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7�8QQLNULVKQDQ���.�$�0HUFH\���
7�3��6HWKXPDGKDYDQ��DQG�-XVWLQ�'DYLV�
'HSDUWPHQW�RI�6WDWLVWLFV
&ROOHJH�RI�9HWHULQDU\�DQG�$QLPDO�6FLHQFHV
0DQQXWK\������������7KULVVXU��.HUDOD

5HFHLYHG�����������
$FFHSWHG������������

���$FDGHPLF�FRQVXOWDQW��
���3URIHVVRU�DQG�+HDG
���'LUHFWRU�RI�(QWUHSUHQHXUVKLS���.9$68��3RRNRGH��:D\DQDG
���$VVLVWDQW��3URIHVVRU��'HSDUWPHQW�RI�/LYHVWRFN�3URGXFWLRQ�DQG�0DQDJHPHQW��&9$6��0DQQXWK\

$EVWUDFW
9DU L RXV � SD U V LPRQ LRXV � PRGH O V�

IRU� SUHGLFWLQJ� WKH� SULFH� RI� PLON� LQ� .HUDOD�
LV� GHYHORSHG� LQ� WKLV� VWXG\�� 7KH� YDULDEOHV�
FRQVLGHUHG�ZHUH��IHHG�DQG�IRGGHU�SULFHV��ODERXU�
FKDUJH��WUDQVSRUWDWLRQ�FRVW��GHPDQG�DQG�PLON�
SURGXFWLRQ���&OXVWHU�DQDO\VLV�RI�DOO�WKH�YDULDEOHV�
VKRZHG� WKDW� WKH� SULFH� RI�PLON�� SULFH� RI� IHHG��
ODERXU�FKDUJH��SULFH�RI�VWUDZ�DQG�WUDQVSRUWDWLRQ�
FRVW� IRUPHG� RQH� FOXVWHU�� ZKHUHDV� SULFH� RI�
JUDVV�� GHPDQG� IRU�PLON� DQG�PLON� SURGXFWLRQ�
VWDQG�LQGHSHQGHQWO\��6LPSOH�OLQHDU�UHJUHVVLRQ�
DQDO\VLV�UHYHDOHG�WKDW�WKH�SULFH�RI�IHHG�SHU�NJ�
ZDV�WKH�PD[LPXP�FRQWULEXWLQJ�IDFWRU�WR�WKH�PLON�
SULFH�IROORZHG�E\�ODERXU�FKDUJH��SULFH�RI�VWUDZ�
SHU�NJ�DQG�WUDQVSRUWDWLRQ�FRVW��7KH�PRGHO�EHVW�
RI�IHHG�LV��PLON�SULFH� ������������IHHG�SULFH��
7KLV�PRGHO�H[SODLQHG������SHU�FHQW�RI�YDULDELOLW\�
LQ�WKH�SULFH�RI�PLON�
.H\�ZRUGV����3ULFH�RI�PLON��SULFH�RI�IHHG��.HUDOD��
UHJUHVVLRQ

,QGLD�LV�WKH�ODUJHVW�SURGXFHU�RI�PLON�LQ�WKH�
ZRUOG��\HW�SHU�FDSLWD�DYDLODELOLW\�LV�ORZ�FRPSDUHG�
WR�WKH�ZRUOG�DYHUDJH��7KH�GDLU\�VHFWRU�LQ�.HUDOD�
FRXOG�PDLQWDLQ� D� KLJKHU� JURZWK� UDWH� RI� �����
SHUFHQW�LQ�WKH�����V��FRPSDUHG�WR�WKH�QDWLRQDO�
OHYHO�RI������SHU�FHQW��LQ�VSLWH�RI�D�ZHDN�IRGGHU�
EDVH��'XULQJ� WKH�;WK�SODQ� SHULRG� ��������� WR�
���������JURZWK�UDWH�LQ�WKH�PLON�SURGXFWLRQ�RI�
.HUDOD�ZDV�������SHU�FHQW�IURP�����SHU�FHQW�LQ�
,;WK�3ODQ����)RU�WKH�SHULRG���������WR����������

D�UHFRYHU\�KDV�EHHQ�PDUNHG�LQ�PLON�SURGXFWLRQ�
RI�.HUDOD�ZLWK�DQ�DYHUDJH�DQQXDO�JURZWK�UDWH�RI�
����SHUFHQW�FRPSDUHG�WR�����SHU�FHQW��DW�DOO�,QGLD�
OHYHO� �(FRQRPLF�5HYLHZ���������8QQLNULVKQDQ�
DQG�$VKRN��������UHSRUWHG�WKDW�WKH�LQFUHDVH�LQ�
PLON�SURGXFWLRQ�ZDV�PDLQO\�GXH�WR�WKH�LQFUHDVH�
LQ�WKH�SULFH�RI�PLON�DQG�H[SODLQHG�WKH�QHHG�IRU�
DQG� IDUPHU� DUH� SURWHFWHG� E\� FRQVLGHULQJ� DOO�
WKH� IDFWRUV� DIIHFWLQJ�SULFH�RI�PLON��0HUFH\��HW�
DO���������VWXGLHG�WKH�SULFH�WUHQG�RI�PLON�XVLQJ�
XQLYDULDWH�$5,0$�PRGHOV� DQG� IRXQG� WKDW� WKH�
EHVW�PRGHO� IRU�SUHGLFWLRQ�RI�SULFH�RI�PLON�ZDV�
$5,0$��������� ,Q� WKHVH� FLUFXPVWDQFHV�� WKLV�
VWXG\��WR�IRUPXODWH�D�PRGHO�IRU�WKH�
0DWHULDOV�DQG�0HWKRGV

<HDUO\� GDWD� RQ�SULFH� RI�PLON� �<��� SULFH�
RI� FRQFHQWUDWH� IHHG� �;���� ODERXU� FKDUJH� �;���SULFH� RI� VWUDZ� �;���� WUDQVSRUWDWLRQ� FRVW� �;�����GHPDQG� IRU�PLON� �;���� PLON� SURGXFWLRQ� �;���DQG� SULFH� RI� JUDVV� �;���ZHUH� FROOHFWHG� IURP�(FRQRPLF�5HYLHZ�IRU�WKH�SHULRG�IURP�������WR�
������'HSDUWPHQW�RI�(FRQRPLFV�DQG�6WDWLVWLFV��
.HUDOD���3RSXODWLRQ�VL]H� LQ�.HUDOD� IRU� YDULRXV�
\HDUV� LV� WDNHQ� LQWR� FRQVLGHUDWLRQ� IRU� WKH�
YDULDEOH�GHPDQG�IRU�PLON��;���DV�GLUHFW�YDOXHV�DUH�QRW�DYDLODEOH� IRU�GHPDQG�RI�PLON��9DULRXV�
WHFKQLTXHV�DGRSWHG�IRU�WKH�VWDWLVWLFDO�DQDO\VLV�
RI� WKH� GDWD�ZHUH� FRUUHODWLRQ� DQG� UHJUHVVLRQ�
DQDO\VLV��6QHGHFRU�DQG�&RFKUDQ���������&OXVWHU�
DQDO\VLV� XVLQJ� DYHUDJH� OLQNDJH�ZDV� XVHG� WR�
DVVHVV�WKH�FRKHVLYHQHVV�RI�WKH�FOXVWHUV�IRUPHG�
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E\� WKH� YDULDEOHV�� 7KLV� SURFHGXUH� DWWHPSWHG�
WR� LGHQWLI\� UHODWLYHO\� KRPRJHQHRXV� JURXSV�
RI� YDULDEOHV� EDVHG�RQ� WKH�3HDUVRQ¶V� SURGXFW�
PRPHQW� FRUUHODWLRQ�� XVLQJ� DQ� DOJRULWKP� WKDW�
VWDUWV�ZLWK�HDFK�YDULDEOH�LQ�D�VHSDUDWH�FOXVWHU�
DQG� FRPELQHV� FOXVWHUV� XQWLO� RQO\� RQH� LV� OHIW�
�-RKQVRQ�DQG�:LFKHUQ��������
5HVXOWV�DQG�'LVFXVVLRQ

&RUUHODWLRQ� EHWZHHQ�SULFH� RI�PLON� DQG�
RWKHU� LQGHSHQGHQW� YDULDEOHV� LV�JLYHQ� LQ�7DEOH�
���3ULFH�RI�IHHG�DQG�ODERXU�FKDUJH�ZHUH�KLJKO\�
FRUUHODWHG�ZLWK�SULFH�RI�PLON�IROORZHG�E\�SULFH�
RI� VWUDZ�� WUDQVSRUWDWLRQ� FRVW�� GHPDQG��PLON�
SURGXFWLRQ�DQG�SULFH�RI�JUDVV�

,QWHU� FRUUHODWLRQ� EHWZHHQ� LQGHSHQGHQW�
YDULDEOHV�LV�JLYHQ�LQ�7DEOH����)URP�7DEOH���� LW� LV�
FOHDU� WKDW� LQGHSHQGHQW� YDULDEOHV� FRQVLGHUHG�
LQ� WKH� VWXG\�ZHUH� KLJKO\� FRUUHODWHG�� +HQFH�
FOXVWHU�DQDO\VLV�ZDV�GRQH�WR�LGHQWLI\�UHODWLYHO\�
KRPRJHQHRXV� JURXSV� RI � YDU LDEOHV� � $�
GHQGURJUDP�ZDV� GUDZQ� E\� WDNLQJ� WKH� HLJKW�
YDULDEOHV�HPSOR\HG�LQ�WKH�VWXG\�

,QWHU� FRUUHODWLRQ� EHWZHHQ� LQGHSHQGHQW�
YDULDEOHV� LV� JLYHQ� LQ� 7DEOH� ��� )URP� 7DEOH�
��� LW� LV� FOHDU� WKDW� LQGHSHQGHQW� YDULDEOHV�
FRQVLGHUHG�LQ�WKH�VWXG\�ZHUH�KLJKO\�FRUUHODWHG��
+HQFH� FOXVWHU� DQDO\VLV�ZDV� GRQH� WR� LGHQWLI\�
UHODWLYHO\� KRPRJHQHRXV� JURXSV� RI� YDULDEOHV��

$�GHQGURJUDP�ZDV�GUDZQ�E\� WDNLQJ� WKH�HLJKW�
YDULDEOHV�HPSOR\HG�LQ�WKH�VWXG\�

'HQGURJUDP�IRU�FOXVWHULQJ�WKH�YDULDEOHV�
LV�VKRZQ�LQ�)LJ�����7KH�SULFH�RI�PLON��SULFH�RI�IHHG��
ODERXU�FKDUJH��SULFH�RI�VWUDZ�DQG�WUDQVSRUWDWLRQ�
FRVW�IRUPHG�RQH�FOXVWHU��ZKHUHDV�SULFH�RI�JUDVV��
GHPDQG� IRU�PLON� DQG�PLON� SURGXFWLRQ� VWDQG�
LQGHSHQGHQWO\�

6LPSOH� OLQHDU� UHJUHVVLRQ�DQDO\VLV�ZDV�
GRQH�ZLWK� SULFH� RI�PLON� �<�� DV� LQGHSHQGHQW�
YDULDEOH�DQG�SULFH�RI� IHHG��;���� ODERXU�FKDUJH��;����SULFH�RI�VWUDZ��;����WUDQVSRUWDWLRQ�FRVW��;���GHPDQG�IRU�PLON��;����PLON�SURGXFWLRQ��;���DQG�SULFH� RI� JUDVV� �;��� DV� LQGHSHQGHQW� YDULDEOHV��7DEOH� ���� 7KH� WZR� FULWHULD� IRU� VHOHFWLQJ� WKH�
EHVW�PRGHO� LQ�UHJUHVVLRQ�DQDO\VLV� LV�WDNHQ�DV�
DGMXVWHG�5�DQG�PHDQ� DEVROXWH� SHUFHQWDJH�
HUURU��7KH�DGMXVWHG�5�LV�PD[LPXP�DQG�PHDQ�
DEVROXWH�SHUFHQWDJH�HUURU��0$3(��LV�OHDVW�IRU�
WKH�UHJUHVVLRQ�HTXDWLRQ�RI�SULFH�RI�PLON�RQ�SULFH�
SULFH�RI�PLON�ZLWK�DOO�WKH�LQGHSHQGHQW�YDULDEOHV�

,Q�PXOWLSOH�OLQHDU�UHJUHVVLRQ�HTXDWLRQ��LW�
LV�FRPPRQ�WR�KDYH�LQGHSHQGHQW�YDULDEOHV�WKDW�
DUH�KLJKO\�LQWHUUHODWHG��0XOWLFROOLQHDULW\�RFFXUV�
ZKHQ�DQ�LQGHSHQGHQW�YDULDEOH�LV�VWURQJO\�UHODWHG�
WR�D�OLQHDU�FRPELQDWLRQ�RI�WKH�RWKHU�LQGHSHQGHQW�
YDULDEOH��6LQFH�VHYHUH�PXOWLFROOLQHDULW\�RFFXUV�

7DEOH����&RUUHODWLRQ�EHWZHHQ�SULFH�RI�PLON�DQG�RWKHU�YDULDEOHV

7DEOH����&RUUHODWLRQ�PDWUL[�RI�WKH�LQGHSHQGHQW�YDULDEOHV
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)LJ������'HQGURJUDP�IRU�FOXVWHULQJ�WKH�YDULDEOHV

SULFH�RI�IHHG�LV�VHOHFWHG�DV�WKH�PRVW�LPSRUWDQW�
FRQWULEXWLQJ� YDULDEOH� WR� SULFH� RI� PLON� IURP�
WKH� YDULDEOH� LQFOXGHG� LQ� WKDW� FOXVWHU��0XOWLSOH�
OLQHDU�UHJUHVVLRQ�DQDO\VLV�ZLWK�PRUH�WKDQ�RQH�
LQGHSHQGHQW�YDULDEOH�ZDV�SHUIRUPHG�E\�WDNLQJ�
SULFH�RI�IHHG�DV�RQH�YDULDEOH�DQG�SULFH�RI�JUDVV��
GHPDQG�IRU�PLON�DQG�PLON�SURGXFWLRQ�DV�RWKHU�
LQGHSHQGHQW�YDULDEOHV��7DEOH����

,Q�DOO�WKH�UHJUHVVLRQ�HTXDWLRQV�DWWHPSWHG�
7DEOH����9DULRXV�6LPSOH�/LQHDU�5HJUHVVLRQ�(TXDWLRQV

7DEOH�����9DULRXV��0XOWLSOH�/LQHDU�5HJUHVVLRQ�(TXDWLRQV

SULFH�RI�PLON�RQ�SULFH�RI�FRQFHQWUDWH�IHHG�ZDV�

GLIIHUHQW� IURP� ]HUR� �S!������� +HQFH� IURP�
7DEOH� ���� WKH�PRVW� VXLWDEOH� �PRGHO� WKDW� FDQ�
SULFH� RI� IHHG� LV��PLON� SULFH �����������IHHG�
SULFH��7KLV�PRGHO� H[SODLQHG������ SHU� FHQW� RI�
YDULDELOLW\� LQ� WKH� SULFH� RI�PLON�� &RQVLGHULQJ�
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WKH�SDUVLPRQLRXV�QDWXUH�RI� WKLV�HTXDWLRQ�� LW� LV�
UHFRPPHQGHG�DV�WKH�PRVW�VXLWDEOH�PRGHO�IRU�
SUHGLFWLRQ�RI�SULFH�RI�PLON�LQ�.HUDOD��7KH�DFWXDO�
DQG�HVWLPDWHG�SULFH�RI�PLON�SHU� OLWUH� LQ�.HUDOD�
XVLQJ�WKH�DERYH�PRGHO�IRU�WKH�SHULRG������WR�
�����LV�JLYHQ�LQ�)LJ����

7KLV�VWXG\�UHSRUWV�WKDW�WKH�SULFH�RI�IHHG�
LV�WKH�KLJKHVW�FRQWULEXWLQJ�IDFWRU�WR�WKH�SULFH�RI�
PLON�IROORZHG�E\�ZDJH�RI�PHQ��SULFH�RI�VWUDZ�DQG�
WUDQVSRUWDWLRQ�FRVW��,W�ZDV�IRXQG�WKDW������SHU�
FHQW�RI�YDULDELOLW\�LQ�SULFH�RI�PLON�ZDV�H[SODLQHG�
E\�SULFH�RI�IHHG��,Q�WKH�VDPH�ZD\��LW�ZDV�IRXQG�
WKDW�WKH�ODERXU�FKDUJH�H[SODLQHG������SHU�FHQW�
RI�YDULDELOLW\��SULFH�RI�VWUDZ�H[SODLQHG������SHU�
FHQW�YDULDELOLW\�DQG�WUDQVSRUWDWLRQ�FRVW�H[SODLQHG�
�����SHU�FHQW�YDULDELOLW\�

$V� IDU�DV�.HUDOD� LV�FRQFHUQHG��FRVW�RI�
PLON�SURGXFWLRQ�LV�LQFUHDVLQJ�GD\�E\�GD\��5HFHQW�
FDWWOH�FHQVXV�UHSRUW�VXJJHVWV�WKDW�GDLU\�IDUPHUV�
VWDUWHG�WR�HYDGH�IURP�WKH�V\VWHP�DQG�WKH�DQQXDO�
GHFOLQH�LQ�FDWWOH�SRSXODWLRQ�LQ�WKH�VWDWH�LV�����SHU�
FHQW���,W�LV�PDLQO\�GXH�WKH�LQFUHDVH�LQ�WKH�FRVW�RI�
SURGXFWLRQ��,Q�WXQH�ZLWK�WKH�LQFUHDVH�LQ�WKH�FRVW�
RI�SURGXFWLRQ�DQG�WDNLQJ�LQWR�FRQVLGHUDWLRQ�WKH�
SURMHFW��SUHGLFWHG�IRUPXOD�ZLOO�IRUP�D�EHQFKPDUN�
SULFH�RI�PLON�DQG�WR�PDNH�GDLU\LQJ�D�VXVWDLQDEOH�
YHQWXUH�LQ�WKH�6WDWH�
$FNQRZOHGJHPHQWV

7KH� DXWKRUV� DUH� WKDQNIXO� WR� .HUDOD�
9HWHULQDU\� DQG�$QLPDO� 6FLHQFHV�8QLYHUVLW\��
VXSSRUW�

5HIHUHQFHV
(FRQRPLF�5HYLHZ��������$JULFXOWXUH�DQG�DOOLHG�

VHFWRUV��6WDWH�3ODQQLQJ�%RDUG��.HUDOD��
$YDLODEOH��KWWS���ZZZ�VSE�NHUDOD�JRY�LQ�
LPDJHV�SGI�HU���LQGH[�KWPO�>��0D\����@

-RKQVRQ��$�5��DQG�:LFKHUQ��:�'���������$SSOLHG�
0XOWLYDULDWH� 6WDWLVWLFDO�$QDO\VLV�� )LIWK�
HGLWLRQ��3+,�/HDUQLQJ�3YW�/WG������S�

0HUFH\�� .�$���*OHHMD�9�/��� 5LQL�*HRUJH� DQG�
6XMDWKD��.�6��������)RUHFDVWLQJ�SULFH�RI�
PLON�LQ�.HUDOD�ZLWK�$5,0$�PRGHO���$EVWUDFW�
RI� WKH� QDWLRQDO� VHPLQDU� RQ� VWRFKDVWLF�
PRGHOLQJ� DQG� VLPXODWLRQ�� �0DUFK� ���
����2UJDQLVHG� E\� WKH�'HSDUWPHQW� RI�
6WDWLVWLFV��&RFKLQ�8QLYHUVLW\�RI�6FLHQFH�
DQG�7HFKQRORJ\��&RFKLQ��S������

6QHGHFRU�� *�+�� DQG� &RFKUDQ��:�*�� ������
6WDWLVWLFDO�PHWKRGV�� �WK� HG�� ,RZD�6WDWH�
8QLYHUVLW\�3UHVV��86$�����S�

8QQLNULVKQDQ�7��DQG�$VRN��%����������6WDWLVWLFDO�
WRROV� IRU� WKH� SULFLQJ� LVVXHV� LQ� PLON�
SURGXFWLRQ�LQ�.HUDOD��-��,QG��9HW��$VVRF��
.HUDOD������������

)LJ�����$FWXDO�DQG�HVWLPDWHG�SULFH�RI�PLON�LQ�.HUDOD�XVLQJ�SULFH�RI�IHHG�NJ


