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7KLV %ULWLVK 6WDQGDUG� KDYLQJ
EHHQ SUHSDUHG XQGHU WKH
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&KHPLFDOV 6HFWRU 3ROLF\ DQG 
6WUDWHJ\ &RPPLWWHH� ZDV 
SXEOLVKHG XQGHU WKH DXWKRULW\
RI WKH 6WDQGDUGV 3ROLF\ DQG
6WUDWHJ\ &RPPLWWHH RQ
�� $XJXVW ����

� %6, �� 2FWREHU ����

)LUVW SXEOLVKHG $SULO ����
3XEOLVKHG DV 3DUW � �� -XO\ ����

7KH IROORZLQJ %6, UHIHUHQFHV
UHODWH WR WKH ZRUN RQ WKLV 
VWDQGDUG�
&RPPLWWHH UHIHUHQFH &3,���
'UDIW IRU FRPPHQW ��������� '&
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&RPPLWWHHV UHVSRQVLEOH IRU WKLV 
%ULWLVK 6WDQGDUG
7KH SUHSDUDWLRQ RI WKLV %ULWLVK 6WDQGDUG ZDV HQWUXVWHG WR 7HFKQLFDO
&RPPLWWHH &3,���� +XPLGLW\ DQG WHPSHUDWXUH FRQGLWLRQLQJ UHTXLUHPHQWV�
XSRQ ZKLFK WKH IROORZLQJ ERGLHV ZHUH UHSUHVHQWHG�

%ULWLVK &RPSUHVVHG *DVHV $VVRFLDWLRQ

,QVWLWXWLRQ RI &KHPLFDO (QJLQHHUV

,QVWLWXWH RI 0HDVXUHPHQW DQG &RQWURO

,QVWLWXWH RI 3ULQWLQJ

1DWLRQDO 3K\VLFDO /DERUDWRU\

6,5$

6RFLHW\ RI (QYLURQPHQWDO (QJLQHHUV

$PHQGPHQWV LVVXHG VLQFH SXEOLFDWLRQ

$PG� 1R� 'DWH &RPPHQWV

�����
&RUULJHQGXP 1R� �

�� 2FWREHU ���� &RUUHFWLRQV WR HTXDWLRQ ��� DQG 
HTXDWLRQ ����
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)RUHZRUG

7KLV %ULWLVK 6WDQGDUG KDV EHHQ SUHSDUHG E\ 7HFKQLFDO &RPPLWWHH &3,����
+XPLGLW\ DQG WHPSHUDWXUH FRQGLWLRQLQJ UHTXLUHPHQWV� ,W VXSHUVHGHV 
%6 ��������� �ZKLFK ZDV FRQFHUQHG VROHO\ ZLWK WKH KXPLGLW\ RI WKH DLU�� DQG
H[WHQGV WKH FRQVLGHUDWLRQ RI KXPLGLW\ WR WKDW RI DQ\ JDV� %6 ��������� LV QRZ
ZLWKGUDZQ�

,W LV EDVHG SDUWO\ XSRQ $ *XLGH WR WKH 0HDVXUHPHQW RI +XPLGLW\ >�@ SXEOLVKHG E\
WKH ,QVWLWXWH RI 0HDVXUHPHQW DQG &RQWURO XQGHU &URZQ &RS\ULJKW�

7KLV LV SDUW � RI D VHULHV RI SDUWV RI %6 ���� RQ KXPLGLW\ DV IROORZV�

¦ 3DUW �� 7HUPV� GHILQLWLRQV DQG IRUPXODH�

¦ 3DUW �� +XPLGLW\ FDOFXODWLRQ DQG WDEOHV�

¦ 3DUW �� *XLGH WR WKH PHDVXUHPHQW RI KXPLGLW\�

7KLV SXEOLFDWLRQ GRHV QRW SXUSRUW WR LQFOXGH DOO WKH QHFHVVDU\ SURYLVLRQV RI D
FRQWUDFW� 8VHUV DUH UHVSRQVLEOH IRU LWV FRUUHFW DSSOLFDWLRQ�

&RPSOLDQFH ZLWK D %ULWLVK 6WDQGDUG GRHV QRW RI LWVHOI FRQIHU LPPXQLW\
IURP OHJDO REOLJDWLRQV�

6XPPDU\ RI SDJHV

7KLV GRFXPHQW FRPSULVHV D IURQW FRYHU� DQ LQVLGH IURQW FRYHU� SDJHV L DQG LL�  
SDJHV � WR �� DQG D EDFN FRYHU�

7KH %6, &RS\ULJKW QRWLFH GLVSOD\HG LQ WKLV GRFXPHQW LQGLFDWHV ZKHQ WKH
GRFXPHQW ZDV ODVW LVVXHG�
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� 6FRSH

7KLV SDUW RI %6 ���� JLYHV WHUPV� GHILQLWLRQV� V\PEROV� XQLWV� IRUPXODH DQG FRQVWDQWV DVVRFLDWHG ZLWK
KXPLGLW\ DQG LWV PHDVXUHPHQW�

� 7HUPV DQG GHILQLWLRQV
127( 6RPH DOWHUQDWLYH DQG REVROHVFHQW WHUPV DQG GHILQLWLRQV XVHG LQ FRQVLGHULQJ KXPLGLW\ DQG LWV PHDVXUHPHQW DUH GLVFXVVHG LQ
SDUW � RI WKLV %ULWLVK 6WDQGDUG�

��� 'HILQLWLRQV RI JHQHUDO WHUPV

����� 

DEVRUSWLRQ
UHWHQWLRQ RI D VXEVWDQFH� H�J� ZDWHU RU ZDWHU YDSRXU� E\ SHQHWUDWLRQ LQWR WKH EXON RI D PDWHULDO

����� 

DGVRUSWLRQ
UHWHQWLRQ RI D VXEVWDQFH� H�J� ZDWHU RU ZDWHU YDSRXU� DV D OD\HU RQ WKH VXUIDFH RI D PDWHULDO RU ZLWKLQ D
PDWHULDO

����� 

DEVROXWH KXPLGLW\
GHSUHFDWHG WHUP XVHG ORRVHO\ WR GHVFULEH HLWKHU PL[LQJ UDWLR ��������� VSHFLILF KXPLGLW\ �������� RU 
YROXPHWULF KXPLGLW\ ��������

����� 

DGLDEDWLF VDWXUDWLRQ WHPSHUDWXUH
ILQDO WHPSHUDWXUH UHDFKHG E\ D VPDOO TXDQWLW\ RI YDSRXU�JDV PL[WXUH LQWR ZKLFK ZDWHU LV HYDSRUDWLQJ

����� 

FRQGHQVDWH
FRQGHQVHG VXEVWDQFH� H�J� OLTXLG ZDWHU RU LFH
127( 7HFKQLFDOO\� LI YDSRXU FRQGHQVHV GLUHFWO\ WR D VROLG ZLWKRXW SDVVLQJ WKURXJK D OLTXLG SKDVH� LW LV WHUPHG D VXEOLPDWH� ,Q WKLV
6WDQGDUG� FRQGHQVDWH LV XVHG DV D JHQHUDO WHUP IRU DQ\ OLTXLG RU VROLG SURGXFHG E\ FRQGHQVDWLRQ RI YDSRXU�

����� 

FRQGHQVDWLRQ WHPSHUDWXUH
WHPSHUDWXUH DW ZKLFK FRQGHQVDWH IRUPV DV OLTXLG RU VROLG RQ FRROLQJ D KXPLG JDV

����� 

GHVLFFDQW
VXEVWDQFH ZKLFK H[HUWV D GU\LQJ DFWLRQ E\ DGVRUSWLRQ RU DEVRUSWLRQ RI� RU FKHPLFDO UHDFWLRQ
ZLWK� ZDWHU YDSRXU

����� 

GHVRUSWLRQ
UHOHDVH RI D VXEVWDQFH ZKLFK KDV EHHQ UHWDLQHG E\ DEVRUSWLRQ RU DGVRUSWLRQ

����� 

GHZ SRLQW
WHPSHUDWXUH DW ZKLFK WKH YDSRXU SUHVVXUH RI WKH YDSRXU LQ D KXPLG JDV LV HTXDO WR WKH VDWXUDWLRQ
YDSRXU SUHVVXUH RYHU SXUH OLTXLG DQG DW ZKLFK FRQGHQVDWH IRUPV DV OLTXLG RQ FRROLQJ WKH JDV

127( %HORZ IUHH]LQJ SRLQW GHZ SRLQW LV XVXDOO\ XVHG WR PHDQ IURVW SRLQW� :KHQ UHIHUULQJ WR WKH VXSHUFRROHG OLTXLG GHZ      
SRLQW �������� LW LV QRUPDO WR VWDWH WKLV H[SOLFLWO\�
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GU\�EXOE WHPSHUDWXUH
PHDVXUHG DLU WHPSHUDWXUH� XVXDOO\ SDLUHG ZLWK D ZHW�EXOE WHPSHUDWXUH WR GHULYH D YDOXH 
IRU UHODWLYH KXPLGLW\

������

GU\ JDV
QRQ�FRQGHQVDEOH JDV RU JDV PL[WXUH FRQWDLQLQJ QR YDSRXU� H�J� GU\ DLU DW ]HUR KXPLGLW\

������ 

HQKDQFHPHQW IDFWRU
ZDWHU YDSRXU HQKDQFHPHQW IDFWRU

IDFWRU E\ ZKLFK D YDOXH RI SXUH VDWXUDWLRQ YDSRXU SUHVVXUH LV PXOWLSOLHG WR REWDLQ WKH DFWXDO
VDWXUDWLRQ YDSRXU SUHVVXUH ZKLFK WDNHV LQWR DFFRXQW WKH HIIHFW RI WKH SUHVHQFH DQG RYHUDOO SUHVVXUH RI 
DLU RU RWKHU JDVHV�
127( 7KH HQKDQFHPHQW IDFWRU DOVR DSSOLHV WR XQVDWXUDWHG KXPLG JDV� ZKHUH LW PRGLILHV WKH SXUH YDSRXU SUHVVXUH WR WKH
DFWXDO YDSRXU SUHVVXUH�

������ 

HQWKDOS\ �RI KXPLG JDV�
PHDVXUH RI WKH WRWDO HQHUJ\ LQ D KXPLG JDV� EHLQJ WKH QRPLQDO VXP RI WKH HQWKDOSLHV RI WKH GU\ JDV
�VHQVLEOH KHDW� DQG RI WKH YDSRXU �VHQVLEOH KHDW DQG ODWHQW KHDW�

������ 

HTXLOLEULXP UHODWLYH KXPLGLW\ �RI D VXEVWDQFH�
YDOXH RI WKH UHODWLYH KXPLGLW\ RI D KXPLG JDV DW ZKLFK WKHUH LV QR QHW H[FKDQJH RI PRLVWXUH ZLWK D 
JLYHQ VXEVWDQFH
127( (TXLOLEULXP UHODWLYH KXPLGLW\ LV D SURSHUW\ RI WKH VXEVWDQFH DQG LV XVHG IRU LQGLUHFWO\ LQGLFDWLQJ RU FRQWUROOLQJ WKH FRQGLWLRQ
RI PRLVWXUH�VHQVLWLYH VXEVWDQFHV VXFK DV SDSHU� ,W LV QRUPDOO\ PHDVXUHG LQ DQ HQFORVHG VSDFH�

������ 

IURVW SRLQW
WHPSHUDWXUH DW ZKLFK WKH YDSRXU SUHVVXUH RI WKH YDSRXU LQ D KXPLG JDV LV HTXDO WR WKH VDWXUDWLRQ
YDSRXU SUHVVXUH RYHU LFH �IUR]HQ VROLG� DQG DW ZKLFK FRQGHQVDWH IRUPV DV IURVW RQ FRROLQJ WKH JDV

������ 

JDV
IOXLG LQ ZKLFK PROHFXOHV PRYH IUHHO\ DQG FDQ H[SDQG LQGHILQLWHO\ WR RFFXS\ WKH WRWDO YROXPH LQ ZKLFK LW LV
FRQWDLQHG
127( 7KH WHUP JDV LV XVHG HVSHFLDOO\ IRU VXEVWDQFHV ZKLFK GR QRW EHFRPH OLTXLG RU VROLG DW QRUPDO DPELHQW FRQGLWLRQV� H�J� DLU�
,I WKLV LV QRW WKH FDVH� WKH WHUP YDSRXU LV JHQHUDOO\ XVHG�

������ 

JDV GHQVLW\
PDVV RI KXPLG JDV SUHVHQW LQ D XQLW YROXPH RI KXPLG JDV

������ 

KXPLGLW\
SUHVHQFH RI YDSRXU� H�J� ZDWHU YDSRXU� LQ DLU RU RWKHU JDV

127( +XPLGLW\ LV RIWHQ XVHG WR PHDQ RQO\ UHODWLYH KXPLGLW\ DOWKRXJK� VWULFWO\ VSHDNLQJ� KXPLGLW\ UHIHUV WR DOO NLQGV RI
DEVROXWH LQGLFDWLRQV RI KXPLGLW\� IRU YHU\ ORZ KXPLGLWLHV� RWKHU PRUH VSHFLILF WHUPV WHQG WR EH XVHG�
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KXPLGLW\ UDWLR
GHSUHFDWHG WHUP IRU PL[LQJ UDWLR ��������

������ 

KXPLG JDV
PL[WXUH FRQWDLQLQJ RQH RU PRUH QRQ�FRQGHQVDEOH JDVHV DQG RQH RU PRUH YDSRXUV� H�J� D PL[WXUH RI DLU DQG
ZDWHU YDSRXU

������

KXPLG KHDW
KHDW UHTXLUHG WR UDLVH WKH WHPSHUDWXUH RI D XQLW PDVV RI GU\ JDV DQG DFFRPSDQ\LQJ YDSRXU E\ � . DW
FRQVWDQW SUHVVXUH� WKH VSHFLILF KHDW FDSDFLW\ RI D JDV�YDSRXU PL[WXUH

������

KXPLG YROXPH
YROXPH RFFXSLHG E\ KXPLG JDV FRQWDLQLQJ XQLW PDVV RI GU\ JDV

������

K\JURPHWU\

KXPLGLW\ PHDVXUHPHQW

������

K\JURVFRSLF

WHQGLQJ WR DEVRUE ZDWHU YDSRXU

������

LFH�EXOE WHPSHUDWXUH
VWHDG\ VWDWH WHPSHUDWXUH UHDFKHG E\ D VPDOO TXDQWLW\ RI LFH HYDSRUDWLQJ LQWR D ODUJH TXDQWLW\ RI
XQVDWXUDWHG ZDWHU YDSRXU�JDV PL[WXUH

������

LGHDO JDV
JDV WR ZKLFK WKH ODZV RI %R\OH� *D\�/XVVDF DQG $YRJDGUR DUH DSSOLFDEOH

������ 

ODWHQW KHDW
KHDW HQHUJ\ DVVRFLDWHG ZLWK D FKDQJH RI SKDVH DW FRQVWDQW WHPSHUDWXUH

������ 

PDVV IUDFWLRQ
UDWLR RI WKH PDVV RI D FRPSRQHQW LQ D PL[WXUH WR WKH WRWDO PDVV RI VXEVWDQFH SUHVHQW
127( )RU YDSRXU LQ JDVHV WKLV LV WKH VSHFLILF KXPLGLW\ DQG IRU ORZ KXPLGLWLHV EHFRPHV DSSUR[LPDWHO\ HTXDO WR WKH PL[LQJ UDWLR�

������ 

PL[LQJ UDWLR
PDVV UDWLR

KXPLGLW\ UDWLR �GHSUHFDWHG�

PDVV RI YDSRXU SHU XQLW PDVV RI GU\ JDV ZLWK ZKLFK LW LV DVVRFLDWHG� LW LV D GLPHQVLRQOHVV UDWLR DOWKRXJK
RIWHQ H[SUHVVHG LQ XQLWV RI PDVV SHU PDVV
127( 7KH VR�FDOOHG §PL[LQJ UDWLR E\ YROXPH¨ LV D GHSUHFDWHG WHUP IRU PROH UDWLR RU YROXPH UDWLR�
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PRLVWXUH
ZDWHU LQ DQ\ IRUP
127( 0RLVWXUH LV DOVR XVHG VSHFLILFDOO\ IRU ZDWHU WKDW LV DEVRUEHG RU DGVRUEHG RU ERXQG LQWR DQ\ PDWHULDO�

������ 

PROH IUDFWLRQ
YROXPH IUDFWLRQ

UDWLR RI WKH QXPEHU RI PROHV RI D FRPSRQHQW LQ D KXPLG JDV WR WKH WRWDO QXPEHU RI PROHV RI KXPLG JDV
SUHVHQW

������ 

PROH UDWLR
PRODO UDWLR

YROXPH UDWLR

PL[LQJ UDWLR E\ YROXPH �GHSUHFDWHG�

UDWLR RI WKH QXPEHU RI PROHV RI D FRPSRQHQW LQ D KXPLG JDV WR WKH DPRXQW RI GU\ JDV SUHVHQW

������ 

SDUWLDO SUHVVXUH �RI YDSRXU�
WKDW SDUW RI WKH RYHUDOO SUHVVXUH H[HUWHG E\ WKH YDSRXU FRPSRQHQW LQ D KXPLG JDV

������ 

SHUFHQWDJH VDWXUDWLRQ
UDWLR RI WKH DFWXDO PL[LQJ UDWLR WR WKH VDWXUDWLRQ PL[LQJ UDWLR DW WKH VDPH WHPSHUDWXUH DQG SUHVVXUH�
H[SUHVVHG DV D SHUFHQWDJH ���
127( 8QGHU RUGLQDU\ FOLPDWLF FRQGLWLRQV� SHUFHQWDJH VDWXUDWLRQ LV DOPRVW LGHQWLFDO WR UHODWLYH KXPLGLW\�

������ 

SSPY

3309

PROH UDWLR� H[SUHVVHG DV SDUWV SHU PLOOLRQ ������
127( 7KLV PD\ DOVR EH WHUPHG SSPY �GU\ EDVLV�� $W ORZ KXPLGLWLHV LW LV DOPRVW LGHQWLFDO WR SSPY �ZHW EDVLV�� ZKLFK LV WKH PROH
IUDFWLRQ H[SUHVVHG DV SDUWV SHU PLOOLRQ� 0ROH UDWLR PD\ DOVR EH H[SUHVVHG LQ SDUWV SHU ELOOLRQ ������� SSEY�

������ 

SSPZ

330:

PL[LQJ UDWLR� H[SUHVVHG DV SDUWV SHU PLOOLRQ ������
127( 7KLV PD\ DOVR EH WHUPHG SSPZ �GU\ EDVLV�� $W ORZ KXPLGLWLHV LW LV DOPRVW LGHQWLFDO WR SSPZ �ZHW EDVLV�� ZKLFK LV WKH VSHFLILF
KXPLGLW\ �PDVV IUDFWLRQ� H[SUHVVHG DV SDUWV SHU PLOOLRQ� 0L[LQJ UDWLR PD\ DOVR EH H[SUHVVHG LQ SDUWV SHU ELOOLRQ ������� SSEZ�

������ 

UHODWLYH KXPLGLW\
UDWLR RI WKH DFWXDO YDSRXU SUHVVXUH WR WKH VDWXUDWLRQ YDSRXU SUHVVXUH RYHU D SODQH OLTXLG ZDWHU 
VXUIDFH DW WKH VDPH WHPSHUDWXUH� H[SUHVVHG DV D SHUFHQWDJH
127( � 5HODWLYH KXPLGLW\ LV FRPPRQO\ DEEUHYLDWHG WR UK� DOWKRXJK WKLV LV QRW D UHFRJQL]HG DEEUHYLDWLRQ�

127( � 9DOXHV RI UHODWLYH KXPLGLW\ DUH XVXDOO\ H[SUHVVHG LQ XQLWV RI SHUFHQWDJH UHODWLYH KXPLGLW\� � UK� §� UK¨ LV QRW DQ DJUHHG
6, XQLW� +RZHYHU� WKH XVH RI WKH V\PERO §�¨ DORQH WR GHQRWH XQLWV RI UHODWLYH KXPLGLW\ LV JHQHUDOO\ QRW DGYLVDEOH� VLQFH WKHUH LV D ULVN
RI FRQIXVLRQ EHWZHHQ YDOXH RI UHODWLYH KXPLGLW\ DQG IUDFWLRQ RI YDOXH�
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VDWXUDWLRQ PL[LQJ UDWLR
PL[LQJ UDWLR RI KXPLG JDV LQ HTXLOLEULXP ZLWK D SODQH VXUIDFH RI ZDWHU RU LFH DW WKH VDPH WHPSHUDWXUH 
FRQWDLQLQJ WKH HTXLOLEULXP TXDQWLW\ RI GLVVROYHG JDV
127( 7KLV LV WKH KLJKHVW PL[LQJ UDWLR ZKLFK QRQ�VXSHUVDWXUDWHG KXPLG JDV FDQ DWWDLQ DW WKH JLYHQ WHPSHUDWXUH� DQG 
FRUUHVSRQGV WR D UHODWLYH KXPLGLW\ RI ��� ��

������ 

VDWXUDWLRQ YDSRXU SUHVVXUH
PD[LPXP SUHVVXUH RI YDSRXU WKDW FDQ H[LVW DW D JLYHQ WHPSHUDWXUH
127( 3XUH VDWXUDWLRQ YDSRXU SUHVVXUH LV WKH SUHVVXUH H[HUWHG E\ YDSRXU ZLWK QR RWKHU JDVHV SUHVHQW� L�H� LQ D SDUWLDO YDFXXP�
$FWXDO VDWXUDWLRQ YDSRXU SUHVVXUH RI D YDSRXU LQ D KXPLG JDV LV VOLJKWO\ GLIIHUHQW� WKH GLIIHUHQFH LV TXDQWLILHG E\ WKH HQKDQFHPHQW 
IDFWRU�

������ 

VHQVLEOH KHDW
FRPSRQHQW RI WKH HQWKDOS\ RI D VXEVWDQFH WKDW YDULHV DFFRUGLQJ WR WHPSHUDWXUH

������ 

VSHFLILF KXPLGLW\
PDVV RI YDSRXU SHU XQLW PDVV RI KXPLG JDV

������ 

VXSHUFRROHG OLTXLG GHZ SRLQW
VXSHUFRROHG ZDWHU GHZ SRLQW

GHZ SRLQW ZLWK UHVSHFW WR OLTXLG �H�J� ZDWHU� EHORZ WKH QRUPDO IUHH]LQJ SRLQW

������

WKHUPRG\QDPLF ZHW�EXOE WHPSHUDWXUH
GHSUHFDWHG WHUP IRU DGLDEDWLF VDWXUDWLRQ WHPSHUDWXUH �������
127( )RU WKH DLU¥ZDWHU V\VWHP DW DWPRVSKHULF SUHVVXUH EHWZHHQ � �& DQG ��� �&� ZLWK ZDWHU YDSRXU FRQWHQWV RI OHVV
WKDQ ��� NJ�NJ¥�� WKH WKHUPRG\QDPLF ZHW�EXOE WHPSHUDWXUH LV ZLWKLQ � �& RI WKH ZHW�EXOE WHPSHUDWXUH� )RU YDSRXUV RWKHU WKDQ
ZDWHU YDSRXU� WKH WKHUPRG\QDPLF ZHW�EXOE WHPSHUDWXUH PD\ EH PDUNHGO\ GLIIHUHQW WR WKH ZHW�EXOE WHPSHUDWXUH�

������ 

YDSRXU
VXEVWDQFH LQ WKH JDVHRXV VWDWH ZKLFK PD\ EH OLTXHILHG E\ LQFUHDVLQJ WKH SUHVVXUH ZLWKRXW DOWHULQJ WKH 
WHPSHUDWXUH
127( 7KLV LV D JDV EHORZ LWV FULWLFDO WHPSHUDWXUH�

������ 

YDSRXU GHQVLW\
GHSUHFDWHG WHUP XVHG HLWKHU IRU JDV GHQVLW\ �������� RU YROXPHWULF KXPLGLW\ ��������

������ 

YDSRXU SUHVVXUH �RI ZDWHU�
SDUWLDO SUHVVXUH

WKDW SDUW RI WKH WRWDO SUHVVXUH FRQWULEXWHG E\ WKH YDSRXU
127( 3XUH YDSRXU SUHVVXUH LV WKH SUHVVXUH H[HUWHG E\ YDSRXU ZLWK QR RWKHU JDVHV SUHVHQW� L�H� LQ D SDUWLDO YDFXXP� $FWXDO YDSRXU
SUHVVXUH RI D YDSRXU LQ D KXPLG JDV LV VOLJKWO\ JUHDWHU� WKH GLIIHUHQFH LV TXDQWLILHG E\ WKH HQKDQFHPHQW IDFWRU�
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YDSRXU SUHVVXUH GHILFLW
YDSRXU SUHVVXUH GLIIHUHQFH

GLIIHUHQFH EHWZHHQ DFWXDO YDSRXU SUHVVXUH DQG VDWXUDWLRQ YDSRXU SUHVVXUH DW DLU WHPSHUDWXUH
�XVXDOO\ JLYHQ V\PERO RI ' RU �S�

������ 

YROXPH IUDFWLRQ
UDWLR RI WKH YROXPH QRPLQDOO\ RFFXSLHG E\ D FRPSRQHQW RI D PL[WXUH WR WKH WRWDO YROXPH
127( 7KLV LV QXPHULFDOO\ LGHQWLFDO WR PROH IUDFWLRQ IRU DQ LGHDO JDV�

������ 

YROXPHWULF KXPLGLW\
PDVV RI YDSRXU SUHVHQW LQ D XQLW YROXPH RI KXPLG JDV

������ 

ZDWHU DFWLYLW\ �RI D VXEVWDQFH�
HTXLOLEULXP UHODWLYH KXPLGLW\� H[SUHVVHG RQ D VFDOH RI � WR � �GLPHQVLRQOHVV XQLWV� LQVWHDG RI � �
WR ��� �

������ 

ZDWHU YDSRXU
ZDWHU LQ JDVHRXV IRUP EHORZ LWV FULWLFDO WHPSHUDWXUH

������ 

ZHW�EXOE WHPSHUDWXUH
WHPSHUDWXUH LQGLFDWHG E\ D WKHUPRPHWHU VKHDWKHG LQ ZHW ZLFNLQJ� DQG LQIOXHQFHG E\ WKH UDWH RI
HYDSRUDWLRQ IURP WKH ZLFNLQJ� 7KH VWHDG\ VWDWH WHPSHUDWXUH UHDFKHG E\ D VPDOO TXDQWLW\ RI OLTXLG
HYDSRUDWLQJ LQWR D ODUJH TXDQWLW\ RI XQVDWXUDWHG YDSRXU�JDV PL[WXUH LV WKH ZHW�EXOE WHPSHUDWXUH RI D 
SHUIHFW SV\FKURPHWHU
127( � 7KLV LV XVXDOO\ SDLUHG ZLWK D GU\�EXOE WHPSHUDWXUH WR GHULYH D YDOXH IRU UHODWLYH KXPLGLW\�

127( �  6HH DOVR WKHUPRG\QDPLF ZHW�EXOE WHPSHUDWXUH �������� DQG SV\FKURPHWHU ���������

127( �  )RU WKH DLU¥ZDWHU V\VWHP DW DWPRVSKHULF SUHVVXUH EHWZHHQ � �& DQG ��� �&� ZLWK ZDWHU YDSRXU FRQWHQWV RI OHVV
WKDQ ��� NJ�NJ¥�� WKH ZHW�EXOE WHPSHUDWXUH LV ZLWKLQ � �& RI WKH DGLDEDWLF VDWXUDWLRQ WHPSHUDWXUH�

��� 0HDVXUHPHQW WHUPV

����� 

DFRXVWLF KXPLGLW\ VHQVRU

DFRXVWLF VHQVRU

VHQVRU XWLOL]LQJ WKH WUDQVPLVVLRQ RI VRXQG LQ D KXPLG JDV WR LQGLFDWH LWV KXPLGLW\

����� 

DGLDEDWLF H[SDQVLRQ K\JURPHWHU

K\JURPHWHU LQ ZKLFK WKH FRROLQJ RQ H[SDQVLRQ RI KXPLG JDV SURGXFHV D FORXG LI WKH GHZ SRLQW LV UHDFKHG

����� 

DVSLUDWHG SV\FKURPHWHU

SV\FKURPHWHU ZLWK SURYLVLRQ IRU D IRUFHG IORZ RI KXPLG JDV RYHU WKH VHQVRUV
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����� 

FDSDFLWLYH K\JURPHWHU

FDSDFLWDQFH K\JURPHWHU

HOHFWULFDO LPSHGDQFH K\JURPHWHU RU GHZ�SRLQW VHQVRU

����� 

FRORXU FKDQJH K\JURPHWHU

K\JURPHWHU LQGLFDWLQJ FKDQJHV LQ KXPLGLW\ E\ WKH FKDQJH LQ FRORXU RI D PDWHULDO RFFXUULQJ DV D UHVXOW RI
LWV UHDFWLRQ WR PRLVWXUH

����� 

FRQGHQVDWLRQ K\JURPHWHU

K\JURPHWHU LQ ZKLFK WKH GHZ�SRLQW WHPSHUDWXUH LV PHDVXUHG E\ FRROLQJ D VDPSOH RI KXPLG JDV XQWLO
FRQGHQVDWH LQ WKH IRUP RI GHZ RU IURVW DSSHDUV� DQG REVHUYLQJ WKH WHPSHUDWXUH DW ZKLFK WKLV KDSSHQV

����� 

GHZ�SRLQW VHQVRU

VHQVRU LQ ZKLFK WKH PHDVXUHG HOHFWULFDO SURSHUW\ FKDQJHV LQ D ZD\ PRUH QHDUO\ UHODWHG WR WKH GHZ SRLQW
RU YDSRXU SUHVVXUH UDWKHU WKDQ WKH UHODWLYH KXPLGLW\

127( &RPPRQO\ WKH LPSHGDQFH FKDQJH RI DQ DOXPLQLXP R[LGH FDSDFLWRU DV PRLVWXUH SHQHWUDWHV WKH SRUH VWUXFWXUH�

����� 

HOHFWULFDO LPSHGDQFH K\JURPHWHU

UHVLVWLYH RU FDSDFLWLYH K\JURPHWHU

K\JURPHWHU LQ ZKLFK WKH VHQVRU FRQVLVWV RI D K\JURVFRSLF PDWHULDO� WKH HOHFWULFDO SURSHUWLHV RI ZKLFK
DOWHU DFFRUGLQJ WR WKH DEVRUSWLRQ RU GHVRUSWLRQ RI ZDWHU PROHFXOHV
127( 0DQ\ VHQVRUV DUH FRQVWUXFWHG XVLQJ WKLQ ILOP WHFKQRORJ\� RU RWKHU PHDQV DQG WKH VHQVRU PD\ H[KLELW FKDQJHV LQ UHVLVWDQFH�
FDSDFLWDQFH RU VRPH FRPELQDWLRQ RI WKH WZR�

����� 

HOHFWURO\WLF K\JURPHWHU

SKRVSKRUXV SHQWR[LGH K\JURPHWHU

K\JURPHWHU LQ ZKLFK KXPLGLW\ LV PHDVXUHG E\ WKH HOHFWURO\VLV RI WKH ZDWHU WDNHQ XS E\ D VHQVRU 
FRQVLVWLQJ RI D ILOP RI WKH GHVLFFDQW SKRVSKRUXV SHQWR[LGH �3�2��

������ 

HOHFWURO\WLF LPSHGDQFH K\JURPHWHU

W\SH RI K\JURPHWHU XVLQJ HOHFWURO\VLV DV WKH VHQVLQJ PHFKDQLVP
127( (OHFWURO\WLF LPSHGDQFH K\JURPHWHUV VKRXOG QRW EH FRQIXVHG ZLWK HOHFWURO\WLF SKRVSKRUXV SHQWR[LGH K\JURPHWHUV� RU ZLWK
HOHFWULFDO LPSHGDQFH K\JURPHWHUV�

������ 

JUDYLPHWULF K\JURPHWHU

K\JURPHWHU XWLOL]LQJ WKH ZHLJKW RI DEVRUEHG PRLVWXUH DV D PHDVXUH RI KXPLGLW\

������

K\JURPHWHU

LQVWUXPHQW IRU PHDVXULQJ KXPLGLW\

������

LQIUDUHG DEVRUEDQFH K\JURPHWHU

VSHFWURVFRSLF K\JURPHWHU XWLOL]LQJ WKH SULQFLSOH WKDW ZDWHU DWWHQXDWHV LQIUDUHG UDGLDWLRQ
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������

/\PDQ�DOSKD K\JURPHWHU

VSHFWURVFRSLF K\JURPHWHU XWLOL]LQJ WKH DEVRUSWLRQ DQG HPLVVLRQ RI XOWUD�YLROHW OLJKW E\ D KXPLG JDV

������ 

PHFKDQLFDO K\JURPHWHU

K\JURPHWHU H[SORLWLQJ WKH H[SDQVLRQ DQG FRQWUDFWLRQ RI RUJDQLF PDWHULDOV ZLWK FKDQJHV LQ KXPLGLW\
127( 7KH VHQVRU PD\ EH KDLU� FDWJXW� JROGEHDWHU
V VNLQ �FRZ
V LQWHVWLQH�� SDSHU� WH[WLOH RU SODVWLF RU RWKHU PDWHULDO�

������ 

RSWLFDO GHZ�SRLQW K\JURPHWHU

FRQGHQVDWLRQ K\JURPHWHU LQ ZKLFK FRQGHQVDWH LV VHQVHG RSWLFDOO\

������ 

RSWLFDO ILEUH K\JURPHWHU

K\JURPHWHU XWLOL]LQJ WKH ORVV� RU UHIOHFWLRQ� RI OLJKW E\ FRDWLQJV RQ DQ RSWLFDO ILEUH WR LQGLFDWH FKDQJHV 
LQ KXPLGLW\

������ 

RSWLFDO UHIUDFWLYH LQGH[ K\JURPHWHU

K\JURPHWHU XWLOL]LQJ WKH SULQFLSOH WKDW WKH VSHHG RI OLJKW LQ D JDV GHSHQGV XSRQ LWV FRPSRVLWLRQ�
LQFOXGLQJ ZDWHU YDSRXU

������

SLH]RHOHFWULF K\JURPHWHU

K\JURPHWHU XWLOL]LQJ WKH UHVRQDWLQJ IUHTXHQF\ RI D TXDUW] FU\VWDO WR LQGLFDWH WKH PDVV RI ZDWHU LW KDV
DEVRUEHG IURP WKH KXPLG JDV

������

SQHXPDWLF EULGJH K\JURPHWHU

K\JURPHWHU LQ ZKLFK WKH ZDWHU YDSRXU SUHVVXUH LV IRXQG IURP WKH FKDQJH LQ RYHUDOO SUHVVXUH RFFXUULQJ
DIWHU ZDWHU YDSRXU KDV EHHQ UHPRYHG IURP D KXPLG JDV�

������ 

SUREH

SDUW RI D K\JURPHWHU KRXVLQJ D VHQVRU H[WHUQDO WR WKH PDLQ ERG\ RI WKH LQVWUXPHQW� H�J� DW WKH HQG RI D
FRQQHFWLQJ HOHFWULFDO OHDG
127( 7KH SUREH PD\ EH IL[HG WR WKH PDLQ ERG\ RI WKH LQVWUXPHQW RU FRQQHFWHG E\ PHDQV RI D FDEOH�

������ 

SV\FKURPHWHU

ZHW� DQG GU\�EXOE K\JURPHWHU

K\JURPHWHU LQ ZKLFK KXPLG JDV LV GUDZQ RYHU WZR PDWFKHG WHPSHUDWXUH VHQVRUV� RQH RI ZKLFK LV
PDLQWDLQHG ZHW

������ 

UHODWLYH KXPLGLW\ �UK� VHQVRU

VHQVRU WKDW PHDVXUHV UHODWLYH KXPLGLW\�
127( &RPPRQO\ WKLV WHUP LV XVHG IRU HOHFWULFDO LPSHGDQFH K\JURPHWHU�
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������ 

VDWXUDWHG OLWKLXP FKORULGH K\JURPHWHU

OLWKLXP FKORULGH K\JURPHWHU

K\JURPHWHU LQ ZKLFK WKH VHQVRU LV D K\JURVFRSLF VDOW DEVRUELQJ ZDWHU IURP WKH KXPLG JDV
127( � 7KLV PD\ EH OLWKLXP FKORULGH RU DQRWKHU VDOW� VRPHWLPHV KHOG LQ D JHO RU PDWUL[ RI VRPH NLQG�

127( � $Q HOHFWULFDO YROWDJH LV DSSOLHG DFURVV WKH VDOW DQG FXUUHQW SDVVHV DFFRUGLQJ WR WKH DPRXQW RI ZDWHU YDSRXU WKDW KDV EHHQ
DEVRUEHG� WKLV FXUUHQW DOVR KHDWV WKH VDOW� (YHQWXDOO\ D EDODQFH LV DFKLHYHG EHWZHHQ DEVRUSWLRQ DQG KHDWLQJ� WKH WHPSHUDWXUH DW 
ZKLFK WKLV RFFXUV LV UHODWHG WR WKH ZDWHU YDSRXU SUHVVXUH�

������ 

VHQVRU

DFWLYH RU VHQVLQJ SDUW RI D K\JURPHWHU
127( ,Q VRPH FDVHV D FRPSOHWH K\JURPHWHU PD\ EH UHIHUUHG WR DV D VHQVRU�

������ 

VSHFWURVFRSLF K\JURPHWHU

K\JURPHWHU LQ ZKLFK WKH ZDWHU YDSRXU FRQWHQW RI D KXPLG JDV PL[WXUH LV PHDVXUHG E\ DQDO\VLQJ KRZ
LWV FRQVWLWXHQWV DEVRUE RU HPLW OLJKW RI SDUWLFXODU ZDYHOHQJWKV
127( 6SHFLILF H[DPSOHV RI VSHFWURVFRSLF K\JURPHWHUV DUH LQIUDUHG DEVRUEDQFH K\JURPHWHU �������� DQG /\PDQ�DOSKD 
K\JURPHWHU ��������� VSHFWURVFRSLF PHDVXUHPHQW E\ WKHVH WHFKQLTXHV FDQ EH XVHG WR PHDVXUH WKH FRQFHQWUDWLRQV RI RWKHU
FRQVWLWXHQWV RI WKH PL[WXUH� DV ZHOO DV WKDW RI WKH ZDWHU YDSRXU�

������ 

WKHUPDO FRQGXFWLYLW\ K\JURPHWHU

K\JURPHWHU XWLOL]LQJ WKH SULQFLSOH WKDW WKH KHDW ORVV IURP D KRW ZLUH LV DIIHFWHG E\ WKH ZDWHU YDSRXU LQ
D KXPLG JDV DV ZHOO DV E\ WKH RWKHU FRQVWLWXHQW JDVHV

������ 

WKHUPDO ULVH K\JURPHWHU

K\JURPHWHU XWLOL]LQJ WKH KHDW RI DGVRUSWLRQ RU GHVRUSWLRQ RI ZDWHU IURP D GHVLFFDQW DV D PHDVXUH
RI KXPLGLW\

������

WUDQVPLWWHU

K\JURPHWHU ZKLFK JLYHV DQ DQDORJXH RU GLJLWDO HOHFWULFDO RXWSXW
127( 7KH VHQVRU PD\ EH DQ LQWHJUDO SDUW RI WKH WUDQVPLWWHU RU PD\ EH LQ D SUREH FRQQHFWHG YLD DQ H[WHUQDO FDEOH�

������ 

]LUFRQLD K\JURPHWHU

K\JURPHWHU LQ ZKLFK ZDWHU YDSRXU LV GHWHFWHG E\ PHDVXULQJ WKH R[\JHQ FRQWHQW RI D KXPLG JDV DQG
FRPSDULQJ WKLV ZLWK WKH DPRXQW RI R[\JHQ GXH WR WKH GU\ JDV DORQH

��� 6\PEROV DQG XQLWV

����� 

$

SV\FKURPHWHU FRHIILFLHQW H[SUHVVHG SHU NHOYLQ �.¥��

����� 

DZ

ZDWHU DFWLYLW\ H[SUHVVHG DV D VFDOH RI � WR� GLPHQVLRQOHVV XQLWV
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����� 

&SJ

VSHFLILF KHDW FDSDFLW\ DW FRQVWDQW SUHVVXUH RI GU\ JDV H[SUHVVHG DV NLORMRXOHV SHU NLORJUDP SHU
NHOYLQ �N-�NJ¥�

�.¥��

����� 

&SY

VSHFLILF KHDW FDSDFLW\ DW FRQVWDQW SUHVVXUH RI YDSRXU H[SUHVVHG DV NLORMRXOHV SHU NLORJUDP SHU 
NHOYLQ �N-�NJ¥��.¥��

����� 

&V

KXPLG KHDW H[SUHVVHG DV NLORMRXOHV SHU NLORJUDP RI GU\ JDV SHU NHOYLQ �N-�NJ¥��.¥� �

����� 

GY

YROXPHWULF KXPLGLW\ H[SUHVVHG DV NLORJUDPV RI YDSRXU SHU FXELF PHWUH RI KXPLG JDV �NJ�P¥��

����� 

I

�ZDWHU YDSRXU� HQKDQFHPHQW IDFWRU H[SUHVVHG DV GLPHQVLRQOHVV XQLWV

����� 

K

HQWKDOS\ H[SUHVVHG DV NLORMRXOHV SHU NLORJUDP �N-�NJ¥��

����� 

KJ

HQWKDOS\ RI GU\ JDV �UHODWLYH WR JDV DW GDWXP WHPSHUDWXUH� XVXDOO\ � �&� H[SUHVVHG DV NLORMRXOHV SHU 
NLORJUDP RI GU\ JDV �N-�NJ¥��

������ 

KV

VHQVLEOH KHDW H[SUHVVHG DV NLORMRXOHV SHU NLORJUDP �N-�NJ¥��

������ 

KY

HQWKDOS\ RI SXUH YDSRXU �UHODWLYH WR OLTXLG DW GDWXP WHPSHUDWXUH� XVXDOO\ � �&� H[SUHVVHG DV NLORMRXOHV 
SHU NLORJUDP RI YDSRXU �N-�NJ¥��

������ 

N\

PDVV WUDQVIHU FRHIILFLHQW IRU YDSRXU�SKDVH WUDQVSRUW H[SUHVVHG DV NLORJUDPV SHU VTXDUH PHWUH SHU VHFRQG 
�NJ�P¥��V¥��

������ 

0J

PRODO PDVV �PROHFXODU ZHLJKW� RI GU\ JDV H[SUHVVHG DV NLORJUDPV SHU PROH �NJ�PRO¥��

������ 

0Y

PRODO PDVV �PROHFXODU ZHLJKW� RI YDSRXU H[SUHVVHG DV NLORJUDPV SHU PROH �NJ�PRO¥��
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������ 

P

PDVV H[SUHVVHG DV NLORJUDPV �NJ�

������ 

Q

DPRXQW RI VXEVWDQFH H[SUHVVHG DV PROHV �PRO�

������ 

3

WRWDO DWPRVSKHULF SUHVVXUH H[SUHVVHG DV QHZWRQV SHU VTXDUH PHWUH �1�P¥�� RU SDVFDOV �3D�

������ 

S

SXUH YDSRXU SUHVVXUH H[SUHVVHG DV QHZWRQV SHU VTXDUH PHWUH �1�P¥�� RU SDVFDOV �3D�

������ 

S


DFWXDO YDSRXU SUHVVXUH H[SUHVVHG DV QHZWRQV SHU VTXDUH PHWUH �1�P¥�� RU SDVFDOV �3D�

������ 

SV

SXUH VDWXUDWLRQ YDSRXU SUHVVXUH H[SUHVVHG DV QHZWRQV SHU VTXDUH PHWUH �1�P¥�� RU SDVFDOV �3D�

������ 

SV


DFWXDO VDWXUDWLRQ YDSRXU SUHVVXUH H[SUHVVHG DV QHZWRQV SHU VTXDUH PHWUH �1�P¥�� RU SDVFDOV �3D�

������ 

SZE

VDWXUDWLRQ YDSRXU SUHVVXUH DW WKH ZHW�EXOE WHPSHUDWXUH H[SUHVVHG DV QHZWRQV SHU VTXDUH PHWUH
�1�P¥�� RU SDVFDOV �3D�

������ 

SSPY

PROH UDWLR H[SUHVVHG DV SDUWV SHU PLOOLRQ RI GU\ JDV E\ YROXPH

������ 

SSPZ

PL[LQJ UDWLR H[SUHVVHG DV SDUWV SHU PLOOLRQ RI GU\ JDV E\ PDVV

������ 

5

XQLYHUVDO JDV FRQVWDQW H[SUHVVHG DV MRXOHV SHU PROH RI DLU SHU NHOYLQ �-�PRO¥��.¥� �

������ 

5


XQLYHUVDO JDV FRQVWDQW H[SUHVVHG DV MRXOHV SHU NLORJUDP RI DLU SHU NHOYLQ �-�NJ¥��.¥��

������ 

6

SHUFHQWDJH VDWXUDWLRQ ���
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������

7

DEVROXWH WHPSHUDWXUH H[SUHVVHG DV NHOYLQV �.�

������ 

W

GU\�EXOE WHPSHUDWXUH H[SUHVVHG DV GHJUHHV &HOVLXV ��&�

������ 

WDV

DGLDEDWLF VDWXUDWLRQ WHPSHUDWXUH H[SUHVVHG DV GHJUHHV &HOVLXV ��&�

������ 

WGS

GHZ SRLQW H[SUHVVHG DV GHJUHHV &HOVLXV ��&�

������ 

WI

IUHH]LQJ SRLQW RI OLTXLG H[SUHVVHG DV GHJUHHV &HOVLXV ��&�

������ 

WIS

IURVW SRLQW H[SUHVVHG DV GHJUHHV &HOVLXV ��&�

������ 

WZE

ZHW�EXOE WHPSHUDWXUH H[SUHVVHG DV GHJUHHV &HOVLXV ��&�

������ 

Y

KXPLG YROXPH H[SUHVVHG DV FXELF PHWUHV SHU NLORJUDP RI GU\ JDV �P��NJ¥��

������ 

<

PL[LQJ UDWLR H[SUHVVHG DV NLORJUDPV RI YDSRXU SHU NLORJUDP RI GU\ JDV �NJ�NJ¥��

������ 

<DV

PL[LQJ UDWLR DW WKH DGLDEDWLF VDWXUDWLRQ WHPSHUDWXUH H[SUHVVHG DV NLORJUDPV RI YDSRXU SHU NLORJUDP
RI GU\ JDV �NJ�NJ¥��

������ 

<:

VSHFLILF KXPLGLW\ H[SUHVVHG DV NLORJUDPV RI YDSRXU SHU NLORJUDP RI KXPLG JDV �NJ�NJ¥��

������ 

<ZE

PL[LQJ UDWLR DW WKH ZHW�EXOE WHPSHUDWXUH H[SUHVVHG DV NLORJUDPV RI YDSRXU SHU NLORJUDP RI
GU\ JDV �NJ�NJ¥��

������ 

\

PROH IUDFWLRQ RI YDSRXU H[SUHVVHG DV PROHV RI YDSRXU SHU PROH RI KXPLG JDV �PRO�PRO¥��
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������ 

�¥\

PROH IUDFWLRQ RI GU\ JDV H[SUHVVHG DV PROHV RI GU\ JDV SHU PROH RI KXPLG JDV �PRO�PRO¥��

������ 

]

PROH UDWLR RI YDSRXU H[SUHVVHG DV PROHV RI YDSRXU SHU PROH RI GU\ JDV �PRO�PRO¥��

������ 

�

KHDW WUDQVIHU FRHIILFLHQW IURP JDV WR ZHW EXOE H[SUHVVHG DV NLORMRXOHV SHU VHFRQG SHU VTXDUH PHWUH SHU NHOYLQ
�N-�V¥��P¥��.¥��

������ 

�

SV\FKURPHWULF UDWLR H[SUHVVHG LQ GLPHQVLRQOHVV XQLWV

������ 

�

ODWHQW KHDW RI HYDSRUDWLRQ H[SUHVVHG DV NLORMRXOHV SHU NLORJUDP �N-�NJ¥��

������ 

�DV

ODWHQW KHDW RI HYDSRUDWLRQ DW WKH DGLDEDWLF VDWXUDWLRQ WHPSHUDWXUH H[SUHVVHG DV NLORMRXOHV SHU 
NLORJUDP �N-�NJ¥��

������ 

�ZE

ODWHQW KHDW RI HYDSRUDWLRQ DW WKH ZHW�EXOE WHPSHUDWXUH H[SUHVVHG DV NLORMRXOHV SHU NLORJUDP �N-�NJ¥��

������ 

��

ODWHQW KHDW RI HYDSRUDWLRQ DW WKH HQWKDOS\�GDWXP WHPSHUDWXUH �XVXDOO\ � �&� H[SUHVVHG DV NLORMRXOHV SHU 
NLORJUDP �N-�NJ¥��

������ 

�J

JDV �YDSRXU� GHQVLW\ H[SUHVVHG DV NLORJUDPV RI KXPLG JDV SHU FXELF PHWUH RI KXPLG JDV �NJ�P¥��

������ 

�

UHODWLYH KXPLGLW\ H[SUHVVHG DV SHUFHQWDJH UHODWLYH KXPLGLW\ �� UK�
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� )RUPXODH DQG FRQVWDQWV

��� &RQVWDQWV

7KHVH FRQVWDQWV DUH OLVWHG DQG UHIHUHQFHG E\ 6RQQWDJ >�@�

��� )RUPXODH

����� 0DLQ V\PEROV

,Q DGGLWLRQ WR WKH FRQVWDQWV LQ ���� WKH IROORZLQJ DUH WKH PDLQ V\PEROV XVHG LQ WKH IRUPXODH �RWKHUV DUH 
GHILQHG ORFDOO\ LQ WKH WH[W��

8QLYHUVDO JDV FRQVWDQW� 5 ����� � -�PRO¥��.¥� �� ����� -�NPRO¥��.¥��
0RODO PDVV RI GU\ DLU ����� ��� � NJ�PRO¥� ������� � NJ�NPRO¥��
0RODO PDVV RI ZDWHU ����� ��� �� NJ�PRO¥� ������� �� NJ�NPRO¥��
,QWHUQDWLRQDO VWDQGDUG DWPRVSKHUH ��� ��� 3D

$   SV\FKURPHWHU FRHIILFLHQW �.¥��
&S   VSHFLILF KHDW FDSDFLW\ RI SXUH JDV �&SJ� RU YDSRXU �&SY� �N-�NJ¥��.¥��
&V   VSHFLILF KHDW FDSDFLW\ RI JDV¥YDSRXU PL[WXUH �KXPLG KHDW� �N-�NJ¥��.¥��
GY   YROXPHWULF KXPLGLW\ �NJ�P¥��
I   �ZDWHU YDSRXU� HQKDQFHPHQW IDFWRU ���
K   HQWKDOS\ RI KXPLG JDV� SHU XQLW PDVV RI GU\ JDV �N-�NJ¥��
N   FRYHUDJH IDFWRU �VWDWLVWLFDO WHUP�
N\   PDVV WUDQVIHU FRHIILFLHQW EDVHG RQ KXPLGLW\ GULYLQJ IRUFH �NJ�P¥��V¥��
0J   PRODO PDVV �PROHFXODU ZHLJKW� RI GU\ JDV �NJ�PRO¥��
0Y   PRODO PDVV �PROHFXODU ZHLJKW� RI YDSRXU �NJ�PRO¥��
PJ   PDVV RI GU\ JDV �NJ�
PY   PDVV RI YDSRXU �NJ�
QJ   QXPEHU RI PROHV RI GU\ JDV �PRO�
QY   QXPEHU RI PROHV RI YDSRXU �PRO�
S   SXUH YDSRXU SUHVVXUH �SDUWLDO SUHVVXUH� RI FRPSRQHQW LQ 1�P¥� �3D�
S
   DFWXDO YDSRXU SUHVVXUH RI FRPSRQHQW LQ 1�P¥� �3D�
SV   SXUH VDWXUDWLRQ YDSRXU SUHVVXUH RI FRPSRQHQW LQ 1�P¥� �3D�
SV
   DFWXDO VDWXUDWLRQ YDSRXU SUHVVXUH RI FRPSRQHQW LQ 1�P¥� �3D�
3   WRWDO DWPRVSKHULF SUHVVXUH LQ 1�P¥� �3D�
W   &HOVLXV WHPSHUDWXUH �GU\�EXOE WHPSHUDWXUH XQOHVV RWKHUZLVH VWDWHG� ��&�
7   DEVROXWH WHPSHUDWXUH �.�
<   PL[LQJ UDWLR �NJ�NJ¥��
<:   VSHFLILF KXPLGLW\ �NJ�NJ¥��
\   PROH IUDFWLRQ �PRO�PRO¥��
]   PROH UDWLR �PRO�PRO¥��
�   SV\FKURPHWULF UDWLR ���
�   ODWHQW KHDW RI HYDSRUDWLRQ �N-�NJ¥��
�J   GHQVLW\ RI KXPLG JDV �NJ�P¥��
�   UHODWLYH KXPLGLW\ �� UK�
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�����  6DWXUDWLRQ YDSRXU SUHVVXUH� SV

6DWXUDWLRQ YDSRXU SUHVVXUH RI ZDWHU LQ SDVFDOV �1�P¥�� DW DEVROXWH WHPSHUDWXUH 7 �6RQQWDJ >�@��

OQ SV  ¥���������7¥� � ���������� ¥ �������� � ��¥�7 � �������� � ��¥�7� � �������� OQ7    ���

DQG D VLPLODU IRUPXOD DSSOLHV IRU VDWXUDWLRQ YDSRXU SUHVVXUH RYHU LFH�

OQ SV  ¥���������7¥� � �������� � ��������� � ��¥�7 ¥ ��������� � ��¥�7� ¥ ���������� OQ7 ���

8QFHUWDLQW\ �DW D FRYHUDJH IDFWRU DSSUR[LPDWHO\ N   �� L�H� D FRQILGHQFH OHYHO RI DSSUR[LPDWHO\ �� �� TXRWHG 
DV�

����� � RI YDOXH IRU ZDWHU IURP � �& WR ��� �&�

���� � RI YDOXH IRU VXSHUFRROHG ZDWHU IURP � �& WR ¥�� �&�

���� � RI YDOXH IRU LFH IURP � �& WR ¥��� �&�

&RYHUDJH IDFWRUV DUH H[SODLQHG E\ %HOO >�@�
127( 7KH 6RQQWDJ >�@ HTXDWLRQ LV KLJKO\ DFFXUDWH IRU ZDWHU YDSRXU� 6LPSOHU IRUPXODH LQ FRPPRQ XVH �JLYHQ LQ 3DUW � RI WKLV %ULWLVK 
6WDQGDUG� DUH WKH 0DJQXV IRUPXOD DQG WKH $QWRLQH HTXDWLRQ� IRU WKH ODWWHU� FRHIILFLHQWV DUH DYDLODEOH LQ WKH OLWHUDWXUH IRU D YHU\ ZLGH 
YDULHW\ RI VROYHQWV EHVLGHV ZDWHU� 6HH� IRU H[DPSOH� 7KH 3URSHUWLHV RI *DVHV DQG /LTXLGV� �5HLG� 3UDXVQLW]� 6KHUZRRG HW DO�� >���@�

�����  (QKDQFHPHQW IDFWRU� I

(TXDWLRQV ��� DQG ��� VWULFWO\ RQO\ DSSO\ WR ZDWHU YDSRXU ZLWK QR RWKHU JDVHV SUHVHQW �L�H� LQ D SDUWLDO
YDFXXP�� ,Q D JDV PL[WXUH� H�J� ZDWHU YDSRXU LQ DLU� WKH SXUH VDWXUDWLRQ YDSRXU SUHVVXUH SV PXVW EH
PXOWLSOLHG E\ WKH HQKDQFHPHQW IDFWRU I WR JLYH WKH DFWXDO YDSRXU SUHVVXUH S�V�

S�V  ISV              ���

7KH HQKDQFHPHQW IDFWRU DOVR DSSOLHV WR XQVDWXUDWHG KXPLG JDV�

S�  IS   ���

+HUH S� LV WKH DFWXDO YDSRXU SUHVVXUH� ZKLFK LV WKH SXUH YDSRXU SUHVVXUH S PXOWLSOLHG E\ WKH HQKDQFHPHQW
IDFWRU I�

7KH ZDWHU YDSRXU HQKDQFHPHQW IDFWRUV LQ DLU� IZ �3� WGS�� IRU ZDWHU� DQG IL �3� WIS�� IRU LFH� FDQ EH IRXQG IURP 
WKH IROORZLQJ HTXDWLRQV GHULYHG E\ %|JHO DQG TXRWHG E\ 6RQQWDJ >�@� 2YHUDOO SUHVVXUH 3 DQG YDSRXU 
SUHVVXUHV SZ �W�� IRU ZDWHU� DQG SL �W�� IRU LFH� DUH LQ SDVFDOV� ,Q HTXDWLRQV ��� DQG ��� EHORZ� W VKRXOG EH WDNHQ
DV WKH GHZ SRLQW DQG IURVW SRLQW WHPSHUDWXUH UHVSHFWLYHO\�

IZ �3� WGS�   � � ���

IZ �3� WIS�   � �       ���

8QFHUWDLQW\�

,Q WKH WHPSHUDWXUH UDQJH ¥�� �& WR ���� �&� WKH WZR HTXDWLRQV DERYH KDYH DQ XQFHUWDLQW\ RI ������ � RI
YDOXH �DW D FRYHUDJH IDFWRU RI DSSUR[LPDWHO\ N   ��� XQGHU WKH IROORZLQJ SUHVVXUH DQG WHPSHUDWXUH
FRQGLWLRQV�

YDOLG IRU 3 EHWZHHQ ��� 3D ���� N3D� � K3D� � PEDU� ����� EDU� DQG ��� N3D ���� � ��� 3D� ���� K3D�
���� PEDU� ��� EDU� DW W �� �&

YDOLG IRU 3 EHWZHHQ � N3D DQG ��� N3D DW W   �� �&

YDOLG IRU 3 EHWZHHQ �� N3D DQG ��� N3D DW W   �� �&

YDOLG IRU 3 EHWZHHQ �� N3D DQG ��� N3D DW W   �� �&

,Q WKH VPDOOHU WHPSHUDWXUH UDQJH ¥�� �& WR ��� �& DQG FRUUHVSRQGLQJ SUHVVXUH UDQJHV WR WKH DERYH� WKH 
XQFHUWDLQW\ LV ������ ��

$W QHDU�DPELHQW FRQGLWLRQV �DSSUR[LPDWHO\ � DWPRVSKHUH� ��� ��� 3D� EHWZHHQ ¥�� �& DQG ��� �&� IURP
WKH DERYH HTXDWLRQV� I   ����� � WR IRXU GHFLPDO SODFHV�

�� �± SZ W� �

��� W�
��������������������������� �� ���H W ���±�� � �

SZ W� �

3
��������������

�

�± ���� ����H W ����±�� �
3

SZ W� �

�������������� �±
�

�

�

��
�

�

�

�� �± SL W� �

��� W�
������������������������� � ��� ��W±� � �

SL W� �

3
������������

�

�± ��� ����W± W�
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�����������
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$SSUR[LPDWH YDOXHV RI I IRU ZDWHU YDSRXU LQ DLU IRU WRWDO SUHVVXUH 3 EHWZHHQ � � ��� 3D DQG ��� � ��� 3D
DUH JLYHQ E\ WKH VLPSOHU GLUHFW IRUPXOD�

I   ������ � ���� � ��¥� 3 ¥ ��3¥� ���

8QFHUWDLQW\� ����� � RI YDOXH IURP ¥�� �& WR �� �&� 3 LV LQ SDVFDOV�

$W KLJKHU SUHVVXUHV� WKH PRUH FRPSOH[ IRUPXODH JLYHQ E\ *UHHQVSDQ >�@ DQG XSGDWHG WR WKH ,76¥��
WHPSHUDWXUH VFDOH E\ +DUG\ >�@ DUH UHFRPPHQGHG�

)RU PRVW FDOFXODWLRQV� S� FDQ EH DVVXPHG HTXDO WR S LQ WKHVH DQG DOO IROORZLQJ HTXDWLRQV� )RU DLU DW
QHDU�DWPRVSKHULF SUHVVXUH WKH ZDWHU YDSRXU HQKDQFHPHQW IDFWRU GRHV QRW H[FHHG ����� DQG KHQFH WKH HUURU 
LQ DSSUR[LPDWLQJ S�  S LV OHVV WKDQ ��� � RI UHVXOW� H[FHSW IRU GHZ SRLQWV EHORZ ¥�� �&� +RZHYHU� DW
HOHYDWHG SUHVVXUHV� WKLV DSSUR[LPDWLRQ OHDGV WR ODUJHU HUURUV� H�J� RI WKH RUGHU RI � � DW D WRWDO SUHVVXUH
RI �� EDU�
127( 9DOXHV RI WKH ZDWHU YDSRXU HQKDQFHPHQW IDFWRU FDQ EH REWDLQHG IURP 3DUW � RI WKLV %ULWLVK 6WDQGDUG�

�����  0L[LQJ UDWLR �PDVV UDWLR RU KXPLGLW\ UDWLR�� <

                     ���

PY LV WKH PDVV RI YDSRXU DQG PJ LV WKH PDVV RI GU\ JDV LQ WKH PL[WXUH�

0L[LQJ UDWLR FDQ DOVR EH H[SUHVVHG DV SDUWV SHU PLOOLRQ E\ ZHLJKW �PDVV��

SSPZ   ���<  ���
127( $ VXPPDU\ WDEOH VKRZLQJ WKH LQWHUUHODWLRQVKLSV EHWZHHQ DOO WKH VWDQGDUG KXPLGLW\ SDUDPHWHUV DSSHDUV LQ �������

�����  0ROH UDWLR �YROXPH UDWLR�� ]

]           ����

QY LV WKH QXPEHU RI PROHV RI YDSRXU DQG QJ LV WKH QXPEHU RI PROHV RI GU\ JDV SUHVHQW�

]        ����

)RU WKH DLU¥ZDWHU V\VWHP� ]   WR WKUHH VLJQLILFDQW ILJXUHV�    ����

0ROH UDWLR FDQ DOVR EH H[SUHVVHG DV SDUWV SHU PLOOLRQ E\ YROXPH�

SSPY   ��� ]            ����

����� 0ROH IUDFWLRQ� \

\   ����

\       ����

)RU WKH DLU¥ZDWHU V\VWHP� \   WR WKUHH VLJQLILFDQW ILJXUHV�   ����

����� 6SHFLILF KXPLGLW\ �PDVV IUDFWLRQ�� <Z

<Z           ����

<Z   ����

�����  $FWXDO YDSRXU SUHVVXUH �SDUWLDO SUHVVXUH�� S�

S
  3  \3  ����

<
PY
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�������� 
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�����  5HODWLYH KXPLGLW\� �

�     ����

:KHUH I �3�W� LV YHU\ FORVH WR I �3�WGS�� WKHVH WZR WHUPV PD\ EH QHJOHFWHG �JLYHQ HTXDO WR �� LI WKH XWPRVW
DFFXUDF\ LV QRW UHTXLUHG� (TXDWLRQ ���� WKHQ VLPSOLILHV WR�

�  

127( � LV LQ �� 7KH SXUH VDWXUDWLRQ YDSRXU SUHVVXUH SV LV RYHU ZDWHU� HYHQ DW WHPSHUDWXUHV DQG GHZ�IURVW SRLQWV EHORZ � �&� XQOHVV 
LW LV VSHFLILFDOO\ VWDWHG WR EH ZLWK UHVSHFW WR LFH�

(TXDWLRQ ������� JLYHQ DERYH LV WKH RQH LQ FRPPRQ XVH� +RZHYHU� UHODWLYH KXPLGLW\ LV VWULFWO\ GHILQHG DV
WKH UDWLR RI PROH IUDFWLRQ� \� RI ZDWHU YDSRXU LQ KXPLG DLU WR WKH PROH IUDFWLRQ� \V� RI ZDWHU YDSRXU WKDW
KXPLG DLU ZRXOG KDYH LI LW ZHUH VDWXUDWHG ZLWK UHVSHFW WR ZDWHU RU LFH DW WKH VDPH SUHVVXUH DQG 
WHPSHUDWXUH�

�   ����

)RU DFFXUDWH YDOXHV RI I� HTXDWLRQ ���� LV HTXLYDOHQW WR HTXDWLRQ �����

,I UHODWLYH KXPLGLW\ KDV EHHQ PHDVXUHG� DFWXDO YDSRXU SUHVVXUH S� LV REWDLQHG IURP�

S�     ����

������  5HODWLRQVKLSV EHWZHHQ PL[LQJ UDWLR� PROH UDWLR DQG YDSRXU SUHVVXUH

\   ����

]                          ����

<     ����

)RU WKH DLU¥ZDWHU V\VWHP� <   WR WKUHH VLJQLILFDQW ILJXUHV�     ����

S�   ����

)RU WKH DLU¥ZDWHU V\VWHP� S
   WR WKUHH VLJQLILFDQW ILJXUHV�   ����

<Z   ����

)RU WKH DLU¥ZDWHU V\VWHP� <Z  WR WKUHH VLJQLILFDQW ILJXUHV�  ����

)RU D FRPSOHWH WDEOH RI UHODWLRQVKLSV EHWZHHQ WKHVH TXDQWLWLHV� VHH �������
127( 7KH GHZ SRLQW DQG IURVW SRLQW WHPSHUDWXUHV DUH IRXQG E\ FDOFXODWLQJ WKH SXUH YDSRXU SUHVVXUH S IURP S�� XVLQJ HTXDWLRQV ����
��� DQG ��� DV QHFHVVDU\� DQG XVLQJ HTXDWLRQ ��� RU ��� UHVSHFWLYHO\ WR EDFN�FDOFXODWH WKH WHPSHUDWXUH ZKHQ SZE LV VHW HTXDO WR S�

���SI 3 W	� �

SVI 3 WGS	� �
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������  'HQVLW\ RI KXPLG JDV �§PRLVW DLU¨�� �J

�J     ����

+HUH S� LV WKH SDUWLDO SUHVVXUH RI WKH JLYHQ DPRXQW RI YDSRXU LQ WKH PL[WXUH�

)RU WKH DLU¥ZDWHU V\VWHP� �J   WR WKUHH VLJQLILFDQW ILJXUHV�  ����

127( ,GHDO JDV EHKDYLRXU LV DVVXPHG� )URP WKLV IRUPXOD� GHQVLW\ RI GU\ DLU DW � �& ������� .� DQG � DWPRVSKHUH LV ����� NJ�P��� 
1RWH WKDW WKH GHQVLW\ RI PRLVW DLU LV DOZD\V ORZHU WKDQ WKDW RI GU\ DLU�

������  9ROXPHWULF KXPLGLW\� GY

GY  <:�J  �J  ����

+HUH <: LV VSHFLILF KXPLGLW\� ,Q WHUPV RI YDSRXU SUHVVXUH�

GY                           ����

)RU WKH DLU¥ZDWHU V\VWHP� GY   WR WKUHH VLJQLILFDQW ILJXUHV�   ����

������  +XPLG YROXPH� Y

Y   ����

+HUH Y LV YROXPH SHU XQLW PDVV RI GU\ DLU �P��.J¥��� 5 LV LQ PRODU XQLWV ������ -³PRO¥��.¥�� LI PROHFXODU
PDVVHV DUH TXRWHG LQ NJ�PRO¥�� )RU WKH DLU¥ZDWHU V\VWHP� 0J�������� DQG 0Y��������� VR�

 ������ � <� WR WKUHH VLJQLILFDQW ILJXUHV�  ����

127( ,GHDO JDV EHKDYLRXU LV DVVXPHG� 7KLV IRUPXOD JLYHV KXPLG YROXPH DW � �& ������� .� DQG � DWPRVSKHUH DV ����� P� NJ���

������  6SHFLILF HQWKDOS\ RI KXPLG JDV �§PRLVW DLU¨�� K

K  &V �W ¥ WI� � ��<          ����

ZKHUH K LV LQ N-�NJ¥�� WI LV WKH IUHH]LQJ SRLQW �� �& IRU ZDWHU�� &V LV WKH KXPLG KHDW RI WKH JDV¥YDSRXU PL[WXUH
�PHDQ YDOXH RYHU WKH UDQJH W WR WI� LQ N-�NJ¥��.¥�� DQG �� LV WKH ODWHQW KHDW RI HYDSRUDWLRQ DW WI� %RWK K DQG
&V DUH VWDWHG SHU NJ RI GU\ JDV� 7KH KXPLG KHDW LV JLYHQ E\ WKH HTXDWLRQ�

&V   �&SJ � <&SY� ����

ZKHUH &SJ LV WKH VSHFLILF KHDW FDSDFLW\ RI JDV DQG &SY WKH VSHFLILF KHDW FDSDFLW\ RI YDSRXU� $W DPELHQW
WHPSHUDWXUHV �� �& ¥ WR �� �&�� WR IRXU VLJQLILFDQW ILJXUHV� &SJ   ����� N-�NJ¥��.¥� DQG ��  � ��� N-�NJ¥�� 
ZKLOH &SY   ���� N-�NJ¥��.¥� WR WKUHH VLJQLILFDQW ILJXUHV�

$W KLJKHU WHPSHUDWXUHV DQG IRU PRUH DFFXUDWH FDOFXODWLRQV� &SJ FDQ EH IRXQG IURP WKH IROORZLQJ IRUPXOD
EDVHG RQ FRUUHODWLRQV E\ :H[OHU DQG +\ODQG >�@�

&SJ   ���������� � ��������� � ��¥� W � ���������� � ��¥� W�  ����

+RZHYHU� EHFDXVH ODWHQW KHDW DQG VSHFLILF KHDW FDSDFLWLHV YDU\ ZLWK WHPSHUDWXUH� LW LV DGYLVDEOH WR HYDOXDWH
HQWKDOS\ RI WKH YDSRXU KY GLUHFWO\� HLWKHU IURP VWHDP WDEOHV RU IURP WKH IROORZLQJ IRUPXOD� DOVR IURP >�@�

KY  ����������� � ����������W ¥ ���������� � ��¥�W� ¥ ���������� � ��¥�W� ¥ ���������� � ��¥�W�� ����

,QWHJUDWLQJ HTXDWLRQ ���� JLYHV D FRUUHVSRQGLQJ IRUPXOD IRU WKH HQWKDOS\ RI GU\ DLU�

KJ   �¥���������� � ��¥� � ����������W � ���������� � ��¥�W� � ���������� � ��¥�W��       ����

7KH RYHUDOO IRUPXOD IRU WKH HQWKDOS\ RI KXPLG JDV LV WKHQ�

K  KJ � KY<   ����
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(TXDWLRQV ���� WR ���� DUH DFFXUDWH WR ZLWKLQ ���� � DW DPELHQW FRQGLWLRQV DQG ZLWKLQ ��� � IRU GU\�EXOE
WHPSHUDWXUHV IURP ¥�� �& WR ��� �&� %H\RQG ��� �& WKH FRUUHODWLRQ IRU DLU GLYHUJHV UDSLGO\ IURP 
H[SHULPHQWDO YDOXHV� VR RWKHU FRUUHODWLRQV� RU GDWD IURP VWHDP WDEOHV� VKRXOG EH XVHG�

������  $GLDEDWLF VDWXUDWLRQ WHPSHUDWXUH� WDV

&V�W ¥ WDV�  �DV�<DV ¥ <�   ����

7KH DGLDEDWLF VDWXUDWLRQ WHPSHUDWXUH LV JLYHQ E\ D KHDW EDODQFH EHWZHHQ WKH LQLWLDO XQVDWXUDWHG
YDSRXU¥JDV PL[WXUH DQG WKH ILQDO VDWXUDWHG PL[WXUH DW WKHUPDO HTXLOLEULXP� (TXDWLRQ ���� KDV WR EH VROYHG 
LWHUDWLYHO\ WR REWDLQ WDV DQG <DV �PL[LQJ UDWLR DW DGLDEDWLF VDWXUDWLRQ�� �DV LV WKH ODWHQW KHDW RI HYDSRUDWLRQ 
HYDOXDWHG DW WKH DGLDEDWLF VDWXUDWLRQ WHPSHUDWXUH� 9DOXHV IRU � DW YDULRXV WHPSHUDWXUHV PD\ EH REWDLQHG
IURP VWHDP WDEOHV RU E\ WKH IRUPXOD�

�   � ����� ¥ ����W ¥ �����W� ����

(TXDWLRQV ���� LV DFFXUDWH WR ZLWKLQ ���� � ���� N-�NJ¥�� EHWZHHQ � �& DQG �� �&� DQG WR ZLWKLQ � N-�NJ¥�

XS WR ��� �&� ,I WKH SURFHVV LV RQH RI VXEOLPDWLRQ RI LFH� WKH ODWHQW KHDW RI HYDSRUDWLRQ RI LFH 
LV ����� N-�NJ¥� JUHDWHU WKDQ WKH ODWHQW KHDW IRU ZDWHU�

)RU PL[LQJ UDWLRV EHORZ ���� NJ�NJ¥� DQG WKH ��¥��� �& GU\�EXOE WHPSHUDWXUH UDQJH� WDV ��&� LV JLYHQ 
GLUHFWO\ WR ZLWKLQ � �& E\ WKH HTXDWLRQ�

WDV        ����

:KHUH W LV WKH GU\�EXOE WHPSHUDWXUH H[SUHVVHG LQ GHJUHHV &HOVLXV�

$W ORZHU WHPSHUDWXUHV DQG KXPLGLWLHV� D VLPLODU HTXDWLRQ FDQ EH JLYHQ IRU GU\�EXOE WHPSHUDWXUHV
EHWZHHQ �� DQG ��� �& DQG PL[LQJ UDWLR EHORZ ���� NJ�NJ¥�� DJDLQ DFFXUDWH WR ZLWKLQ � �&�

WDV  

������  :HW�EXOE WHPSHUDWXUH� WZE

7KH ZHW�EXOE WHPSHUDWXUH LV UHJXODWHG E\ WKH UDWHV RI YDSRXU�SKDVH KHDW DQG PDVV WUDQVIHU WR DQG IURP
WKH ZHW EXOE� $VVXPLQJ PDVV WUDQVIHU LV FRQWUROOHG E\ GLIIXVLRQ HIIHFWV�

��W ¥ WZE�   N\�ZE�<ZE ¥ <�   ����

ZKHUH N\ LV WKH FRUUHFWHG PDVV WUDQVIHU FRHIILFLHQW� � LV WKH KHDW WUDQVIHU FRHIILFLHQW� <ZE LV WKH VDWXUDWLRQ
PL[LQJ UDWLR DW WZE DQG �ZE LV WKH ODWHQW KHDW HYDOXDWHG DW WZE� 7KLV HTXDWLRQ PXVW EH VROYHG LWHUDWLYHO\ WR
REWDLQ WZE DQG <ZE�

,W LV RIWHQ PRUH FRQYHQLHQW WR REWDLQ ZHW EXOE FRQGLWLRQV IURP DGLDEDWLF VDWXUDWLRQ FRQGLWLRQV �ZKLFK DUH
PXFK HDVLHU WR FDOFXODWH� E\ WKH IROORZLQJ IRUPXOD�

����

ZKHUH �� WKH SV\FKURPHWULF UDWLR  N<���  LV WKH PHDQ YDOXH RI WKH KXPLG KHDW RYHU WKH UDQJH 
IURP WDV WR W�
127( � LV DSSUR[LPDWHO\ FRQVWDQW RYHU QRUPDO UDQJHV RI WHPSHUDWXUH DQG SUHVVXUH IRU DQ\ JLYHQ SDLU RI YDSRXU DQG JDV�

)RU WKH DLU DQG ZDWHU V\VWHP � � �� DQG WZE � WDV�

,I � � �� WZE ! WDV� WKLV LV WUXH IRU PRVW RUJDQLF YDSRXUV� &DOFXODWLRQ PHWKRGV DQG H[DPSOH YDOXHV PD\ EH IRXQG LQ .HH\� ���� >�@ DQG
.HPS HW DO� ���� >��@�

,I � ! �� WZE � WDV� WKLV LV UDUH�

)RU ZDWHU YDSRXU LQ DLU EHWZHHQ � �& DQG ��� �& DW PL[LQJ UDWLRV EHORZ ��� NJ�NJ¥�� WKH ZHW EXOE
WHPSHUDWXUH LV QR PRUH WKDQ � �& EHORZ WKH DGLDEDWLF VDWXUDWLRQ WHPSHUDWXUH�

���� W � ��� <�

��� W � ��� <� ����±

W WZE±� �

<ZE <±� �

��������������������������
W WDV±� �

<DV <±� �

������������������������� 

&V &V
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������  3V\FKURPHWHU IRUPXOD IRU ZHW EXOE WHPSHUDWXUH

7KH ULJRURXV IRUPXODH IRU ZHW EXOE DQG DGLDEDWLF VDWXUDWLRQ WHPSHUDWXUH JLYHQ DERYH DUH QRQ�OLQHDU� DQG 
WKHUHIRUH UHTXLUH DQ LWHUDWLYH VROXWLRQ EDVHG RQ ERWK KXPLGLW\ DQG WHPSHUDWXUH YDOXHV� $ VLPSOH OLQHDU
IRUPXOD ZKLFK JLYHV YDSRXU SUHVVXUH GLUHFWO\� VXFK DV WKH SV\FKURPHWHU HTXDWLRQ� LV RIWHQ PRUH FRQYHQLHQW�

S  SZE ¥ $3�W ¥ WZE�   ����

7KLV LV HTXLYDOHQW WR HTXDWLRQ ����� 7KH YDSRXU SUHVVXUH GLIIHUHQFH� ZKLFK LV WKH WUXH GULYLQJ IRUFH� LV XVHG
LQVWHDG RI PL[LQJ UDWLR� DQG DOO WKH KHDW DQG PDVV WUDQVIHU FRHIILFLHQWV DUH FRPELQHG LQWR WKH SV\FKURPHWHU
FRHIILFLHQW $� 4XRWHG YDOXHV RI $ UDQJH EHWZHHQ ��� � ��¥� �&¥� DQG ��� � ��¥� �&¥� IRU WKH DLU¥ZDWHU V\VWHP
DW W\SLFDO DPELHQW WHPSHUDWXUHV DQG SUHVVXUHV IRU YDULRXV W\SHV RI SV\FKURPHWHU� $ FRPPRQO\ XVHG YDOXH 
KDV EHHQ ���� � ��¥� �&¥�� 6RQQWDJ� ���� >�@ TXRWHV WKH IROORZLQJ IRUPXODH IRU $VVPDQQ SV\FKURPHWHUV�
EDVHG RQ H[WHQVLYH UHFHQW H[SHULPHQWDO GDWD ZLWK WZE XS WR �� �&� DQG UHFRPPHQGV WKHLU XVH XS WR W  �� �&�

$   ���� � ��¥� �� � ��������WZE� ����

1RWH WKDW HQKDQFHPHQW IDFWRU LV DSSOLHG WR S DQG SZE WR JLYH S� DQG SZE��

(TXDWLRQ ���� FDQ DOVR EH XVHG IRU LFH�EXOE FRQGLWLRQV� IRU ZKLFK WKH LFH�EXOE SV\FKURPHWHU FRHIILFLHQW LV
JLYHQ E\�

$L   ���� � ��¥�              ����

LI HQKDQFHPHQW IDFWRU KDV EHHQ DSSOLHG WR JLYH SL� DQG SLE��

$Q DSSUR[LPDWH UHODWLRQVKLS IRU $ IRU DQ\ YDSRXU¥JDV V\VWHP FDQ EH XVHG DW ORZ KXPLGLWLHV LI WKH
DSSURSULDWH YDOXHV RI PROHFXODU ZHLJKW� KXPLG KHDW� SV\FKURPHWULF UDWLR DQG ODWHQW KHDW RI HYDSRUDWLRQ DUH
VXEVWLWXWHG�

$       ����

(TXDWLRQV ����� ���� DQG ���� DUH OLNHO\ WR EHFRPH YHU\ LQDFFXUDWH DV WKH ZHW EXOE WHPSHUDWXUH DSSURDFKHV
WKH ERLOLQJ SRLQW� +RZHYHU� ODUJH FKDQJHV LQ $ KDYH OLWWOH HIIHFW RQ FDOFXODWHG WZE LQ WKLV UHJLRQ�
127( ,Q SUDFWLFH SV\FKURPHWHUV DUH QRW §SHUIHFW¨� EHFDXVH FRQYHFWLRQ LV VXSSOHPHQWHG E\ FRQGXFWLRQ DQG UDGLDWLRQ HIIHFWV� DQG
FDOLEUDWLRQ LV DOZD\V UHFRPPHQGHG�

7KH SV\FKURPHWHU IRUPXOD FDQ DOVR EH ZULWWHQ LQ WHUPV RI PL[LQJ UDWLR� ZLWK D PRGLILHG SV\FKURPHWHU 
FRHIILFLHQW $�

<   <ZE ¥ $�W ¥ WZE�      ����

$   ����

7KH VHFRQG IRUP RI HTXDWLRQ ���� LV PRUH FRQYHQLHQW LQ PDQ\ FDVHV� DV &ZE GRHV QRW FRQWDLQ <�

0J&V
0Y��ZE
����������������������

&V
��ZE
�������������

&ZE
� �ZE &SY W WZE±� ��� �

��������������������������������������������������������� 
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%LEOLRJUDSK\ 

>�@ $ *XLGH WR WKH 0HDVXUHPHQW RI +XPLGLW\� /RQGRQ� 7KH ,QVWLWXWH RI 0HDVXUHPHQW 	 &RQWURO�
����� ,6%1 � ������ �� ��

>�@ 62117$*� 'LHWULFK� ,PSRUWDQW QHZ YDOXHV RI WKH SK\VLFDO FRQVWDQWV RI ����� YDSRXU SUHVVXUH
IRUPXODWLRQV EDVHG RQ WKH ,76���� DQG SV\FKURPHWHU IRUPXODH� =HLWVFKULIW I�U 0HWHRURORJLH� ����� ������ 
��������

>�@ %(//� 6WHSKDQLH� $ EHJLQQHU
V JXLGH WR XQFHUWDLQW\ RI PHDVXUHPHQW� 0HDVXUHPHQW *RRG 3UDFWLFH *XLGH
1R���� 1DWLRQDO 3K\VLFDO /DERUDWRU\� 8.� ����� ,661 ����������

>�@ 6+(5:22'� 7KRPDV .� DQG 5(,'� 5REHUW &� 7KH 3URSHUWLHV RI *DVHV DQG /LTXLGV� 7KHLU (VWLPDWLRQ
DQG &RUUHODWLRQ� �UG HGLWLRQ� 0F*UDZ�+LOO� 1HZ <RUN ����� �WK HGLWLRQ �5HLG� 3UDXVQLW] DQG 3ROLQJ�

>�@ 32/,1*� %UXFH (�� 35$861,7=� -RKQ 0�� 2
&211(//� -RKQ 3� 7KH 3URSHUWLHV RI *DVHV DQG /LTXLGV
�WK HGLWLRQ� 0F*UDZ�+LOO� �����

>�@ *5((163$1� /� )XQFWLRQDO (TXDWLRQV IRU WKH (QKDQFHPHQW )DFWRUV IRU &2��IUHH 0RLVW $LU� -RXUQDO RI
5HVHDUFK RI WKH 86 1DWLRQDO %XUHDX RI 6WDQGDUGV ¥ $� 3K\VLFV DQG &KHPLVWU\� 9ROXPH ��$� 1R� �� ������
-DQXDU\�)HEUXDU\ �����

>�@ +$5'<� 5REHUW� ,76��� )RUPXODWLRQV IRU 9DSRU 3UHVVXUH� )URVWSRLQW 7HPSHUDWXUH� 'HZSRLQW
7HPSHUDWXUH DQG (QKDQFHPHQW )DFWRUV LQ WKH UDQJH ¥��� �& WR ���� �&� 3URFHHGLQJV RI �UG ,QWHUQDWLRQDO
6\PSRVLXP RQ +XPLGLW\ DQG 0RLVWXUH� 7HGGLQJWRQ� (QJODQG� $SULO �����

>�@ :(;/(5� $� DQG +</$1'� 5�:� )RUPXODWLRQV IRU WKH WKHUPRG\QDPLF SURSHUWLHV RI GU\ DLU� VDWXUDWHG 
PRLVW DLU DQG WKH VDWXUDWHG SXUH ZDWHU�VXEVWDQFH� )LQDO 5HSRUW� $6+5$( 3URMHFW 53����� �����

>�@ .((<� 5RJHU %� 'U\LQJ ¦ 3ULQFLSOHV DQG 3UDFWLFH� SS ������ 3HUJDPRQ 3UHVV� 2[IRUG� �����

>��@ .(03� ,�&�� %$+8� 5�(� DQG 2$./(<� '�(� ,QWURGXFWLRQ WR 'U\LQJ 7HFKQRORJ\ ¦ 'U\LQJ 
)XQGDPHQWDOV� VHFWLRQV � DQG �� ����� $YDLODEOH XQGHU OLFHQFH IURP $($ 7HFKQRORJ\ DV SDUW RI WKH 3URFHVV
0DQXDO �'U\LQJ WHFKQLFDO DUHD�� SUHYLRXVO\ 636�
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%6, ¦ %ULWLVK 6WDQGDUGV ,QVWLWXWLRQ
%6, LV WKH LQGHSHQGHQW QDWLRQDO ERG\ UHVSRQVLEOH IRU SUHSDULQJ 
%ULWLVK 6WDQGDUGV� ,W SUHVHQWV WKH 8. YLHZ RQ VWDQGDUGV LQ (XURSH DQG DW WKH
LQWHUQDWLRQDO OHYHO� ,W LV LQFRUSRUDWHG E\ 5R\DO &KDUWHU�

5HYLVLRQV

%ULWLVK 6WDQGDUGV DUH XSGDWHG E\ DPHQGPHQW RU UHYLVLRQ� 8VHUV RI 
%ULWLVK 6WDQGDUGV VKRXOG PDNH VXUH WKDW WKH\ SRVVHVV WKH ODWHVW DPHQGPHQWV RU 
HGLWLRQV�

,W LV WKH FRQVWDQW DLP RI %6, WR LPSURYH WKH TXDOLW\ RI RXU SURGXFWV DQG VHUYLFHV�
:H ZRXOG EH JUDWHIXO LI DQ\RQH ILQGLQJ DQ LQDFFXUDF\ RU DPELJXLW\ ZKLOH XVLQJ
WKLV %ULWLVK 6WDQGDUG ZRXOG LQIRUP WKH 6HFUHWDU\ RI WKH WHFKQLFDO FRPPLWWHH
UHVSRQVLEOH� WKH LGHQWLW\ RI ZKLFK FDQ EH IRXQG RQ WKH LQVLGH IURQW FRYHU�
7HO� ��� ����� ���� ����� )D[� ��� ����� ���� �����

%6, RIIHUV PHPEHUV DQ LQGLYLGXDO XSGDWLQJ VHUYLFH FDOOHG 3/86 ZKLFK HQVXUHV 
WKDW VXEVFULEHUV DXWRPDWLFDOO\ UHFHLYH WKH ODWHVW HGLWLRQV RI VWDQGDUGV�

%X\LQJ VWDQGDUGV

2UGHUV IRU DOO %6,� LQWHUQDWLRQDO DQG IRUHLJQ VWDQGDUGV SXEOLFDWLRQV VKRXOG EH
DGGUHVVHG WR &XVWRPHU 6HUYLFHV� 7HO� ��� ����� ���� ����� 
)D[� ��� ����� ���� ����� (PDLO� RUGHUV#EVL�JOREDO�FRP� 6WDQGDUGV DUH DOVR
DYDLODEOH IURP WKH %6, ZHEVLWH DW KWWS���ZZZ�EVL�JOREDO�FRP�

,Q UHVSRQVH WR RUGHUV IRU LQWHUQDWLRQDO VWDQGDUGV� LW LV %6, SROLF\ WR VXSSO\ WKH 
%6, LPSOHPHQWDWLRQ RI WKRVH WKDW KDYH EHHQ SXEOLVKHG DV %ULWLVK 6WDQGDUGV�
XQOHVV RWKHUZLVH UHTXHVWHG�

,QIRUPDWLRQ RQ VWDQGDUGV

%6, SURYLGHV D ZLGH UDQJH RI LQIRUPDWLRQ RQ QDWLRQDO� (XURSHDQ DQG 
LQWHUQDWLRQDO VWDQGDUGV WKURXJK LWV /LEUDU\ DQG LWV 7HFKQLFDO +HOS WR ([SRUWHUV
6HUYLFH� 9DULRXV %6, HOHFWURQLF LQIRUPDWLRQ VHUYLFHV DUH DOVR DYDLODEOH ZKLFK JLYH
GHWDLOV RQ DOO LWV SURGXFWV DQG VHUYLFHV� &RQWDFW WKH ,QIRUPDWLRQ &HQWUH� 
7HO� ��� ����� ���� ����� )D[� ��� ����� ���� ����� (PDLO� LQIR#EVL�JOREDO�FRP�

6XEVFULELQJ PHPEHUV RI %6, DUH NHSW XS WR GDWH ZLWK VWDQGDUGV GHYHORSPHQWV
DQG UHFHLYH VXEVWDQWLDO GLVFRXQWV RQ WKH SXUFKDVH SULFH RI VWDQGDUGV� )RU GHWDLOV
RI WKHVH DQG RWKHU EHQHILWV FRQWDFW 0HPEHUVKLS $GPLQLVWUDWLRQ�
7HO� ��� ����� ���� ����� )D[� ��� ����� ���� ����� 
(PDLO� PHPEHUVKLS#EVL�JOREDO�FRP�

,QIRUPDWLRQ UHJDUGLQJ RQOLQH DFFHVV WR %ULWLVK 6WDQGDUGV YLD %ULWLVK 6WDQGDUGV 
2QOLQH FDQ EH IRXQG DW KWWS���ZZZ�EVL�JOREDO�FRP�EVRQOLQH�

)XUWKHU LQIRUPDWLRQ DERXW %6, LV DYDLODEOH RQ WKH %6, ZHEVLWH DW
KWWS���ZZZ�EVL�JOREDO�FRP�

&RS\ULJKW

&RS\ULJKW VXEVLVWV LQ DOO %6, SXEOLFDWLRQV� %6, DOVR KROGV WKH FRS\ULJKW� LQ WKH
8.� RI WKH SXEOLFDWLRQV RI WKH LQWHUQDWLRQDO  VWDQGDUGL]DWLRQ ERGLHV� ([FHSW DV
SHUPLWWHG XQGHU WKH &RS\ULJKW� 'HVLJQV DQG 3DWHQWV $FW ���� QR H[WUDFW PD\ EH
UHSURGXFHG� VWRUHG LQ D UHWULHYDO V\VWHP RU WUDQVPLWWHG LQ DQ\ IRUP RU E\ DQ\
PHDQV ¥  HOHFWURQLF� SKRWRFRS\LQJ� UHFRUGLQJ RU RWKHUZLVH ¥ ZLWKRXW SULRU ZULWWHQ
SHUPLVVLRQ IURP %6,�

7KLV GRHV QRW SUHFOXGH WKH IUHH XVH� LQ WKH FRXUVH RI LPSOHPHQWLQJ WKH VWDQGDUG�
RI QHFHVVDU\ GHWDLOV VXFK DV V\PEROV� DQG VL]H� W\SH RU JUDGH GHVLJQDWLRQV� ,I WKHVH 
GHWDLOV DUH WR EH XVHG IRU DQ\ RWKHU SXUSRVH WKDQ LPSOHPHQWDWLRQ WKHQ WKH SULRU
ZULWWHQ SHUPLVVLRQ RI %6, PXVW EH REWDLQHG�

'HWDLOV DQG DGYLFH FDQ EH REWDLQHG IURP WKH &RS\ULJKW 	 /LFHQVLQJ 0DQDJHU� 
7HO� ��� ����� ���� ����� )D[� ��� ����� ���� ����� 
(PDLO� FRS\ULJKW#EVL�JOREDO�FRP�


