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%HDQ�FRQVXPSWLRQ�LQ�,QGRQHVLD�LQFUHDVHG��LQ

����������FRQVHFXWLYHO\�EXW�WKH�VXSSO\�GHFUHDVHG

LQ� ���������� �3XVDW�'DWD� GDQ� 6LVWHP� ,QIRUPDVL

3HUWDQLDQ��������7KH�VXSSO\�RI�EHDQ�LQ�,QGRQHVLD

FDQ�EH�IXOILOOHG�E\�SURGXFWLRQ�DQG�LPSRUW��&RQVLGHULQJ

WKH�GDWD��EHDQ�SURGXFWLRQ�LQ�,QGRQHVLD�LV�VWLOO�ORZ�

1XWULHQW�DYDLODELOLW\�LV�DQ�LPSRUWDQW�UHTXLUHPHQW�IRU

JURZLQJ�PHGLD�EHFDXVH�LW�FDQ�VXSSRUW�DQG�VXSSO\

QXWULHQWV� IRU� JURZWK� DQG� GHYHORSPHQW� RI� SODQWV�

)HOHDIHO�DQG�=RKDLU��������VXJJHVW�WKDW�SRRU�QXWULHQW

FRQWHQW�RI�VRLO�DV�D�JURZLQJ�PHGLXP�FDQ�VWXQW�EHDQ

JURZWK�

6RLO� FKDUDFWHULVWLFV� LQ� ,QGRQHVLD� DUH� YHU\

GLYHUVH�ZKLFK�FDQ�DIIHFW�EHDQ�SURGXFWLRQ��2QH�RI

$YDLODEOH�RQOLQH�DW�

KWWS���MRXUQDO�XQLOD�DF�LG�LQGH[�SKS�WURSLFDOVRLO

'2,����������MWV������Y��L����
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$%675$.

,PSURYHPHQW�RI�<LHOG�RI�%HDQ�*URZQ�RQ�,QFHSWLVRO�-DWLQDQJRU�$SSOLHG

ZLWK�*UDQXODU�2UJDQLF�)HUWLOL]HU�DQG�+DUYHVW�,QWHUYDO

.XVXPL\DWL
��6XWDUL�:DZDQ��6\DULHI�$DQLVDK�/XWIL\\DK�DQG�2NWDYLD�$GH�5LVWL

'HSDUWPHQW�RI�$JURQRP\��3URJUDP�6WXG\�RI�$JURWHFKQRORJ\��)DFXOW\�RI�$JULFXOWXUH��3DGMDGMDUDQ�8QLYHUVLW\�

6XPHGDQJ�� ������ ,QGRQHVLD�
H�PDLO�� NXVXPL\DWL#JPDLO�FRP

5HFHLYHG����2FWREHU�������DFFHSWHG����$SULO�����

$%675$&7

/RZ�EHDQ�SURGXFWLRQ�LQ�,QGRQHVLD�LV�FDXVHG�E\�VHYHUDO�IDFWRUV�VXFK�DV�SRRU�VRLO�FRQGLWLRQ�DQG�ORZ�TXDOLW\�RI�WKH

SRGV��7KH�XVH�RI�JUDQXODU�RUJDQLF� IHUWLOL]HU�FDQ�RSWLPL]H� VRLO�DV� D�JURZLQJ�PHGLXP�RI�EHDQV��,Q�DGGLWLRQ�� WKH

DSSOLFDWLRQ� RI�KDUYHVW� LQWHUYDO� VHWWLQJ� LQ� FRPELQDWLRQ�ZLWK� WKH�XVH� RI�JUDQXODU�RUJDQLF� IHUWLOL]HU�SUREDEO\� FDQ

LPSURYH�SURGXFWLRQ�DQG�TXDOLW\�EHDQ�SRGV��7KH�UHVHDUFK�DLPHG�WR�ILQG�RXW�JUDQXODU�RUJDQLF�IHUWLOL]HU�GRVHV�DQG

KDUYHVW�LQWHUYDO�VHWWLQJ�WKDW�UHVXOWHG�LQ�JRRG�HIIHFWV�RQ�WKH�JURZWK��\LHOG��DQG�TXDOLW\�RI�EHDQV�JURZQ�RQ�,QFHSWLVRO

IURP�-DWLQDQJRU��:HVW� -DYD��$�ILHOG�H[SHULPHQW�ZDV�FDUULHG�RXW�DW�&LSDUDQMH� ILHOG��-DWLQDQJRU��:HVW� -DYD�IURP

)HEUXDU\�WR�$SULO�������7KH�H[SHULPHQW�ZDV�DUUDQJHG�LQ�D�5DQGRPL]HG�%ORFN�'HVLJQ��5%'��ZLWK����WUHDWPHQWV�DQG

��UHSOLFDWLRQV��7KH�UHVXOWV�VKRZHG�WKDW�WKH�GRVH�RI�����NJ�KD���JUDQXODU�RUJDQLF�IHUWLOL]HU�DQG�KDUYHVW�LQWHUYDO�RI

HYHU\�WZR�GD\V�UHVXOWHG�LQ�VKRRW�URRW�UDWLR�RI�������LQFUHDVHG�SHUFHQWDJH�RI�SURGXFWLYH�EUDQFKHV�XS�WR��������

LQFUHDVHG�SHUFHQWDJH�RI�JUDGH�%�SRGV����������DQG�ORZHUHG�WKH�SHUFHQWDJH�RI�JUDGH�&�SRGV����������

.H\ZRUGV��%HDQ��JUDQXODU�RUJDQLF�IHUWLOL]HU��KDUYHVW�LQWHUYDO��,QFHSWLVRO��SRG�TXDOLW\

5HQGDKQ\D�SURGXNVL�EXQFLV�GL�,QGRQHVLD�GLDNLEDWNDQ�NDUHQD�EHEHUDSD�IDNWRU�GLDQWDUDQ\D�DGDODK��NRQGLVL�PHGLD

WDQDP� \DQJ� NXUDQJ� RSWLPDO� VHUWD� NXDOLWDV� SRORQJ� \DQJ� NXUDQJ� EDLN�� 3HQJJXQDDQ� SXSXN�RUJDQLN� JUDQXO� GDSDW

PHQJRSWLPDONDQ�WDQDK�XQWXN�PHGLD�WDQDP�EXQFLV��'LSDGXNDQ�GHQJDQ�SHQJDWXUDQ�LQWHUYDO�SDQHQ��SURGXNVL�GDQ

NXDOLWDV�SRORQJ�EXQFLV�GDSDW�GLWLQJNDWNDQ��3HQHOLWLDQ�LQL�EHUWXMXDQ�XQWXN�PHQHQWXNDQ�GRVLV�SXSXN�RUJDQLN�JUDQXO

�32*��GDQ� LQWHUYDO�SDQHQ�\DQJ�PHPEHULNDQ�SHQJDUXK� WHUEDLN� WHUKDGDS�SHUWXPEXKDQ��KDVLO�GDQ��NXDOLWDV�KDVLO

EXQFLV� WHJDN�\DQJ�GLWDQDP�SDGD� WDQDK� ,QFHSWLVRO�� -DWLQDQJRU��3HUFREDDQ� LQL�GLODNVDQDNDQ� GL�NHEXQ�&LSDUDQMH�

-DWLQDQJRU��.DEXSDWHQ�6XPHGDQJ�GDUL�EXODQ�)HEUXDUL�VDPSDL�$SULO��������5DQFDQJDQ�SHUFREDDQ�\DQJ�GLJXQDNDQ

DGDODK�5DQFDQJDQ�$FDN�.HORPSRN��5$.��GHQJDQ����SHUODNXDQ�\DQJ�GLXODQJ�VHEDQ\DN���NDOL��+DVLO�SHQHOLWLDQ

PHQXQMXNNDQ�EDKZD�SHUODNXDQ�\DQJ�GLDSOLNDVLNDQ�PHPEHULNDQ�SHQJDUXK�WHUKDGDS�1LVEDK�3XSXV�$NDU��13$��

SHUVHQWDVH�MXPODK�FDEDQJ�SURGXNWLI��VHUWD�SHUVHQWDVH�SRORQJ�EHUGDVDUNDQ�NXDOLWDV�JUDGH�%�GDQ�&��'RVLV�SXSXN

RUJDQLN�JUDQXO�����NJ�KD���GDQ�LQWHUYDO�SDQHQ���KDUL�VHNDOL�PHPEHULNDQ�KDVLO�WHUEDLN�GHQJDQ�13$�VHEHVDU������

SHUVHQWDVH�MXPODK�FDEDQJ�SURGXNWLI�VHEHVDU���������VHUWD�SHUVHQWDVH�SRORQJ�JUDGH�%�WHUWLQJJL��������GDQ�JUDGH

&�WHUHQGDK��������

.DWD�NXQFL��%XQFLV��,QFHSWLVRO��LQWHUYDO�SDQHQ��NXDOLWDV�SRORQJ��SXSXN�RUJDQLN�JUDQXO



�� .XVXPL\DWL�HW�DO���<LHOG�RI�%HDQ�$SSOLHG�ZLWK�*UDQXODU�2UJDQLF�)HUWLOL]HU�DQG�+DUYHVW�,QWHUYDO

WKH�ORFDWLRQV�WKDW�FDQ�EH�XVHG�IRU�EHDQ�SURGXFWLRQ

LV�-DWLQDQJRU��7KH�REVWDFOHV�RI�EHDQ�SURGXFWLRQ�LQ

-DWLQDQJRU�LV�WKH�FKDUDFWHULVWLFV�RI�WKH�VRLO��,QFHSWLVRO

LV�WKH�VRLO�W\SH�WKDW�VSUHDGV�RYHU�-DWLQDQJRU�ZKLFK

LV�XQIHUWLOH�EHFDXVH�KDV�ORZ�VRLO�QXWULHQW�FRQWHQW�

WKHUHIRUH��QXWULHQW�DGGLWLRQ�WKURXJK�IHUWLOL]DWLRQ�LV

QHFHVVDU\��7KH�NH\�VXFFHVV�RI�SURSHU�IHUWLOL]DWLRQ

LV� EDODQFH� LQ� WKH� XVH� RI� RUJDQLF� DQG� LQRUJDQLF

IHUWLOL]HUV��7ULZXODQLQJUXP��������2UJDQLF�IHUWLOL]HUV

SURYLGH�QRW�RQO\�QXWULHQWV�EXW�DOVR�FDQ�LPSURYH�WKH

SK\VLFDO��FKHPLFDO��DQG�ELRORJLFDO�VRLO�FKDUDFWHULVWLFV

�/HQJNRQJ�DQG�.DZXOXVDQ��������7\SHV�RI�RUJDQLF

IHUWLOL]HUV�XVHG�LQ�EHDQ�SURGXFWLRQ�YDU\��RQH�RI�WKHP

LV�JUDQXODU�RUJDQLF�IHUWLOL]HU�

*UDQXODU�RUJDQLF�IHUWLOL]HU��*2)��LV�RQH�W\SH

RI� RUJDQLF� IHUWLOL]HUV�ZKLFK�PDGH� IURP� OLYHVWRFN

PDQXUH�� OHDI� OLWWHU�� DQG� JDUEDJH� WKDW� KDYH� EHHQ

IHUPHQWHG�DQG�VKDSHG�LQ�WKH�IRUP�RI�VPDOO�JUDQXOHV�

PDNLQJ�LW�HDVLHU�WR�EH�XVHG��7KH�DGYDQWDJHV�RI�*2)

LV�WKH�VKDSH�WKDW�UHVHPEOHV�V\QWKHWLF�IHUWLOL]HU��VR�LW

LV� HDV\� WR� EH� DSSOLHG�� QHHGHG� LQ� UHODWLYHO\� VPDOO

TXDQWLW\� FRPSDUHG� WR� RWKHU� RUJDQLF� IHUWLOL]HUV

�PDQXUH� RI� FDWWOH� RU� VKHHS�� FRPSRVW��� HDVLO\

REWDLQHG��FKHDS��RGRUOHVV��DQG�IUHH�RI�GHEULV��$GDP\

HW�DO��������

6HYHUDO� VWXGLHV� KDYH� XVHG� JUDQXODU� RUJDQLF

IHUWLOL]HU� LQ� WKHLU� H[SHULPHQWV��*UDQXODU� RUJDQLF

IHUWLOL]HU�VKRZHG�DQ�HIIHFW�RQ�WKH�KHLJKW�RI�UXEEHU

VHHGOLQJV��7DELWD�HW�DO����������DGGLWLRQ�RI�JUDQXODU

RUJDQLF�IHUWLOL]HU�PDGH�IURP�ELRJDV�ZDVWH�VKRZHG

D�VLJQLILFDQW�HIIHFW�RQ�WKH�JURZWK�RI�WRPDWR�SODQWV

�&KDOLPDK�DQG�6XODLPDQ��������UHG�RQLRQ�DSSOLHG

ZLWK�JUDQXODU�RUJDQLF�IHUWLOL]HU�VLJQLILFDQWO\�SURGXFHG

KLJKHU� \LHOG� WKDQ� WKRVH� DSSOLHG�ZLWK� LQRUJDQLF

IHUWLOL]HU��%URWRGMRMR�DQG�$UELZDWL��������,Q�DGGLWLRQ�

RUJDQLF�IHUWLOL]HUV�DOVR�DIIHFW�WKH�SK\VLFDO�SURSHUWLHV

RI�VRLO��+DEL�������

$QRWKHU� IDFWRU� WKDW� DOVR� LQIOXHQFHV� EHDQ

SURGXFWLRQ�LV�TXDOLW\�RI�SRGV��7KH�TXDOLW\�RI�EHDQ

SRGV� LV� ODUJHO\� GHWHUPLQHG� E\� JHQHWLF� DQG

HQYLURQPHQW��6DOLVEXU\�DQG�5RVV��������2QH�ZD\

WR�LPSURYH�WKH�TXDOLW\�RI�EHDQ�SRGV�LV�E\�VHWWLQJ�WKH

KDUYHVW� LQWHUYDO�� %HDQV� DUH� FRPPRQO\� KDUYHVWHG

ZKHQ�WKH�VHHGV�KDYH�QRW�IRUPHG�\HW��/RQJHU�KDUYHVW

LQWHUYDO�PD\�FDXVH�SUREOHPV��:KHQ�WKH�KDUYHVW�LV

ODWH��WKH�\LHOG�ZLOO�LQFUHDVH�EHFDXVH�RI�WKH�ZHLJKW�RI

SRGV� LQFUHDVHV�� EXW� LW� GRHV� QRW�PHHW� WKH�PDUNHW

TXDOLW\�VWDQGDUG��.XVXPL\DWL��������7KH�SRGV�DUH

QRW�PDUNHWDEOH�EHFDXVH�WKH�VHHGV�SURWUXGLQJ�WR�SRG

VXUIDFH��UHVXOWLQJ�LQ�EXPS\�SRG�VXUIDFH��'MXDULDK

�������(DUO\�KDUYHVW�FDQ�UHVXOW�LQ�D�EHWWHU�TXDOLW\�RI

EHDQV� EHFDXVH� WKH� VHHGV� KDYH� QRW� EHHQ� IRUPHG�

)RU�IDUPHUV��WKH�KDUYHVW�LQWHUYDO�VHHPV�QRW�SURILWDEOH

GXH�WR�ORZHU�ZHLJKW�SRGV�

7KH�DYDLODELOLW\�RI�QXWULHQWV�LQ�VRLO�ZLOO�VXSSRUW

IDVWHU� SODQW� JURZWK� DQG� DIIHFW� WKH� VSHHG� RI� SRG

IRUPDWLRQ�� *UDQXODU� RUJDQLF� IHUWLOL]HU� UHOHDVHV

QXWULHQWV�JUDGXDOO\�VR�WKDW� WKH�IHUWLOL]HU�ZLOO�PHHW

HYHU\�SKDVH�RI�SRG� IRUPDWLRQ��$SSO\LQJ�JUDQXODU

RUJDQLF� IHUWLOL]HU� LQ� KLJKHU� GRVHV�ZLOO� HQULFK� WKH

QXWULHQWV�LQ�WKH�VRLO�VR�WKDW�WKH�SRG�IRUPDWLRQ�RFFXUV

PRUH�UDSLGO\��7KH�SRGV�WKDW�DUH�IRUPHG�PRUH�UDSLGO\

ZRXOG� VSHHG�XS� WKH�KDUYHVW� WLPH�DQG�VKRUWHQ� WKH

KDUYHVW�LQWHUYDO��7KHUHIRUH��WKH�REMHFWLYHV�RI�VWXG\

ZHUH�WR�XQGHUVWDQG�WKH�HIIHFWV�RI�JUDQXODU�RUJDQLF

IHUWLOL]HU�GRVHV�DQG�KDUYHVW�LQWHUYDO�RQ�WKH�JURZWK�

\LHOG�� DQG� TXDOLW\� RI� EHDQV�� DQG� WR� NQRZ�ZKLFK

WUHDWPHQW�V��UHVXOW�LQ�JRRG�HIIHFWV�RQ�WKH�JURZWK�

\LHOG��DQG�TXDOLW\�RI�EHDQV�

0$7(5,$/6�$1'�0(7+2'6

([SHULPHQWDO� 6HWXS� DQG�'HVLJQ

$�ILHOG�H[SHULPHQW�ZDV�FDUULHG�RXW�DW�&LSDUDQMH

([SHULPHQWDO� )DUP�� )DFXOW\� RI�$JULFXOWXUH�

8QLYHUVLW\�RI�3DGMDGMDUDQ��-DWLQDQJRU��:HVW�-DYD��LQ

)HEUXDU\�WR�$SULO��������7KH�PDWHULDOV�DQG�WRROV�XVHG

LQ�WKH�H[SHULPHQW�LQFOXGH�EHDQ�FXOWLYDU�%DOLWVD���

JUDQXODU�RUJDQLF�IHUWLOL]HU������GRVHV� �����0J�KD�

��������GRVHV� ���0J�K���������GRVHV� �����0J�KD�

����DQRUJDQLF� IHUWLOL]HUV�FRQVLVWLQJ�RI�XUHD�����NJ

KD���� 63���� ���� NJ� KD���� DQG� .&O� ���� NJ� KD���

)XUDGDQ�SHVWLFLGH��&DUERIXUDQ���JLYHQ�RQ���DQG��

ZHHNV� DIWHU� SODQWLQJ��� 'HFLV� LQVHFWLFLGH

�'HOWDPHWKULQ��� KRHV�� ZDWHULQJ� WRROV�� KHLJKW

PHDVXULQJ�WRROV��YHUQLHU�FDOLSHU��GLJLWDO�VFDOH��VFLVVRUV�

URSH��RYHQ�DQG�ODERUDWRU\�HTXLSPHQWV�

7KH�H[SHULPHQW�ZDV�DUUDQJHG�LQ�D�UDQGRPL]HG

EORFN� GHVLJQ� �5%'�� ZLWK� ��� WUHDWPHQWV� DQG� �

UHSOLFDWLRQV��VR� WKHUH�ZHUH����H[SHULPHQWDO�XQLWV�

7KH�VL]H�RI�HDFK�SORW�ZDV���P�î���P��7KH�WUHDWPHQW

FRQVLVWHG�RI�IRXU�GRVHV�RI�JUDQXODU�RUJDQLF�IHUWLOL]HU

DV�PXFK�DV���NJ�KD����S��������NJ�KD����S���������NJ

KD����S����DQG������NJ�KD����S����7KH�EHDQV�LQ�HDFK

WUHDWPHQW�ZHUH�KDUYHVWHG�ZLWK�LQWHUYDO�RI�HYHU\��

GD\��L������GD\V��L����DQG���GD\V��L���

0HDVXUHPHQWV

0LFUR�FOLPDWH��DLU�KXPLGLW\��WHPSHUDWXUH�DQG

UDLQIDOO��ZKLFK�DIIHFWHG�WKH�JURZWK��\LHOG��DQG�TXDOLW\

RI� EHDQV� ZDV� PHDVXUHG� HYHU\� GD\� GXULQJ� WKH

H[SHULPHQW��7KH�VRLO�VDPSOHV�DQG�JUDQXOH�RUJDQLF

IHUWLOL]HU�ZHUH�WDNHQ�DQG�DQDO\]HG�LQ�WKH�EHJLQLQJ�RI

WKH� H[SHULPHQW��*URZWK� FRPSRQHQWV� �OHDI� DUHD�

VKRRW�URRW�UDWLR���\LHOG��ZHLJKW�RI�SRGV�SHU�SODQW��

DQG�JUDGLQJ�TXDOLW\�ZHUH�DOVR�PHDVXUHG�
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/HDI��$UHD

7KH� OHDI�DUHD�ZDV�PHDVXUHG�GXULQJ� WKH�ILQDO

YHJHWDWLYH�SKDVH�DW���ZHHNV�DIWHU�SODQWLQJ��:$3��

%HDQ�SODQWV�ZHUH� VDPSOHG�GHVWUXFWLYHO\�� WKHQ� WKH

ZKROH�OHDYHV�ZHUH�ZHLJKWHG��7HQ�KROHG�OHDYHV�IURP

HDFK�SODQW�VDPSOH�ZHUH�WDNHQ�XVLQJ�D�KROH�PDNHU

ZLWK�WKH�GLDPHWHU��U��RI�����FP��WKHQ�WKH�OHDYHV�ZHUH

ZHLJKWHG��$OO�WKH�OHDYHV�ZHUH�GULHG�LQ�WKH�RYHQ�IRU

��î����KRXUV�DW�WHPSHUDWXUH�RI���R&�XQWLO�FRQVWDQW

ZHLJKW� ZDV� REWDLQHG� �1XJURKR� DQG�<XOLDVPDUD

������� 7KH� OHDI� DUHD� DUH� FDOFXODWHG� XVLQJ� WKH

IROORZLQJ�IRUPXOD�

�
����U�[�

�J��SLHFHV�OHDI�RI�GU\�ZHLJKW�$YHUDJH

�J��VDPSOH�OHDI��ZKROHRI�'U\�ZHLJKW
��

�
�FP�$UHD�/HDI  

6KRRW�5RRW� 5DWLR

7KH�VKRRWV�DV�WKH�XSSHU�SDUW�RI�WKH�SODQW�FRQVLVW

RI�SRGV�� IORZHUV� �LI� DQ\��� OHDYHV�� DQG� VWHPV��7KH

VKRRWV�DQG�URRWV�ZHUH�VHSDUDWHG�DQG�WKHQ�GULHG�LQ

WKH�RYHQ�IRU���î����KRXUV�DW�WHPSHUDWXUH�RI���R&�WR

REWDLQ�D�FRQVWDQW�ZHLJKW��7KH�VKRRW�URRW�UDWLR�ZDV

FDOFXODWHG�XVLQJ�WKH�IROORZLQJ�IRUPXOD�

�J����URRWV�RI��'U\�ZHLJKW

�J���VKRRWV�RI��'U\�ZHLJKW
��5DWLR5RRW���6KRRW  

:HLJKW�RI�3RGV�SHU�3ODQW

3RGV�ZHUH�KDUYHVWHG�LQ�VHYHUDO�WLPHV��2QH�GD\

KDUYHVW� LQWHUYDO�PHDQV� WKH� SRGV�ZHUH� KDUYHVWHG

HYHU\�GD\����GD\V�KDUYHVW�LQWHUYDO�PHDQV�WKH�SRGV

ZHUH�KDUYHVWHG�HYHU\�WZR�GD\V��DQG���GD\V�KDUYHVW

LQWHUYDO�PHDQV�WKH�SRGV�ZHUH�KDUYHVWHG�HYHU\�WKUHH

GD\V��7KH�ZHLJKW�RI�SRGV�SHU�SODQW�ZDV�GHWHUPLQHG

E\�ZHLJKLQJ� WKH�WRWDO�\LHOG�RI�SRGV�RI�HDFK�SODQW

VDPSOH�IURP�WKH�ILUVW�KDUYHVW�WLOO�WKH�ODVW�KDUYHVW�

4XDOLW\� RI�%HDQV

+DUYHVWHG�EHDQV�ZHUH�VRUWHG�E\�GLYLGLQJ�EHDQV

LQWR� PDUNHWDEOH� DQG� QRQ�PDUNHWDEOH� SRGV�

0DUNHWDEOH�SRGV�FDQ�EH�VHHQ�IURP�YDULRXV�FULWHULD

VXFK� DV� VKDSH� DQG� SRG� GDPDJH� �7DEOH� ����$IWHU

VRUWLQJ��WKH�PDUNHWDEOH�SRGV�ZHUH�FDWHJRUL]HG�LQWR

WKUHH�JUDGHV��QDPHO\�JUDGH�$��%��DQG�&��*UDGLQJ

ZDV�EDVHG�RQ�VKDSH��ZHLJKW��OHQJWK��GLDPHWHU��FRORU�

DQG�SRG�GDPDJH��6RPH�FULWHULD�RI�JUDGLQJ�VXFK�DV

SRG�OHQJWK�DQG�SRG�GLDPHWHU�ZHUH�PHDVXUHG��7KH

OHQJWK�RI�WKH�SRG��FP��ZDV�PHDVXUHG�XVLQJ�D�WDSH

PHDVXUH�� 7KH� SRG� GLDPHWHU� �FP��ZDV�PHDVXUHG

XVLQJ�D�YHUQLHU�FDOLSHU� IURP� WKH� IURQW� VLGH� WR� WKH

EDFN�VLGH�RI�WKH�EHDQ�SRG��3RG�ZHLJKW��OHQJWK��DQG

GLDPHWHU� ZHUH� FROOHFWHG� IURP� WKH� GDWD� RI� HDFK

KDUYHVW�LQWHUYDO�

'DWD�$QDO\VLV

0HDVXUHPHQWV�ZHUH� FRQGXFWHG� RQ� OHDI� DUHD�

VKRRW�URRW� UDWLR�� WKH� SHUFHQWDJH� RI� SURGXFWLYH

EUDQFKHV��ZHLJKW�RI�SRGV�SHU�SODQW��WKH�SHUFHQWDJH

RI�PDUNHWDEOH�DQG�QRQ�PDUNHWDEOH�SRGV��WKH�OHQJWK

DQG�GLDPHWHU�RI�SRG��DQG� WKH�SHUFHQWDJH�RI�SRGV

EDVHG�RQ�JUDGH�$��%��DQG�&��7DEOH�����7KH�HIIHFWV

RI� WUHDWPHQWV�ZHUH� HYDOXDWHG� XVLQJ� )� WHVW� DW� ��

VLJQLILFDQFH� OHYHO� DQG� FRQWLQXHG�ZLWK�'XQFDQ¶V

0XOWLSOH� 5DQJH�7HVW� DW� ��� VLJQLILFDQFH� OHYHO� WR

H[DPLQH� WKH� GLIIHUHQFHV� RI� WKH� DYHUDJH� YDOXHV

DPRQJ�WKH�WUHDWPHQWV�

5(68/76�$1'�',6&866,21

*URZWK�&RPSRQHQWV

7KH� FKDUDFWHULVWLFV� RI� ,QFHSWLFRO� XVHG� LQ� WKH

FXUUHQW�VWXG\�DUH�ORZ�LQ�RUJDQLF�&����������WRWDO�1

���������.
�
2� �������PJ� ���� J����� .�GG� �����

FPRO����NJ�����1D�GG�������FPRO����NJ�����DQG�WKH

VRLO�WH[WXUH�FRQWDLQV�RI����VDQG������VLOW��DQG����

FOD\��7KH�XVH�RI�LQFHSWLVRO�DV�D�JURZLQJ�SODQW�PHGLXP

ZLWKRXW� DGGLQJ� IHUWLOL]HU� FDQ� FDXVH� OHVV� RSWLPDO

JURZWK� DQG� ORZ� SURGXFWLRQ� RI� EHDQ� SODQWV�

(YHQWKRXJK�WKH�OHDI�DUHD�RI�WKH�EHDQ�SODQWV�LQ�WKLV

VWXG\� GLG� QRW� VKRZ� DQ\� GLIIHUHQFHV� DPRQJ� WKH

WUHDWPHQWV�� KRZHYHU�� WKH� VKRRW�URRW� UDWLRV�ZHUH

GLIIHUHQW�DPRQJ�WKH�WUHDWPHQWV�

7KH� DEVHQFH� RI� WKH� HIIHFWV� RQ� WKH� OHDI� DUHD

FDQ�EH�GXH� WR� WKH�QXWULHQWV�FRQWDLQHG� LQ�JUDQXODU

RUJDQLF� IHUWLOL]HU�ZHUH� UHOHDVHG� VORZO\�� /LX� HW� DO

�������LQGLFDWHG�WKDW�VORZ�UHOHDVH�IHUWLOL]HU�FRQWDLQV

QXWULHQWV�LQ�WKH�IRUP�WKDW�PDNH�WKHP�XQDYDLODEOH��,W

WDNHV�WLPH�IRU�SODQWV�WR�WDNH�XS�WKH�QXWULHQWV�DIWHU

WKH�IHUWLOL]HU�KDV�EHHQ�DSSOLHG��,Q�DGGLWLRQ��WKH�OHDI

DUHD�LV�LQIOXHQFHG�E\�SODQW�JHQHWLFV�VR�WKH�DELOLW\�RI

WKH� SODQWV� WR� LQFUHDVH� WKH� OHDI� DUHD� LV� QRW� YLVLEOH

EHFDXVH�WKH�OHDI
V�RSWLPDO�DELOLW\�LV�OLPLWHG��7KH�OHDI

DUHD�PHDVXUHG�GXULQJ�WKH�H[SHULPHQW�DUH�SUHVHQWHG

LQ�7DEOH���

$QRWKHU� EHDQ� JURZWK� FRPSRQHQW� VXFK� DV

VKRRW�URRW�UDWLR�VKRZV�D�GLIIHUHQW� WUHQG�IURP�OHDI

DUHD��7DEOH�����7KH�DSSOLFDWLRQ�RI�JUDQXODU�RUJDQLF

IHUWLOL]HU�GXULQJ�WKH�H[SHULPHQW�VKRZHG�D�VLJQLILFDQW

HIIHFW�RQ�WKH�VKRRW�URRW�UDWLR��7KH�VRLO�DSSOLHG�ZLWK

���NJ�KD���JUDQXODU�RUJDQLF�IHUWLOL]HU�UHVXOWHG�LQ�WKH

KLJKHVW�VKRRW�URRW� UDWLR�FRPSDUHG� WR�RWKHU�GRVHV�

7KH�KLJKHVW�VKRRW�URRW�UDWLR�REWDLQHG�LQ�WKLV�VWXG\

ZDV�������



�� .XVXPL\DWL�HW�DO���<LHOG�RI�%HDQ�$SSOLHG�ZLWK�*UDQXODU�2UJDQLF�)HUWLOL]HU�DQG�+DUYHVW�,QWHUYDO

7KH� WUHDWPHQWV� DSSOLHG�ZLWK�PRUH� GRVHV� RI

JUDQXODU� RUJDQLF� IHUWLOL]HU� DOORZ� WKH� FRPSHWLWLRQ

DPRQJ�SODQWV�DQG�JUDQXODU�RUJDQLF�IHUWLOL]HU�JUDQXOHV

LQ� DEVRUELQJ�ZDWHU��2QH� RI� WKH� FKDUDFWHULVWLFV� RI

JUDQXODU�RUJDQLF�IHUWLOL]HU�LV�JUDQXOH�PDWHULDO�DELOLW\

WR�DEVRUE�DQG�ELQG�ZDWHU�IURP�VRLO��7KH�PRUH�GRVHV

RI�JUDQXODU�RUJDQLF�IHUWLOL]HU�DSSOLHG��WKH�DPRXQW�DQG

GLVWULEXWLRQ�RI�JUDQXODU�RUJDQLF�IHUWLOL]HU�JUDQXOH�LQ

WKH�VRLO�ZLOO�LQFUHDVH�VR�WKDW�WKH�ZDWHU�KROG�E\�WKH

JUDQXODU�RUJDQLF�IHUWLOL]HU�ZLOO�DOVR�LQFUHDVH��7KLV

ZLOO�FDXVH�WKH�ZDWHU�SRWHQWLDO�RI�WKH�VRLO�ZLOO�EH�ORZ

DQG�ZLOO�DIIHFW�ZDWHU�DEVRUSWLRQ�E\�WKH�URRWV��7KH

URRWV�ZLOO�JURZ�PRUH�UDSLGO\�LQ�WKH�VRLO�WR�VHDUFK�IRU

ZDWHU�XQWLO� WKH�VKRRWV�EHFRPH� VPDOOHU�GXH� WR� WKH

SKRWRV\QWKDWH� SURGXFHG� E\� WKH� SODQW� ZLOO� EH

WUDQVSRUWHG�PRUH�WR�WKH�URRWV�

7KH�VKRRW�URRW�UDWLR�LQGLFDWHV�WKH�GLUHFWLRQ�RI

WUDQVSRUW�DQG�DOORFDWLRQ�RI�SKRWRDVVLPLODWHV�SURGXFHG

E\�SODQWV��$FFRUGLQJ�WR�)DJHULD�DQG�0RUHLUD��������

ODFN�RI�ZDWHU�DQG�QXWULHQWV�OHDGV�WR�SKRWRV\QWKDWHV

GLUHFWHG�WRZDUG�WKH�URRWV�VR�WKH�URRWV�FDQ�JURZ�PRUH

ZLGHO\�WR�ILQG�ZDWHU�DQG�QXWULHQWV��7KHUHIRUH��WKH

GHFUHDVH� RI� GRVHV� RI� JUDQXODU� RUJDQLF� IHUWLOL]HU

DSSOLHG� WR� WKH� VRLO� UHVXOWHG� WKH� GHFUHDVH� RI� WKH

VKRRW�URRW�UDWLR�

<LHOG�&RPSRQHQWV

%HDQ�SODQW�LV�D�GHWHUPLQDWH�SODQW�WKDW�ZLOO�QRW

H[SHULHQFH� WKH� VHFRQG� YHJHWDWLYH� SKDVH� DIWHU� WKH

JHQHUDWLYH�SKDVH��%HDQ�IORZHUV�HPHUJH�DW�WKH�HQG

RI� WKH�SODQW�EUDQFKHV��/DWHU� WKH� IORZHUV�ZLOO� WXUQ

LQWR�EHDQ�SRGV��1RW�DOO�EUDQFKHV�SURGXFH�IORZHUV

DQG�QRW�DOO�IORZHUV�IRUP�SRGV��7KH�UHVXOWV�RI�DQDO\VLV

RI�YDULDQFH�VKRZHG�WKDW�WKH�WUHDWPHQWV�VLJQLILFDQWO\

DIIHFW�SHUFHQWDJH�RI�SURGXFWLYH�EUDQFKHV��7DEOH����

7KH�UHVXOWV�RI�WKLV�VWXG\�DUH�LQ�DFFRUGDQFH�ZLWK�WKH

VWXG\�RI�2OIDWL�HW�DO�� �������ZKLFK�VWDWHV�WKDW� WKH

OHYHO�RI�RUJDQLF�IHUWLOL]HU�DSSOLHG�FDQ�LQFUHDVH�WKH

QXPEHU�RI�EUDQFKHV�SHU�EHDQ�SODQW�

(DFK�WUHDWPHQW�RI�DGGLWLRQ�RI�JUDQXODU�RUJDQLF

IHUWLOL]HU�UHVXOWV�LQ�KLJKHU�SHUFHQWDJH�RI�SURGXFWLYH

EUDQFKHV� WKDQ� WKDW�ZLWKRXW� DGGLWLRQ� RI� JUDQXODU

RUJDQLF� IHUWLOL]HU��$GGLWLRQ� RI� JUDQXODU� RUJDQLF

IHUWLOL]HU�HQKDQFHV�QXWULHQWV� LQ�WKH�VRLO� WR�VXSSRUW

SODQW� JURZWK� LQ� WKH� EHJLQQLQJ� RI� WKH� JHQHUDWLYH

SKDVH��*UDQXODU�RUJDQLF�IHUWLOL]HU�XVHG�LQ�WKLV�VWXG\

KDV�D�TXLWH�KLJK�RUJDQLF�&�FRQWHQW��L�H��DERXW����

ZLWK�3�WRWDO�DQG�.�WRWDO�RI����HDFK��7DEOH�����+LJK

RUJDQLF� FDUERQ� FRQWHQW� LV� D� VRXUFH� RI� IRRG� IRU

PLFUREHV�LQ�WKH�VRLO��7KH�KLJK�DPRXQW�RI�RUJDQLF

IHUWLOL]HU�DGGHG�WR�WKH�VRLO�DOORZV�WKH�SRSXODWLRQ�RI

V\PELRWLF�PLFUREHV�LQFUHDVH�

7KH� LQFUHDVH� RI� WKH� QXPEHU� RI� SURGXFWLYH

EUDQFKHV�GRHV�QRW�QHFHVVDULO\�LQFUHDVH�WKH�ZHLJKW

RI�KDUYHVWHG�SRGV�SHU�SODQW��7KH�UHVXOWV�RI�DQDO\VLV

RI�YDULDQFH�LQGLFDWH�WKDW�JUDQXODU�RUJDQLF�IHUWLOL]HU

GRVHV� DQG� KDUYHVW� LQWHUYDOV� VKRZ� QR� VLJQLILFDQW

HIIHFW�RQ�WKH�ZHLJKW�RI�SRGV�SHU�SODQW��7DEOH�����$Q

LPSRUWDQW�QXWULHQW�WKDW�SOD\V�D�UROH�LQ�WKH�IRUPDWLRQ

DQG�ILOOLQJ�RI�SRGV�LV�SKRVSKRUXV��6RHSDUGL�������

8SRQ� HQWHULQJ� WKH� JHQHUDWLYH� SKDVH� GXULQJ� WKH

H[SHULPHQW��WKH�UDLQIDOO�LQFUHDVHG��%DVHG�RQ�WKH�GDWD

REWDLQHG��UDLQIDOO�IURP�)HEUXDU\�WR�$SULO������ZDV

����PP��������PP��DQG�������PP��UHSHFWLYHO\��RU

����PP� SHU�PRQWK� RQ� DYHUDJH��PHDQZKLOH� WKH

DPRXQW�RI�UDLQIDOO�QHHGHG�E\�EHDQ�SODQWV�LV�DERXW

��������PP�SHU�PRQWK��/DNLWDQ��������+LJK�UDLQIDOO

FDQ�OHDG�WR�SKRVSKRUXV�OHDFKLQJ��;XH�HW�DO��������

7DEOH����7KH�HIIHFW�RI�JUDQXODU�RUJDQLF�IHUWLOL]HU�GRVHV�DQG�KDUYHVW�LQWHU�

YDOV�RQ�EHDQ�JURZWK�FRPSRQHQWV�

� 7UHDWPHQWV� /HDI�$UHD��FP
�
�� 6KRRW�5RRW�5DWLR�

��NJ�KD������GD\��� � ������� �����DEF� �

��NJ�KD
��
����GD\V� � ������� ����DE� �

��NJ�KD������GD\V� � ������� ����DE� �

���NJ�KD
��
����GD\��� � ������� �����FG� �

���NJ�KD������GD\V� � ������� �����G� �

���NJ�KD
��
����GD\V� � ������� �����EFG� �

����NJ�KD
��
����GD\� � ������� ����D� �

����NJ�KD
��
����GD\V� � ������� ����DEF� �

����NJ�KD
��
����GD\V� � ������� ����D� �

����NJ�KD
��
����GD\� � ������� ������DEFG� �

����NJ�KD
��
����GD\V� � ������� ������DEFG� �

����NJ�KD
��
����GD\V� � ������� ������DEFG� �

1RWH��7KH�QXPEHUV�IROORZHG�E\�WKH�VDPH�OHWWHUV�LQ�WKH�VDPH�FROXPQ�VKRZ�QR�VLJQLILFDQW

GLIIHUHQFHV��ZKLOH� WKH� QXPEHUV� IROORZHG� E\� GLIIHUHQW� OHWWHUV� VKRZ� VLJQLILFDQW

GLIIHUHQFHV�DFFRUGLQJ�WR�'XQFDQ¶V�0XOWLSOH�5DQJH�7HVW�DW����VLJQLILFDQFH�OHYHO�

�

�



��-�7URS�6RLOV��9RO������1R����������������

4XDOLW\�&RPSRQHQWV

+DUYHVWHG� EHDQV� IURP� HDFK� WUHDWPHQW� ZHQW

WKURXJK�WKH�VRUWLQJ�DQG�JUDGLQJ�VWDJH��6RUWLQJ�ZDV

GRQH�E\�GLYLGLQJ�EHDQV�LQWR�PDUNHWDEOH�DQG�QRQ�

PDUNHWDEOH� SRGV��$IWHU� VRUWLQJ��PDUNHWDEOH� SRGV

ZHUH� WKHQ� FDWHJRUL]HG� LQWR� WKUHH� JUDGHV�� QDPHO\

JUDGH�$��%��DQG�&��*UDGLQJ�ZDV�EDVHG�RQ�VKDSH�

ZHLJKW�� OHQJWK�� GLDPHWHU�� FRORU�� DQG� SRG� GDPDJH

�7DEOH����

7KH�UHVXOWV�VKRZ�WKDW�WKHUH�LV�QR�VLJQLILFDQW�HIIHFW

RI�WUHDWPHQWV�RQ�WKH�SHUFHQWDJH�RI�PDUNHWDEOH�DQG

QRQ�PDUNHWDEOH�SRGV��7DEOH�����7KH�DEVHQFH�RI�WKH

HIIHFW�RI�JUDQXODU�RUJDQLF�IHUWLOL]HU�DQG�KDUYHVW�LQWHUYDO

FDQ�EH�GXH�WR�XQVXLWDEOH�HQYLURQPHQWDO�FRQGLWLRQV�

'XULQJ�WKH�H[SHULPHQW��WKH�DYHUDJH�DLU�KXPLGLW\�ZDV

��������,W�FDQ�KDPSHU�WKH�JURZWK�DQG�SRG�IRUPDWLRQ

VR�WKH�TXDOLW\�RI�SRGV�GHFOLQHV��(OLVD��������LQGLFDWHG

WKDW� KLJK� KXPLGLW\�ZLOO� KDPSHU� URRWV� WR� DEVRUE

QXWULHQWV���7KH�DLU�WHPSHUDWXUH�GXULQJ�WKH�H[SHLPHQW

ZDV������R&�WR������R&�ZKLFK�LV�VXLWDEOH�HQRXJK�IRU

EHDQ�SODQWV��6XPSHQD�DQG�<XVGDU�������

,Q� DGGLWLRQ�� WKH� WUHDWPHQWV� DSSOLHG� GLG� QRW

VLJQLILFDQWO\�DIIHFW��WKH�OHQJWK�DQG�GLDPHWHU�RI�EHDQ

SRGV��7KH�GDWD�SUHVHQWHG�LQ�7DEOH���VKRZ�WKDW�LQ�DOO

WUHDWPHQWV�WKH�SRG�OHQJWKV�DQG�GLDPHWHUV�DUH�VPDOOHU

7DEOH� ���7KH� HIIHFW� RI� JUDQXODU� RUJDQLF� IHUWLOL]HU

GRVHV�DQG�KDUYHVW�LQWHUYDOV�RQ�EHDQ�\LHOG

FRPSRQHQWV�

1RWH��7KH�QXPEHUV�IROORZHG�E\�WKH�VDPH�OHWWHUV�LQ�WKH�VDPH

FROXPQ� VKRZ� QR� VLJQLILFDQW� GLIIHUHQFHV�� ZKLOH� WKH

QXPEHUV�IROORZHG�E\�GLIIHUHQW�OHWWHUV�VKRZ�VLJQLILFDQW

GLIIHUHQFHV�DFFRUGLQJ�WR�'XQFDQ¶V�0XOWLSOH�5DQJH�7HVW

DW����VLJQLILFDQFH�OHYHO�

7DEOH� ��� &KDUDFWHULVWLFV� RI� JUDQXODU� RUJDQLF

IHUWLOL]HU�

3DUDPHWHU�
*UDQXODU�2UJDQLF�

)HUWLOL]HU
�

S+� �����

:DWHU�FRQWHQW� �������

&�2UJDQLF� �������

1�7RWDO� ���

3�7RWDO� ���

.�7RWDO� ���

)H� �����SSP�

&R� ���SSP�

=Q� �����SSP�

0Q� �����SSP�

&X� �����SSP�

%� �����SSP�

0R� �������SSP�

� 1RWH��'DWD�REWDLQHG�IURP�6XSHU�76�����SURGXFW�SDFNDJLQJ

37�$JUR�7DQL�0DULVL��������

7DEOH����4XDOLW\�FULWHULD�RI�PDUNHWDEOH��*UDGH�$��%��&��DQG�XQPDUNHWDEOH�EHDQV
�

&ULWHULD� *UDGH�$� *UDGH�%� *UDGH�&� 8QPDUNHWDEOH��

6KDSH� 6WUDLJKW� 6WUDLJKW� 6WUDLJKW�RU�OHVV�WKDQ����

EHQG�

1R�V\PPHWULF��1R�

VWUDLJKW��EHQG��

&RORU� *UHHQ�SDOH� *UHHQ�SDOH� *UHHQ�SDOH� 1RW�VHOHFWLYH�LQ�

*UDGH�$��%��&�

'DPDJH�� 1R�SK\VLFDO��

PHFKDQLFDO��DQG�

ELRORJLFDO�GDPDJH�

1R�SK\VLFDO��

PHFKDQLFDO��DQG�

ELRORJLFDO�GDPDJH�

1R�ELRORJLFDO�GDPDJH�

3K\VLFDO�	�PHFKDQLFDO�

GDPDJH�OHVV�WKDQ����

1RW�VHOHFWLYH�LQ�

*UDGH�$��%��&�

6HHG� 1RW�IRUPHG�\HW� 1RW�IRUPHG�\HW� 6PDOO�VHHG�IRUPHG� VHHG�IRUPHG�

3RG�/HQJKW� �����FP� ������FP� ������FP�RU�������FP� 1RW�VHOHFWLYH�LQ�

*UDGH�$��%��&�

3RG�GLDPHWHU� ��������FP� ��������FP�� ��������FP�RU���������FP� 1RW�VHOHFWLYH�LQ�

*UDGH�$��%��&�

3RG�ZHLJKW� ����J� ����J� ����J�RU����J� 1RW�VHOHFWLYH�LQ�

*UDGH�$��%��&�

�
3HUVRQDO�FRPPXQLFDWLRQ�WR�%LPDQGLUL�$JUR�6HGD\D��������

7UHDWPHQWV�
3URGXFWLYH�

%UDQFKHV�����

:HLJKW�RI�SRG�

SHU�SODQW��J��

��NJ�KD
��
����GD\��� ������DE� ������

��NJ�KD������GD\V� �������D� ������

��NJ�KD
��
����GD\V� �������D� ������

���NJ�KD
��
����GD\��� ������EF� ������

���NJ�KD
��
����GD\V� ������EF� ������

���NJ�KD
��
����GD\V� ������EF� ������

����NJ�KD
��
����GD\� ������FG� ������

����NJ�KD
��
����GD\V� ������FG� ������

����NJ�KD
��
����GD\V� ������FG� ������

����NJ�KD
��
����GD\� �������G� ������

����NJ�KD
��
����GD\V� ������FG� ������

����NJ�KD
��
����GD\V� ������FG� ������

9DOXH



�� .XVXPL\DWL�HW�DO���<LHOG�RI�%HDQ�$SSOLHG�ZLWK�*UDQXODU�2UJDQLF�)HUWLOL]HU�DQG�+DUYHVW�,QWHUYDO

WKDQ�WKH�WKH�SRG�OHQJWK�DQG�GLDPHWHU�RI�EHDQ�YDULHW\

RI�%DOLWVD����OHQJWK�������FP��GLDPHWHU���������FP��

'XULQJ�WKH�H[SHULPHQW��WKH�IRUPDWLRQ�RI�SRGV�ZDV

LQKLELWHG�EHFDXVH�RI�WKH�KLJK�KXPLGLW\�DQG�KHDY\

UDLQIDOO�WKDW�OHDG�WR�QXWULHQW�OHDFKLQJ��%HVLGHV��WKH

SUHVHQFH�RI�SHVW�PLJKW�FDXVH�WKH�VXSSO\�RI�QXWULHQWV

DEVRUEHG�E\�SODQWV�LQ�HDFK�WUHDWPHQW�ZDV�LQKLELWHG�

6HHG� IO\� DWWDFNHG� EHDQ� VWHPV� DQG� IXUWKHU� FDXVHG

WKH�VXSSO\�RI�QXWULHQWV�IURP�WKH�URRWV�WR�WKH�SRGV

ZDV�LQKLELWHG�

7KH� VHFRQG� IDFWRU� DIIHFWLQJ� WKH� OHQJWK� DQG

GLDPHWHU� RI� SRGV� LV� WKH� JHQHWLF� RI� SODQWV� LWVHOI�

$FFRUGLQJ�WR�VWXG\�RI�5DFKPDGKDQL�HW�DO���������

SRG� OHQJWK� DQG� GLDPHWHU� RI� EHDQV� DSSOLHG�ZLWK

RUJDQLF� IHUWLOL]HU�GLG�QRW� VKRZ�VLJQLILFDQW� UHVXOWV

EHFDXVH� WKH� LQIOXHQFH� RI� SODQW� JHQHWLF� LV�PRUH

GRPLQDQW��7KH�VDPH�UHVXOW�ZDV�DOVR�GHPRQVWUDWHG

LQ�WKH�VWXG\�RI�%DVKLU�HW�DO����������ZKLFK�VKRZHG

WKDW�WKH�OHQJWK�DQG�GLDPHWHU�RI�EHDQ�SRGV�ZHUH�QRW

DIIHFWHG�E\�QXWULHQW�DGGLWLRQ��EXW�VLJQLILFDQW�HIIHFWV

RI� QXWULHQW� DGGLWLRQ�ZHUH� REVHUYHG� IRU� GLIIHUHQW

FXOWLYDUV�RI�EHDQ�SODQWV���LQGLFDWLQJ�WKDW�WKH�OHQJWK

DQG�GLDPHWHU�RI�SRGV�ZLOO�YDU\�GHSHQGLQJ�RQ� WKH

W\SHV�RI�EHDQV�

7KH�UHVXOWV�RI�DQDO\VLV�RI�YDULDQFH�VKRZ�WKDW

JUDQXODU�RUJDQLF�IHUWLOL]HU�GRVHV�DQG�KDUYHVW�LQWHUYDOV

7DEOH����7KH�HIIHFW�RI�JUDQXODU�RUJDQLF�IHUWLOL]HU�GRVHV�DQG�KDUYHVW�LQWHUYDOV�RQ�EHDQ�TXDOLW\

FRPSRQHQWV�

7UHDWPHQWV�

3RG�3HUFHQWDJH�����

0DUNHWDEOH�
1RQ�

PDUNHWDEOH�
*UDGH�$� *UDGH�%� *UDGH�&�

��NJ�KD
��
����GD\��� ������ ������ ����� � ������DEF� ������EF�

��NJ�KD������GD\V� ������ ������ ����� � ������EF� ������DEF�

��NJ�KD
��
����GD\V� ������ ������ ����� � ������DEF� ������DEF�

���NJ�KD
��
����GD\��� ������ ������ ����� � ������DEF� ������EF�

���NJ�KD
��
����GD\V� ������ ������ ����� � ������D� ������EF�

���NJ�KD
��
����GD\V� ������ ������ ����� � ������DE� ������EF�

����NJ�KD������GD\� ������ ������ ����� � ������DEF� ������DEF�

����NJ�KD
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7DEOH����7KH�HIIHFW�RI�JUDQXODU�RUJDQLF�IHUWLOL]HU�GRVHV�DQG�KDUYHVW

LQWHUYDOV�WR�WKH�OHQJWK�DQG�GLDPHWHU�RI�EHDQ�SRGV�

7UHDWPHQWV� 3RG�'LDPHWHU��FP�� 3RG�/HQJKW��FP��
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��-�7URS�6RLOV��9RO������1R����������������

GLG�QRW�VKRZ�DQ\�VLJQLILFDQW�HIIHFWV�RQ�WKH�TXDOLW\

RI� *UDGH�$�� ZKHUHDV� LQ� *UDGH� %� DQG� &� HDFK

WUHDWPHQW�VLJQLILFDQWO\�DIIHFWV��7DEOH���VKRZV�WKDW

WKH�WUHDWPHQW�RI�����NJ�KD���JUDQXODU�RUJDQLF�IHUWLOL]HU

DQG�WKH�KDUYHVW�LQWHUYDO�RI���GD\V�UHVXOW�LQ�WKH�KLJKHVW

SHUFHQWDJH� RI� JUDGH� %� SRGV� DQG� WKH� ORZHVW

SHUFHQWDJH� RI� JUDGH� &� SRGV� FRPSDUHG� WR� RWKHU

WUHDWPHQWV��7KLV�UHVXOW�VKRZV�WKDW�WKH�KLJKHU�GRVH

RI�JUDQXODU�RUJDQLF�IHUWLOL]HU�DSSOLHG��WKH�EHWWHU�SRG

TXDOLW\�ZLOO�EH�SURGXFHG��7KH�KDUYHVW�LQWHUYDO�RI��

GD\V�FDXVHV�WKH�KDUYHVWHG�SRGV�KDYH�DFFXPXODWHG

WKH�RSWLPDO�DPRXQWV�RI�SKRWRV\QWKDWHV��7KH�XVH�RI

���� NJ� KD��� JUDQXODU� RUJDQLF� IHUWLOL]HU� VXSSOLHV

UHODWLYHO\� KLJKHU� DPRXQWV� RI� QXWULHQWV� �7DEOH� ���

RSWLPL]LQJ� WKH� HQHUJ\� IRUPDWLRQ� LQ� SODQWV� DQG

GLVWULEXWLQJ�SKRWRV\QWKDWHV�LQWR�WKH�SRGV�

6ORZ�UHOHDVH�FKDUDFWHULVWLF�RI�JUDQXODU�RUJDQLF

IHUWLOL]HU�GLVWULEXWHV�QXWULHQWV�LQWR�WKH�SODQW�VORZO\�

VR�WKH�SHULRG�RI�SRG�IRUPDWLRQ�DQG�GHYHORSPHQW�LV

UHODWLYHO\�ORQJHU��+DUYHVW�LQWHUYDO�RI���GD\V�LV�WKH

PRVW�RSWLPDO�WUHDWPHQW�RI�WKH�DGGLWLRQ�RI�JUDQXODU

RUJDQLF� IHUWLOL]HU� EHFDXVH� DW� LQWHUYDO� RI� �� GD\

SKRWRV\QWKDWH�DFFXPXODWLRQ�RQ�SRGV�LV�QRW�RSWLPDO

VR�WKH�SRGV�DUH�VPDOOHU��ZKLOH�DW�LQWHUYDO�RI���GD\V

WKH�VHHGV�LQ�WKH�SRGV�DUH�DOUHDG\�IRUPHG�DQG�JURZQ

�DV�VHHQ�IURP�WKH�GLDPHWHU�DQG�OHQJWK�RI�SRGV��

&21&/86,216

7KH� GRVHV� RI� RUJDQLF� IHUWLOL]HU� JUDQXOHV� DQG

KDUYHVW� LQWHUYDOV� DIIHFWHG� WKH� JURZWK� FRPSRQHQW

�L�H��VKRRW�URRW�UDWLR���\LHOG�FRPSRQHQW��SHUFHQWDJH

RI� SURGXFWLYH� EUDQFKHV�� DQG� TXDOLW\� FRPSRQHQW

�SHUFHQWDJH�RI�JUDGH�%�DQG�&��RI�EHDQV�JURZQ�RQ

,QFHSWLVRO�IURP�-DWLQDQJRU��:HVW�-DYD�

7KH�DSSOLFDWLRQ�RI�����NJ�KD���JUDQXODU�RUJDQLF

IHUWLOL]HU�DQG�KDUYHVW�LQWHUYDO�RI���GD\V�UHVXOWHG�LQ

VKRRW�URRW�UDWLR�RI��������SHUFHQWDJH�RI�SURGXFWLYH

EUDQFKHV�RI���������WKH�KLJK�SHUFHQWDJH�RI�JUDGH

%�SRGV��L�H���������DQG�WKH�ORZ�SHUFHQWDJH�RI�JUDGH

&�SRGV��L�H����������

$&.12:/('*(0(176

:H�ZRXOG�OLNH�WR�WKDQN�WR�WKH�SURMHFW�PHPEHUV

ZKR�KDYH�DVVLVWHG� WKH�DXWKRUV� IRU� FRQGXFWLQJ� WKH

UHVHDUFK�

5()(5(1&(6

$GDP\��,EUDKLP��+XVQDLQ�DQG�5RVPLPLN��������3HQJDUXK

SXSXN�RUJDQLN� GDUL� EHUEDJDL� VXPEHU� EDKDQ� EDNX

WHUKDGDS�SHUWXPEXKDQ�MDJXQJ��=HD�PD\V�/����%DODL

3HQHOLWDQ� 7DQDK�� %DGDQ� 3HQHOLWLDQ� GDQ

3HQJHPEDQJDQ�3HUWDQLDQ��%RJRU���LQ�,QGRQHVLDQ��

%DVKLU�.��6�$OL�DQG�$�8PDLU��������(IIHFW�RI�GLIIHUHQW

SKRVSKRUXV� OHYHOV�RQ�[\OHP�VDS�FRPSRQHQWV�DQG

WKHLU�FRUUHODWLRQ�ZLWK�JURZWK�YDULDEOHV�RI�PDVK�EHDQ�

6DUKDG�-�$JULF�������������

%URWRGMRMR�555�DQG�'�$UELZDWL��������$SSOLFDWLRQ�RI

JUDQXODU�RUJDQLF�IHUWLOL]HU�WR�LPSURYH�\LHOG�RI�UHG

RQLRQ��,-$$((����������

&KDOLPDK�6�DQG�:�6XODLPDQ��������8ML�SRWHQVL�KDVLO�SURGXNVL

SXSXN� RUJDQLN� JUDQXO� OLPEDK� ELRJDV� WHUKDGDS

SHUWXPEXKDQ� WDQDPDQ� WRPDW� �6RODQXP

O\FRSHUVLFXP���8QLYHUVLW\�5HVHDUFK�&ROORTXLXP������

�LQ�,QGRQHVLDQ��

'MXDULDK�'�� ������ %XGLGD\D�%XQFLV�� %DODL� 3HQHOLWLDQ

7DQDPDQ�6D\XUDQ��%DQGXQJ���LQ�,QGRQHVLDQ�

(OLVD�� ������ )DNWRU� /LQJNXQJDQ� 7XPEXK� 7DQDPDQ�

8QLYHUVLWDV� *DGMDK� 0DGD�� <RJ\DNDUWD� � �LQ

,QGRQHVLDQ��

)DJHULD�1.�DQG�$�0RUHLUD��������7KH�5ROH�RI�0LQHUDO

1XWULWLRQ�RQ�5RRW�*URZWK�RI�&URS�3ODQWV��,Q��'/

6SDUNV� �HGV���$GYDQFHV� LQ�$JURQRP\��$FDGHPLF

3UHVV��%XUOLQJWRQ��SS����������

)HOHDIHO�01�DQG�=0�0LUGDG��������,QIOXHQFH�RI�RUJDQLF

QLWURJHQ� RQ� WKH� EHDQ� JURZQ� LQ� VDQG\� VRLO�� ,QW� -

$JULF�%LRO�����������

+DEL�0/��������SHQJDUXK�DSOLNDVL�NRPSRV�JUDQXO�HOD�VDJX

GLSHUND\D�SXSXN�SRQVND�WHUKDGDS�VLIDW�ILVLN�WDQDK�

%LRSHQGL[��������������LQ�,QGRQHVLDQ��

.XVXPL\DWL��������3HQDQJDQDQ�3DVFD�3DQHQ�GDQ�.ULWHULD

.XDOLWDV�%XDK�GDQ�6D\XU�GL�,QGRQHVLD��8QSDG�3UHVV�

SS����������LQ�,QGRQHVLDQ��

/DNLWDQ�%��������'DVDU�GDVDU�.OLPDWRORJL��-DNDUWD��37��5DMD

*UDILQGR�3HUVDGD���LQ�,QGRQHVLDQ��

/HQJNRQJ� -(� DQG�5,�.DZXOXVDQ�� ������ 3HQJHORODDQ

%DKDQ�2UJDQLN� 8QWXN�0HPHOLKDUD� .HVXEXUDQ

7DQDK��6RLO�(QYLURQ����������

/LX�*��/�=RWDUHOOL��<�/L��'�'LQNLQV��4�:DQJ�DQG�0�2]RUHV�

+DPSWRQ�� ������ &RQWUROOHG�5HOHDVH� DQG� 6ORZ�

5HOHDVH�)HUWLOL]HUV�DV�1XWULHQW�0DQDJHPHQW�7RROV�

8)�,)$6�([WHQVLRQ��8QLYHUVLW\�RI�)ORULGD�

1XJURKR�.:� DQG� )�<XOLDVPDUD�� ������ 3HQJJXQDDQ

PHWRGH� VFDQQLQJ� XQWXN� SHQJXNXUDQ� OXDV� GDXQ

NDNDR��:DUWD� SXVDW� SHQHOLWLDQ� NRSL� GDQ� NDNDR

,QGRQHVLD�����������LQ�,QGRQHVLDQ��

2OIDWL�-$��6$�.KDVPDNKL�6DEHW��+�6KDEDQL�DQG�*�3H\YDVW�

������$OWHUQDWLYH�RUJDQLF�IHUWLOL]HU�WR�FRZ�PDQXUH

IRU�IUHQFK�GZDUI�EHDQ�SURGXFWLRQ��,QWHU�-�9HJHWDEOH

6FL���������

3XVDW�'DWD�GDQ�6LVWHP�,QIRUPDVL�3HUWDQLDQ��������6WDWLVWLN

.RQVXPVL� 3DQJDQ� ������.HPHQWHULDQ� 3HUWDQLDQ

,QGRQHVLD��-DNDUWD��SS������LQ�,QGRQHVLDQ��

5DFKPDGKDQL�1:��.�.RHVULKDUWL�DQG�0�6DQWRVR�������

3HQJDUXK� SXSXN� RUJDQLN� GDQ� SXSXN� DQRUJDQLN

WHUKDGDS� SHUWXPEXKDQ� GDQ� KDVLO� WDQDPDQ�EXQFLV

WHJDN��3KDVHROXV�YXOJDULV�/���-�3URGXNVL�7DQDPDQ

�������������LQ�,QGRQHVLDQ��

6DOLVEXU\�)%�DQG�&:�5RVV��������)LVLRORJL�7XPEXKDQ�

7HUMHPDKDQ�'LDK� 5�� /XNPDQ� GDQ� 6XPDU\RQR�

%DQGXQJ��3HQHUELW�,7%��LQ�,QGRQHVLDQ��
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6XPSHQD�8�DQG�<�+LOPDQ��������3HQJDUXK�SHPDQJNDVDQ

SXFXN�WHUKDGDS�KDVLO�GDQ�NXDOLWDV�EHQLK�OLPD�NXOWLYDU

EXQFLV�WHJDN��-�+RUW�������������LQ�,QGRQHVLDQ��

7DELWD��$3�6XMDOX�DQG�0�1DSLWXSXOX��������3HQJDUXK

SXSXN� RUJDQLN� JUDQXO� GDQ� SXSXN� XUHD� WHUKDGDS

SHUWXPEXKDQ�ELELW�NDUHW��+HYHD�EUDVLOLHQVLV�0XHOO�

$UJ���2NXODVL��-�$JULIRU��������������LQ�,QGRQHVLDQ��

6RHSDUGL�*��������6LIDW�GDQ�&LUL�7DQDK��%DJLDQ�,OPX

7DQDK��)DNXOWDV�3HUWDQLDQ�,QVWLWXW�3HUWDQLDQ�%RJRU�

�LQ�,QGRQHVLDQ��

7ULZXODQLQJUXP�:�� ������ 3HQJDUXK� SHPEHULDQ� SXSXN

NDQGDQJ�VDSL�GDQ�SXSXN�IRVIRU�WHUKDGDS�SHUWXPEXKDQ

GDQ�KDVLO� EXQFLV� WHJDN� �3KDVHROXV� YXOJDULV� /��� -

,OPLDK�3HUWDQLDQ����������������LQ�,QGRQHVLDQ�

;XH��4<��3%�'DL��'6�6XQ��&/�6XQ��/<�4L��$�2VWHUPDQQ��<

+H�DQG�;<�/LQ��������(IIHFWV�RI�UDLQIDOO�DQG�PDQXUH

DSSOLFDWLRQ� RQ� SKRVSKRUXV� OHDFKLQJ� LQ� ILHOG

O\VLPHWHUV�GXULQJ�IDOORZ�VHDVRQ��-�6RLOV�6HGLPHQWV
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