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92& HPLVVLRQ UDWHV RYHU /RQGRQ DQG 6RXWIH(BB®\(QJODQ
FRYDULDQFH

$GDP 5 9DXJKXPHYV ' f/BIBIUYLQ 'E8RRAO . O6lLWWID® 6%HOW V\HLP R
9LHQRULDQ 'DYKRRRV *¥ [)ORAO- &DUG SOQWWD LU BXWHKZQVBXUYLV
$O0HQ + *ROOPVWHLQFKRODV +HZLWW

DHSDUWPHQW RI &KHPLVWU\ 8QLYHUVLW\ RI <RUN <RUN 8.
EIDWLRQDO &HQWUH IRU $WPRVSKHULF 6FLHQFH 8QLYHUVLW\ RI
FSQLYHUVLW\ RI &DOLIRUQLD %HUNHOH\ 86%

S DWLRQDO (FRORJLFDO 2EVHUYDWRU\ 1HWZRUN %RXOGHU 86%
"MQLYHUVLW\ RI &RORUDGR %RXOGHU 86$%

'1DWXUDO (QYLURQPHQW 5HVHDUFK &RXQFLO &HQWUH IRU (FROFR
IYDQFDVWHU (QYLURQPHQW &HQWUH /DQFDVWHU 8QLYHUVLW\ /D
KQVWLWXWH RI $WPRVSKHULF DQG &U\RV S KHQ\EUSFLNH QHEAMNV B10D
&RUUHVSRQGLQJ DXWKRU HPDLO MDPHV OHH#\RUN DF XN

$EVWUDFW

9RODWLOH RUJDQLF FRPSRXQGV 92&V RQGJESQDWBQ URRVDLY
UROH LQ LQIOXHQFLQJ DLU TXDOLW\ 6RP®RYHEQN DQROXRE LGLIUHR
KXPDQ KHDOWK ZKLOH RWKHUV VXPKKBIVDM/RRWSKHLU HDDE G S0D VY
UROH LQ WKH IRUPDWLRQ RI VHFRQGDUWLEFQGIXW BBWHN XX FUH SR
UHVROYHG PHDVXUHPHQWYV RI WKH VX DIPUFRIVW R RIQIGRRY B KIEU 6( (@
PDGH LQ DQG +LJK IUHTXHDGE 92ZLDROXIRE RFFLLWQ B WD WLR
SURWRQ WUDQVIHU UHDFWLRQ PDVV VSHEQIURBPURMUD W DD RE
FDOFXODWH IOX[HV XVLQJ WKH WHFKQLRXHORZ B\G ®\KFHRY BV B QFF
WKH IOX[ FRQWULEXWLRQ IURP WKH JURKX QIBY WX DIDHG \WR/ VISP WLHT
IOX[HV RI EHQ]JHQH RYHU *UHDWHU /RQG@RW®W KV KRZH G . B\R VILDAWLLYF
$WPRVSKHULF (PLVVLRQV ,QYHQWRU\ ZLWKRWKFH®WIKHY W R QOC
&RPSDULVRQ RI 07%( DQG WROXHQH |ORUBW VRQJHW \B QVKPDI\R S WD (
VRXUFH RI WROXHQH LQ FHQWUDO /RRUGRIH HPWVVYGRIQ\RZBRBA REY
ZRRGHG DUHDV DW UDWHV JUHDWHU W KS3@ LW B RAHR G IRH G R W H &
ORQLWRULQJ DQG (YDOXDWLRQ 3URJUDPPH PRGWRH (DESOLFIELY
RI WKH DLUERUQH HGG\ FRYDULDQF K B R 3/ WR D/DIGH EG. IR \WHIQ PR
DQG WKH SRVVLELOLW\ RI YDOLGDWLQ@HPRQWWLRQ LQYHQWRULH\

 QWURGXFWLRQ

1RQ PHWKDQH YRODWLOH RUJDQLF FRPSROFQENOWERZYHWY WHKD
VXIILFLHQWO\ YRODWLOH WR HQWHU WKBUHWEGRWISKWOMH WARREH W
ZKLOH RWKHUV DUH UHDFWLYH LQ WKE& OMWRONS X HXHF KS DR G RLQHI
DQG KHQFH LPSDFO\REDO OXIPRRIMW 92&V RULIJLQDWH IURP WKH WH L
DQG RWKHU DUHDV RI KLJK DQWKURSRJHQRFLIDDWNLRQYV SROOX!

(PLVVLRQV RI 92&V LQ FLWLHYV VXFK DV /RQGRRFRODQHVEHHOQVZB
VLIQLILFDQWLWRXHHUFMNLD HPLVVLRQ LQ WKH HIKQEXWQM R R s EV WV
EXUQW IXIH&lW DO IRXQG WKDW RI DURPDWDF RP2K&IH® DWAH
I[URP YHKLFOH HDKXXWHWMQWY PDGH GXULQJ VXPPHW DOLQ 6DFUD
IRXQG IXHO HYDSRUDWLYH HPLVVLRQWRWB® OYH Ik REQ)VOWLLE X W& EXKFSL



AXDQWLI\LQJ WKH HPLVVLRQ UDWHV RI HQG IFR\VGX BIOI 9 E 9N Y N D QSGJ
FRQWURO DQG WKLV LV URXWLQHO\ DWWHPLSAW H B QE L QWKHHQ RRRQ\L\W'
WKH 8.1V 1IDWLRQDO $WPRVSKHULF,QPUWKH RQVH @RYHQWWR R EBR,JH
WKH PRVW ZLGHO\ XVHG PRGHOV Rl HPLVVLRQV DUH GHULYHG IU

7KH YDOLGDWLRQ RI HPLVVLRQ LQYHQM E XL ®WWLP DURHPVPIDWQ G Hi
IDFWRUV DQG DFWLYLW\ UDWHV OHDVXUHP RQQRWRD ® PR WIKK-H_WL
YDOLGDWLRQ EXW UHTXLUH D PRGHO RI DW® RS KHRLLFY LERK® PULE
OLFURPHWHRURORJLFDOO\ EDVHG VXUIDWHM RMLRQ DDMDRORRZS & HU H FIG X
QRUPDOO\ RQO\ DW RQH SRLQW RQ WHKHRMXDQDHEWEKHFRLWA QRW
/IDQJIRUG HW DO DVVHVVHG 92& HPLVWLRQ PIDN[BY IORP
PHDVXUHPHQWY DW WKH %7 7RZHU 7KH\QHR X\§ B OXRRIZO BI@GE HP H
EHQ]JHQHV IOX[HV WR 1$(, HPLV VLR Q DHVMDLGP DRRHW §MHND AKBR/GNE R)G\
ZDV OLPLWHG E\ FRQILQHG VSDWLDOLW\

OHDVXUHPHQWY IURP DLUFUDIW DOORZ |RR O\DRIZIHHW R/FSMWAKLLDHCP |
'XH WR WKH KLJK VSHHG DW ZKLFK DLWHRHQWW RRHW KR X\SOLIQ F 1B IK
FKDOOHQJHVY FRPSDUHG WR PHDVXULQUFRW DQWRYXHIR X LDNHC G PDB
SUHYLRXVO\ EHHQ XVHG WR VWXG\ DWR FOVWSKERILFHWKBEX BRI I
2QH VXFK DSSURDFK HPSOR\V GLVMXQFWFHEGEMH & RE\D.DWIDQR W D(@
'(& DOORZV IRU VDPSOH SURFHVVLQJ WQPRJIWIF WH VO RZHWD XWH.IQ
EHFRPH GLVFRQWLQXRXV ZKLOH VWLO®HBRN QW D®WQMW\LR M XWCHONXIE
FRYDULDQ@FWHO VXFFFHVVIXOO\ LPSOLPHQWHG '"(L& R QLERDHWKEL B QLRI
RI WROXHQH DQG EHQ]JHQH IURP OH[LFRDMHNWA DERGE HRX QG WHKHW
PDMRULW\ RI HGG\ IOBEL WRMPDWUHBEXINQ RQV DOVR LQYHVWLJIJDWHOC
DLUFUDIW YLD '"(& +LJK VSDWLDOLW\ LVRSUHQHRI® R[IH&DOH WRI UL
VWXG\ JDYH GLUHFW DVVHVVPHQW RV HGVIWD SWHZE GIHWVH. LIV JIRREH LK
ZKLFK SUHYLRXVO\ KDG QRW EHHQ SRVVLEOH RQ VXFK D ODUJH

6KDZ HW DO DVVHVVHG WKH WHPSRUW RGPRALMQGUDWURKE)
RYHU /RQGRQ XVLQJ DQ DLUFUDIW LQ 7THM VO RO R ¥XQRE UWH.
PHDVXUHPHQWY KLJKOLJKWHG WKH DS\80URDBIGO D\W Y HROU SRVOLADIWD
IURP /RQGRQ ZLWK YHKLFOHV SUHGLFW®XZ&W R YHUDFADMWRD & RR Q
'XULQJ WKH VDPH IOLJKWV 9DXJKDQ HW DOHV 12RWBUXBBGRQX]
DQG IRXQG WKDW WKH 1$(, JUHDWO\ XBISHLMHWURD W G K2 F O®IXY F
XQGHUSUHGLFWHG EKMKED,XY) YWKMMRUVW DWWHPSW WR YDOLGDW
WKH SUHVHQW VWXG\ FRQWLQXHV WKG&\WD 6\ LELYIHHPMFOU \ DRAV E LVR/1HX
HPLVVLRQV WR SURYLGH D GLUHFW YDOW GRQWHR® RU WHR/HWR S U H
HPLVVLRQV LQ 6( (QJODQG 7KH ZRUN KDV LPSRKMWKQ W] K\WRD LF
ZHDNQHVVHV LQ WKH DELOLW\ WR HVWLPDWH 92& HPLVVLRQ UDW

OHWKRGRORJ\

7KH 2]JRQH 3UHFXUVRU )OX[HV LQ DQ SUEDQ@DQYEXRBRQPHQWD\ 23
DQG -XO\ 7KH VWUDWHJ\ IRU ERWKH EP S$DQY § 8 XU VDV R \GUHRWHRL
RI D UDQJH RI RJRQH SUHFXUVRU V $HFGE HL R UIR® LERWRKX DRHWK URY
/IRQGRQ DQG 6( (QJODQG



JOLIJKW VWUDWHJ\

7KH 23)8( FDPSHFXI@Y % X0\ FRQVLVWHG RI UHVHDUFK IOLJI
(QYLURQPHQW 5HVHDUFK &RXQFLOTV $LUERU QR USHMHD UF D IDUFG B
EDVHG DW *ORXFHVWHUVKLUH $LUSRUW F UIRAK/ I"OLH BIW HLLRQ YARR@YRIC
UXUDO DUHD WR LWV VRXWK GHVFULEWGRDY BRROW K LEBIXXWW M UDHX
JUHDWHU /RQGRQ a NP OHQJWK )LJ VFWKKRZ¥VUDQ@O6 RXIW K VB XV
a NP OHQJWK $W WKH HQG RI HYHWBXIPOALBIGWVER KU BRKL D & DLW X(
DOORZLQJ DQ DVVHVVPHQW RI WKH EPRIQNG BED O DBYBW KRIQ ¥KWRDEH
FOHDQ IUHH WURSRVSKHULF DLU

,Q -XO\ W& WK XO\ VLPLODU ILJKW SDWKV ZHUH PGHG ® WHR) /R
IRUP DQ LQFRPSOHWH ILJXUH RI )L ORQALWKHHBFXDQYGBQMVBOE!
DOORZHG IRU JUHDWHU VSDWLDOO\ FRYHUDDN SOQOVFUKXKGQGLORY ML
LQGXVWULDOLVHG DUHD DURXQG WKH 'DJUONIIRKWGEY ARIYRWY MQKIH ReYRIXU
UHJLRQ IROORZHG WKH VDPH IOLJKW SDWK DV XVHG LQ -XO\

,Q VXPPDU\ WRWDO VSDWLDO FRYHUDJH RYNBDQERWHMRARQGF
GXULQJ 2YHU UXUDO 6RXWK 6XVVHNPERW DF KLSDWICD G XFR\QH
DQG a GIRULQJ

6FLHQWLILF 3D\ORDG

OHWHRURORJLFDO OHDVXUHPHQWYV

OHWHRURORJLFDO PHDVXUHPHQWY ZHUH PB®HRX\RIORILFOQ
OHDVXUHPHQW 6\VWHP $,006 WXUENOHRQKH 3 IUWREWHD | R/R X QOWH B
$,006 PHDVXUHV GLPHQVLRQDO ZL QWD WXRWR BW HYWR BN IKMH® Lk

+] $FFXUDWH DLUFUDIW SRVLWLRQ GDWDQZEQB REWDWJXIGE X W
,3$6 ZKLFK JHQHUDWHY DLUFUDIW FRRUGVQMDRVHY, ®@BG DOWL\

9RODWLOH 2UJDQLF &RPSRXQG OHDVXUHPHQWYV

OHDVXUHPHQWYV RI 92& PL[LQJ UDWLRV YIHWH SRIRG\HR & VW Q D C
UHDFWLRQ PDVV VSHFWURPHWHU 375 Q6GHR®WKFR®&HRUQY DEUX R\
375 06 KDYH EHHQ ZHOO GRFXPHQWHBGKHQL 8 VAN WWXRAGHGE V. Q V
EHHQ GHVFULEHG LQ GHWDLO HOVHZKBWGHNBUO HW BDLWW HG\H D

/ILQGLQJHU DQG +DQVHO 6KDZ NWWXPHQW WHW UHS R H B HRI@OM
PRGLILFDWLRQV DUH RXWOLQHG KHUH $DS3UGHHVG/ XNRH WRB W QR O/
UHJXODWH WKH LQOHW IORZ 673 \RARRK HV KR & WMKRDAN\O § U HADAKX

DW D FRQVWDQW YDOXH 7KXV WKH BHQ@HGWL RV MDXEMW SDW VR R
SUHVVXUH FDXVHG E\ YDU\LQJ IOLJKW QOWH VSR H G$WRL K8 D/W\HLE
7HIORQ DQG VWDLQOHVV VWHHO WXELQV DRQL® MPHHLEX LRHP R B \RH IL
LQ WKH LQOHW V\VWHP &RQVLGHUDEOH HQRWWR  RUM RB GH 5WTF6
GXULQJ RSHUDWLRQ RQ WKH JURXQ@GD QUK I6 805 @B WQ B H VR IU HP® L\
DQG DOO VDPSOH WXELQJ FDSSHG



92& PHDVXUHPHQWY ZHUH REWDLQHGDDWHB HWDIPVE DR Q JU D BAM H
7KH WDUJHW SURWRQDWHG PDVVHV HUB ]OLRHW®K FR @W U ME EWWQQJ
07%(P ] LVRSWHRQHPHWK\O YLQ\O NHWRQH PHWKDFERQHL@H 09. C
P] WRO®HQH &DON\O EHQJHQHV HWK\OEHQ]HQH EHQ]DOGHK\GH
& DON\O EHQ]JHQH LVRPHUV $GGLWLRQEOO\ LBRWHK UNKH ZDUNLRD L
+2 +2 DPN] DQG RPRV] ZHUH GHWHUPLQHG 375 06 GULIW WXEH
DQG YROWDJH ZHUH KHOG FRQVWDQWDWHO\ PEDILQWFEQRQG DQ g
DSSUR[LPDWHO\ 7G )RU IOPJKWSWDRD&\ LR® FRXQWKBDQJHG E|
[ LRQ FRXQWV SHU VHFRQG FSV,RQ W R QW RNRQUBIEHERHWZHHQ

+ [ FSV ZLWK DQ DYWSDJIJHKUFK[UHSUHVHQWHG RI WKH SUL
FRXQWV RUDQJHG EHWZHHBSY ZLWK DQ DYHRSMHZRLFK UHSUHVH

Rl WKH SULPDU\ LRQ VDID® A2 XHSXRLWLHV LQ 375 06 a

FRQFHQWUDWLRQV RI EXWDQH D QB VKH B WHHG IDAOWN DVE H VP RY W IREDQY G
VXFK DV DW P] DQG ZKLFK ZLOO FRQWUBEXXW&5WR WKH LRQ

,Q 375 06 VHYHUDO PDMRU YHKLFOH HHKBXVFW HG WK LFR® WRIE § |
LRQ VLPQIDO IDQFOXGLQJ 67HEXWBGH LVRPHUV 7KH EXWHQHV UHD
PROHFXODU LRQV DW WKLV PDVV ZKLOH JUHEW HIHDWIDICR Q SRIRV
IUDJPHQW WR WKHWPDW\WRZLBOFRIJQL]JHG WKDW WKH FRQFHQWUD
PHDVXUHPHRWMIFWOYLQJ SHWUROHXP YHKLFXODU RAPRIVWIKRIQ SU
EXWHQH LVRPHUV DQG 07%( +RZHYHU SWEBNMUV LIRW DEFHLYHVF
VLIQLILFDQW LQWHQVLW)\ IURP D ZLGH Y HULWRR HRU LEHEXWWHDPDH MR B
KLJKHU RUGHU DONHQHY DQG DONDQH G ISHDWHNDL F K BIXREV \DIEDQDCED |
P ] 07%(ZDV WKHUHIRUH DVVXPHG WR UHSUHDFQRVW K HOHVKH
/IRQGRQ ZLWK PL[LQJ UDWL ROV %D OFIXODMPHVG DVVXPLQJ N

375 06 &4DOLEUDWLRQ

7ROXHQH DQG EHQ]JHQH FDOLEUDWLRQ\XZW (SH [ERW WLRY G DRPIW
XVLQJ DQ LQ KRXVH EXLOW G\QDPLF LEQLYCROWLHRR VIO IR QDWLR G IV
SSEY FHUWLILHG JDV VWDQGDUG $SHWURLBPBGH ZLIWK % X B L*GLV
PL[LQJ UDWLRV QHDU WKRVH W\SLFDOGAURPWIQWY NG QMWL X UEIDVQL I
GXULQJ WKH FDPSDLJQ UDQJHG EHWZHIRUPD@LVHIGFSESRXSSEY SHU
. LFSV SSEY QFSV + LFSV @BSY : LFSV SSEY
QFSV + LFSY SOESV + LaF S Q FSSE Y + LFSV SSE
QFSV DRW\® EHQDPOONY EEHQ]JHQHV EHQ]JHQH WROXHQH LVR
DQG 09. 0$&5 UHVSHFWLYHO\ ,QVWUXPHQW XQFHUWDLQWLHV ZH!
“ DQG “ |IRNO&\O EHQDOQNY EHHQ]JHQHV EHQ]JHQH WROXHQH I
DQG WRWDO PRQRWHUSHQHY UHVSHFWYYBWLREDRF XQQWBHIG XN
RI SUH IOLJKW FDOLEUDWLRQV ,QVWUXPHMQWP IOQREGWEA RVIK B HRAHH
RXWOLQHG E\ 7DLSDOH HW DO SWIYQG “ZISIBW Y “* SSWBSWY S*
“ SSWY DQG *“ SBOMMOREWHG@PHOMH® BHQ]JHQHV EHQ]JHQH DQG W
09. 0$&5 DQG WRWDO PRQRWHUSHQHV UHVSHFWLYHO\

'XULQJ IOLJKWYV DPELHQW DLU ZDV VDPWOHGQORW WIOR QR UY
f& P 6" THIORQ 3)$ WXEH SXPSHGJP\ DXV B/ DAIQCOAHNS\ R M W HBIW |
UDWH RI $ BRUYWLRQ RI WKLY DPELHQW DLU a \RKFWURDOD HGE Y

3RWHQWLDO FRQWULEXW LRG| KRPKEXWHNH QWR PHQYE DEONDQHYV



LQOHW RI WKH 375 06 LQVWUXPHQW VXFKVWEKR V& NWKHIUR Y. B Y DEAD G
PL[LQJ UDWLRV WKH UHPDLQLQJ DPELHQW WR W LZW \J HSXHU B RULD
FRQVLVWHG RI' D ~ VWDLQOHVV VWRHERDAXEB SRBNMG ZRR® ((
OLFURDQDO\VLV ZKLFK HIILFLK WURUBPRYHQWIRWRU ZDV RSHL

SVL IRU WKH GXUDWLRQ RI WKH |0 LFJXQ\G/L WRRR/L Q\K B LFD R'HWD L\
GRHY QRW UHPRYH ZDWHU YDSRXU |URBR UWKBIQFHHPS O HE Y MNIHIRX QA
PD\ GHSHQG XSRQ VDPSOH DLU KXPLGLVOXVEKHNER U KU DM SMUH R G
WR GHWHUPLQH WKH LQVWUXPHQW EDFNJURXQG VLJQDO

'LVMXQFW (GG\ &RYDULDQFH

(GG\ FRYDULDQFH LV D ZHOO GHILQHG/ MMHARQYVXR QR U UMD QW
WR WKH DWPRVSKHUH +HUH ZH XVH DWRXYQFRPHUPUHEIWKDR BR\
WRZHU KHQFH FRQWLQXRXV ZDYHOHW WOWDK) VORKYRYV &:17W B DKL FK R
KHQFH VSDWLDO UHVROXWLRQ &:7 JLHG VOER W R [ IRIHPTDXW RDEQ D RFSF
IUHTXHQF\ RQO\ IURP WKH PRUH FRQYHQWLBQRDFKDVEN7)RXUHM L
DGYDQWDJHV RYHU FRQYHQWLRQDO WR EH WIR QYWD HEQ D Q GWW LQ
VSHFWUDO FRQWULEXWLRQV TXDQWLILHG 0$ODUFDGBEXGDWE G PR Y
ZLWK IOX[HV FDOFXODWHG XVLQJ WKLV PHRAKRHGERW FER UQRMW WILHRTQ
FDOFXODWLQJ WKH IOX[ ODJ WLPH FRUUHFWLRQ YLD FXPXODWL)

8VLQJ LGHQWLFDO PHWKRGRORJ\ DWXGRMNWYQZWUXFRBGXIK® L
&:7 YLD (TXDWLRQ ZKLFK GHILQHV W K HI XHUDFQV RRUGBMIDRIQ R
HLWKHU WKH LQVWDQWDQHRXV FKDQJIE FSIDMRID FHIRORV U\ W IPRH® ® U
GDXJKWHU VFDOHG ORUOHW ZDYHOHW

100 8¢ty (TXDWLRQ

8 GHQRWHV WKH PROBEEHADYHSBWDREHWKUV VFDOLQJ DQG O
LQ IUHTXHQFSDQ WKH ZIDYHOHW QRUPDOL]JHG IDFWRU DQE8 WR Gl
WLPH WDNHQ IRU VDPSOH WR UHDFW WRR Q3N6FM6H GO DIKW RKHKF F
FRUUHODWLRQ DQDO\VLY FRUUHODWLR®@ RRBIGLEFQGQNMR @ FINWZW H Q
TXDQWLILHG DV D IXQFWLRQ RI ODJ WLWHR®I\EHW FRIUQ MFRHL RV R
DW WLPH (DFK 92& VSHFLHV VKRZHG GILYIHIXDIOW 5P DVUW DR/HHE V
FRUUHFWHG LQGHSHQGHQWO\ $Q\ WUDQNBRW MR G LVKRRZNVBE D &
FDOFXODWHY HGG\ FRQWULEXWLRQVHEYH W B QK HUE I XW0Q B\F B HRQ
SDWK ZKLFK LV VKRZQ DV D JOREDOHRBURNUY H 8 RBW UHXPR X6IKD W R DF
IOX[ IUHTXHQFLHV V  ZLWK QRR@RWIL RX VOLRZQ MJ HETYXHHUIFAHI (
FDOFXODWHG DFURVV DOO IUHTXHQF\ SHUPRGAH U)ILD 06V KRZ WW K H
FURVV VSHFWUX®NIRUEBQEHQHY IOLIJKW OHJ RYHU *UBIRXWHHEG /R Q (
UHJLRQV VKRZLQJ SRVLWLYH IOX[HV DQ@ FRRIOWMIUY HF RDEKVV VKF

YRU IOX[ GDWD TXDOLW\ FRQWURO FRQYHQWLRQBONKRA BOX[ DC
DQDO\VLY $ FRPSDULVRQ ZDV WKHQ P D GWHKE HVRZ HHIG WFEKHP XDZDRN
VSHFWUD ZH DUH DEOH DVVHVV WKBLQHHGKIRLV D/QK H UsH T XOH®RG \) 1
VSHFWUD DFURVYV DOO UM QFEHY]HQHKHOW[HDW GR& RQH UXQ



DQDO\WHG UXQV ZH IRXQG VSHFWUD IRW®RZOIG MOKMHR UH DY DFAR @\
EHORZ +] LQIHUULQJ WKDW KLJK IUHTRR®F\QFAR GHIGF WIOR QP DF
GHYLDWLRQV IRXQG EHWZHHQ ))7 DQG &HL W3 ISEW BDWV GHEX O*R RIGH
ZHUH GHHPHG WR GLVSOD\HG VLPLODU WISRIZMOUDQWR R< MIKKD MJ HRT XV K
DQG D UDWLR RI ))7 &:7 RI + 7KH FDGFXWDW®G GH) D IG¥ W
QRQVWDWLRQDU\ DQERZOKRPRJIHIQWLWRPSDULVRQ VWLOO SRLQW
DQDO\VLYV KDG EHHQ VXFFHVVIXO

$ ILQDO GDWD TXDOLW\ SURFHVV L QWRICEYXHGL RIGW DKILFFRKY DDWR R ]
FRQH RI LQIOXHQFH &2, 7KH &2, LV SWKRHWDMXR DZ RL PKKIHV ZIYHHHO U
HIITHFWV ZLWK WKH DUHD RXWVLGH LW HIHLPDW\RZOBREAHBX QX[ WK O
WKH EHJLQQLQJ DQG HQG RI HDFK IOEHKRMWQ QXQJ DR & HHOBG URIGHK B F
SDGGHG ZLWK LQVWUXPHQW ]JHURV EHIRUH OR8¢ XAFDWLRXIO R W HGG
EHIJLQQLQJ DQG HQG RI HDFK UXQ ZLIODNUWY OMKPB SQR[GIN WRR PUR
SDUWV RI HDFK UXQ

(GG\ &RYDULDQFH )OX[ HUURUYV

7R UHGXFH GLVMXQFW HUURUV IRU WKH FDHIODMXOIDWHIDG ORXQH Va
NP DQG WKH IUHTXHQF\ Rl 92& WD P 'XGIL @R JIOH D MM W MAKDQL FW LR
VWDFNHG DOWLWXGH IOLJKW OHJV ZHOH QWRRWTSRQWLLED HF K K A QFFD
RFFXUULQJ EHWZHHQ WKH VXUIDFH GQGHWWD\SREQMWUR L @H DWOH |
7KH YHUWLFDO GLMM HYQRWHRI /RRQGRQ GXHELWR WHBIFKAGRIQ [RO 1P
RFFXUULQJ EHWZHHQ WKH VXUIDFH DQGWSXWHYYRXDON EG HIX W VD/
2XU UHSRUWHG IOX[HV IRU WKH PRUH WHPBEWHYHEY D8V OM B
DPRXQW

7KH FDOFXODWHG HUURU DVVRFLDWHG IRWWBPBEWQK[DWGDQNVV
HUURUV DV DQ DYHUDJH DFURVV WK WKRQ@VHWW OXVLQJ WEE P
W VKRXOG EH QRWHG WKDW WKH HUMXJRV DNV PHKAXWIHG 2 W

WKH DYHUDJH HUURU DFURVV HDFK IOLJKQW WWDFN ZLWK $F DXOTC
VXPPDU\ RI FDOFXODWHG IOX[ HUURUV DV DOBOYHUDJIH RYHU HDF

&RPSRXQG 6\VWHPDDMLGFREJ URWRFMXQFW (UURU

& DON\O EHQJHQHV

WROXHQH

EHQJHQH

& DON\O EHQJHQHV

07 % (

LVRSUHQH

09. 0$&5

PRQRWHUSHRQHV

d o iX opos§ (op&E EE}E- (}E Z sK  JuPJuE U Julpwi]vPuyYlE EE & S+ v A
(}&E Z (o]PZ38 SCE v+ 38X



,ZVRSUHQH ORVYV FRUUHFWLRQ

%LRJHQLF HPLVVLRQV RI LVRSUHQH ZHQW RHHDW XU H@ J®XDUOLC
,VRSUHQH UHDFWV DERXW WHQ WLPHV IDY]WBH ZHAMXFK\GHRPWL 2
RI LVRSUHQH GXULQJ WKH WLPH WDNHODWR UHDFKUWN KHR UQLHKWL R

TXDQWLILHG WKH YHUWLFDO 10X[Z2RMY VRK H. KRG URRE@ WEHG R
WK H IOLJKW GDWD ZH XVHG WKHOVDEHWKHW®RB® CRRU\HDW L P
FRQFHQWUDW LARROO/HF X OMQFEPERXQGDUN OD\HU KHLJKW GXULQJ HD
IOX[ ORVV FRUUHFWLRQ IDFWRU HVW DRIPXBY WHBJWEEDR® IOX[ GL
K SHU YHUWLFDO PHWHU 2YHUDOO WKH DYHUDKNWVFRADIHEWLBW
DOWLWXGH RI P )RU WKH 10 L R WG/D VOIRRAY ZRD VL FRSUHG W H:
PHDVXUHG PHWK\O YLQ\O NHWRQH PHWKDFOREEHDYH0GL O$I&E
R[LGDWLRQ SURGXFWV RI LVRSUHQH FMQ B VRHLPAHN M KRLIV L MR UHIOMI
PHDVXUHG 12 FRQFHQWUDWLRQV RI SSEYUHOH 0R&S5G DRAVULPFDQV IZ
FDOFXODWHG WR EH a XVLQJ WKH ODXKMUHWK ZONPWRBQ XNHICDW |
WKH LVRSUHQH IOX[HV

JRRWSULQW FDOFXODWLRQ

$ IRRWSULQW PRGHO ZDV XVHG WR FDOFNDDYWHHE KH REHIDQ
7KH VFDODUV Rl LQWHUHVW DUH EHLQJ RL|WMIGHD\Y GPW URD GHPLR/WWR
WKH VXUIDFH DQG WKHLU UHJLVWUDWLR QHIDWSWUWKPLMI F D D PX CS®
HQVHPEOH WUDMHFWRU\ IRU HDFK DL UB WM WLE K WHIUW B W LPRH® VIXQ
WR VXUIDFH VRXUFHV LQ D SUREDELOLVWLEAUD@W ZRIUWD P-HIW H U D
DORQJ ZLQG GLVSHUVLRQ .OMXQ HWLDG GLVSHUNRRSOIKXG W WRKQI
GLPHQVLRQDO VRXUFH DUHD VWDWHPHRW® GHSWBEHEHNWUDSWLF
FRXSOHG SDUDPHWHULVDWLRQ DORQJ D FRPSDULVRQ ZLWK DOW

7KH SDUDPHWHULVDWLRQ GHSHQGV XSRW KMLFKW RQ WMD® E
GHYLDWLRQ RI WKHVYWDQGLIAD® GHYGDWLRGQG MIHWRB \RWRV.Y¥ZURGI K |
OHQJIJWKQIG WKH ERXQGDDQGDLIMW U BOISSVKQ WKH UDQJH i * ]/ "
P” ] ".]$V SUHYLRXVO\ XVHG LQ 9PIKMHY HRUD/RQGRQ ZHUH WD
'UHZ HW DO VWHGR OXWLRR RI [GIMXKMPDWHY IRU /RQGRQ ZH|I
YLD /L '$5 VRXQGLQJ IURP +HDWKURZ )RR QB NIKIW\D R ¥ N UZ B R KWRE
IURP YHUWLFDO SURILOHV DW WKHYBBXHMQILRU DRI HRYGNVK | 6-KIVAV/K
FDOFXODWHG DFFRUGLQJ WR DRPDROQ2ZEXNNKRYLWEKGRWUH GLUHF)
DLUFUDIW PHDVXUHPHQWYV

JRU WKH DLUFUDIW IOX[ REVHUYDWLRQW MPGEKO NPOFERQW
VXUIDFH ZHLJKWLQJ PDWUL[ DW NP VWVR® KZYRQWR b\ LGHD WHF
VXUIDFH ZHLJKWYV IRU HDFK REVHUY DWALR/M \PXR W RSXOQ EW W LZRKQ R4
ZHLIJKWV ZLWK WKH HPLVVLRQ LQY BQRWRIW\ WIKHGHDXEMHT ¥ H QG H{ W
LQ WKH HVWLPDWH RI WKH HPLVVLR QWHKWU B QU MKD WK DE\D V K 8 XFOg5 |
LQYHQWRGGLWLRQDO PHWKRGRORJLFDO GHWDLO LV SURYLGHG |



1$(, FRPSDULVRQ

OHDVXUHG DQWKURSRJHQLF IOX[HV ZHURI ERRIBEQHGD & WRMT
PHWKDQH K\GURFDUERQV 10+&V IURP WR X D WH. RIQHFOV B W\P FP\DS3
(PLVVLRQV ,QYHQSRWL DWUMKMRYRWUR® VHFWRUV LQFOXGH VROY
DJULFXOWXUH DQG LQGXVWULDO SURFHRX HWKHL %2 3YRD G H\PUD g V|
IDFWRU PRGHO ZKLFK FDQ EH IRXQG L@ XWKMLRXQ BBRDQDPRGILIXR
(FRQRPLF $UHD (0(3 (($ DLU SROOXWDQWS$HKXIOW GRIY FQLYSHVDLRRU K
PRGHO PHWKRGRORJ\ FDQ EH IRR®GS LWL WRKY KVRW BDVXUHG 10X [H\
ZDV GRQH XVLQJ \HDU VSHFLILF LQYHQWRU\ GDWD IRU HLWKHU

(PLVVLRQ HVWLPBWRUXOW.RQARURP HDFK VRXUFH VWBWRQWHU
PRGHO GHVFULEHG DERYH $V 1$(, 6PALYNUBOHNYV WR BRUMKHR/I DMKHH D
WKH ZHHN DQG WLPH RI GD\ VFDOLQDYWHU D BIH XHRIM/ IWRR)  SHY/RANGLOPHD
VSHFLILF GD\V RI WKH \HDU RQ ZKLFK 1®&XY RPHDAMX VHFMWRWVZDN L
VHSDUDWHO\ ZLWK HDFK VFDOLQJ IDFWRRHPLNNRRQWLUQRQU IRLFW HPH
DQG KRRFDOHG HVWLPDWHY IRU HDFK VR XIRRH HWHRUN R N B HIUHR @ K
IOLJKW WUDFN JLYLQJ WLPH RI GD\ HPLVVLRQ HVWLPDWHY DORC

OHDVXUHG IOX[HV RDOYR®WXERAIPQBV&ZHUH FRPSDUHG WR 10+&
1$(, $Vv EHIRUH DQQXDO HVWLPDWHVJZWHKH GHINGHGEWER WHDIPGILEK
JLYLQJ WHPSRUDOO\ UHVROYHG KRXULRLMNKZ& GIIP'LN VWR @ CHVMM PD
WKH LQYHQWRU\ WKH 3DVVDQRH VWXE8WXIGAHAD 8 HWBIGOHG FKDUD
1$(, VRXUFH VHFWRU ZLWK SHUFHQWDJH FFEFW WMEXWLHR Q HHAWHRDL
VFDOHG XVLQJ WKH UHOHYDQW SHUFH@WDBJMNSFRYMWW\LEXWLRQR Q@
IOLIJKW WUDFN JLYLQJ WLPH RI GD\ HPRUMLE E HMIQOAHDAIWHYV IRU V

(0(3 8. FRPSDULVRQ

(PLVVLRQ PHDVXUHPHQWY RI ELRJHQLFDQOW& HHPLYWH/GE R.Q RHSAUNAHL
PDGH XVLQJ WKH (XURSHDQ ORQLWRULQJ Q% Q&M O XIRW LMRIQH3 8@V
.LQJGRP (0(3 8. 7KH PRGH®LULYHRQ WPWLPDWHY RI LVRSUHQH II
ZLWK KRXUO\ UHVROXWLRQ XVLQJ QHWDQWKHWLAD O DV WHNWPISYH D I/
IOX[ $ GHWDLOHG GHVFULSWLRQ RI (0(3 8. ELRIJHQLBYRRSHWAQH
HO 8VLQJ WKH GHVFULEHG IRRWSULQW BPRQGHUMPWVYVHRR) GDWH
TXDQWLILHG XVLQJ (KQWHUSRWMIWBEHWP&RPSDULVRQ XVLQJ WKH
PHDVXUHG LVRSUHQH IOX[HV ZDV GRDWDXWLOWKHHDU VRKRHWFLILF LQ

$LUERUQH OHDVXUHPHQWYV

$QWKURSRIHQLF 92& IOX[HV RYHU /RQGRQ

OHDVXUHPHQWYV FRQGXFWHG GXULQJ WWHG RQIOMIK VDD WRKHRS
92&V EHQ]JHQH DQG WROXHQH %RWK FRP SR)GHGVDMUH RLIKOHN YY
LGHQWLILHG HPLVVLRQ OHRXHRHR ARJLFQORFKRQGLWLRQV GXULQJ \
LQ 7DEOH 6 ZLWK SUHYDLOLQJ ZLQG GL UHFMWRRHWD SUKHGRPDER Vv
& ,QYHUVH GLVWDQFH ZHLJKLQJ REWD LG MR X \DVDH USSR DAV 1D \B O
IOX[HV IURP DOO 5) WUDQVHFWY JHQHUDINIH IOKSBWLDY OKRY & W



D $SSUR[ KRXUV RI EHQJHQH I0X[HY HULLH OEW R WDHGDIWIRP R |
RYHU /RQGRQ 7KHVH IOX[HV KLJKOLJKWHRIKH VB Q WRLYTH KFHHVE ML
ZLWK PD[LPXP HPLVVLRQ KDWHWHU EH@AH®H IOX[HV ZHUH DOVR F
0 UHJLRQ DQG LQGXVWULDO DUHDV7RH/RBDB® E HDMHQR ZQXI[ Q UR
ZDV “ PJIKP

7ROXHQH IOX[HV ZHUH TXDQWLILHG GIXULGBGIJVIURPYLQIDAIJKWRRD
IOX[ GDWD ZLWK WRWDO FRYHUPHHREVYHUYRQGRQUXFWNXEH LQ WR
FRPSDUDEOH WR WKDW RI EHQJHQHRIZLWK RUIXKIRKWQ ® R b D JFHEQM\F
IRQGRQ 7ROXHQH HPLVVLRQV DFURVKHDOWKRIQ/REKBRRE R EH @]6I
PHDQ WROXHQH IOX[ IURP DIOG@PLVVRRQ UDRHR H[KHRHGLRQIX H QR F
ZHUH REVHUYHG LQ FHQWUDO /RQGRW ZKIHUHEREM)DLQH @ ROKRP QH
! RI WUDQVHFWY JHQHUDWLQJ 10 X [IFOVX [ B WRIMADKO FRRIY & UKDRI XIUR/| R
RYHU /RQGRQ ZHUH REWDLQHG 7KH HPR WK HR GV HBULRR K ¥ H HADW ¥ RG
KLIJIKHVW PHDVXUH WROXHQHLDX[GRYKRZWLPWHUSRODWHG WRO
WUDQVHEWYV DFURVV /RQGRQ 1R EHQ]HQH |OXJ&BW DGXHUWRDY B
LQVWUXPHQW SHUIRUPDQFH

$V GLVFXVVHG E\ /DQJIRUG HW DO F DEQH @ HHODEH  RWRDGDXXHDQW-
HPLVVLRQ VRXUFH RI PHDVXUHG IOX[HV SDQGLIRADWE WHHKL DO Ji
HPLVVLRQV DV GRPLAMDMWLIDWH WKH VSDWLDO HPLWW BQVEK VW |
ZDV VSOLW LQWR JRQHV 6XEXUED QR RBRER/E ZHDML WIXHTHVHRII /R Q
ODWLWXGHV RFRQWDLQLQJ PDLQO\ UHVLGHQWLDO DUHDV &HQW!
FRQWDLQLQJ WKH PRVW GHQVHO\ S RSDOO/DWHIGH DWHDV/ RO GRQG P\
R FRQWDLQLQJ D PL[ Rl UHVLGHQWLDO DQG LQGXVWULDO |

6XEXUEDQ /RQGRQ VKRZHG DQ DYHWRD MHEK LW XUDDVWL R[RD XV W LK,
DV WKH PDLQ 92& VRXUFH :LWKLQ WKH & XPRWEDWYZ DHULRQ B R DR
HQFRPSDVVHV WKH HQWLUH *UHDWHURRQISRYH B UHDN K Z R HMKLLIK B
LQGLFDWLQJ GLUHFW 92& HPLVVLRQV FRPEQSRUHRPVWKHIRRW REUWI
FDQ DOVR EH DWWULEXWHG WR FRUUHFWVRSHWYWDWLRQWKHY HBW
FRQYHUWHU OS5DWLRYV ZLOO KRZHYHU GHSHQ &HR XM EK\GHH® IRUP D(

JRU 6RXWKZHVW *UHDWHU /RQGRQ WKH DD'WIURPN HE EOWR 4J D W L0
LOGLFDWLYH RI RWKHU VRXKAHD/YBHDQH GRW LLIDPIVWR IRU FHQWUD(
VXJIJHVWLQJ VLPLODU VRXUFHVY DUH UHWIRQVYREBWH 1R U WNKKIHDWHNV V
IRQGRQ VKRZHG WKH ORZHVW DYHUDJWMVHW BEDWURORHW DOZKLF
LQGLFDWLYH RI PRUH LQGXVWULDO SURFRE¥VHWV YDHG HYD SR BRDRV L
OH[LFR &LW\ ZLWK D PXOWLWXGH RI HRIQWLERIXV RRAWG HHW SDUAH G L F
REVHUYHG VLPLODU E W IOX[ UDWLRV IURP M{KHV®WFLWRDHW LKV FHE
WKHLU ILQGLQJYVY DQG DLUFUDIW FDOFXOW MWHG VWDXYVGLE RAD Q QFRILIVD /1
OHYHO HPLVVLRQ VRXUFHV VXFFHVVIXOO\

OHDVXUHPHQWY PDGH GXULQJ WKH HQAMRQKWXLBHHUUW R BIH RQ
OHWHRURORJLFDO FRQGLWLRQV GXULQU@MDMEOH IB0LJ&W[VP I5PW X |
ZHUH QRW SRVVLEOH GXULQJ 5)V  DQGVLRQ\H DIORG DL@YWHUIXP F 8 D
B3UHYDLOLQJ ZLQG GLUHFWLRQV GXULQJ PIHQ6:RIZUWKK K1)\ KRY KR P/H
DLU WHPSHUDWXUHV 7KH KLJKHU ROGMN® EHQ®]HHDERN B ERFRS R R0 8
ZHUH PHDVXUHG GXULQJ WKHD ON\I® EHQYMQHVXIHV R IP&EDVXUHG G)

KRXUV Rl IOX[ GDWD DQG D WRWDOLMSBIWLDOLRRYHUDUH RE \ak
FHQWUDO /RQGRQ DQG LQGXVWULDO DUHDWR ID* PBDPWHKEP 1RAG RO
PJ PK OHDVXUHPHmMOWNORE&BQ]JHQHV IOX[HV ZHUH REWDQ®HG3 GXUL



GDWD RYHU D WRWRO MUMHDERRQ]JHOWPV VXFK DV WXUAW HRW K\O E
SHWUROHXP UHILQLQJ DQG KDYH LQGXVMYEDQ®J CCSE®LW DYWH. RQV <
IXHOVOD[LPXP REVHUYHG HPOMNMOLEMNPWRMQ&EYV Z&HUHPR»XPBG WR EH
REVHUYHG RYHU FHQWUDO /RQGRQ )LXV & OKABY¥HQWRUYROX\NH
DOO 5)V WUDQVHFWYV

07%( IOX[HV ZHUH PHDVXUHG GXULQJ WZRRYHUIB)N RILXLQN PV
OHWK\O WHUW EXW\0O HWKHU 07%( LV DIN}MDR®GLNQR FAMHY B B WHX
KLIJIKHVW PHDVXUHG HPLVVLRQV RI 07%/(K ¥HB HOPEMHWKIHE RRHDX B
ZLWK XS WR K RPDP%( REVHUYHG )LJ VKRZV D O\DUDIQVXE MW D Y

P UHVROYHG RI 07%( DQG WROXHQBJHRAHPHICRYD 72KV R YE-RIDK H
IOX[ IRU &HQWUDO /RQGRQ ZDV KDGRRSODWHIG WHRK ER WP WA XM Q H
VXJIJHVWLQJ DQ DSSUR[LPDWH U D W LOR %,(QF R Q FIQQWVKUHD \&/.L RIDK HQL
ZDV Y$W WKH 07%( LV D JRRG LQGLFDWRULFIXWRH HRODW.IRQG
WKH REVHUYHG WROXHQH HPLVVLRQV |WDRM GH YW UWHK LR QB RiP IF\D\

1$(, &RPSDULVRQ

%HQ]JHQH IOX[HV TXDQWLILHG IRU DOO 5)RRME UL QIH H M WIRFP
EHQ]JHQH IURP WKH 1$(, VFDOHG WR W LPKHRO B\WH DNVOGE MFSQ B A
IRRWSULQW IURP WKH IOLJKW WUDFN G®&HHWRHQYE&HGKR U L] RPWOIZ
DQG LV VKRZQ LQ )LJ )LJ D VKRZPWD WU B B VWELHVDE B ® HD NOHX Bl Y+
EHQJHQH HPLVVLRQ HVWLPDWHV ZLWK VYRR \DUVDBBPHMGWG HMIA
PHDVXUHPHQWY DQG 1$(, HPLVVLRQ HVRVWDRIHVR@BRQR XS WR
VLIQLILFDQW XQFHUWDLQWWRVEBRM®K) IOX[tDW NEHQ]JHQH 10
HVWLPDWHY ZHUH DYHUDJHG DFURV\D AWM BIQOWL U H7 K®IL DR\M UDD) W
EHQJHQH IOX[ K MPQG WKH DYHUDJH 1$(, HWW IDRDWH ZLWKRD PV
ERXQGV RI PHDVXUHPHQW XQFHUWDLRWHN &KW KV B OWVDIMDLR HRAL V V L R
RYHU /RQGRQ WKH IOLJKW SDWK ZD\WVGLYE XWVIHTBW R HGRK O HYJDWKS
DVVRFLDWHG ZLWK NP DYHUDJHV W KRX\QGE YWRE R Q Y/HR QVGRIQ OWDHJIIL-
EHWZHHQ DYHUDJHG EHQJHQH IOX[ DQ®QIG® (WR7EH D WWLLPDHMH K DX
SUHGLFWHG 1$(, HYWLPDWHY *UHDWHU BIQGD &bl @MRIHON/ ROLGRQ U
DYHUDJH IOX[ 1$(, EHORZ

7TROXHQH IOX[HV PHDVXUHG LQ ZHUH DOVRWHRP DU HGE WEF
VKRZV OWNPWLWXGH DYHUDJHV RI WROXHQH IOMY IDOVEL REY ,VIKD\G HIEI
VXEXUEDQ DUHDV RI /RQGRQ PHDVXIKHH& W K DHV 103 (,HHY WD PPW R/UH R |
JRQHVY PHDVXUHG IOX[HV DUH WR DY BRIZ HUGWKHIUR ¥V WIKHR-D ?WKHR/O
WKH 1$(, HPLVVLRQ HVWLPDWHYV IRU WROWKE@HDXHUB JIH IPDH BDWRAU R
PJ PK ITURP WKH 1$(, FRPSDUH& ZLWK PJ P

&RPSDULVRQODIWLMPXGH DYHUDJH WROXHQH IOX[ Q LQ DQG 1
)LJ G ZLWK JRRG DJUHHPHQW IRU RXWHILR(REGRQP BWHW DKHIR
IRU PRVW RI /RQGRQ $YHUDJH 1$(, WR OXHRHUHFRALPDWH VDR H H
IOX[HV ZLWK DYHUDJH 1$(, H& WWRPBWHHI WR MUKP DYHUDJH PHD\
PJ PK :LWK VWULFWHU OHJLVODWLRQ QRZ UHVWRDEWLQD GHWPIR/
VROYHQW HPLVVLRQV DUH QRZ SUHGLFWIDG/ RVRGR RER/HH PYH G V@



*UHDWHU DQG &HQWUDO DUHDV VKRZ WKIDY XSWHHGES IL 6 WHHIE B RW
IXUWKHU LPSO\LQJ WKH QHHG IRU UHILQHRKQWKRI HRLVVLRQ VRX

& DON\O EHQJ]HQHV FRIBIDHME LVWWR WHN\WP )L J E VKRZ JRRG D
/IRQGRQ $YHUDJH 1$(, BOWL® EWRVHIRHUV&D UH KLJKHU WIOINQOWKH D
EHQJHQHV IOX[ 7KLV RYHUHVWLPDWLRQ \NFW®LRNH OD F&)ERN\WRRKIU&
EHQJHQHV HPLVVLRQV $YHUDUDH NYEEKHRDHQPINDNOXYHHWBHHG ZHO
HVWLPDWHV FRPSDUHG WR WKH DYHDD B BREK\WKXEZ ZKXWHU QD VYUHL
WKDQ 1%$(, HVWLPDWHYV 7DEOH JLYHV D QHIQ DGHES WK(, UIHRRW I UIL
HVWLPDWHYV IRU ERWK \HDUVY IOLJKWYV JL®BHQUQMHGH ULFDQYER D (RO H

$YHUDIWBXEXUEDXRUWKZHRWQWUDDRUWKHDVW

YO X[ /IRQGRQR *UHDWHURQGRQ *UHDWHU
PJpK | PIPK | /RQGRRPJPK /IRQGRQ
PJ P K PJ P K

%HQJHQH

%HQJHQH 18%¢(,

7TROXHQH

7TROXHQH 13%¢,

7TROXHQH

7TROXHQH 13%¢,

& DON\O EHQJHQH

& DON\O EHQJHQH

1$(,
$YHUDJHXEXUEDIRUWKZHERWQWUDDRUWKHDVW
)OX[ 18(, /RQGRR *UHDWHURQGRQ *UHDWHU
UDWLR /RQGRRQ UDWLR /RQGRQ
UDWL|R UDWLR
%HQJHQH

%HQJHQH 18(,

7TROXHQH

7ROXHQH 1%,

7TROXHQH

7ROXHQH 1%,

& DON\O EHQJHQH

& DON\O EHQJHQH
1$(1
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%LRJIJHQLF 92& )OX[HYV

OHDVXUHPHQWYV RI VHYHUDO 92&V RI SUDGRPRQBD®) WE®H EBBLRXIW R L
UHJLRQ RI 6RXWKHUQ (QJODQG )LJ F FGOVN&RZXDQQJI WLKIHKK W Z\RU E
SHULRGV )LJ VKRZV WKH FDOFXODWH®N IRRANBUDLIOGN RHIW R QWK
IDWLRQDO /DQG &ODVVLUH\DRMODRMLRNDS TKWY GHPRQVWUDWHYV WK
WKH UHJLRQ DUHDV RI PL[HG E URXGOQHMEBNH R VEZRRG ADUH3H FARSGHW DH
HPLW LVRSUHQH RFFXU ZLWKLQ WKH IRRWSULQW

OHDVXUHG LVRSUHQH IOX[HV YDWLHNIGIIURP E  MPRIHQHUD® WH|
DQG WKH I0OX[ RI SKRWRV\QWKHWLFDO O\ ®¥WLIQMIH WKHS L D WILCRLQ K \2
GXULQJ WKH IOLJKWV )LJ VKRZW BHDRY LVRG UE RIKWPWVDIQRA
RQ WKUHH FRQVHEXWARYH GDWDFK IOLJKW FRQVLVWLHDRVHG KR X
IOLJKW OHJV OHDQ PHDVXUHG LVRSUHQHDNMG/ ZIRRRE QDG \G IL\DS
GHSHQGHQFH RQ ERWK 3%$5 DQG JURXQ G RLWR/S R QI WPYDH/ XOUH G P&
FDPSDLJQV ZHUH IRXQK DMQRGEH PK FRUP-XO\ DQG -XO\ UHVSI

09. 0$&5 IOX[HV ZHUH TXDQWLILHG GXULQ&KRWAR R5l) VOIX GDWDRY?
REWDLQHG JLYLQJ VSDWLD®D FIRPYHPUDOX[HRY &1 K XAPYH REVHUYHG
EHWZHHQ ODWLWXGHIRNVK KL¥ LVRSUHQH IOX[HV REFNHWQHG RYH
UDWLRY PHDVXUHG GXULQJ DOG3IEGYIKWSE HHW WKHRHOBGRWE LBAHL R Q'
SUHGLFWV WKDW RI WKH PHDVXUHG IOX[ ZLOO EH 09. DQG

(PLVVLRQV Rl PRQRWHUSHQHYV ZHUH DDQAR BXD QW ILIQW G VXN IQH

ZKHUH DVVXPHG WR JLYH D PHDVRNXH KL QFKH QRRWDSD B R QYR R®
VSHFLHV ZDV SRVVLEOH ,Q K FDXAUD RZ DO/D RVEDWDR. QRVE HU KR Q H5 )
NP RI VSDWLDO FRYHUDJH ORQRWHUSHQHV PKDXYXW KRG I®XJ LGDIW C
RYHUDOO VSDWLDO%RWKUWFRPSADLNPY VKRZHG VLPLODU HPLVVLRQ
HPLVVLRQV IRXQG DW ODWDWREHRVHPLVWLRQV ZHUH IRXQG WR E
GXULQJ DQG K GRULRQJ )LJ F G VKRZ LQWHUSRQRWHG P
ERWK \HDUV 7DEOH 6 JLYHV D IXOXXVW® \ELRWHEG DB R&NDG)GRLZQJ

(0(3 PRGHO FRPSDULVRQ

7KH PHDVXUHG LVRSUHQH IOX[HV IURRVR KBRXWGO\ D VZHWMI A R(P &3
LVRSUHQH HVW LPDWRIDW WWR QNPXH WR (0(3 8. HYWLPDWHW RQO\ D
RI LVRSUHQH WKH 10+&V 1$(, ZDV XVHG WRRDRDMFRUEXWLRQ DR
FRQWULEXWLRQ IRU HDFK RI WKH VR DFEFR XMHEM®R UR UZ LW KU BF
XQVSHFLDWHG FRQWULEXWLRW IO ZD @\ KR Y/RIBHULIFWAR@W U L E X W |
UHJLRQ ZDV IRXQG WR EH OHVV WKDQOLJKW(OZ3 &.L RIVHQLLFFD W R )
GRPLQDQW

7KH IOX[ IRRWSULQW UHSUHVHQWHG DWW WWHEFNV )INP XOHLWG
DYHUDJHV RI LVRSUHQH IOX[ DQG (0(3 8. WLPH RIOGDW HVRRP DW
DJUHHPHQW IURP ODWLWXEH\VORB 8. PRGHO KRZHYHU IDLOV WR |
LVRSUHQH IOX[HV REVHUYHG DWRODRWHL WRKGHEO SEUMWFHAQV LVRISUH
PJ K ZLWK PHDVXUHG LVRSUHQH IOX[HVKUD®IVQGELNJARFH S D QH
PD\EH EH GXH WR WKH UHODWIGY HOD WRIDUFNBWLR® XVHG E\ WKH
OHIW RU WRR ORZ QRUPDOL]JHG MpMEDVHY HPLVVLRQ UDWHYV



)LJ ULJKW VKRZV ODWLWXGH DYHUWKHG(QMVRS.UHQW LIFODXWHHW
7KH GHJUHH RI DJUHHPHQW EHWZMHHHQW RK \PIHND B RBHP A QWKDR)
FRQVLVWHQWO\ KLJKHU WKDQ (0(3 8. HVW1IHP DWRP OHD¥ XUHRBJLF/ R
K FRPSDUHG WR WKH (0(3 8. A YWHL PROWHY RWKH GLVFUHSDQF\ PD
ODQG FODVVLILFDWLRQ UHVROXWLRQ RU XQUHDOLVWLF QRUPDO

7KH KLIJKO\ VSDWLDOOOXHNRDYXIGHP HNPNVV KDYH VLIJQLILFDQW

VR WR RYHUFRPH WKLV RYHUDOO DWBUVRXUH PE XMW \G R B\D DAHAHG
ZLWK WKH FRUUHVSRQGLQJ (0(3 8. HPLVW\RFEQM. SIWWR Q@ DDW HIL¥ HXO

IRUDYHUDJH FRPSDULVRQ EHWZHH@ BHEVWUWLIROWNMRSUHQH I10OX
PHDVXUHG LVRSUHQH IOX[ ZDV KLIKH@ WK DWKWKMHYHUYB® BH RHD
LVRSUHQH IOX[ ZDV KLIJKHU WKDQ WKH (0(3 8. HVWLPDWH

YOX[ WROX[ PHDQX[ PHGLEODMD Q GD&MBED QGDUGWK
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