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$OWHUQDWH�EHDULQJ�LV�D�ZLGH�VSUHDG�SKHQRPHQRQ�LQ�PDQ\�IUXLW�WUHH�VSHFLHV�DQG�FDXVHV�VHYHUH�ODERU��PDUNHWLQJ�DQG
WKXV�HFRQRPLFDO�SUREOHPV��7KH�GRPHVWLF�ROLYH� �2OHD�HXURSDHD��LV�JHQHWLFDOO\�KLJKO\�DOWHUQDWLQJ�LQ�IUXLW�SURGXFWLRQ�
7KH�H[SUHVVLRQ�RI�DOWHUQDWH�EHDULQJ� LQ�ROLYHV� LQYROYHV�D�ZLGH� UDQJH�RI�FKDQJHV� LQ�DFWLYDWLRQ�DQG� UHSUHVVLRQ�RI�HQ�
GRJHQRXV�PHWDEROLF�SDWKZD\V��7KH�GHJUHH�RI�DOWHUQDWH�EHDULQJ�LV�KLJKO\�GHSHQGHQW�RQ�WKH�HQYLURQPHQWDO�FRQGLWLRQV
DQG�PLJKW�EH�YHU\�GLIIHUHQW�LQ�DFFRUGDQFH�ZLWK�WKH�FOLPDWH�LQ�HDFK�JURZLQJ�UHJLRQ��7KH�REMHFWLYH�RI�WKLV�ZRUN�ZDV�WR
SUHVHQW�WKH�PDLQ�HQGRJHQRXV�DQG�HQYLURQPHQWDO�IDFWRUV�DQG�WKHLU�LQWHUDFWLRQV�WKDW�OHDG�WR�DOWHUQDWH�EHDULQJ�DQG�WR
UHYLHZ�DSSURDFKHV�ZLWK�ZKLFK�DOWHUQDWH�EHDULQJ�LV�UHGXFHG�

.H\�ZRUGV��2OHD�HXURSDHD��SK\VLRORJ\��IORZHU�EXG�LQGXFWLRQ��DOWHUQDWH�EHDULQJ��ELHQQLDO�EHDULQJ�UHGXFWLRQ
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/D�SURGXWWLYLWi�DOWHUQDWD�o�XQ�IHQRPHQR�PROWR�GLIIXVR�QHJOL�DOEHUL�GD�IUXWWD�H�FDXVD�QRWHYROL�SUREOHPL�ODYRUDWLYL�
GL�PDUNHWLQJ�HG�HFRQRPLFL��/¢ROLYR��2OHD�HXURSDHD��o�JHQHWLFDPHQWH�DOWDPHQWH�DOWHUQDQWH�QHOOD�SURGX]LRQH�GL�IUXWWL�
/¢HVSUHVVLRQH�GHOOD�SURGXWWLYLWi�DOWHUQDWD�GHJOL�ROLYL� LQFOXGH�XQ¢DPSLD�VIHUD�GL�FDPELDPHQWL�QHOO¢DWWLYD]LRQH�H�QHOOD
UHSUHVVLRQH�GHOOH�VHTXHQ]H�GHO�PHWDEROLVPR�HQGRJHQR��,O�JUDGR�GL�SURGXWWLYLWi�DOWHUQDWD�GLSHQGH�LQ�JUDQ�SDUWH�GDOOH
FRQGL]LRQL�DPELHQWDOL�H�SXw�YDULDUH�D�VHFRQGD�GHO�FOLPD�GL�RJQL�VLQJROD�UHJLRQH�GL�FUHVFLWD��/R�VFRSR�GL�WDOH�VWXGLR
HUD�TXHOOR�GL�SUHVHQWDUH�L�SULQFLSDOL�IDWWRUL�HQGRJHQL�HG�DPELHQWDOL�H�OH�LQWHUD]LRQL�IUD�HVVL�FKH�SRUWDQR�DOOD�SURGXW�
WLYLWi�DOWHUQDWD��/¢DUWLFROR�IRUQLVFH�LQROWUH�XQD�UHYLVLRQH�GHJOL�DSSURFFL�FRQ� L�TXDOL� OD�SURGXWWLYLWi�DOWHUQDWD�YLHQH�UL�
GRWWD�

3DUROH�FKLDYH��2OHD�HXURSDHD��ILVLRORJLD��LQGX]LRQH�D�ILRUH�GHOOH�JHPPH��SURGXWWLYLWj�DOWHUQDWD��ULGX]LRQH�ELHQQLDOH
GHOOD�SURGXWWLYLWj
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%LHQQLDO�RU�DOWHUQDWH�EHDULQJ�LV�D�ZLGHO\�VSUHDG�SKH�
QRPHQRQ� LQ�PDQ\� IUXLW� WUHH� VSHFLHV� DQG� FDXVHV� VHYHUH
ODERU�� PDUNHWLQJ� DQG� WKXV� HFRQRPLFDO� SUREOHPV�� 6WLOO�
WKH� PHWDEROLF� SURFHVVHV�� WKHLU� LQGXFWLRQ� DQG� WKH� PHV�
VHQJHUV�LQYROYHG�DUH�RQO\�YHU\�SDUWLDOO\�NQRZQ��7KHUH�LV
QR�GRXEW��KRZHYHU�� WKDW� WKH�SURFHVVHV� LQYROYHG�DUH�QRW
XQLYHUVDO� DQG� UDWKHU� GLIIHUHQW� LQ� WKH� YDULRXV� IUXLW� WUHH
VSHFLHV� �*ROGVFKPLGW�� ������� $OWKRXJK� GLIIHUHQW� KRUWL�
FXOWXUDO� SUDFWLFHV� KDYH� EHHQ� GHYHORSHG� DQG� DUH� EHLQJ
XVHG�WR�PLQLPL]H�WKH�DOWHUQDWH�EHDULQJ�LQ�PDQ\�VSHFLHV�
WKHLU� HIIHFW� LV� LQ� PRVW� FDVHV� RQO\� SDUWLDO� �0RQVHOLVH� 	
*ROGVFKPLGW��������

7KH� GRPHVWLF� ROLYH� �2OHD� HXURSDHD�� LV� JHQHWLFDOO\
KLJKO\� DOWHUQDWLQJ� LQ� IUXLW� SURGXFWLRQ�� ,Q� QRQ�LUULJDWHG
ROLYH� JURYHV� WKH� \LHOG� PD\� YDU\� EHWZHHQ� ���� WRQV�KD
DQG� D� IHZ� KXQGUHGV� NJ�� 7KH� RFFXUUHQFH� DQG� GHYHORS�
PHQW�RI�DOWHUQDWH�EHDULQJ� LV�SRWHQW�DOVR� LQ� LQWHQVLYH�RU�
FKDUGV�ZLWK� FRQWUROOHG� LUULJDWLRQ�� QXWULWLRQ� DQG� WUDLQLQJ
WHFKQLTXHV��WKRXJK�WKH�OHYHO�RI�IUXLW�SURGXFWLRQ�LV�KLJKHU
DQG� EHWWHU� FRQWUROOHG� �/DYHH�� ������� :LWKRXW� VSHFLILF
LQWHUYHQWLRQ�� WKH� JDS� EHWZHHQ� 
RII
� DQG� 
RQ
� \HDUV�PD\
YDU\�EHWZHHQ������ W�KD��$V� WKH�ROLYH� LV�DQ� LQGXVWU\�GH�
SHQGHQW�FRPPRGLW\�� WKH�SUREOHPV� ULVLQJ� IURP�DOWHUQDWH
EHDULQJ�DUH�RI�SDUWLFXODUO\�KLJK�HFRQRPLFDO�VHYHULW\��7KH
GHJUHH� RI� DOWHUQDWH� EHDULQJ� LV� KLJKO\� GHSHQGHQW� RQ� WKH
HQYLURQPHQWDO�FRQGLWLRQV�DQG�PLJKW�EH�YHU\�GLIIHUHQW�LQ
DFFRUGDQFH� ZLWK� WKH� FOLPDWH� LQ� HDFK� JURZLQJ� UHJLRQ
�0RUHWWLQL�� ������ +DUWPDQQ�� ������� 7KH� LPSDFW� RI� WKH
HQYLURQPHQWDO�FRQGLWLRQV�LV�QRW�RQO\�RI�GLUHFW�QDWXUH�RQ
WKH�UHSURGXFWLYH�RUJDQV���WKH� IORZHUV���EXW�KDYH�DOVR�D
PDMRU�LPSDFW�RQ�WKH�HQGRJHQRXV�PHWDEROLF�SURFHVVHV�RI
WKH� WUHH�� 7KLV� LPSDFW� LQYROYHV� PHWDEROLF� FKDQJHV� LQ�
GXFHG�E\�VSHFLILF�JHQH�DFWLYDWLRQ�RU�UHSUHVVLRQ�
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7R�DGGUHVV�WKLV�SUREOHP��LW�LV�QHFHVVDU\�WR�FODULI\�ILUVW
WKH�IUXLWLQJ�KDELW�RI�WKH�WUHHV��7KH�ROLYH�IUXLW�GHYHORSV�RQ
LQIORUHVFHQFHV� GHYHORSLQJ� IURP� WKH� EXGV� ERUQH� RQ� WKH
SUHYLRXV�\HDU¤V�VKRRWV��+RZHYHU��LQIORUHVFHQFHV�ZLOO�GH�
YHORS� RQO\� RQ� ZHOO� OLJQLILHG� ZRRG�� WKXV� VWURQJHU� DQG
ORQJHU�YHJHWDWLYH�VKRRWV�JURZQ�LQ�WKH�SUHYLRXV�\HDU�KDYH
D�EHWWHU�SRWHQWLDO� WR�GHYHORS� LQIORUHVFHQFHV� LQ� WKH�SUHV�
HQW�RQH��2OLYH�VKRRWV�JURZ�WKURXJKRXW�WKH�VXPPHU�DQG
LQ�PDQ\�UHJLRQV�IURP�YHU\�HDUO\�LQ�WKH�VSULQJ�WR�ODWH�IDOO
DQG� LQ�H[WUHPH�FDVHV� HYHQ� LQ� WKH�ZLQWHU�� 7KH�EXGV�GH�
YHORSLQJ� LQ� WKH� OHDI� D[LOV� ZLOO� EH� WKHUHIRUH� DW� GLIIHUHQW
DJHV� LQ� WKH� IROORZLQJ� VSULQJ� DW� WLPH� RI� EORRP�� 6WLOO�� DOO
WKH�EXGV�RQ�ZHOO�OLJQLILHG�SDUWV�RI�WKH�VKRRW�UHDFK�DERXW
WKH�VDPH�OHYHO�RI�GHYHORSPHQW�DW�WKH�HQG�RI�WKH�VXPPHU
DQG�FDQ�SRWHQWLDOO\�GLIIHUHQWLDWH� WR� IRUP� LQIORUHVFHQFHV�
,Q� H[WUHPH� FDVHV� �\HDUV� RU� UHJLRQV�� HYHQ� WKH� YHU\� ODWH
JURZWK�PD\�EH�OLJQLILHG�DQG�WHUPLQDO�LQIORUHVFHQFHV�FDQ

EH�IRXQG��7KH�QXPEHU�RI� IORZHUV�SHU� LQIORUHVFHQFH�YDU�
LHV� EHWZHHQ� ������ DFFRUGLQJ� WR� YDULHW\� DQG� \HDU�� 7KH
SRWHQWLDO�QXPEHU�RI� IORZHUV�SHU� WUHH�SDUWLFXODUO\� LQ� 
RQ

\HDUV�LV�H[WUHPHO\�KLJK��$�YDU\LQJ�QXPEHU�RI�WKH�IORZHUV
RQ�HDFK� LQIORUHVFHQFH�DUH�QRQ�SURGXFLQJ�PDOH� IORZHUV�
7KH�DPRXQW�RI�IUXLW�SHU�WUHH�LV�QRW�GHSHQGHQW�RQ�WKH�SHU�
FHQW�RI�PDOH�IORZHUV�LQ�HLWKHU�WKH�
RQ
�DQG�
RII
�\HDUV��DV
RQO\� ���� IORZHUV� SHU� LQIORUHVFHQFH� �DQG� QRW� RQ� DOO� RI
WKHP��VHW�IUXLW��7DE������7KH�UHSURGXFWLYH�DQG�YHJHWDWLYH
EXGV�DUH�RI�WKH�VDPH�RULJLQ��2QFH�LWV�LQIORUHVFHQW�GHYHO�
RSHG��D�UHSURGXFWLYH�EXG�FDQQRW�IRUP�D�YHJHWDWLYH�VKRRW
HYHQ�ZKHQ�LW�GLG�QRW�VHW�DQ\�IUXLW��$W�D�YHU\�KLJK�IUXLWLQJ
HYHQW�HYHQ�WKH�IHZ�ODWHUDO�EXGV��LQGXFHG�WR�GHYHORS�H[�
WHQVLRQ� JURZWK� DQG� JHQHUDOO\� YHJHWDWLYH� WHUPLQDO� EXGV�
DUH� LQKLELWHG� DQG� GHYHORS� UDWKHU� ZHDN� VKRRWV�� 8QGHU
VXFK�FRQGLWLRQV� WKH�DPRXQW�RI� VKRRWV�� WKHLU� OHQJWK�DQG
WKXV�WKH�QXPEHU�RI�EXGV�DYDLODEOH�IRU�GLIIHUHQWLDWLRQ�DQG
IUXLWLQJ� LQ� WKH� IROORZLQJ�\HDU� LV�YHU\� ORZ��7KH�SRWHQWLDO
RI� WKH� EXGV� RQ� VXFK� VKRRWV� WR� GLIIHUHQWLDWH� LQWR� UHSUR�
GXFWLYH�EXGV�LV�ORZ�HYHQ�XQGHU�IDYRUDEOH�HQYLURQPHQWDO
FRQGLWLRQV�� 7KLV� LV� GXH� WR� HQGRJHQRXV� PHWDEROLF
FKDQJHV� OHDGLQJ� WR� LQKLELWLRQ� RI� IORZHU� EXG�GLIIHUHQWLD�
WLRQ� LQ�JHQHUDO�DQG�YLDEOH� IORZHUV� LQ�SDUWLFXODU� �&XHYDV
HW�DO���������.LWVDNL�HW�DO���������

7KH� 
RII¤� \HDU�� ZKLFK� ZLOO� UHVXOW�� LV� XVXDOO\� FKDUDF�
WHUL]HG� E\� DQ� HVWDEOLVKPHQW� RI� YLJRURXV� YHJHWDWLYH
JURZWK��7KH�UHODWLYHO\�ORQJ�DQG�VWURQJ�VKRRWV�GXULQJ�WKDW
\HDU�EHDU�D�ODUJH�QXPEHU�RI�ZHOO�GHYHORSHG�EXGV��ZKLFK
XQGHU� VXLWDEOH� HQYLURQPHQWDO� FRQGLWLRQV� DUH� UHDG\� WR
XQGHUJR� UHSURGXFWLYH� GLIIHUHQWLDWLRQ�� 7KH� ODUJH� QXPEHU
RI� EXGV� WKDW� SRWHQWLDOO\� FRXOG� GLIIHUHQWLDWH� LQWR� UHSUR�
GXFWLYH�RQHV� LV� WKH�EDVLV� IRU� UHHVWDEOLVKLQJ�DQ�H[WHQVLYH
QXPEHU�RI�LQIORUHVFHQFHV��ZKLFK�ZLOO�XVXDOO\�OHDG�WR�WKH
GHYHORSPHQW�RI�WKH�QH[W�
RQ¤�\HDU�

,W�FRXOG�EH�FRQFOXGHG�WKDW�IUXLW�SURGXFWLRQ�LQ�WKH�RO�
LYH�LV�PDLQO\�GHSHQGHQW�RQ�WKH�YHJHWDWLYH�JURZWK�RI�WKH
SUHYLRXV�JURZLQJ�VHDVRQ��2Q�WKH�RWKHU�KDQG��WKH�GHJUHH
RI�YHJHWDWLYH�JURZWK� LQ�DQ\�SDUWLFXODU� VHDVRQ� LV�D� IXQF�
WLRQ� RI� WKH� DPRXQW� RI� IUXLW� SUHVHQW� RQ� WKH� WUHH� DW� WKH
VDPH� WLPH�� 7KXV�� WKH� EDODQFH� EHWZHHQ� WKH� DPRXQW� RI
GHYHORSLQJ�IUXLW�DQG�WKH�YHJHWDWLYH�JURZWK�LQ�DQ\�JLYHQ
JURZLQJ�VHDVRQ�ZLOO�HIIHFW�DQG�FRQWURO�WKH�SRWHQWLDO�IUXLW
SURGXFWLRQ�IRU�WKH�IROORZLQJ�VHDVRQ�
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,Q�DGGLWLRQ�WR�WKH�HIIHFW�RI�IUXLW�RQ�WKH�OHYHO�RI�YHJH�
WDWLYH�JURZWK��WKH�GHYHORSLQJ�IUXLWV�ZHUH�VKRZQ�WR�KDYH
DOVR� D� VLJQLILFDQW� HIIHFW� RQ� WKH� GHYHORSPHQW� RI� IORZHU
EXGV�IRU�WKH�IROORZLQJ�VHDVRQ��)RU�YDULRXV�IUXLW�VSHFLHV�LW
ZDV� VXJJHVWHG� WKDW� WKH�GHYHORSLQJ� IUXLW� LV� D� VWURQJ� VLQN
FRPSHWLQJ� IRU� PHWDEROLWHV� ZLWK� WKH� YHJHWDWLYH� JURZWK
�0RQVHOLVH�	�*ROGVFKPLGW���������,Q�ROLYH�� WKLV�UHODWLRQ
LV�QRW�FOHDU�DQG�VHHPV�WR�EH�QRW�SDUWLFXODUO\�VLJQLILFDQW�
6RPH�ZRUNHUV�IRXQG�D�FRUUHODWLRQ�EHWZHHQ�
RQ
�DQG�
RII
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7DE�����5HODWLRQVKLS�EHWZHHQ�WKH�SHUFHQW�RI�SHUIHFW�IORZHUV�DQG�IUXLW�VHW�SHU�����LQIORUHVFHQFHV�LQ�WKUHH�ROLYH�FXO�
WLYDUV�
$��%��&� �JURXSV�RI�VKRRWV�ZLWK�GLIIHUHQW�OHYHOV�RI�SHUIHFW�IORZHUV�ZLWKLQ�HDFK�RI�WKH�WKUHH�FXOWLYDUV�WHVWHG�
7DE�����5D]PHUMH�PHG�RGVWRWNL�SRSROQLK�FYHWRY�LQ�QDVWDYNRP�SORGRY�]D�����VRFYHWLM�SUL�WUHK�ROMàQLK�NXOWLYDUMLK�
$��%��&� �VNXSLQH�SRJDQMNRY�]�UD]OLàQLPL�VWRSQMDPL�SRSROQLK�FYHWRY�]QRWUDM�SRVDPH]QHJD�WHVWLUDQHJD�NXOWLYDUMD�

,QIORUHVFHQFH
*URXS

FY��6HYLOODQR FY��6XUL FY��0D]DQLOOR

3HUIHFW
IORZHUV����

)UXLWV����
LQIORUHVFHQFHV

3HUIHFW
IORZHUV����

)UXLWV����
LQIORUHVFHQFHV

3HUIHFW
IORZHUV����

)UXLWV�����
LQIORUHVFHQFHV

$ � �� �� �� �� ��
% �� �� �� �� �� ��
& �� �� �� �� �� ��

06( � � �

7DE�����7KH�SURWHLQ�FRQWHQW�RI�PDWXUH�ROLYH�OHDYHV�DQG�RQH�\HDU�ROG�EDUN�RI� IRXU�FXOWLYDUV� LQ� 
RQ
�DQG�
RII
�\HDUV
�VDPSOHG�LQ�ODWH�VXPPHU��H[SUHVVHG�LQ��J�J�I�ZW���'LIIHUHQW�OHWWHUV�UHSUHVHQW�VLJQLILFDQFH�DW�WKH�3 �����OHYHO�
7DE�� ��� 9VHEQRVW� SURWHLQRY� Y� RGUDVOLK� ROMàQLK� OLVWLK� LQ� OXEMX� HQROHWQHJD� SRJDQMND� Y� URGQHP� LQ� QHURGQHP� OHWX
�Y]RUàHQR�SR]QR�SROHWL��L]UDËHQR�Y��J�J�VYHËLK�OLVWRY���5D]OLàQH�àUNH�SRQD]DUMDMR�VWDWLVWLàQR�]QDàLOQRVW�SUL�3 �����

7UHH�SKDVH 0DQ]DQLOOR %DUQHD 8RYR .RURQDLNL

/HDYHV


RII
 ����D ����D ����D ����EF

RQ
 ����E ����F ����E ���E

%DUN


RII
 ����E ����E ����E ����E

RQ
 ����D ����D ����D ����D

\HDUV� ZLWK� SULPHU� PHWDEROLWHV�� VXFK� DV� FDUERK\GUDWHV
�6H\\HGQHMDG� HW� DO��� ������ DQG� SRO\DPLQHV� �3ULWVD� 	
9R\LDW]LV���������$Q�LQFUHDVH�LQ�WKH�VWDUFK�FRQWHQW�GXU�
LQJ�WKH�ZLQWHU�LQ�WKH�FHQWUDO�D[LV�RI�ODWHUDO�SRWHQWLDOO\�UH�
SURGXFWLYH� EXGV� ZDV� DOVR� UHSRUWHG� �'H� OD� 5RVD� HW� DO��
�������2WKHUV�� KRZHYHU�� GLG� QRW� ILQG� D� FRPSHWLWLYH� HI�
IHFW� IRU�EDVLF�RUJDQLF�PHWDEROLWHV�EHWZHHQ� WKH�GHYHORS�
LQJ�IUXLWLQJ�DQG�YHJHWDWLYH�JURZWK��)HUQDQGH]�(VFREDU�HW
DO��� ������ ������� 6WXWWH�	�0DUWLQ� �����D�� IRXQG� D� XQL�
IRUP�OHYHO�RI�FDUERK\GUDWHV�LQ�WKH�OHDYHV�RI�EHDULQJ�DQG
QRQ� EHDULQJ� WUHHV�� 7KH\� DOVR� IRXQG� WKDW� GHVWUXFWLRQ� RI
WKH�VHHGV��HPEU\RV�� LQ�LQWDFW� IUXLWV�EHIRUH�VWRQH�KDUGHQ�
LQJ� DOORZHG� D� VHHGOHVV� GHYHORSPHQW� RI� WKH� IUXLWV�� 6XFK
�SDUWHQRFDUSLF�� IUXLWV�KDG�RQO\�D� VPDOO�HIIHFW�RQ� WKH� UH�
WXUQHG� EORRP� DQG� FURS� GHYHORSPHQW� LQ� WKH� IROORZLQJ
\HDU��6WXWWH�	�0DUWLQ������E���,W�FRXOG�EH�FRQFOXGHG�WKDW
WKH� HIIHFW� RI� WKH� GHYHORSLQJ� IUXLWV� RQ� UHGXFLQJ� IORZHU
EXG�GLIIHUHQWLDWLRQ�IRU�WKH�IROORZLQJ�VHDVRQ�LV�RI�UHJXOD�
WRU\�QDWXUH�YLD�VLJQDOV�SURGXFHG�E\�WKH�GHYHORSLQJ�HP�
EU\RV��6XFK�VLJQDOV�FRXOG�EH�LQYROYHG�LQ�GHYHORSLQJ�WKH
VLJQLILFDQW�GLIIHUHQFHV� IRXQG� LQ� WKH�SURWHLQ�FRQWHQW� DQG
LWV� TXDQWLWDWLYH� FKDQJHV� GXULQJ� WKH� JURZLQJ� VHDVRQ� LQ
ERWK�OHDYHV�DQG�\RXQJ�VKRRWV�RI�IUXLWLQJ�DQG�QRQ�IUXLWLQJ
WUHHV� �/DYHH� 	� $YLGDQ�� ������� 6HDVRQDO� FKDQJH� LQ� WKH
DPRXQW�RI�WRWDO�SURWHLQV�LQ�WKH�OHDYHV�DQG�\RXQJ�VKRRWV
IRXQG� GXULQJ� 
RQ¤� DQG� 
RII¤� \HDUV� UHYHDOHG� RSSRVLWH
WUHQGV��7DE������7KHVH�GLIIHUHQFHV�LQ�WKH�SURWHLQ�FRQWHQW

VHHP� WR� EH� PRUH� RI� UHJXODWRU\� QDWXUH�� DV� VSHFLILF� DQG
GLIIHUHQW�SURWHLQV�ZHUH�LQGXFHG�GXULQJ�WKH�
RQ
�\HDUV�DQG
RWKHUV�LQ�WKH�
RII
�RQHV��7KH�QDWXUH�RI�WKHVH�SURWHLQV�DQG
WKHLU� SRVVLEOH� UROH� LQ� FRQWUROOLQJ� DOWHUQDWH� EHDULQJ� DUH
SUHVHQWO\�LQYHVWLJDWHG�DW�WKH�9ROFDQL�&HQWHU�LQ�,VUDHO�

/DWHO\�� VSHFLILF� FKDQJHV� LQ� WKH� PLQHUDO� FRQWHQW� RI
OHDYHV� EHWZHHQ� 
RQ
� DQG� 
RII
� \HDUV� ZHUH� UHSRUWHG� DQG
UHODWHG�PDLQO\� WR� WKH� SRWHQWLDO� DFWLYLW\� RI� JURZWK� UHJX�
ODWLQJ� V\VWHPV� �)HUQDQGH]�(VFREDU� HW� DO��� ������ ������
7URQFRVR�HW�DO���������VKRZHG�D�FRQVLGHUDEOH�GHSOHWLRQ
RI� WKH�1�DQG�.�FRQWHQWV� LQ� WKH�OHDYHV�DW� WKH�HQG�RI� WKH

RQ
�\HDU��ZKLOH�DW�WKH�HQG�RI� WKH�
RII
�\HDU�WKHVH�YDOXHV
ZHUH� KLJK� �7DE�� ���� 7KH\� FRQFOXGHG� WKDW� D� UHFRYHU\� RI
WKH�PLQHUDO�FRQWHQW� LV� UHTXLUHG� IRU� IORZHU�EXG�GLIIHUHQ�
WLDWLRQ� WR� UHRFFXU�� *URZWK� UHJXODWRUV� DQG� SDUWLFXODUO\
JLEEHUHOOLQV�ZHUH�VKRZQ�WR�UHGXFH�IORZHU�EXG�LQGXFWLRQ
LQ�WKH�ROLYH�DV�LQ�PDQ\�RWKHU�IUXLW�VSHFLHV�ZKHQ�DSSOLHG
GXULQJ�WKH�PDMRU�JURZLQJ�VHDVRQ�LQ�WKH�VXPPHU�RU�LQ�WKH
IDOO��/DYHH��������)HUQDQGH]�(VFREDU�HW�DO���������/DYHH
	�+DVNDO��������� ,Q�DQ�ROG�SDSHU��KRZHYHU��%DGU�HW�DO�
������� VKRZHG� WKDW� DW� OHDVW� WZR� JLEEHUHOOLQV� LQFUHDVHG
GXULQJ�WKH�ZLQWHU�LQ�ODWHUDO�H[SHFWHG�IORZHU�EXGV��ZKLOH
DEVFLVLF�DFLG�ZDV�KLJKHU�LQ�WKH�WHUPLQDO�YHJHWDWLYH�EXGV�
'LIIHUHQFHV� LQ� WKH� FRQWHQW� RI� YDULRXV� JURZWK� UHJXODWRUV
LQ� OHDYHV� DQG�EXGV�GXULQJ� 
RQ
�DQG� 
RII
� \HDUV�ZHUH� UH�
SRUWHG� E\� YDULRXV� ZRUNHUV� �1DYDUR�� ������ %HQ�7DO� 	
:RGQHU��������%DNWLU�HW�DO����������7KH�PDMRU� FKDQJHV
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7DE�����/HDYH�QXWULHQW�FRQWHQWV�LQ�GLIIHUHQW�SKDVHV�RI�WKH�SURGXFWLRQ�F\FOH�
7DE�����9VHEQRVW�KUDQLO�Y�OLVWLK�Y�UD]OLàQLK�REGREMLK�URGQHJD�FLNOD�

��G�Z� SSP
%LDQQXDO�F\FOH�SKDVH

1 3 . &D 0J )H 0Q %

:LQWHU�VWRS�DIWHU�KDUYHVW ���� ���� ���� ���� ���� �� �� ��
6SULQJ ���� ���� ���� ���� ���� �� �� ��
6XPPHU ���� ���� ���� ���� ���� �� �� ��

5HFRYHU\�DIWHU
KDUYHVW

�
RII
�\HDU� $XWXPQ ���� ���� ���� ���� ���� �� �� ��
:LQWHU�VWRS�EHIRUH�KDUYHVW ���� ���� ���� ���� ���� �� �� ��

6SULQJ ���� ���� ���� ���� ���� �� �� ��
6XPPHU ���� ���� ���� ���� ���� �� �� ��)UXLW�GHYHORSPHQW

�
RQ
�\HDU�
$XWXPQ ���� ���� ���� ���� ���� �� �� ��

2SWLPDO�1XWULWLRQDO�/HYHO ���� ���� ���� ���� ���� �� �� ��

7DE�����7KH�HIIHFW�RI�ZLQWHU�DQG�VSULQJ�DSSOLFDWLRQV�RI�H[RJHQRXV�FKORURJHQLF�DFLG��&+$��RQ�IORZHU�EXG�GLIIHUHQ�
WLDWLRQ�DQG�IUXLW�VHW�RQ�FY��0DQ]DQLOOR�WUHHV���&+$�ZDV�SUHVVXUH�LQMHFWHG�LQ�VFDIIROGV��
7DE�����9SOLY�]LPVNHJD�LQ�SRPODGQHJD�WUHWLUDQMD�V�NORURJHQVNR�NLVOLQR�QD�GLIHUHQFLDFLMR�FYHWQLK�EUVWRY�LQ�QDVWDYHN
SORGRY�SUL�GUHYHVLK�FY��0DQ]DQLOOR���&+$�MH�ELOD�GRGDQD�V�ÉNURSOMHQMHP��

,QIORUHVFHQFHV )UXLWOHWV7UHDWPHQW�RI�EUDQFK
1R��EUDQFK ��RI�FRQWURO

)UXLW�VHW����
1R��EUDQFK ��RI�FRQWURO

��LQMHFWLRQV����'HF������)HE
8QWUHDWHG ��� ��� �� �� ���

&+$�LQMHFWHG ��� �� �� �� ��
��LQMHFWLRQV����)HE������0DU

8QWUHDWHG ��� ��� �� �� ���
&+$�LQMHFWHG ��� �� �� �� ���

06( �� � � � �

LQ� WKH� YDULRXV� JURZWK� UHJXODWRUV� FRQWHQW� DQG� WKH� UDWLR
EHWZHHQ� WKHP�ZHUH� IRXQG�GXULQJ� VSHFLILF�GHYHORSPHQ�
WDO�SHULRGV��7KHVH�SHULRGV�FRXOG�EH�UHODWHG�WR�EXG�GLIIHU�
HQWLDWLRQ��VXFK�DV�PLG�VXPPHU��HDUO\�DQG�ODWH�ZLQWHU�DQG
EHIRUH� EXG� RSHQLQJ� LQ� WKH� HDUO\� VSULQJ� �%DNLU� HW� DO��
������� 7KH� LQYROYHPHQW� RI� JURZWK� UHJXODWRUV� DQG� WKH
EDODQFH� EHWZHHQ� WKHP� UHJXODWHV� WKH� FXUUHQW� YHJHWDWLYH
DQG� IUXLW�GHYHORSPHQW�EXW�DW� WKH� VDPH� WLPH�DFW�DV�YHF�
WRUV�WR�LQLWLDWH�WKH�VSHFLILF�PHWDEROLF�DFWLYLW\�FRQWUROOLQJ
WKH�IUXLWLQJ�SRWHQWLDO�IRU�WKH�IROORZLQJ�\HDU�

$� VLJQLILFDQW� FKDQJH� LQ� WKH� FRQWHQW� RI� VHFRQGDU\
PHWDEROLWHV�� VXFK� DV� FKORURJHQLF� DFLG� LQ� WKH� OHDYHV� RI
ROLYH�WUHHV�EHWZHHQ�
RQ
�DQG�
RII
�\HDUV��ZDV�QRWHG�� ,W� LV
DVVXPHG� WKDW� WKH� VLJQDO� LQGXFLQJ� WKH� V\QWKHVLV� DQG� DF�
FXPXODWLRQ�RI�WKHVH�SKHQROLF�PHWDEROLWHV�LQ�WKH�OHDYHV�LV
LQLWLDWHG� LQ� WKH� GHYHORSLQJ� HPEU\RV� LQ� WKH� IUXLWV�� 7KLV
FRXOG�EH�SDUWLDOO\�YHULILHG�E\�UHPRYLQJ�WKH�\RXQJ�GHYHO�
RSLQJ� IUXLW�OHWV� DQG�SUHYHQWLQJ� WKHUH� E\� WKH� LQFUHDVH� LQ
WKH�OHYHO�RI�FKORURJHQLF�DFLG�LQ�WKH�OHDYHV��NHHSLQJ�LW�DW
D� VLPLODU� RQH� DV� IRXQG� LQ� WKH� OHDYHV� RQ� 
RII
� \HDU� WUHHV
�/DYHH�	�$YLGDQ��������/DYHH�HW�DO���������5\DQ��HW�DO��
������� ,QMHFWLRQ� RI� FKORURJHQLF� DFLG� GXULQJ� WKH� ZLQWHU
EHIRUH� DQ� 
RQ
� \HDU� LQWR� WKH� [\OHP� RI� WUHHV� LQ� WKH� ILHOG
UHGXFHG� IORZHU� EXG� GLIIHUHQWLDWLRQ� RQ� WKH� WUHDWHG� VFDI�
IROGV�E\�PRUH� WKDQ����� �7DE������$� VLPLODU�DSSOLFDWLRQ

LQ�WKH�HDUO\�VSULQJ�EHIRUH�EXG�RSHQLQJ�KDG�QR�HIIHFW�RQ
EXG� GLIIHUHQWLDWLRQ� DQG� LQIORUHVFHQFHV� GHYHORSPHQW
�/DYHH� HW� DO��� ������� $� UDWKHU� KLJK� SRVLWLYH� FRUUHODWLRQ
ZDV� IRXQG� LQ�PLG�VXPPHU�EHWZHHQ� WKH�DPRXQW�RI� IUXLW
SHU�WUHH�DQG�WKH�OHYHO�RI�FKORURJHQLF�DFLG�LQ�LWV�OHDYHV��,W
FRXOG�EH�FRQFOXGHG� WKHUHIRUH� WKDW� WKH�GHYHORSLQJ� IUXLWV
LQ�WKH�SUHVHQW�\HDU�DUH�QRW�RQO\�LQ�FRPSHWLWLRQ�ZLWK�WKH
YHJHWDWLYH� JURZWK� EXW� KDYH� DOVR� D� GLUHFW� HIIHFW� RQ� WKH
PHWDEROLVP� OHDGLQJ� WR� UHSURGXFWLYH� LQGXFWLRQ� DQG� GLI�
IHUHQWLDWLRQ�RI�WKH�EXGV�IRU�WKH�SRWHQWLDO�\LHOG�LQ�WKH�IRO�
ORZLQJ�\HDU��)LJ�����

*HQHUDOO\�� WKH� QHJDWLYH� FRUUHODWLRQ� EHWZHHQ� WKH
DPRXQW�RI�\LHOG� LQ� WKH�SUHVHQW� \HDU� DQG� WKDW� LQ� WKH� IRO�
ORZLQJ�RQH�ZDV�DOUHDG\�ZHOO�HVWDEOLVKHG�LQ�WKH�SDVW�DV�WKH
EDVLV� IRU�DOWHUQDWH�EHDULQJ��DV�ZDV�DOVR� WKH�HIIHFW�RI� ODWH
KDUYHVWLQJ�LQ�WKH�VHFRQG�KDOI�RI�WKH�ZLQWHU��,Q�WKH�FDVH�RI
ODWH�KDUYHVWLQJ� LW�PLJKW�EH� VSHFXODWHG� WKDW�DQ�DGGLWLRQDO
LQGHSHQGHQW�HIIHFW�RQ�EXG�JURZWK� LQKLELWLRQ�FDQ�EH�DF�
WLYH�RQ� WRS�RI� WKH�HDUOLHU� LQGXFHG�HIIHFW�RI�\LHOG�RQ�EXG
GLIIHUHQWLDWLRQ�OHDGLQJ�WR�WKH�UHGXFHG�IORZHULQJ�DQG�VRPH
WLPHV�IUXLW�VHW�LQ�WKH�IROORZLQJ�VSULQJ��7KH�TXDOLW\�DQG�YL�
DELOLW\� RI� IORZHUV� GHYHORSLQJ� LQ� WKH� \HDU� IROORZLQJ� D
KHDY\� \LHOG� ZDV� FRQVLGHUDEO\� UHGXFHG� �&XHYDV� HW� DO��
������
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)LJ�� ��� $� IORZ� GLDJUDP� RI� WKH� VWDJHV� LQYROYLQJ� JURZWK
UHJXODWRUV� LQ� FRQWUROOLQJ� WKH� OHYHO� RI� DOWHUQDWH� EHDULQJ
LQ�ROLYH�WUHHV�
)LJ�����3ULND]�VWRSHQM��NL�YNOMXàXMHMR� UHJXODWRUMH� UDVWL� Y
SURFHVX�DOWHUQDWLYQH�URGQRVWL�ROMàQLK�GUHYHV�

())(&7�2)�&/,0$7(�21�$/7(51$7(�%($5,1*
'(9(/230(17�$1'�(;35(66,21�,1�2/,9(

25&+$5'6

8QGHU�QRUPDO�HQYLURQPHQWDO�FRQGLWLRQV�VXLWDEOH� IRU
ROLYH�GHYHORSPHQW��DOWHUQDWH�EHDULQJ�GHYHORSV�JUDGXDOO\
DQG�RQ�DQ�LQGLYLGXDO�WUHH�EDVLV��$W�D�\RXQJ�DJH�DQG�SDU�
WLFXODUO\� XQGHU� JRRG� JURZLQJ� DQG� LQWHQVLYH� FRQGLWLRQV
\LHOG�LV� LQFUHDVLQJ�JUDGXDOO\�GXULQJ�WKH�ILUVW����� IUXLWLQJ
\HDUV� DQG� DOWHUQDWH� EHDULQJ� XVXDOO\� GRHV� QRW� GHYHORS�
7KHUHDIWHU��ROLYH�WUHHV�ZLOO�JUDGXDOO\�VWDUW� WR�DOWHUQDWH� LQ
WKHLU� SURGXFWLRQ�� XQOHVV� VSHFLILF� KRUWLFXOWXUDO� SUDFWLFHV
VXFK�DV�DGHTXDWH�SUXQLQJ��WKLQQLQJ�HWF��ZLOO�EH�DSSOLHG�
7KH� DOWHUQDWH� EHDULQJ� ZLOO� EH� XQGHU� DQQXDO� IDYRUDEOH
FOLPDWLF�FRQGLWLRQV�YHU\�OLJKW�DQG�RIWHQ�HYHQ�XQQRWLFHG
IRU� WKH� ZKROH� RUFKDUG� RU� D� UHJLRQ�� 8QGHU� VXFK� FRQGL�
WLRQV�LW�LV�LQGHSHQGHQW�RI�WKH�FOLPDWH�DQG�GHYHORSV�LQGL�
YLGXDOO\�IRU�HDFK�WUHH�EDVHG�RQ�WKH�EDODQFH�EHWZHHQ�LWV
SUHYLRXV�LQGLYLGXDO�JURZWK�DQG�IUXLW�SURGXFWLRQ��$V�D�UH�
VXOW��WKH�PHDQ�SURGXFWLRQ�RI�WKH�RUFKDUG�FRXOG�EH�UDWKHU

XQLIRUP� ZLWK� RQO\� VOLJKW� IOXFWXDWLRQV� IRU� PDQ\� \HDUV�
SDUWLFXODUO\�ZKHQ�DGHTXDWH�KRUWLFXOWXUDO�FDUH�LV�JLYHQ�WR
WKH�WUHHV��7KLV�ZLOO�QRW�EH�WKH�FDVH�LQ�UHJLRQV�ZKHUH�WKH
FOLPDWH�LV�XQVWDEOH�DQG�PLJKW�LQ�VRPH�\HDUV�EH�OLPLWLQJ
DQG�LQ�RWKHUV�SDUWLFXODUO\�IDYRUDEOH�IRU�IORZHU�EXG�GLIIHU�
HQWLDWLRQ�DQG� IUXLW� VHW��6XFK�FRQGLWLRQV�RFFXU�PDLQO\� LQ
WKH�ZDUPHU�JURZLQJ�UHJLRQV�ZKHUH�ZLQWHU� WHPSHUDWXUHV
�SDUWLFXODUO\� WKH� VFKHGXOH� DQG� DPRXQW� RI� FKLOOLQJ�� YDU\
VLJQLILFDQWO\�IURP�\HDU� WR�\HDU��5HJLRQV�ZLWK�RFFDVLRQDO
VSULQJ� IURVW�� KHDY\� UDLQV� RU� GU\� DQG� KRW� GHVHUW� ZLQGV
GXULQJ�IORZHULQJ�ZLOO�DOVR�LQLWLDWH�WKH�RQVHW�RI�D�VXGGHQ
RUFKDUG� RU� UHJLRQDO� ELDQQXDO� EHDULQJ�� 7KH� JUDGXDO� GH�
YHORSPHQW� RI� DOWHUQDWH� EHDULQJ� RI� LQGLYLGXDO� WUHHV� LV
FRQWUROOHG� E\� WKHLU� HQGRJHQRXV� PHWDEROLVP�� ZKLOH� WKH
VXGGHQ� V\QFKURQL]HG� EHJLQQLQJ� RI� RUFKDUG� RU� UHJLRQDO
ELDQQXDO�EHDULQJ� LV�SULPDULO\� LQGXFHG�E\�H[WHUQDO� HQYL�
URQPHQWDO�IDFWRUV�

7HPSHUDWXUH�LV�WKH�PDMRU�HQYLURQPHQWDO�IDFWRU�LQIOX�
HQFLQJ�WKH�SURFHVV�OHDGLQJ�WR�IORZHU�GLIIHUHQWLDWLRQ��7KH
UHTXLUHPHQW� RI� DGHTXDWH� DPRXQWV� RI� ZLQWHU� FKLOOLQJ
�EHORZ����&��IRU�IORZHU�EXG�GLIIHUHQWLDWLRQ�ZDV�VXJJHVWHG
PDQ\� \HDUV� DJR� �0RUHWWLQL�� ������ +DUWPDQQ�� ������
8QIDYRUDEOH� WHPSHUDWXUH� UHJLPHV� SDUWLFXODUO\� LQ� WKH
ZLQWHU�DUH� LQVWUXPHQWDO� LQ� LQGXFLQJ�DOWHUQDWH�EHDULQJ� LQ
JHQHUDO� DQG� RUFKDUG� RU� UHJLRQDO� V\QFKURQL]HG� RQH� LQ
SDUWLFXODU�� ,Q� UHJLRQV� ZLWK� XQLIRUPO\� FRRO� ZLQWHU� WHP�
SHUDWXUHV��WKH�SRWHQWLDO�IRU�IORZHU�EXGV�WR�GLIIHUHQWLDWH�LQ
WKH� WUHHV� LV�KLJK��6PDOO�GLIIHUHQFHV� LQ�YHJHWDWLYH�JURZWK
RU�IUXLW�SURGXFWLRQ�EHWZHHQ�\HDUV�ZLOO�JUDGXDOO\� OHDG� WR
DOWHUQDWH� EHDULQJ� GHYHORSPHQW� ZLWK� DQ� LQGLYLGXDO
VFKHGXOH� IRU� HDFK� WUHH�� ,Q� UHJLRQV�ZLWK� UHODWLYHO\�ZDUP
ZLQWHUV� DQG� PDUJLQDO� FKLOOLQJ� KRXUV�� \HDUV� ZLWK� VRPH�
ZKDW�LQFUHDVHG�FKLOOLQJ�FRQGLWLRQV�ZLOO�LQGXFH�DQ�DEXQ�
GDQW�DPRXQW�RI� UHSURGXFWLYH�EXGV� LQ� DOO� WUHHV��7KLV�SR�
WHQWLDOO\�OHDGV�WR�D�KLJK�XQLIRUP�IUXLW�SURGXFWLRQ�WKDW�ZLOO
UHVXOW�LQ�DQ�RYHUDOO�ORZ�IORZHU�EXG�GLIIHUHQWLDWLRQ�IRU�WKH
FURS�RI�WKH�IROORZLQJ�\HDU�DQG�WKHUH�FDXVH�WKH�EHJLQQLQJ
RI� D� V\QFKURQL]HG� DOWHUQDWH� EHDULQJ�� 0RUH� FRPPRQ
WKRXJK� LQ� LQGXFLQJ� V\QFKURQL]HG� DOWHUQDWH� EHDULQJ�ZLOO
EH� WKH� RSSRVLWH� VLWXDWLRQ�� VWDUWLQJ� ZLWK� DQ� 
RII
� \HDU
FDXVHG�� L�H�� E\� ODFN� RI� HQRXJK� VXLWDEOH� FKLOOLQJ� FRQGL�
WLRQV��+DUWPDQQ�	�3UROLQJLV���������7KH�FOLPDWLF�FRQGL�
WLRQV�KDYH�D�PDMRU�LPSDFW�RQ�ROLYH�WUHH�IUXLWLQJ�DQG�GH�
YHORSPHQW�DW�GLIIHUHQW�VWDJHV�GXULQJ�LWV�DQQXDO�GHYHORS�
PHQWDO�F\FOH�� ,Q�QRQ�LUULJDWHG� WUHHV�� WKH�DPRXQW�RI� UDLQ
DQG� LWV�GLVWULEXWLRQ� LV�JRYHUQLQJ� WKH� OHYHO�RI� WUHH�GHYHO�
RSPHQW� DQG� LWV� SRWHQWLDO� IUXLW� SURGXFWLRQ� WRJHWKHU�ZLWK
WKH�WKHUPDO�VFKHGXOH��$Q\�H[WUHPH�FRQGLWLRQ�OHDGLQJ�WR
D�ZDWHU�RU�WKHUPDO�VWUHVV�DW�DQ\�VWDJH�GXULQJ�WKH�JURZWK
F\FOH� RI� WKH� WUHH� PD\� LQGXFH� D� PLVEDODQFH� EHWZHHQ
YHJHWDWLYH�GHYHORSPHQW�DQG�IUXLWLQJ��ZKLFK�FRXOG�UHVXOW
LQ� DQ� LQLWLDWLRQ� RI� DOWHUQDWH� EHDULQJ�� (YHQ� D� VLQJOH� DQG
VKRUW� VWUHVV� LQFLGHQW�ZKHQ�RFFXUULQJ�DW�D� FULWLFDO�GHYHO�
RSPHQWDO�VWDJH�FDQ�FUHDWH�VXFK�D�PLVEDODQFH�DQG�VWDUW�D
ELDQQXDO�EHDULQJ� V\QGURPH��$�PRVW� VHYHUH� LQLWLDWLRQ�RI
DOWHUQDWH�EHDULQJ�ZLOO�RFFXU�LQ�ERWK�QRQ�LUULJDWHG�DQG�LU�
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ULJDWHG�RUFKDUGV�ZKHQ�IORZHULQJ�RU� IUXLW� VHW�DUH�FOLPDWL�
FDOO\�GDPDJHG��+LJK�WHPSHUDWXUHV�DQG�GU\�ZLQGV�RQ�WKH
RQH�KDQG�DQG�KHDY\�UDLQ�RU�IURVW�RQ�WKH�RWKHU�PLJKW�OHDG
WR�D�IUXLWOHVV��KLJKO\�YHJHWDWLYH�VHDVRQ��ZKLFK�LQ�WXUQ�ZLOO
UHVXOW� LQ� RYHU�FURSSLQJ� GXULQJ� WKH� IROORZLQJ� \HDU�� 7KH
UHVXOWLQJ�ELDQQXDO�EHDULQJ�PLJKW�SHUVLVW� IRU�PDQ\�\HDUV�
LI�KRUWLFXOWXUDO�PHDQV�WR�PLQLPL]H�LW�DUH�QRW�WDNHQ��,Q�LU�
ULJDWHG�RUFKDUGV�� WKH�PDMRU�FOLPDWLF�SDUDPHWHU�HIIHFWLQJ
IUXLW� SURGXFWLRQ� LV� WKH� WHPSHUDWXUH� DV� ZDWHU� VWUHVV� FDQ
DQG�XVXDOO\�LV�DYRLGHG�E\�WKH�FRQWUROOHG�ZDWHU�VXSSO\��,W
LV�FRPPRQO\�DVVXPHG�WKDW�ELDQQXDO�EHDULQJ�LQ�LQWHQVLYH
RUFKDUGV�LV� OHVV�VHYHUH�� WKLV��KRZHYHU�� LV�XVXDOO\�QRW�WKH
FDVH��)XUWKHUPRUH�� LQ�PDQ\� UHJLRQV� LW� LV�HYHQ�PRUH�H[�
WUHPH�GXH� WR� WKH�YLJRURXV�YHJHWDWLYH�JURZWK� LQ� WKH� 
RII¤
\HDUV�DQG�WKXV�IROORZHG�E\�DQ�H[WHQVLYH�IUXLW�SURGXFWLRQ
LQ� WKH� 
RQ
�RQHV�FUHDWLQJ�D� YLFLRXV� F\FOH�RI� H[WUHPH�DO�
WHUQDWH�EHDULQJ�

7HPSHUDWXUH� FRQGLWLRQV� DUH� FORVHO\� LQYROYHG� LQ� WKH
SURFHVVHV� OHDGLQJ� WR� IORZHU� EXG� GLIIHUHQWLDWLRQ� DQG� YL�
DELOLW\�RI� WKH�IORZHUV�� ,Q�ZDUP�JURZLQJ�UHJLRQV��ZLQWHUV
ZLWK� LQVXIILFLHQW� FKLOOLQJ� IRU� QRUPDO� IORZHU� EXG� GHYHO�
RSPHQW�DUH� UDWKHU� IUHTXHQW��7KH�QDWXUH�RI� WKH� ORZ� WHP�
SHUDWXUH�HIIHFW�RQ�UHSURGXFWLYH�EXG�GHYHORSPHQW� LV�QRW
\HW� UHVROYHG�� ,Q�YDULRXV� VWXGLHV��GLIIHUHQW� LQWHUSUHWDWLRQV
ZHUH� VXJJHVWHG� IRU� WKH� HIIHFW� RI� WHPSHUDWXUH� DQG� SDU�
WLFXODUO\�WKH�ORZ�RQHV�GXULQJ�ZLQWHU�RQ�WKH�UHSURGXFWLYH
GHYHORSPHQW�RI� WKH�ROLYH��6RPH�ZRUNHUV� VXJJHVWHG� WKDW
WKH�ZLQWHU�FKLOOLQJ�LV�UHTXLUHG�WR�UHOHDVH�SUH�GHWHUPLQHG
IORZHU�EXGV�IURP�D�GRUPDQW�SKDVH�HQDEOLQJ�WKH�LQIORUHV�
FHQFHV� GHYHORSPHQW� IRU� D� IRUWKFRPLQJ� \LHOG� �5DOOR� 	
0DUWLQ��������5DOOR�HW�DO����������2WKHU�ZRUNHUV�DVVRFL�
DWHG� WKH� HIIHFW� RI� ZLQWHU� FKLOOLQJ� UHTXLUHPHQW� ZLWK� D
PHWDEROLF�SKDVH�VLPLODU�WR�YHUQDOLVDWLRQ�UHTXLUHG�LQ�PRVW
FDVHV� IRU� ERWK� VWDJHV� RI� LQIORUHVFHQFH� LQGXFWLRQ� DQG
DYRFDWLRQ� �+DFNHWW� 	� +DUWPDQQ�� ������ /DYHH�� �����
������ 7URQFRVR�HW� DO��� ������� 7KH� UDQJH� RI� ORZ�ZLQWHU
WHPSHUDWXUHV� HIIHFWLYH� LQ� IXOILOOLQJ� WKH� FKLOOLQJ� UHTXLUH�

PHQWV�� WKHLU� DPRXQW�� LQGXFWLYH� SHULRG� DQG� GDLO\� F\FOH
G\QDPLFV� DUH� QRW� \HW� FOHDU� HQRXJK�� ,Q� DQ� ROGHU� ZRUN�
+DUWPDQQ�	�:KLVOHU��������LQGLFDWHG�WKDW�D�GDLO\�JUDG�
XDO� FKDQJH� EHWZHHQ� ORZ� DQG� KLJK� WHPSHUDWXUHV� LV� UH�
TXLUHG� IRU� UHSURGXFWLYH� EXG� GLIIHUHQWLDWLRQ�� 7KH\� DOVR
VKRZHG�WKDW�IRU�VRPH�FXOWLYDUV�D�PRGHUDWH�XQLIRUP�WHP�
SHUDWXUH� SHULRG� RI� ��� R&�ZDV� LQGXFWLYH� IRU� IORZHU� EXG
GLIIHUHQWLDWLRQ��&RQVLGHUDEO\�PRUH�LQIRUPDWLRQ�LV�QHHGHG
WR� HYDOXDWH� WKH� GLIIHUHQW� GDLO\� DQG� VHDVRQDOO\� WHPSHUD�
WXUH�F\FOHV� UHTXLUHG� IRU�HIILFLHQW�DOWKRXJK�EDODQFHG�� UH�
SURGXFWLYH� EXG�GLIIHUHQWLDWLRQ�� %RWK� WKH� WKHUPDO� FRQGL�
WLRQV�LQ�WKH�VSULQJ�DQG�HDUO\�VXPPHU�DQG�WKH�DPRXQW�RI
GHYHORSLQJ�\RXQJ�IUXLWV�RQ�WKH�WUHH�DUH� WLJKWO\� OLQNHG� LQ
WKHLU� HIIHFW� RQ� WKH� SRWHQWLDO� OHYHO� RI� EXG� GLIIHUHQWLDWLRQ
IRU�WKH�\LHOG�LQ�WKH�IROORZLQJ�VHDVRQ��/DYHH�������������
)HUQDQGH]�(VFREDU� HW� DO��� ������ &XHYDV� HW� DO��� �����
)DEUL�	�$OHUFL��������%DNWLU�HW�DO����������%XW�DW�WKH�VDPH
WLPH� LW� LV� DOVR� REYLRXV� WKDW� LW� LV� QRW� WKH� RQO\� LQGXFWLRQ
WLPH��DV�LQ�PDQ\�FDVHV�EXGV�ZKLFK�GHYHORSHG�FRQVLGHU�
DEOH�ODWHU�GXULQJ�WKH�VXPPHU�DQG�DXWXPQ��PLJKW�DOVR�EH
LQGXFHG� WR� GLIIHUHQWLDWH� LQWR� IORZHU� EXGV�� /DWHO\� LW� KDV
EHHQ� VKRZQ� E\� /DYHH� 	� 7URQFRVR� �XQSXEO��� WKDW� EXGV
LQGXFHG� WR�JURZ� LQ� WKH�DXWXPQ�ZLOO�GHYHORS�YHJHWDWLYH
VKRRWV�� ZKLOH� WKH� VDPH� EXGV�ZKHQ� IRUFHG� ODWHU�� LQ� WKH
ZLQWHU��GHYHORSHG�LQIORUHVFHQFHV�

$V� DOUHDG\� LQGLFDWHG� HDUOLHU�� WKH� YHJHWDWLYH� JURZWK
IROORZLQJ� ZDUP� ZLQWHUV�� FDXVLQJ� UHGXFHG� IORZHU� EXG
GLIIHUHQWLDWLRQ�� ZLOO� EH� DEXQGDQW� GXH� WR� ODFN� RI� GHYHO�
RSLQJ� IUXLW�� 6\QFKURQL]HG� ELDQQXDO� EHDULQJ� LQ� VXFK� UH�
JLRQV� LV� QRUPDO� DQG� FRPPRQO\� H[SUHVVHG� LQ� ROLYH� LQ�
GXVWU\�� 7KH� WHPSHUDWXUHV� LQ� WKH� VSULQJ�� DXWXPQ� DQG
SUREDEO\� DOVR� GXULQJ� WKH� VXPPHU� DUH� FRQWLQXRXVO\� LQ�
YROYHG� LQ� WKH� LQGXFWLRQ� DQG� DYRFDWLRQ� SURFHVVHV� JRY�
HUQLQJ� IORZHU�EXG�GLIIHUHQWLDWLRQ��7KH� WKHUPDO�HIIHFW�RQ
WKH�QDWXUH�RI�EXG�GHYHORSPHQW�FDQ�EH�GHPRQVWUDWHG�LQ�D
VLPSOH� IORZ�GLDJUDP� UHJDUGOHVV� RI� WKH� HQGRJHQRXV�PH�
WDEROLVP�LQYROYHG��)LJ�����

)LJ�����$�IORZ�GLDJUDP�RI�WKH�HIIHFW�RI�HQYLURQPHQWDO�FRQGLWLRQV�RQ�WKH�VWDJHV�OHDGLQJ�WR�UHSURGXFWLYH�DQG�YHJHWD�
WLYH�GHYHORSPHQW�LQ�ROLYH�WUHHV�
)LJ�����3ULND]�YSOLYD�RNROMVNLK�GHMDYQLNRY�QD�SURFHV�URGQRVWL�LQ�YHJHWDWLYQL�UD]YRM�ROMàQLK�GUHYHV�
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%XG� WUDQVIRUPDWLRQ� OHDGLQJ� WR� UHSURGXFWLYH� DQG
YHJHWDWLYH� VWDJHV� LV� EDVHG� RQ� D� FRQWLQXRXV� LQWHUDFWLRQ
EHWZHHQ� HQYLURQPHQWDO� LQGXFLQJ� FRQGLWLRQV� DQG� HQ�
GRJHQRXV�PHWDEROLF� UHVSRQVH�� 7KLV� LQWHJUDWLRQ� LV� HIIHFW
UHVXOWLQJ� LQ�H[SUHVVLRQ�RI�GLIIHUHQW� OHYHOV�RI�JURZWK�DQG
IUXLW� SURGXFWLRQ��7KH�GHJUHH�RI�SKDVH�H[SUHVVLRQ�GHWHU�
PLQHV� WKH� VHYHUDQFHV� RI� DOWHUQDWH� EHDULQJ� DQG� LWV� ORQJ
WHUP�GHYHORSPHQW�� $V� VKRZQ� HDUOLHU�� ERWK� HQGRJHQRXV
DQG�HQYLURQPHQWDO� IDFWRUV�DUH�FRQWUROOLQJ� WKH�G\QDPLFV
DQG�OHYHO�RI�HDFK�GHYHORSPHQWDO�SKDVH�RI�WKH�WUHH�OHDG�
LQJ� WR� WKH� GHJUHH� RI� DOWHUQDWH� EHDULQJ� GHYHORSLQJ�� 7KH
HQYLURQPHQWDO�FRQGLWLRQV� DQG�SDUWLFXODUO\� WKH� WHPSHUD�
WXUH� UHJLPH�DUH� LQVWUXPHQWDO� LQ� JHQH�DFWLYDWLRQ� DQG� UH�
SUHVVLRQ� LQLWLDWLQJ� WKH� PHWDEROLF� DFWLYLW\� OHDGLQJ� WR
SKDVH�GHYHORSPHQW�DQG�H[SUHVVLRQ�RI� WKH�WUHH��6WLOO�� WKH
GHYHORSLQJ�RUJDQV�ZHUH�VKRZQ�WR�KDYH�DQ�LQGHSHQGHQW
FRQWUROOLQJ�HIIHFW�RQ�WKH�IXWXUH�SKDVH�GHYHORSPHQW�RI�WKH
WUHH�

$Q�DWWHPSW�ZDV�PDGH� WR� VXPPDUL]H� WKH� WLPLQJ� DQG
QDWXUH� RI� LQYROYHPHQW� RI� ERWK� HQYLURQPHQWDO� DQG� HQ�
GRJHQRXV� IDFWRUV� GXULQJ� WKH� ROLYH� GHYHORSPHQWDO� F\FOH
LQ�FRQVHFXWLYH� 
RQ
�DQG� 
RII
�\HDUV� �)LJ������7KH�FRQWURO�
OLQJ� IDFWRUV�� HQYLURQPHQWDOO\� DQG� RU� HQGRJHQRXVO\�� RQ
RUJDQ�GHYHORSPHQW�DUH� LQGLFDWHG��7KH�FLUFOH� LV�GHVFULE�
LQJ�D�ELDQQXDO�DOWHUQDWH�EHDULQJ�VLWXDWLRQ�ZLWK�WKH�XSSHU
KDOI� UHSUHVHQWLQJ� WKH� 
RQ
� \HDU� DQG� WKH� ORZHU� KDOI� WKH

RII
�RQH��6WDUWLQJ�IURP�WKH�VSULQJ��WKH�VHTXHQFH�RI�HYHQWV
GXULQJ�WKH�
RQ
�\HDU�WLOO�WKH�IROORZLQJ�VSULQJ�KDV�EHHQ�UH�
FRUGHG�� IURP�ZKHUH� WKH�HYHQWV� LQ� WKH� 
RII
� \HDU� DUH� GH�
VFULEHG��$ORQJ�WKH�LQQHU�VLGH�RI�WKH�FLUFOH��WKH�WLPLQJ�RI
VRPH�RI� WKH�PDMRU�PHWDEROLF� LQGXFWLRQV�ZDV� LQGLFDWHG�

2XWVLGH� WKH�FLUFOH�� WKH� VHTXHQFHV�RI� WKH�GHYHORSPHQWDO
VWDJHV�DUH�VKRZQ�DV�ZHOO�DV�WKHLU�PDMRU�GHSHQGHQFH�RQ
HQYLURQPHQWDO� HIIHFWV�� HQGRJHQRXV� LQGXFHG� FRQGLWLRQV�
RU�ERWK�

,W� VKRXOG� EH� HPSKDVL]HG� WKDW� HDFK� VWDJH� GXULQJ� WKH
GHYHORSPHQWDO�F\FOH�LV�DIIHFWHG�E\�WKH�SUHYLRXV�RQH��EXW
DW� WKH� VDPH� WLPH� LW� DOVR� DIIHFWV� WKH� SRWHQWLDO� H[SHFWHG
H[SUHVVLRQ�RI� WKH�RQH�WKDW� IROORZV��7KH� OHYHO�RI� IUXLW� VHW
ZLOO�DIIHFW�QRW�RQO\�WKH�GLIIHUHQWLDWLRQ�DELOLW\�IRU� WKH�IRO�
ORZLQJ�\HDU�EXW�DOVR�WKH�FKDUDFWHULVWLFV�RI�WKH�IUXLW�LQ�WKH
SUHVHQW� RQH� VXFK� DV� IUXLW� VL]H�� WLPH� RI� IUXLW� PDWXUDWLRQ
DQG�� DV� D� UHVXOW�� WKH� UDWH� RI� RLO� DFFXPXODWLRQ�� $� KHDY\
\LHOG�LV� OHDGLQJ�LQ�WKH�SUHVHQW�\HDU�WR�VPDOO�� ODWH�PDWXU�
LQJ� IUXLW�ZLWK� D� VORZHU� UDWH� RI� RLO� DFFXPXODWLRQ��8QGHU
VXFK� FRQGLWLRQV� WKH� QHJDWLYH� DIIHFW� RI� WKH� GHYHORSLQJ
IUXLW�RQ�EXG�GLIIHUHQWLDWLRQ�IRU�WKH�IROORZLQJ�\HDU�LV�DP�
SOLILHG��ZKLOH� WKH�TXDOLW\�RI� WKH�SUHVHQW� IUXLW�SURGXFWV� LV
UHGXFHG�� $OWHUQDWH� EHDULQJ� KDV� WKHUHIRUH� D� QHJDWLYH� HI�
IHFW� QRW� RQO\� RQ� ODERU� GLVWULEXWLRQ�� RLO� PLOO� FDSDFLW\�
VWRUDJH�UHTXLUHPHQW�HWF���EXW�DOVR�RQ�SURGXFW�TXDOLW\� LQ
WKH�
RQ
�\HDU��(YHQ�RQ�D� WZR�\HDU�TXDQWLWDWLYH�EDVLV� WKH
SURGXFWLRQ�RI�D� IXOO\�DOWHUQDWLQJ�RUFKDUG� LV� LQ� WKH�RUGHU
RI��������ORZHU�WKDQ�WKDW�RI�D�QRQ�RU�RQO\�SDUWLDOO\�DO�
WHUQDWLQJ�RQH��7DE������7KH�FRPPRQO\�UDLVHG�TXHVWLRQ�RI
LQFUHDVLQJ�DOWHUQDWH�EHDULQJ�DQG�KDYLQJ�KDOI�WKH�RUFKDUG
SURGXFLQJ�RQH�\HDU�DQG�WKH�RWKHU�KDOI�LQ�WKH�QH[W�RQH�LV
XVXDOO\�SUREOHPDWLF��,Q�PRVW�UHJLRQV��WKH�DQQXDO�FOLPDWLF
FRQGLWLRQV�DUH�QRW�XQLIRUP�HQRXJK� WR�DOORZ�VXFK�D�VWD�
EOH� ORQJ� WHUP�SURGXFWLRQ� FRQWURO��2QFH� DOWHUQDWH� EHDU�
LQJ� GHYHORSV� IRU� WKH� ZKROH� RUFKDUG�� PRVW� RI� WKH� H[�
SHQVHV�VDYHG�LQ�FXOWLYDWLRQ�DQG�KDUYHVW�FRVWV� �DQG�HYHQ
PRUH��KDYH�WR�EH�VSHQW�RQ�VWRUDJH�DQG�LQFUHDVHG�RLO�PLOO
FDSDFLW\��%XW�DERYH�DOO�WKH�SUREDEOH�TXDOLW\�UHGXFWLRQ�RI
DW�OHDVW�SDUW�RI�WKH�ROLYH�SURGXFWV�LV�XQIHDVLEOH�IRU�WRGD\
V
PDUNHW�

7DE�����3URGXFWLRQ�RI�IUXLW��RLO�\LHOG�DQG�RLO�PLOO�HIILFLHQF\�LQ�DOWHUQDWH�DQG�XQLIRUPO\�EHDULQJ�LUULJDWHG�FY��%DUQHD
ROLYH�RUFKDUGV���&DOFXODWLRQV�DUH�EDVHG�RQ����KU�ZRUN�DQG�����W�KU�PDFKLQHV��
7DE�����3ULGHOHN�SORGRY��SULGRELWHN�ROMD�LQ�L]NRULVWHN�ROMDUQH�]D�DOWHUQDWLYQR�LQ�UHGQR�URGQH��QDPDNDQH�ROMàQH�QD�
VDGH�FY��%DUQHD���,]UDàXQL�VR�RVQRYDQL�QD����XUQHP�REUDWRYDQMX�ROMDUQH�V�NDSDFLWHWR�SUHGHODYH�����W�XUR��

<HDU )UXLW�\LHOG��W�KD� 2LO�\LHOG��W�KD� 2LO�PLOO��KUV�����KD� +D�PDFKLQH

$OWHUQDWH�EHDULQJ�RUFKDUG


2Q
 ���� ��� ���� ���

2II
 ��� ��� ��� �

7RWDO�IRU���\HDUV ���� ��� ���� �
8QLIRUPO\�EHDULQJ�RUFKDUG


2Q
 ���� ��� ���� ���

2II
 ���� ��� ��� �

7RWDO�IRU���\HDUV ���� ��� ���� �
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'XH�WR�WKH�KLJK�GHSHQGHQFH�RI�WKH�SURFHVVHV�OHDGLQJ
WR�IORZHU�EXG�GLIIHUHQWLDWLRQ�DQG�IUXLW�VHW�RQ�WKH�HQYLURQ�
PHQWDO� FRQGLWLRQV�� WKHUH� DUH� UHJLRQV� ZKHUH� DOWHUQDWH
EHDULQJ�FDQ�RQO\�EH�SDUWLDOO\�RYHUFRPH��'UDVWLF�FKDQJHV
LQ�FOLPDWH�FRPPRQ�SDUWLFXODUO\�LQ�WKH�HDVWHUQ�0HGLWHUUD�
QHDQ�EDVLQ�ZLOO�UH�LQGXFH�ELDQQXDO�EHDULQJ�HYHQ�DIWHU�RU
GXULQJ� FRQWLQXRXV� WUHDWPHQWV� IRU� IUXLWLQJ� UHJXODWLRQ�
:LWKRXW�EHWWHU�XQGHUVWDQGLQJ�RI�WKH�PROHFXODU�FRQWURO�RI
EXG� GLIIHUHQWLDWLRQ�� RXU� DELOLW\� WR� RYHUFRPH� DOWHUQDWH
EHDULQJ� LQ�YDU\LQJ�FOLPDWHV� LV�XVXDOO\� WHPSRUDU\�DQG� LQ�
FRPSOHWH��2Q�WKH�RWKHU�KDQG��LQ�ZHOO�DGRSWHG�VWDEOH�FOL�
PDWHV�DOWHUQDWH�EHDULQJ�FDQ�EH� UHDVRQDEO\�ZHOO�DYRLGHG
RU�FRQWLQXRXVO\�PLQLPL]HG��6WLOO��DQ�XQH[SHFWHG�LQFLGHQW
PLJKW�OHDG�WR�V\QFKURQL]HG�DOWHUQDWH�EHDULQJ�DOVR�LQ�XVX�
DOO\�IDYRUDEOH�FOLPDWLF�FRQGLWLRQV��9DULRXV�PHWKRGV�KDYH
EHHQ�GHYHORSHG�DQG�KRUWLFXOWXUDO�WHFKQLTXHV�PRGLILHG�WR
UHGXFH�RU�RYHUFRPH�DOWHUQDWH�EHDULQJ�

3UXQLQJ� LV�D�RQH�RI� WKH�ROGHVW�DQG�EDVLF�PHWKRGV� WR
FRQWURO�SURGXFWLRQ�LQ�ROLYH�RUFKDUGV��3UXQLQJ�KDV�D�ZLGH
UDQJH�RI� HIIHFWV�RQ� WKH�ROLYH� WUHH�DQG�ROLYH� RUFKDUGV� LQ
JHQHUDO�� ,W� LV� LQVWUXPHQWDO� LQ�VKDSLQJ� WUHH� IRUP��FRQWURO�
OLQJ�YHJHWDWLYH�YLJRU��HQKDQFLQJ�OLJKW�SHQHWUDWLRQ�IRU�UH�
JURZWK� DQG� IORZHU� EXG� GLIIHUHQWLDWLRQ�� DGDSWDWLRQ� WR
VSUD\�DQG�KDUYHVW�PHFKDQL]DWLRQ��HWF��$OWKRXJK� WKH� RO�
LYH� LV� D� VHFWRULDO� WUHH� ZLWK� HDFK� VFDIIROG� SHUIRUPLQJ
UDWKHU�LQGLYLGXDOO\��VRPH�RYHUDOO�HIIHFW�RQ�IUXLWLQJ�FDQ�EH
DFKLHYHG� E\� EDODQFLQJ� WKH� DPRXQW� RI� IUXLWLQJ�ZRRG� LQ
UHODWLRQ� WR� WKH� H[SHFWHG� SURGXFWLRQ��2SHQLQJ� WKH� WUHHV
IRU� HIIHFWLYH� OLJKW� SHQHWUDWLRQ� LQWR� WKH� FDQRS\� ZLOO� LQ�
FUHDVH� WKH� IUXLWLQJ� SRWHQWLDO� E\� HQKDQFLQJ� IORZHU� EXG
GLIIHUHQWLDWLRQ�� $W� WKH� VDPH� WLPH�� WKH� DPRXQW� RI� DYDLO�
DEOH� IUXLWLQJ�ZRRG�FDQ�EH�FRQWUROOHG��$SSO\LQJ�D�PRUH
VHYHUH�SUXQLQJ�EHIRUH�WKH�
RQ
�\HDU�ZLOO�UHVXOW� LQ� UHGXF�
LQJ�WKH�QXPEHU�RI� IUXLWV�E\�OLPLWLQJ�WKH�DPRXQW�RI� IUXLW�
LQJ�ZRRG��,W�ZLOO�DOVR�FDXVH�LQLWLDWLRQ�RI�QHZ�YHJHWDWLYH
JURZWK�DW� WKH�VWDPSV�RI� WKH�SUXQHG�EUDQFKHV��7KLV�QHZ
YHJHWDWLYH�JURZWK� FRXOG� GHYHORS� LQWR� IUXLWLQJ�ZRRG� IRU
WKH�IROORZLQJ�VHDVRQ�LI�HQRXJK�RI� WKH�FXUUHQWO\�\LHOGLQJ
ZRRG� KDG� EHHQ� UHPRYHG�� 7RZDUGV� WKH� H[SHFWHG� 
RII

\HDU� SUXQLQJ� LV� WKDQ� GLUHFWHG� RQO\� WR� HQKDQFH� OLJKW
SHQHWUDWLRQ�� ZKHUH� WKH� QHZ� GHYHORSHG� FDQRS\� LV� WRR
GHQVH�� ,Q� UHJLRQV�ZLWK�D� VWDEOH� LQGXFWLYH�FOLPDWH�� DOWHU�
QDWH�EHDULQJ�FRXOG�EH�SUHWW\�PXFK�FRQWUROOHG�E\� SUXQ�
LQJ�� ,Q� UHJLRQV� ZLWK� OHVV� VWDEOH� FOLPDWH� DQG� ZLWK� VORZ
JURZLQJ� FXOWLYDUV� QRW� UHVSRQGLQJ� HQRXJK� WR� SUXQLQJ�
DGGLWLRQDO� PHWKRGV�� VXFK� DV� IUXLW� WKLQQLQJ�� ZLOO� EH
QHHGHG�

)UXLW� WKLQQLQJ�KDV�DQ� LPSRUWDQW� LPSDFW�RQ�ERWK� IUXLW
TXDOLW\�GXULQJ�WKH�
RQ
�\HDU�LWVHOI�DQG�WKH�IUXLWLQJ�SRWHQ�
WLDO� IRU� WKH� IROORZLQJ� RQH�� 7KH� DPRXQW� RI� GHYHORSLQJ
IUXLW�RQ�HDFK�WUHH�DQG�HYHQ�VFDIIROG�LV�GLUHFWO\�FRUUHODWHG
ZLWK� LWV� VL]H�� 7KXV�� H[FHVV� SURGXFWLRQ� UHVXOWV� LQ� VPDOO
IUXLW��ZKLFK� DUH� RI� LQIHULRU� YDOXH� IRU� WDEOH� ROLYHV� �+DUW�

PDQQ�� ������0DUWLQ�HW� DO��� ������� DQG�� DV� VKRZQ� SUHV�
HQWO\�E\�'DJ�HW�DO���XQSXEO����WKH�DPRXQW�RI�RLO�SHU�IUXLW
LV� UHGXFHG�� 7KLV� UHGXFWLRQ� LV� GXH� WR� WKH� VPDOOHU
IOHVK�VWRQH� UDWLR� LQ� WKH� VPDOO� �ZLWKLQ� HDFK� FXOWLYDU�� LQ�
GXFHG�E\�H[FHVV�IUXLWLQJ��/DYHH�	�:RGQHU���������$V�E\
UHGXFLQJ� IUXLW� QXPEHU� WKHLU� VL]H� DQG� DPRXQW� RI� PHVR�
FDUS� FRQWDLQLQJ� WKH� RLO� LV� LQFUHDVHG�� HYHQ� D� VLJQLILFDQW
UHPRYDO�RI�IUXLW�LQ�WKH�
RQ
�\HDU�KDV�RQO\�D�PRGHUDWH�HI�
IHFW� RQ� UHGXFLQJ� WKH� ILQDO� IUXLW� DQG� RLO� \LHOGV�� 7KH� FXU�
UHQWO\�GHYHORSLQJ�VHHGV�ZHUH�VKRZQ�WR�KDYH�D�QHJDWLYH
HIIHFW� RQ� IORZHU� EXG� GLIIHUHQWLDWLRQ� �6WXWWH� 	� 0DUWLQ�
����E�� /DYHH�� ������5HGXFWLRQ� LQ� IUXLW� QXPEHU� RQ� WKH
WUHHV� UHGXFHV� WKH�QXPEHU� RI� VHHGV� DQG�PLQLPL]HV� WKHLU
LQKLELWLQJ�HIIHFW�RQ� WKH� IUXLWLQJ� LQ� WKH� IROORZLQJ�VHDVRQ�
)UXLW�WKLQQLQJ�LV�IRUHPRVW�D�WRRO�WR�LPSURYH�\LHOG�TXDOLW\
GXULQJ� WKH� 
RQ
� \HDU� ZKHQ� LW� LV� SHUIRUPHG� �+DUWPDQQ�
�������6HYHUH�WKLQQLQJ�LV�DW� WKH�VDPH�WLPH�D�XVHIXO� WRRO
WR� UHGXFH� DOWHUQDWH� EHDULQJ� SDUWLFXODUO\� LQ� UHJLRQV�ZLWK
XQVWDEOH�SURGXFWLRQ��7KLQQLQJ�LV�SHUIRUPHG�E\�VSUD\�DS�
SOLFDWLRQ�RI�QDSKWKDOHQHDFHWLF�DFLG��1$$��XVXDOO\������
GD\V� DIWHU� IXOO� EORRP� RQFH� WKH� GHJUHH� RI� IUXLW�VHW� KDV
EHHQ�HVWDEOLVKHG� �/DYHH�	�6SLHJHO��������������0DUWLQ
HW�DO����������/DWH�VXPPHU�DSSOLFDWLRQ�RI�JLEEHUHOOLF�DFLG
�*$��� ZDV� VKRZQ� WR� UHGXFH� IORZHU� EXG� GLIIHUHQWLDWLRQ
DQG�FRXOG�EH�XVHG�WR�UHGXFH� WKH� IORZHULQJ� WRZDUGV� WKH

RQ
� \HDUV� �)HUQDQGH]�(VFREDU� HW� DO��� ������ /DYHH� 	
+DVNDO���������7KH�GUDZEDFN�RI� WKLV�PHWKRG�LV� LWV�HDUO\
DSSOLFDWLRQ� EHIRUH� WKH� ZLQWHU� LQGXFWLRQ� RI� IORZHU� EXG
GLIIHUHQWLDWLRQ� DQG� WKH� FOLPDWLF� FRQGLWLRQV� IRU� IUXLW�VHW
GXULQJ�IORZHULQJ��,Q�QRUWKHUQ�,WDO\��D�VXEVWLWXWHG�YLWDPLQ
EDVHG� 1$$� ����)��� ZDV� UHSRUWHG� WR� LQFUHDVH� IUXLW�VHW
ZKHQ�DSSOLHG�DW�WKH�EHJLQQLQJ�RI�IORZHULQJ��%DUWROLQL�HW
DO����������7KLV�PLJKW�EH�DQ�LQWHUHVWLQJ�DSSURDFK�IRU�LQ�
FUHDVLQJ�IUXLW�SURGXFWLRQ�LQ�WKH�
RII
�\HDU��(QKDQFHG�IUXLW�
VHW�ZDV�DOVR�DFKLHYHG�E\� ODWH�ZLQWHU�DSSOLFDWLRQ�RI�JLE�
EHUHOOLQ�LQKLELWRUV�RI�WKH�WULD]RO�JURXS��VXFK�DV�SDFOREX�
WUD]RO�� GLFKORUREXWUD]RO� HWF��� LQ� DGGLWLRQ� WR� WKHLU� HIIHFW
RQ� UHGXFWLRQ� RU� WHPSRUDU\� UHGXFWLRQ� RI� YHJHWDWLYH
JURZWK� �3UROLQJLV� 	� 9R\LDW]LV�� ������ /DYHH� 	� +DVNDO�
������ 5XJLQL� 	� 3DQQHOOL�� ������ ,DQQRWWD� HW� DO��� �����
3DOOLRWWL���������7KH�XVH�RI�3DFOREXUD]RO�RU�VLPLODU�VXE�
VWDQFHV�LV�SUHVHQWO\�VWXGLHG�ERWK�IRU�JURZWK�DQG�IUXLWLQJ
UHJXODWLRQ� LQ� WKH� QHZ� GHQVH� KHGJH�URZ� GHYHORSLQJ� RU�
FKDUGV�DQG�LQ�UHJXODU�LQWHQVLYH�RUFKDUGV�EHIRUH�WKH�
RII

\HDU�� +DUYHVW� WLPH� VKRXOG� EH� FRQVLGHUHG� LQ� UHODWLRQ� WR
DOWHUQDWH�EHDULQJ��'XULQJ�WKH�HDUO\�VWDJH�RI�IUXLW�PDWXUD�
WLRQ��KDUYHVW� WLPH�KDV�RQO\� D�YHU\� VOLJKW�HIIHFW�RQ�DOWHU�
QDWH�EHDULQJ��+RZHYHU�� ODWH�KDUYHVW�DW�DGYDQFHG�RU� IXOO
IUXLW�PDWXUDWLRQ�KDV� D� VLJQLILFDQW� QHJDWLYH�DIIHFW� RQ� WKH
FRQGLWLRQV� OHDGLQJ� WR� WKH�FRQVHFXWLYH�XQLIRUP�FURS�GH�
YHORSPHQW�� +DUYHVWLQJ� WKH� IUXLW� DV� HDUO\� DV� PDWXUDWLRQ
DOORZV� LV� RI� SDUWLFXODU� LPSRUWDQFH� LQ� WKH� 
RQ
� \HDUV� WR
SUHYHQW�DPSOLI\LQJ� WKH�FURS� UHGXFWLRQ� LQ� WKH� 
RII
� RQHV�
$YRLGDQFH�RI�ODWH�KDUYHVW�LQ�WKH�
RQ
�\HDU�LV�FULWLFDO�ERWK
IRU�RLO�DQG�WDEOH�ROLYHV��VKLIWLQJ�LQ�
RQ
�\HDUV�WKH�SURGXFW
RI�WKH�ODWHU�WRZDUG�HDUO\�KDUYHVWHG�IUXLW�IRU�JUHHQ�SLFNOHV�
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)LJ�� ���$�JHQHUDO� VFKHPH�RI� WKH� DOWHUQDWH� EHDULQJ� HYHQWV�� LQYROYHPHQW� RI� HQGRJHQRXV� SURFHVVHV� DQG� LQWHUDFWLRQ
ZLWK�WKH�HQYLURQPHQW�GXULQJ�DQ� 
RQ
� IROORZHG�E\�DQ� 
RII
�\HDU��LQ�EODFN�DUH�WKH�GHYHORSPHQWDO�VWDJHV�� LQ�UHG�HQ�
GRJHQRXV�SURFHVVHV�DQG�LQ�JUHHQ�HQYLURQPHQWDO�LQYROYHPHQW��
)LJ�����6SORÉQD�VKHPD�GRJRGNRY�DOWHUQDWLYQH�URGQRVWL��YSOLY�QRWUDQMLK�GHMDYQLNRY�LQ�LQWHUDNFLMD�]�RNROMHP�Y�URGQHP
LQ�QHURGQHP�OHWX��V�àUQR�EDUYR�VR�R]QDàHQHQD�UD]YRMQD�REGREMD��]�UGHàR�QRWUDQML�SURFHVL�LQ�]�]HOHQR�YSOLY�RNROMD��

*LUGOLQJ�ZDV�IRXQG�DQ�HIILFLHQW�DQG�IHDVLEOH�PHWKRG
IRU�WKH�UHGXFWLRQ�RI�DOWHUQDWH�EHDULQJ�LQ�LQWHQVLYHO\�FXOWL�
YDWHG� WDEOH� ROLYH� RUFKDUGV�� *LUGOLQJ� LQFUHDVHG� IUXLW� VHW
�+DUWPDQQ�� ������ DQG� LQ� VRPH� UHJLRQV�� PDLQO\� ZLWK
ZDUP� ZLQWHUV�� LQFUHDVHG� DOVR� WKH� QXPEHU� RI� LQIORUHV�
FHQFHV�ZKHQ� H[HFXWHG� SULRU� WR� WKH� 
RII
� \HDU� �/DYHH�HW
DO����������*LUGOLQJ�LQFUHDVHG�VLJQLILFDQWO\�WKH�QXPEHU�RI
SHUIHFW�IORZHUV�RQ�WKH�JLUGOHG�VFDIIROGV��ZLGHQLQJ�WKH�UD�

WLR� EHWZHHQ� SHUIHFW� DQG� PDOH� IORZHUV� �/HYLQ� 	� /DYHH�
������� 7R� UHGXFH� DOWHUQDWH� EHDULQJ�� ZLQWHU� JLUGOLQJ� LV
DSSOLHG�WR�KDOI�WKH�VFDIIROGV�LQ�RQH�\HDU�DQG�WR�WKH�VHF�
RQG� KDOI� LQ� WKH� QH[W�� 7KXV�� HDFK� VFDIIROG� RI� WKH� WUHH� LV
JLUGOHG� HYHU\� VHFRQG� \HDU�� 7KLV� SURFHGXUH� KDV� RQO\� D
VOLJKW�DQG�VRPH�WLPHV�QR�HIIHFW�RQ�WKH�FRPELQHG�\LHOG�RI
WKH� WZR� \HDUV�� EXW� LV� HIILFLHQW� LQ� UHGXFLQJ� DOWHUQDWH
EHDULQJ� LQ� WKH� ORQJ� UXQ� �%HQ�7DO� 	� /DYHH�� ������� 7KLV
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PHWKRG� LV� SDUWLFXODUO\� XVHIXO� IRU� LQWHQVLYH� LUULJDWHG� RU�
FKDUGV� JURZQ� LQ� UHJLRQV� ZLWK� XQLIRUP� ZHDWKHU� FRQGL�
WLRQV�HYHQ�ZKHQ�WKH\�ZHUH�VRPHZKDW�GHILFLHQW�LQ�ZLQWHU
FKLOOLQJ��&RQWLQXRXV�XVH�RI�WKH�DOWHUQDWH�JLUGOLQJ�PHWKRG
KDV�QR�QHJDWLYH�HIIHFW�RQ� WKH� ORQJ� WHUP�SHUIRUPDQFH�RI
WKH� WUHHV� RQFH� DSSOLHG� WR� YLJRURXV� LQWHQVLYHO\� JURZQ
RQHV�� *LUGOLQJ� PLJKW� FDXVH� VFDIIROG� GHFOLQH� ZKHQ� DS�
SOLHG� WR�ZHDN� DQG� VORZ� JURZLQJ� WUHHV� XQGHU� H[WHQVLYH
FXOWLYDWLRQ�ZLWKRXW�LUULJDWLRQ�LQ�VWUHVV�SURQH�UHJLRQV�

)LQDOO\�� WKH�SRVVLEOH� LQYROYHPHQW�RI�QXWULWLRQ�� LUULJD�
WLRQ� DQG� IHUWLJDWLRQ� LQ� FRQWUROOLQJ� DOWHUQDWH� EHDULQJ� KDV
WR�EH�FRQVLGHUHG��8QGHU�QRUPDO�EDODQFHG�JURZLQJ�FRQ�
GLWLRQV�� DOO� DVSHFWV� RI� LQWHQVLILFDWLRQ�KDYH�YHU\� OLWWOH� LQ�
IOXHQFH�RQ�DOWHUQDWH�EHDULQJ�� ,QWHQVLYH� ROLYH�FXOWLYDWLRQ
LQFUHDVHV�SURGXFWLRQ�EXW�GRHV�QRW�VLJQLILFDQWO\�DIIHFW�WKH
DOWHUQDWH� IUXLWLQJ�KDELW�RI� WKH� WUHHV��1XWULWLRQDO�GHILFLHQ�
FLHV�DQG�RU�ZDWHU�VWUHVV�PLJKW�HQKDQFH�DOWHUQDWH�EHDULQJ�
,Q�VXFK�FDVHV��QXWULWLRQDO�RU�LUULJDWLRQ�LQWHUYHQWLRQ�ZRXOG
DIIHFW� WKH� OHYHO�RI�ELDQQXDO�EHDULQJ�DV�ZHOO�� 7KH�XVH�RI
WKHVH�IDFWRUV�FDQQRW�EH�FRQVLGHUHG�D�VLJQLILFDQW�PHDQ�WR
UHGXFH� DOWHUQDWH� EHDULQJ�� 6SRW�ZLVH� XVH� RI� QXWULWLRQDO
DQG�ZDWHU�DSSOLFDWLRQ�DUH�XVHIXO� WR�DYRLG�RU�FRUUHFW�DO�
WHUQDWH� EHDULQJ� LQ� VSHFLILF� FDVHV�� ZKHQ� LW� ZDV� LQGXFHG
E\� DQ� DFXWH� QXWULWLRQDO� GHILFLHQF\� RU� ZDWHU� VWUHVV� SDU�
WLFXODUO\�GXULQJ�WKH�HDUO\�LQGXFWLRQ�SHULRG�

&21&/86,216

$OWHUQDWH�EHDULQJ�LV�D�EXLOW�LQ�FKDUDFWHU�RI�ROLYH�WUHHV�
,W�LV�RYHU�DOO�FRQWUROOHG�E\�DQ�LQWHUDFWLRQ�EHWZHHQ�YHJH�
WDWLYH�JURZWK�DQG�IUXLW� ORDG��7KH�H[SUHVVLRQ�RI�DOWHUQDWH

EHDULQJ� LQYROYHV�D�ZLGH� UDQJH�RI� FKDQJHV� LQ� DFWLYDWLRQ
DQG� UHSUHVVLRQ�RI� HQGRJHQRXV�PHWDEROLF�SDWKZD\V��(Q�
YLURQPHQWDO� FRQGLWLRQV� DUH� WKH� PDLQ� WULJJHU� WR� LQGXFH
WKH�PHWDEROLF� FKDQJHV� OHDGLQJ� WR� DOWHUQDWH� EHDULQJ� H[�
SUHVVLRQ�� $� ZLGH� UDQJH� RI� FOLPDWLF� HYHQWV� DW� GLIIHUHQW
VWDJHV� GXULQJ� WKH�DQQXDO� GHYHORSPHQW� RI� WKH� ROLYH� WUHH
PLJKW�DFWLYDWH�DQ�DUUD\�RI�PHWDEROLF�SDWKZD\V�UHODWHG�WR
DOWHUQDWH�EHDULQJ�GHYHORSPHQW��$�FRQWLQXRXV�DQG�FRP�
SOH[�LQWHUDFWLRQ�EHWZHHQ� WKH�DPELHQW� WHPSHUDWXUHV��KX�
PLGLW\� DQG�RWKHU� HQYLURQPHQWDO� IDFWRUV� DUH� LQYROYHG� LQ
ERWK� WKH� YHJHWDWLYH� DQG� UHSURGXFWLYH� GHYHORSPHQW� RI
ROLYH� EXGV�� 7KH� LQIRUPDWLRQ� DERXW� WKH� HQGRJHQRXV
SDWKZD\V� DQG� WKH� JHQHV� LQYROYHG� LQ� YHJHWDWLYH�DQG� UH�
SURGXFWLYH�EXG�GLIIHUHQWLDWLRQ�DQG� WUDQVIRUPDWLRQ� LV�H[�
WUHPHO\�OLPLWHG��7KH�QDWXUH�RI�WKH�VLJQDO�WUDQVGXFWLRQ�WR
LQLWLDWH�EDODQFHG�RU�XQEDODQFHG�YHJHWDWLYH�UHSURGXFWLYH
WUHH� GHYHORSPHQW� LV� QRW� \HW� NQRZQ��+RUWLFXOWXUDO� LQWHU�
YHQWLRQ�YLD�SUXQLQJ��WKLQQLQJ��JLUGOLQJ�DQG�RWKHU�FXOWXUDO
DQG� QXWULWLRQDO� PHDQV� FDQ� UHGXFH� DQG� HYHQ� HOLPLQDWH
DOWHUQDWH� EHDULQJ� LQ� UHJLRQV� ZLWK� IDYRUDEOH� DQG� VWDEOH
FOLPDWLF�FRQGLWLRQV��8QGHU�PRUH�PDUJLQDO�DQG�XQVWDEOH
HQYLURQPHQWDO�FRQGLWLRQV��DOWHUQDWH�EHDULQJ� LV�PRVW�GLI�
ILFXOW� WR� FRQWURO� DQG� KRUWLFXOWXUDO�� RIWHQ� HYHQ� GUDVWLF�
PHDQV�KDYH�WR�EH�UHLQLWLDWHG�DQHZ�DIWHU�HDFK�RI�WKH�YDUL�
RXV� H[WUHPH� FOLPDWLF� HYHQWV�� )RU� EHWWHU� XQGHUVWDQGLQJ
DQG�FRQWUROOLQJ� RI� DOWHUQDWH� EHDULQJ��ZLGH� VFDOH� VWXGLHV
DW� WKH� PROHFXODU� OHYHO� RI� WKH� JHQHV� LQYROYHG� LQ� ROLYH
IORZHU�EXG�LQLWLDWLRQ�DQG�GHYHORSPHQW��DQG�DOVR�WKH�VLJ�
QDOV� UHTXLUHG� IRU� LQLWLDWLQJ� WKH� UHOHYDQW�PHWDEROLF� SDWK�
ZD\V�DUH�XUJHQWO\�QHHGHG�

,=0(1,à1$�52'1267�35,�2/-.$+��2/($�(8523$($�

6KLPRQ�/$9((

,QVWLWXWHV�RI�3ODQW�6FLHQFH��)DFXOW\�RI�$JULFXOWXUH��+HEUHZ�8QLYHUVLW\�RI�-HUXVDOHP��5HKRYRW�DQG�9ROFDQL�&HQWHU��$52��%HW�'DJDQ��,VUDHO
(�PDLO��ODYHH#DJUL�KXML�DF�LO

329=(7(.

$OWHUQDWLYQD�URGQRVW�MH�]HOR�UD]ÈLUMHQ�SRMDY�SUL�ÈWHYLOQLK�VDGQLK�YUVWDK��NL�SRY]URßD�YHOLNR�WHÊDY�SUL�JRMHQMX��WUÊHQMX
LQ� HNRQRPLßQRVWL� SURL]YRGQMH�� 3RMDY� DOWHUQDWLYQH� URGQRVWL� MH�PRßQR� RSD]HQ� WXGL� SUL� JRMHQL� ROMNL� �2OHD� HXURSDHD��
,]UDÊDQMH�L]PHQLßQH�URGQRVWL�SUL�ROMNDK�YNOMXßXMH�ÈWHYLOQH�VSUHPHPEH�Y�DNWLYDFLML�LQ�]DYLUDQMX�HQGRJHQLK�PHWDEROQLK
SRWL��6WRSQMD� L]PHQLßQH� URGQRVWL� MH�PRßQR�RGYLVQD�RG�GHMDYQLNRY�RNROMD� LQ� VH� ODKNR� VSUHPLQMD�JOHGH�QD�NOLPDWVNH
RNROLÈßLQH�SRVDPH]QHJD�SULGHORYDOQHJD�REPRßMD��9�GHOX�VR�SUHGVWDYOMHQL�SRPHPEQHMÈL�HQGRJHQL� LQ�RNROMVNL�GHMDY�
QLNL�WHU�QMLKRYH�LQWHUDNFLMH��NL�SULYHGHMR�GR�DOWHUQDWLYQH�URGQRVWL��LQ�SRVWRSNL��V�NDWHULPL�ODKNR�SRMDY�]PDQMÈDPR�

.OMXÞQH�EHVHGH��2OHD�HXURSDHD��ROMNH��LQGXNFLMD�FYHWQLK�EUVWRY��L]PHQLáQD�URGQRVW��]PDQMÊHYDQMH�L]PHQLáQH
URGQRVWL
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5()(5(1&(6

%DGU��6��$���+��7��+DUWPDQQ�	�*��&��0DUWLQ���������(Q�
GRJHQRXV�JLEEHUHOOLQV�DQG�LQKLELWRUV�LQ�UHODWLRQ�WR�IORZHU
LQGXFWLRQ�DQG�LQIORUHVFHQFH�GHYHORSPHQW�LQ�ROLYH��3ODQW
3K\VLRO���������������
%DNWLU��,���6��8OJHU�	�'��*��+LPHOULFN���������5HODWLRQ�
VKLS�RI�VHDVRQDO�FKDQJHV�LQ�HQGRJHQRXV�SODQW�KRUPRQHV
DQG� DOWHUQDWH� EHDULQJ� RI� ROLYH� WUHHV�� +RUW6FLHQFH�� ���
��������
%DUWROLQL�� 6��� 5�� 9LWL� 	� &�� 9LWDJOLDQR� �������� (IIHFWV� RI
GLIIHUHQW� JURZWK� UHJXODWRUV� RQ� IUXLW�VHW� LQ� ROLYH�� $FWD
+RUWLF����������������
%HQ�7DO��<��	�6��/DYHH���������*LUGOLQJ�RI�ROLYH�WUHHV��D
SDUWLDO�VROXWLRQ�WR�ELHQQLDO�EHDULQJ��,,�� ,QIOXHQFH�RI�FRQ�
VHFXWLYH� PHFKDQLFDO� JLUGOLQJ� RQ� IORZHULQJ� DQG� \LHOG�
5LY��2UWRIORURIUXWWL��,WDO���������������
%HQ�7DO��<��	�0��:RGQHU���������,QYROYHPHQW�RI�GLIIHU�
HQW� JLEEHUHOOLQV� RQ� IORZHULQJ� RI� ELHQQLDO� EHDULQJ� IUXLW
WUHHV��%DUG�3URM��8�6���������5HSRUW��S�������
&XHYDV��-���/��5DOOR�	�+��)��5DSDSRUW���������&URS�ORDG
HIIHFWV� RQ� IORUDO� TXDOLW\� LQ� ROLYH�� 6FLHQWLD� +RUWLF��� ���
��������
'H�OD�5RVD��5���/��5DOOR�	�+��)��5DSDSRUW���������2OLYH
IORUDO�EXG�JURZWK�DQG�VWDUFK�FRQWHQW�GXULQJ�ZLQWHU� UHVW
DQG�VSULQJ�EXGEUHDN��+RUW6FLHQFH����������������
)DEUL�� $�� 	� /�� $OHUFL� �������� $QDWRPLFDO� DVSHFWV� RI
IORZHU�DQG� OHDI�EXG�GLIIHUHQWLDWLRQ� LQ�2OHD�HXURSDHD� /�
$FWD�+RUWLF����������������
)HUQDQGH]�(VFREDU�� 5���0�� %HQOORFK��'��1DYDUUR�	�*�
&��0DUWLQ���������7KH�WLPH�RI�IORUDO�LQGXFWLRQ�LQ�WKH�RO�
LYH��-��$P��6RF��+RUW��6FL����������������
)HUQDQGH]�(VFREDU�� 5��� 5��0RUHQR� 	�0�� *DUFLD�&UHXV
�������� 6HDVRQDO� FKDQJHV� RI� PLQHUDO� QXWULHQWV� LQ� ROLYH
OHDYHV�GXULQJ� WKH�DOWHUQDWH�EHDULQJ� F\FOH�� 6FLHQWLD�+RU�
WLF�������������
)HUQDQGH]�(VFREDU�� 5��� 5�� 0RUHQR� 	� 0�� $�� 6DQFKH]�
=DPRUD���������1LWURJHQ�G\QDPLFV�LQ�WKH�ROLYH�EHDULQJ
VKRRW��+RUW6FLHQFH����������������
*ROGVFKPLGW�� (�� (�� �������� 5HJXODWRU\� DVSHFWV� RI� DOWHU�
QDWH�EHDULQJ�LQ�IUXLW�WUHHV��,WDOXV�+RUWXV������������
+DFNHWW��:��3��	�+��7��+DUWPDQQ���������7KH�LQIOXHQFH
RI� WHPSHUDWXUH� RQ� IORUDO� LQLWLDWLRQ� LQ� WKH� ROLYH�� 3K\VLRO�
3ODQW���������������
+DUWPDQQ��+��7����������7LPH�RI�IORUDO�GLIIHUHQWLDWLRQ�RI
WKH�ROLYH�LQ�&DOLIRUQLD��%RW��*D]����������������
+DUWPDQQ��+��7����������7KH�HIIHFW�RI�JLUGOLQJ�RQ�IORZHU
W\SH�� IUXLW� VHW� DQG� \LHOG� RQ� WKH� ROLYH�� 3URF�� $PHU�� 6RF�
+RUW��6FL���������������
+DUWPDQQ��+�� 7�� �������� 6SUD\� WKLQQLQJ� RI� ROLYHV�ZLWK
QDSKWKDOHQH�DFHWLF�DFLG��3URF��$PHU��6RF��+RUW��6FL������
��������
+DUWPDQQ��+��7��	�,��3UROLQJLV���������(IIHFW�RI�GLIIHUHQW
DPRXQWV�RI�ZLQWHU�FKLOOLQJ�RQ�IUXLWIXOQHVV�RI�VHYHUDO�ROLYH
YDULHWLHV��%RW��*D]����������������
+DUWPDQQ��+��7��	�-��(��:KLVOHU���������)ORZHU�SURGXF�

WLRQ� LQ�ROLYH�DV� LQIOXHQFHG�E\�YDULRXV� FKLOOLQJ� WHPSHUD�
WXUH�UHJLPHV��-��$PHU��6RF��+RUW��6FL����������������
,DQQRWWD��1���/��3HUUL��)��=DIILQD�	�9��3ULRUH���������7KH
LQIOXHQFH�RI�GLIIHUHQW�W\SHV�RI�WUHDWPHQW�RQ�IUXLW�VHW�LQ�WKH
&DUROHD� FXOWLYDU� �2OHD� HXURSDHD� /���� $FWD� +RUW��� ����
��������
.LWVDNL��&��.���-��%��'URVVRSRXORV�	�6��7UH]LV���������(Q�
GRJHQRXV� IUHH� DEVFLVLF�DFLG� LQ� IORUDO�� EDUN� DQG� OHDI� WLV�
VXHV� RI� ROLYH� GXULQJ� DQWKHVLV� DQG� HDUO\� IUXLW� GHYHORS�
PHQW��6FLHQWLD�+RUWLF��������������
/DYHH��6����������,QYROYHPHQW�RI�SODQW�JURZWK�UHJXODWRUV
DQG�HQGRJHQRXV�JURZWK�VXEVWDQFHV�LQ�WKH�FRQWURO�RI�DO�
WHUQDWH�EHDULQJ��$FWD�+RUWLF����������������
/DYHH��6����������%LRORJ\�DQG�SK\VLRORJ\�RI�WKH�ROLYH��,Q�
:RUOG� ROLYH� (QF\FORSDHGLD�� ,QWHUQDWLRQDO� 2OLYH� 2LO
&RXQFLO��0DGULG��S���������
/DYHH��6��	�1��$YLGDQ� �������� 3RVVLEOH� LQYROYHPHQW�RI
FKORURJHQLF� DFLG� LQ� FRQWUROOLQJ� DOWHUQDWH� IUXLWLQJ� RI� WKH
ROLYH��3URF����WK�,QW��%RW��&RQI��6\GQH\��S�����
/DYHH��6��	�1��$YLGDQ���������3URWHLQ�FRQWHQW�DQG�FRP�
SRVLWLRQ�RI�OHDYHV�DQG�VKRRW�EDUN�LQ�UHODWLRQ�WR�DOWHUQDWH
EHDULQJ� RI� ROLYH� WUHHV� �2OHD� HXURSDHD� /���� $FWD�+RUWLF��
�������������
/DYHH��6��	�$��+DVNDO���������3DUWLDO�IUXLWLQJ�UHJXODWLRQ�RI
ROLYH� WUHHV� �2OHD� HXURSDHD� /��� ZLWK� 3DFOREXWUD]RO� DQG
*LEEHUHOOLF�DFLG�LQ�WKH�RUFKDUG��$GY��+RUW��6FL������������
/DYHH�� 6��	�3�� 6SLHJHO� �������� 6SUD\� WKLQQLQJ� RI� ROLYHV
ZLWK�JURZWK�UHJXODWRUV��.WDYLP�������������
/DYHH��6��	�3��6SLHJHO�5R\���������7KH�HIIHFW�RI� WLPH�RI
DSSOLFDWLRQ�RI�WZR�JURZWK�VXEVWDQFHV�RQ�WKH�WKLQQLQJ�RI
ROLYH�IUXLW��3URF��$PHU��6RF��+RUW��6FL���������������
/DYHH��6��	�0��:RGQHU���������7KH�HIIHFW�RI�\LHOG��KDU�
YHVW�WLPH�DQG�IUXLW�VL]H�RQ�WKH�RLO�FRQWHQW�LQ�IUXLW�RI�LUUL�
JDWHG�ROLYH�WUHHV��2OHD�HXURSDHD���FYV��%DUQHD�DQG�0DQ�
]DQLOOR��6FLHQWLD�+RUWLF���������������
/DYHH��6���+��+DUVKHPHVK�	�1��$YLGDQ���������3KHQROLF
DFLGV� �� SRVVLEOH� LQYROYHPHQW� LQ� UHJXODWLQJ� JURZWK� DQG
DOWHUQDWH� IUXLWLQJ� LQ�ROLYH� WUHHV��$FWD�+RUWLF��� ����� ����
����
/DYHH��6���$��+DVNDO�	�<��%HQ�7DO���������*LUGOLQJ�ROLYH
WUHHV��D�SDUWLDO� VROXWLRQ� WR�ELHQQLDO�EHDULQJ�� ,��0HWKRGV�
WLPLQJ�DQG�GLUHFW�WUHH�UHVSRQVH��-��$PHU��6RF��+RUW��6FL��
������������
/HYLQ��$��*��	�6��/DYHH���������7KH�LQIOXHQFH�RI�JLUGOLQJ
RQ� IORZHU� W\SH�� QXPEHU�� LQIORUHVFHQFH� GHQVLW\�� IUXLW� VHW
DQG�\LHOG�LQ�WKUHH�GLIIHUHQW�ROLYH�FXOWLYDUV��%DUQHD��3LFXDO
DQG�6RXUL���$XVW��-��$JULF��5HV���������������
0DUWLQ��*��&���6��/DYHH��*��6��6LEEHWW��&��1LVKLMLPD�	�6�
3��&DUOVRQ� �������� $� QHZ� DSSURDFK� WR� WKLQQLQJ� ROLYHV�
&DOLI��$JULF����������������
0RQVHOLVH��3�� 6��	� (�� (��*ROGVFKPLGW� �������� $OWHUQDWH
EHDULQJ�LQ�IUXLW�WUHHV��+RUWLF��5HY��������������
0RUHWWLQL��$����������2OLYLFROWXUD���VW�(G��5DPR�(GLWRUL�
DOH�GHJOL�$JULFROWRUL��5RPH�
1DYDUR��&����������)ORZHU�EXG�LQGXFWLRQ�LQ�0DQ]DQLOOR
ROLYH��$FWD�+RUWLF����������������
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3DOOLRWWL�� $�� �������� (IIHFW� RI� WUDLQLQJ� V\VWHP� RQ� WUHH
JURZWK��\LHOG�DQG�RLO�FKDUDFWHULVWLFV�LQ�GLIIHUHQW�FXOWLYDUV�
$FWD�+RUWLF����������������
3UROLQJLV�� ,�� &�� 	�'��*�� 9R\LDW]LV� �������� ,QIOXHQFH� RI
SDFOREXWUD]RO�SODQW� JURZWK� UHJXODWRU�RQ� YHJHWDWLYH� DQG
UHSURGXFWLYH� JURZWK� RI� ROLYHV� �2OHD� HXURSDHD� /���� $FWD
+RUWLF����������������
3ULWVD��7��6��	�'��*��9R\LDW]LV���������6HDVRQDO�FKDQJHV
LQ� SRO\� DPLQH� FRQWHQW� RI� YHJHWDWLYH� DQG� UHSURGXFWLYH
ROLYH�RUJDQV�,Q�UHODWLRQ�WR�IORUDO� LQLWLDWLRQ��DQWKHVLV��DQG
IUXLW�GHYHORSPHQW��$XVW��-��$JULF��5HV�����������������
5DOOR��/��	�*��&��0DUWLQ���������7KH�UROH�RI�FKLOOLQJ� LQ
UHOHDVLQJ�ROLYH�IORUDO�EXGV�IURP�GRUPDQF\��-��$PHU��6RF�
+RUW��6FL������������������
5DOOR�� /��� 3�� 7RUUHQR�� $�� 9DUJDV� 	� -�� $OYDUDGR� �������
'RUPDQF\�DQG� DOWHUQDWH� EHDULQJ� LQ� ROLYH��$FWD�+RUWLF��
�������������
5XJLQL�� (��	�*�� 3DQQHOOL� �������� 3UHOLPLQDU\� UHVXOWV� RQ
LQFUHDVLQJ� IUXLW� VHW� LQ� ROLYHV� �2OHD� HXURSDHD� /��� E\
FKHPLFDO�DQG�PHFKDQLFDO�WUHDWPHQWV��$FWD�+RUWLF�������
��������

5\DQ��'���3��'��3UHQ]OHU�� 6�� /DYHH��0��$QWRORYFK�	�.�
5REDUGV� ��������4XDQWLWDWLYH�FKDQJHV� LQ�SKHQROLF�FRQ�
WHQW�GXULQJ�SK\VLRORJLFDO�GHYHORSPHQW�RI�WKH�ROLYH��2OHD
HXURSDHD�� FXOWLYDU� +DUG\
V� 0DPPRWK�� ,QW�� -�� )RRG
&KHP�����������������
6H\\HGQHMDG��0���+��(EUDKLP]DGHK�	�$��7DODLH��������
&DUERK\GUDWH� FRQWHQW� LQ� ROLYH� =DUG� F�Y�� DQG� DOWHUQDWH
EHDULQJ�SDWWHUQ��,QW��6XJDU�-��������������
6WXWWH��*��	�*��&��0DUWLQ������D���(IIHFW�RI� OLJKW� LQWHQ�
VLW\� DQG�FDUERK\GUDWH� UHVHUYHV� RQ� IORZHULQJ� LQ� ROLYH�� -�
$PHU��6RF��+RUW��6FL��������������
6WXWWH��*��	�*��&��0DUWLQ������E���(IIHFW�RI�NLOOLQJ�VHHGV
RQ�UHWXUQ�EORRP�RI�ROLYH��6FLHQWLD�+RUWLF���������������
7URQFRVR��$���-��/��*DUFLD�	�6��/DYHH���������(YDOXDWLRQ
RI�WKH�SUHVHQW�LQIRUPDWLRQ�RQ�WKH�PHFKDQLVPV�OHDGLQJ�WR
IORZHU�EXG� LQGXFWLRQ�� HYRFDWLRQ�DQG�GLIIHUHQWLDWLRQ�� �WK

,QW��&RQJUHVV�RQ�ROLYH�JURZLQJ��7XUNH\��$FWD�+RUWLF���,Q
SUHVV�


