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581; DQG &&/ LQ 'LDEHWHY OHOC(
SRURQDU\N\SUWHU\N'LVHDVH $ %L

<L =K®QJ *XR\RQWJ 'X -LH /LX6KDRKX-XQKXD*XR[LRQJ 'HQJ
"LQUX :HIXQ +XDQJ

'"HSDUWPHQW RI &DUGLRORJ\ 7KH )LIWK $IAOLDWHG +RVSLWDO RI *XDQJ[L OHGLFDO 8QLYHUV
'"HSDUWPHQW RI &DUGLRORJ\ 7KH )LUVW 3HRSOH-V +RVSLWDO RI 1DQQLQJ 1DQQLQJ *XDQJ[L

7KHVH DXWKRUV FRQWULEXWHG HTXDOO\ WR WKLV ZRUN
&RUUHVSRQGHQFH -LQUX :HL -XQ +XDQJ 7HO (PDLO ZHLMLQUX#VWX J[PX HGX FQ

%DFNJURMOQUGSLRYDVFXODU FRPSOLFDWLRQV DUH D PDMRU FDXVH RI GHDWK DQG GLV
FRPSOLFDWLRQV DULVH LV XQFOHDU

OHWKRGYJIJKWHG JHQH FRUUHODWLRQ QHWZRUN DQDO\VLV :*&1$ ZDV SHUIRUPHG RC
LQGLYLGXDOV ZLWK GLDEHWHV PHOOLWXV DQG LQGLYLGXDOV ZLWK GLDEHWHYV
3KHQRW\SLFDOO\ UHODWHG PRGXOH JHQHV ZHUH DQDO\]HG IRU HQULFKPHQW LQ *F
(QF\FORSHGLD .(** SDWKZD\V 3UHGLFWHG ELRORJLFDO IXQFWLRQV ZHUH YDOLGI
&OXH*R DQDO\VLV %DVHG RQ WKH 755867 Y GDWDEDVH DQG K\SHUJHRPHWULF WHV'
IDFWRUV 7)V DQG GRZQVWUHDP WDUJHW JHQHV SRWHQWLDOO\LQYROYHG LQ '0&$'
5HVXOYM$ LGHQWL{HG WKUHH PRGXOHV DVVRFLDWHG ZLWK SURJUHVVLRQ IURP GLD
VLIQL,FDQWO\ LQYROYHG LQ ELRORJLFDO SURFHVVHV UHODWHG WR LQWHUIHURQ D
LQYROYHPHQW LQ YLUDO P\RFDUGLWLV FKHPRNLQH VLJQDOLQJDQG SKDJRVRPHV 581
JHQHV $QDO\VLV RI WKH JOREDO UHJXODWRU\ QHWZRUN RI7)VDQG WKHLU WDUJHWV V
&RQFOXVHRRXQG ELRLQIRUPDWLF HYLGHQFH WKDW &&/ PD\EH D NH\ UHJXODWRU DG
H\ZRUGWDEHWHV PHOOLWXV FRURQDU\DUWHU\ GLVHDVH WUDQVFULSWLRQ IDFWF

 QWURGXFWLRQ
'LDEHWHV PHOOLWXV LV D FRPPRQ PHWDEROLF GLVHDVH WKDW FDQ OHDG
FRURQDU\ DUWBG\LELBKXDOW ZLWK GLDEHWHY PHOOLWXV DUH DW KLJKHU UL
SRSXODWLRQ DQG WKH\DUH QHDUO\WZLFH DV OLNHO\WR EH KRVSLWDOL]H
SUREOHPV DV WKRVH ZRWRRRBRW\ ®LPHERWHYSK\ KDV EHFRPH WKH VWDQGDUG
DUWHU\ GLVHDVH &$' DQG FDQ LPSURYH WKH HRIIYHIH V¥ RER QR \RD G DR
H[SHQVLYH DQG LQYDVLYH VR WKHUH LV D QHHG IRU EHWWHU GLDJQRVWLF
,Q WKH SUHYLRXV VWXGLHV WKH NH\JHQHV RI GLD DHWHW P KB PLLFANXW URNIHDL
GLDEHWHV ZHUE WKDW.ZRGN D FODVVL¢HU WKDW FDQ GLDJQR¥MNWRWRIQDQRI
DSSOLFDEOH WR GLDEHWHV PHOOLWXV DVVRFLDWHG FRURQDU\ DUWHU\ GLV
DOWKRXJK LW VHHPV WR LQYROY H WIKMHVDEPLPTIXW W U QI [3 R R/BI\D \GFEERH. § ROWMBP & UH
DQG PHWDEROLF IDFWR UV \HXFRQ@O/HWHR BIRWKHQ WKH WUDQVFULSWLRQ IDF
LQYROYHG 581; LVLQYROYHGLQ YHUWHEUDWH KHPDWRSRLHVLY DQG LW LV R
PDOLJQDQKHHW LV DOVR JURZLQJHYLGHQFH WKDW 581; SOD\V D UROH LQ QRC
RULJL@RQVLVWHQW ZLWK WKH SUHVHQW VWXG\ 581; PD\ DOVR FRQG® WIKEXW
GRZQUHJXODWLRQRI581; LQ GLDEHWHV PHOOLWXY OHDGV WR GHIHFWV LQ P|
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=KRQJHW DO

‘H DOVR ZRQGHUHG ZKHWKHU FKHPRNLQHV PLJKW EH LQYROYHG LQ '0&$' 7K
LOQMXU\DQG DFWLYDWH SUROLIHUDWLRQ RI YDVFXODU VP RRW K\PWY ROMLGHE0 V
LQ WKDW LW QRW RQO\ KDV DQWLFDQFHU SURSHUWLHY EXW DOVR SURPRWHYV F
LPSRUWDQW LQ WKH LQLWLDWHIRQRGLUEFAXWKH HUMEBRMMIFHQW RI GHQGULWLF F
PDFURSKDJHV 1.FHOOV DQG 7 FHOOYQ WK KR WW WRALRIA DFFRBIEYHEEPDFURS |
VHFUHWH &// ZKLFK SURPRW&/V MDMPRL JRIRIWMLRQ DQG LQYDVLR@RI FDQFF
SDUWLFXODU && FKHPRNLQH OLJDQG &&/ KDV EHHQ GHWHFWHG LQ KXPDQ D

+HUH ZH SHUIRUPHG JHQH H[SUHVVLRQ SUR¢OLQJ RI KHDOWK\ LQGLYLGXDO
ZLWK '0&$' 2XUDQDO\VHV LPSOLFDWH 581; LQ WKH SURJUHVVLRQ IURP GLDEH
&&/ DV D NH\ UHJXODWRU RI '0&$' SDWKRORJ\

ODWHULDOV DQG OHWKRGYV

'DWD &ROOHFWLRQ DQG 3URFHVVLQJ

*HQH H[SUHVVLRQ SUR¢OHV ZHUH GRZQORDGHG | (KRAPW\SKH * BDH Q[FSELH Y © PRQLXP
7KH *6( GDWDVHW EDVHG RQ WKRIQWDLQSIBWHRMWBUHVVLRQ SUR;OHV IURF
ZKROH EORRG IURP SDWLHQWV ZLWK FRURQDU\ DUWHU\ GLVHDVH  ZLWK GL
FRQWUROV )RU WKH SUHVHQW VWXG\ ZH H[FOXGHG WKH GDWD IURP SDWI
QRUPDOLJH%HWXBRYSRQDNY WKH *OAPWRVEBRAMP HRUPDOL]JH JHQH H[SUHVVLR(
VDPH JHQH ZDV GHWHFWHG XVLQJ PXOWLSOH SUREHV WKH H[SUHVVLRQ OHYH:
ZHUH H[FOXGHG LI WKH\ K\EULGL]HG WR PXOWLSOH JHQHVJLIXHHRUNARZ RI Wk

'HLIKWHG &RUUHODWLRQ 1HWZRUN $QDO\VLV :*&1$%$

8VLQJ WKH *:*&1$" SFNIZMHH[DPLQHG WKH FRUUHODWLRQV EHWZHHQ JHQHV LC
ZDV FDWHJRUL]JHG DV QRUPDO GLDEHWHV PHOOLWXV  RU '0&$’ ‘H IRFX
SKHQRW\SH DQG ZHUH DVVRFLDWHG ZLWK D VLIJQL,FDQW S YDOXH &DQGLG

JLIXUBWXG\ ZRUNARZ
$EEUHYLDMWLWQDQVFULSWLRQ IDFWRU

KWW S ,QWHUQDWLRQDO -RXUQDO RI *HQHUDO 0



=KRQJ HW DO

FROQQHFWLYLW\ GHJUHHV RI GLITHUHQW PRGXOHV DQG WKHLU LQGHSHQGHQ
YDOXH ZzDV VHOHFWHG +LHUDUFKLFDO FOXVKRAHOMKA\Q¥FEWOQOROQ ML WEKBV *RHEIRD
JXUWKHUPRUH ZH H[SORUHG WKH FRUUHODWLRQ EHWZHHQ PRGXOHV DQG S
SURJUHVVLRQ IURP D KHDOWK\ VWDWH WKURXJK GLDEHWHY PHOOLWXV WR '

YXQFWLRQDO (QULFKPHQW $QDO\WLV RI *HQH ORGXOH)
7R H[SORUH WKH VLJQDOLQJ SDWKZD\V DQG ELRORJLFDO FKDUDFWHULVWLF
IRUHQULFKPHQW LQ *HQH 2QWRORJ\ *2 WHUPV DQG .\RWR (QF\FORSHGLD R
WKH 3FOXVWHU3URQGHLUQ G WAKND& B X H Q288 WRY BERBEVR SHUIRUPHG JHQH VHW
DQDO\VLV REQASWKH HQWLUH JHQH H[SUHVVLRQ S URZZ0HVHYVP QLM EHRWR | WZH
ORDGV7MMSJHIHUHQFH JHQH VHWV ZHUHF ES Y V\PEROV JPWDQGF FS N
OROHFXODU 6LJQDVENYKXODWIDEDARFLDWHG ZLWK 3 ZHUH FRQVLGHUHG V

3UHGLFWLRQ RI7)VLQ ORGXOHV DQG &RQVWUXFWLRQ
%DVHG RQ WKH LQWHUDFWLRQ RI KXPDQ 7))V ZLWK WKHWK W BUSIHWI BR@HW U
ZLWKLQ WKH 3LJUDSKWSDSIAND LA ZMSKXRBUELE WR SUHGLFW 7)V WKDW PD\ UHJX
2Q0\ 7)V ZLWKLQ PRGXOHYV ZHUH UHWDLQHG 7KHQ WKH JHQHV WDUJHWHG E
WDUJHW JHQHYV ZDV FRQVWUXFWHG 5HVXOWYVY DVVRFLDWHG ZLWK 3 ZHL

SHVXOWYV

*HQH ORGXOHVY 5HODWHG WR '0&$’

'*&1%$ZDV SHUIRUPHG RQ JHOQHY DQG VRIW WKUHVKROGLQJZDV GHWHUPL
DYHUDJH FRQDIHFIHLBYWUDJH OLQNDJH KLHUDUFKLFDO FOXVWHULQJ DQG P
IRXU PRGKDHWMW PKUHH PRGXOHYV ZHUH FRQVYXGH VDGR XRQWH UHMWK VKRZHG
FRUUHODWLRQ ZUWK SKHQRW\SHDQG EOXH DQG EURZQ PRGXOHV ZKLFK VKF
ZLWK SKHQRW\SH H 7KHJUH\PRGXOH ZDV UHVHUYHG IRU XQDVVLJQHG J

'0&$' LV $VVRFLDWHG ZLWK "\"VIXQFWLRQ LQ OXOWLSOt
*HQH H[SUHVVLRQ DFURVV WKH WKUHH JUR X S)\. ZXDWHD §-DQ0H YHIGQ EW K B XWKAJHHUHL
ZHUH LQYROYHG LQ *2 ELRORJLFDO SURFHVVHV LQFOXGLQJ UHVSRQVHV WR
JLIXUH “HQHV LQ WKH WKUHH PRGXOHV ZHUH DOVR VLJQL¢FDQWO\ LQYRO
SKDJRVRPHV WLJKW MXQFWLRQV W\SH GLDEHWHYHP KD IL\G KD D QGHIGK VIR ¥
SDWKZD\V HQULFKHG LQ '0&$' VDPSOHV OHXNRF\WH WUDQVHQGRWKHOLDO
W\SH GLDEHWHYXHO L RRKYWUDVW *6($ LGHQWL.HG SDWKZD\V UHODWHG V
DVDQWLJHQ SURFHVVLQJDQG SUHVHQWDW ) RIXU® L&DXIH* RGXPIV\ ¥ L W K (GG DI
JHQHV LQ WKH WKUHH PRGXOHV ZHUH LQYROYHG LQ JUDQXORF\WH PLJUDW|
JDPPPLIXUH )

7)V SRWHQWLDOO\ ,QYROYHG LQ '0&$%"
+\SHUJHRPHWULF WHVWV LGHQWL{HG WKH 7)V,5) 30/DQG581; LQWKH WXL
LQYROYHG LQ '0&$' 7KHVH 7)V VWURQJO\ FRUUHORVEHG/ZL W/ WESBLU UHV St
JLIXUH R *6( WKH WKUHH 7)V ZHUH H[SUHVVHG DW KLJKHU OHYHOV LQ "
GLDEHWHYV PHOOLWXV BUIXQ KHBOWK\ FRQWUROV

*OREDO 5HIXODWRU\ /DQGVFDSHLQ '0&8%'
$ QHWZRUN RI 7)V DQG WKHLU WDUJHW JHQHXUWIY PEBYZO6VEFRD Y WUWF\WOHBS
JOREDO WUDQVFULSWLRQDO UHJXODWRU\ ODQGVFDSH &&/ ZDV VLIQL¢FDC

,QWHUQDWLRQDO -RXUQDO RI *HQHUDO OHGLFLQH KWW S
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