 
Parents (1998-2001) AxČ BxKl CxKo DxAi BxS AxT 
Daughters and sons  
(1st generation) A1; Č1 B1; Kl1 C1; Ko1 D1; Ai1 BS; SB AT; TA 

Inbreeding coefficient,% 6.2-12.4 7.1-9.4 8.4-9.4 9.4 3.7-4.7 0 

Parents (2001-2005) A1xAi1 B1xKo1 C1xKl1 D1xČ1 
BSxAi 
A1xSB 

ATxČ 
B1xTA 

Daughters and sons  
(2nd generation) A2;Ai2 B2;Ko2 C2;Kl2 D2;Č2 

BSAi 
SBA1 

ATČ 
TAB1 

Inbreeding coefficient,% 9.9-11.7 7.8-8.8 5.9-7.8 7.1   
Parents (2005-2015) A2xKl2 B2x Č2 C2x Ai2 D2x Ko2  
Daughters and sons  
(3rd generation) A3;Kl3 B3;Č3 C3;Ai3 D3;Ai3  ATČxKl2 

Parents (2015-2025) A3xKo3 B3xAi3 C3xČ3 D3;Kl3   
Daughters and sons  
(4th generation) A4;Ko4 B4;Ai4 C4;Č4 D4;Kl4   

 
The stallions to 5 years of age will be evaluated for working test and wait not 

a little two seasons foals (not a little six) will be evaluated for breeding value of 
their progeny. Will be leaved 1-2 beast stallions to continue the line. 
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If the representatives of the newly developed lines do not meet the 
requirements, they will be excluded from the breeding herd and used as working 
or pleasure horses. 
 
Scheme 2. Torgel 768 line 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Formation of the new lines results in crossbred mares of which only the most 
typical will be further mated to purebred Žemaitukai stallions. 

At the end of 1999 – beginning of 2000 four offspring, two foals and two 
fillies (of which one has died), were born in the Saturnas ŽRg 64 line. So far only 
two horse foals sired by Torgel 768 were born. The growth and development of 
the above-mentioned foals is studied according to the methods applied to 
purebred progeny.  

 
Conclusions 

The weight and body measurements of the foals at birth and further 
development does not differ from that of purebred Žemaitukai horses. However, 

Torgel 768 – a stallion of 
the Estonian native breed 

Torgel 2 – 1/2 of the 
Estonian native breed 

Torgel 3 – 1/4 of the 
Estonian native breed 

A group of purebred 
Žemaitukai mares  

(at 1 scheme) 

B1 group of purebred 
Žemaitukai mares 

(at 1 scheme) 

D2 group of purebred 
Žemaitukai mares  

(at 1 scheme) 

Torgel 4 – 1/8 of the 
Estonian native breed 
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the number of foals is too small to draw any conclusions. The breeding work 
should be finished in 2011. 
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THE RACIAL EXTERNAL FEATURES AND HONEY PRODUCTION OF 
BEES 

I. Nõmmisto. Estonian Agricultural University, Institute of Animal Science 
 
Introduction 

In recent years the number of swarms of bees in Estonia decreased from 
36 000 in 1986 to 20 700 in 1999. This decrease was induced by several reasons: 
1) an increase in frequency of bee diseases; 2) difficulties in realisation of honey; 
3) a decrease in profitability. The latter happened due to using native crossbred 
bees descended from unknown parentage in many (over 50%) apiaries in Estonia. 
Reproducing the queens from crossbred F1 swarms is giving the queens F2, whose 
honey production is 30…50% less than in swarms with purebred or crossbred F1 
queens. For that reason it is very important to determine the racialityy of bees in 
apiary. Raciality of bees is determined by external features of bees, mainly by the 
coloration and the cubital index of bees. 

According to the statistics, the Carniolan (Apis mellifera Carnica) and Italian 
(A.m. ligustica) races are mixed with local Nigra (A.m. mellifera) bees. The 
Italian bees had yellow tergites, the Carniolan and Nigra bees black or brown 
tergites. Among the honey bees the yellow coloration of tergites is dominant (A) 
and black or brown coloration (a) is recessive.  

If the Italian queen (AA) mates with two Italian (A) and two Carniolan (a) 
drones, than in the first generation (Filia 1) all workers and drones have the 
yellow tergite as the yellow coloration is dominant. 

When the queen (Aa) from the first generation (F1) mates with Italian (A) and 
Carniolan (a) drones, then in the second generation (F2) 50% of drones have the 
yellow and 50% the black tergites. 75% of workers have the yellow tergite and 
25% the black tergite. 

If the Carniolan queen (aa) mates with Italian (A) and Carniolan (a) drones, 
then in the first generation (F1) all drones have black (a) coloration, but half of 
workers have the yellow (A) tergites and half of workers the black (a) tergites. 

Therefore the drones F2 are multicoloured and the drones F1 self-coloured. 
Thus, the coloration of workers does not indicate the affiliation of bees into 
purebred or crossbred (F1 or F2) bees. In that case raciality can be determined by 
the cubital index of bees. The Italian bees had the cubital index from 40…45%, 
the Carniolan bees from 45…50%, Nigra bees from 60...65%, and it was not 
subject to seasonal changes (Bilaš and Krivtsov, 1991). 

The ability to collect nectar is characterized by the length of proboscis, the 
length and the width of wing and the width of tergite.  

The ability to collect pollen is stamped by the tarsal index on posterior leg and 
it is modified 30...90% (Nõmmisto, 1999; Nõmmisto and Kalda, 1998, 2000).  
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Material and Methods 
In 2000 the raciality, the external features of bees and honey production were 

determined in 17 swarms of one apiary. The bees were selected by black 
coloration. The number of investigated bees was 412. The raciality of bees was 
determined by the coloration of tergites and the cubital index. 

The cubital index was found as the ratio measurements of neighbour 
obstructions of cubital obstructions in percents on the first wing. The length of 
proboscis and wing, the width of wing and tergite, the width and length of the 
first paw segment on posterior leg were measured with a gauge. The tarsal index 
was found as the ratio of the width and length. The data were analyzed by using 
the method of variation statistics. 
 
Results and Discussion 

The determination of the raciality of bees indicated that there were 47% 
purebred Carniolan (C) and Nigra (N) bees (29.4 and 7.6%, respectively), 17.7% 
swarms belonged to F1 generation (Carniolan x Nigra, or Nigra x Italian (I)), 
35.5%swarms belonged to F2 generation (C x N; N x I; C x I) 

The results of measurements of external features of bees and the data on 
honey production are presented in Tables 1,2,3 and 4.  

The external features of Nigra (N) bees and honey production are presented in 
Table 1. 

 
Table 1.External features and honey production of Nigra bees (C) 

No. 
swarm 

 Length 
of pro-

boscis, mm

Width of 
tergite, 

mm 

Length of 
wing, mm

Width of 
wing, mm

Tarsal 
index, %

Cubital 
index, %

Honey, 
kg 

x  5.9 4.7 9.5 3.1 59.1 69.6 2.0 No 1 
(n=23) V 7.2 7.9 8.3 6.4 16.5 12.2  

x  5.7 5.0 10.0 3.2 55.4 68.2 27.8 No 2  
(n=27) V 7.2 6.7 6.3 5.1 15.0 16.5  

x  6.1 4.8 9.7 3.2 56.3 63.0 25.0 No 3     
(n=23) V 3.8 7.1 5.2 4.4 11.7 12.7  

x  5.9 4.8 9.7 3.2 56.9 66.9 18.3 Total    
(n=73) V 7.2 7.6 6.5 5.6 14.7 14.8  

 
The Nigra bees were housed in 3 swarms. On an average of the length of 

proboscis the Nigra bees was 5.9 mm, the width of tergite 4.8 mm, the width of 
wing 3.2 mm, the length of wing 9.7 mm, tarsal index 56.9%, cubital index 
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66.9%, and they gathered 18.3 kg honey. Swarm No 1 gave only 2 kg honey, 
because the bees had narrow tergite and wing, and shorter wing than bees in 
swarm No 2 and 3. By the cubital index, the swarm No 1 consisted of Nigra bees, 
other 2 swarms consisted of some Carniolan bees. The Nigra bees had larger 
tarsal index than the Carniolan and crossbred F2 bees (P<0.001). 

In Table 2 the external features of bees and honey production of Carniolan (C) 
bees are presented.  
 
Table 2.External features and honey production of Carniolan bees (C) 

No. 
swarm 

 Length 
of pro-

boscis, mm

Width of 
tergite, 

mm 

Length of 
wing, 
mm 

Width of 
wing, 
mm 

Tarsal 
index, %

Cubital 
index, %

Honey, 
kg 

x  5.3 5.0 10.2 3.2 57.6 47.7 10.0No 4     
(n=29) V 7.4 5.5 4.8 7.4 11.7 12.1  

x  5.4 4.7 9.7 3.1 44.0 50.4 44.0No 5      
(n=17) V 10.6 8.2 5.4 5.1 9.6 13.4  

x  5.0 4.9 9.8 3.1 48.8 50.6 4.0No 6      
(n=12) V 6.9 5.6 4.8 3.0 10.2 15.8  

x  5.2 4.9 9.8 3.1 45.1 51.7 28.0No 7      
(n=25) V 9.4 5.9 6.6 10.5 16.6 11.6  

x  5.6 4.9 9.9 3.1 55.2 50.5 25.0No 8      
(n=32) V 9.9 6.5 5.7 5.6 13.1 12.7  

x  5.3 4.9 9.9 3.1 50.1 50.0 22.2Total     
(n=115) V 9.7 6.9 5.3 7.1 15.8 115  

 
They were housed in 5 swarms. On an average, the length of proboscis of the 

Carniolan bees was 5.3 mm, the width of tergite 4.9 mm, the length of wing 9.9 
mm, the width of wing 3.1 mm, the tarsal index 50.1%, cubital index 50.0% and 
their honey production was 22.2 kg. They gave 3.9 kg more honey than the Nigra 
bees. The tarsal index of Carniolan bees was diminutive 2.8…6.8 (P<0.001) than 
it was in crossbred F1, F2 and Nigra bees. 

The swarm No 6 only 4 kg, because the bees in this swarm had shorter 
proboscis and small wings. The swarm No 5 gave 44.0 kg honey and the bees had 
the smallest tarsal index – 50.1% 

Table 3 presents the external features and honey production of crossbred F1 
bees. 
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Table 3. External features and honey production of crossbred F1 bees 
No. 
swarm 

 Length of 
pro-boscis, 

mm 

Width of 
tergite, 

mm 

Length of 
wing, 
mm 

Width 
of wing, 

mm 

Tarsal 
index, 

% 

Cubital 
index, 

% 

Honey 
kg 

x  6.1 4.9 9.7 3.3 55.3 60.1 33.5 No 9  (n=27)  
(N x I) V 4.6 6.8 5.1 6.2 8.1 9.4  

x  5.9 5.0 10.4 3.2 55.1 64.8 30.5 No 10  (n=21) 
 (N x I) V 6.4 4.0 3.7 4.5 13.1 12.5  

x  6.0 4.7 10.1 3.1 57.1 61.8 34.0 No 11  (n=26) 
(N x C) V 6.5 7.5 4.6 5.9 12.8 13.2  

x  6.0 4.9 10.1 3.2 55.8 62.2 32.7 Total  (n=74) 
V 6.1 6.7 4.8 5.8 12.2 12.3  

 
Crossbred F1 bees were housed in 3 swarms and they had crosses of Nigra and 

Italian (swarms No 9 and 10), and Nigra and Carniolan bees (swarm No 11). The 
crossbred F1 bees had 0.7 mm (P<0.001) longer proboscis than Carniolan and 
crossbred F2 bees, 0.1 mm (P<0.001) wider tergite than Nigra and crossbred F2 
bees 0.4…0.1 mm (<0.001) bigger wings than Carniolan, Nigra and crossbred F2 
bees 2.9…5.7% bigger tarsal index than Carniolan and crossbred F2 bees. They 
gave 10.5…19.6 kg more honey than the Nigra, Carniolan and crossbred F2 bees. 
The variety (V) of morphological external features was smaller than it was in 
Nigra, Carniolan and crossbred F2 bees. 

In Table 4 are presented the external features and honey production of 
crossbred F2 bees. They were housed in 6 swarms and they had the crosses Nigra, 
Carniolan and Italian bees. In the swarms No 13 and 17 dominated the influence 
of Carniolan bees (cubital index 49.3…53.0%). In the swarms No 15 and 16 
dominated the influence of Nigra bees (cubital index 60.4…60.5%). 

On an average the length of proboscis of crossbred F2 was 5.3 mm, width of 
tergite 4.8 mm, length of wing 9.9 mm, width of wing 3.1 mm, tarsal index 52.2% 
and cubital index 54.4%. The value of cubital index indicated the great influence 
of Carniolan and Italian bees among crossbred F2 bees. 

The crossbred F2 bees had 0.6…0.7 mm shorter proboscis (P<0.001) than as 
the Nigra and crossbred F1 bees, 0.1 mm (P<0.001= narrow tergite than the 
Carniolan and crossbred F1 bees, the shorter wing than crossbred F1 bees, 
2.8…4.0% (P<0.001) smaller tarsal index than it was in Nigra, Carniolan and 
crossbred F1 bees. They gave 6.4…19.6 kg less honey. 
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Table 4. External features and honey production of crossbred F2 bees 
No. 
swarm 

 Length of 
pro-boscis, 

mm 

Width of 
tergite, 

mm 

Length of 
wing, 
mm 

Width 
of wing, 

mm 

Tarsal 
index, 

% 

Cubital 
index, 

% 

Honey, 
kg 

x  4.9 4.8 9.6 3.4 48.7 54.1 7.5 No 12  (n=19) 
(C x N) V 12.5 7.9 4.9 9.9 15.4 14.6  

x  5.0 4.8 9.8 3.0 46.8 49.9 14.0 No 13  (n=21) 
(C x N) V 5.5 6.8 7.4 7.9 24.3 12.3  

x  4.7 4.6 9.7 3.1 47.9 48.6 14.5 No 14  (n=26) 
(C x I) V 11.8 7.4 6.0 7.8 17.6 13.0  

x  5.8 4.9 10.4 3.2 59.8 60.4 7.0 No 15  (n=25) 
(N x I) V 6.4 5.3 4.1 6.7 10.7 12.4  

x  6.0 4.8 10.1 3.1 57.9 60.5 13.0 No 16  (n=32) 
(N x C) V 5.0 5.4 4.1 4.6 10.2 16.5  

x  5.2 4.8 9.4 3.0 54.2 53.0 22.5 No 17  (n=27) 
(C x N) V 5.8 5.9 5.1 6.4 15.1 13.3  

x  5.3 4.8 9.8 3.1 52.9 54.4 13.1 Total  (n=150) 
V 12.1 6.6 6.1 8.1 17.2 16.8  
x  5.6 4.8 9.9 3.2 53.9 58.4 20.1 All swarms  

(n=412) V 10.9 7.0 6.2 7.0 15.5 17.1  
 
The investigation of external features, raciality and oney production indicated 

that the purebred Nigra and Carniolan, and crossbred F1 bees possessed longer 
probscis, wings, wider tergites and wings, bigger tarsal index, and they gave more 
honey than crossbred F2 bees. 
 
Conclusions 
1. Selection of bees by black coloration gave in an apiary Nigra, Caniolan and 

crossbred F1 and F2 bees. The Nigra bees made up 7.6% from swarms in an 
apiary. 

2. The Nigra bees had 0.6 mm (P<0.001) longer proboscis than the Carniolan 
and crossbred F2 bees, 0.1 mm (P<0.01…0.001) narrower tergite, and 
0.2…0.4 mm (P<0.001) shorter wings where as the Carniolan and crossbred 
F1 bees, they had 0.1 mm (P<0.001) widder wings, 4.0…6.8% (P<0.001) 
bigger tarsal index as that of Carniolan abd crossbred F2 bees. They had the 
highest cubital index – 66.9%, and it was 4.7…16.4% greater than it was in 
Carniolan and crossbred bees. The honey production of Nigra bees was 
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3.9…14.7 kg smaller than it was in Carniolan and crossbred F1 bees. 
Meanwhile, the Nigra bees were supposed to be perished in Estonia. The 
investigation of raciality of bees did not confirm that opinion. 

3. The Carniolan bees made up 29.4% among the swarms in an apiary. The 
Carniolan bees had 0.6…0.7 mm (P<0.001) shorter proboscis that of Nigra 
and crossbred F1 bees, 0.1 mm (P<0.001) as wider tergite that of Nigra and 
crossbred F2 bees, 0.1 mm (P<0.001) shorter wings than the crossbred F1 
bees, 0.1 mm (P<0.001) longer wings Nigra bees, 0.1 mm (P<0.001) as 
narrower wings than Nigra and crossbred F1 bees, 2.8…6.8% (P<0.001), 
smaller tarsal index than the crossbred F2 and F1 and Nigra bees. The cubital 
index was 50.0% on an average. The Carniolan bees gave 3.9…10.1 kg more 
honey than the Nigra and crossbred F2 bees. 

4. The crossbred F1 bees made up 17.7% among 17 swarms in an apiary and 
they were as the crosses Nigra and Italian or Carniolan and Nigra bees. All 
crossbred F1 drones were self-coloured, workers self-coloured or 
multicoloured. Therefore crossbred F1 bees had bigger and they gave more 
honey than the pure-bred or crossbred F2. 

5. The crossbred F2 bees made up 35.3% among the swarms in an apiary and 
they were the crosses of Nigra Carniolan and Italian bees. The honey 
production was small - 13.1 kg. The crossbred F2 drones and workers were 
multicoloured. Therefore the crossbred F2 bees were small and they gathered 
little honey. 

6. The crossbred F2 bees gave by 2.5 times less honey than crossbred F1 bees, 
1.4 times less than Nigra bees and 1.7 times less than Carniolan bees. 

7. The queen breeding is very important to obtain the raciality of swarms, and 
does not permit to reproduce the crossbred F1 and F2 queens. 
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CHANGES IN MEASURES OF THE ESTONIAN NATIVE HORSE 
H. Peterson*, H. Tamsalu. Estonian Agricultural University, Institute of Animal 

Science, Kreutzwaldi 1, Tartu, Estonia 
 
Introduction 

The Estonian Native Horse belongs to the group of Northern Forest horses 
and was well known already in the "good old days". Different autors have given 
different information about the Estonian Native Horse. It has been stated that the 
Finno-Ugrians have domesticated the horse a long time ago, before the Age of 
Migration, coming to the Baltic coast not on foot but riding. The existence of 
horse in Estonia can be observed from the VII century BC. 

The Baltic wild horse might have been 120-144 cm tall, most of the medieval 
horses’ height at withers was 136-144 cm.  

It is known, that Estonian Native Horses' head is proportionally small, wide 
and deep. The neck is wide and thick. The chest is wide, buttock round, limbs 
strong and clean, and feet hard. Temperament is lively, character good. As a fault, 
there is sometimes incorrect standing and sway back. The predominant colours 
are bay, chestnut, black and grey. 

At the same time its reputation was also destructive. It was dragged out of 
Estonia and it has been crossed with other breeds.  

However, it has still retained its characteristic features. 
One of the bases of evaluation of horses is exterior. The faults in exterior 

affect horses’ ability to work, however, there are many exceptions.  
The systematic breeding started in this century with establishing of Estonian 

Native Horse Breeding Society (originally named "The Society of Estonian 
Country Horse Breeders") in 1921, and with the establishment of studbook in 
1922. In 1925, the height of the mares (described in studbook) was 134-147 cm, 
and the height of the stallions 134-142 cm. Cannon bone girth of the mares was 
17-18 cm, and that of the stallions 17-19 cm. 
 
Conclusion 

In the summers 1997 and 2000, the measured 105 grown-up horses' average 
height at withers was 143 cm, chest girth 176 cm, cannon bone girth 18.6 cm. The 
measures of two-year-old young horses were 139.5-162.7-17.9 cm and those of 
three-year-olds 141-170.6-18.5 cm, respectively. 

The height at rump was mostly greater than height at withers. 
To calculate the body weight, a formula 2.56 x chest girth was used. As a 

result, the average weight of grown-up horses was 450.8 kg, that of mares 453.3 
kg and geldings 448.6 kg. The analysis of the changes of mares’ measures shows, 
that there is no clear logic. Bigger changes are only in chest girth. This indicator 
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has enlarged over 10 cm, as compared with 1921-1930. The cannon bone girth 
has enlarged 1 cm. 

The sway back has also increased. This shows inpersistent height of back at 
the same time as the heights of withers and rump have enlarged 5 and 4 cm, 
respectively. The oblique body length was the greatest in 1977 – 156 cm, whereas 
later studies show the decreasing tendency of this indicator (146 cm). The 
enlargement shows a straight link to the import of Finnish Horse in 1921-1938. 
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Figure 1. Changes in mares` measures 

 
In changes of stallions' measures can be seen the same logic as by mares. 

Almost all the measures have slowly grown during the years (especially the width 
and length of chest and rump).  
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Figure 2. Changes in stallions’ main measures 
 

The changes in coat colours show, that the colour of a horse has become more 
important for the owner. A hundred years ago, most important was considered the 
horses’ ability to work, but today a colourful horse is considered “beautiful”. The 
number of grey horses is increasing (form 10.9% to 20.3%), and chestnut colour 
is decreasing (from 33.9% to 15.1%).  
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Figure 3. Changes of coat colours 
 
Summary 

1. The planned and purposeful pure-breeding of the Estonian Native Horse 
started in 1921, when the Estonian Native Horse Breeders’ Society was founded. 

2. The traditional agricultural horse has become a popular riding horse for 
children and youth in Estonia. Industrial, one-time crossing with Shetland pony or 
Arab Horse produced numerous ponies. Fortunately, we carried out strict 
selection among thoroughbreds and thus we succeeded to keep our breeding 
horses. 

3. The Estonian Native Horse is one of the few breeds, which has retained the 
characteristic features of the native horse and was not significantly influenced by 
crossing with other breeds. 

4. There is no clear logic in the changes of measures. Slow and uneven growth 
of most measures was observed. 

5. The latter have increased white markings and chestnut colour of the 
Estonian Native Horses who were mostly bay and without markings. We have 
less more typical aborigine horses now.  

The coat is more colourful than 100 years ago. 
The number of Estonian Native Horses has decreased sharply over the last 

few years and the breed has been entered in the Watch List of Endangered 
Domestic Animals. Presently, the total number of Estonian Native Horses is 
around 500; 1/2 mares (less than half were used for breeding) and 18 breeding-
stallions. 

Estonian Native Horses inhabit mainly the islands and western Estonia. In 
local conditions, the breed has developed into what we know today as the 
Estonian Native Horse breed. Its essential originality is its smallish growth and 
modesty. It looks almost like 1000 years ago, and there is no doubt that this breed 
will remain almost as he is. 
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CARCASS TRAITS, CARCASS COMPOSITION AND FATTY ACID 
CONTENT OF THE ESTONIAN LOCAL BREED OF GOAT. 

P. Piirsalu*, A. Koorem, Estonian Agricultural University, Institute of Animal 
Husbandry, Kreutzwaldi 1, 51014 Tartu, Estonia 

 
Introduction 

The importance of goat husbandry is trivial in Estonia. Although goat 
husbandry constitutes a low economic importance to the national income it 
provides employment to a large number of rural families living in small holdings 
in Estonia. Most breeders keep small non-commercial herds for home 
consumption of milk, cheese and meat or for hobby purposes, with the exception 
of a few commercial milk producers. Estonian local breed of goat is the only goat 
breed and it is spread all over the country. The usual colour is white, but they are 
also found as grey, brown or black or various shades or combinations of these 
colours. Usually they are shorthaired and horned individuals. The goat population 
in Estonia has been very little affected by foreign breeds. However, recently some 
blood of Saanen buck and Norwegian elite bucks has been imported.  

Estonian local goats are kept primarily for milk production. The main product 
of goat farming- raw milk is consumed in unprocessed form within a farm, but in 
limited quantities is converted into several milk products for example soft cheese 
and yoghurt. Goat meat is produced mainly of castrated male kids and this is 
additional income for goat farmers. Up to now there was no data about the 
Estonian local goat meat performance.  
 
Material and methods 

A study was carried out in 2000/2001 in Tubri goat farm, Läänemaa, Estonia. 
The control slaughter of male goat kids at 12 months of age were carried out in 
abattoir of Ridamäe Sünalepa Ltd. The carcass dissection procedures used have 
been outlined by Wolf, Smith and Sales (1980). Chemical composition of goat 
meat was analysed by the Laboratory of Chemistry, the Department of Animal 
Nutrition at the Institute of Animal Science. Fatty acid content of male goat kid’s 
subcutaneous fat was analysed using gas chromatography by the Laboratory of 
Ecochemistry, the Department of Chemistry at the Institute of Animal Science. 
Feeding of goat kids was extensive during the whole growing period. Weaning of 
goat kids at the age of 2 months is normally preferred in dairy goat farms in 
Estonia. Cereals were fed until grazing period as ad libitum. There was no 
supplementary cereal feeding for goat kids during grazing on grass. When goats 
were housed the daily ration consists of hay, potatoes and 300 g compound feed 
(mixed oats, barley and minerals).  
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Results 
Slaughter traits and carcass composition of male goat kids at 12 months of age 

are given in table 1. 
 
Tabel 1. Slaughter traits and carcass composition of male goat kids at the 12 
months of age (* Fat= kidney fat + subcutaneous fat + channel fat) 
Traits n=7 
Pre-slaughter bodyweight, kg 28.2 
                                           s 4.0 
Carcass weight, kg 12.4 
                           s 1.59 
Killing out, % 44.0 
                   s 1.19 
Chilled carcass weight, kg 12.2 
                                      s 1.53 
Half carcass weight, kg 6.33 
                                 s 0.87 
                Lean, kg 4.35 
                           s 0.67 
                           % 68.7 
                           s 2.59 
                 Bone, kg 1.68 
                            s 0.19 
                            % 26.5 
                            s 2.58 
                  Fat*, kg 0.3 
                            s 0.1 
                            % 4.8 
                            s 1.12 
Lean/bone ratio 2.4 
                           s 0.31 
 

Pre-slaughter body weight of male goat kids at 12 months of age was 28.2 kg, 
carcass weight 12.4 kg with average killing out 44 %. Average daily weight gain from 
birth to 12 months of age 68 g was for slaughter animals. This data is reflecting that 
Estonian local goat like most milking goat breeds are maturing rather slowly. Growth 
rate of goats is pure compared with sheep, but in adequate level compared with other 
milk type of goat breeds. Shalash et al (1970) compared body weight at 48 weeks of 
kids with different breed status (Saanen, Baladi, Zaraibi, Saanen x Baladi) and 
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reported that Saanen progeny was heavier (23.4 kg) than any other breed groups 
(19.1-19.7 kg). The half carcass dissection indicated a low proportion of fat (4.8 %) in 
the carcass of Estonian local goat kids. Lean: bone: fat ratio (%) in the carcass of 12 
months old male goats was 68.7:26.5: 4.8 % respectively. Many authors have reported 
comparable ratios in the carcass of different local goat breeds (Aboul-Naga, 1984). 
Morphological and chemical composition carcass of Estonian local goat kids showed 
that goat meat consists of substantially less fat than lamb or other kind of mammalian 
meat, but the lean content is remarkable (Table 1 and 2).  
 
Tabel 2. Chemical composition of male goat meat at the 12 months of age (lean + fat) 
Item n=7 
Crude protein, % 19.1 
                        s 0.66 
Crude fat, % 5.1 
                 s 1.17 
Ash, % 1.1 
         s 0.11 
Dry matter, % 27.1 
                          s 2.84 
 
Tabel 3. Fatty acid content of male goat kid’s subcutaneous fat  
Fatty acid group Fatty Acid % of total lipids 
Saturated 14:0 myristic acid 2.7 
 15:0 pentadecanoic acid 1.0 
 16:0 palmitic acid 22.5 
 17:0 heptadecanoic acid 2.5 
 18:0 stearic acid 38.5 
 20:0 eicosanoic acid 0.5 
Monounsaturated 16:1 palmitoleic acid 1.6 
 17:1 heptadecenoic acid 0.5 
 18:1 oleic acid 24.1 
 20:1 eicosenoic acid 0.1 
Polyunsaturated 18:2 linolenic acid 2.6 
 18:3n3 α linolenic acid 0.4 
 20:4n6 arachidonic acid 0.1 
 

Goat meat of 12 months old animals contained 19.1 % protein, 5.1 % fat, 1.1 % 
minerals, dry matter content was 27.1 % which means that goat meat is a good source 
of fit food with low fat deposition. 
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Fatty acid content of goat meat (Table 3) is very close to the sheep meat. Most fats 
of goat meat are saturated (67.7 % of the total lipids) or monounsaturated (26.3 %) 
and only a small proportion of polyunsaturated (PUFA) like usually in mammalian 
fat. Goat and sheep fat contain more stearic acid than pig and beef fat, but the 
proportion of oleic acid is lower (McDonalds, P. et al, 1988) Goat fat contains a small 
proportion of polyunsaturated acids like linolenic acid and omega 3 fatty acid α 
linolenic acid (2.6 and 0.4 %of the total lipids), while beef fat does not contain omega 
3 fatty acid at all and pig fat contain a similar amount with goat fat.  
 
Conclusions 

Pre-slaughter body weight of male goat kids at 12 months of age was 28.2 kg, 
carcass weight 12.4 kg with average killing out 44 %. Growth rate of Estonian local 
goat is pure compared with sheep, but in adequate level compared with other milk 
type of goat breeds. Lean: bone: fat ratio (%) in the carcass of 12 months old male 
goats was 68.7:26.5:4.8 % respectively. Morphological and chemical composition 
carcass of Estonian local goat kids showed that goat meat consists of substantially less 
fat than lamb or other kind of mammalian meat, but the lean content is remarkable. 
Goat meat of 12 months old animals contained 19.1 % protein, 5.1 % fat, 1.1 % 
minerals, dry matter content was 27.1 % which means that goat meat is a good source 
of fit food with low fat deposition. Fatty acid content of goat meat (table 3) is very 
close to the sheep meat. Most fats of goat meat are saturated (67.7 % of the total 
lipids) or monounsaturated (26.3 %) and only a small proportion of polyunsaturated 
(PUFA) like usually in mammalian fat. 

To obtain heavier carcass from Estonian local goat kids more intensive pre-
slaughter management during the last 2 or 3 months is essential. It can be achieved by 
using bigger daily quantities of compound feed (500-600 g). 
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SCIENTIFIC SUBSTANTION OF GOAT MILKING TERMS 
J. Spruzs, Latvian University of Agriculture, Department of Animal Breeding 

 
Milking goats is easier than milking cows or sheep because the major part of 

milk is already in the udder. When milking a goat the milk is released only after 
the hormones influence on the glands, which is a reaction on manipulating the 
udder. There are two ways of milking a goat: 

- milking by hands, 
- using a milker. 

 
Milking by hands. There are three methods of milking by hands: fists, 

clipping and craning.  
The fist method is better and more lenient. The thumb and forefinger holds the 

dug tightly to the udder while the middle, ring-finger and minimus are squeezing 
the milk out. The hand itself is not moving up or down and twitching the udder. If 
the goat’s dug is very short, it can be squeezed by 2 or even 1 finger. 

If the dugs are very short, the milking can be done by a method of clipping. 
With this method the thumb is bent and the base of the dug is pressed away from 
the udder and the milk is squeezed out by the middle finger. When milking with 
the fist method firstly the excretory duct is closed in the direction of milk flow 
with the thumb and forefinger. Then the milk is squeezed out with the remaining 
fingers in succession. Brutal pulling or pressing is not allowed as it may cause 
irritation of the sensitive skin inside the udder.  

Milking with the craning method is wrong and even dangerous to the goat’s 
skin because milk is squeezed by thumb and forefinger and the dug is pulled too 
strong.  

If you are milking a goat from the right side then the left hand is holding the 
goat’s right dug and the right hand is holding the goat’s left dug. When the milk 
flow decreases continue milking with right hand only and rub the udder from up 
to down.  
 

Using a milker. The goats’ milking machine is very much alike cows’ 
milkers, though it, of course, has only 2 dug cups. It imitates a yeanling sucking 
milk. It works in vacuum changing the sucking and resting phases regularly. The 
proportion of sucking and rest periods has to be 1:1 or 2:1, 70 – 90 sucking – 
resting steps per minute are recommended and the vacuum has to be 40 – 44 kPa. 
It is very important to follow all of the technical parameters otherwise the milker 
can cause serious damage to the goat’s udder. The milker has to be disconnected 
immediately after the milk flow ends, because blind (empty) sucking affects 
udder’s tissues and can cause irritation. If the udder is empty and flabby switch 
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the vacuum off and take away the milker. You can control the udder by milking it 
by hand a few times. As the work consumption while cleaning, disinfecting and 
maintenance of the milker is rather big, the use of it pays only with 20 – 25 milk 
goats. Whereas if the main reason for using a milker is the relieving of milking 
process the milker is beneficial with even less goats (10 – 15). There are special 
compact mobile milkers for small goat herds. 

The udder should be cleaned before milking, preferably with a paper tissue. 
Wet pieces of cloth can carry vector diseases from one goat to the others.  

The work is easier to do with a milker positioned high enough to avoid 
bending and cleaning. If there are only 1 or 2 goats to milk it should be enough 
with a simple wooden platform 50 – 80 cm high. The goat will jump on it when 
lured by a bit of nourishment. When goats get used to the milker many of them 
even do not have to be tied up. With bigger milkers several (up to 30 and more) 
goats can be milked simultaneously.  

 
Disinfecting. Disinfection is recommended to avoid carriers of udder 

irritations, which penetrate the udder generally after the milking. After milking, 
especially after using a milker the dugs should be treated with a special iodine 
disinfector. Goats with udder infections always must be milked the last.  

 
Causative agents of udder irritations. As the udder is one of the most active 

organs it can be attacked by a whole range of infectuous diseases. The most 
important ones are those caused by uncareful milking. Infections are caused by 
microorganisms, mainly bacteria, which penetrate the udder after milking. In 
most cases penetration happens right after milking, when the udder is empty. The 
infection carriers are in the environment around the goat. It is seldom when 
infection is brought by the blood system from other organs. The inner tissues of 
goat’s udder are very defensive against microorganisms, but if the udder is 
injured or the microbs are in very large quantities, the irritation can begin. 
Injuries of udder tissues are mainly a result of wrong milking. If milking by hands 
there should not be is too much pulling and when using a milker it can be a wrong 
vacuum level, wrong pulse tact and continued milking when the udder is already 
empty. When misusing the milker there is a danger of carrying infections from 
one goat to the others.  

The irritations (mastitis) must be treated with antibiotics. The directions of 
veterinarian must be followed precisely and the subscribed dosage must not be 
decreased just because the irritation seems to have descended. 

The main method of preventing mastitis is clean and careful milking. 
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Storage of milk. The milk has to be strained through cotton wool filter 
immediately after milking. Any filter cloth is not appropriate because they have 
to be boiled after each use. Paper coffee filters can be used as a fill-in only 
because the milk flow-through is very slow. 

Goat milk has to be stored cold, small amounts refridgerated, bigger amounts 
in coolers or cooler tankers. The cooler tank (2 – 5 0 C) must be placed separately 
from the milking place Goat milk can be stored in cellar for one day or canned 
and placed in a manger with a cold water flow. For a longer storage the milk 
should be kept in steel tankers for this material is the easiest to clean and 
disinfect. 
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MILK YIELD OF MARES AND GROWTH OF FOALS IN THE LARGE-
TYPE ŽEMAITUKAI BREED 

R. Šveistienė. Lithuanian Institute of Animal Science, R. Žebenkos 12, LT-5125 
Baisogala, Radviliškio r., Lithuania 

 
Introduction 

Growth of horse progeny is one of the topical issues. The studies of the 
researchers of farm animal development indicated that the energy of growth is not 
even and can be characterized by some dominating direction at different growth 
periods, i.e. some organs and body parts develop more intensively at one 
particular time and others at another time. If at some period of development, the 
growth of the animal becomes slower due to insufficient feeding, the organs with 
the most intensive development at that period can be affected most significantly. 
And vice versa the improvement of housing and feeding conditions is most 
beneficial to the organs developing most intensively at that particular period 
(Tchivinsky N.P., 1949; Maligonov A.A., 1927). The growth of foals is most 
intensive in the first months of their age. As the mother’s milk is their main feed, 
the milk yield of mares is of great importance for the successful growth of foals. 

Until now, no studies have been conducted in Lithuania to determine the 
growth peculiarities of foals and milk yields of mares in the large-type 
Žemaitukai breed. Therefore, this study was designed to investigate the biological 
traits of the large-type Žemaitukai horse breed which is currently under 
conservation. 

 
Materials and Methods 

The growth rate of 9 fillies and 3 horse foals has been observed and body 
measurements analysed. The chemical composition of milk of 9 mares in five 
lactation months has been analysed. 

The growth rate of foals was determined by measuring them at birth, one, 3, 9, 
12, 18, 24, 30 and 38 months of age. 

The milk yield of mares was determined by the method of V. Dobrynin (1955, 
1984) according to the foals weight. The milk yield of mares in five lactation 
months was determined using the mare lactation curve by A.S. Krasnikov (1973). 

The composition of milk was analysed at the Chemical Laboratory of the 
Lithuanian Institute of Animal Science (LIAS). The following indicators were 
analysed: dry matter, fat, protein, lactose, ash, calcium, phosphorus, zinc, copper, 
manganese and iron contents in milk and milk acidity. 

 
Results and Discussion 
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The analysis of the growth data for the large-type Žemaitukai progeny 
indicated that the height at withers of the newly born horse foal made 65.1% of 
the withers height of a four-year-old stallion (that of fillies respectively 63.7%). 
Next followed cannon bone girth (58-60.3%), forehead width (59.1-60.4%) and 
head length (56.8-58.8%). During the embryonic growth, chest width (36.8-
37.4%), chest girth (46.0-44.8%), chest depth (41.8-42.6%) and body length 
(46.6-46.7%) have developed least intensively. The body parts which had 
developed more slowly during the embryonic period, grew more intensively in 
the postembryonic period, e.g. in the first postembryonic month the body length 
increased even by 15%, while the height at withers only by 5%. 

The body measurements of the newly-born foals and fillies were almost the 
same, except for the height at withers and height of the back and loins that were 
by 3.4 cm higher for foals. In the first month of their age, the development of 
fillies and foals was of the same intensity. Beginning from the third month, the 
chest width, chest depth, head and body length of the fillies increased more 
intensively than the corresponding measurements of the foals. 

During months 3-6, the height at withers and back became the same for both 
fillies and foals, and the loin height measurements of the fillies exceeded those of 
the foals. However, starting from month 9, the foal measurements of the height at 
withers, at the back and loins always were higher than those of the fillies. The 
body length of the fillies was always higher than that of the foals. 

A significant increase in all body measurements was registered in the first six 
months (sucking period). At that period, the measurements of the height at 
withers, at the back and loins made up more than 4/5, and the measurements of 
the body length, cannon bone girth and chest girth almost ¾ of the same 
measurements for the foals and fillies at 4 years of age. The body measurements 
of large-type Žemaitukai horses at 3 years of age have almost reached the 
measurements of adult horses. 

The most intensive growth from birth to 3 months of age was registered for 
the body length and chest girth. The height at withers, back and loins, cannon 
bone girth and head length increased significantly slower. The first three months 
of horse growth witnessed the highest growth energy of all body measurements. 
Fairly intensive development was registered in months 3 to 6. Later, the growth 
intensity of all body measurements gradually decreased. 

Weight gain analysis indicated that large-type Žemaitukai mares can be 
distinguished by high milk yields. According to the daily weight gains, the 
average daily milk yield of mares in the first month of the foal growth was 15.07 
kg (11.9-20.9). There were differences in the milk yields of individual mares 
most likely due to different housing and feeding conditions of mares. 
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The average milk production of large-type Žemaitukai mares in five lactation 
month was 2219 kg, the highest yield being 2901 and the lowest 1651 kg of milk. 
The average daily milk yield in five lactation months was 14.7 kg (min - 11 kg, 
max – 19.3 kg). The mares of the large-type Žemaitukai breed are more milk 
productive, than those of the Žemaitukai, Thoroughbred and Orlov Trotter breeds, 
but less productive than the mares of the heavy-draught breeds. However, the 
large-type Žemaitukai mares produce on the average more milk per kg of their 
own body weight compared with the heavy-draught and light-type mares. Large-
type Žemaitukai mares produce 28.2 g of milk per kg of their body weight 
(Table 1).  

 
Table 1. The relationship between milk production and body weight of mares 

Average daily milk 
production in 5 lactation 
months 

 
Average body weight 

 
 
 
Breeds  

kg 
% of 
Shetland 
pony 

 
kg 

% of 
Shetland 
pony 

 
Milk per 
kg body 
weight, g 

Heavy type 
Žemaitukai 

 
14.7 

 
129 

 
520 

 
236 

 
28.2 

Heavy type 17.1 150 710 323 24.1 
Light type 14.3 125 590 263 24.2 
Žemaitukai 11.8 104 390 177 30.2 
Shetland pony 11.4 100 220 100 52.0 
 

Our study indicated that the content of dry matter was highest (14.24%) in the 
milk of mares in 2 to 5 days after foaling. Later, the dry matter content decreased 
and made up only 96% (P < 0.05) at month 5. 

Milk fat content was highest during the first lactation days and made up 
2.74%. The decrease of the milk fat content was slow and made up 2.08% at 
month 5. 

Protein beginning of lactation was also highest (3.89%) at the beginning of 
lactation and made up 2.16% (P < 0.01) at the end of lactation. 

The content of lactose in the milk of large-type Žemaitukai was increasing 
from the beginning (5.86%) to the third lactation month (6.66%). At month 5, the 
content of lactose (5.86%) was the same as that at the beginning of lactation. 

The ash content was highest (0.62%) at the beginning of lactation and 
decreased to 0.35% (P < 0.001) by the third lactation month. At month 5, the ash 
content was by 0.04% higher than that at month 3 (P < 0.005). 
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Conclusions  
1. Large-type Žemaitukai foals are distinguished by high growth rate under 

normal conditions. The growth is most intensive to 6 months of age and 
afterwards it slows down. The chest girth and body length increase most 
intensively to one year of age. The body measurements of the adult horse are 
reached at the age of 3 to 4 years.  

2.The studies of the milk production by large-type Žemaitukai mares indicated 
that the mares yielded daily on the average 15.07 kg of milk in the first lactation 
month and on the average 2219 kg of milk in five lactation months. 

3. Large-type Žemaitukai mares produced on the average 28.2 g of milk per 
each kg of their own body weight and by this indicator surpassed heavy-draught 
and light-type mares. The average milk composition of large-type Žemaitukai 
mares was 2.4% (1.35-3.51%) fat, 2.9% (1.49-4.93%) protein, 6.1% (4.89-8.04%) 
lactose, 0.4% (0.28-0.73%) ash and 11.6% (7.94-24.07%) dry matter. 
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THE INFLUENCE OF SEASON AND FREQUENCY OF LAMBING ON 
FERTILITY AND PROGENY WEIGHT OF LITHUANIAN LOCAL 

COARSEWOOLED SHEEP 
B. Zapasnikienė. Lithuanian Institute of Animal Science, R. Žebenkos 12, LT-

5125 Baisogala, Radviliškio r., Lithuania 
 
Introduction 

Seasonal reproduction is characteristic of sheep. The heat is most intensive in 
autumn except for Romanov, Finnish landrace and local coarsewooled sheep 
breeds that can be mated all the year round. Proper management of sheep mating 
affects their fertility and performance of the future progeny. 

The literature survey indicates that in order to increase the number of lambs, 
sheep can be mated every 8 or 6 months. More frequent lambing has no negative 
influence on wool production and sheep weight. Only more frequent mating of 
sheep results in lower conception rate and weaker, under weight progeny [1, 2, 3, 
4].  

In 1995, a herd of almost extinct local coarsewooled sheep was formed at the 
Institute of Animal Science. The herd was started with two ewes and one ram. At 
present, the number of sheep amounts to 30. The herd is kept with the aim of 
conservation of the genofond of local sheep and studies of their biological and 
farming qualities. 

Lithuanian local coarsewooled sheep are distinguished by exceptionally non-
seasonal heat, and, therefore, these sheep can drop lambs at any time of the year. 
The present study was designed to determine the effect of season and frequency 
of lambing on fertility of the sheep and growth rate of the progeny. 

 
Materials and methods 

The data of sheep reproduction in 1996 to 2000 have been analysed. Fertility 
of sheep was determined by the number of lambs born and the milk yield of ewes 
by the weight of 20 day-old lambs. All the lambs were weighed at day 1 and 20, 
at two months, at weaning and 10-12 months of age. 

 
Results  

The data for sheep reproduction in respect to their lambing season are 
presented in Table 1. 

The analysis of the data indicated that sheep lambing in spring were by 25% 
more fertile than those lambing in summer and by 15% more fertile than those 
lambing in autumn and winter. However, ewes dropping lambs in autumn and 
summer were most milk productive and in 20 lactation days produced 
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approximately by 4.0 kg of milk more compared with the ewes lambing in winter 
and spring. 

 
Table 1. Influence of lambing season on sheep fertility and weight of lambs 

Lambing season 
Item Autum

n (n=9)
Winter 
(n=15) 

Spring 
(n=7) 

Summer 
(n=6) 

No. of lambs per sheep (1996-2000) 1.70 1.70 2.00 1.50 
Including: 
          those lambing once a year (1996-2000) 2.00 2.00 2.50 - 
         lambing every 8th month and more often 
        (1996-2000) 1.60 1.70 1.60 1.40 

Milk yield in 20 lactation days, kg 21.30 17.80 16.40 21.40 
Weight of newborn lamb, kg 3.15 2.99 3.10 3.51 
Lamb weight at 20 days, kg 7.33 6.66 6.38 7.70 
Lamb weight at 2 months, kg 15.75 12.89 10.17 15.76 
Weight of weaned lamb, kg 17.67 18.17 15.77 21.92 
Lamb weight at 10-12 months, kg 39.61 37.04 37.07 40.01 
 

Weight of the lambs born in summer was by 0.4 kg higher than that of the 
lambs born in spring, autumn and winter. The autumn and summer lambs had the 
highest growth rate. By the age of 20 days and 12 months they exceeded the 
weight of their contemporaries born in spring and winter by 1 and 3 to 5 kg, 
respectively. The growth rate of lambs was mostly influenced by the milk yield of 
ewes, pasture grass and good care. It is well known that ewes are most milk 
productive at the time of grazing. 

It is also important that in 1999-2000 out of 11 ewes, four ewes dropped 
lambs every 8th month, four twice a year and three ewes lambed only once a year. 
The litter size of the latter amounted to 2.2 lambs, and their survival rate till 
weaning was 78%. More frequent lambing resulted in 13% of stillborn and 
undeveloped lambs and 9.7% of weak lambs which died in 1 to 3 days. Besides, 
the litter size of more frequently lambing ewes was only 1.6 lambs and their 
survival rate till weaning was only 58%. 

Thus, in two years time, 8 frequently lambing ewes dropped and enlarged the 
flock by 18 lambs and 3 ewes lambing once a year by 6 lambs. Consequently, 
frequent lambing of ewes resulted in only by 9% more lambs than usual. 

Separate body parts of yearling ewes were measured in order to have a more 
precise estimation of the growth rate of the progeny. Indices for body 
measurements were estimated too. The measurements indicated that female lambs 
dropped in summer had the best exterior (Table 2). 



 190

 
Table 2. Body measurements of yearling ewes dropped at various seasons 

Season of dropping female lambs 
Item Autumn 

(n=3) 
Winter 
(n=3) 

Spring 
(n=3) 

Summer 
(n=3) 

Body measurements, cm: 
Height at withers 56.67 58.00 57.33 61.33 
Height at rump 63.33 62.33 61.67 64.67 
Chest depth 25.00 25.50 22.67 27.00 
Chest width 18.33 16.50 15.33 18.67 
Oblique body length 60.33 60.33 59.67 63.67 
Width at hips 15.33 13.50 12.50 13.67 
Forehead width 8.00 9.00 9.83 9.83 
Head length 17.17 17.00 17.00 18.17 
Horn length 6.00 9.00 11.50 10.50 
Ear length 11.67 9.33 9.67 10.83 
Chest girth  76.33 75.50 74.67 79.00 
Cannon bone girth 7.83 7.63 7.67 7.67 
Tail length 21.33 20.67 19.83 23.50 

Index, %: 
Long-leggedness 55.88 56.03 60.46 55.98 
Extension 106.46 104.02 104.08 103.82 
Compactness  126.52 125.15 125.14 124.08 
Chest 73.32 64.71 67.62 69.15 
Massiveness 134.69 130.17 130.24 128.81 

 
Conclusions 

1. Frequent lambing is not advisable for ewes. Yearly lambing and consequent 
stronger lambs should be the aim. 

2. Mating time for sheep should bechosen taking into account availability of 
feeds. 
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