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7KH�1DWLRQDO�8QLYHUVLW\�RI�3KDUPDF\

0DOH�VWHULOLW\�LV�D�ERG\�VWDWH�ZKHUHLQ�D�PDQ�LV�QRW
FDSDEOH�RI�LPSUHJQDWLRQ��$FFRUGLQJ�WR�WKH�UHVHDUFK
RI�GLIIHUHQW�H[SHUWV�IURP���WR���PLOOLRQV�RI�FRXSOHV
RXW�RI����PLOOLRQV�DUH�VWHULOH�LQ�8NUDLQH��6WDWLVWLFDO
GDWD�KHUHDIWHU�PDNH�LW�SRVVLEOH�WR�HYDOXDWH�WKH�VFDOH
RI�WKH�PDOH�VWHULOLW\�SUREOHP�

2Q�:+2�HYLGHQFH�������IDPLO\�FRXSOHV� LQ� WKH
ZKROH�ZRUOG�GXULQJ�DOO�UHSURGXFWLYH�OLIH�UXQ�LQWR�WKH
SUREOHP�RI� VWHULOLW\�� DQG�HYHU\�\HDU� WKHLU�QXPEHU� LV
LQFUHDVLQJ�RQ�D�IHZ�PLOOLRQ�FRXSOHV��)RU�D�ORQJ�WLPH
LW�ZDV�FRQVLGHUHG�WKDW�WKH�ELUWK�RI�D�FKLOG�GHSHQGHG
RQO\�RQ�D�ZRPDQ��KRZHYHU�SUHVHQWO\��WKH�KDOI�RI�VWHULOH
SDLUVs�YLRODWLRQV�RI�UHSURGXFWLYH�IXQFWLRQ�DUH�UHYHDOHG
H[DFWO\�IURP�PHQ�>�����@�

$FFRUGLQJ�WR�H[LVWHQW�VWDWLVWLFDO�LQIRUPDWLRQ�LQ�WKH
ZRUOG��DSSUR[LPDWHO\�����FDVHV�RI�LQIHUWLOLW\�LV�FRQGL�
WLRQHG� RQO\� E\� D�PDVFXOLQH� IDFWRU�� ����EHFDXVH� RI
ZRPDQsV�� DQG� UHPDLQLQJ� ����E\�FRPSOH[� LQIULQJH�
PHQW��7KXV��SDWKRORJ\�RI�VSHUPDWRJHQHVLV�UHVXOWV�WR
VWHULOLW\�LQ�KDOI�FDVHV�>�@��ILJ���

7RGD\�WKH�SUREOHP�RI�VWHULOLW\� LQ�8NUDLQH�LV�DOVR
VXIILFLHQWO\�VKDUS�IRU�VWXG\LQJ��8QIRUWXQDWHO\��VWDWLVWLFV
DUH�LQH[RUDEOH������RI�ZRPHQ�DW�WKH�DJH�RI�������\HDUV
DUH�VWHULOH������RI�ZRPHQ�DW�WKH�DJH�RI�������KDYH
FHUWDLQ�SUREOHPV�DW�WKH�EHJLQQLQJ�RI�SUHJQDQF\��IUH�
TXHQF\�RI�PDVFXOLQH� IDFWRU� LQ� WKH� JHQHUDO� JURXS�RI
PDUULHG�FRXSOHV�ZLWK�VWHULOLW\�PDNHV�DERXW�����>�@�

9DULHW\�RI�IDFWRUV��VWLSXODWLQJ�PDOH�VWHULOLW\��06���WKH
FRPSOLFDWLRQ�RI�LWV�GHYHORSPHQW��IXQFWLRQDO�LQWHUFRP�
PXQLFDWLRQ�RI�PDOH�VH[XDO�JODQGV�ZLWK�DOO�V\VWHPV�DQG
RUJDQV�FUHDWH�ODUJH�GLIILFXOWLHV�LQ�GHYHORSPHQW�RI�DGH�
TXDWH�PHWKRGV�RI�VSHUPDWRJHQHVLV�YLRODWLRQV�WUHDWPHQW�

3UHGRPLQDQW�UHDVRQV�RI�06�DUH��YDULFRFHOH��LQIHF�
WLRQ�LQIODPPDWRU\�GLVHDVHV�RI�JHQLWDO�RUJDQV��SDWKR�
]RRVSHUPLD��LPPXQRORJLFDO�YLRODWLRQV��FRQJHQLWDO�DQR�
PDOLHV��V\VWHPLF�GLVHDVHV��WXEHUFXORVLV��KHSDWLWLV��FKUR�
QLF�NLGQH\�QHSKDWRQ\��LQYHWHUDWH�GLVHDVHV�RI�UHVSLUD�
WRU\�RUJDQV��GLDEHWHV��HSLGHPLF�SDURWLWLV��FRPSOLFDWHG
ZLWK�RUFKLWLV���VXUJLFDO�LQWHUIHUHQFHV�FRQFHUQLQJ�LQJXL�
QDO� KHUQLD�� KLGURFHOH�� VXUJLFDO� LQWHUYHQWLRQV� RQ� DQ
XULQDU\�EODGGHU��V\PSDWKHFWRP\��DQWLWXPRXU�UD\��KRU�
PRQH��DQG�FKHPRWKHUDS\��DSSOLFDWLRQ�RI�VRPH�SV\FRW�
URSLF�DJHQWV��DQWLK\SHUWHQVLYH�GUXJ��DQWLELRWLFV��VXOID�
QLODPLGHV��QLWURIXUDQV��REVWUXFWLYH�D]RRVSHUPLD��QHN�
UR]RRVSHUPLD��HQGRFULQH�GLVHDVHV�DQG�GLVRUGHUV��$QG

LW�LV�QRW�D�FRPSOHWH�OLVW�RI�UHDVRQV�RI�PDOH�VWHULOLW\��,W
LV�QHFHVVDU\�WR�PDUN�WKDW�UHDVRQ�RI�06�FDQ�EH�UHJXODU
WR[LFRSDWK\�� VXFK�DV�DEXVH�RI�DOFRKRO�DQG�QLFRWLQH�
RFFXSDWLRQDO�KD]DUGV�VXFK�DV�FRQWDFW�ZLWK�RUJDQLF�DQG
LQRUJDQLF� PDWWHUV�� LQIOXHQFH� RI� LRQL]LQJ� UDGLDWLRQ�
ZRUN�LQ�WKH�FRQGLWLRQV�RI�KLJK�DQG�ORZ�WHPSHUDWXUHV�
ORQJ�ODVWLQJ� IHEULFLW\� ZLWK� D� WHPSHUDWXUH� ULVH� RYHU
���¯�� VFURWXP� WUDXPDV�� SV\FKRORJLFDO� WUDXPDV� DQG
RWKHU�>�@�

3ROLDHWLRORJ\�RI�PDOH�VWHULOLW\�DQG�YDULHW\�RI�FOLQLFDO
DVSHFWV�VWLSXODWH�GLIILFXOWLHV�LQ�LWV�FODVVLILFDWLRQ��0RVW
FOLQLFLDQV�GLVWLQJXLVK�
v VHFUHWRU\� VWHULOLW\�x� DW� WKLV� IRUP� WHVWLFOHV� GR� QRW

SURGXFH�HQRXJK�QXPEHU�RI�VSHUP�FHOOV��QHFHVVDU\
IRU�DFKLHYHPHQW�DQG�LPSUHJQDWLRQ�RI�RYXOH��RU�DW
VSHUP�PRELOLW\�LV�EURNHQ��RU�PDMRULW\�RI�WKHP�KDYH
GHIHFWV� LQ� D� VWUXFWXUH� DVVRFLDWHG� E\� LQWULQVLF� DQG
DFTXLUHG�SDWKRORJ\�

v REWXUDWLYH� VWHULOLW\�x� DW� WKLV� IRUP� RI� VWHULOLW\� DG�
YDQFHPHQW�RI�VSHUP�FHOOV� LQ�GHIHUHQW�GXFNV�IURP
RQH�RU�ERWK�VLGHV�EHFRPHV�LPSRVVLEOH��$W�RQH�VLGHG
SDWHQF\�GLVRUGHU�WKHUH�LV�D�GHFOLQH�RI�VSHUP�FHOOV�LQ
VSHUP��DW�WZR�VLGHG�WKHLU�FRPSOHWH�DEVHQFH�

v FRPSOH[� LQIULQJHPHQW�� ZKHQHYHU� VHFUHWRU\� LQHIIL�
FLHQF\�RI�VH[XDO�JODQGV�FRPELQHV�ZLWK�REVWUXFWLYH
SURFHVVHV��LPPXQRORJLFDO�YLRODWLRQV�RU�LQIODPPDWLRQ�

v LPPXQRORJLFDO� VWHULOLW\� LQ� ������ FDVHV� FDXVHV� WKH
GHYHORSPHQW� RI� DXWRLPPXQH� VWHULOLW\� DW� ZKLFK
DJDLQVW�RZQ�VSHUP�FHOOV�DQWLERGLHV�DUH�SURGXFHG�>�@�
3RVVLELOLW\�RI�DQWLERGLHV�RQVHW�WR�VSHUPV�ZDV�VWXGLHG
PRUH�WKDQ�����\HDUV�DJR�E\�,�,�0HFKQLNRY��������DQG
5�/DQGVWHLQHU��������DQG�DOLJQHG�ZLWK�WKH�SUHVHQFH
RQ�JHUP�FHOOV�RI�QHZ�LGHRVSHFLILF�DQWLJHQV�ZKLFK�DUH
LJQRUDQW�E\�WKH�LPPXQRFRPSHWHQW�FHOOV�RI�RUJDQLVP�

v UHODWLYH�VWHULOLW\�LV�DEVHQFH�RI�VRPH�NQRZQ�UHDVRQV�
LQ� VSLWH� RI� FDUHIXO� H[DPLQDWLRQ� RI� WKH� PDUULHG
FRXSOHV�

)LJ��6WDWLVWLFDO�GLDJUDP�RI�VWHULOLW\�IDFWRUV�
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7KHUH�DUH�ZRUNV�LQ�ZKLFK�IRU�FRPIRUW�RI�RULHQWDWLRQ
LQ�UHDVRQV�RI�PDVFXOLQH�VWHULOLW\�LQ�UHODWLRQ�WR�WKH�EDVLF
RUJDQ�RI�WKH�UHSURGXFWLYH�V\VWHP�x�WHVWLFOH�x�UHDVRQV
DUH�V\VWHPDWL]HG�DV�SUHWHVWLFXODU��K\SRWKDODPXV��K\�
SRSK\VLV��SDWKRORJLHV���WHVWLFXODU��YDULFRFHOH��FU\SWRU�
FKLGLVP��JHQHWLF�IDFWRUV��DQG�SRVW�WHVWLFXODU��DULVLQJ�XS
tGLIILFXOWLHVu�RQ� WKH�ZD\�RI� VSHUP�FHOOV� DGYDQFHPHQW
IURP�WHVWLFOHV�WKURXJK�GHIHUHQW�GXFNV�LQWR�PXOLHEULDV��

$FFRUGLQJ�WR�GDWD�RI�GLIIHUHQW�DXWKRUV�LQ�������
FDVHV�RQH�RI�WKH�PRVW�ZLGHVSUHDG�UHDVRQV�RI�VWHULOLW\
DUH�SRVW�WHVWLFXODU�YLRODWLRQV��VXFK�DV��SURVWDWLWLV��YH�
VLFXOLWLV��HUHFWLOH�GLVIXQFWLRQ�

3URVWDWLWLV��SKORJLVWLF�SURVWDWH�GLVHDVHV��DW�WKH�DJH
RI����\HDUV�XSZDUG�RFFXSLHV�WKH�WKLUG�SODFH�RQ�IUH�
TXHQF\� DIWHU� LQQRFHQW� K\SHUSODVLD� �DGHQRPD�� DQG
SURVWDWH�FDQFHU�>��@��7KHUH�DUH�GLIIHUHQW�FODVVLILFDWLRQV
RI�SURVWDWLWLV��WKH�JUHDW�QXPEHU�RI�DPELJXRXV�FRQFHSWV
DQG�WHUPV�DUH�XVHG�LQ�LW�

+RZHYHU��SUHVHQWO\�WKH�FODVVLILFDWLRQ�RI�SURVWDWLWLV
RI�WKH�1DWLRQDO�LQVWLWXWH�RI�KHDOWK�RI�WKH�86$�������
LV�JHQHUDOO\�DFFHSWHG��DFFRUGLQJ�WR�ZKLFK�WKHUH�DUH�IRXU
FDWHJRULHV�RI�SURVWDWLWLV�� ,�x�DFXWH�SURVWDWLWLV� �DFXWH
LQIHFWLRQ�RI� SURVWDWH� JODQG��������� ,,�x� LQYHWHUDWH
EDFLOODU\�SURVWDWLWLV��,%3��LQYHWHUDWH�LQIHFWLRQ�RI�SURV�
WDWH� JODQG�� FKDUDFWHUL]HG� E\� UHFXUUHQW� LQIHFWLRQ� RI
XULQDU\� WUDFNV��x��������,,,�x� LQYHWHUDWH�SURVWDWL�
WLV�V\QGURPH�RI�LQYHWHUDWH�SHOYLF�SDLQ���������,,,��D�
LV�DQ�SKORJLVWLF�V\QGURPH�RI�LQYHWHUDWH�SHOYLF�SDLQ��,,,
�E��LV�D�QRQ�SKORJLVWLF�V\QGURPH�RI�LQYHWHUDWH�SHOYLF
SDLQ���,9�x�DV\PSWRPDWLF�SKORJLVWLF�SURVWDWLWLV�>��@�

7KH�SURVWDWLWLV�LQGLFDQW�RI�IUHTXHQW�RFFXUUHQFH�LV
SDLQ�LQ�D�SHULHQXP������RI�SDWLHQWV��� LQ�D�VFURWXP
�������LQ�DQ�XULQDU\�EODGGHU�������LQ�D�SHQLV�������LQ
OXPEXV� ����� DQG� LQGLFDQWV� RI� ORZHU� XULQDU\� WUDFNV
�KXUULHG��SDLQIXO�XULQDWLRQ�DQG�RU�VWUDQJHU\��>�@�

3URVWDWLWLV�LV�YHU\�RIWHQ�VXFFHHGHG�E\�D�YHVLFXOLWLV
�E\� LQIODPPDWLRQ� RI� VSHUPDWRF\VW��� 7KH� UHDVRQ� RI
GLVHDVH�FDQ�EH�D�JRQRFRFFDO�LQIHFWLRQ�RU�RWKHU�PLFUR�
RUJDQLVPV��FROOLEDFLOOXV��VWDSK\ORFRFFXV��SURWHXV��DW�D
JHQHUDO�YLUXOHQW�GLVHDVH��LQIOXHQ]D��DQJRU��RVWHRP\HOL�
WLV��>��@��$�YHVLFXOLWLV�LV�IHOW�E\�VHQVH�RI�ZHLJKW�DQG�SDLQ
LQ�D�SHULQHXP�DQG�UHFWXP��LQFUHDVLQJ�DW�XULQDWLRQ�DQG
GHIHFDWLRQ��E\�DEQRUPDO�SDLQV�DW�HMDFXODWLRQ��JHQHUDO
ZHDNQHVV�� DSDWK\�� WHPSHUDWXUH� ULVH�� E\� HOLPLQDWLRQV
IURP�DQ�XUHWKUDO�FKDQQHO�DQG�DSSHDUDQFH�RI�EORRG�LQ
VSHUP��2QH�RI�WKH�UHDVRQV�UHVXOWLQJ�LQ�06�LV�HUHFWLOH
GLVIXQFWLRQ��('��WKDW�LV�SHUPDQHQW�LQDELOLW\�WR�UHDFK
DQG�RU� VXSSRUW� HUHFWLRQ�� QHFHVVDU\� IRU� VDWLVIDFWRU\
VH[XDO�DFWLYLW\�>��@�

3UHYDOHQFH�RI�('�DPRQJ�PHQ�RI�DOO�DJHV��VLQFH�WKH
DJH�RI�WHHQDJHUV�LV���������WKXV�DPRXQW�RI�WKHP�LV
LQFUHDVLQJ�HYHU\�\HDU��RQO\�LQ�WKH�FRXQWULHV�RI�$PHULFD
DQG�(XURSH�DYHUDJH�SUHYDOHQFH�LV�����DQG�LQFUHDVLQJ
ZLWK�DJH��IURP�������LQ����\HDUV��WR�����E\����>��@�
7KHUH�DUH�
v RUJDQLF�HUHFWLOH�GLVIXQFWLRQ��LQ�ZKLFK�YDVFXODU��QHX�

URJHQLF�� KRUPRQDO� DQG� tFDYHUQRXVu� GLVHDVHV� DUH
XQGHUODLG�

v SV\FKRJHQLF�� ZKHQ� WKH� PHGLXP� VXSSUHVVLRQ� RI
HUHFWLRQ� PHFKDQLVPV� WDNHV� SODFH� LQ� DEVHQFH� RI
RUJDQLF�UHDVRQV��

v PL[HG�LQ�FRPELQDWLRQ�RI�RUJDQLF�DQG�SV\FKRJHQH
FKDQJHV�
2UJDQLF�UHDVRQV��DV�D�UXOH��DUH�REVHUYHG�PRUH�WKDQ

LQ��������RI�FDVHV��SV\FKRJHQH�PDNH�OHVV�WKDQ�����
EXW�FRPELQDWLRQ�RI�WKRVH�DQG�RWKHU�UHDVRQV�WDNHV�SODFH
PRVW�RIWHQ�>�����@��

7KXV��SROLDHWLRORJ\�RI�PDOH�VWHULOLW\�VHWV�EHIRUH�LWVHOI
WKH�PRVW� GLIILFXOW� SUREOHP� DW� WKH� FKRLFH� RI� FHUWDLQ
WDFWLF�RI�WUHDWPHQW�DQG�GRHVQsW�DOORZ�WR�VKRUWHQ�WKH
QXPEHU�RI�PHGLFLQHV�XVHG�LQ�WKHUDS\��

7UHDWPHQW� RI� 06� LV� HQRXJK� ORQJ� SURFHVV� DQG
HIILFLHQF\�RI�LW�GHSHQGV�RQ�WKH�DJH�RI�PDQ��DPRXQW
DQG�GXUDWLRQ�RI�GLVHDVHV��UHVXOWLQJ�LQ�WKH�GDPDJH�RI
VSHUPDWRJHQHVLV�� /RZ� HIILFLHQF\� RI� WKHUDS\� LV� DOVR
FRQGLWLRQHG� E\� WKH� ODFN� RI� NQRZOHGJH� DERXW� WKH
UHSURGXFWLYH�IXQFWLRQ�RI�PHQ��E\�DEVHQFH�RI�QXPEHU
RI�VNLOOHG�XURORJLVWV�HQJDJHG�LQ�WKH�SUREOHP�RI�PDOH
VWHULOLW\�

,W�VKRXOG�EH�UHPHPEHUHG�WKDW�WUHDWPHQW�RI�YLROD�
WLRQV� RI� UHSURGXFWLYH� IXQFWLRQ� RI� PHQ� ZLWKRXW� WKH
SURSHU�H[DPLQDWLRQV�RI�SDWLHQWV�LV�GDQJHURXV��EHFDXVH
QRQ�JURXQGHG�DSSOLFDWLRQ�RI�FRUUHFWLQJ�RU�DOWHUQDWLYH
KRUPRQRWKHUDS\�RI�SHRSOH�QRW�KDYLQJ�HQGRFULQH�YLR�
ODWLRQV��FDQ�UHVXOW�LQ�VHULRXV�DQG�SURRI�YLRODWLRQV�RI
VSHUPDWRJHQHVLV�

3UHVHQWO\� WKHUH�DUH�WKUHH�FDWHJRULHV�RI�06�WUHDW�
PHQW�� DGMXYDQW� UHSURGXFWLYH�PHWKRGV�� VXUJHU\��PH�
GLFLQDO�WUHDWPHQW��

$GMXYDQW�UHSURGXFWLYH�WKHUDS\��$57��LQFOXGHV�PH�
WKRGV� IRU� WKH� LPSURYHPHQW� RI� HUHFWLOH� GLVIXQFWLRQ�
LQGXFWLRQ�RI�HMDFXODWLRQ��UHFHLSW�RI�VSHUP�DQG�LPSUHJ�
QDWLRQ�RI�RYXOH�>�@�
v LQWURF\WRSODVPDWLF�VSHUP�LQMHFWLRQ��,&6,��x�D�VHSD�

UDWH�VSHUP�FHOO�LV�SODFHG�LQ�WKH�F\WRSODVP�RI�PDWXUH
RYXOH�

v SDUWLDO� ]RQH� GLVVHFWLRQ� �3='�� x� LQ� WZR� SODFHV
GDPDJH�LV�FDXVHG�WR�SHOOXFLG�]RQH��]RQD�SHOOXFLGD��
XVLQJ� D� VKDUS� JODVV� SLSHWWH�� WKURXJK� WKHVH� EUHDNV
VSHUP�FHOOV�JHW�LQWR�WKH�RYXOH��

v VXE]RQDO� LQMHFWLRQ� �68=,��x� WKH� VHOHFWHG� VSHUP
FHOOV�DUH�LQMHFWHG�LQ�SHULYLWHOOLQH�VSDFH�ZLWK�WKH�XVH
RI�JODVV�SLSHWWH�
6XUJHU\�DW�PDOH�VWHULOLW\LV�LV�FRQGXFWHG�DW�REWXUD�

WLRQ�RI�VSHUPDGXFW�DQG�YDULFRVLW\��:LGHVSUHDG�VXUJLFDO
GLVHDVHV�DUH�YDULFRFHOH��FU\SWRUFKLGLVP��LQJXLQDO�KHU�
QLD��VSHUPDWRFHOH��JLGURFHOH�HW�DO�ZHDNHQ�VSHUPDWR�
JHQHVLV�DQG�UHQGHU�QHJDWLYH� LQIOXHQFH�RQ�WKH�UHSUR�
GXFWLYH�IXQFWLRQ�RI�PDQ�>�@��$Q�RSHUDWLRQ�RQ�UHQHZDO
RI�DGYDQFLQJ�DELOLW\�RI�VSHUPDGXFW�LV�GLYLGHG�LQWR��
EDVLF�JURXSV��
v YDVVDO�DQDVWRPRVLV��YDVRYDVRVWRPLD��tYD]R�u���JUHFK�

tVWRPDu� x� RSHQLQJ�� LV� D� VXUJLFDO� RSHUDWLRQ� RI
LPSRVLWLRQ�RI�DQDVWRPRVLV�EHWZHHQ�WKH�FHQWUDO�DQG
SHULSKHUDO� DUHDV� RI� VSHUPDGXFW� DIWHU� H[FLVLRQ� RI
REOLWHUDWHG�DUHD�
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v YDVVDO�HSLGLG\PRDQDVWRPRVLV�LV�DQ�DQDVWRPRVLV�RI
VSHUPDGXFW�ZLWK�WKH�HSLGLG\PLV�

v YDVVDO� WHVWLFOH� DQDVWRPRVLV� LV� DQ� DQDVWRPRVLV� RI
VSHUPDGXFW�ZLWK�WHOD�RI�WHVWLFOH�
,Q�DYHUDJH��UHQHZDO�RI�DGYDQFLQJ�DELOLW\�IRU�VSHUPV

DIWHU� VXUJLFDO� WUHDWPHQW� LV� VXFFHHGHG� LQ� ������� RI
FDVHV��0RVW�HIIHFWLYH�LV�D�VXUJHU\�RI�DQDVWRPRVLV�GXULQJ
DOO�VSHUPDGXFW�DQG�UHQHZDO�RI�LWV�DGYDQFLQJ�DELOLW\�IRU
VSHUPV� PDNHV� �������� 0HGLFLQDO� WKHUDS\� DW� PDOH
VWHULOLW\�LQFOXGHV�IDUPDFHXWLFDOV�IRU�WKH�LPSURYHPHQW
RI�VSHUP�JHQHUDWLRQ��WUHDWPHQW�RI�KRUPRQDO�GLVIXQF�
WLRQ�DQG�WUHDWPHQW�RI�LQIHFWLRQV��WDEOH����>�@�

,W� VKRXOG�EH�QRWHG� WKDW�SRVVLELOLWLHV�RI�PHGLFLQDO
WKHUDS\�DW�GLIIHUHQW�YLRODWLRQV��FDXVLQJ�SDWRVSHUPLD�LV

XWWHUO\� OLPLWHG� WKDW� LV� WKH� DFWXDO� WKHPH� RI� FOLQLFDO
DQGURORJ\�

2Q�FRPSOHWLRQ�RI�WKH�EDVLF�VWDJH�RI�WKH�WUHDWPHQW
VWLPXODWLRQ�RI�VSHUPDWRJHQHVLV�LV�SUHVHQWHG�DQG�WR�EH
H[DFW�IRU�WKHUDS\�LQ�WUHDWPHQW�LW�LV�QHFHVVDU\�WR�DGG
PHGLFÖÐÑÙDWLRQV��YLWDPLQ�RI�(�>��@��FDUQLWLQH��FRHQ�
]\PD�4����>��@�� OH\FRSHQ��JOXWDWKLRQH�>����������@
DQG� RWKHU�� WR� WKH� RUJDQLVP� ZKLFK� ZLOO� EH� DFWLYHO\
LQVWUXPHQWDO�LQ�WKH�SURFHVV�RI�IRUPDWLRQ�RI�VSHUPV��WR
VWUHQJWKHQ�EORRG�SURYLGLQJ�RI�JHQLWDO�RUJDQV��LPSURYH
WKH� JHQHUDO� VWDWH� RI� SDWLHQWV��1XPHURXV� UHVHDUFKHV�
FRQGXFWHG�LQ�,WDO\��6ZLW]HUODQG�DQG�RWKHU�(XURSHDQ
FRXQWULHV� KDYH� VKRZQ� LWV� KLJK� HIILFLHQF\� DW� PDOH
VWHULOLW\�

7DEOH��

0HGLFLQHV��XVHG�LQ�WKHUDS\�RI�PDOH�VWHULOLW\

3KDUPDFRORJLFDO�JURXSV 'HVFULSWLRQ�RI�SKDUPDFHXWLFDOV

$QGURJHQV�

SHURUDO PHVWHURORQ��SURYLURQ���XQGHFDQRDWH�RI�WHVWRVWHURQH��DQGULRO��WHVWRFDSV�

SDUHQWHUDO
SURSLRQDWH�RI�WHVWRVWHURQ��WHVWRYLURQ���HQDQWDW�RI�WHVWRVWHURQH��WHVWRVWHURQH�UHSRVLWRU\��
WHVWHQDW��VXVWDQRQ�������XQGHFDQRDWH�RI�WHVWRVWHURQH

WUDQVGHUPDO DQGURGHUP��DQGUDFWLP��DQGURJHO

WUDQVFURWDO WHVWRGHUP

K\SRGHUPLF LPSODQWV�RI�WHVWRVWHURQH

$QWLHVWURJHQV &LWUDWH�RI�FORPLSKHQH��FORVWLOEHJLG��WDPR[LIHQ�

*RQDGRWURSLQV
DQWKURSLF�PHQRSDXVDO�JRQDGRWURSLQ��SHUJRQDO��PHQDJRQ��NKXPHJRQ���IROOLWURSLQV
�PHWURGLQ��SXUHJRQ���KXPDQ�FKRULRQLF�JRQDGRWRSLQ��SURID]L��SUHJQLO��NKRUDJRQ�

5HOHDVLQJ�KRUPRQHV O\XOLEHULQ��FU\SWRNXU

,QKLELWRUV�RI�SURODFWLQ�VHFUHWLRQ %URPNULSWLQ��SDUORGHO���QRUSURODN��GRVWLQH[

$QWLPLFURELDO
)OXRURTXLQRORQHV��RIOR[DFLQ��VSDUIOR[DFLQ��JDWLIOR[DFLQ��PRNVLIOR[DFLQ���WHWUDF\FOLQHV
�GR[LFLNOLQ�DV�D�K\GURFKORULGH�RU�PDOHDWH���PDFUROLGHV��D]LWURPLFLQ��FODULWURPLFLQ�
VSLUDPLFLQ��G]KR]DPLFLQ��DQG�RWKHU

,PPXQRVWLPXODQW S\URJHQDO��QRUPDO�KXPDQ�LPPXQRJOREXOLQ��LPPXQDO��RNWDJDP��YLIHURQ��QHRYLU

$QJLRSURWHFWRUV SHQWR[LI\OOLQH��WUHQWDO��DJDSXULQ�

(Q]LPQ\H�SUHSDUDWLRQV YREHQ]LP��IORJHQ]LP

6H[XDO�IXQFWLRQ�FRUUHFWLRQ�
SKDUPDFHXWLFDOV

\RKLPEH�K\GURFKORULGH��VXSHU\RKLPEH��SOXV��FLWUDWH�RI�VLOGHQDILO��YLDJUD���KLPNROLQ�
FDUEHJROLQ��DOSURVWDGLO��HGHNV��NDYHUG]KHNW���WHQWH[��DIURGRU��LPLSUDPLQ��SUR]HULQ��DWURSLQH

7DEOH���

$VVRUWPHQW�RI�KRPH�SURGXFHG�PHGLFLQHV�XVHG�IRU�WKHUDS\�RI�PDOH�VWHULOLW\

$FWLYH�VXEVWDQFH 3KDUPDFHXWLFDO�GHQRPLQDWLRQ 0DQXIDFWXUHU

3URVWDWLOHQ

SURVWDWLOHQ��VXS������������ &-6&�t/HFKLP�.KDUNRYu

SURVWDWLOHQ�]LQF��VXS�������� &-6&�t/HFKLP�.KDUNRYu

SURVWDWLOHQ�ELRSKDUPD�DPS� 2-6&�t%LRSKDUPDu

&LWUDWH�RI�VLOGHQDILO

VXSHUYLJD�����WDE��RI����PJV��� -6&�t=GRURYsHu�FRPSDQ\�EUDQFK

SRWHQFLDOH��WDE����������������� &-6&�t/HFKLP�.KDUNRYu

HUJRV��WDE��RI������������������ -6&�t3KDU&R6u�FRPSDQ\�EUDQFK�

+\GURFKORULGH�RI�\RKLPELQH
K\GURFKORULGH�RI�\RKLPELQH��FDSV����� -6&�t=GRURYsHu�FRPSDQ\�EUDQFK

\RKLPEH[�KDUPRQ\��FDSV����� &-6&�t%RUFKVKDJRYVNL\�FKLPS�KDUP�]DYRGu

3+36��SROOHQ $SLSURVW��FDSV�����[� -6&�t=GRURYsHu�FRPSDQ\�EUDQFK
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8QIRUWXQDWHO\��PDUNHW� RI�PHGLFLQHV� RI� GRPHVWLF
SURGXFWLRQ�LV�SUHVHQWHG�E\�LQVLJQLILFDQW�NLQGV�RI�SKDU�
PDFHXWLFDOV� XVHG� DW� YLRODWLRQV� RI� WKH� UHSURGXFWLYH
V\VWHP� IRU�PHQ� DQG� GLVHDVHV� �SURVWDWLWLV�� YHVLFXOLWLV�
HUHFWLOH�GLVIXQFWLRQ�DQG�RWKHU��ZKLFK�DUH�SUHGRPLQDQW
UHDVRQV�RI�WKLV�GLVHDVH��WDEOH����

$V�\RX�VHH�IURP�WDEOH����WKH�PDUNHW�RI�SKDUPDFHX�
WLFDOV�RI�GRPHVWLF�PDQXIDFWXUH�LV�YHU\�OLPLWHG�DQG�WKHUH
LV�QR�HQRXJK�UHOLDEOH�PHGLFDPHQW�ZKLFK�ZRXOG�SURYLGH
FRPSOHWH�UHFRYHU\�

7KHUHIRUH�RQ�WKH�GHSDUWPHQW�RI�FKHPLVWsV�WHFKQRO�
RJ\�RI�GUXJV�RI�WKH�1DWLRQDO�8QLYHUVLW\�RI�3KDUPDF\
�.KDUNRY��XQGHU�WKH�GLUHFWLRQ�RI�WKH�KRQRXUHG�ZRUNHU
RI�VFLHQFH�RI�8NUDLQH��DFDGHPLFLDQ�RI�8NUDLQLDQ�$6�
SURIHVVRU�$�,�7LNKRQRY��WKH�ZRUN�RQ�GHYHORSPHQW�RI
FRPSRVLWLRQ�DQG�WHFKQRORJ\�RI�PHGLFLQHV�RI�DQGUR�
JHQLF�DFWLRQ�LV�FRQGXFWHG��2ULJLQDO�VXEVWDQFHV��EHFRP�
LQJ�EDVHV�IRU�WKH�SURGXFWLRQ�RI�QHZ�DSLSUHSDUDWLRQV�
SUHVHQWLQJ�FRQVLGHUDEOH�LQWHUHVW�DQG�SURVSHFWV�RI�WKH

XVH�LQ�WKH�GLIIHUHQW�DUHDV�RI�SKDUPDFHXWLFV��PHGLFLQH�
YHWHULQDU\�VFLHQFH�DQG�EHHNHHSLQJ�ZHUH�FUHDWHG�

,W�LV�NQRZQ�WKDW�SUHSDUDWLRQV�RQ�WKH�EDVLV�RI�SURGXFWV
RI�EHHNHHSLQJ�ILQG�DFWLYH�DQG�ZLGH�DSSOLFDWLRQ�LQ�PRGHUQ
PHGLFLQH��3URSROLV��UR\DO�MHOO\��SROOHQ��SROOHQ�ORDG�RI�D
EHH��EHH�YHQRP�SRVVHVV�WKH�YDULHG�KHDOWKIXO�SURSHUWLHV�
UHQGHULQJ�DQWLPLFURELDO��DQDHVWKHWLF��DQWLR[LGDQW��DQWL�
LQIODPPDWRU\�� LPPXQRVWLPXODWLQJ�� UHSDUDWLYH�� DQWLUD�
GLDWLRQDO��DQWLYLUDO��DQWLWR[LF��EUDFLQJ�DFWLRQV�

,W� LV� QHFHVVDU\� WR�PDUN� WKDW� WKH� VSHFLDO� YDOXH� DW
WUHDWPHQW�RI�SURVWDWLWLV��LQYHWHUDWH�YHVLFXOLWLV�DQG�HUHF�
WLOH�GLVIXQFWLRQ�ZKLFK�DUH�SUHGRPLQDQW�UHDVRQV�RI�PDOH
VWHULOLW\�EHORQJV�WR�WKH�SROOHQ�ORDG�RI�D�EHH��DSSOLFDWLRQ
RI�ZKLFK�JHW�PRVW�EULJKW�DQG�HQRXJK�UDSLG�HIIHFW�LQ
VWDWH�LPSURYHPHQW�DQG�QRUPDOL]DWLRQ�RI�06�VLFNV�

)URP� WKH� DERYH� VWDWHG�PDWHULDO�� WKH� SUREOHP�RI
FUHDWLRQ�RI�FRPSOH[�PHGLFLQDO�SUHSDUDWLRQ�IRU�WUHDW�
PHQW�RI�YDULRXV�YDULDQWV�RI�PDVFXOLQH�LQIHUWLOLW\�JDLQHG
WKH�VSHFLDO�PHGLFDO�DQG�VRFLDO�PHDQLQJIXOQHVV��
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