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$SEVWUDNW

3UiIFH DQDO\]XMH RYOLYQ Qt KRUQLQRYpKR SURVW HGt UD&ERX (,*
NRQWDPLQDFHS HVLQ&HQEUVNp EDULpPpU\D EOt]JNp SROH ORGHORY
Y 393 %XNRY .OtpRYi MHLQWHUSUHWDFH H[SHULPHQWX P HQt SyU
+0 PRGHOS$ -VRX S HGVWDYHQ\PR&QpP I\]JLNiOQt LQWHUSUHWDFH S|
QtP YOLYHP SXNOLQRYp KHWHURJHQLW\D IROLDFHQDP HQppDVRY
OLQHIUQ HODVWLFNpKR D SODVWLFNpKR PRGHO UDAE\ XND]XMH U|
PDSRWYU]XMH QtJNRX FK\EX SUHGLNFH JP Q YRGLYRVWL S L SRXAL
LWRX 3URLQYHU]QtDQDO@&]X H[SHULPHQWX MH QXWQp ]JDKUQRXW
YKRGQp SDUDPHWUL]DFH ]$VWiYi RWHY HQi +0 PRGHO MH Y\X&LW
~OR&8LAW 1iVOHGQ MH SURYHGHQD FLWOLYRVWQtDQDO&]D WUDQ
LFNp SRUXFK\ 3RPRFt6RERORY&FKLQGH[$ MH DQDO\]RYiQ YOLY QH
YEVWXSQt NRQFHQWUDFH

.OtpRYi VORYD

+OXELQQp ~ORALAW 393 %XNRY ,Q&HQEUVNp EDULpU\ ]JyQD RYOL
GLVNUpWQt SXNOLQRYi Vt" GLVFUHWH IUDFWXUH PDWUL[ ')0 PRG
DQDOé]D 6RERORY\LQGH]I\

$SEVWUDFW

7KLY ZRUN DQDO\VHV HI[FDYDWLRQ LQGXFHG FKDQJHV LQ WKH URF|
WDPLODQW WUDQVSRUW WKURXJK HQJLQHHUHG EDUULHUYV DQG Wit
I[URP H[SHULPHQWYV DW WKH %XNRY 85) DQG IRFXVHV RQLQWHUSUHYV
GXULQJH[FDYDWLRQ XVLQJK\GUR PHFKDQLFDO +0 PRGHOV $ VWL
JHQHLW\DQG IROLDWLRQ RQ SRUH SUHVVXUH WLPH VHULHV LV LGH
WDWLRQV RI WKHREVHUYHG VLIQDOV DUH GLVFXVVHG &RPSDULVF
HIFDYDWLRQ PRGHOV LQGLFDWHV D GDPDJHG ]JRQH H[WHQW RIDSSL
HUURULQ SUHGLFWLQJ FRQGXFWLYLW\FKDQJHV ZKHQ XVLQJD OLQ
DEDO\WLY IUDFWXUH KHWHURJHQHLW\PXVW EHLQFOXGHG LWV VX
7KH +0 PRGHO LV WKHQ XVHG WR SUHGLFW H[FDYDWLRQ HIITHFWYV R(
QHOVDQG GHSRVLWLRQ ERUHKROHYV $VHQVLWLYLW\DQDO\VLV RI
SHUIRUPHG XVLQJG6RERO LQGLFHYV

.H\ZRUGYV

'"HHS JHRORJLFDO UHSRVLWRU\ %XNRY 85) HQJLQHHUHG EDUULHU
K\GUR PHFKDQLFDO PRGHO GLVFUHWH IUDFWXUH QHWZRUN ")1 '
VHQVLWLYLW\DQDO\VLY 6REROLQGLFHV



QWURGXFWLROQ

,Q WKH &]HFK 5HSXE O L™ M\8K*HH RO B QIQAHD3 5HS RWOLMRVWDGOLQH URF
EHQHILW IURP D JHRORJLFDOO\VWDEOH SUHGRPLQDQWO\ORZ SHL
DQ LPSRUWDQW QDWXUDO EDUULHU +RZHYHU H[FDYDWLRQ RI DF
LQHYLWDEO\DOWHU WKH VXUURXQGLQJURFNPDVV ,UUHYHUVLEO}
FUHDWHG PLFURFUDFNV FDXVHG E\ EODVWLQJ DQG H[FDYDWLRQ L
LPPHGLDWH YLFLQLW\RIWKHH[FDYDWLRQ WKLMFRYBWY RQPPFPRQO
DJH=RQH (( DGGLWLRQ D PXFK O D[FDD WH RRDKHOFIN=RQH (,=
H[SHULHQFH UHYHUVLEOH FKDQJHV LQ K\6& DI)GEP® 5D RW HDUMBLLHM %
HUHQWLDO SDWKZD\V IRUFRQWDPLQDQW WUDQVSRUW WR PDMRU J

7KHPHWKRGRORJ\SURSRVHG E\ ZDN]G B DHORBE G W R, E KBIODAWHU L |
FKDQJHV XVLQJ SRUH SUHVVXUH PRQLWRULQJGXULQJDQG DIWHU ¢
VXEVHTXHQWO\DSSOLHG WR HVWLPDWH SHUPHQ E LQPWXGL.QX HDW | R
VRFLDWHG XQFHUWDLQWLHY 7KH QHDU ILHOG FRQWDPLQDQW WU/
FRQFHQWUDWLRQ DW D QHDUE\ JHRORJLFDO IDXOW VHUYLQJ DV D \
ERXQGLQJ VFHQIHJWRMNOMI DQG VRXUFH GLVWDQFH LQ D SUHOLPLQDL

7KLYV SURMHFW IXUWKHU HIWHQGV DQG YDOL G D% HWHW KHIPFDNKORPG R C
HWHUV DQG UHFHQW H[SHULPHQ&85D QWD WHDIORP WHKH % XNRY

$$QDO\]H WKH VD WKQY DWIWRYMRWHG &D+0J EHQWRQLWH IURP WKH
% &9W\SH EHQWRQLWHEDFNILOODQG WKHHYROXWLRQRILWV P

f8VHLQ VLWX SRUH SUHVVXUH PHBY XU WRHYDWO\L GDRWPHAXKIR P HW K
E\% H]LQD HW DIOQ SDUWLFXODU LWV K\GUR PHFKDQLFDO PRGHO
WKHUHVXOWLQJ FKDQJHV LQ WKHKYSUDXOLF SURSHUWLHV RI W

+f3UHGLFW WKHHYROXWLRQ RI WKHURFN PDVV VWUHVV VWDWH D
WLFXODU SHUPHD E(L 92 MWAH U LVHSIRVWWRU\ FORVXUHDQG IXOO VD
EDFNILOO

1$SSO\ WKH PHWKRGRORJ\ WR HYDOXDWH UDGLRQXFOLGH WUDC(
EDFNILOOHG DFFHVV WXQQHOV DFFRXQ¥WL.QGE WKHWRPFQVERBW.
QHWZRUN

F4AXDQWLI\XQFHUWDLQW\LQ WKHFRQFHQWUDWLRQ EDVHG VDIH
PRGHOLQSXWV IUDEWSURSE@HWERYNLQWDFW URFN SURSHUWLH
HUWLHYVY XVLQJVXLWDEOH VWDWLVWLFDO LQIHUHQFH PHWKRG

7TKHUHSRUW LV RUJDQL]HG DVXRPDBEZMVEWRBWMDLODEOH GDWD IF
WRQ®WEBWRIHWKHU ZLWK UHVXOWYV IURP NH\ LQWHUQDWLRQDO HJ¢
WR DGGUHVV IXQGDPHQWDO TXHVWLRQV UHODWHG WR KHWHURJHC
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WUDQVSRUW SDUDPHWHUWH YILHHXW WKBISDWHDW ODEOH H[SHULPHQWD
PHFKDQLFDO K\GUDXOLF DQG GLIIXVLRQ SURSHBWLHYV RI WKH URF

7TKHVH GDWDVHWY SURYLGH WKH EDVLV IRU FRPSDULVRQ RI H[FDY
WHUZKLFK RITHUV D GHWDLOHG FRPSDULVRQ RI WZR FRQWUDVWLQ
PHFKDQLFDO PRGHO ZLWK OLQHDU HODVWLFLW\ )ORZ G DQG D\
PRGHOV ZLWK SODVWLFLW\ )/$& "'

,Q &KDSWHW DQDO\]H UHVXOWV IURP WKH PLQH E\ SRUH SUHVVXUH
%XNRY),, LQ ZKLFK WKH DGYDQFLQJWXQQHO IDFH SDVVHG LQ WKH
KROHV :H SUHVHQW D %D\HNVWBQ BQBOVYXINAKIBDOE LOWHUSUHW WK
VHUYHG UHVSRQVIDWQWR[FDYDWLRQ :H WKHQ DSSO\ WKH +0 PRGH
WR LQIHU WKH LQLWLDO SUHVVXUH ILHOG DV D ILUVW VWHS WRZDL
UHSURGXFLQJXQH[SHFWHG SUHVVXUHUHDGLQJV 7KHFKDSWHU FR
WLRQ Rl %D\HVLDQ LQYHUVLRQ DFFHOHUDWHG XVLQJD QHXUDO QH
DSSURDFK WKDW ZLOO EH HVVHQWLDO IRU IXWXUH LQYHUVLRQ ZLW

)LQDOO\ & KIDBHWHIDOWY WKH QHDU ILHOG WUDQVSRUW PRGHO DQG L
YHORSHG +0 PRGHO LV XVHG WR SUHGLFW SHUPHDELOLW)\ FKDQJHYV
RIDQ DFFHVV WXQQHO 7KHVH SUHGLEFWLRQV VDRIHIKHXYVH /W B D\
FRQVWUXFW D VWRFKDVWLF PRGHO IRUWUDQVSRUW LQSXWV ZKLF
VLV EDVHG RQ 6RERO LQGLFHV 7KHFRQFOXVLRQV RSHQ TXHVWLR!
VXPPDUL]HG LQ &KDSWHU



$QDO\WLV RIEDFENILOO SUR

7KLY FKDSWHU GHDOV ZLWK D SHOOHWL]HG EDFNILOO DQG LWV K\G
LQWHUHVW L Wi&ESSHROWOHHGVW RHG EDFNILOO VHHFR QWIS B BIMGDZA. WKL Q
&HFK YHUWLFDO GHSRVLWLRQ FRQFHSW VHR ¥YDX\GR DWKHRLYQ IHOX B Q
WKH EDFNIE®®@QBRBRQQVUDQVSRUW SURFHVVHV ZH DOVR EXLOG RQ LQW
WKH)(%(; DQG 0; EHQWRQLWHVDQG UHODWHG SHOOHWL]HG PDWH
HWDO DQG %YHUQDFK\ %DUEH HW DO

7KLV FKDSWHU LV VSOLW LQWR WKH I RO @/KZHLDX M HNMWIHEQND F Q16 0P
&HFK YHUWLFDO GHSRVLWLRQ FRQFHSW LV LQWURGXFHG ,WV H[S
ODWHG 7KHQ ZH SUHVHQW FXUUHQW W H%&GRMROIN WRLY HP® B B FINF MOX
VXPPDUL]H ODERUDWRU\ H[SHULPHQWYV DYDLODEOH IRU WKLV PDW

BHFWLRSWUHVHQWY SK\WLFDO SURSHUWLHV IRUD EURDGHU SDOHW W
\HW OLPLWHG H[SHULPH QW% &% WD ¥ DWW H U G DWDLDRQYRN WKH PDFURYV
WHUP SURSHUWLHV RIWKHEHQWRQLWHEDFNILOO DV ZH'GO DV WKH
DQG RQ WUDQVSRUW SURFHVVHV 7KHVH DGYDQFH&SHERSHWW]LHD/ I
EDFNILOO &RQFOXGLQJUHPDUNV DQG UHFRPPHQGHWDRRQW RIWHKHJ
LQVLWX (% 6FKXVWHQGM®® 7DVN H[SHULPHQWYVY LQ ZKLFK EDFNI
DUHJLYHQ LQ 6HDRMLREB\SHQGLFHY DQG

%DFNILOO EDVHG RQ SHOOHWL]HG %&9 E
2YHUYLHZ RI WKH & HFK YHUWLFDO GHSRVLW

7KH & HFK FRQFHSW Rl YHUWLFDO VWRUDJH LV EDVHG RQ WKH 6ZHG
EUIQVOHKDQWHULQJ $% DOB®RUPG IRU WKH FU\WWDOOLQH URFEN |
%RKHPLDQ PDVVLI VBOIOLNXUMKH 6ZHGLVK FRQFHSW WKH &]HFK FR
XVH Rl VWHW@ 'LVSRVDO 3DFNDJH FRQGV&)HFAKU&D:'BJ EHQWRQLWH

PDQQRYi HW DO $ W\SLFDO UHSUHVHQWDWLYH RI FDOFLXP PDJQH)\
SURG X FWIEREHIQW RQLWH PLQHG DW WKH yHUQ& YUFK GHSRVLW

7KH VWRUDJH VHEFWLRQV ZLOO FRQV L W BWIDFBIDW \GW\XRFRMDI0/ZHQ @
EHORFDWHG :"ZQO0VP@IZD\V ORFDWHG LQ HDFK ZHOO , WEDM MXUW UR X G
DQG D EHQWRQLWH VSDFHU EORFN LV SODFHG EHWZHHQ LW DQG WK
DUH ILOOHG WKH DFFHVVED¥{QDGEDSENMUPOQHG WIOWRKORVHG ZLWK D
VHH )LIXUKH QXPEH® RIWKH D[LDO GLVWDQFH EHWZHHQ WKH DFFH
QXPEHU RI WXQQHOV ZLOO EH GHWHUPLQHG LQ WKH IXWXUH DQG ZL

TKHDFFHVVWXQQHOVDUHGHVLIQHG VR WKDW D WUD Q\RORAUW Y HUY
7TKHWXQQHO PXVW EH IUHH RI VLIQLILFDQW GLVWXUEDQFHV DQG D
EHVSHFLILHGLQ WKHIXWXUH $IWHUILOOLQJDOO WKHYHUWLFDO
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)LJ $Q HIDPSOHRI YHUWLFDO FRQFHSW 6RXUFHILOH
?2iiTbh,ffbm™ QX;QpX+xfT 2bbFBifF2@bi x2MBf

PDWHULDO VSHFLILHG EHORZ DQG ILQDOO\FORVHG ZLWK D VHDOLC
DFFHVV WXQQHO IRUWKH YHUWLFDO GLVSRVDO FRQFHSW FDQ EH L
SULQFLSBHSRYWULDQ 7XQQHOOL QUHIHW EREHIBRWUH GHWDLOV ZH U
WR +DXVPDQQRYiIi HWQ@AD'RKQIONRYiIi HW DO

)LJ %DFNILOOHG DFFHVV WX QGQDMHO + VXEYDULDQW
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%DFNILOODQG LWV H[SHFWHG SURSHUWLHYV

7KH DFFHVV WXQQHO ZLOO EH ILOOHG PHFKDQLFDOO\ 7KH ILOOLQ
PDWHULDO IURP WKH WUDQVSRUW FRQWDLQHUV WR WKH SODFHPHC
PHFKDQLFDO WUDQVSRUW EHOW VFUHZ FRQYH\RU ,I QHFHVVDU\
OLQLQJRIWKHWXQQHODQG RUYLEUDWRU\FRPSDFWLRQ GXULQJH
WXQQHO ZLOO EH JUDGXDOO\ILOOHG IURP LWV SUHYLRXVO\ FORVH

7TKHEDFNILOO PDWHULDO PXVW HQVXUH WKDW WKHUH LV QR H[FHV\
WKH GLVSRVDO ZHOO VXIILFLHQW VXSSRUW DJDLQVW VZHOOLQJ RI
WUDQVSRUW RI ZDWHU DQG UDGLRQXFOLGHV WKURXJK WKH EDFNIL
WLPH LWPXVWDOORZJDVWRHVFDSHIURP WKH EXIITHU ZLWKRXW L

7KH EDFNILOO IRU WKH &]HFK GHSRVLWLRQ FR@RIEHQ WWRBDL B/H | URP
DFKLHYH WKH DIRUHPHQWLRQHG UHTXLUHPHQWY WKH IROORZLQJ
EHHQ VXJJHVWHG LQG6YRERGD HW DO

%DFNILOO

1$YHUDJH GU\GHQVLW\DIWHU SODFH i QN+ WORIWKH DFFHVV WXQ
ftORLVWXUH DIWHU SODFHPHQW YDOXH QRW \HW GHWHUPLQHG
1) RUP SHOOHWYV

SHOOHWYV

$'UVGHQVLW\ P&AGBIW ©D Q
fORLVWXUH YDOXH QRW \HW GHWHUPLQHG
$*UDLQ VL]H QRW \HW GHWHUPLQHG

SHOOHW SUHVVLQJ WHFKQRORJ\

,WLVDFKDOOHQJH WR SUHSDUH PDQXIDFWXUDOO\ DARXEHEGLHQWO\
WRQLWH EDFNILOO ZLWK WKH DIRUHPHQWLRQHG SURSHUWLHV 7K
LOQWURGXFHG LQ a"iVWNDEHUWM/ DI\ VXPPDUL]H WKH PDLQ ILQGLQJV R

$ NH\LQJUHGLHQW RI WKH SHOOHW SUHV ¥R® $ IFHMRFR ZPM XV MG H
IRUWKH SLORW SURGXFWLRQRISHOOHW W H QW R 6 KWRH VM K66 B/LREW K
IURP DERYHE\D YHUWLFDO VFUHZ FRQYH\RU 7KH FRPSDFWRU SUH\
RI SODWHV ZLWK D WKLFNQHVV RI XS WR DERXW FP DQG DQ HGJH R
7KHVH SODWHYV DU HQHQN BWHRE RNVLR Q

7KH QH[W LPSRUWD QW DPBHH GUKKBDAWFD XVKHY WKH OHQVHV 7KH F
WHULDO FDQ WKHQ EH VLHYHG LQWR WKH UHTXLUHG JUDLQ VL]H IL
FKRVHQ ZLWK UHJDUG WR WKH UHTXLUHG VZHOOLQJ FDSDFLW\ DQG
LQFRQYHQLHQW JUDLQ VL]JHV UHTXLUH UHSHDWHG SUHVVLQJ 7KH L
&UXVKHG FRPSDFWHG EHQWRQLWH SPQBUXMWK HE PRPSDFWHG EHQW
SHOOHWY + PP 0 DUH GHSLFWM®BG))MJJ7KHLU JUDLQ VL]HV DUH
DQG PP UHVSHFWLYHO\
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)LJ 6FKHPHRISUHVV UROOHUV ZLWK SHUIRUDWLRQ ORFDWHG LQ

)LJ 3KRWR RIPDWHULDO SUHVVHG E\D FRPSDEWRRYD PMKHG/ R FDO (
SHOOHWL]HG EHQWRQLWH OHQRQVWRH G BEWMG®HIWMYJ VDPSOH FROO
WUHDWPHQW SODQW D Q@G RUWKHQM DIOW HRWWHKAK QLFV &HQWUH &78
&(* ODERUDWRU\
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)LJ SHOOHWL]J]HG EHQWRQLWH PDUNHG

+ )LJ SHOOHWL]HG EHQWRQLWH PDU
+

0 + DQG + PDWHULDOV ZHUH IXUWKHU DQDO\]JHG $IWHU D I}

WHFKQRORJ\ LW ZDV IRXQG WKDW WKH G&HHIORDV GUHTE&HOWG WV KH LT

PRLVWXUH FRQWHQWY DUH DERXW

7DE &RPSDFWLRQ UHVXOWV IRU SHOOHWL]HG EHQWRQLWH IURP
EDWFK

ODWHULLDU)\ 'HQVIl()N>\QFP@ &RPSDFWLRQ OHWKRG &\OLQGHU 9RO)

SHOOHWL]HG EHQWR RilgWdb Haxx AGF P

0 * JUHH SRXUHG GP
6KDNHQ GP
&RPSDFWHG ZLWK SLV&®WRB ODNHUNQ

GP
&RPSDFWHG ZLWK SLYFMPRWD\HNY LQ
GP
0 + JUHH SRXUHG GP

6KDNHQ GP
&RPSDFWHG ZLWK SLV&RB ODNHUNQ
GP

&RPSDFWHG ZLWK SLYMPRGD\HNY LQ
GP

1H[W ODERUDWRU\ H[SHULPHQWY ZHUH IRFXVHG RQ WKH GHWHUP L(
SHOOHWL]J]HGEHQYW DQEBNHW VXEMHFWHG WR FRPSDFWLRQ ZKLFK
WKH DFFHVV WXQQHOV &RPSDFWLRQ WHVWY ZHUH FRQGXFWHG X
DVWHQV RI NLORJUDPV RI SHOOHWL]HG EHQWRQLWH ZHUH FRPSDF
RIGOGP 'XULQJ FRPSDFWLRQ YDULRXV PHWKRGV ZHUH WHVWHG QI
E\PDQXDO PRYHPHQWV RI WKHF\OLQGHU DQG FRPSDFWLRQ RI SHO
7TKHUHVXOWY DUH VXPPDUL]HG LQ 7DE

‘HVHH WKDW WKH UHTXLUHG ®AHRPDLIW BARK LAHNCIVGLMRUD QG D Q\
FRPSDFWLRQ PHWKRG ,® FIWKHH RIHTXLUHG GHQVLW\LV DFKLHYHG |
SDFWLRQ ZLWK D VWHHO UDPPHU

yWLVLPSRUWDQW WR QRWH WKDW WKH FRPSDFWLRQ XQGHU ODERU
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EDFNILOOLQJHPSODFHPHQWGULIWY ZKHUH WKHPDWHULDO ZLOO E
QHOZDOOV WUDQVSRUWHGRYHUVHYHUDOWHQVRIPHWHUYVY DQGYV
DUFKLQJ VHJUHIJDWLRQ RIJUDLQ VLIHIUDFWLRQV DQG SRWHQWL!
ER[H[SHULPHQW ZLWK KRUL]JRQWDO HPSODFHPHQW VKRXOG EH XVH
GLVWULEXWLRQDQG FRPSDFWLRQ EHKDYLRU XQGHU UHDOLVWLF JI

(YDOXDWLRQ RI K\GUDXOLF FRQGXFWLYLW\
VXUH

7TKHQH[WDLP ZDVWRDQDO\|HWKHGHSHQGHQFHRIK\GUDXOLFFRQ
WKHDYHUDJH GU\GHQVLW\RIO0 JRU WKLV VWXG\ RQO\WKHO

a"iVWND HW DO/KHHYDOXDWLRQ ZDV FRQGXFWHG LQ DFFRUGDQFH z
PHWKRGRORJLHVY EDVHGRQYDOLG WHFKQLFDO VWDQGDUGV +RZH
QRWFRPSOHWHG LQ D VWDQGDUGPDQQHU DQG WKHUHIRUH LW ZD\
SUHVVXUHE\UHGXFLQJWKHWRWDO VWUHVVIURP WKH&RQFOXVLRC

7TKHGHSHQGHQFH RI K\GUDXOLF FRQGXFWLYLW\RQ WKH DRHUDJH G
WUHQG LQGLFDWHYVY WKDW LQFUHDVLQJ GU\GHQVLW\OHDGV WR GHI

yLJ '"HSHQGHQFH RI K\G U D X GLRFIPRIQ &/ XPW E WIF\W O K; IRQY GU\ GHQ VLV
EHQWR QLW HRPIXWH®@ B O

7KH JUDSK LQ JIOIXXWVHWWUDWHY WKH UHODWLRQYKDG & WW A HHE @ @&/& HQC
SUHVMWYXARH O PP $V WKH GU\ GHQVLW\ LQFUHDVHV IURMRDSSUR|

J FPDVLIQLILFDQWULVHLQ WKHVZHOOLQJSUHVVXUHLVY REVHU
LQJ 03D 7KHILWWHG FXUYHVXJIJHVWV DQH[SRQHQWLDO GHSHQGH
LQFUHDVHV LQ GU\GHQVLW\UHVXOWLQ FRQVLGHUDEOH LPSURYHP

7KLY EHKDYLRU FRQILUPV WKDW WKH GHYHORSHG SHOOHWL]HG EH
SURSHUWLHV IRU XVH DV D EXIIHU DQG VHDOLQJ FRPSRQHQW LQ W
UHSRVLWRULHV IRUUDGLRDFWLYH ZDVWH 7KHFRPELQDWLRQ RI K
JUDLQ VLIHGLVWULEXWLRQHQVXUHV HIITHFWLYH PHFKDQLFDO VWD
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yLJ 'HSHQGHQFH RIVZHRORQ EBUE KQMRUMSHOOHWL]HG EHQWRQL\
PDW HIRIKOYy @T&KH VZHOOLQJ SUHVVXUH LQFUHDVHV VLIQLILFDQWO\

IRUUDGLRQXFOLGH PLJUDWLRQ

)XUWKHUPRUHSYHWXHWGWY D FRPSDUDWLYH DQDO\VLY RI WKH K\GUR
SHOOHWL]HG DQG LQLWLDO QRQ SHOOHWL]HG EHQWFRBKWHD 37 KH V
"*onSJInkPKYFonSINKkZRWKLQ WKLV "VWXGE\nky®RBWD IURP yHUYLQND H!

DQG 6YRERGD HWZBIOH XVHG 7KH OHIW YHUWLEDO D[LV VKRZV

GXFWLYLW\ SORWWHG RQD ORJDULWKPLFVFDOH ZKLOH WKH ULJK\
SUHVVXUH

yLJ &RPSDULVRQ RI WKH UHODWLR ®MKQG EHONWDHKHOQL EBRGB @ ¥ W Y
OHIW D[LV DQG VZHOOLQJ SUHVVXUH ULJKW D[LV IRUSHOOHWL]H
5HVXOWY DUH FRPSDUHG WR QRQ SHOOHWL]HG JURXQG EHQWRQLW

7TKHUHVXOWY GHSHQGHQFLHVY IRUERWKFRPSDUHG PDWHULDOV C
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ULDOV D FOHDUWUHQG LV REVHUYHG L Q i KIHPKX DV VQRUB B V HQLQ LG
GXFWLRQLQ K\GUDXOLFFRQGXFWLYLW\DQGDVLPXOWDQHRXV H[S!
7KHR3Kk y@3 "*onSPDWHKYLDO H[KLELWV VOLJKWO\ORZHU K\GUDXOL
PRGHUDWH VZHOOLQJ SUHV VX0h/IJARPESE® HHGDMORDFKRYVY WKH UDQJF
WLHVY WHVWHG 7KLV LQGLFDWHV WKDWS I K {5 M OEDYHRAULL] B G HE B Q RVIRHL
IRUXVH DV D EDFNILOO PDWHULDO LQ GHHS JHRORJLFDO UHSRVLW
ORZ SHUPHDELOLW\ ZLWK DGHTXDWH VZHOOLQJ FDSDFLW\

J)LQDOO\ LW LV LPSRUWDQW WR KLIJIKOLJKW WKDW DOO K\GUDXOLF
UHSRUWHG +t@ZHUKN SHUIRUPHG XQGHU IXOO\ VDWXUDWHG FRQGLWL
UDWLRQ 7KHUHIRUH WK iHYAFHRSRUHWEE®R @0 OWKRHWRH HTXLOLEULXP V2
LQWKHVDWXUDWHG VWDWH

&RQFOXGLQJUHPDUNV WR DFKLHYHG K\GUR
HUWLHV RI WKH %&9 SHOOHWL]HG EDENILOO

&XUUHQWO\ ZH KDYH WKH IROORZ®%Q@ISHHTOHW HIFHHOQEMWDFR QL WEHR U
GHSRVLWLRQ FRQFHSW

'"UNGHQVLW\RI SHOOHWYV VK&XIEH JUHDWHU WKDQ

$YHUDJH GU\ GHQVLW\ RI WKH EDFNILOO DIWHU SODFHPHQW WR
VKRXO&-BH IP

7KH VXJJHVWHG SHOOHW SUHVVLQJ WHFKQRORJ\ HRBE®BZ XK WR
DQEGR3k y@8RDWHULDOV VDWLVI\LQJ WKHILUVW UHTXLUHPHQW 7KI|
PDWHULDOV KDV EHHQ DQDO\JHG RQO\ YLD ODERUDWRU\ FRPSDFWI
WKHFRPSOH[LW\RILQ VLWX FRQGLWLRQV )URP WKH SHUIRUPHG O]
WKHUHTXLUHG DYHU-DbIBHIGHLY\DIPK\LRINR GKIR @ 8¥WIKQJ DOO FRPSDFWL
PHWKRGV +RZHRIHUY @RARKIO\ VRPH FRPSDFWLRQ PHWKRGV JLYH WK

1H[W WKH K\GUDXOLF FRQGXFWLYLW\ DQG VZHOOLQJ SUHVVXUH R
EHHQDQDO\]HG XQGHU ODERUDWR B 8K R@BINNRQVDIDQ GURB WKHVH F
VXUHPHQWY WKHK\GUDXOLFFRQGXFWLYLW\DQGVZHOOLQJSUHVV
DJHGU\GHQ®YVLOAVRIJP FDQ EH URXJKO\ HVWHB B 8 PO

0Ytd %®»3D )RBR3k y@8YQRKHDVXUHPHQWY RI WKH K\GUR PHFKDQLFD
RIWKH SHOOHWYV KDYHEHHQ SHUIRUPHG 6XFK PHDVXUHPHQWYV FRX
RI SRVVLEOH SUHIHUHQWLDO IORZ SDWKV JRQHV ZLWK KLJKHU K\G |

7TKHDIRUHPHQWLRQHG DQDO\VHV DUH QRW UHSUHVHQWDWLYH RI E
WKH PDWHULDO ZLOO EH SODFHG KRUL]JRQWDOO\DORQJ LUUHJXOD
WHQV RI PHWHUV DQG VXEMHFWHG WR ODUJH VFDOH VHOI FRPSDF
VLIHIUDFWLRQV DQG SRWHQWLDO YRLGIRUPDWLRQ $I1XOO VFDOF}
HPSODFHPHQW VKRXOG EH XVHG WR FKDUDFWHUL]JH EDFNILOO GHQ\
DQG K\GUR PHFKDQLFDO SURSHUWLHYVY XQGHU UHDOLVWLF JHRPHW

ORUHFRPSUHKHQVLYHDQDO\VHVFDQEHIRXQGLQVHYHUDOLQWHU
ZHVXPPDUL]H VHOHFWHG H[SHULHQFHV ZLWK )(%(; DQG0; EHQWR
PDWHULDO 7KHLUNQRZOHGJHPD\FRPSOHWHPLVVLQJSURSHUWLF
WLRQDO IRU I XW X U H6EGMHD\@ H W RIHGKAD WH U LD O
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ODFUR VFDOH SURSHUWLHV RIEHQWROQ
'LVWULEXWLRQ RIEHQWRQLWH SHOOHWV LQ

7KH GLVWULEXWLRQ RIEHQWRQLWH SHOOHWYV LQ WKH ILOOLQJ RID
UHSRVLWRU\ LV D NH\ SDUDPHWHU DIIHF VWBLLQ JGW K NDIGHEY W & W\. QWK Gl U
IXQFWLRQDOLW\RIHQJLQHHULQJ EDUULHUV $ SURSHUO\ GHVLJQH
KLJK GHJUHHRIKRPRJHQHLW\RIWKHUHVXOWLQJILOOLQJOD\HU P
IXQFWLRQ RI WKH HQWLUH UHSRVLWRU\

SHOOHW PDWHULDO LVW\SLFDOO\GHSRVLWHGLQDFFHVVWXQQHO"
HUV RUEORFNV 7KHDLPLVWRPLQLPL]JHWKHIRUPDWLRQRIODUJH
RIWKHDUHD LQ FRQWDFW ZLWK WKH VXUURXQGLQJURFN 2SWLPDO
KHDW UHPRYDBO B R DOVR UHGXFHV WKH OLNHOLKRRG RI K\GUROR
QHIJDWLYHO\DIIHFW WKH PLJUDWLRQ SDWKV IRUUDGLRQXFOLGHV

7TKH GLVWULEXWLRQ SURFHVV FDQ EH FDUULHG RXW PHFKDQLFDOO'
7TKHPHWKRG RISODFHPHQW VLIJQLILFDQWO\LQIOXHQFHVY WKH UHV X
PHFKDQLFVY RI PDWHULDOVY DUH VXEMHFW WR VSHFLILF ODZV IRU F
WUDQVIHU RI SUHVVXUHVY EHWZHHQ SDUWLFOHYV

OHFKDQLFV RI PDWHULDOV DQG ORFDO YDULDELOLW\

F$QJOHRIUHSRVHDQG VWDELOLW\

(DFK PDWHULDO LQFOXGLQJEHQWRQLWH SHOOHWYVY KDV LWV R
ZKLFKWKHSDUWLFOHVVSRQWDQHRXVO\VHWWOH 'XULQJIUHH
GHQVLW\DUHFUHDWHG GHSHQGLQJRQORFDOFRQGLWLRQV HV
DQG WKH SURSHUWLHV RI WKH SDUWLFOHV $QGHUVVRQDQG 6D

$-DQVVHQ HIIHFW

,Q YHUWLFDO RULQFOLQHG VSDFHV IRUH[DPSOH ZKHQ ILOOLQ
WLFDO ORDG LV WDNHQ E\ WKH ZDOOV GXH WR WKH WUDQVIHU |
WKH SHULSKHUDO HQYHORSH 7KH UHVXOWLQJVWUHVV DQG WK
GLIITHUHQW SRLQWV RI WKH SHUSHQGLFXODU FURVV VHFWLRQ

$+$UFKLQJDQG SHUFRODWLRQ
/RFDO VXSSRUWV DQG UDUFKHVY FUHDWHG GXULQJ SRXULQJ FI
OHVV FRPSDFWHG ZKLOH RWKHUV EHFRPH VLJQLILFDQWO\ PRU
LQFUHDVHG YDULDELOLW\LQ WKH GLVWULEXWLRQ RISHOOHWV
OD\HU 7HU]DJKL

"\QDPLFV RILQLWLDODQGILQDO GU\GHQVLW\

$IWHU WKH LQLWLDO ILOOLQJRIDFFHVV WXQQHOV E\IUHH SRXULQ
KRUL]IRQWDO DQG YHUWLFDO JUDGLHQWYV RI GU\ GHQVLW\ 7KH PHF
VHWWOHPHQW RI SHOOHWY WKHLU GLITHUHQW VLIHV DQG VKDSHV
ORZHU LQ VRPHDUHDV HVSHFLDOO\LQ WKHORZHU SDUWV DQG QHI
EH KLIJKHULQ WKH XSSHU 9 SODQHYV

'LWK WKH IRUPDWLRQ RI' D QHWZRUN RI FRQWDFWY EHWZHHQ SHOOC
VRPHDUHDV EHFRPHPRUHFRPSDFWHG E\WKHLURZQ ZHLJKW $IWH
OHYHOLQJRIWKH GLVWULEXWLRQ RFFXUVJUDGXDOO\ HVSHFLDOC
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([SHFWHG VWUHVV RQ WXQQHO ZDOOV LQGXI

)XO O\ VD WXBBMAHEEHW EDFNILOO DW D@D ¥ HUBDIH GHYEHBORSVYW\ODER
UDWRU\VZHOOLQJ SUHMY X ABIDKXHAQDHWIHLILG FRQVWDQW YROX
FRQGLWLRQV 7KHVHYDOXHV DUH LQIHUUHG IURP WKH PHDVXUHG |
SUHVVXUH GDWD IRUWKH * PRODGEWERQUHVSRQG WR IXOO VDWXL

,QDUHDO HPSODFHPHQW GULIW SDUW RI WKHVZHOOLQJFDSDFLW)\

FORVXUHRILQLWLDO YRLGY QHDU WKH WXQQHO FHLOLQJ
FRPSDFWLRQ RI WKH SHOOHW OD\HU LWVHOI DQG
GHIRUPDWLRE® BRWKHXUURXQGLQJ WKH WXQQHO VHH

%DVHG RQFRPSDULVRQV ZLWK .%6 WXQQHOEDFNILOOFRQFHSWYV
6 Y26 %®3D DUH FRQVLGHUHG VXIILFLHQW IRUURFEN VXSSRUW DQG VH
KDQWHULQJ$% DQG BRMWDD®LVWLF DQG FRQVHUYDWLYH HVWLPDWH
DW WKH ORZ K}y BB GXH WR WKHDERYH PHQWLRQHG UHDVRQV

+\GUDWLRQDQG ORQJ WHUP SRUH GLVWULE

%HQWRQLWHUHDFWV WR WKH SUHVHQFH RI ZDWHU E\VLJQLILFDQW
RIJDSV RYHUFRPLQJRILQLWLDO GHQVLW\JUDGLHQWV DQG WKDQI
LOQWHUQDO VWUHVV LQ WKHHQWLUH OD\HU 7KHUHVXOW RIORQJ W
KRPRJHQHRXYVY WLJKW EDUULHU ZLWK D PLQLPXP RI YRLGYV

SHOOHWL]J]HGEHQWRQLWHVDPSOHV HIKLELWD FRPSOH[ PXOWL PR
E\VHYHUDO VWXGLHV +RIIPDRIQYHAWDR&FWXUH KDV EHHQ FKDUDFWH
QLTXHVVXFKDVOHUFXU\ , QWUXVLRQ 3BRURVLPHWU\ 0,3 DQG; UD\F
WKHVFDOHRIDQLQGLYLGXDO SHOOHW D GLVWLQFW GRXEOH SRUF
7KLY GXDO VWUXFWXUHDULVHV IURP WKH FRPSDFWLRQ SURF
RSWLPXP PRLVWXUH FRQWHQW GXULQJ SHOOHW SURGXFWLRQ

JLIXUHE LOOXVWUDWHY WKH ELPRGDO SRUH VL]H GLVWULEXWLRQ
ZLWKD GU\IGHQWIDW® 7ZR GRPLQDQW SRUHIDPLOLHVDUHLGHQWL
SRUHV DSSURAPMDWH®B LQWHU DJJUHIJDWH SRIPHV $IVSPURDEP BW H (
PRGDO 36' ZDV UHSRUWHG E\ OROLQHILRU DX U:UD EWQDMRQLWH SHOO
SDFWHG WROWP® DQG VXEMHFWHG \W&RdD3\DX A\R WIDERN WKHLQWHU DJ.
SRUHVLQ WKLV FDVH ZLWK DQ DY H U D JgGR DIFPHMREKID R HDGE SRURR IQRID \D |
G RIWKHWRWDO SRURVLW\

/I DUJHU VFDOH SHOOHW DVVHPEOLHY SUHVHQW HYHQ PRDH FRPSO!
VKRZV WKH 36'RIDVDPSOHFRPSRVHG RIPXOWLSOHSHOOHWYV FRPS
ka 0% 0W®ICP 7KLV VDPSOH GLVSOD\V D WULPRGDO 36" ZLWK FKDU
DSSUR[LPDYMOWP DQ®oOP 7KHODUJHVW PRGH FRUUHVSRQGV WR L
$GGLWLRQDOODUJHUYRLGVPD\DOVRH[LVWGXHWRLUUHJXODU SH
WKHGHWHFWLRQUDQJHRIO,3 ZKLFKLV OLPLW#HAEDW R+RRIPHDIYQW UD C
HW DO

ORUHRYHU WKHPD[LPXPYRLGUDWLRPHDVXUHGE\0,3WHQGV WR XC(
UDWLR 7KLV GLVFUHSDQF\LV DWW U LEXWVQHGDNVRRAHNCEMAHVHQFH RI
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yLJ 36'RI)(%(; EHQWRQLWHLQ D DFRPSDFWHG VDPSOH DQGE
HW DO
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2 HIWUHPHO\ VPDOO SRUHV ZLWK HQW WBE:Q PH K IOFRKHDMHU 8 WCHHNDVO'W &
KHDYLO\FRPSDFWHG SHOOHWYV EXW LQDFFHVVLEOH WR PHUFXU\ LC

:DWHU UHWHQWLRQ EHKDYLRU RI SHOOHWL]

‘HKDYH QRW IRXQGLQWKHOLWHUDWXUHWKHZDWHU UHWHQWLRQ F
RQO\ SHOOHWL]HG )(%(; %HQWRQLWH RBDDE &BRLRWD HWXD®W DO

LV PHQWLRQHG ,Q H[SHULPHQWYV RQ )(%(; XVLQJO; W\SH EHQWR
IRUP ZDWHU UHWHQWLRQ FXUYHV :5& KDYH EHHQ PHDVXUHG DQG
HW DO UHSRUWHG :5&V IRU D SPP QMW BHOOXWWY DW GoX%GHQVLWL
0% e ®QELDIP 7KHVH FXUYHV ILWWHG ZLWK D YDQ *HQXFKWHQ PR
GHQVLW\ SHOOHW ILOOV UHWDLQ PRUH ZDWHU DW D JLYHQ VXFWLR
WKH 0; SHOOHW VNHOHWRQ HVWLPDWHG IURP 0,3 GDWD DQG IR
ZHWWLQJ 7KH\IRXQG WKH SHOOHW :5& KDV D PXFK KLJKHU DLU H ¢
HQWU\ VXFWRRID IRUWKH SHOOHWSOWM KEWWKH SRZGHU OHVD $OFL
HW DO $ PL[HG EHQWR QL ®HOZ@EBMSRZGHU G U\ GaHQMILEN \

KDG DQ LQWHUPHGIBDWHHYD $OFDQWDUD HMRWOEO\ DW YHU\ ORZ Z
FROQWHOQ®WY WKHUHWHQWLRQ FXUYHV IRUSHOOHW DQG SRZGHU FR
WR YRLG UDWLR VHH OHVD $OFQ @WBHD HRUG60 DERXAWLRQ GU\
VWDWHV ERWK SHOOHW DQG ILQH SRZGHUV KROG VLPLODU DGVRU
ZDWHU FRQWHQW WKH SHOOHWVY] ODUJH SRUHV FDXVH WKH SHOOF
EORFNYV

5HFHQW VWXGLHY FRPSDULQJ SHOOHWL]HG DQG FRPSDFWHG EHQV

FRPSDUHG WKH :5&V RI *0= EHQWRQLWH LQ WKUHH IRUPV D PL['
SHOOHWYV D FRPSDFWHG EORPM:08&H VDO B BHONWHW\ZHOOLQJ SHOO
IRXQG DOO WKUHH EHKDYH VLP 5O@WO \ BXWKEH 0 @ KMMWPLR YK UHV UHWE
DWORZVXEHBRQWKDQ D GHQVH EORFN RIWKH VDP B KR F DIOXON WMKQ
LV EHFDXVH DW ORZ VXFWLRQV WKH FRPSDFWHG EORFN VWRUHV H]
ZKHUHDV WKH SHOOHW ILOOYV ZDWHU LV ODUJHO\ FRQILQHG WR WK
GU\ ODUJHU LQWHU SHOOHW FKDQQHOV &RUUHVSRQGLQJO\ WKH
ZDWHU FRQWHQW GXULQJ HDUO\ K\GUDWLRQ 7KHVH UHVXOWV HP
SHOOHW IDEULF\LHOGV D GLVWLQFWLYH :5& WKH SHOOHW PL[WXUH
DW KLJK VXFWLRQ ZKHUH DGVRUSWLYH ZDWHU GRPLQDWHV EXW
ORZ VXFWLRQV VHH/LRISWWDWLFXODU LQ SRVW PRUWHP WHVWYV F
VLWXRI)(%(; EHQWRQLWH EOR Bl Y&HG & B \DHRGWYR R 3 Y@\ SHUPDQH QW
LQ WKH :5& WKH ZDWHU UHWHQWLRQ FDSDFLW\ RI WKH EORFNV UHF
WKH WHVW 9LOODU HW DO

,Q WKHHDUO\ VWDJH DIWHU HPSODFHPHQW WKH SHOOHW EDFNILO
FHVVHVDUHFRPSOH[ ,QIORZLQJJURXQGZDWHUWHQGVWREHFDSW
SDFN EHIRUHIXOO\HQWHULQJ FOD\PLFURSRUHV )RUH[DPSOH ILH
D ODUJH IUDFWLRQ RI LQFLGHQW ZDWHU FDQ EH WHPSRUDULO\ VW
RI'WHQV RI SHUFHQW RI SRUH YROKPH3RMHDB.BXQDO\VHV IRU .%6 W
KLIKOLJKW WKDW L Q I&/RR LUDMCHY X6 WORHO\ DEVRUEHG LQ WKH SHO
EORFNV DQG URFN 6 XULQJ WKLY SKDVH WKH SHOOHW ILOO HYROY
PRYHV VOLJKWO\ PDFURYRLGV VKULQN JUDGXDOO\UDLVLQJ WKH
RQFH PDFURSRUHV ILOO DQG VDWXUDWLRQ QHDUV ZLOO WKH UHW
EUDQFK %HFDXVHRIWKHLQLWLDOO\ KLJK YRLG UDWLRDQG ORZP
SODFHPHQW FDQ DOVR EH VLIJQLILFDQW HDUO\RQ 2YHUDOO VWX
ZDWHU PRUH TXLFNO\ WKURXJK WKH ODUJH SRUHV EXW VDWXUDWHK
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PDVVLYHEORFNV 67KLVLVUHIOHFWHG LQ WKH ZDW HURWHNW IQDWL R C
IURP )LJZH FDQ FRPSXWH WKH YROXPH Rl ZDWHU RYHU VDWXUDWLR
VLWA0J® LV LQMHFWHG DERYH WKH H[SHFWHG ZDWAMLERUH VSDFF
LV WR E\ H[SHULHIQ¥F PRURX GG\ GHQYPWLYV WR E\ H[S B @ L DG

ki 0%@J®P KDV DURXQRI ZDWHU PRUH

)LJ :DWHU UHWHQWLRQ FXUYHV XSRQ ZHWWLQJRI SHOOHW VDPS
GHQVLW\ YDRENDRIBAIP +RIIPDQQ HW D@RPSDUH ZLWKRLJ
VHH WKH GLVWULEXWLRQ RI SRURVLW\

$GYDQFHG K\GUDXOLF SURSHUWLHYV

W ZDV RULJLQDOO\DVVXPHG WKDW WKH SHUPHDELOLW\RISHOOHW
DW WKHR(DWHLYV ZDV QRW FRQILUPHG E\LQ VLWX (% PHDVXUHPHQW
)L LOOXVWUDWHY WKH GHSHQGHQFH R QKW b DEXUD\ Lk HERMIMVEN E L O L
W\SHV RI PDWHULDOV SHOOHWL]HG EHQWRQLWH DQG FRPSDFWHG

$VH[SHFWHG WKHSHUPHDELOLW\RIERWKPDWHULDOV GHFUHDVH\
vVLW\ 7KHSHOOHWL]HGEHQWRQLWHVKRZVDVOLJKWO\KLJKHU SHU
FRPSDUHG WR WKH FRPSDFWHG )(%(; EHQWRQLWH ZKLFK LV FRQVL"
GXHWR WKHLQLWLDO SRURVLW\DQG PLFURVWUXFWXUDO GLIITHUH(

7TKHUHVXOWYVY GHPRQVWUDWH WKDW VXIILFLHQWO\FRPSDFWHG SHC
YDOXHV FORVHWR WKRVHRI)(%(; EHQWRQLWH D UHIHUHQFH PDWH
LQ QXFOHDU ZDVWH UHSRVLWRULHYV 7KHVHILQGLQJV VXSSRUW WK
ILOOLQJDQG VHDOLQJ SURYLGHG WKDW DGHTXDWH GU\ GHQVLW\ L

7KH FOHDU WUHQG REVHUYHG LQ WKH JUDSK DOVR UHLQIRUFHV WK
GHVLJQ SDUDPHWHU IRUDFKLHYLQJ WKH UHTXLUHG K\GUDXOLF SH!
VIVWHPV 7KHK\GUDXOLF FRQ G XFWIDYQXN\AHY PHEW R QH GMDPWWH U L D
SOHV UDQJHGA®RPR 68 PQ/ LQ )LJ 7TKHVH YDOXHV ZHUH GHWHUPLC
SHDUVRQ ZDWHU DV WKH SHUPHDWLQJIOXLG VHH)LJ

8QGHU IXOO VDWXUDWLRQ LW FDQ EHDVVXPHG WKDW KRPRJHQL]D
SHU YRLG ZLOO FORVH DQG QR ]JRQH ZLWK KLJKHU SHUPHDELOLW\



([FDYDWLRQ DQG 1HDU )LHOG 7UDQVSRUW 7=

)LJ '"HSHQGHQFH RI SHRPRADE CALN B HKOONNIW\QRU SHOOHWL]IHG
EHQWRQLWH PDWHULDO DQG FRPSDFWHG )(%(; EHQWRQLWH EDVHC

yLJ +\GUDXOLF FRQGXFWLYLW\GHWHUPLQHG ZLWK 3HDUVRQ ZD)\
GLVPDQWOLQJRIWKH (% WHVW % 6 VDPSOHV DQG HPSLULFDO FRU
EHQWRQLWH 9LOODUDQG *RPH] (VSLQD
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DVVXPSWLRQ FRPHV IURP H[SHULPHQWDO REVHUYDWLRQV ZKHUH ¢
JUDYLPHWULF ZDW+HY FRROWHQWU\ KLJK SHUPHDELOLW\ XQWLO WK
WLRQ RIEHQWRQLWHsS HE@EOHWYHHDBKHRIITPDQQ HW DO :DWHU

I[URP WKH VXUURXQGLQJ URFN ZLOO LQLWLDOO\ LQILOWUDWH LQW
ERWWRP ZLOO VWDUW VZHOOLQJILUVW ZKLFK ZLOO FORVH WKH YR

)LJ +\GUDXOLF FRQGXFWLYLW\RI XQVDWXUDWHG EHQWRQLWHO

$VLPLODU VLWXDWLRQ %HUQDS K\ %IDVEMHR-GMDOHG ZLWKLQ WKH (%
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fUDQVSRUW SDUDPHWHUV RI VDWXUDWHG S|
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'HDGRSW WKLV FRQYHQWLRQ WKURXJKRXW WHSRHVRILQH [SQERUWO
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H[SRQHQW UDQJH

8VLQJ WKH SRURVLW\ UDQJH VWDWHG DERYH DQG WKH 7DE SDUL
IXVLYLWN YDOXHV IRUVSHFLHVY UHSUHVHQWLQJ IRXU JURXSV QHXYV
GLIIXVLY#SVA\DWHSRUWHG YLD
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