
5HYLHZHU��

,Q WKLV ZRUN� %DUULOORQ HW DO� FKDUDFWHUL]H WKH UHVSRQVH RI SK\WRSODQNWRQ WR D VWRUP HYHQW
LQ WKH 1: 0HGLWHUUDQHDQ 6HD� ,Q P\ RSLQLRQ� WKLV ZRUN LV WUXO\ UHOHYDQW� 7KHUH DUH IHZ
VWXGLHV RXW WKHUH WKDW FRPSDUH WKH EHIRUH DQG DIWHU RI SK\WRSODQNWRQ UHVSRQVH WR
VKRUW�WHUP DQRPDORXV HYHQWV WKDW GLVUXSW WKH HFRV\VWHP� 6LQFH WKHUH LV D UHDO SRVVLELOLW\
WKDW VXFK H[WUHPH HYHQWV PD\ EHFRPH PRUH IUHTXHQW LQ WKH IXWXUH� WKHUH LV D GLUH QHHG
IRU PRUH VWXGLHV RQ WKLV WRSLF� 8QIRUWXQDWHO\� PRVW RI WKHVH ZRUNV RFFXU DV D UHDFWLRQ WR
D JLYHQ H[WUHPH HYHQW DQG� WKXV� ODFN D FRPSUHKHQVLYH PHWKRGRORJ\ WKDW PD\ HYDOXDWH
WKH LPSDFW LW KDG� ZKLFK LV XQGHUVWDQGDEOH� 7KLV LV QRW WKH FDVH RI WKLV PDQXVFULSW� DV
%DUULOORQ HW DO� FOHDUO\ WULHG WR XVH DV PXFK DV WKH\ FRXOG WR FKDUDFWHUL]H WKLV HYHQW�
LQ�VLWX VKLS�EDVHG VDPSOLQJ EHIRUH DQG DIWHU WKH VWRUP� D JOLGHU VDPSOLQJ GXULQJ WKH
VWRUP� DV ZHOO DV UHPRWH VHQVLQJ DQG PRGHOOHG GDWD WR FRPSOHPHQW WKH LQ�VLWX GDWD�
7KHUHIRUH� WKLV LV DQ LPSRUWDQW ZRUN DQG D JRRG H[DPSOH RQ KRZ YDULRXV VRXUFHV RI
GDWD�VKRXOG�EH�LQWHJUDWHG�WR�VWXG\�D�VKRUW�WHUP�HYHQW�

:KLOH PHWKRGRORJ\ LV VRXQG� WKH ZULWLQJ LV RYHUDOO JRRG DQG LWV FRQFOXVLRQV DUH UHOHYDQW
DQG VXSSRUWHG E\ WKH UHVXOWV� , GR KDYH D IHZ JULSHV ZLWK WKH PDQXVFULSW WKDW , EHOLHYH
VKRXOG EH UHVROYHG EHIRUH EHLQJ DFFHSWHG� 7KHUHIRUH� IRU P\ SDUW� , UHFRPPHQG PDMRU
UHYLVLRQV�

:H DUH YHU\ JUDWHIXO WR WKH UHYLHZHU IRU WKH FDUHIXO UHDGLQJ DQG UHOHYDQW FRPPHQWV DERXW WKH
PDQXVFULSW� $OO WKH UHPDUNV KDYH EHHQ DGGUHVVHG EHORZ DQG WKH DVVRFLDWHG PRGLıFDWLRQV
ZLOO�EH�SHUIRUPHG�LQ�WKH�UHYLVHG�YHUVLRQ�RI�WKH�PDQXVFULSW�
�&RORU OHJHQG � FRPPHQWV DQG TXHVWLRQV LQ JUHHQ� DQVZHUV LQ EOXH� QHZ WH[W SURSRVDO LQ
RUDQJH�

,�ZLOO�QRZ�OLVW�P\�PDLQ�TXHVWLRQV�RU�DUHDV�ZKHUH�,�WKLQN�WKH�PDQXVFULSW�FRXOG�EH
LPSURYHG�

Ɣ ,Q WKH LQWURGXFWLRQ� WKH JRDOV RI WKH ZRUN DUH QRW H[SOLFLWO\ VWDWHG� 7KHUH LV D ODUJH
SDUDJUDSK GHWDLOLQJ WKH )806(&. FUXLVH� VRPH RYHUDOO PHWKRGRORJ\ DQG LWV DLPV� EXW
WKHVH DUH WKH FUXLVHŖV DLPV� QRW WKLV ZRUNŖV DLPV� &OHDUO\ VWDWLQJ WKH REMHFWLYHV DQG
OLQNLQJ WKHP ZLWK WKH PHWKRGRORJ\ DQG UHVXOWV ZRXOG KHOS WKH UHDGHU QDYLJDWLQJ
WKURXJK�WKH�VXEVWDQWLDO�QXPEHU�RI�UHVXOWV�GHVFULEHG�LQ�WKLV�ZRUN�

<HV� WKH QHZ LQWURGXFWLRQ ZLOO EH DV IROORZV� DOVR WDNLQJ LQWR DFFRXQW WKH RWKHU
FRPPHQWV�DERXW�LQWURGXFWLRQ��FKDQJHV�LQ�RUDQJH��

ŗ0DULQH HQYLURQPHQWV DUH VXEMHFW WR VKRUW�WHUP HYHQWV ZKRVH HĳHFWV RQ ELRJHRFKHPLFDO
SURFHVVHV FDQ EH VXEVWDQWLDO� 7KLV LV WKH FDVH RI GHVHUW GXVW GHSRVLW RQ ROLJRWURSKLF DUHDV
�*XLHX HW DO�� ������ YROFDQLF DVK GHSRVLW �+DPPHV HW DO�� ������ VXEPDULQHV VRXUFHV RI LURQ
�*XLHX HW DO�� ������ DQG VXGGHQ PL[LQJ RI WKH ZDWHU FROXPQ IURP W\SKRRQV �:DQJ HW DO��
������ (YHQ WKH FODVVLFDO SK\WRSODQNWRQ VSULQJ EORRP FDQ YDU\ LQ LQWHQVLW\ DQG VSDWLDO H[WHQW



GHSHQGLQJ RQ WKH DPRXQW RI SUHYLRXV VKRUW WHUP VWRUPV �)HUUHLUD HW DO�� ������ (ĳHFWV RQ
PLFUR�RUJDQLVPV DFWLYLW\ DQG GLYHUVLW\ HQFRPSDVV VXGGHQ FKDQJHV FRPSDUHG WR WKH
SUHYLRXV FRQGLWLRQV� ,QGHHG� GHSHQGLQJ RQ WKH UHGLVWULEXWLRQ RI QXWULHQWV� WKH LQWHQVLW\ RI DQ\
WXUEXOHQFHV� WKH OLJKW FRQGLWLRQV DQG WKH PL[LQJ RI GLĳHUHQW ZDWHU PDVVHV� WKH
SK\WRSODQNWRQ FRPPXQLW\ FDQ HLWKHU FROODSVH RU JURZ� DĳHFWLQJ FDUERQ H[SRUW E\
JHQHUDWLQJ GHFRXSOLQJ SKHQRPHQRQ EHWZHHQ SURGXFWLRQ DQG UHPLQHUDOL]DWLRQ �+HQVRQ HW
DO���������

0HWHRURORJLFDO LPSXOVH ZLQG HYHQWV VXFK DV VWRUPV� DQG WKHLU HĳHFWV RQ RFHDQLF SK\VLFV
DQG HYHQ PRUH RQ ELRJHRFKHPLVWU\� DUH SRRUO\ H[SORUHG ZLWK LQ VLWX GDWD� 6XFK HYHQWV
JHQHUDWH PL[LQJ DQG VWLUULQJ RI WKH VXUIDFH OD\HU DQG FDQ WULJJHU WUDQVLWLRQDO SHDNV LQ SULPDU\
SURGXFWLRQ� PDLQO\ H[SODLQHG E\ QLWUDFOLQH VKRDOLQJ DQG JUD]HUV GLOXWLRQ �/RPDV HW DO�� �����
0HQNHV HW DO�� ������ ,Q ROLJRWURSKLF RFHDQ FRQGLWLRQV� %DELQ HW DO� ������ DQG +DQ HW DO�
������ REVHUYHG IURP VDWHOOLWH RFHDQ FRORXU WKH VXGGHQ DQG ODUJH LQFUHDVH LQ FKORURSK\OO�D�
ODVWLQJ VHYHUDO ZHHNV� DIWHU VXPPHU KXUULFDQH�VWRUPV� 7KH UHVXOWLQJ LQFUHDVH LQ VXUIDFH
FKORURSK\OO�D �FKOD� UHDFKHG YDOXHV FORVH WR WKRVH IURP WKH VSULQJ EORRP �%DELQ HW DO�� �����
ZLWK SRWHQWLDO SULPDU\ SURGXFWLRQ FRPSDUDEOH WR WKH RQH LQGXFHG E\ VRPH PHVRVFDOH �䍐 ��
ƃ ��� NP KRUL]RQWDO UDQJH� HGGLHV� EXW FRXOG QRW UHDFK IXUWKHU SURFHVVHV XQGHUVWDQGLQJ GXH
WR WKH ODFN RI LQ VLWX REVHUYDWLRQV� 2QO\ D IHZ VWXGLHV KDYH FRPELQHG KLJK�UHVROXWLRQ
SK\VLFDO GHVFULSWLRQV RI ZLQG HYHQWV ZLWK D SK\WRSODQNWRQ UHVROXWLRQ DW WKH IXQFWLRQDO JURXS
OHYHO� 6RPH FRDVWDO VWXGLHV� VXFK DV )XFKV HW DO� ������� KDYH HYLGHQFHG
SLFR�QDQRSK\WRSODQNWRQ DEXQGDQFH DQG ELRPDVV ULVHV IRU PRVW SK\WRSODQNWRQ JURXSV�
ZLWKLQ WZR WR IRXU GD\V IROORZLQJ ZLQG�LQGXFHG HYHQWV DW D FRDVWDO VWDWLRQ ORFDWHG LQ WKH
QRUWK�ZHVWHUQ �1:� 0HGLWHUUDQHDQ 6HD LQ VWUDWLıHG FRQGLWLRQV� $JDLQ� WKH DXWKRUV VKRZHG
WKDW H[WUHPH HYHQWV FDQ JHQHUDWH GDLO\ ELRPDVV LQFUHDVHV RI WKH VDPH RUGHU RI PDJQLWXGH
DV WKRVH REVHUYHG GXULQJ WKH VSULQJ EORRP� 6LPLODUO\� $QJOÛV HW DO� ������ VWXGLHG WKH
UHVSRQVH RI QDQR�PLFURSK\WRSODQNWRQ WR WURSLFDO F\FORQHV JHQHUDWLQJ ZLQG�SK\VLFDO IRUFLQJ
DQG VXEVWDQWLDO UDLQV LQ WKH :HVWHUQ *XOI RI 0H[LFR� 7KH\ KLJKOLJKWHG VWURQJ LQFUHDVHV LQ
SODQNWRQ DEXQGDQFH IROORZLQJ WKH VWRUPV ZLWK GHOD\V FRQVLVWHQW ZLWK )XFKV HW DO� �������
7KHVH VWRUPV REVHUYHG RQ HLWKHU FRDVWDO 0HGLWHUUDQHDQ V\VWHPV RU WURSLFDO RSHQ RFHDQ
PD\ SRWHQWLDOO\ H[HUW D VWURQJ FRQWURO RQ ERWK SULPDU\ SURGXFWLRQ DQG FRPPXQLW\ VWUXFWXUH
DOVR LQ WKH 0HGLWHUUDQHDQ RSHQ RFHDQ� WKXV SOD\LQJ D SRWHQWLDOO\ LPSRUWDQW ELRJHRFKHPLFDO
UROH RQ WKH ZKROH EDVLQ� +RZHYHU� LQ RXU NQRZOHGJH QR VXFK HYHQW LQ WKH 0HGLWHUUDQHDQ
RSHQ�VHD KDV�EHHQ�UHSRUWHG�LQ�WKH�SDVW�

7KH FODVVLFDO VSULQJ EORRP DV REVHUYHG LQ WHPSHUDWH RFHDQV LV WULJJHUHG E\ WKH VKRDOLQJ RI
WKH PL[HG OD\HU ZKHQ SDVVLQJ IURP WKH ZLQWHU FRQYHFWLRQ WR WKH VSULQJ VWUDWLıFDWLRQ
�%HKUHQIHOG� ������ ZKLFK HQGV ZKHQ QR PRUH QXWULHQWV DUH DYDLODEOH LQ WKH HXSKRWLF OD\HU RU
ZKHQ JUD]HUV RYHUSDVV WKH SK\WRSODQNWRQ JURZWK FDSDFLW\� 7KLV LV SDUWLFXODUO\ WKH FDVH LQ
WKH 1: 0HGLWHUUDQHDQ 6HD FKDUDFWHULVHG E\ ZLQWHU GHHS FRQYHFWLRQ �+RXSHUW HW DO�� �����
7HVWRU HW DO�� ����� DQG E\ VSULQJ EORRPV RI GLĳHUHQW LQWHQVLWLHV WKDW FDQ EH GHWHFWHG IURP
VDWHOOLWH LPDJHV �GŖ2UWHQ]LR DQG 5LEHUD GŖ$OFDOÇ� ����� 0D\RW HW DO�� ������ 7KLV DUHD LV
DĳHFWHG E\ VWURQJ QRUWKHUO\ ZLQGV� DQG WKHLU LQWHQVLW\ LQ ZLQWHU GHıQHV WKH EORRP LQWHQVLW\
�&RQDQ HW DO�� ������ ,Q VXPPHU VWUDWLıHG FRQGLWLRQV� LPSXOVH ZLQG HYHQWV FRXOG LQGXFH
VXEPHVRVFDOH �䍐 � ƃ �� NP KRUL]RQWDO UDQJH� YHUWLFDO PL[LQJ DQG WULJJHU SDWFKHV RI KLJK
SK\WRSODQNWRQ SURGXFWLRQ� <HW� REVHUYLQJ WKH HĳHFW RI WKHVH HYHQWV RQ SK\WRSODQNWRQ
G\QDPLFV DQG GLVWULEXWLRQ LV FKDOOHQJLQJ� HVSHFLDOO\ GXULQJ VWUDWLıHG ROLJRWURSKLF FRQGLWLRQV�
DQG UHTXLUHV WKH GHSOR\PHQW RI GHGLFDWHG DXWRPDWHG DQG KLJK�IUHTXHQF\ VDPSOLQJ WRROV�
,QGHHG� WKH PL[LQJ RI WKH ZDWHU FROXPQ PD\ EULQJ PLFURRUJDQLVPV IURP GHHS WR VXUIDFH



OD\HUV� DĳHFWV WKHLU SK\VLRORJLFDO SURSHUWLHV GXH WR SKRWRDFFOLPDWLRQ SURFHVVHV� DQG KDV DQ
LPSDFW RQ FDUERQ�WR�FKORURSK\OO UDWLRV XVHG WR UXQ SULPDU\ SURGXFWLRQ PRGHOV DW ODUJH
VFDOHV �6DWK\HQGUDQDWK HW DO�� ������ ,Q DGGLWLRQ� VRPH VFDUFH REVHUYDWLRQV DW WKH IXQFWLRQDO
JURXS OHYHO HYLGHQFH GDLO\ DGDSWDWLRQ SURFHVVHV UDWKHU WKDQ FRPPXQLW\ FKDQJHV DIWHU ZDWHU
FROXPQ PL[LQJ �7KRPSVRQ HW DO�� ����� RU D WD[RQRPLFDO GHSHQGHQF\ LQ SK\VLRORJLFDO
VWUDWHJLHV �*UDĳ DQG %HKUHQIHOG� ������ %HLQJ DEOH WR PRQLWRU SK\WRSODQNWRQ GLVWULEXWLRQ DW D
IXQFWLRQDO OHYHO� E\ LQWHJUDWLQJ VPDOO DQG UDSLG VFDOH G\QDPLFV LQWR ODUJHU VSDFH DQG WLPH
VFDOHV�ZRXOG�SUHFLVH�WKH�UROH�RI�SK\WRSODQNWRQ�LQ�ELRJHRFKHPLFDO�SURFHVVHV�

7KH REMHFWLYH RI WKLV SDSHU LV WR VWXG\ LQ VLWX SK\VLFDO DQG ELRORJLFDO HĳHFWV RI D SDUWLFXODUO\
LQWHQVH HSLVRGH RI ZLQG LQ VSULQJ ���� LQ WKH /LJXULDQ 6HD �1: 0HGLWHUUDQHDQ 6HD�� 7KH
PHWKRGRORJ\ LV WR FRPELQH GDWD WDNHQ GXULQJ WKH )806(&. FUXLVH �)DFLOLWLHV IRU 8SGDWLQJ
WKH 0HGLWHUUDQHDQ 6XEPHVRVFDOH � (FRV\VWHP &RXSOLQJ .QRZOHGJH�
KWWSV���GRL�RUJ������������������� 3, 6� %DUULOORQ �%DUULOORQ HW DO�� ������ ZKHQ WKLV HSLVRGH
KDSSHQHG� +LJK�UHVROXWLRQ SK\VLFDO SURSHUWLHV� FKOD DQG SK\WRSODQNWRQ ZHUH PHDVXUHG DQG
FRPELQHG WR VKRZ DEUXSW FKDQJHV LQ ZDWHU FKDUDFWHULVWLFV� DQG SK\WRSODQNWRQ DEXQGDQFHV
DQG�SK\VLRORJLFDO�SURSHUWLHV�LQ�VXUIDFH�ZDWHUV�Ř

Ɣ )RU D ZRUN LQ ZKLFK LWV FRQFOXVLRQV UHYROYH DURXQG WKH ŗUROH RI VWRUPV RQ WKH
ELRJHRFKHPLVWU\ DQG HFRORJ\ RI WKH 0HGLWHUUDQHDQ RSHQ VHD �ő�Ř� , VDZ YHU\ IHZ
UHIHUHQFHV LQ WKH LQWURGXFWLRQ WR ZRUNV IRFXVLQJ RQ RWKHU WKDQ SK\WRSODQNWRQ
DEXQGDQFH RU ELRPDVV FKDQJHV� )RU LQVWDQFH� WKH DXWKRUV FRXOG KDYH GLVFXVVHG
RWKHU VWXGLHV WKDW KDYH DSSURDFKHG WKH SRWHQWLDO LPSDFW RI VXFK VKRUW�WHUP HYHQWV RQ
FDUERQ H[SRUW �H�J�� +DPPH HW DO�� ����� +HQVRQ HW DO�� ����� ����� )HUUHLUD HW DO��
������ 5HJDUGLQJ WKLV PDWWHU� , ZRXOG EH FXULRXV WR VHH VRPH UHPRWH VHQVLQJ 32&
LPDJHV�GDWD EHIRUH DQG DIWHU WKH VWRUP� 7KHVH PD\ HYHQ WLH LQ QLFHO\ ZLWK WKH
FRQFOXVLRQV�RI�WKH�DUWLFOH��LI�WKH\�UHYHDO�VRPHWKLQJ�LQWHUHVWLQJ�

:H WKDQN \RX IRU WKH VXJJHVWHG UHIHUHQFHV� $IWHU UHDGLQJ WKH VXJJHVWHG SDSHUV� ZH
SURSRVH WR DGG LQ WKH LQWURGXFWLRQ VHYHUDO H[DPSOHV WR LOOXVWUDWH WKH LPSDFW RI VKRUW
HYHQWV�RQ�ELRJHRFKHPLFDO�SURFHVVHV��ıUVW�SDUDJUDSK�RI�WKH�QHZ�LQWURGXFWLRQ��

ŗ0DULQH HQYLURQPHQWV DUH VXEMHFW WR VKRUW�WHUP HYHQWV ZKRVH HĳHFWV RQ ELRJHRFKHPLFDO
SURFHVVHV FDQ EH VXEVWDQWLDO� 7KLV LV WKH FDVH RI GHVHUW GXVW GHSRVLW RQ ROLJRWURSKLF DUHDV
�*XLHX HW DO�� ������ YROFDQLF DVK GHSRVLW �+DPPHV HW DO�� ������ VXEPDULQHV VRXUFHV RI LURQ
�*XLHX HW DO�� ������ DQG VXGGHQ PL[LQJ RI WKH ZDWHU FROXPQ IURP W\SKRRQV �:DQJ HW DO��
������ (YHQ WKH FODVVLFDO SK\WRSODQNWRQ VSULQJ EORRP FDQ YDU\ LQ LQWHQVLW\ DQG VSDWLDO H[WHQW
GHSHQGLQJ RQ WKH DPRXQW RI SUHYLRXV VKRUW WHUP VWRUPV �)HUUHLUD HW DO�� ������ (ĳHFWV RQ
PLFUR�RUJDQLVPV DFWLYLW\ DQG GLYHUVLW\ HQFRPSDVV VXGGHQ FKDQJHV FRPSDUHG WR WKH
SUHYLRXV FRQGLWLRQV� ,QGHHG� GHSHQGLQJ RQ WKH UHGLVWULEXWLRQ RI QXWULHQWV� WKH LQWHQVLW\ RI DQ\
WXUEXOHQFHV� WKH OLJKW FRQGLWLRQV DQG WKH PL[LQJ RI GLĳHUHQW ZDWHU PDVVHV� WKH
SK\WRSODQNWRQ FRPPXQLW\ FDQ HLWKHU FROODSVH RU JURZ� DĳHFWLQJ FDUERQ H[SRUW E\
JHQHUDWLQJ GHFRXSOLQJ SKHQRPHQRQ EHWZHHQ SURGXFWLRQ DQG UHPLQHUDOL]DWLRQ �+HQVRQ HW
DO���������Ř

:H�DOVR�SURSRVH�WR�LQFOXGH�D�VHQWHQFH�LQ�WKH�GLVFXVVLRQ�

ŗ7KLV FRXOG LQ WXUQ IRVWHU WKH LQWHJUDWHG SULPDU\ SURGXFWLRQ E\ HQKDQFLQJ SK\WRSODQNWRQ
GLYLVLRQ UDWH DQG ELRPDVV �%HKUHQIHOG� ����� ZKLFK� ZKHQ JUD]HUV DUH GLOXWHG� LV UHODWHG



WR KLJKHU RUJDQLF FDUERQ H[SRUW HĴFLHQF\ �+HQVRQ� ������ 7KLV SKHQRPHQRQ ZDV DOVR
REVHUYHG DIWHU ZLQWHU VWRUPV LQ WKH 6DUJDVVR 6HD� ZKHUH GLDWRPV LQFUHDVH ZDV PD[LPDO
ZLWKLQ WZR GD\V DIWHU VKRDOLQJ RI WKH PL[HG OD\HU GHSWK �.UDXVH� ������ 7KHVH SXOVHG
SURGXFWLRQ HYHQWV FRXOG EH UHVSRQVLEOH IRU XS WR ��� RI WKH JOREDO SULPDU\ SURGXFWLRQ
LQ�WKH�6DUJDVVR�6HD��/RPDV�HW�DO���������Ř

5HJDUGLQJ�WKH�32&�DQDO\VLV��ZH�IRXQG�WKLV�1$6$�SURGXFW��
LXXTW���SGIERGSPSV�KWJG�REWE�KSZ�EXFH�TSG��WIGC�

$ TXLFN ORRN VHHPV WR VKRZ VRPH FORXG LVVXHV GXULQJ WKH VWRUP ���� �� RI 0D\��
1HYHUWKHOHVV� ORRNLQJ DW WKH UHJLRQ �LPDJHV H[WUDFWHG IURP WKH ZHE VLWH� SXUSOH FLUFOH� RQ
WKH ��WK RI $SULO �EHIRUH WKH VWRUP� DQG WKH ��WK RI 0D\ �MXVW DIWHU WKH VWRUP�� DQ LQFUHDVH
RI 32& FRXOG EH SRVVLEOH� 7KLV VWXG\ ZRXOG UHTXLUH VRPH PRUH WLPH WR GHHSHQ� ZH
SURSRVH�WR�SHUIRUP�WKLV�DQDO\VLV�ZKHQ�WKH�UHYLVHG�PDQXVFULSW�ZLOO�EH�VXEPLWWHG�

������������H[WUDFWHG�IURP
KWWSV���RFHDQFRORU�JVIF�QDVD�JRY�VKRZLPD
JHV�02',6$�,0$*(6�32&�/�����������
�$48$B02',6����������/�P�'$<�32&�
SRF��NP�QF�SQJ

������������H[WUDFWHG�IURP
KWWSV���RFHDQFRORU�JVIF�QDVD�JRY�VKRZL
PDJHV�02',6$�,0$*(6�32&�/�������
�����$48$B02',6����������/�P�'$<
�32&�SRF��NP�QF�SQJ

Ɣ 6RPH�SDUDJUDSKV�RU�SRUWLRQV�RI�WKH�PDQXVFULSW�DUH�D�ELW�YHUERVH�DQG�FRXOG�EH
VKRUWHQHG�RU�HYHQ�UHPRYHG��)RU�LQVWDQFH��LQ�OLQHV��������WKHUH�LV�DQ�H[KDXVWLYH
GHVFULSWLRQ�RI�WKH�)806(&.�FUXLVH��7KLV�GHVFULSWLRQ�FRXOG�EH�VKRUWHQHG�DQG�PRVW�RI
LW�FRXOG�EH�LQWHJUDWHG�LQWR�WKH�0DWHULDO�DQG�0HWKRGV�VHFWLRQ�WR�DYRLG�UHGXQGDQF\�

<HV� ZH ZLOO UHPRYH WKH SDUDJUDSK /����� IURP WKH LQWURGXFWLRQ� VKRUWHQ DQG HPEHG LW LQ
WKH�PDWHULDO�DQG�PHWKRGV�LQWURGXFWLRQ�DV�IROORZV��

ŗ7KH )806(&. FUXLVH DLPHG DW FRPELQLQJ SK\VLFDO DQG ELRORJLFDO RFHDQRJUDSK\ IRU WKH
VWXG\ RI PHVRVFDOH DQG VXEPHVRVFDOH G\QDPLFV� ZKLFK LPSO\ VWUXFWXUHV VXFK DV HGGLHV�
ıODPHQWV� RU IURQWV RYHU D KRUL]RQWDO VSDWLDO UDQJH RI � WR ��� NP� D YHUWLFDO RQH RI ��� WR �
NP� DQG D WHPSRUDO UDQJH RI GD\V WR D IHZ ZHHNV �*LRUGDQL HW DO�� ����� )HUUDUL DQG :XQVFK�
����� 0F:LOOLDPV� ������ ,W WRRN SODFH IURP �� $SULO ���� WR � 0D\ ����� LQ WKH /LJXULDQ 6HD
�1: 0HGLWHUUDQHDQ 6HD�� RQERDUG WKH 59 7ÜWK\V ,,� 'XULQJ WKLV FUXLVH� ZH GHSOR\HG WRZHG
LQVWUXPHQWV DQG DQ XQGHUZDWHU JOLGHU �7HVWRU HW DO�� ����� WR PHDVXUH SK\VLFDO SURSHUWLHV DW
KLJK UHVROXWLRQ� 7KHVH PHDVXUHPHQWV KDYH EHHQ SDLUHG ZLWK VKLSERDUG PHDVXUHPHQWV RI

https://oceancolor.gsfc.nasa.gov/atbd/poc/#sec_6


SK\WRSODQNWRQ IXQFWLRQDO JURXSV IURP DQ DXWRPDWHG SXOVH�VKDSH UHFRUGLQJ ĲRZ F\WRPHWHU�
EDVHG RQ FHOO VL]HV DQG SLJPHQW FRQWHQWV �'XJHQQH HW DO�� ����� 7K\VVHQ HW DO�� �����
%RQDWR HW DO�� ����� /RXFKDUW HW DO�� ������ )LJXUH � VKRZV WKH FUXLVH DQG WKH JOLGHU
WUDMHFWRULHV� 5LJKW DIWHU WKH VWRUP IRU ZKLFK ZH KDG WR WDNH VKHOWHU� WKH VKLS FDPH EDFN WR
WKH ZLQG�H[SRVHG ]RQH WR FROOHFW GDWD� 0HDQZKLOH� WKH JOLGHU VWD\HG LQ WKH VWRUP�H[SRVHG
]RQH DOO DORQJ DQG FROOHFWHG GDWD� ,Q DGGLWLRQ WR LQ VLWX GDWD� ZH H[SORLWHG VDWHOOLWH GDWD WR
JXLGH WKH FUXLVH DQG REWDLQ D V\QRSWLF YLHZ RI WKH UHJLRQ DQG D PHWHRURORJLFDO PRGHO WR
VWXG\�WKH�VWRUP�Ř

:H�ZLOO�DOVR�UHPRYH�WKH�PHQWLRQ�WR�WKH�VWDWLRQV��DQG�WKH�IROORZLQJ�SDUDJUDSK��

ŗ6HYHUDO LQ VLWX LQVWUXPHQWV IRU PHDVXULQJ SK\VLFV DQG ELRJHRFKHPLVWU\ ZHUH GHSOR\HG DQG
DUH GHVFULEHG LQ WKLV VHFWLRQ ZLWKLQ WKH ıUVW WZR SDUWV� WUDQVHFW PHDVXUHPHQWV� DQG JOLGHU�
7KH VDWHOOLWH GDWD H[SORLWHG WR JXLGH WKH FUXLVH DQG REWDLQ D V\QRSWLF YLHZ RI WKH UHJLRQ DUH
GHVFULEHG LQ WKH WKLUG SDUW� IROORZHG E\ WKH PHWHRURORJLFDO PRGHO� 7KH ODVW SDUW GHDOV ZLWK
WKH FRPSDULVRQ RI WKH ĲXRUHVFHQFH DQG FKOD FRQFHQWUDWLRQV IURP WKH GLĳHUHQW
PHDVXUHPHQWV�Ř

$OVR� SDVVDJHV VXFK DV ����� DQG ����� DUH UHGXQGDQW� 7KHUH LV QR QHHG WR VWDWH
ZKDW WKH UHVXOWV VHFWLRQ ZLOO VKRZ DIWHU WKH PDWHULDO DQG PHWKRGV EHFDXVH WKDW ZLOO
EHFRPH FOHDU IRU WKH UHDGHUV DV WKH\ FRQWLQXH WR UHDG WKH PDQXVFULSW� , UHFRPPHQG
ORRNLQJ DW VXFK VLWXDWLRQV DFURVV WKH PDQXVFULSW WR NHHS WKH WH[W DV VWUDLJKWIRUZDUG
DV�SRVVLEOH�IRU�WKH�UHDGHU�

<HV� VXFK SDVVDJHV ZLOO EH UHPRYHG IURP WKH LQWURGXFWLRQ� DQG WKH PDWHULDO DQG PHWKRGV
LQWURGXFWLRQ�

Ɣ , WKLQN WKH VDPSOLQJ VFKHPH FRXOG EH FOHDUHU� )RU LQVWDQFH� WKHUH DUH XQGHUZD\
VXUIDFH ZDWHU PHDVXUHPHQWV RI $'&3� 666� 667 DQG FKO�D YLD ĲXRURPHWHU
WKURXJKRXW WKH HQWLUH FUXLVH ������������������������ 7KHQ WKHUH LV DOVR DQ 093
ZKLFK ZDV GHSOR\HG DORQJ VHYHQ GLĳHUHQW WUDQVHFWV �RQO\ WZR DUH VKRZQ� DV IDU DV ,
QRWLFHG� DQG DJDLQ VDPSOHG WHPSHUDWXUH� VDOLQLW\� FKO�D YLD ĲXRURPHWHU� ,W DOVR
LQFOXGHG D SODQNWRQ FRXQWHU� <HW ZH RQO\ NQRZ WKH WLPLQJ DQG GXUDWLRQ RI WUDQVHFW �
����$SULO� DQG � �����0D\�� )LJXUH � LV H[KLELWLQJ WKH WUDQVHFWV DQG LWV PHDVXUHG
YDULDEOHV� EXW WKLV VKRXOG EH FOHDUO\ VWDWHG� )XUWKHUPRUH� ZKLOH , ZDV UHDGLQJ WKH
PDQXVFULSW� , ZDV IUHTXHQWO\ XQVXUH LI ZKDW LV EHLQJ VKRZQ LV WKH WHPSHUDWXUH�VDOLQLW\
GDWD IURP WKH 093 RU IURP WKH XQGHUZD\ V\VWHP� ,QRUJDQLF QXWULHQWV ZHUH DOVR
VDPSOHG DW �� ORFDWLRQV �RU� DW OHDVW� �� VDPSOHV ZHUH FROOHFWHG� DQG FKO�D DJDLQ �QRZ
YLD ODERUDWRU\ ĲXRURPHWHU� ZDV VDPSOHG DW �� ORFDWLRQV� DOO DW VXUIDFH� -XGJLQJ IURP
)LJXUH �� , WKLQN PRVW RI WKHVH FKO�D DQG QXWULHQWV VDPSOHV PDWFK� EXW� DJDLQ� LW VKRXOG
QRW EH QHFHVVDU\ IRU WKH UHDGHU WR FDUHIXOO\ FRPSDUH ıJXUHV DQG FRXQW VWDWLRQV WR
XQGHUVWDQGLQJ WKH RYHUDOO SLFWXUH RI ZKDW ZDV GRQH DQG KRZ� :KDW DUH WKH VHYHQ
VWDWLRQV SUHVHQWHG LQ )LJXUH �" 'LG PXOWLSOH�YDULDEOH VDPSOLQJ RFFXU LQ WKHVH VWDWLRQV
RU DUH WKH\ MXVW WKH ORFDWLRQ ZKHUH WKH VKLS WXUQHG DQG EHJDQ D QHZ WUDQVHFW" )RU
LQVWDQFH� LQ )LJXUH �� GRHV WKH GLVFUHWH LQ�VLWX VDPSOLQJ VWDWLRQV PDWFK WKH VHYHQ
VWDWLRQV LQ )LJXUH �" 2YHUDOO� , VXJJHVW UHYLVLWLQJ WKH PHWKRGRORJ\ VHFWLRQ� 2QH LGHD
WKDW PD\ KHOS FRXOG EH LQFOXGLQJ D WDEOH WKDW OLVWV DOO YDULDEOHV VDPSOHG� DEEUHYLDWLRQ
DQG�WKH�VRXUFH��VKLS�XQGHUZD\��093��JOLGHU��GLVFUHWH��



7R�DQVZHU�\RXU�FRPPHQW�ZH�SURSRVH�VHYHUDO�DFWLRQV�IRU�WKH�UHYLVHG�PDQXVFULSW�

� 7KH VWDWLRQV FRUUHVSRQG WR YHUWLFDO YHORFLW\ PHDVXUHPHQWV� ZKLFK DUH QRW
H[SORLWHG LQ WKLV SDSHU ĺ ZH SURSRVH WR UHPRYH WKHP IURP WKH ıJXUHV DQG WKH
WH[W�

� $GG WZR ]RRPHG SORWV DV )LJ�E DQG )LJ�F� RQH VKRZLQJ WKH 093 WUDQVHFWV DQG
WKH RWKHU RQH VKRZLQJ WKH LQ VLWX VDPSOLQJV ORFDWLRQV �RQH FRORU IRU WKH FRPPRQ
&KO�QXWULHQWV�VWDWLRQV��DQRWKHU�FRORU�IRU�WKH�VWDWLRQV�QRW�LQ�FRPPXQ�

� 5HPRYH�IURP�WKH�PDWHULDO�DQG�PHWKRGV�WKH�PHDVXUHPHQWV�QRW�XVHG�LQ�WKH�SDSHU
� $GG�WKH�WDEOH�EHORZ�LQ�WKH�WH[W��IROORZLQJ�\RXU�VXJJHVWLRQV�

2EVHUYDEOHV $EEUHYLDWLRQ��QDPH 9HUWLFDO
5DQJH

6DPSOLQJ 6RXUFH

+RUL]RQWDO�FXUUHQWV $'&3�FXUUHQWV ���������P DOO�FUXLVH������NP�UHVROXWLRQ 90�$'&3

JHRVWURSKLF�FXUUHQWV ıUVW�PHWHUV GDLO\����$SULO�WR���-XO\����� 6DWHOOLWH

&RQQVHUYDWLYH
7HPSHUDWXUH

BWVJࣄ �P DOO�FUXLVH������NP�UHVROXWLRQ 76*

BPYSࣄ ������P ��WUDQVHFWV������NP�UHVROXWLRQ 093

BJOLGHUࣄ ������P ��WUDQVHFWV����NP�UHVROXWLRQ *OLGHU

$EVROXWH�6DOLQLW\ 6$BWVJ ��P DOO�FUXLVH������NP�UHVROXWLRQ 76*

6$BPYS ������P ��WUDQVHFWV������NP�UHVROXWLRQ 093

6$BJOLGHU ������P ��WUDQVHFWV���NP�UHVROXWLRQ *OLGHU

)OXRUHVFHQFH 5)OXRBWVJ ��P DOO�FUXLVH������NP�UHVROXWLRQ 76*

5)OXRBF\WR ��P ����VDPSOHV������NP
UHVROXWLRQ

$)&0

)/BQST ������P ��WUDQVHFWV����NP�UHVROXWLRQ *OLGHU

&KORURSK\OO�D &KOBWVJ��FRQYHUWHG� ��P DOO�FUXLVH������NP�UHVROXWLRQ 76*

&KOBLQVLWX ��P ���VDPSOHV LQ�VLWX

&KOBF\WR��FRQYHUWHG� ��P ����VDPSOHV������NP
UHVROXWLRQ

$)&0

&KOB$&5,
&KOB0('2&/�
&KOB0('2&/�

ıUVW�PHWHUV GDLO\����$SULO�WR���-XO\����� 6DWHOOLWH

1XWULHQWV 3KRVSKDWH��32�
���

1LWUDWH��12�
������1LWULWH

�12�
�����6LOLFDWH

�6L�2+���

��P ���VDPSOHV LQ�VLWX

3K\WRSODQNWRQ $ERQGDQFH��VL]H� ��P ����VDPSOHV������NP $)&0



REVHUYDEOHV ELRYROXPH��ELRPDVV UHVROXWLRQ

Ɣ )LQDOO\� , WKLQN WKH GLVFXVVLRQ FDQ EH LPSURYHG VLQFH LW VHHPV VOLJKWO\ VXSHUıFLDO� )RU D
ODUJH ERG\ RI UHVXOWV �SDJHV ����� LQFOXGLQJ ıJXUHV�� D a� SDJH GLVFXVVLRQ LV TXLWH
VKRUW� SDUWLFXODUO\ ZKHQ WKH UHVXOWV DUH JRRG� , IHHO WKH GLVFXVVLRQ ODFNV D FRPSDULVRQ
WR RWKHU ZRUNV RQ VWRUP HYHQWV� ERWK LQ WKH 0HGLWHUUDQHDQ DQG RWKHU DUHDV� 7KH
DXWKRUV GR EULHĲ\ FRPSDUH VRPH UHVXOWV ZLWK WKH 26&$+5 FUXLVH� \HW WKLV FUXLVH
RFFXUUHG LQ 1RYHPEHU DQG GLG QRW VDPSOH D VWRUP HYHQW �DV IDU DV LWV PHQWLRQHG LQ
WKH PDQXVFULSW�� 7KHUHIRUH� ZK\ ZRXOG WKH UHVXOWV EH GLUHFWO\ FRPSDUDEOH" 7KLV LV QRW
WR VD\ WKDW WKLV FRPSDULVRQ LV QRW YDOXDEOH� EXW D EHWWHU FRQWH[WXDOL]DWLRQ VKRXOG EH
LQFOXGHG�

:H DJUHH WKDW ZH KDYH WR GHHSHQ WKH GLVFXVVLRQ� :H ZLOO DGG D FRPSDULVRQ ZLWK WKH
GDWDVHWV FROOHFWHG E\ %RXGJULJD HW DO�� ����� FURVVLQJ WKH DUHD GXULQJ D VLPLODU SHULRG RI
WKH \HDU �VHH WKH PRGLıHG GLVFXVVLRQ DW WKH HQG RI WKH PDMRU FRPPHQWV EHORZ�� DQG
/DWDVD�HW�DO���������VKRZLQJ�VLPLODU�WUHQGV�LQ�WKH�:HVWHUQ�0HGLWHUUDQHDQ�6HD�

Ɣ $OVR� VRPH FRQFOXVLRQV ZLWKLQ WKH GLVFXVVLRQ IHHO UXVKHG DQG FRXOG GR ZLWK EHWWHU
FRQWH[WXDOL]DWLRQ DQG DUJXPHQWV� )RU LQVWDQFH� LQ OLQHV �������� WKH DXWKRUV VWDWH WKDW
ŕ7KLV VXJJHVWV WKDW FHOOV GLG QRW KDYH WLPH WR SKRWR�DFFOLPDWH RU WKDW GLĳHUHQW VSHFLHV
ZHUH LQYROYHGŘ DIWHU FRPSDULQJ WKH UDWLR RI FKO�D EHWZHHQ FKO�D LQ ŗFROGŘ DQG ŗZDUPŘ
ZDWHUV� )LUVW� WKLV LQIRUPDWLRQ LV QRW HQRXJK WR PDNH WKHVH VWDWHPHQWV� 6HFRQGO\� WKLV
LV WKH RQO\ PHQWLRQ RI SKRWRDFFOLPDWLRQ LQ WKH PDQXVFULSW� H[FHSW IRU OLQH �� LQ WKH
LQWURGXFWLRQ� )LQDOO\� WKLV FRQFOXVLRQ LV TXLFNO\ IRUJRWWHQ VLQFH WKH SDUDJUDSK PRYHV
RQ�DQG�FRPSDUHV�WKH�LQFUHDVH�LQ�FKO�D�ZLWK�D�SUHYLRXV�ZRUN�IURP������

:H�DJUHH�WKLV�SDUW�LV�PLVVLQJ�LQIRUPDWLRQ��$�FKDQJH�LV�SURSRVHG�LQ�WKH�QHZ�GLVFXVVLRQ�

Ɣ $JDLQ� LQ OLQHV �������� WKH DXWKRUV QRZ VXJJHVW WKH GURS LQ FDUERQ�FKO�D UDWLR LV D
ŗFOHDU VLJQDWXUH RI D VXGGHQ FKDQJH LQ SK\WRSODQNWRQ FHOO SK\VLRORJ\ DQG WUDQVODWHG
WKH XQDGDSWHG FRQıJXUDWLRQ RI WKH FHOOV WR KLJK OLJKW FRQGLWLRQŘ� :K\ LV LW D FOHDU
VLJQDWXUH" :K\ LV RQH WKLQJ UHODWHG WR DQRWKHU" ,W LV XS WR WKH DXWKRUV WR PDNH WKH
ŕEULGJHŖ EHWZHHQ WKH UHVXOWV DQG WKH FRQFOXVLRQV� QRW WKH UHDGHU� 0RUHRYHU� WKH
SDUDJUDSK HQGV ZLWK WKLV VHQWHQFH� ZLWKRXW DQ\ FRPSDULVRQ WR RWKHU VWXGLHV RU
ZLWKRXW�D�GLVFXVVLRQ�RI�LWV�LPSOLFDWLRQV�

,Q DFFRUGDQFH ZLWK WKH SUHYLRXV FRPPHQW� FKDQJHV DUH VXJJHVWHG LQ WKH WH[W LQ RUGHU WR
PDNH�WKH�UHDGLQJ�PRUH�IULHQGO\�

1HZ�GLVFXVVLRQ�

,Q WKH 1: 0HGLWHUUDQHDQ 6HD� LQ 0D\� WKH ZDWHU FROXPQ LV JHQHUDOO\ ZHOO VWUDWLıHG ZLWK
QHDUO\ XQGHWHFWDEOH VXUIDFH QXWULHQW DYDLODELOLW\ �3DVTXHURQ 'H )RPPHUYDXOW HW DO�� ������
7KLV ZDV LQGHHG WKH RFHDQRJUDSKLF VHWWLQJ EHIRUH DQ LQWHQVH VWRUP GRPLQDWHG E\



QRUWK�ZHVWHUO\ ZLQGV LPSDFWHG WKH ZDWHU FROXPQ� 7KH DQDO\VLV RI �� \HDUV RI FRDVWDO GDWD LQ
WKH 6RXWK RI )UDQFH �7RXORQ� E\ 0HWHR )UDQFH VKRZV WKDW ZLQGV RI LQWHQVLW\ ! ��� NP K��

RFFXU RQ DYHUDJH � WLPHV SHU \HDU� EXW RQO\ RQFH HYHU\ � \HDUV LQ 0D\� &RQFHUQLQJ ZLQGV RI
LQWHQVLW\ ! ��� NP K�� �L�H� �� P V���� WKH\ RFFXU RQ DYHUDJH RQFH HYHU\ � \HDUV� DQG RQFH
HYHU\ �� \HDUV LQ 0D\ �KWWS���WHPSHWHV�PHWHR�IU�VSLS�SKS"DUWLFOH����� 7KH ZLQG LQWHQVLW\ RI
WKH VWXGLHG VWRUP ZDV UDUH LQ WKH 0HGLWHUUDQHDQ 6HD� DQG VLPLODU WR WKH DYHUDJH ZLQG
LQWHQVLW\�RI�WKH�W\SKRRQV�VWXGLHG�E\�:DQJ�HW�DO��������

7KH SK\VLFDO DQG ELRJHRFKHPLFDO GDWD� FROOHFWHG WKDQNV WR WKH GHSOR\PHQW RI
KLJK�UHVROXWLRQ VHQVRUV� VKRZHG D FOHDU VKLIW LQ WKH ORFDO RFHDQ SK\VLFDO�ELRORJLFDO
FRQGLWLRQV DIWHU WKH VWRUP� 7KHVH FKDQJHV LQFOXGHG D VWHHS FKDQJH LQ WHPSHUDWXUH DQG
VDOLQLW\� DQG LQFUHDVHV LQ VXUIDFH FKOD FRQFHQWUDWLRQV DQG VXUIDFH SK\WRSODQNWRQ ELRPDVV
DQG�DEXQGDQFHV�

2YHUDOO� WKH DEXQGDQFHV RI 5HGSLFRHXN DQG 5HGQDQR ZHUH PRUH WKDQ WZLFH KLJKHU LQ $SULO
GXULQJ WKH 0(5,7(�+,32&$03( FUXLVH �%RXGJULJD HW DO�� ����� WKDQ GXULQJ WKH )806(&.
FUXLVH� VXJJHVWLQJ WKDW WKH )806(&. FUXLVH RFFXUUHG DIWHU WKH VSULQJ EORRP HYHQWV ZKHQ
QXWULHQWV LQ WKH HXSKRWLF OD\HU DUH FRQVXPHG� 2QO\ 2UJSLFRSUR� UHODWHG WR 6\QHFKRFRFFXV
FHOOV� ZHUH VLPLODU IRU ERWK VDPSOLQJV� $EXQGDQFHV ZHUH DOVR YHU\ FORVH IRU 2UJQDQR�
5HGSLFRHXN DQG 5HGQDQR WR WKH RQHV LQ WKH (DVWHUQ 0HGLWHUUDQHDQ 6HD LQ 0D\ �/DWDVD HW
DO�� ������ $ FRQWUDULR� WKH DEXQGDQFHV RI SK\WRSODQNWRQ JURXSV GXULQJ )806(&. ZHUH RQ
DYHUDJH WZLFH KLJKHU WKDQ WKH RQHV REVHUYHG DW WKH VDPH ORFDWLRQ GXULQJ WKH 26&$+5
FUXLVH LQ 1RYHPEHU ���� �0DUUHF HW DO�� ����� IRU WKH 5HGQDQR DQG WKH 2UJSLFRSUR EXW
VLPLODU IRU WKH 5HGSLFRHXN� 7KH VL]H RI 5HGQDQR DQG 5HGSLFRHXN ZHUH VPDOOHU RQ DYHUDJH
����� DQG ���� UHVSHFWLYHO\� WKDQ WKH RQHV REVHUYHG GXULQJ WKH 26&$+5 FUXLVH EXW ODUJHU
IRU�WKH�2UJSLFRSUR��������

7KH FRQYHUVLRQ LQWR FKOD IURP WKH WRWDO UHG ĲXRUHVFHQFH HYLGHQFHG 5HGQDQR DV WKH PDLQ
FRQWULEXWRU GXULQJ WKH HQWLUH VWXG\� 7KH VDPH REVHUYDWLRQ LV KHOG LQ WHUPV RI ELRPDVV� $OO
JURXSV H[KLELWHG KLJKHU &KODBF\WR LQ WKH QHZO\�PL[HG ZDWHUV ZLWK UHVSHFW WR WKH
VXUURXQGLQJ ZDWHUV� UHDFKLQJ XS WR ���� IRU 5HGQDQR LQ WKH QHZO\�PL[HG ZDWHUV FRPSDUHG
WR WKH 1& VXUURXQGLQJV� GHVSLWH WKH FHOOV EHLQJ VPDOOHU� 6LPLODUO\� ĲXRUHVFHQFH SHU JURXS
ZDV KLJKHU LQ WKH FROG FRUH RI WKH 26&$+5 HGG\ WKDQ LQ WKH VXUURXQGLQJ ZDUP ZDWHUV� EXW
GLG QRW H[FHHG ��� GLĳHUHQFH� 'XULQJ 26&$+5� WKH UDWLR LQ FKOD UHDFKHG ��� EHWZHHQ WKH
FROG DQG WKH ZDUP ZDWHUV ZKLOH LQ RXU VWXG\� &KOBF\WR IRU 5HGQDQR DQG IRU 5HGSLFRHXN ZDV
QHDUO\���WLPHV�KLJKHU�LQ�WKH�FROG�QHZO\�PL[HG�ZDWHUV�

7KLV VXJJHVWV WKDW WKH FHOOV GLG QRW KDYH WLPH WR SKRWR�DFFOLPDWH� RU WKDW GLĳHUHQW VSHFLHV
ZHUH LQYROYHG� 7KH QHZO\ PL[HG ZDWHU ZDV VDPSOHG OHVV WKDQ RQH GD\ DIWHU GHHSHU OD\HUV
UHDFKHG VXUIDFH OD\HUV� 7KH SK\WRSODQNWRQ DEXQGDQFHV DQG VL]H FODVVHV GLVWULEXWLRQ LQIRUP
RQ WKH FDSDFLW\ RI WKH DUHD WR VXVWDLQ WKH PDULQH IRRG ZHE ZKLOH WKH FDUERQ�FKOD UDWLR LV DQ
LQGLFDWRU RI SKRWRDFFOLPDWLRQ VWDWXV� HVSHFLDOO\ LQWHUHVWLQJ WR FROOHFW ZKHQ SULPDU\
SURGXFWLRQ LV FDOFXODWHG IURP FKOD RQO\ �%HKUHQıHOG HW DO�� ������ ,W DOVR JLYHV LQVLJKW DERXW
WKH UDSLG FKDQJHV LQ OLJKW FRQGLWLRQV RI WKH FHOOV� DV LW WDNHV VRPH WLPH WR SKRWR�DFFOLPDWH
DQG DGMXVW WKH SLJPHQW FRQWHQW RI D FHOO WR WKH QHZ OLJKW FRQGLWLRQV �/HZLV HW DO�� ������ 0RVW
RI WKH FDUERQ RYHU FKORURSK\OO HVWLPDWHV DUH EXON� RQO\ IHZ VWXGLHV DWWHPSWHG WR FRQYHUW
YDOXHV SHU VL]H FODVVHV� 7KLV SDSHU DLPV DW FRQWULEXWLQJ WR WKH HVWLPDWHG UDWLR IURP ıHOG
VWXGLHV ZLWK PXFK KLJKHU SUHFLVLRQ WKDQNV WR WKH FOHDU VHSDUDWLRQ EHWZHHQ SK\WRSODQNWRQ
DQG EXON SDUWLFXODWH RUJDQLF FDUERQ JLYHQ E\ $)&0� EXW DOVR EHFDXVH RI WKH UHVROXWLRQ DW
WKH VLQJOH FHOO OHYHO� 7KH HVWLPDWLRQ RI WKH FHOO FDUERQ ELRPDVVHV FRXOG EH ELDVHG E\ WKH
HUURUV PDGH GXULQJ WKH SULRU HVWLPDWLRQ RI WKH FHOO ELRYROXPHV� EXW DOVR E\ WKH XVH RI
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ELRYROXPH�WR�ELRPDVV FRQYHUVLRQ IDFWRUV IURP WKH OLWHUDWXUH� 1HYHUWKHOHVV� WKH KLJK
YDULDELOLW\ RI WKH FDUERQ�FKOD YDOXHV EHWZHHQ SK\WRSODQNWRQ JURXSV HYLGHQFHG GLĳHUHQW
PHWDEROLVPV EHWZHHQ JURXSV� 5HGSLFRHXN KDYLQJ D PXFK KLJKHU UDWLR ������� WKDQ 5HGQDQR
�������� &RPSDUHG WR WKH VWXG\ RI I &DOYR�'ìD] HW DO� ������ ZKHUH YDOXHV IRU SLFRHXNDU\RWHV
YDULHG IURP ���� WR ���� WKH UDWLRV IRXQG KHUH IRU WKLV JURXS ZHUH LQ D VLPLODU UDQJH
DPSOLWXGH� *HQHUDOO\� WKH FDUERQ�FKOD UDWLRV SUHVHQWHG LQ RXU VWXG\ ZHUH KLJK FRPSDUHG WR
WKH WUDGLWLRQDO YDOXH RI ��� DQG ZHUH PXFK KLJKHU WKDQ YDOXHV IRXQG LQ KLJK QXWULHQW
HQYLURQPHQWV ZLWK ORZHU OLJKW FRQGLWLRQV �-DNREVHQ DQG 0DUNDJHU� ������ 7KH FDUERQ�FKOD
UDWLR LQWHJUDWLQJ DOO JURXSV YDULHV IURP DSSUR[� �� WR ��� LQ VXUIDFH FRQGLWLRQV EXW GURSSHG
GRZQ WR �� LQ WKH QHZO\�PL[HG ZDWHUV �)LJ����� 7KH KLJK UDWLRV REVHUYHG EHIRUH WKH VWRUP
FRXOG UHĲHFW WKH KLJK OLJKW DQG ORZ QXWULHQW FRQGLWLRQV RI WKH SRVW�EORRP ROLJRWURSKLF SHULRG
VDPSOHG LQ WKH /LJXULDQ 6HD� 7KH UHPDUNDEOH GURS LQ WKH UDWLR REVHUYHG LQ WKH FROG ZDWHU
SDWFK ZDV D VLJQDWXUH RI D VXGGHQ FKDQJH LQ SK\WRSODQNWRQ FHOOV DQG PD\ KDYH WUDQVODWHG
WKH QRW�\HW SKRWRDFFOLPDWHG FRQıJXUDWLRQ RI WKH FHOOV WR KLJK OLJKW FRQGLWLRQV �-DNREVHQ DQG
0DUNDJHU��������

:KLOH VXUIDFH REVHUYDWLRQV DORQH VXJJHVWHG D ULVH LQ FKOD FRQFHQWUDWLRQV �)LJ�� DQG ��� WKH
LQWHJUDWHG FKOD YDOXHV IURP WKH JOLGHU ĲXRURPHWHU UDWKHU VXJJHVWHG WKDW WKLV VXUIDFH LQFUHDVH
LV GXH WR D GLOXWLRQ RI WKH GHHS FKORURSK\OO PD[LPXP LQ WKH PL[HG OD\HU GXULQJ WKH VWRUP
�)LJ����� 7KH GHHSHQLQJ RI WKH PL[HG OD\HU GHSWK FDQ OHDG WR WKH GLOXWLRQ � E\ YHUWLFDO PL[LQJ
� RI SK\WRSODQNWRQ FHOOV SUHYLRXVO\ FRQFHQWUDWHG LQ WKH GHHS FKORURSK\OO PD[LPXP� 7KLV
VSRUDGLF HYHQW KDV SRWHQWLDO FRQVHTXHQFHV RQ WKH FDUERQ ĲX[HV HVWLPDWHV LQ WKLV
ROLJRWURSKLF�DUHD�

7\SKRRQV FDQ EH FRPSDUHG WR WKH W\SH RI VWRUP REVHUYHG LQ RXU VWXG\ RQO\ E\ WKH LQWHQVLW\
DQG GXUDWLRQ RI WKH ZLQGV WULJJHULQJ D IDVW GHFUHDVH RI VXUIDFH WHPSHUDWXUH DQG DQ LQFUHDVH
LQ VXUIDFH FKOD� 0RVW RI WKH W\SKRRQV HQKDQFH FKORURSK\OO VXUIDFH FRQFHQWUDWLRQ �:DQJ HW
DO�� ������ 1HYHUWKHOHVV� LQ RSHQ ZDWHU WURSLFDO DQG VXE�WURSLFDO DUHDV� GLOXWLRQ SKHQRPHQRQ
RI WKH GHHS FKORURSK\OO PD[LPXP DIWHU W\SKRRQV ZDV ZDUQHG WR EH VRXUFH RI RYHUHVWLPDWLRQ
RI SRWHQWLDO SK\WRSODQNWRQ SURGXFWLRQ ZKHQ XVLQJ RQO\ VDWHOOLWHV REVHUYDWLRQ� EHFDXVH WKH
QLWUDFOLQH�LV�QRW�DOZD\V�DĳHFWHG��&KDL�HW�DO���������

,Q RXU FDVH� DOWKRXJK WKH LQFUHDVH LQ FKOD DIWHU WKH GHHSHQLQJ RI WKH PL[HG OD\HU GHSWK
GXULQJ SRVW�EORRP SHULRGV DQG OLQNHG WR ZLQG HYHQWV LV QRW REYLRXV DV GHPRQVWUDWHG E\
$QGHUVHQ DQG 3ULHXU ������� WKH GHHSHQLQJ RI WKH PL[LQJ GXH WR WKH VWRUP ZDV DFFRPSDQLHG
E\ DQ LQFUHDVH LQ VXUIDFH QXWULHQWV WKDW FRXOG RQO\ EH OLQNHG WR WKH XSOLIW RI WKH QLWUDFOLQH� DV
ZH ZHUH IDU HQRXJK IURP FRDVWDO UXQ�Rĳ LQĲXHQFHV� 7KLV PL[LQJ ZDV UHODWHG WR WKH VSUHDGLQJ
DQG WKH LQFUHDVLQJ RI WKH SK\WRSODQNWRQ LQ WKH XSSHU OD\HU� OHDGLQJ WR D SRVVLEOH GLOXWLRQ RI
WKH JUD]HUV IDYRXULQJ WKH SLFR�QDQRSK\WRSODQNWRQ DFFXPXODWLRQ LQ WKH VKDOORZLQJ PL[HG
OD\V D IHZ GD\V DIWHU �0RULVRQ HW DO�� ������ 7KLV FRXOG LQ WXUQ IRVWHU WKH LQWHJUDWHG SULPDU\
SURGXFWLRQ E\ HQKDQFLQJ SK\WRSODQNWRQ GLYLVLRQ UDWH DQG ELRPDVV �%HKUHQIHOG� �����
ZKLFK� ZKHQ JUD]HUV DUH GLOXWHG� LV UHODWHG WR KLJKHU RUJDQLF FDUERQ H[SRUW HĴFLHQF\
�+HQVRQ� ������ 7KLV SKHQRPHQRQ ZDV DOVR REVHUYHG DIWHU ZLQWHU VWRUPV LQ WKH 6DUJDVVR
6HD� ZKHUH GLDWRPV LQFUHDVH ZDV PD[LPDO ZLWKLQ WZR GD\V DIWHU VKRDOLQJ RI WKH PL[HG OD\HU
GHSWK �.UDXVH� ������ 7KHVH SXOVHG SURGXFWLRQ HYHQWV FRXOG EH UHVSRQVLEOH IRU XS WR ���
RI�WKH�JOREDO�SULPDU\�SURGXFWLRQ�LQ�WKH�6DUJDVVR�6HD �/RPDVV�HW�DO���������

2XU REVHUYDWLRQV FDSWXUHG WKH VKRUW�WHUP SK\VLFDO DQG SK\WRSODQNWRQ UHVSRQVH WR D VWRUP�
ZLWK UDSLG DQG VWURQJ FKDQJHV REVHUYHG EXW ZLWKRXW WKH SRVVLELOLW\ WR IROORZ LQ VLWX
SRVW�FRQGLWLRQV� $OWKRXJK QRW UHSUHVHQWDWLYH RI ZKDW KDSSHQV LQ WKH HQWLUH PL[HG ZDWHU



FROXPQ� VDWHOOLWH GDWD VKRZHG DQ HĳHFW RQ VXUIDFH WHPSHUDWXUH DQG FKOD ZLWKLQ WKH
VKLS�JOLGHU VWRUP JHRJUDSKLFDO ]RQH �ORQJLWXGHV EHWZHHQ �R ( DQG �R ��
 ( DQG ODWLWXGHV
EHWZHHQ ��R ��
 1 DQG ��R ��
 1�� ,Q WKLV ]RQH WKH PHDQ YDOXH RI 667 ZDV ORZHU GXULQJ IRXU
GD\V DIWHU WKH VWRUP ����� 0D\� ����R&� WKDQ EHWZHHQ WKH �� $SULO��� 0D\ SHULRG �����R &��
ZKLOH WKH PHDQ YDOXH RI &KOB$&5, ZDV KLJKHU �����ௗ QJ ௗP/�� ZLWK UHVSHFW WR ����ௗQJ ௗP/����
VXJJHVWLQJ WKH SLFR�QDQRSK\WRSODQNWRQ VL]H FODVVHV FRXOG KDYH KDG WKH WLPH WR JURZ DQG
DFFXPXODWH� DV WKHLU JURZWK UDWH LV FORVH WR RQH WR WZR GLYLVLRQV D GD\ ZKHQ QXWULHQW DQG
OLJKW�DUH�DYDLODEOH��0RULVRQ�HW�DO���������

)RU IXWXUH ZRUN� WKH REMHFWLYH ZLOO EH WR VWXG\ WKH PHGLXP WR ORQJ�WHUP UHVSRQVH� DIWHU WKH
VR�FDOOHG UHDFWLRQ SHULRG� DQG IRU HDFK REVHUYHG SK\WRSODQNWRQ JURXS� ,QGHHG� VXFK HYHQWV
DUH�FULWLFDO��DV�WKH\�PD\�DĳHFW�WKH�SULPDU\�SURGXFWLRQ�DQQXDO�EXGJHWV�

0LQRU�FRPPHQWV��OLQHV�RQ�WKH�OHIW��

���3OHDVH�UHPRYH�RU�FKDQJH�ŕYLROHQWŖ�IRU�D�PRUH�DGHTXDWH�WHUP��H�J���LQWHQVH��

<HV��LQWHQVH�

���1:�LV�ZULWWHQ�DV�ŕQRUWK�ZHVWHUQŖ��\HW�WKH�WLWOH�LQFOXGHV�ŕQRUWKZHVWHUQŖ��8QLIRUPL]H�

<HV��ZH�ZLOO�XQLIRUPL]H�DOO�RYHU�WKH�WH[W�

���PLVVLQJ�RI��IDFWRU�RI�WZR

<HV�

���PLVVLQJ�RI��DQG�RI�VHYHQ

<HV�

����PLVVLQJ�KDYH��KDYH�FRPELQHG

<HV��VHH�QHZ�LQWURGXFWLRQ��

����ZKDW�GRHV�ŕKDYH�HYLGHQFHG�SLFR�QDQRSK\WRSODQNWRQ�DEXQGDQFH�DQG�ELRPDVV
UHVSRQVHVŖ�PHDQ"�'LG�LW�LQFUHDVH��ORZHU"

<HV��DQ�LQFUHDVH�IRU�PRVW�RI�WKH�JURXSV��VHH�QHZ�LQWURGXFWLRQ��

����UHPRYH�KDYH��ŕKDYH�VWXGLHGŖ

<HV�



����$UH�\RX�VXJJHVWLQJ�WKDW�QR�SUHYLRXV�FDVHV�RI�VWRUPV�VKDSLQJ�SULPDU\�SURGXFWLRQ
DQG�SK\WRSODQNWRQ�FRPPXQLW\�VWUXFWXUH�KDYH�EHHQ�UHSRUWHG"�,W�LV�QRW�FOHDU�LI�WKLV�RQO\
UHIHUV�WR�WKH�1:�0HGLWHUUDQHDQ��WKH�HQWLUH�0HGLWHUUDQHDQ�RU�LI�LW�DOVR�LQFOXGHV�RWKHU
V\VWHPV�

,W�UHIHUV�WR�WKH�0HGLWHUUDQHDQ�RSHQ�VHD��FKDQJHG�LQ�WKH�QHZ�LQWURGXFWLRQ�

����PLVVLQJ�WKH��RYHUSDVV�WKH�SK\WRSODQNWRQ�JURZWK�FDSDFLW\

<HV�

����\RX�DOUHDG\�KDYH�QRUWK�ZHVWHUQ�ZULWWHQ�LQ�OLQH�����\RX�FDQ�DOUHDG\�XVH�1:

<HV�

����7KLV�DUHD

<HV�

����$GG�ŕPD\Ŗ��ŕWKH�PL[LQJ�RI�WKH�ZDWHU�FROXPQ�PD\�EULQJ�PLFURRUJDQLVPV�IURP�GHHS�WR
VXUIDFH�OD\HUV�DQG�DĳHFW�WKHLU�SKRWRSK\VLRORJLFDO�SURSHUWLHV��ő�Ŗ

<HV�

�������PHWKRGV"

<HV��WKLV�SDUDJUDSK�ZLOO�EH�PRYHG�WR�0DWHULDO�DQG�0HWKRGV�

����ZHUH�SHUIRUPHG

<HV�

���DQG������SOHDVH�VSHFLI\�WKDW�WKHVH�DUH�VXUIDFH�RQO\�VDPSOHV

<HV�

)LJXUH���FDSWLRQ��2UJQDQR�DQG�8QLGHQWLıHG�SDUWLFOHV�JURXSV�KDYH�WKH�VDPH�FRORXU
�JUHHQ�GRWV���8VH�OLJKW�DQG�GDUN�JUHHQ��IRU�LQVWDQFH��WR�GLĳHUHQWLDWH�WKHP�LQ�WKH�FDSWLRQ�

7KH 2UJQDQR DQG 8QLGHQWLıHG SDUWLFOHV DOUHDG\ KDG GDUN DQG OLJKW JUHHQ FRORUV�
UHVSHFWLYHO\� EXW DV WKH 2UJQDQR DUH UDUH DQG LQ WKH WRS�ULJKW SDUW RI WKH F\WRJUDP
�)LJ��D�� WKH\ DUH QRW YLVLEOH HQRXJK� :H SURSRVH WR FKDQJH WKH FRORU RI 2UJQDQR WR
IXVKLD�



�������� ,W VKRXOG KDYH EHHQ FDOLEUDWHG SULRU WR WKH FUXLVH� 1HYHUWKHOHVV� KRZ JRRG LV
WKH DJUHHPHQW ZLWK VKLS�EDVHG FKO�D" 6LQFH WKH JOLGHU LV WKH RQO\ VRXUFH RI GDWD GXULQJ
WKH VWRUP� WKLV VKRXOG EH SUHVHQWHG DV VXSSOHPHQWDU\ PDWHULDO RU� DW OHDVW� WKH 5� S�YDO�
HUURU�DQG�1�VKRXOG�EH�LQGLFDWHG�LQ�WKH�WH[W�

1R SUH�FUXLVH FDOLEUDWLRQ RI WKH (FRSXFN ZDV FDUULHG RXW� 1HYHUWKHOHVV� ZH REVHUYH D
JRRG VWDWLVWLFDO DJUHHPHQW EHWZHHQ WKH PHDVXUHPHQWV RI WKH JOLGHU ZLWK WKRVH WDNHQ
IURP WKH VKLS �VHH )LJXUH�� 2YHU D VDPSOH RI 1  �� JOLGHU SURıOHV ZKHUH WKH JOLGHU�VKLS
GLVWDQFH LV ORZHU WKDQ ��NP� VXUIDFH FKOD ĲXRUHVFHQFH IURP WKH VKLS DQG ����P
DYHUDJH IURP WKH JOLGHU KDYH D FRUUHODWLRQ FRHĴFLHQW RI 5  ���� �ZLWK D VLJQLıFDQW
S�YDOXH RI ���H��� DQG D PHDQ VWDQGDUG HUURU RI ����� QJ P/��� ZHOO EHORZ RI WKH
DPSOLWXGH RI WKH REVHUYHG VLJQDO GXULQJ WKH VWRUP �DSSUR[� ��� QJ P/���� 9DOXHV IURP WKH
RQVHW RI WKH VWRUP KDYH EHHQ H[FOXGHG �JUH\ YDOXHV DIWHU �� 0D\� VLQFH WKH JOLGHU ZDV
H[SHULHQFLQJ GLĳHUHQW FRQGLWLRQV WKDQ WKH VKLS VKHOWHULQJ IURP WKH EDG ZHDWKHU� $W WKH
HQG RI WKH WLPH VHULHV� ZKHQ WKH JOLGHU ZDV UHFRYHUHG� WKH YDOXHV EHWZHHQ WKH WZR
SODWIRUPV DJUHH ZHOO DJDLQ� ZKLFK JLYHV XV D JRRG FRQıGHQFH LQ WKH FKOD ĲXRUHVFHQFH
VLJQDOV�GHVFULEHG�E\�WKH�JOLGHU
V�VHQVRU�GXULQJ�LWV�PLVVLRQ�

:H�FRXOG�SXW�WKLV�SDUDJUDSK�DQG�WKH�DVVRFLDWHG�ıJXUH�LQ�VXSSOHPHQWDU\�PDWHULDO�

�����VZDS�66+�DQG�VHD�VXUIDFH�KHLJKW

<HV�

�����VZDS�667�DQG�VHD�VXUIDFH�WHPSHUDWXUH

<HV�

�����WKHUH�LV�QR�VXFK�WKLQJ�DV�VHD�VXUIDFH�FKO�D��6DWHOOLWH�FKO�D�GRHV�QRW�FDSWXUH�RQO\
VXUIDFH�FKO�D�



5LJKW� ZH ZLOO UHSODFH VHD VXUIDFH FKOD E\ FKOD LQWHJUDWHG RYHU WKH ILUVW IHZ PHWHUV� ZKHQ
VDWHOOLWH�FKOD�LV�FRQFHUQHG�

�������� SOHDVH SURYLGH D ELW PRUH GHWDLO RQ WKH VDWHOOLWH SURGXFWV LQVWHDG RI MXVW
UHIHUULQJ WR DQRWKHU SDSHU� <RX PD\ OHDYH WKH FLWDWLRQ� EXW SOHDVH DGG D EULHI
GHVFULSWLRQ��MXVW�PHQWLRQLQJ�WKH�QDPH�RI�WKH�SURGXFWV�RU�VHQVRUV�DQG�WKHLU�UHVROXWLRQ�

<HV� \RX ZLOO ıQG EHORZ WKH LQIRUPDWLRQ RQ DOO WKH SURGXFWV� :H SURSRVH WR SXW LQ WKH
WH[W�RQO\�WKH�RQHV�XVHG�IRU�WKH�UHVXOWV��LQ�RUDQJH��

��66+�DQG�DVVRFLDWHG�JHRVWURSKLF�FXUUHQWV
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KWWSV���UHVRXUFHV�PDULQH�FRSHUQLFXV�HX�SURGXFW�GHWDLO�2&($1&2/285B0('B%*&B/�B157B���B����,1)250$7,21��
�NP�[��NP��PXOWL�VDWHOOLWH��KHUHDIWHU�FDOOHG�&KOB0('2&/�

�����UHIHUHQFH�IRU�WKH�(&0:)�PRGHO"

:H�ZLOO�DGG�WKHVH�WZR�UHIHUHQFHV��

��%HFKWROG��3���5��)RUEHV��,��6DQGX��6��/DQJ��DQG�0��$KOJULPP��������$�PDMRU�PRLVW�SK\VLFV
XSJUDGH�IRU�WKH�,)6��(&0:)�1HZVOHWWHU��1R�������(&0:)��5HDGLQJ��8QLWHG�.LQJGRP�
��ş��� KWWSV���ZZZ�HFPZI�LQW�QRGH�������

��%HQ�%RXDOOÛJXH��=���������$FFRXQWLQJ�IRU�UHSUHVHQWDWLYHQHVV�LQ�WKH�YHULıFDWLRQ�RI
HQVHPEOH�IRUHFDVWV��(&0:)�7HFK��0HPR�������(&0:)�����SS��
KWWSV���ZZZ�HFPZI�LQW�QRGH�������

�����WHFKQLTXHV�LQVWHDG�RI�VRXUFHV

<HV�

�����LQ�WKLV�FRQWH[W��WKLV�5��FRXOG�EH�KLJKHU�

:H WKLQN ZH KDG PLVTXDOLILHG WKH QDPHV LQ WKH HTXDWLRQ� :H KDYH FKDQJHG WKH &KOBWVJ
DQG�&KOBF\WR�E\�WKH�&KOBLQVLWX�

ĺ ŗ)OXRUHVFHQFH IURP WKH 76* �5)OXRBWVJ� ZDV FRQYHUWHG LQWR XQLWV RI FKOD
FRQFHQWUDWLRQ �&KOBWVJ� QJ P/��� XVLQJ WKH VLJQLıFDQW FRUUHODWLRQ ZLWK &KOBLQVLWX�
&KOBLQVLWX  ������[�5)XRBWVJ���������U�� �������Q  ����

$)&0 FKOD FRQFHQWUDWLRQ �&KOBF\WR� ZDV HVWLPDWHG IURP WKH 5ĲXRBF\WR� 9DOXHV ZHUH
QRUPDOLVHG ZLWK � ƐP 3RO\VFLHQFH EHDGV� DQG PXOWLSOLHG E\ WKH DEXQGDQFH RI HDFK
JURXS WR JHW WKH WRWDO QRUPDOLVHG 5ĲXRBF\WR SHU XQLW RI YROXPH �Q5)OXRBF\WR �D�X P/�����
Q5)OXRBF\WR ZDV WKHQ FRPSDUHG WR WKH &KOBLQVLWX �)LJ� �D DQG E�� $ VHW RI VDPSOHV IURP
D PLQLFRVP H[SHULPHQW �3,$12� XQSXEOLVKHG GDWD�� DFTXLUHG ZLWK WKH VDPH FKOD
H[WUDFWLRQ SURWRFRO DQG WKH VDPH &\WRVHQVH LQVWUXPHQW ZDV DGGHG WR WKH REVHUYDWLRQV�
7KHVH VDPSOHV SUHVHQWHG KLJKHU FKOD FRQFHQWUDWLRQ YDOXHV� VWUHQJWKHQLQJ WKH
UHODWLRQVKLS� 7KH OLQHDU UHODWLRQ EHWZHHQ Q5ĲXRBF\WR DQG &KOBLQVLWX ZDV XVHG WR
HVWLPDWH FKOD FRQFHQWUDWLRQ IRU HDFK $)&0 SK\WRSODQNWRQ JURXS �&KOBF\WR� QJ P/���
IROORZLQJ WKH OLQHDU UHJUHVVLRQ &KOBLQVLWX  ���� [ Q5)OXRB&\WR� U�  ����� Q  �� �)LJ�
�E���7KH�RULJLQ�RI�WKH�OLQHDU�UHJUHVVLRQ�ZDV�QRW�VLJQLıFDQWO\�GLĳHUHQW�IURP�]HUR�Ř

https://resources.marine.copernicus.eu/product-detail/OCEANCOLOUR_MED_BGC_L4_NRT_009_142/INFORMATION
https://www.ecmwf.int/node/19720
https://www.ecmwf.int/node/19544


,Q WKH FDVH WKLV ZDV QRW WKH UHYLHZHUŖV UHTXHVW� ZH IRXQG WKH FRUUHODWLRQ EHWZHHQ FKOD
IURP VDPSOHV DQDO\VHG LQ WKH ODE DQG ĲXRUHVFHQFH IURP D ĲXRULPHWHU QRW VR EDG LQ RXU
FDVH��,QGHHG��DV�D�FRPSDULVRQ�

0DUUHF�HW�DO�����������Uŵ ������Q ����FKOD�YDU\LQJ�IURP������WR������ƐJ�/��

7K\VVHQ�HW�DO����������Uŵ ������Q �����FKOD�YDU\LQJ�IURP������WR������ƐJ�/��

2XU�VWXG\���Uŵ� �������Q �����FKOD�YDU\LQJ�IURP������DQG������ƐJ�/��

�����DJDLQ��UHPRYH�VHD�VXUIDFH�

<HV�

�������� WKH FRPSDULVRQ SHULRG VKRXOG DFWXDOO\ EH PXFK VKRUWHU VLQFH WKH PDLQ RFHDQ
FRORXU VHQVRUV RYHUSDVV RFFXUV EHWZHHQ ��K������K� GHSHQGLQJ RQ WKH VHQVRU �VHH
VHFWLRQ ��� LQ 6DWK\HQGUDQDWK HW DO�� ����� 5HPRWH 6HQVLQJ� ������� ������ , ZRXOG WU\
UHUXQQLQJ�WKH�FRPSDULVRQV�ZLWK�D�VKRUWHU�SHULRG��LW�LV�SRVVLEOH�WKH�UHVXOWV�PD\�LPSURYH�

:H DJUHH WKDW WKH ��K���K�� SHULRG LV LQGHHG PRUH DSSURSULDWH WR SHUIRUP WKH
FRPSDULVRQ� PRVW RI WKH FRUUHODWLRQV IRXQG ZLWK WKLV WLPH SHULRG LQFUHDVH ZLWK UHVSHFW
WR WKH �DP��SP WLPH SHULRG� <HW� XVLQJ WKLV WLPH SHULRG� WKH FRUUHODWLRQ EHWZHHQ
&KOBLQVLWX DQG &KOB$&5, LV SHUIRUPHG RQ � SRLQWV RQO\� EHWZHHQ &KOBLQVLWX DQG
0('2&B/� RQ � SRLQWV DQG EHWZHHQ &KOBLQVLWX DQG &KOB0('2&/� RQ � SRLQWV� ZKLFK
LV�IDU�WRR�ORZ�IRU�WKLV�WLPH�SHULRG�WR�EH�XVHG�LQ�SUDFWLFH�

)LJXUH���

Ɣ KRZ GRHV WKH 5 EHWZHHQ 0('2&/� DQG 0('2&/� LV HTXDO WR �� EXW WKH 5 EHWZHHQ
0('2&/��DQG�&KOBLQVLWX�LV������DQG�0('2&/��DQG�&KOBLQVLWX�LV�����"

0('2&/� KDV JDSV GXH WR FORXG FRYHUDJH� DQG 0('2&/� ıOOV WKH JDS ZLWK VRPH
FOLPDWRORJ\� 7KXV� /� SRLQWV DUH FRPSRVHG RI WKH /� SRLQWV SOXV VRPH DGGLWLRQDO
FOLPDWRORJ\�EDVHG LQWHUSRODWHG SRLQWV� 7KH FRUUHODWLRQ EHWZHHQ /� DQG /� LV WKHUHIRUH
SHUIRUPHG RQO\ RQ WKH ŗ/� SRLQWVŗ� E\ FRQVWUXFWLRQ WKH FRUUHODWLRQ LV �� 6LPLODUO\� WKH
&KOBLQVLWX�0('2&B/� FRUUHODWLRQ LV SHUIRUPHG RQ �� SRLQWV ZKHUHDV WKH
&KOBLQVLWX�0('2&B/� FRUUHODWLRQ LV SHUIRUPHG RQ �� SRLQWV ��� ŗ/� SRLQWVŘ DQG �
LQWHUSRODWHG SRLQWV�� 7KH ZRUVW FRUUHODWLRQ IRU &KOBLQVLWX�0('2&B/� VKRZV WKDW WKH
FOLPDWRORJ\�LQWHUSRODWLRQ�GRHV�QRW�PDWFK�RXU�LQ�VLWX�REVHUYDWLRQV�KHUH�



Ɣ :KHUH GRHV WKH 1 ���� FRPH IURP ZKHQ FRPSDULQJ VDWHOOLWH DQG LQ�VLWX GDWD"
6DWHOOLWH GDWD VKRXOG EH� DW PRVW� GDLO\ GDWD XQOHVV WKH DXWKRUV DUH ZRUNLQJ ZLWK
JHRVWDWLRQDU\�VHQVRUV

:H DJUHH WKDW WKLV QXPEHU FDQ EH PLVOHDGLQJ� 6DWHOOLWH GDWD DUH LQGHHG GDLO\ SURYLGHG�
RQ D ODW�ORQ JULG� :H SHUIRUPHG WKH DVVRFLDWLRQ EHWZHHQ HDFK &KOBWVJ GDWD DQG WKH &KO
VDWHOOLWH GDWD RQ WKH VDPH GD\ DQG IRU WKH FORVHVW ODW�ORQ SL[HO� WKHQ VHOHFWHG WKH RQHV
ZKHUH WKH &KOBWVJ GDWD LV EHWZHHQ ���������� 87& GD\ WLPH� $V D PDWWHU RI IDFW� FKHFNLQJ
WKLV� ZH IRXQG WKDW WKH QXPEHU ���� LQ WKH WH[W ZDV QRW FRUUHFW� &KOB$&5, Q  �����
&KOB0('2&/��Q� �������&KOB0('2&/��Q� �������:H�ZLOO�FRUUHFW�WKHVH�QXPEHUV�

Ɣ 7KH�FRORXU�SDOHWWH�IRU�WKH�FRUUHODWLRQ�SORW�VKRXOG�EH�FKDQJHG�WR�D�PRUH�XQLIRUP�RQH
�H�J���5 ��ZKLWH��5 ��GDUN�UHG�

<HV��ZH�ZLOO�FKDQJH�WR�VKDGHV�RI�EOXH�

���������WKHVH�DUH�QRW�UHVXOWV

<HV��ZH�ZLOO�PRYH�WKHVH�OLQHV�WR�WKH�0DWHULDO�DQG�0HWKRGV�

�����ZK\�GLG�\RX�RSW�IRU�0('2&/��ZKHQ�WKH�UHODWLRQVKLS�EHWZHHQ�VDWHOOLWH�DQG�LQ�VLWX
ZDV�PXFK�EHWWHU�IRU�0('2&/�"

)RU WKLV ıJXUH� WKH SXUSRVH ZDV WR GHıQH WKH PHDQ G\QDPLF ]RQHV GXULQJ WKH FUXLVH�
:H GHFLGHG WR XVH 0('2&/� HYHQ LI WKH FRUUHODWLRQ ZLWK LQ VLWX &KO LV ZRUVH WKDQ WKH
0('2&/� RQH� WR DYRLG WKH FORXGV WKDW FDQ FUHDWH DUWLıFLDO IHDWXUHV ZKHQ DYHUDJLQJ RQ
VHYHUDO�GD\V�

�����,�UHFRPPHQG�FKDQJLQJ�WKH�&KO�D�XQLWV�IURP�QJ�P/�WR�HLWKHU�XJ�/�RU�PJ�P��VLQFH
WKHVH�RSWLRQV�DUH�PRUH�FRPPRQO\�XVHG�

:H XQGHUVWDQG \RXU UHPDUN� DV FKORURSK\OO�D FRQFHQWUDWLRQ LV RIWHQ ZULWWHQ LQ ƐJ�/� 2XU
PDQXVFULSW XVHV YROXPHV D ORW� DQG ZH DUH SUHVHQWLQJ DOO WKH GDWD LQ XQLWV�P/ WR
KRPRJHQLVH ZLWK WKH ĲRZ F\WRPHWU\ GDWDVHWV� ,QGHHG� LI ZH ZRXOG XVH /� ZH ZRXOG EH
UHTXLUHG�WR�DGG�D���� IRU�HDFK�DEXQGDQFHV�SUHVHQWHG LQ�WKH�WDEOHV�DQG�LQ�WKH�ıJXUHV�

�����,�UHFRPPHQG�XVLQJ�P�V�IRU�ZLQG�VSHHG��$OVR��WKH�VDPH�XQLWV�VKRXOG�DOZD\V�EH
XVHG�WKURXJKRXW�WKH�WH[W��VHH�OLQH������

<HV��ZH�ZLOO�XVH�P�V�DQG�KRPRJHQLVH�WKURXJK�WKH�WH[W�

�����DUH�WKHVH�DYHUDJH�RU�PD[LPXP�LQWHQVLWLHV"�1RW�FOHDU�

7KH\�DUH�WKH�UDQJHV�RI�WKH�LQWHQVLWLHV�



�������� $JDLQ� WKHVH DUH QRW UHVXOWV IURP WKLV ZRUN� XQOHVV \RX LQFOXGH WKHP DV
VXSSOHPHQWDU\ PDWHULDO� 7KXV� WKLV FRPSDULVRQ ZRXOG EH PRUH VXLWDEOH LQ WKH
GLVFXVVLRQ�

<HV��VHH�QHZ�GLVFXVVLRQ��

�����7KH�ıQDO�VHQWHQFH�RI�WKH�SDUDJUDSK�FDQ�EH�UHPRYHG�

<HV�

�����URVH�LQVWHDG�RI�ULVHG�XS

<HV�

���������WKLV�VKRXOG�DOVR�EH�LQ�WKH�GLVFXVVLRQ�

<HV�

�����WKH�ZDWHU�FROXPQ�ZDV

:H�PHDQ��JHQHUDO�FKDUDFWHULVWLFV��ZH�SURSRVH�D�UHSKUDVLQJ��

ŗ$W WKH WLPH RI WKH )806(&. FUXLVH� LQ 0D\� WKH ZDWHU FROXPQ LV JHQHUDOO\ ZHOO VWUDWLıHG
ZLWK QHDUO\ XQGHWHFWDEOH VXUIDFH QXWULHQW DYDLODELOLW\ �3DVTXHURQ 'H )RPPHUYDXOW HW DO��
����Ř

ĺ ŗ,Q WKH 1: 0HGLWHUUDQHDQ 6HD� LQ 0D\� WKH ZDWHU FROXPQ LV JHQHUDOO\ ZHOO VWUDWLıHG ZLWK
QHDUO\ XQGHWHFWDEOH VXUIDFH QXWULHQW DYDLODELOLW\ �3DVTXHURQ 'H )RPPHUYDXOW HW DO�� �����
7KLV ZDV LQGHHG WKH RFHDQRJUDSKLF VHWWLQJ IRU WKH )806(&. FUXLVH� EHIRUH DQ LQWHQVH
VWRUP�GRPLQDWHG�E\�QRUWK�ZHVWHUO\�ZLQGV�LPSDFWHG�WKH�ZDWHU�FROXPQ�Ř

���������DGG�SHUFHQWDJHV�RU�YDOXHV�ZKHQ�FRPSDULQJ

<HV��VHH�QHZ�GLVFXVVLRQ��


