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7KH� DFLGLW\� DQG� RUJDQROHSWLF� FKDUDFWHULVWLFV� RI� YLUJLQ� ROLYH� RLO� SURGXFHG� LQ� 6ORYHQLDQ� ,VWUD� ZHUH� VWXGLHG�� 7KH
DFLGLW\�RI������� VDPSOHV�RI� YLUJLQ�ROLYH�RLOV�ZDV�GHWHUPLQHG� IRU� WKH�����������SHULRG������ VDPSOHV� SURGXFHG� LQ
FURS�\HDU�����������ZLWK�DFLGLW\�EHORZ�������Z�Z��DQG�����VDPSOHV�RI�FURS�\HDU�����������ZHUH�VHQVRU\�HYDOX�
DWHG��$FFRUGLQJ�WR�VHQVRU\�HYDOXDWLRQ�LQ�FURS�\HDU����������������RXW�RI�����VDPSOHV�ZHUH�FODVVLILHG�DV�H[WUD�YLUJLQ
ROLYH�RLOV��ZKLOH���VDPSOHV�GLG�QRW�UHDFK�WKH�VSHFLILHG�UHTXLUHPHQWV��,Q�FURS�\HDU������������LW�ZDV�HVWDEOLVKHG�WKDW
������RI� WKH�DQDO\VHG� VDPSOHV�FRPSOLHG�ZLWK�H[WUD� YLUJLQ�FDWHJRU\��������ZLWK� YLUJLQ� DQG������ZLWK� ODPSDQWH�
7LPH� RI� KDUYHVW�� VWRUDJH� FRQGLWLRQV� EHIRUH� SURFHVVLQJ� DQG� WLPH� IURP� SLFNLQJ� WR� SURFHVVLQJ� DOO� LQIOXHQFHG� WKH� RLO
TXDOLW\��ZKHUHDV�ROLYH�FXOWLYDUV�GLG�QRW��&KHPLFDO�DQG�VHQVRU\�DQDO\VHV�ZHUH�SHUIRUPHG�DFFRUGLQJ�WR�WKH�&RPPLV�
VLRQ�5HJXODWLRQ��((&��1R���������DQG�DGGHG�DQQH[HV�

.H\�ZRUGV��ROLYH�RLO�DFLGLW\��JUDGLQJ�RI�RLO��KDUYHVW��VWRUDJH��SURFHVVLQJ��VHQVRU\�DQDO\VLV
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*OL�DXWRUL�KDQQR�VWXGLDWR�O¢DFLGLWi�H�OH�FDUDWWHULVWLFKH�RUJDQROHWWLFKH�GHOO¢ROLR�G¢ROLYD�YHUJLQH�SURGRWWR�QHOO¢,VWULD
VORYHQD��+DQQR�GHWHUPLQDWR� O¢DFLGLWi�GL������FDPSLRQL�GL�ROLR�G¢ROLYD�YHUJLQH�GHO�SHULRGR������������&HQWRWUHQ�
WDFLQTXH� FDPSLRQL� SURGRWWL� QHOO¢DQQDWD� ����������� FRQ� DFLGLWi� DO� GL� VRWWR� GHOOR� ����� �Z�Z�� H� ���� FDPSLRQL
GHOO¢DQQDWD�����������VRQR�VWDWL�YDOXWDWL�VHQVRULDOPHQWH��6HFRQGR�OD�YDOXWD]LRQH�VHQVRULDOH�����GHL�����FDPSLRQL
GHOO¢DQQDWD������������VRQR�VWDWL�FODVVLILFDWL�FRPH�ROLL�G
ROLYD�H[WUD�YHUJLQH��PHQWUH���FDPSLRQL�QRQ�KDQQR�VRGGLV�
IDWWR� WDOL� FULWHUL�� ,O� ������ GHL� FDPSLRQL� GHOO¢DQQDWD� ���������� VRQR� ULVXOWDWL� DSSDUWHQHQWL� DOOD� FDWHJRULD� GHOO¢ROLR
G
ROLYD�H[WUD�YHUJLQH��LO�������D�TXHOOD�GHOO¢ROLR�G
ROLYD�YHUJLQH�H�LO������D�TXHOOD�GHOO¢ROLR�G¢ROLYD�ODPSDQWH��,O�SHUL�
RGR�GL�UDFFROWD��OR�VWRFFDJJLR�GHOOH�ROLYH�SULPD�GHOOD�ODYRUD]LRQH�HG�LO�WHPSR�WUDVFRUVR�IUD�LO�UDFFROWR�H�OD�ODYRUD]LRQH
LQIOXHQ]DQR� OD�TXDOLWi�GHOO¢ROLR��FKH�QRQ�YLHQH�SHUw� LQWDFFDWD�GDO� WLSR�GL�FXOWLYDU��/H�DQDOLVL� FKLPLFKH�H� VHQVRULDOL
VRQR�VWDWH�HVHJXLWH�LQ�FRQIRUPLWi�DOOD�5HJROD]LRQH�GHOOD�&RPPLVVLRQH��((&��1R���������H�GHJOL�DOOHJDWL�

3DUROH�FKLDYH��DFLGLWj�GHOO¤ROLR�G¤ROLYD��FODVVLILFD]LRQH�GHJOL�ROL��UDFFROWR��VWRFFDJJLR��ODYRUD]LRQH��DQDOLVL�VHQVRULDOH
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9LUJLQ�ROLYH�RLOV�DUH�WKH�RLOV�REWDLQHG�IURP�WKH�IUXLW�RI
WKH�ROLYH�WUHH��2OHD�HXURSDHD�/���VROHO\�E\�PHFKDQLFDO�RU
RWKHU� SK\VLFDO� PHDQV� XQGHU� FRQGLWLRQV�� SDUWLFXODUO\
WKHUPDO�FRQGLWLRQV��WKDW�GR�QRW�OHDG�WR�DOWHUDWLRQV�LQ�WKH
RLO��DQG�ZKLFK�KDYH�QRW�XQGHUJRQH�DQ\�WUHDWPHQW�RWKHU
WKDQ�ZDVKLQJ�� GHFDQWDWLRQ�� FHQWULIXJDWLRQ� DQG� ILOWUDWLRQ
�7UDGH�VWDQGDUG�DSSO\LQJ�WR�ROLYH�RLOV�DQG�ROLYH�SRPDFH
RLOV��������

:H� VKRZ� WKH� UHVXOWV� RI� DFLGLW\� LQ� FURS� \HDUV� IURP
���������� WR� ����������� ,Q� WKLV� SHULRG�� WKH� IUHH� IDWW\
DFLGV� ZHUH� GHWHUPLQHG� LQ� ������ VDPSOHV� RI� RLOV� IURP
6ORYHQLDQ�,VWUD�

7KH� TXDOLW\� HYDOXDWLRQ� RI� YLUJLQ� ROLYH� RLO� LV� GHWHU�
PLQHG�ZLWK�FKHPLFDO� DQDO\VHV�DQG�RUJDQROHSWLF� DVVHVV�
PHQW��2QO\� WKH� RUJDQROHSWLF� DVVHVVPHQW� FDQ� GHWHUPLQH
WKH�SUHVHQFH�RI� WKH�H[SHFWHG�SRVLWLYH�DWWULEXWHV�RI�H[WUD
YLUJLQ� ROLYH� RLO� DQG� HVWDEOLVK� WKH� HYHQWXDO� SUHVHQFH� RI
GHIHFWV�

:H�H[DPLQHG�WKH�UHVXOWV�RI�WKH�LQIOXHQFH�RI�WKH�WLPH
RI�KDUYHVW��WLPH�IURP�SLFNLQJ�WR�SURFHVVLQJ��VWRUDJH�FRQ�
GLWLRQV�EHIRUH�SURFHVVLQJ�DQG�SURGXFWLRQ�WHFKQRORJ\�

0$7(5,$/�$1'�0(7+2'6

:H�GHWHUPLQHG� WKH� IUHH� IDWW\� DFLG� DPRXQW� DQG� SHU�
IRUPHG� WKH� VHQVRU\� DQDO\VLV� LQ� YLUJLQ� ROLYH� RLO� VDPSOHV
SURGXFHG�LQ�6ORYHQLDQ�,VWUD��7KH�VDPSOHV�ZHUH�FROOHFWHG
LQ����RLO�PLOOV�RSHUDWLQJ�LQ�WKLV�DUHD��,Q�ILYH�RLO�PLOOV��WKH
RLOV�DUH�SURGXFHG�E\�WKH�WUDGLWLRQDO�QRQ�FRQWLQXRXV�SUR�
GXFWLRQ�WHFKQRORJ\�E\�SUHVVHV�DQG�VL[�RLOV�PLOOV�DGRSWHG
D�PRGHUQ�FRQWLQXRXV�SURGXFWLRQ�WHFKQRORJ\��,Q�WKLV�SD�
SHU�ZH�FRQVLGHU� WKH� IDFWRUV� WKDW� LQIOXHQFHG� WKH�DFLGLW\�

7KH�GDWD�ZHUH�DFTXLUHG�IURP�WKH�ROLYH�RLO�SURGXFHUV�
7KH�DFLGLW\�ZDV� GHWHUPLQHG� LQ� ������ROLYH� RLO� VDP�

SOHV�FROOHFWHG�IURP������WR������
:H� SHUIRUPHG� WKH� RUJDQROHSWLF� DVVHVVPHQW� RQ� ���

VDPSOHV�LQ�FURS�\HDU�����������ZLWK�WKH�DFLGLW\�EHORZ
������Z�Z��DQG�RQ����� UDQGRPO\�FKRVHQ�VDPSOHV�SUR�
GXFHG�LQ�FURS�\HDU�����������

7KH� DFLGLW\� GHWHUPLQDWLRQ� ZDV� SHUIRUPHG� XVLQJ� WKH
6,67�(1�,62�����PHWKRG��7KH�DFLGLW\�LV�D�FKHPLFDO�SD�
UDPHWHU�XVHG� WR�HYDOXDWH� WKH�TXDOLW\�RI� YLUJLQ�ROLYH�RLOV
DQG� UHSUHVHQWV� WKH� IUHH� IDWW\� DFLG� DPRXQW� H[SUHVVHG� DV
SHUFHQW�FRQWHQW��Z�Z�RI�ROHLF�DFLG��

7KH� VHQVRU\�DQDO\VLV�ZDV�SHUIRUPHG�E\� WKH�6ORYHQH
QDWLRQDO�SDQHO� IRU� WKH�RUJDQROHSWLF�DVVHVVPHQW�RI�YLUJLQ
ROLYH�RLOV�DFFRUGLQJ�WR�WKH�RIILFLDO�PHWKRG�HVWDEOLVKHG�LQ
&RPPLVVLRQ� UHJXODWLRQ� �(&�� 1R� ���������� $QQH[� ;,,�
7KH�PHWKRG�FDQ�EH�XVHG�IRU�JUDGLQJ�YLUJLQ�ROLYH�RLOV�RQ
WKH�EDVLV�RI�IUXLWLQHVV�DQG�LQWHQVLW\�RI�GHIHFWV�

7DVWHUV�PXVW� HDFK� VPHOO� DQG� WKHQ� WDVWH� WKH� RLO� VXE�
PLWWHG� IRU� H[DPLQDWLRQ� FRQWDLQHG� LQ� WKH� WDVWLQJ� JODVV�
DQDO\VLQJ� WKHLU� ROIDFWRU\�� JXVWDWRU\�� WDFWLOH� DQG� NLQDHV�
WKHWLF�SHUFHSWLRQV�DQG�PDUN�RQ�WKH�VKHHW�WKH�LQWHQVLW\�RI
WKHLU�SHUFHSWLRQ�RI�HDFK�QHJDWLYH�DQG�SRVLWLYH�DWWULEXWH�

5(68/76

7KH� IROORZLQJ� SDSHU� VKRZV� WKH� UHVXOWV� RI� DFLGLW\� RI
ROLYH�RLO�FROOHFWHG� LQ� WKH�SHULRG� IURP������ WR������� ,Q
7DEOH� ���ZH� VKRZ� WKH� QXPEHU� RQ� DQDO\VHG� VDPSOHV� RI
ROLYH�RLO��WKH�DYHUDJH�DFLGLW\�DQG�WKH�PHGLDQ�DFLGLW\�IRU
WKH�SHULRG�IURP������WR�������,Q�7DEOH����WKH�VWDWLVWLFDO
GDWD�RI� DFLGLW\�RI�ROLYH�RLO� IRU� WKH� SHULRG� IURP������ WR
�����DUH�SUHVHQWHG�

7DE�����1XPEHU�RI�DQDO\VHG�VDPSOHV�RI�ROLYH�RLO��DYHUDJH�DQG�PHGLDQ�DFLGLW\�IRU�WKH�����������SHULRG�
7DE����ÈWHYLOR�DQDOL]LUDQLK�Y]RUFHY��SRYSUHàQD�NLVORVW�LQ�PHGLDQD�NLVORVWL�Y�REGREMX�����������

&URS�\HDU 1R��VDPSOHV $YHUDJH�DFLGLW\��
�Z�Z�

0HGLDQ�DFLGLW\��
�Z�Z�

��������� ��� ���� ����
��������� ��� ���� ����
��������� ��� ���� ����
��������� ��� ���� ����
��������� ��� ���� ����
��������� ��� ���� ����
��������� ��� ���� ����
��������� ��� ���� ����
��������� ��� ���� ����
��������� ��� ���� ����
��������� ��� ���� ����
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7DE�����6WDWLVWLFDO�GDWD�RI�DFLGLW\�RI�ROLYH�RLO�IRU�WKH�����������SHULRG�
7DE�����6WDWLVWLàQD�REGHODYD�SRGDWNRY�]D�NLVORVW�Y�REGREMX�����������

&URS�\HDU 0LQ�DFLGLW\����Z�Z� 0D[�DFLGLW\����Z�Z� V &9����
��������� ���� ���� ���� ������
��������� ���� ����� ���� ������
��������� ���� ���� ���� �����
��������� ���� ���� ���� �����
��������� ���� ���� ���� �����
��������� ���� ���� ���� ������
��������� ���� ���� ���� ������
��������� ���� ���� ���� ������
��������� ���� ���� ���� �����
��������� ���� ���� ���� ������
��������� ���� ���� ���� �����

,Q�WKH�SDVW����\HDUV��WKH�QXPEHU�RI�DQDO\]HG�VDPSOHV
LQFUHDVHG�IURP�����LQ������WR�����LQ�������7KH�UHVXOWV
VKRZ� WKDW� WKH� ORZHVW� DYHUDJH� DFLGLW\� ������ �Z�Z��ZDV
GHWHUPLQHG� LQ� FURS� \HDUV� ���������� DQG� ����������
WKH�PLQLPDO�DFLGLW\�������Z�Z��LQ�FURS�\HDUV����������
DQG������������ZKLOH�WKH�KLJKHVW�DFLGLW\���������Z�Z�
ZDV� GHWHUPLQHG� LQ� FURS� \HDU� �����������0LQLPDO� DQG
PD[LPDO� GHWHUPLQHG� DFLGLWLHV� LQ� WKH� ODVW� FURS� \HDU
������������ZHUH�WKH�ORZHVW�LQ�WKH����SDVW�\HDUV�

&RPSDULVRQ�RI�FURS�\HDUV�����������DQG����������

,Q�������WKH�DFLGLW\�ZDV�GHWHUPLQHG�LQ�����VDPSOHV
RI� YLUJLQ� ROLYH� RLOV�� ZKLOH� LQ� ������ ���� VDPSOHV� ZHUH
DQDO\VHG��7KH�QXPEHU�RI�VDPSOHV�LQFUHDVHG�SURSRUWLRQ�
DOO\�WR�WKH�SURGXFWLRQ�RI�ROLYH�RLO��,Q�����������RI�VDP�
SOHV�FRPSOLHG�ZLWK�WKH�UHTXHVW�IRU�H[WUD�YLUJLQ�FDWHJRU\�
ZKLOH� LQ� FURS� \HDU� ����������� WKH� QXPEHU� RI� VDPSOHV

LQFUHDVHG� WR� ���� VDPSOHV� WKDW� UHSUHVHQW� ������ RI� WKH
VDPSOHV�� $V� VHHQ� LQ� 7DEOHV� �� DQG� ��� WKH� DYHUDJH� DQG
PD[LPDO� DFLGLW\� LQ� FURS� \HDU� ���������� FRPSDULQJ� WR
FURS�\HDU�����������GHFUHDVHG�VLJQLILFDQWO\�

7KH� UHVXOWV� RI� WKH� LQIOXHQFH� RI� WKH� WLPH� RI� KDUYHVW�
WLPH� IURP�SLFNLQJ� WR�SURFHVVLQJ�� VWRUDJH�FRQGLWLRQV�EH�
IRUH�SURFHVVLQJ�DQG�SURGXFWLRQ�WHFKQRORJ\�RQ�WKH�DFLG�
LW\�DUH�SUHVHQWHG�LQ�7DEOHV���WR���

7KH�FROOHFWHG�GDWD�VKRZ�WKDW�WKH�PDLQ�ROLYH�RLO�SUR�
GXFWLRQ�LQ�FURS�\HDU�����������ZDV�FDUULHG�RXW� LQ�'H�
FHPEHU� ����� RI� VDPSOHV��� ZKLOH� LQ� ������ ������ RI
VDPSOHV� ZHUH� SURGXFHG� LQ� 1RYHPEHU�� 7KH� DYHUDJH
DFLGLW\�ZDV�ORZHU�LQ�FURS�\HDU�����������

,Q�������PRVW�RI�WKH�VDPSOHV�ZHUH�SURFHVVHG�LQ�PRUH
WKDQ����KRXUV��$W�WKDW�WLPH��WKH�ROLYH�SURGXFHUV�XVHG�WR
SLFN�DQG�VWRUH�WKH�ROLYH�IUXLW�IRU�WZR�RU�WKUHH�ZHHNV�DQG
VXEVHTXHQWO\� GHOLYHUHG� LW� WR� ROLYH� PLOOV�� &RQVHTXHQWO\
WKH�DFLGLW\�RI�VXFK�VDPSOHV�ZDV�KLJK�

7DE�����,QIOXHQFH�RI�WKH�WLPH�RI�KDUYHVW�
7DE�����9SOLY�REGREMD�SUHGHODYH�

&URS�\HDU ��������� ���������
7LPH�RI�KDUYHVW 129 '(& 129 '(&

��RI�VDPSOHV ���� ���� ���� ����
$YHUDJH�DFLGLW\����Z�Z� ���� ���� ���� ����
0LQ��DFLGLW\����Z�Z� ���� ���� ���� ����
0D[��DFLGLW\����Z�Z� ���� ���� ���� ����

7DE�����,QIOXHQFH�RI�WKH�WLPH�IURP�SLFNLQJ�WR�SURFHVVLQJ�
7DE�����9SOLY�àDVD�VNODGLÉàHQMD�SUHG�SUHGHODYR�

&URS�\HDU ��������� ���������
7LPH�IURP�SLFNLQJ�WR�SURFHVVLQJ �����KUV !����KUV �����KUV !����KUV

��RI�VDPSOHV ���� ���� ���� ����
$YHUDJH�DFLGLW\����Z�Z� ���� ���� ���� ����
0LQ��DFLGLW\����Z�Z� ���� ���� ���� ����
0D[��DFLGLW\����Z�Z� ���� ���� ���� ����
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7DE�����,QIOXHQFH�RI�WKH�VWRUDJH�FRQGLWLRQV�EHIRUH�SURFHVVLQJ�
7DE�����9SOLY�QDàLQD�VKUDQMHYDQMD�

&URS�\HDU ��������� ���������
6WRUDJH�FRQGLWLRQV�EHIRUH

SURFHVVLQJ
%R[HV 3ODWHDXV 5HWLFXODU

VDFNV
2WKHU
VWRUDJH

%R[HV 3OD�
WHDXV

5HWLFX�
ODU�VDFNV

2WKHU
VWRUDJH

��RI�VDPSOHV ��� ��� ���� ���� ���� ���� ���� ����
$YHUDJH�DFLGLW\����Z�Z� ���� ���� ���� ���� ���� ���� ���� ����
0LQ��DFLGLW\����Z�Z� ���� ���� ���� ���� ���� ���� ���� ����
0D[��DFLGLW\����Z�Z� ���� ���� ���� ���� ���� ���� ���� ����

7DE�����,QIOXHQFH�RI�WKH�SURGXFWLRQ�WHFKQRORJ\�
7DE�����9SOLY�WHKQRORJLMH�SUHGHODYH�

&URS�\HDU ��������� ���������
3URGXFWLRQ�WHFKQRORJ\ &RQWLQXRXV�V\VWHP 1RQ�FRQW��V\VWHP

�SUHVVHV�
&RQWLQXRXV�V\VWHP 1RQ�FRQW��V\VWHP

�SUHVVHV�
��RI�VDPSOHV ���� ���� ���� ����
$YHUDJH�DFLGLW\����Z�Z� ���� ���� ���� ����
0LQ��DFLGLW\����Z�Z� ���� ���� ���� ����
0D[��DFLGLW\����Z�Z� ���� ���� ���� ����

7DE�����*UDGLQJ�RI�YLUJLQ�ROLYH�RLO�
7DE�����5D]YUÉàDQMH�GHYLÉNHJD�ROMàQHJD�ROMD�

&DWHJRU\ 0HGLDQ�RI�GHIHFWV 0HGLDQ�RI��IUXLW\�
([WUD�YLUJLQ�ROLYH�RLO 0H� �� 0H�!��
9LUJLQ�ROLYH�RLO ����0H������ 0H�!��
/DPSDQWH�ROLYH�RLO 0H�!����
 �

* or if the median of defects is less than or equal to 2.5 and the median of fruity is 0.

,Q�������RQO\������DQG������RI�VDPSOHV�ZHUH�VWRUHG
UHVSHFWLYHO\� LQ� ER[HV� DQG� SODWHDXV�� )RU� WKH�PDMRULW\� RI
VDPSOHV����������ZH�GR�QRW�KDYH�DQ\�LQIRUPDWLRQ�DERXW
WKHP��1RZDGD\V�PRUH�WKDQ�����RI�VDPSOHV�DUH�VWRUHG�LQ
ER[HV�� ,Q� WKLV�FDVH�ZH�DOVR�HVWDEOLVKHG� WKDW� WKH�DYHUDJH
DFLGLW\�ZDV�ORZHU�LQ�FURS�\HDU�����������

,Q�������WKH�ROLYH�RLO�SURGXFWLRQ�ZDV�HTXDOO\�GLYLGHG
EHWZHHQ� FRQWLQXRXV� DQG� QRQ�FRQWLQXRXV� SURGXFWLRQ
WHFKQRORJLHV�� 1RZDGD\V�� RQO\�1� RI� WKH� SURGXFWLRQ� LV
GRQH�RQ�WUDGLWLRQDO�V\VWHPV�ZLWK�SUHVVHV�

*UDGLQJ�RI�YLUJLQ�ROLYH�RLOV

7KH� TXDOLW\� HYDOXDWLRQ� RI� YLUJLQ� ROLYH� RLO� LV� GHWHU�
PLQHG�ZLWK�FKHPLFDO� DQDO\VHV�DQG�RUJDQROHSWLF� DVVHVV�
PHQW��2QO\� WKH� RUJDQROHSWLF� DVVHVVPHQW� FDQ� GHWHUPLQH
WKH�SUHVHQFH�RI� WKH�H[SHFWHG�SRVLWLYH�DWWULEXWHV�RI�H[WUD
YLUJLQ� ROLYH� RLO� DQG� HVWDEOLVK� WKH� HYHQWXDO� SUHVHQFH� RI
GHIHFWV�

6DPSOHV�RI�ROLYH�RLOV�DUH�JUDGHG�DV�IROORZV��7DE�����LQ
OLQH� ZLWK� WKH� PHGLDQ� RI� GHIHFWV� DQG� WKH� PHGLDQ� IRU
�IUXLW\���%\�WKLV�WKH�PHGLDQ�RI�WKH�QHJDWLYH�DWWULEXWH�SHU�

FHLYHG� ZLWK� WKH� JUHDWHVW� LQWHQVLW\� �&RPPLVVLRQ� UHJXOD�
WLRQ��(&��1R�����������$QQH[�;,,��LV�XQGHUVWRRG�

2UJDQROHSWLF�DVVHVVPHQW

,Q�������WKH�DFLGLW\�ZDV�GHWHUPLQHG�LQ�����VDPSOHV
RI� YLUJLQ� ROLYH� RLOV�� 7KH� RUJDQROHSWLF� DVVHVVPHQW� ZDV
SHUIRUPHG�LQ�����VDPSOHV�ZLWK� WKH�DFLGLW\�EHORZ�����
�Z�Z��� ,Q� VSLWH� RI� ORZHU� DFLGLW\�� VHYHQ� VDPSOHV� GLG� QRW
FRPSO\�ZLWK� WKH� UHTXHVW� IRU� H[WUD� YLUJLQ� FDWHJRU\�� 7KH
GHWHUPLQHG� GHIHFWV� ZHUH� IXVW\�� ZLQ\�YLQHJDU\� DQG
PXGG\� VHGLPHQW�� $GGLWLRQDOO\�� WKH� UHVXOWV�ZHUH� VWDWLVWL�
FDOO\�HYDOXDWHG�SHUIRUPLQJ�'XQFDQ
V�WHVW��7KHUH�ZHUH�QR
VWDWLVWLFDO� VLJQLILFDQW� GLIIHUHQFHV� EHWZHHQ� WKH� GDWD
PDUNHG�ZLWK� WKH�VDPH�LQGH[� LQ� WKH�FROXPQ�LQ�7DEOHV��
WR����

7KH� UHVXOWV� RI� WKH� LQIOXHQFH� RI� WKH� WLPH� RI� KDUYHVW�
WLPH� IURP�SLFNLQJ� WR�SURFHVVLQJ�� VWRUDJH�FRQGLWLRQV�EH�
IRUH�SURFHVVLQJ��SURGXFWLRQ�WHFKQRORJ\�DQG�FXOWLYDUV�RQ
WKH�VHQVRU\�DWWULEXWHV�DUH�SUHVHQWHG�LQ�7DEOHV���WR����

%DVHG�RQ� WKH� VWDWLVWLFDO� HYDOXDWLRQ� LW� UHVXOWV� WKDW� WKH
WLPH� RI� KDUYHVW� GLG� QRW� LQIOXHQFH� WKH� LQWHQVLW\� RI� WKH
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SRVLWLYH�VHQVRU\�DWWULEXWHV��,W�ZDV�REVHUYHG�WKDW� WKH�VHQ�
VRU\� DWWULEXWHV� RI� WKH� RLOV� SURGXFHG� LQ�1RYHPEHU�ZHUH
PRUH�LQWHQVLYH��$OVR��WKH�QHJDWLYH�DWWULEXWHV��WKH�GHIHFWV�
GLG�QRW�GHSHQG�RQ�WKH�WLPH�RI�KDUYHVW�

7KH�UHVXOWV�VKRZ�WKDW� WKH�WLPH�IURP�SLFNLQJ�WR�SURF�
HVVLQJ� LQIOXHQFHG� WKH� VHQVRU\� DWWULEXWHV� RI� YLUJLQ� ROLYH
RLOV�� 7KH� RLOV� SURGXFHG� LQ� ��� KRXUV� IURP� SLFNLQJ�ZHUH
PRUH�ELWWHU�DQG�SXQJHQW��7KHUH�LV�D�VWDWLVWLFDO�VLJQLILFDQW
GLIIHUHQFH�EHWZHHQ�WKH�VDPSOHV�

7KH� FROOHFWHG� GDWD� VKRZ� WKDW� ��� VDPSOHV� RI� ROLYHV
ZHUH�VWRUHG� LQ�ER[HV�DQG�SODWHDXV��)RU����VDPSOHV��ZH
GR�QRW�KDYH�DQ\�LQIRUPDWLRQ�DERXW�WKH�VWRUDJH�FRQGLWLRQ
EHIRUH� SURFHVVLQJ�� ,Q� WKHVH� VDPSOHV�� SUHVHQFH� RI� WKH
WKUHH�REVHUYHG�GHIHFWV��IXVW\��ZLQ\�YLQHJDU\�DQG�PXGG\

VHGLPHQW��ZDV�GHWHUPLQHG�DW�WKH�VDPH�WLPH��6WDWLVWLFDOO\�
WKH�UHVXOWV�DUH�FODVVLILHG�LQ�WKH�VDPH�JURXS�

7KH� UHVXOWV� VKRZ� WKDW� LQ� FURS� \HDU� ���������� WKH
ROLYH�RLO�VDPSOHV�SURGXFHG�ZLWK�D�WZR�SKDVH�FRQWLQXRXV
V\VWHP�ZHUH�PRUH�IUXLW\��ELWWHU�DQG�SXQJHQW�LI�FRPSDUHG
WR� WKH� RWKHU� SURGXFWLRQ� WHFKQRORJ\�� 7KH� GDWD� ZHUH
UDQJHG�LQ�WZR�JURXSV��LQGH[HV�D��E��

7KH� VWDWLVWLFDO� DQDO\VLV� VKRZV� WKDW� WKH� SURGXFWLRQ
WHFKQRORJ\�GRHV�QRW�KDYH�DQ\�LQIOXHQFH�RQ�WKH�SUHVHQFH
RI� GHIHFWV� IXVW\� DQG� ZLQ\�YLQHJDU\�� 7KH� UHVXOWV� DUH
UDQJHG�LQ�WKH�VDPH�JURXS��7KH�QHJDWLYH�DWWULEXWH�PXGG\
VHGLPHQW�ZDV�GHWHUPLQHG�LQ�RLOV�SURGXFHG�ZLWK�WKH�QRQ�
FRQWLQXRXV�V\VWHP�E\�SUHVVHV�

7DE�����,QIOXHQFH�RI�WLPH�RI�KDUYHVW�
7DE�����9SOLY�REGREMD�SUHGHODYH�

$YHUDJH�LQWHQVLW\
3RVLWLYH�DWWULEXWHV 'HIHFWV

7LPH�RI
KDUYHVW

1R� )UXLW\ %LWWHU 3XQJHQW )XVW\
:LQ\�

YLQHJDU\
0XGG\
VHGLPHQW

129 ��� �����D �����D �����D �����D �����D �����D

'(& � �����D �����D �����D �����D �����D �����D

7DE�����,QIOXHQFH�RI�WKH�WLPH�IURP�SLFNLQJ�WR�SURFHVVLQJ�
7DE�����9SOLY�àDVD�VNODGLÉàHQMD�SUHG�SUHGHODYR�

$YHUDJH�LQWHQVLW\
3RVLWLYH�DWWULEXWHV 'HIHFWV

7LPH�IURP
SLFNLQJ�WR
SURFHVVLQJ

1R� )UXLW\ %LWWHU 3XQJHQW )XVW\
:LQ\�

YLQHJDU\
0XGG\
VHGLPHQW

�����KUV ��� �����D �����D �����D �����D �����D �����D

!����KUV �� �����D �����E �����E �����D �����D �����D

7DE������,QIOXHQFH�RI�VWRUDJH�FRQGLWLRQV�EHIRUH�SURFHVVLQJ�
7DE������9SOLY�QDàLQD�VKUDQMHYDQMD�

$YHUDJH�LQWHQVLW\
3RVLWLYH�DWWULEXWHV 'HIHFWV

6WRUDJH
FRQGLWLRQ

1R� )UXLW\ %LWWHU 3XQJHQW )XVW\
:LQ\�

YLQHJDU\
0XGG\
VHGLPHQW

5HWLFXODU�VDFNV �� �����D �����D �����D �����D �����D �����D

1RQ�GHILQHG �� �����D �����D �����D �����D �����D �����D

2Q�WKH�JURXQG � �����D �����D �����D �����D �����D �����D

%R[HV�DQG
SODWHDXV

�� �����D �����D �����D �����D �����D �����D
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7DE������,QIOXHQFH�RI�WKH�SURGXFWLRQ�WHFKQRORJ\�
7DE������9SOLY�WHKQRORJLMH�SUHGHODYH�

$YHUDJH�LQWHQVLW\
3RVLWLYH�DWWULEXWHV 'HIHFWV

3URGXFWLRQ
WHFKQRORJ\

1R� )UXLW\ %LWWHU 3XQJHQW )XVW\
:LQ\�

YLQHJDU\
0XGG\
VHGLPHQW

3UHVVHV �� �����E �����E �����E �����D �����D �����D

��SKDVH �� �����D �����D �����D �����D �����D �����E

����SKDVH ��� �����E �����E �����E �����D �����D �����E

7DE������,QIOXHQFH�RI�WKH�FXOWLYDUV�
7DE������9SOLY�VRUWH�

$YHUDJH�LQWHQVLW\
3RVLWLYH�DWWULEXWHV 'HIHFWV

&XOWLYDU 1R� )UXLW\ %LWWHU 3XQJHQW )XVW\
:LQ\�

YLQHJDU\
0XGG\
VHGLPHQW

$VFRODQD � �����D �����D �����E �����D �����D �����D

,VWUVND�EHOLFD �� �����D �����D �����D �����D �����D �����D

,VWUVND�EHOLFD����
/HFFLQR����

� �����D �����D �����D �����D �����D �����D

,VWUVND�EHOLFD����
/HFFLQR����

� �����D �����D �����D��E �����D �����D �����D

,VWUVND�EHOLFD����
/HFFLQR����

�� �����D �����D �����D �����D �����D �����D

,VWUVND�EHOLFD����
/HFFLQR����

� �����D �����D �����D��E �����D �����D �����D

,VWUVND�EHOLFD����
/HFFLQR����

� �����D �����D �����D��E �����D �����D �����D

/HFFLQR � �����D �����D �����D��E �����D �����D �����D

0L[�RI�FXOWLYDUV �� �����D �����D �����D �����D �����D �����D

2EOLFD � �����D �����D �����D��E �����D �����D �����D

7DE������1XPEHU�RI�YLUJLQ�DQG�ODPSDQWH�ROLYH�RLO�VDPSOHV�LQ�FURS�\HDU�����������
7DE������5D]YUÉàDQMH�Y]RUFHY�OHWQLND�����������Y�NDWHJRULMR�GHYLÉNR�ROMH�LQ�ROMàQR�ROMH�ODPSDQWH�

)XVW\ 0XVW\
0XGG\
VHGLPHQW

:LQ\�
YLQHJDU\

5DQFLG
&DWHJRU\

0HGLDQ�RI
GHIHFWV

7RWDO
VDPSOHV

1R��VDPSOHV
9LUJLQ�ROLYH
RLO

����0H������ �� �� � �� �� �

/DPSDQWH
ROLYH�RLO

0H�!���� �� � � � � �

%DVHG�RQ�WKH�VWDWLVWLFDO�DQDO\VLV�RI�WKH�UHVXOWV�LQ�FURS
\HDU� ����������� WKH� VHQVRU\� DWWULEXWHV� IUXLW\� DQG� ELWWHU
GR�QRW�GHSHQG�RQ�WKH�ROLYH�FXOWLYDUV��7KH�PRVW�SXQJHQW
VDPSOHV�ZHUH� WKRVH�SURGXFHG� IURP� WKH�PL[�RI�FXOWLYDUV
,VWUVND� EHOLFD� DQG� /HFFLQR� LQ� SURSRUWLRQ� ���� �� ����
IROORZHG� E\� WKH� VDPSOH� SURGXFHG� IURP� WKH� FXOWLYDU
,VWUVND�EHOLFD��7KH� WZR�FXOWLYDUV�� ,VWUVND�EHOLFD�DQG�/HF�
FLQR��GLIIHU�LQ�WKH�DPRXQW�RI�ELRSKHQROV�WKDW�LQIOXHQFHG

WKH� ELWWHU� DQG� SXQJHQW� VHQVDWLRQ�� 7KH� ELRSKHQROV
DPRXQW�LV�KLJKHU�LQ�,VWUVND�EHOLFD�FXOWLYDU���%DVHG�RQ�WKLV
FRQVLGHUDWLRQ��ZH�H[SHFWHG� WKH�VDPSOH� ,VWUVND�EHOLFD� WR
EH�PRUH�SXQJHQW�

,Q�������WKH�RUJDQROHSWLF�DVVHVVPHQW�ZDV�SHUIRUPHG
RQ�����VDPSOHV������RI� WKHP�ZHUH�ZLWKRXW�GHIHFWV�DQG
FRPSOLHG� ZLWK� WKH� FDWHJRU\� H[WUD� YLUJLQ� ROLYH� RLO�� ��
VDPSOHV� ZHUH� UDQJHG� LQ� WKH� YLUJLQ� FDWHJRU\�� ZKLOH� ��
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)LJ�����*UDGLQJ�RI�VDPSOHV�LQ�FDWHJRULHV����RI�VDPSOHV��FROOHFWHG�DQG�DQDO\VHG�LQ�FURS�\HDU�����������
6O�����5D]YUÉàDQMH�Y]RUFHY�OHWQLND�����������Y�NDWHJRULMH����Y]RUFHY��

VDPSOHV�ZHUH� FODVVLILHG�DV� ODPSDQWH� ROLYH� RLO�� )LJXUH� �
VKRZV� WKH� SURSRUWLRQ� RI� VDPSOHV� WKDW� ZDV� DVVLJQHG� WR
HDFK�FDWHJRU\�

([WUD�YLUJLQ�ROLYH�RLO

7KH� IUXLW\� LQWHQVLW\� RI� H[WUD� YLUJLQ� ROLYH� RLO� VDPSOHV
ZDV�PHGLXP��LQ�WKH�UDQJH�IURP�����WR������7KH�IUXLW\�RI
������RI�VDPSOHV�ZDV��������7KH�ELWWHU�DQG�WKH�SXQJHQW
VHQVDWLRQV� ZHUH� RI� PHGLXP� LQWHQVLW\� ������ DV� ZHOO�� LQ
������ DQG� ������ RI� VDPSOHV� UHVSHFWLYHO\�� 7KH� ELWWHU
ZDV�LQ�WKH�UDQJH�IURP���WR����WKH�SXQJHQW�IURP���WR�����

9LUJLQ�ROLYH�RLO

7KH� QHJDWLYH� DWWULEXWH� IXVW\�ZDV� SUHGRPLQDQW� LQ� ��
VDPSOHV�� PXGG\� VHGLPHQW� LQ� ��� VDPSOHV�� ��� VDPSOHV
ZHUH�ZLQ\�YLQHJDU\�DQG���VDPSOHV�ZHUH�UDQFLG��7KH�DW�
WULEXWH�PXVW\�ZDV�GHWHUPLQHG� LQ� RQH� VDPSOH�� LQ�ZKLFK
WKH�SUHGRPLQDQW�GHIHFW�ZDV� IXVW\��7KH� UHVXOWV�DUH�JLYHQ
LQ�7DEOH����

/DPSDQWH�ROLYH�RLO

7KH�PHGLDQ�RI�GHIHFWV�ZDV�DERYH������ ,Q��� VDPSOHV
WKH� GHIHFW� �PXGG\� VHGLPHQW�� ZDV� QRWHG�� �IXVW\�� LQ� �
VDPSOHV���PXVW\��LQ���VDPSOHV��ZKHUHDV�LQ���VDPSOHV�WKH
SUHGRPLQDQW� GHIHFW� ZDV� ZLQ\�YLQHJDU\�� 7KH� DVVHVVRUV�
KRZHYHU��DOVR�GHWHUPLQHG�PXGG\�VHGLPHQW�DQG�IXVW\�RI
ORZ� LQWHQVLW\�� 7KH� GHIHFW� UDQFLG� ZDV� DOVR� GHWHUPLQHG�
EXW�ZDV�QRW�SUHGRPLQDQW��7KH�UHVXOWV�DUH�JLYHQ�LQ�7DEOH
���

',6&866,21

,W�ZDV�HVWDEOLVKHG�WKDW�LQ����������RI�VDPSOHV�FRP�
SOLHG�ZLWK�WKH�UHTXHVW�IRU�H[WUD�YLUJLQ�FDWHJRU\��$FFRUG�
LQJ�WR�WKH�OHJLVODWLRQ�IRU�H[WUD�YLUJLQ�ROLYH�RLO�DW�WKDW�WLPH
�&RPPLVVLRQ� 5HJXODWLRQ� �((&�� 1R� ���������� PD[�� ��
�Z�Z��RI�DFLGLW\�ZDV�DOORZHG��7KH�DYHUDJH�DFLGLW\�RI�WKH
VDPSOHV� ZDV� ������ �Z�Z��� 7KH� PLQLPDO� GHWHUPLQHG
DFLGLW\� ZDV� ������ �Z�Z��� WKH� PD[LPXP� ZDV� �����
�Z�Z��� ,Q� WHQ� \HDUV�� WKH� DYHUDJH� DFLGLW\� KDV� GHFUHDVHG
DQG� FRQVHTXHQWO\� WKH� QXPEHU� RI� VDPSOHV� WKDW� FRPSO\
ZLWK�WKH�FULWHULD�IRU�H[WUD�YLUJLQ�FDWHJRU\�KDV�LQFUHDVHG�

,Q�WKH�ODVW�FURS�\HDU������������ZH�GHWHUPLQHG�IUHH
IDWW\� DFLGV� LQ� ���� VDPSOHV�� 7KH� DYHUDJH� DFLGLW\� ZDV
������ �Z�Z��� 7KH� PLQLPDO� GHWHUPLQHG� DFLGLW\� ZDV
�������Z�Z���WKH�PD[LPXP�ZDV��������Z�Z��

���� VDPSOHV� WKDW� UHSUHVHQW� ������RI� VDPSOHV� FRP�
SOLHG�ZLWK�WKH�FULWHULD�IRU�H[WUD�YLUJLQ�FDWHJRU\��$FFRUG�
LQJ� WR� WKH� FXUUHQW� OHJLVODWLRQ� �&RPPLVVLRQ� 5HJXODWLRQ
�(&��1R������������� WKH�PD[LPXP�DOORZHG� DFLGLW\� IRU
WKLV�FDWHJRU\�LV�������Z�Z��

7KH� TXDOLW\� HYDOXDWLRQ� RI� YLUJLQ� ROLYH� RLO� LV� GHWHU�
PLQHG�ZLWK�FKHPLFDO� DQDO\VHV� DQG�RUJDQROHSWLF� DVVHVV�
PHQW��2QO\� WKH� RUJDQROHSWLF� DVVHVVPHQW� FDQ� GHWHUPLQH
WKH�SUHVHQFH�RI� WKH�H[SHFWHG�SRVLWLYH�DWWULEXWHV�RI�H[WUD
YLUJLQ� ROLYH� RLO� DQG� HVWDEOLVK� WKH� HYHQWXDO� SUHVHQFH� RI
GHIHFWV��+\SRWKHWLFDOO\��VDPSOHV�RI�RLOV�ZLWK�ORZHU�DFLG�
LW\� DUH� ZLWKRXW� DQ\� GHIHFWV�� 6XFK� VDPSOHV� VWRUHG� LQ
SURSHU� FRQGLWLRQV� FDQ� PDLQWDLQ� DQ� DFFHSWDEOH� TXDOLW\
HYHQ�DIWHU�D�\HDU�

7KH� VHFRQG� SDUW� RI� WKH� UHVHDUFK� ZDV� WKH� VHQVRU\
DQDO\VLV� RI� YLUJLQ� ROLYH� RLO� VDPSOHV��:H� SHUIRUPHG� WKH
RUJDQROHSWLF� DVVHVVPHQW� RQ� ���� VDPSOHV�� ZKLFK� UHSUH�
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VHQW� ������ RI� WKH� DQDO\VHG� VDPSOHV� LQ� FURS� \HDU
����������ZLWK� WKH�DFLGLW\�EHORZ������ �Z�Z��� ,Q� VSLWH
RI� WKH� ORZ� DFLGLW\�� VHYHQ� VDPSOHV� KDG� GHIHFWV� RI� IXVW\�
ZLQ\�YLQHJDU\� DQG�PXGG\� VHGLPHQW�� 7KH� SHUFHLYHG� LQ�
WHQVLW\� RI� GHIHFWV� ZDV� ORZ�� WKHUHIRUH� WKH� VDPSOHV� ZHUH
UDQJHG� LQ� YLUJLQ� ROLYH� RLO� FDWHJRU\�� 7KH� SRVLWLYH� DWWULE�
XWHV� IUXLW\�� ELWWHU� DQG� SXQJHQW� RI� H[WUD� YLUJLQ� ROLYH� RLOV
ZHUH�PHGLXP�LQWHQVLYH��7KH�UHVXOWV�RI�WKH�VHQVRU\�DQDO\�
VLV�RI�ROLYH�RLOV�FURS�\HDU�����������VKRZ�WKDW�WKHUH�DUH
QR�VLJQLILFDQW�GLIIHUHQFHV�EHWZHHQ� WKH�VDPSOHV�� ,Q� VSLWH
RI�WKDW��WKH�LQIOXHQFH�RI�VRPH�IDFWRUV�ZDV�GHWHUPLQHG�

2OLYH� RLOV� SURGXFHG� LQ�1RYHPEHU�ZHUH�PRUH� ELWWHU
DQG�SXQJHQW�HYHQ� LI� WKHUH�ZHUH�QR�VWDWLVWLFDO�VLJQLILFDQW
GLIIHUHQFHV�LQ�WKH�VLQJOH�VDPSOH�SURGXFHG�LQ�'HFHPEHU�

7KH� VHQVRU\� DQDO\VLV� LQGLFDWHG� WKDW� WKH� WLPH� IURP
SLFNLQJ�WR�SURFHVVLQJ�LQIOXHQFHG�WKH�SHUFHLYHG�LQWHQVLW\
RI�WKH�VHQVRU\�DWWULEXWHV�RI�WKH�RLOV��2LOV�SURGXFHG�LQ���
KRXUV�ZHUH�PRUH�ELWWHU� DQG�SXQJHQW��DQG�GLIIHUHG� IRUP
WKH�RLOV�SURGXFHG�LQ�PRUH�WKDQ����KRXUV�

7KH�LQWHQVLW\�RI�VHQVRU\�DWWULEXWHV�RI�WKH�RLOV�ZDV�QRW
LQIOXHQFHG�E\�ROLYH�FXOWLYDUV��:H�HVWDEOLVKHG� WKDW� WKHUH
ZHUH� QR� VLJQLILFDQWO\� GLIIHUHQFHV� LQ� RLOV� SURGXFHG� IURP
ROLYHV�VWRUHG�LQ�VXLWDEOH�FRQGLWLRQV�EHIRUH�SURFHVVLQJ�

,Q� FURS� \HDU� ����������� WKH� VHQVRU\� DQDO\VLV� LQGL�
FDWHG� WKDW� RLOV� SURGXFHG� E\� WKH� WZR�SKDVH� FRQWLQXRXV
V\VWHP�ZHUH�PRUH�IUXLW\��ELWWHU�DQG�SXQJHQW�FRPSDUHG�WR
RWKHU� SURGXFWLRQ� WHFKQRORJLHV��'HIHFWV� IXVW\� DQG�ZLQ\�
YLQHJDU\�ZHUH� IRXQG� LQ� VDPSOHV� SURGXFHG� E\� WKH� FRQ�
WLQXRXV� V\VWHP�� ZKLOH� WKH� GHIHFW� PXGG\� VHGLPHQW� ZDV
GHWHUPLQHG� LQ� WKH� RQO\� ROLYH� RLO� VDPSOH� SURGXFHG� E\
SUHVVHV��QRQ�FRQWLQXRXV�V\VWHP��

7KH� SRVLWLYH� DQG� HYHQWXDOO\� QHJDWLYH� VHQVRU\� DWWULE�
XWHV�DUH� LQIOXHQFHG�GXH� WR� WKH�SURORQJHG�FRQWDFW�RI�RLO

DQG� ZDWHU� E\� WKH� PDOD[DWLRQ� RI� ROLYH� SDVWD� �/HUFNHU�
������

:H�SHUIRUPHG�D�VLPLODU�UHVHDUFK�RQ�VRPH�VDPSOHV�RI
WKH� FURS� \HDU� ����������� ������ RI� WKH� DQDO\VHG� VDP�
SOHV� FRPSOLHG� ZLWK� H[WUD� YLUJLQ� FDWHJRU\�� ������ ZLWK
YLUJLQ�DQG������ZLWK�ODPSDQWH�

&21&/86,216

,Q�����������RI�VDPSOHV�FRPSOLHG�ZLWK� WKH�UHTXHVW
IRU�H[WUD�YLUJLQ�FDWHJRU\��ZKLOH� LQ�FURS�\HDU����������
WKH� QXPEHU� RI� VDPSOHV� LQFUHDVHG� WR� ���� VDPSOHV� WKDW
UHSUHVHQW�������RI�WKH�VDPSOHV�

+\SRWKHWLFDOO\��VDPSOHV�RI�RLOV�ZLWK�ORZHU�DFLGLW\�DUH
ZLWKRXW�DQ\�GHIHFWV��6XFK�VDPSOHV�VWRUHG�LQ�SURSHU�FRQ�
GLWLRQV�FDQ�PDLQWDLQ�DQ�DFFHSWDEOH�TXDOLW\�HYHQ�DIWHU�D
\HDU�� 2QO\� WKH� RUJDQROHSWLF� DVVHVVPHQW� FDQ� GHWHUPLQH
WKH�SUHVHQFH�RI�H[SHFWHG�SRVLWLYH�DWWULEXWHV�RI�H[WUD�YLU�
JLQ�ROLYH�RLO�DQG�HVWDEOLVK� WKH�HYHQWXDO�SUHVHQFH�RI�GH�
IHFWV�� :H� SHUIRUPHG� RUJDQROHSWLF� DVVHVVPHQW� RQ� ���
VDPSOHV�� ZKLFK� UHSUHVHQW� ������ RI� WKH� DQDO\VHG� VDP�
SOHV� LQ� FURS� \HDU� ���������� ZLWK� WKH� DFLGLW\� EHORZ
����� �Z�Z��� ,Q� VSLWH� RI� WKH� ORZ� DFLGLW\�� VHYHQ� VDPSOHV
KDG� GHIHFWV� RI� IXVW\�� ZLQ\�YLQHJDU\� DQG� PXGG\� VHGL�
PHQW��,Q�FURS�\HDU������������ZH�HVWDEOLVKHG�WKDW����
RI�WKH�DQDO\VHG�VDPSOHV�FRPSOLHG�ZLWK�H[WUD�YLUJLQ�FDWH�
JRU\��������ZLWK�YLUJLQ�DQG������ZLWK�ODPSDQWH��7LPH
RI�KDUYHVW�� WLPH� IURP�SLFNLQJ� WR�SURFHVVLQJ�DQG� VWRUDJH
FRQGLWLRQV� EHIRUH� SURFHVVLQJ� DOO� LQIOXHQFHG� WKH� DFLGLW\
DQG�WKH�VHQVRU\�DWWULEXWHV�RI�YLUJLQ�ROLYH�RLOV��7KH�LQWHQ�
VLW\�RI� VHQVRU\� DWWULEXWHV� RI� WKH� RLOV�ZDV� QRW� LQIOXHQFHG
E\�ROLYH�FXOWLYDUV�

35(*/('�$1$/,=(�.,6/267,�9=25&(9�'(9,É.(*$�2/-à1(*$�2/-$�9�2%'2%-8������
�����,1�.25(/$&,-$�7(+�32'$7.29�=�235$9/-(1,0,�6(1=25,à1,0,�$1$/,=$0,

9DVLOLM�9$/(1Þ,Þ
8QLYHU]D�QD�3ULPRUVNHP��=QDQVWYHQR�UD]LVNRYDOQR�VUHGLÊáH�.RSHU��6,������.RSHU��*DULEDOGLMHYD��

LQ
/$%6�G�R�R���,QÊWLWXW�]D�HNRORJLMR��ROMáQR�ROMH�LQ�NRQWUROR��6,������,]ROD��=HOHQD�XOLFD��

(�PDLO��YDVLOLM�YDOHQFLF#]UV�XSU�VL

(ULND�%(Ç7(5
/$%6�G�R�R���,QÊWLWXW�]D�HNRORJLMR��ROMáQR�ROMH�LQ�NRQWUROR��6,������,]ROD��=HOHQD�XOLFD��

0LOHQD�%8Þ$5�0,./$9Þ,Þ
8QLYHU]D�QD�3ULPRUVNHP��=QDQVWYHQR�UD]LVNRYDOQR�VUHGLÊáH�.RSHU��6,������.RSHU��*DULEDOGLMHYD��

LQ
/$%6�G�R�R���,QÊWLWXW�]D�HNRORJLMR��ROMáQR�ROMH�LQ�NRQWUROR��6,������,]ROD��=HOHQD�XOLFD��

%RMDQ�%87,1$5
8QLYHU]D�QD�3ULPRUVNHP��=QDQVWYHQR�UD]LVNRYDOQR�VUHGLÊáH�.RSHU��6,������.RSHU��*DULEDOGLMHYD��
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329=(7(.

5D]LVNDYD�REVHJD�SUHXßHYDQMH�NLVORVWL�LQ�VHQ]RULßQLK�]QDßLOQRVWL�GHYLÈNHJD�ROMßQHJD�ROMD�6ORYHQVNH�,VWUH��'RORßLOL
VPR�NLVORVW������Y]RUFHY�Y�REGREMX������������6HQ]RULßQR�MH�ELOR�RFHQMHQLK�����Y]RUFHY�OHWQLND�����������V�NLV�
ORVWMR�SRG�����XW����LQ�����Y]RUFHY�OHWQLND����������������Y]RUFHY�OHWQLND�����������MH�ELOR�HNVWUD�GHYLÈNH�NDNR�
YRVWL��OH�SUL�VHGPLK�Y]RUFLK�VR�ELOH�XJRWRYOMHQH�QDSDNH��������Y]RUFHY�OHWQLND�����������MH�ELOR�EUH]�VHQ]RULßQLK
QDSDN�LQ�UD]YUVWLOL�VPR�MLK�Y�NDWHJRULMR�HNVWUD�GHYLÈNR�ROMßQR�ROMH��������Y�GHYLÈNR�ROMßQR�ROMH�LQ������Y�ODPSDQWH
ROMßQR�ROMH��8JRWRYLOL�VPR��GD�REGREMH�SUHGHODYH��ßDV�VNODGLÈßHQMD�SUHG�SUHGHODYR� LQ�QDßLQ�VKUDQMHYDQMD�ROMN�YSOL�
YDMR�QD�NDNRYRVW�ROMD��VDPH�VRUWH�SD�QH�YSOLYDMR��.HPLMVNH�DQDOL]H�LQ�VHQ]RULßQR�RFHQMHYDQMH�VPR�RSUDYLOL�Y�VNODGX�]
8UHGER�NRPLVLMH��(*6��ÈW����������LQ�GRSROQLOQLPL�DQHNVL�

.OMXÞQH�EHVHGH��NLVORVW�ROMáQHJD�ROMD��UD]YUÊáDQMH�ROMD��RELUDQMH��VKUDQMHYDQMH��SUHGHODYD��VHQ]RULáQD�DQDOL]D

5()(5(1&(6

$PLRW��0��-���$��)OHXULHW�	�-��-��0DFKHL[���������,PSRU�
WDQFH� DQG� HYDOXDWLRQ� RI� SKHQROLF� FRPSRXQGV� LQ� ROLYH
GXULQJ�JURZWK�DQG�PDWXUDWLRQ��-��$JULF��)RRG�&KHP������
��������
$QJHURVD��)��	�/��GL�*LRYDFFKLQR� ��������1DWXUDO�DQWL�
R[LGDQWV� RI� YLUJLQ� ROLYH� RLO� REWDLQHG� E\� WZR� DQG� WKUHH�
SKDVH� FHQWULIXJDO� GHFDQWHUV�� *UDVDV� <� $FHLWHV�� ������
��������
%DQGHOM�0DYVDU�� '��� (�� %HÇWHU��0�� %XÞDU�0LNODYÞLÞ�� %�
%XWLQDU��'��ÝDOLMD��È��.DQMLU��7��/HYDQLÞ��9��9DOHQÞLÞ�	
È��0D]L� ��������$%&�R� 
,VWUVNL�EHOLFL
��8QLYHU]D�QD�3UL�
PRUVNHP�� =QDQVWYHQR�UD]LVNRYDOQR� VUHGLÊáH� .RSHU�
/$%6�G�R�R���,]ROD�
%DUQHV��0���$��*DUFqD��3��*DUFqD��-��-��5LRV�	�$��*DUULGR
��������3KHQROLF�FRPSRXQGV�LQ�6SDQLVK�ROLYH�RLOV��-��$J�
ULF��)RRG�&KHP�����������������
%RVNRX�� '�� �������� 2OLYH� RLO�� &KHPLVWU\� DQG� 7HFKQRO�
RJ\��$2&6��&KDPSDLJQ�
%XÞDU�0LNODYÞLÞ��0���9��'XMF�	�$��+ODM���������(ODERUDW
]D� SRVWRSHN� SUL]QDQMD� R]QDáEH� JHRJUDIVNHJD� SRUHNOD
�(NVWUD�GHYLÊNR�ROMáQR�ROMH�6ORYHQVNH�LVWUH���/$%6�G�R�R�
,QÊWLWXW� ]D� HNRORJLMR�� DQDOL]R� ROMáQHJD� ROMD� LQ� NRQWUROR�
,]ROD�
%XÞDU�0LNODYÞLÞ��0�� �������� 3UHGHODYD� ROMáQLK� SORGRY�
9��%XáDU�0LNODYáLá��0���%��%XWLQDU��0��-DQáDU��0��6RWODU
	� 9�� 9HVHO� �XU���� 2OMND� LQ� ROMáQR� ROMH�� .PHáNL� JODV�
/MXEOMDQD��VWU����������
%XWLQDU��%��	�0��%XÞDU�0LNODYÞLÞ� ��������7RNRIHUROL� LQ
SROLIHQROL�Y�ROMáQLK�ROMLK�VORYHQVNH�,VWUH��9��ËOHQGHU��%��	
/��*DÊSHUOLQ��XU����$QWLRNVLGDQWL�Y�ÌLYLOVWYX������%LWHQáHYL
ÌLYLOVNL� GQHYL�� �������� RNWREHU� ������ 3RUWRURÌ�� %LR�
WHKQLÊND� IDNXOWHWD�� 2GGHOHN� ]D� ÌLYLOVWYR�� /MXEOMDQD�� VWU�
������
&DSRQLR�� )�� �������� 3URGX]LRQH� GL� ROL� H[WUD� YHUJLQH� GL
ROLYD�GL�TXDOLWj��7HFQRORJLH�$OLPHQWDUL���������������
&XUFL��9�� ��������0DQXDOH�GHOO
ROLR�G
ROLYD��(GDJULFROH�
%RORJQD��S����������

&RPPLVVLRQ� 5HJXODWLRQ� �((&�� 1R� �������� RI� ��� -XO\
�����RQ�WKH�FKDUDFWHULVWLFV�RI�ROLYH�RLO�DQG�ROLYH�UHVLGXH
RLO�DQG�RQ�WKH�UHOHYDQW�PHWKRGV�RI�DQDO\VLV���������2IIL�
FLDO�-RXUQDO�RI�WKH�(XURSHDQ�&RPPXQLWLHV������/��������
���
&RPPLVVLRQ� 5HJXODWLRQ� �(&�� 1R� ��������� RI� �� 0D\
����� DPHQGLQJ� 5HJXODWLRQ� �((&�� 1R� �������� RQ� WKH
FKDUDFWHULVWLFV�RI�ROLYH�RLO�DQG�ROLYH�SRPDFH�RLO�DQG�RQ
WKH�UHOHYDQW�PHWKRGV�RI�DQDO\VLV�DQG�WKH�DGGLWLRQDO�QRWHV
LQ� WKH�$QQH[� WR� &RXQFLO� 5HJXODWLRQ� �((&��1R� �������
RQ� WKH� WDULII� DQG� VWDWLVWLFDO� QRPHQFODWXUH� DQG� RQ� WKH
&RPPRQ�&XVWRPV� 7DULII� ��������2IILFLDO� -RXUQDO� RI� WKH
(XURSHDQ�&RPPXQLWLHV������/�����������
&RPPLVVLRQ�5HJXODWLRQ��(&��1R�����������RI���� -XQH
�����RQ�PDUNHWLQJ� VWDQGDUGV� IRU� ROLYH� RLO� ��������2IIL�
FLDO� -RXUQDO� RI� WKH� (XURSHDQ� &RPPXQLWLHV�� ���� /� ����
������
*HQHUDO� PHWKRGRORJ\� IRU� WKH� RUJDQROHSWLF� DVVHVVPHQW
RI�YLUJLQ�ROLYH�RLO���������,QWHUQDWLRQDO�2OLYH�2LO�&RXQ�
FLO��&2,�7����'RF��1R�����5HY�������;,������
*LPHQR�� (��� $�� ,�� &DVWHOORWH�� 5��0�� /DPXHOD�5DYHQWuV�
0��&��'H� OD�7RUUH�	�0��&��/uSH]�6DEDWHU� �������� 7KH
HIIHFWV�RI�KDUYHVW�DQG�H[WUDFWLRQ�PHWKRGV�RQ�WKH�DQWLR[L�
GDQW� FRQWHQW� �SKHQROLFV�� �WRFRSKHURO�� DQG� �FDURWHQH�� LQ
YLUJLQ�ROLYH�RLO��)RRG�&KHP���������������
*RORE�� 7�� �������� 'HVNULSWLYQD� VHQ]RULáQD� DQDOL]D� ]D
VSUHPOMDQMH�RNVLGDWLYQLK�VSUHPHPE�Y�ÌLYLOLK��9��ËOHQGHU�
%�� 	� /�� *DÊSHUOLQ� �XU���� $QWLRNVLGDQWL� Y� ÌLYLOVWYX�� ���
%LWHQáHYL�ÌLYLOVNL�GQHYL����������RNWREHU�������3RUWRURÌ�
%LRWHKQLÊND� IDNXOWHWD�� 2GGHOHN� ]D� ÌLYLOVWYR�� /MXEOMDQD�
VWU����������
*XWILQJHU�� 7�� �������� 3KO\SKHQROV� LQ� ROLYH� RLOV�� -�� $P�
2LO�&KHP��6RF���������������
,62�',1� ������������ �������� 6HQVRU\� DQDO\VLV�� 0HWK�
RGRORJ\�� *HQHUDO� JXLGDQFH� IRU� HVWDEOLVKLQJ� D� VHQVRU\
SURILOH�
.LULWVDNLV��$��3��.����������2OLYH�RLO��IURP�WKH�WUHH�WR�WKH
WDEOH���QG�(G��)RRG�DQG�1XWULWLRQ�3UHVV��7UXPEXOO��S�����
���
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/HUFNHU��*����������3HU�FUHDUH�XQ�ROLR�GL�TXDOLWj��2OLYR�H
2OLR��������������
0DULQLÞ��.����������6HQ]RULáQL�LQ�NHPLMVNL�SDUDPHWUL�ND�
NRYRVWL� GHYLÊNHJD� ROMáQHJD� ROMD�� 'LSORPVNR� GHOR�� 8QL�
YHU]D�Y�/MXEOMDQL��%LRWHKQLÊND� IDNXOWHWD��2GGHOHN�]D�ÌL�
YLOVWYR��/MXEOMDQD�
0HWKRG�IRU�WKH�RUJDQROHSWLF�DVVHVVPHQW�RI�H[WUD�YLUJLQ
ROLYH�RLOV�DSSO\LQJ�WR�XVH�D�GHVLJQDWLRQ�RI�RULJLQ��������
,QWHUQDWLRQDO�2OLYH�2LO�&RXQFLO��&2,�7����'RF��1R�����
$3��,;������
2UJDQROHSWLF� DVVHVVPHQW� RI� YLUJLQ� ROLYH� RLO� �������� ,Q�
WHUQDWLRQDO� 2OLYH� 2LO� &RXQFLO�� &2,�7����'RF�� 1R�� ���
5HY�������;,������
3DSDGRSRXORV��*��	�'��%RVNRX� ��������$QWLR[LGDQW� HI�
IHFW� RI� QDWXUDO� SKHQROV� RQ� ROLYH� RLO�� -�� $P��2LO� &KHP�
6RF���������������

5DQDOOL��$��	�)��$QJHURVD���������,QWHJUDO�FHQWULIXJHV�IRU
ROLYH� RLO� H[WUDFWLRQ�� 7KH� TXDOLWDWLYH� FKDUDFWHULVWLFV� RI
SURGXFWV��-��$P��2LO�&KHP��6RF���������������
5LFFL��$�� �������� (VWUD]LRQH�� O
LPSRUWDQ]D�GHOOH� FRPSR�
QHQWL�PLQRUL��2OLYR�H�2OLR������������������
6HQVRU\� DQDO\VLV��*HQHUDO� EDVLF�YRFDEXODU\� �������� ,Q�
WHUQDWLRQDO� 2OLYH� 2LO� &RXQFLO�� &2,�7����'RF�� 1R�
�����9,������
6,67�,62��������������������6HQ]RULáQD�DQDOL]D���6OR�
YDU�
7UDGH�VWDQGDUG�DSOO\LQJ� WR�ROLYH�RLOV�DQG�ROLYH�SRPDFH
RLOV� �������� ,QWHUQDWLRQDO�2OLYH�2LO� &RXQFLO�� &2,�7����
1&�1R����5HY������;,,������
9DOHQÞLÞ�� 9�� �������� 9UHGQRWHQMH� NDNRYRVWL� GHYLÊNHJD
ROMáQHJD� ROMD�� 'LSORPVNR� GHOR�� 8QLYHU]D� Y� /MXEOMDQL�
%LRWHKQLÊND�IDNXOWHWD��2GGHOHN�]D�ÌLYLOVWYR��/MXEOMDQD�


